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Grade A

Level 1a Evidence from large randomized clinical trials (RCTs)
or systematic reviews (including meta-analyses) of
multiple randomized trials which collectively has at
least as much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high
quality cohort study; in which ALL patients died/
failed with conventional therapy and some survived/
succeeded with the new therapy (for example,
chemotherapy for tuberculosis, meningitis, or
defibrillation for ventricular fibrillation); or in
which many died/failed with conventional therapy
and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or
a meta-analysis of small trials which collectively
only has a moderate number of patients.

Level 1d Evidence from at least one RCT.

Grade B

Level 2 Evidence from at least one high quality study of
non-randomized cohorts who did and did not
receive the new therapy.

Level 3 Evidence from at least one high quality case–
control study.

Level 4 Evidence from at least one high quality case series.

xi

Grade C

Level 5 Opinions from experts without reference or access
to any of the foregoing (for example, argument
from physiology, bench research or first
principles).

A comprehensive approach would incorporate many
different types of evidence (for example, RCTs, non-RCTs,
epidemiologic studies, and experimental data), and examine
the architecture of the information for consistency, coherence
and clarity. Occasionally the evidence does not completely fit
into neat compartments. For example, there is strong (A-1a)
evidence through very large randomized trials that fecal
occult blood testing on an annual or semi-annual basis
modestly reduces mortality from colon cancer in a population
at average risk for this disease. The evidence that direct
examination of the colon at intervals of 5 to 10 years results
in even greater benefit has been derived only from case
control studies (B-3). Physicians, patients and policy advisers
should have both levels of evidence available to make
informed decisions.

Recommendation grades appear either within the text, for
example, Grade A and Grade A1a or within a table in the
chapter.

The grading system clearly is only applicable to preventive
or therapeutic interventions. It is not applicable to many
other types of data such as descriptive, genetic or
pathophysiologic.

Grading of recommendations and levels
of evidence used in Evidence-based
Gastroenterology and Hepatology
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Introduction
John WD McDonald, Brian G Feagan, Andrew K Burroughs1

Over the past three decades the emergence of evidence-based
medicine (EBM) has had a substantial impact on clinical
practice. In the first half of the twentieth century, diagnostic
tests or treatments, usually based on a strong scientific
rationale and experimental work in animals, were routinely
introduced into clinical care without good scientific proof of
efficacy in people. Some of these interventions, such as gastric
freezing for the treatment of ulcers and penicillamine therapy
for primary biliary cirrhosis, were ultimately shown to be
ineffective1,2 and harmful. There is little doubt that the
widespread acceptance by physicians of unproved treatments
has been detrimental to the well-being of many patients.

Fortunately, the need for a more critical approach to
medical practice was recognized. In 1948 the first randomized
controlled trial (RCT) in humans was carried out under the
direction of the British Medical Research Council.3 Epidemio-
logists and statisticians, notably Sir Richard Doll and
Sir Bradford Hill, provided scientific leadership to the medical
community, which responded with improvements in the
quality of clinical research. The use of randomized allocation
to control for confounding variables and to minimize bias was
recognized as invaluable for conducting valid studies of
treatments. The initiation of these landmark experiments
defined a new era in clinical research; the RCT soon became
the benchmark for the evaluation of medical and surgical
interventions. Gastroenterologists played an important part
in these early days. In 1955 Professor Sidney Truelove
conducted the first randomized trial in the discipline of
gastroenterology.4 He and his colleagues proved that cortisone
was more effective than a placebo for the treatment of
ulcerative colitis. As noted in Chapter 11, this treatment has
stood the test of time. The ascendancy of the RCT was
accompanied by a call for greater scientific rigor in the usual
practice of clinical medicine. Strong advocates of the
application of epidemiological principles to patient care
emerged and found a growing body of support among
clinicians.

As the number of randomized trials grew to the point of
becoming unmanageable, it was recognized that there was a
the need to provide summaries of the evidence provided by
these trials for the use of practitioners, who frequently lack
both time and expertise to consult the primary research. Busy

clinicians may consult local experts, with the tacit assumption
that they will make recommendations based on evidence.
Liberati and colleagues5 provided evidence that this approach
led to inappropriate care for many women with breast cancer.
Subsequently, convincing evidence became available through
the work of Antman et al.6 and of Mulrow7 that the con-
ventional review article and the traditional textbook chapter
are seldom comprehensive, and are frequently biased. More
recently, Jefferson8 reinforced this conclusion on the basis of a
survey concerning recommendations for vaccination for
cholera, which appeared in editorials and review articles. He
pointed out that authors of editorials and reviews frequently
resort to the “desk drawer” technique, pulling out evidence
with which they are very familiar, but failing to assemble and
review all of the evidence in a systematic way.

In the UK Archie Cochrane, as early as 1979, made a
compelling case that there was a need to prepare and
maintain summaries of all randomized trials.9 Cochrane’s
challenge to the medical community to use scientific methods
to identify, evaluate, and systematically summarize the
world’s medical literature pertaining to all health care
interventions is now being met. From its inception in 1993,
the electronic database prepared by the volunteer members of
the Cochrane Collaboration and published as the Cochrane
Library10 has grown exponentially. Systematic reviews and
especially Cochrane reviews are now widely used by
clinicians in the daily practice of medicine, by researchers and
by the public. Accordingly, data from systematic reviews
published in the Cochrane Library are featured prominently
in several chapters in Evidence-based Gastroenterology and
Hepatology. Unfortunately, coverage in the Cochrane Library
of topics in gastroenterology and hepatology is still far from
complete.

Several other clinical epidemiologists played important
roles in the evolution of evidence-based medicine. Beginning
in the 1970s, David Sackett encouraged practicing physi-
cians to become familiar with the basic principles of critical
appraisal. Criteria developed by Sackett and others for
the evaluation of clinical studies assessing therapy, causa-
tion, prognosis, and other clinical topics were widely
published.11,12 His text Clinical epidemiology: a basic science
for clinical medicine, co-authored by colleagues Gordon
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Guyatt, Brian Haynes and Peter Tugwell, introduced many
physicians to the concepts of EBM.13 In the USA, Alvin
Feinstein called attention to the need for increased rigor in
the design and interpretation of observational studies and
explored the scientific principles of diagnostic testing.14,15

Among gastroenterologists, Thomas Chalmers, a strong, early
advocate for the RCT,16 was responsible for introducing
gastroenterologists and others to the importance of randomized
trials in gastroenterology and hepatology17 and to the concept
of systematic reviews and meta-analysis as means of
summarizing data from these studies.18

Despite the opposition of some,19 the popularity of EBM
continues to grow. Although the explanations for this
phenomenon are complex, one factor is that many
practitioners recognize that ethical patient care should be
based on the best possible evidence. For this, and other
reasons, the fundamental concept behind EBM – the use of
the scientific method in the practice of clinical medicine – has
been widely endorsed by medical opinion leaders, patients
and governments.

What is evidence-based
gastroenterology and hepatology?

Evidence-based gastroenterology and hepatology is the
application of the most valid scientific information to the
care of patients with gastrointestinal and hepatic diseases.
Physicians who treat patients with digestive diseases must
provide their patients with the most appropriate diagnostic
tests, the most accurate prognosis and the most effective and
safe therapy. To meet this high standard individual clinicians
must have access to and be able to evaluate scientific
evidence. Although many practitioners argue that this has
always been the standard of care in clinical medicine, a great
deal of evidence exists to the contrary. Wide variations in
practice patterns among physicians have been documented
for many treatments, despite the presence of good data from
widely publicized RCTs and the promotion of practice
guidelines by content experts. For example, Scholefield et al.
carried out a survey of British surgeons who were questioned
regarding the performance of screening colonoscopy for colon
cancer.20 Although this study was done in 1998 (after
publication of the results of the RCTs described in Chapter 16
which demonstrated a benefit of this practice), many of these
physicians failed to make appropriate recommendations for
screening patients at risk. What is the explanation for this
finding? One possibility is that many clinicians rely for
information on their colleagues, on local experts, or on
review articles or textbook chapters that are not written-
based on the principles of EBM.

Two important points about EBM should be emphasized.
First, use of the principles of EBM in the management of

patients is complementary to traditional clinical skills and will
never supersede the recognized virtues of careful observation,
sound judgment and compassion for the patient. It is
noteworthy that many good doctors have intuitively used the
basic principles of EBM; hence, the promotion of such well
known clinical aphorisms as “go where the money is” and
“do the last test first”. Knowledge of EBM enables physicians
to understand why these basic rules of clinical medicine are
valid through the use of a quantitative approach to decision
making. This paradigm can in no way be considered
detrimental to the doctor–patient relationship.

Second, although RCTs are the most valuable source of
data for evaluating healthcare interventions, other kinds of
evidence must frequently be used. In some instances, most
obviously in studies of causation, it is neither possible nor
ethical to conduct RCTs. Here, data from methodologically
rigorous observational studies are extremely valuable. A
dramatic example was the demonstration by several authors
(quoted in Chapter 24) that the relative risk of hepatocellular
carcinoma in chronic carriers of the hepatitis B virus is
dramatically higher than in persons who are not infected.
Although these data are observational, the strength of the
association is such that it is exceedingly unlikely that a cause
other than hepatitis B virus is responsible for the development
of cancer in these people. Case–control studies are especially
useful for studying rare diseases and for the initial develop-
ment of scientific hypotheses regarding causation. The
etiological role of non-steroidal anti-inflammatory drugs in
the development of gastric ulcer21 was recognized using
this methodology. Finally, case series can provide compelling
evidence for the adoption of a new therapy in the absence
of data from RCTs, if the natural history of the disease is
both well characterized and severe. An example is the
identification of orthotopic liver transplantation as a drama-
tically effective intervention for patients with advanced liver
disease.

Box 1.1 shows a generally agreed approach to ranking the
strength of evidence that arises from various types of studies
of healthcare interventions, and this system is used
throughout the book. This ranking of evidence has appeared
in a number of publications; we have chosen to reproduce it
from Evidence-based Cardiology,22 along with the system
used by its editors, Yusuf et al., for making recommendations
on the basis of these levels of evidence. As mentioned in Box 1.1,
throughout this book recommendation grades appear as

or .

Clinical decision making in
gastroenterology and hepatology

Clinical decision making by gastroenterologists usually falls
into one of the following categories:

Grade A1aGrade A

Evidence-based Gastroenterology
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● Deciding whether to apply a specific diagnostic test in
arriving at an explanation of a patient’s problem, or
determining the status of the patient’s disease.

● Offering a prognosis to a patient.
● Deciding among a number of interventions available for

managing a patient’s problem. In this category, the first
question is “Does a given intervention do more good than
harm?” The second is “Does it do more good than other
effective interventions?” The third is “Is it more or less
cost effective than other interventions?”

Application of a diagnostic test

Example A 4-year-old child is experiencing diarrhea
and has a positive family history of celiac disease. Should
a serological test for antiendomysial antibody (EMA)
be done?

Chapter 9 includes an extensive treatment of this topic
with a summary of studies (see Table 9.1) that included
various groups of patients with a greater or lesser probability
of having celiac disease (ranging from patients with
gastrointestinal symptoms to patients in whom celiac disease
was suspected on clinical grounds). At least one of the studies
in Table 9.1, that of Cataldo et al.,23 is relevant to this patient.

When evaluating this test the reader may wish to adopt the
approach of Kitching et al.24 for deciding on the clinical
usefulness of a diagnostic test (Figure 1.1).

The criteria listed in Figure 1.1 for validity of a diagnostic
test were clearly met in Cataldo’s study. In Chapter 9 Gregor
and Alidina explores the utility of the test and points out that
tests with high positive likelihood ratios (LR > 10) and low
negative likelihood ratios (LR < 0·1) are generally considered
to be clinically useful. The EMA test clearly falls into this
category. The authors draws attention to the fact that the
probability that a specific patient actually has celiac disease
(based on a positive test), or does not have it (based on a
negative test), also depends on the pretest odds of the patient
having the disease (see Table 1.1).

If the child in question, whose pretest likelihood of celiac
disease is estimated to be 8%, has a negative test it may be
concluded that the child almost certainly does not have celiac
disease; on the other hand, if the child has a positive test, the
likelihood of him or her having celiac disease is still only 65%.

As Gregor and Alidina point out, the implications of
misdiagnosis must be considered carefully. In the circum-
stance of a positive test in the child with non-specific
symptoms the physician and the child’s parents should
consider whether it is now reasonable to proceed to intestinal

Introduction
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Box 1.1 Grading of recommendations and levels of evidence used in Evidence-based Gastroenterology and Hepatology

GRADE A
● Evidence from large randomized clinical trials (RCTs) or systematic reviews (including meta-analyses) of multiple randomized

trials which collectively have at least as much data as one single well-defined trial
● Evidence from at least one “All or None” high quality cohort study; in which ALL patients died/failed with conventional therapy

and some survived/succeeded with the new therapy (for example, chemotherapy for tuberculosis, meningitis, or defibrillation
for ventricular fibrillation): or in which many died/failed with conventional therapy and NONE died/failed with the new therapy
(for example, penicillin for pneumococcal infections)

● Evidence from at least one moderate sized RCT or a meta-analysis of small trials which collectively only has a moderate
number of patients.

● Evidence from at least one RCT

GRADE B
● Evidence from at least one high quality study of non-randomized cohorts who did and did not receive the new therapy
● Evidence from at least one high quality case control study
● Evidence from at least one high quality case series

GRADE C
● Opinions from experts without reference or access to any of the foregoing (for example, argument from physiology, bench

research or first principles)

A comprehensive approach would incorporate many different types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies and experimental data), and examine the architecture of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat compartments. For example, there may not be an RCT that
demonstrates a reduction in mortality in individuals with stable angina with the use of β-blockers, but there is overwhelming
evidence that mortality is reduced following myocardial infarction (MI). In such cases, some may recommend use of β-blockers in
angina patients with the expectation that some extrapolation from post-MI trials is warranted. This could be expressed as Grade
A/C. In other instances (for example, smoking cessation or a pacemaker for complete heart block), the non-randomized data are
so overwhelmingly clear and biologically plausible that it would be reasonable to consider these interventions as Grade A.

Recommendation grades appear either within the text, for example, and or within a table in the chapter.Grade A1aGrade A



biopsy to confirm the diagnosis, rather than recommending a
gluten-free diet, presumably for life. If a search for other
clinical or laboratory clues reveals that celiac disease is very
likely to be the correct diagnosis, the pretest likelihood may
be as high as 50%. This would raise the post-test likelihood to
97%. The physician and parents may be comfortable
accepting the diagnosis and proceed to a trial of a gluten-free
diet, rather than subjecting a young child to intestinal biopsy.
This is an excellent example of how a skilled clinician must

integrate the principles of evidence-based medicine with
traditional clinical skills and judgment.

Offering a prognosis

Example A 50-year-old woman with recently diagnosed
celiac disease has learned at a meeting of the local celiac
society that patients with celiac disease have a substantial
increase in the risk of developing a number of cancers and

Evidence-based Gastroenterology
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• Are the study results valid?
1 Was there an independent blind comparison (or unbiased comparison) with a reference (“gold”) standard of diagnosis?
2 Was the diagnostic test evaluated in an appropriate spectrum of patients (like those seen in the reader’s practice)?
3 Was the reference standard applied regardless of the diagnostic test result?

• What are the results?
Cataldo F, Ventura A, Lazzari R et al. Antiendomysium antibodies and celiac disease: solved and unsolved questions. An
Italian multicentre study. Acta Paediatr 1995;84:1125–31.
A study of IgA endomysium antibodies (EMA) in 1485 children with gastrointestinal disease (688 with celiac disease
confirmed by intestinal biopsy)

Results for antiendomysial antibody (EMA) test

No. of patients with biopsy
proven celiac disease

Present Absent Totals

EMA positive 645 20 665
a b a+b

EMA negative c d c+d
43 777 810
a+c b+d a+b+c+d

Totals 688 797 1485

Sensitivity = a/(a + c) = 645/688 = 0·94
Specificity = d/(b + d) = 777/797 = 0·97
Likelihood ratio (positive result) = sensitivity/(1–specificity) = 0·94/(1–0·97) = 31
Likelihood ratio (negative result) = (1–sensitivity)/specificity = (1–0·94)/0·97 = 0·06
Positive predictive value = a/(a + b) = 645/665 = 0·97
Negative predictive value = d/c + d = 777/810 = 0·96

Figure 1.1 Approaches to evaluating evidence about diagnosis

Table 1.1 The anti-endomysial antibody (EMA) test for celiac disease. Dependence of post-test likelihood of celiac
disease on pretest likelihood, assuming positive LR = 31, negative LR = 0.06

Pretest likelihood of Post-test likelihood with Post-test likelihood with
celiac disease a positive EMA test (%) a negative EMA test (%)

8% (non-specific symptoms, positive family history) 65 0·5
50% (more specific symptoms) 97 6
0·25% (population screen) 8 0·02

Data from Chapter 9



that this cancer risk is reduced by strict adherence to a
gluten-free diet.

Chapter 9 describes the types of study which are relevant
to determination of prognosis and discusses the strengths and
weaknesses of case–control and cohort studies.

Gregor and Alidina point out that certain case–control
studies which reported very high mortality and malignancy
rates may have been subject to selection bias (inclusion of
particularly ill or refractory patients) and measurement bias
(patients with abdominal symptoms being more likely to
undergo investigations such as small bowel biopsy which may
lead to a diagnosis of celiac disease). They refer to a British
study in which a cohort of patients with celiac disease was
assembled and followed for 10 years. This design attempts to
minimize the biases that are inherent in the case–control
studies. Table 1.2 shows that the risk of certain cancers is
increased compared to the risk in the general population.
Table 1.3 shows that strict adherence to a gluten-free diet
significantly reduced this risk and may have eliminated the
excess risk for several of the identified cancers.

On the basis of this evidence it is reasonable to advise the
patient that her disease does carry with it an increased risk of
certain relatively uncommon cancers and that adherence to a
strict gluten-free diet appears to minimize this increased risk.

Recommendations concerning therapy

We have provided examples of how evidence concerning
the use of diagnostic tests and prognosis can be analyzed
and incorporated into clinical practice. Most chapters in this
book deal more extensively with evidence concerning
therapy and rely heavily on data from randomized trials and
meta-analyses.

Example Should a 28-year-old woman who has had an
uncomplicated resection of the terminal ileum for Crohn’s
disease receive maintenance therapy with a 5-aminosalicylate
(ASA) product? Prior to the surgery she had had steroid-
dependent disease and had failed treatment with both
azathioprine and methotrexate.
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Table 1.2 Cancer mortality in 210 patients with celiac disease at the end of 1985

Site of cancer ICD8 O E O/E P

All sites 140–208 31 15·48 2·0 **
Mouth and pharynx 141–147 3 0·31 9·7 *
Esophagus 150 3 0·24 12·3 *
Non-Hodgkin’s lymphoma 200, 202 9 0·21 42·7 **
Gastrointestinal tract 151–154 3 3·07 1·0 NS
Remainder 13 11·65 1·1 NS

*P < 0·01.
**P < 0·001.
O, observed numbers; E, expected numbers
Source: Holmes GKT et al. Gut 1989;30:333–8.25

Table 1.3 Cancer morbidity by diet group

Site of cancer Diet groupa No. O E O/E P

All sites 1 108 14 9·06 1·5
2 102 17 6·42 2·6 **

Mouth, pharynx, 1 108 1 0·33 3·0
esophagus 2 102 5 0·22 22·7 **

Non-Hodgkin’s 1 108 2 0·12 16·7 *
lymphoma 2 102 7 0·09 77·8 **

Remainder 1 108 11 8·61 1·3
2 102 5 6·11 0·8

*P < 0·01.
**P < 0.001.
aDiet group 1, strict adherence to gluten-free diet; group 2, reduced gluten diet or normal diet.
Source: Holmes GKT et al. Gut 1989;30:333–8.25



A search of the literature for placebo-controlled
randomized trials of 5-ASA for maintenance of remission in
patients with a surgically induced remission of disease would
reveal several trials. The largest published trial is that of
McLeod and colleagues,26 who randomized 163 adult
patients to receive either 3 g/day of 5-ASA or a placebo
following surgery. The primary outcome of interest was the
recurrence of active Crohn’s disease as defined by the
recurrence of symptoms and the documentation of active
disease either radiologically or endoscopically. At the end
of the follow up period (maximum duration 72 months,
median duration 34 months), 31% of patients who received
active treatment remained in remission compared with
41% of those who received a placebo (P = 0·031). 5-ASA
was well tolerated. A low proportion of patients developed
adverse reactions in the control and active treatment groups.
One patient treated with 5-ASA developed pancreatitis
that was attributed to the study drug. The results of this
study can be evaluated using the guidelines described in
Figure 1.2, which is modeled after the approach of Kitching
et al.24

Are the results of this study valid?

A review of the methods section of the article26 confirms
that an appropriate method of randomization was employed
(computer-generated in permutated blocks), which insured
concealment of the randomization code. Furthermore,
inspection of the baseline characteristics of the treatment and
control groups shows that they are well balanced with respect
to such confounding variables as the time from surgery
to randomization. This information further supports the
legitimacy of the randomization process. Assessment of
the method of randomization is important, because non-
randomized designs are especially vulnerable to the effects of
bias. Studies which employ “quasi-randomization” schemes
such as allocation to treatment according to the day of the
week or alphabetically by the patient’s surname have been
shown to consistently overestimate the treatment effect
identified by RCTs that employ a valid randomization
scheme.27,28 However, it may be noted that 87 patients were
randomized to 5-ASA, compared with only 76 patients in the
control group. This observation raises the concern that the
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• Are the results valid?
1 Was the assignment of patients to treatment really randomized (and the randomization code concealed)?
2 Were all patients who entered the study accounted for at its conclusion?
3 Were the clinical outcomes measured blindly?

• Is the therapeutic effect important?
1 Were both statistical and clinical significance considered?
2 Were all clinically important outcomes reported?

• What are the results?
McLeod RS, Wolff BG, Steinhart AH et al. Prophylactic mesalamine treatment decreases postoperative recurrence of Crohn’s
disease. Gastroenterology 1995;109:404–13.

Randomized controlled trial in which 163 patients with Crohn’s disease who had all visible disease resected were
randomized to receive mesalamine (Pentasa) 3 g daily or a placebo for a median period of 34 months. Primary outcome
was recurrent Crohn’s disease defined by recurrence of symptoms and radiographic or endoscopic documentation of
recurrence.

Recurrent
Crohn’s disease Risk (%) ARR (%) RRR (%)

Yes No

5-ASA 27 60 31 10 24
Placebo 31 45 41 – –

ARR, absolute risk reduction; RRR, relative risk reduction.

• Are the results relevant to my patient?
1 Were the study patients recognizably similar to my own?
2 Is the therapeutic maneuver feasible in my practice?

Figure 1.2 Elements of a valid and useful randomized trial



analysis might not have been done according to the “intent to
treat” principle which specifies that patients are analyzed in
the group to which they were originally assigned, irrespective
of the treatment that was ultimately received. The use of this
strategy reduces the possibility of bias, which might occur if
investigators selectively withdrew from the analysis patients
who had done poorly or experienced toxicity. For this reason,
the intent to treat principle yields a conservative estimate of
the true benefit of the treatment. However, detailed review
shows that in this study the discrepancy in patient numbers
occurred because five patients who were randomized to the
active treatment group withdrew consent prior to receiving
the study medication and were not included. Thus it appears
that the analysis was based on the intent to treat principle.

Approximately 10% of patients in both treatment groups
had incomplete follow up. Methodologically rigorous studies
have a very low proportion of patients for whom data are
missing. This issue is important, since patients who are lost to
follow up usually have a different prognosis than those for
whom complete information is available. If there is
incomplete follow up data for a substantial proportion of
patients the results are uninterpretable.29

Turning to an assessment of the outcomes in this study,
both the patients and investigators were unaware of the
treatment allocation. Blinding is used to reduce bias in the
interpretation of outcomes. This is especially important when
a subjective outcome is evaluated.30 In this study objective
demonstration of recurrent disease (endoscopy and/or
radiology) was required in addition to the more subjective
measure of the introduction of treatment for recurrent
symptoms. Thus the reader can be satisfied that the primary
outcome measure was both clinically meaningful and
objectively assessed.

Finally, the data analysis and results should be examined. A
great deal of useful information can be obtained by reviewing
the assumptions that were used in the sample size
calculation. In this study, which analyzes a difference in
proportions, the investigators had to define four variables: the
alpha (type 1) error rate, the beta (type 2) error rate, the
expected proportion of patients who would be expected to
relapse in the placebo group, and the minimum difference in
the rate of relapse which the investigator wished to detect. In
this publication these parameters are easily identified. The
rate of symptomatic recurrence was estimated to be 12·5%
per year and it was anticipated that treatment with 5-ASA
would reduce this rate by 50% to an absolute value of 6·25%
per year. In contrast to the expected 50% relative risk
reduction which was anticipated, the 3-year actuarial risk of
recurrence was 26% in the treatment group compared to 45%
in the group that received 5-ASA (P = 0·039). Therefore, the
relative risk reduction ([45%−26%]/45% = 42%) is slightly
lower than the figure which the investigators considered to be
clinically meaningful. Furthermore, the probability of a type 1

error is described as a one-tailed value of P = 0·05. This
implies that one-tailed statistical testing was used to derive
the P value of 0·039. The use of one-sided statistical testing
raises legitimate concerns regarding the statistical inferences
made in the study.31 It is inappropriate to hypothesize that
5-ASA therapy could only be beneficial, given that the drug
can cause diarrhea and colitis.32 For these reasons, uncertainty
exists regarding both the clinical and statistical interpretation
of these data.

Are the results of this valid study important?

To assess the importance of this result it is necessary to
quantify the magnitude of the treatment effect. How the
evidence is presented may influence both physicians and
patients in making choices. The most basic means of
expressing the magnitude of a treatment of fact is the absolute
risk reduction (ARR), which is defined as the proportion of
patients in the experimental group with a treatment success
minus the proportion of patients with this outcome in the
control group. In this instance the annual rate of relapse in the
placebo-treated patients was 15% (success rate of 85%)
compared with 8·7% (success rate of 91·3%) in those who
received the active treatment. This yields an ARR of 6·3%. The
number needed to treat (NNT), the number of patients with
Crohn’s disease who would have to be treated with 3 g/day of
5-ASA to maintain remission over a year, can be calculated as
the reciprocal of this number, and is 16. Alternative ways of
describing effectiveness include calculating the observed
relative risk reduction (RRR = 6·3/15) of 42%, or even stating
that about 90% of patients respond to maintenance therapy,
ignoring the substantial placebo effect which is evident. The
evidence presented as the ARR or NNT, rather than the
numbers which show the treatment in a more favorable light,
may still lead the physician to recommend this form of
treatment and cause the patient to choose to accept this
strategy over no intervention. However, the expectations of
the physician and patients are likely to be more realistic33 than
they may be if the physician accepts and promotes in an
uncritical way the information that 90% of patients who
receive 5-ASA maintenance therapy will remain in remission
over 1 year.

Are these results applicable to my patient?

Following an assessment of the validity of the evidence
using the criteria described in the preceding paragraphs it is
necessary to decide whether the conclusions of the study are
relevant and important to the individual patient. An initial
step is to evaluate the demographic characteristics of the
patients in the RCT and compare them to those of the patient
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in question. If the patient for whom maintenance therapy is
being considered is similar to the patients who were
evaluated in the trial, it is reasonable to assume that she will
experience the same benefit of therapy and is at no greater
risk for the development of adverse drug reactions.
Alternatively, this patient may have characteristics that make
it unlikely that a benefit from 5-ASA will be realized. For
example, if the patient had residual active Crohn’s disease it
would be difficult to generalize the results of the study of
McLeod et al.,26 since the patients in this trial had resection of
all visible disease prior to study entry.

At this point, if we accept that the results are generalizable
to our patient example, the relative risks and benefits of the
therapy must be weighed and the patient’s preferences should
be considered. Evaluation of the data reveals that the trial was
methodologically rigorous and evaluated an important
outcome. However, it is doubtful whether conventional
statistical significance was demonstrated. This raises the
question of whether the observed differences between the
treatment groups might have occurred by chance. Further-
more, the magnitude of the treatment effect is relatively
small. In presenting to the patient the benefit of an annual
reduction in the risk of recurrence of 6·3% it is also necessary
to consider the cost and inconvenience of taking medication
for an asymptomatic condition. One observation in favor of
recommending the treatment is that the risk of serious
toxicity with 5-ASA appears to be low.

Because there is a degree of uncertainty concerning the
true benefit of 5-ASA maintenance therapy based on analysis
of this single RCT, it would be prudent to review additional
published data. A meta-analysis of 5-ASA therapy has been
published.34 Meta-analysis, the process of combining the
results of multiple RCTs using quantitative methods, is an
important tool for the practitioner of EBM. Pooling the results
of multiple RCTs increases statistical power and thus may
resolve the contradictory results of individual studies.
Combining data from RCTs statistically also increases the
precision of the estimate of a treatment effect. Moreover, the
greater statistical power afforded by meta-analysis may allow
insight into the benefits of treatment for specific subgroups of
patients. These properties are particularly relevant to the case
under consideration, given the previously identified concerns.

The meta-analysis summarized data from 15 RCTs which
evaluated the efficacy of 5-ASA maintenance therapy in
1371 patients with quiescent Crohn’s disease. Patients were
randomly assigned to receive either 5-ASA or placebo for
treatment periods of 4–48 months. Although 5-ASA was
superior to placebo in 13 of the 15 studies, the results of only
two trials were statistically significant. Separate analyses were
done using data from the four trials that included patients
with a surgically induced remission (Figure 1.3) in distinction
to those that evaluated patients after a medically induced
remission. Sensitivity analyses assessed the response to

therapy in specific subgroups of patients. The overall analysis
concluded that 5-ASA has a statistically significant benefit; the
risk of symptomatic relapse in patients who received 5-ASA
was reduced by 6·3% (95% confidence interval −10·4% to −
2·1%, 2P = 0·0028), which corresponds to an NNT of 16.
Importantly, the greatest benefit was observed in the four
trials that evaluated patients following a surgical resection. In
these studies there was a 13·1% reduction in the risk of a
relapse (95% CI −21·8% to −4·5%, 2P = 0·0028), which
corresponds to an NNT of 8. No statistically significant effect
was demonstrable in the analysis, which was restricted to the
patients with medically induced remission.

Are the results of this
meta-analysis valid and reliable?

Figure 1.4 provides some useful guidelines for the
interpretation of overview analyses. It is important that a
comprehensive search strategy be adopted since publication
bias, the selective publication of studies with positive results,
is an important threat to the validity of meta-analysis.35 This
criterion was met. Camma and colleagues’ review of the
literature was extensive and not limited to English language
publications. The investigators also searched review articles,
primary studies and abstracts by hand. Quality scores were
used to evaluate the validity of the individual studies and a
sensitivity analysis was done which assessed the effect of trial
quality on the result. No important change in the overall
result was noted when studies of lower quality were excluded
from consideration. However this type of analysis was not
carried out in the analysis of the subgroups of four trials
(411 patients) which evaluated 5-ASA after a surgically
induced remission.

One of the included studies, that of Caprilli et al.,36 which
involved 95 patients, showed a greater benefit for 5-ASA than
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Caprilli 1994 95
Year No· Pts

Risk difference 95% CI

−0·5 −0·4 −0·3 −0·2 −0·1 0·0 0·1 0·2 0·3 0·4 0·5

163

Studies arranged by increasing year

Favors treatment Favors control

z = −2·99 2P = 0·0028

87
66

411

1995
1995
1997

Study
1
2
3
4

McLeod
Brignola
Sutherland

Overall

Figure 1.3 Meta-analysis of the four RCTs of mesalamine
for prevention of clinical relapse in quiescent Crohn’s disease
after surgically induced remission. Cumulative risk difference
and the respective 95% CIs are shown. (Reproduced with
permission from Camma C et al. Gastroenterology
1997;113:146934)



any other trial, medical or surgical, which has been
performed. An important methodological deficiency of this
RCT was the failure to conceal the treatment allocation from
the investigators. Since these physicians were aware of the
treatment assignment, and the definition of relapse used
required clinical interpretation, it is possible that the 27%
reduction in the risk of relapse identified is an overestimation
of the true treatment effect. Accordingly, the inclusion of the
results of this study in the subgroup analysis of the surgical
studies may overestimate the true benefit of 5-ASA.
Furthermore, Camma et al. did not include an additional trial
by Lochs37 which was only available as a preliminary report at
the time the meta-analysis was done. This study, which is the
largest RCT to evaluate 5-ASA following surgery, assigned
318 patients to receive either 4 g of active drug or a placebo
for 18 months. Although Camma and colleagues described
this study as “confirming” a benefit of 5-ASA after surgery, the
results are not impressive. Only a 6·9% reduction in the rate
of relapse was observed in patients who received the active
treatment (24·5% 5-ASA compared with 31·4% placebo). This
difference was not statistically significant.

This example underscores the importance of updating
systematic reviews as new information becomes available,
which is the approach of the Cochrane Collaboration, but not
of reviews in conventional publications. When the data
provided by Lochs et al. were aggregated with those of the
other trials, the overall estimate of benefit for 5-ASA was less
(ARR 4%, NNT 25).38 On the basis of these data it can be
concluded that 5-ASA may be an effective maintenance
therapy following surgery, but if it is the magnitude of the
treatment effect is modest at best.

Are these results applicable
to our patient example?

The meta-analysis of surgical trials by Camma et al. provides
important information to the clinician who must decide whether
or not to offer patients 5-ASA for maintenance therapy. The
concern regarding statistical significance raised by the critique of
the McLeod study has been reduced. It seems likely that the
beneficial effect of 5-ASA following surgery is real. However,
although the majority of the criteria outlined in Figure 1.4 have
been met, the issue of clinical relevance remains. The most
optimistic estimate of the size of the treatment effect, derived
from the meta-analysis, is an NNT of 8. However, given the
possibility of bias in the study of Caprilli et al., a more
conservative estimate could be based on the data of Lochs and
colleagues from the single large randomized trial which yielded
an NNT of 15 or from the revision by Sutherland of Camma’s
meta-analysis that yielded an ARR of only 4%, and an NNT of 25.

In presenting this information to the patient the following
points should be emphasized.

● The existing data suggest that 5-ASA is not effective, or at
the most, very marginally effective.

● The annual risk of relapse following surgery is relatively
low without treatment.

● 5-ASA therapy is safe.
● The cost of 5-ASA therapy is approximately US$70

per month.
● To derive a benefit from the treatment the medication

must be taken on a regular basis. This requires the patient
to take six pills each day.
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Figure 1.4 Approaches to evaluating evidence concerning overviews. (Reproduced from Yusuf S et al., eds. Evidence-based
Cardiology. London: BMJ Books, 199822)

• Are the results of this overview valid and reliable?
1 Is it an overview of randomized trials of treatments?
2 Does it include a methods section that describes:

(a) finding and including all the relevant trials?
(b) assessing their individual validity?
(c) using valid statistical methods that compare “like with like” stratified by study?

3 Were the results consistent from study to study?
4 Are the conclusions based on sufficiently large amounts of data to exclude a spurious difference (type 1 error) or missing a

real difference (type II error).

• Are these applicable to your patient?
Differences between subgroups should only be believed if you can say “yes” to all of the following:
1 Was it hypothesized before the study began (rather than the product of dredging the data), and has it been confirmed in other,

independent studies?
2 Was it one of just a few subgroups analyses carried out in this study?
3 Is the difference both clinically (beneficial for some but useless or harmful for others) and statistically significant?
4 Does it really make biologic and clinical sense?



Patients undoubtedly will react in different ways to this
information. Our patient chose not to accept this therapy.

Rationale for a book on evidence-based
gastroenterology and hepatology

Gastroenterologists, hepatologists and general surgeons are
fortunate to have many excellent textbooks that provide a
wealth of information regarding digestive diseases. Such
traditional textbooks concentrate on the pathophysiology of
disease and are comprehensive in their scope. Evidence-
based Gastroenterology and Hepatology is not intended to
replace these texts, since its focus is on clinical evidence.

Excellent electronic databases are available, and many
traditional publications contain relevant research evidence
and important summaries and reviews to support evidence-
based practice. However, Cumbers and Donald39 have found
that physicians in clinical practice find the acquisition of data
from these sources time consuming. Their study revealed that
even locating relevant articles required on average 3 days for
practitioners with an onsite library and a week for those
without such a facility. This book has been written for the
purpose of saving valuable time for busy practitioners of
gastroenterology and hepatology, and for general internists and
general surgeons who deal with substantial numbers of patients
with disorders ranging from gastroesophageal reflux disease to
liver transplantation. It has been extensively revised since the
first edition was published in 1999 in order to provide more
recent evidence that serve as the basis for recommendations.
For example strong evidence that infliximab is beneficial in
Crohn’s disease is presented in this edition along with a careful
consideration of its adverse effect profile.

The book cannot claim to be comprehensive; for example,
the reader will not find chapters on the management of
traveler’s diarrhea, infectious enterocolidities or acute
diverticulitis. However, since the first edition of this book was
published, chapters have been added on antibiotic-associated
diarrhea, microscopic and collagenous colitis, esophageal
motility disorder, management of Barrett’s metaplasia of the
esophagus, Ogilvie’s syndrome, management of obesity,
management of hepatitis B and C after liver transplantation
and non-alcoholic steatohepatitis. These chapters have been
added to provide the reader with more complete coverage of
topics. Nevertheless, in arriving at the composition of the
book for the second edition, we have had to establish a list of
priority areas where we felt that there was important
evidence to be reviewed and summarized on one hand and
available authors with the required expertise on the other. We
hope that future editions will expand further the number of
topics that are included.

A limitation of any textbook is the timeliness of the
information that it is possible to provide in print form. New

evidence accumulates rapidly in clinical medicine and it is
impossible to include the most up-to-date information in a
textbook because of the time required for production. To
meet the needs of our readers for the most timely information
the editors have endeavored to include, where possible, new
evidence that became available during the editorial process. It
is also planned to produce electronic updates of chapters at
regular intervals. These updates, like those for the companion
book Evidence-based Cardiology, will appear on the BMJ
website (www.bmj.com).
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Gastroesophageal reflux disease
Naoki Chiba2

Introduction

Heartburn is a very common symptom in clinical practice.
Most patients with gastroesophageal reflux disease (GERD)
have heartburn, but patients with heartburn don’t necessarily
have GERD. Earlier studies focused on diagnosis-based
management of patients with predominant heartburn.
Endoscoped patients either have erosive esophagitis or non-
erosive reflux disease (NERD). Healing the mucosa is an easy
objective endpoint compared to assessing symptom responses.
It is now apparent that symptom severity does not predict
endoscopic mucosal damage, and patients with NERD, as well
as patients with erosive esophagitis, experience decrements in
quality of life (QOL). In treating both groups of patients, as
well as those patients with uninvestigated symptomatic
heartburn, proton pump inhibitors (PPIs) offer better healing
and symptom relief than any other class of medication. The
available PPIs are generally considered to be equally effective,
with the exception that there is some evidence that
esomeprazole heals esophagitis better than omeprazole or
lansoprazole. For patients with documented erosive esopha-
gitis and those with uninvestigated heartburn, maintenance
therapy with standard dose PPI is recommended. For patients
with documented NERD, half dose PPI therapy is probably
adequate, and treatment can be given on-demand. The PPIs
are safe and offer excellent long-term control of symptoms.
Anti-reflux surgery is an available option, especially since the
laparoscopic alternative has now become well established. The
choice for surgery should be based on patient preference
rather than enforced because of perceived cost effectiveness.

The definition of gastroesophageal
reflux disease is controversial

Gastroesophageal reflux occurs physiologically in all
persons, when gastric contents reflux into the esophagus.
However, due to acid neutralization by saliva and prompt
esophageal clearance of refluxate, symptoms occur in a
minority of people. The typical symptoms of GERD are
heartburn, acid regurgitation and dysphagia. It is difficult to
determine at what point reflux results in disease. Many
patients may regard some degree of heartburn as normal and

only a small proportion of patients seek medical care,
conceptually outlined in Castell’s “iceberg”.1 Reflux also may
result in extraesophageal manifestations such as asthma, non-
cardiac chest pain, and posterior laryngitis and hoarseness. A
discussion of these manifestations is beyond the scope of this
chapter.

Early literature often incorrectly used the terms hiatus
hernia and gastroesophageal reflux synonymously. Hiatus
hernia is a structural abnormality and reflux is a functional
or mechanical event. Subsequently, reflux disease was
considered to be present when abnormally prolonged acid
refluxate resulted in esophageal damage, either macroscopic
(endoscopic esophagitis and/or Barrett’s esophagus) or micro-
scopic (histological esophagitis). However, more recently, it
has been recognized that symptomatic gastroesophageal
reflux without obvious damage, otherwise known as
“endoscopy negative reflux disease” (ENRD) or “non-erosive
reflux disease” is an important part of the spectrum of
reflux disease.2 Another term, symptomatic GERD has been
used to refer to NERD. This term is imprecise and should
be applied only to patients with uninvestigated reflux-like
symptoms. Moreover, patients will often present not only
with reflux symptoms but also with epigastric pain and/or
discomfort, symptoms associated with “dyspepsia” rather
than GERD.3,4

It is now evident that GERD is really a spectrum of
diseases. Attention has been focused on the typical symptoms
of heartburn and acid regurgitation which are often not
accompanied by any pathological findings. Even without
endoscopic esophagitis, these patients have reduced health-
related QOL comparable with that experienced by patients
with esophagitis.5–7 Awareness of this fact has led some
experts to erroneously equate the symptoms of dominant
heartburn with a diagnosis of GERD.8,9 Patients with these
symptoms have only a little better than chance probability of
having GERD as defined by 24-hour esophageal pH studies.10

Almost all (96%) patients with endoscopic esophagitis will
complain of heartburn,11 and even if heartburn is not the
predominant symptom, endoscopic esophagitis can be
identified in up to 36% of patients.12 Thus, it is clear that
heartburn by itself is an insufficient criterion to diagnose
GERD. Fortunately for the patient, the focus has shifted to
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symptomatic treatment as opposed to trying to make a
diagnosis, since the treatment is generally the same.

Despite the lack of identity of GERD and heartburn, some
experts continue to mix symptoms and damage in the same
definition. The American College of Gastroenterology
definition of GERD is, “chronic symptoms or mucosal damage
produced by the abnormal reflux of gastric contents into the
esophagus”.13 Experts from the Genval Workshop further
expanded this definition to include the patient-centered
perspective that gastroesophageal reflux causes “clinically
significant impairment of health-related well-being (quality of
life) due to reflux-related symptoms”.9

What are the symptoms of
gastroesophageal reflux disease?

The typical symptoms of GERD include heartburn (a rising
retrosternal burning discomfort), acid regurgitation and
dysphagia. Many investigators consider that the diagnosis of
GERD is based primarily on typical symptoms with the
specificity of heartburn and acid regurgitation being 89% and
95%, respectively.14 Indeed 96% of patients with documented
erosive or worse esophagitis have heartburn.11 An early study
reported that when heartburn or regurgitation occurred daily,
there was a positive predictive value of 59% and 66%,
respectively, for the diagnosis of GERD.15 When an abnormal
pH-metry is the gold standard, symptoms have 72% sensitivity
and 63% specificity.16 Many patients have other symptoms
but according to recent concepts, these patients are probably
more correctly classified as having dyspepsia rather than
GERD.17

Epidemiology

With inconsistency of definitions and methods of diagnosis,
it is difficult to determine the current prevalence of GERD
in the general population. Do we mean the prevalence of the
symptoms of heartburn or acid regurgitation or do we mean
the prevalence of endoscopic esophagitis? The prevalence
varies between surveys of the general population and studies

of symptomatic patients that present to the family
practitioner. Heartburn is experienced by 4–7% of the
population on a daily basis and by 34–44% of the population
at least once a month (Table 2.1).4,18–21 Similarly high rates
have been observed in New Zealand.28 Recent data suggest
that Asian patients have a lower prevalence of GERD
symptoms than Western populations,23,29 as well as a very low
prevalence of esophagitis.30

The overall prevalence of reflux esophagitis in Western
countries has been estimated to be about 2%.31 Twenty-seven
percent of adults self-treat with antacids more than twice a
month, and 84% of this group have objective evidence of
reflux esophagitis if investigated.32

The incidence of GERD is estimated to be 4·5 per 100 000
with a dramatic increase in persons over the age of 40 years.33

A Canadian study found that heartburn occurred at least once
a week in 19% of persons > 60 years old, compared with 4·8%
of persons < 27 years old.22 A large American retrospective
cohort study in VA patients also identified older age along
with being a white male as the group associated with the
most severe forms of GERD.34

Nebel et al. in 197624 studied the point prevalence
and precipitating factors associated with symptomatic
gastroesophageal reflux using a questionnaire in 446
hospitalized and 558 outpatients (see Table 2.1). Age, sex or
hospitalization did not significantly affect prevalence. Fried or
“spicy” foods and alcohol were the most common
precipitating factors. In a Finnish study of 1700 adults, only
16% of symptomatic patients reported taking medications and
only 5% had sought medical care.25

In clinical practice, the relevant population is the group of
patients that present with symptomatic heartburn. In this
population, it has been estimated that about 50–70% of
patients have normal endoscopies and thus, 30–50% have
endoscopic esophagitis.35 In a recently reported Canadian
study of prompt endoscopy in patients with uninvestigated
dyspepsia, the overall prevalence of endoscopic esophagitis
was 43%, and in those with dominant heartburn, the
prevalence of esophagitis was 55%.12 Thus in this population,
NERD was seen in less than half of the patients (45%).
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Table 2.1 Population-based questionnaire studies of heartburn prevalence

At least once At least once Total at least
Authors Daily (%) weekly (%) a month (%) once/month (%)

Nebel et al. (1976)24 7 14 15 36
Thompson and Heaton (1982)22 4 10 21 34
Gallup Organization (1988)26 – – – 44
Isolauri and Laippala (1995)25 5 15 21 41
Lock et al. (1997)21 – 18 – 42
Wong et al. (2000)23 – 2·5 8·9 –
Diaz-Rubio et al. (2004)27 – 9·8 – –



Pathophysiology

GERD is primarily a motility disorder of the esophagus that
allows abnormal reflux of injurious gastric refluxate. Reflux
occurs as a failure of the anti-reflux barrier provided primarily
by the lower esophageal sphincter (LES) and crural
diaphragm. The two key abnormalities are thought to be
abnormal transient lower esophageal sphincter relaxations
(TLESRs),36,37 precipitated by gastric distension in the post-
prandial period38 and poor basal LES tone.36 The result is
prolonged dwell time of gastric refluxate and increasing
damage when the pH of the refluxate is below 3, which is
optimal for pepsin activation.39,40 A hiatus hernia may act as a
reservoir for acid refluxate that can reflux freely up the
esophagus.41,42 Patients with hiatus hernia have been found to
have greater esophageal acid exposure and more reflux
episodes.43

Pathophysiology in non-erosive reflux disease

Further support for the concept that patients can have
typical symptoms of reflux with a normal endoscopy comes
from studies in which 6–15% of patients with symptomatic
reflux had normal 24-hour esophageal pH-metry.44–46

Pathological reflux has been identified in 21–61% of
endoscopy negative patients.47–49 A recent study identified
abnormal acid reflux in 84% of patients with either erosive
esophagitis or NERD, a much higher proportion that
previously reported.50 The reason for these variable results
is unknown. In contrast, 71–91% of patients with endoscopic
erosive esophagitis have pathological reflux.47–49 The
proportion of time below pH 4 increases over the spectrum
from NERD to worsening grades of esophagitis.51

Of 96 patients with normal 24-hour esophageal acid
exposure, 12·5% were found to have a statistically significant
association between symptoms and reflux episodes.45 In these
patients, the duration of reflux episodes was shorter and the
pH of reflux episodes was lower than in patients with typical
GERD, suggesting that esophageal hypersensitivity is a cause
for their symptoms. This work has led to the concept of an
acid-sensitive esophagus.

An esophageal balloon distension study provided further
experimental evidence of esophageal hypersensitivity in
patients with normal acid exposure times with value for
symptom index (SI) > 50%.44 These patients had significantly
lower thresholds for initial perception and discomfort from
esophageal balloon distension, compared with both normal
controls and patients with confirmed reflux. In contrast, Fass
et al. studied patients with GERD and controls without GERD
and determined that patients showed enhanced perception of
acid perfusion but not of esophageal distension.52 They
concluded that chronic acid reflux by itself was not the cause
of esophageal hypersensitivity to distension in patients with
non-cardiac chest pain.

Carlsson et al.53 demonstrated an impaired esophageal
mucosal barrier in symptomatic GERD patients by measuring
the transmucosal epithelial potential difference.

An interesting study examined differences in spatio-
temporal reflux characteristics between symptomatic and
asymptomatic reflux episodes.54 They used a pH sensor
positioned 3, 6, 9, 12, and 15 cm above the LES and found
the duration of acid exposure was longer and the proximal
extent was higher in symptomatic than in asymptomatic
reflux episodes. A similar study also determined that patients
with NERD compared with healthy controls, had a higher,
intraesophageal proximal reflux of acid.55 Even NERD
patients with normal acid exposure time, seemed to perceive
proximal reflux very readily, implying that their proximal
esophageal mucosa is more sensitive to short duration
refluxes than that of patients with esophagitis.

What role does a hiatus hernia play?

The mere presence of a hiatus hernia bears no relationship
to the diagnosis of esophagitis and is frequently seen in those
without esophagitis. Up to half the healthy population has a
hiatus hernia.56 Moreover, only half of the patients with
symptoms of heartburn and regurgitation have a hiatus
hernia.57 Some studies have suggested that patients with a
hiatus hernia have greater esophageal acid exposure and
more reflux episodes43 and more severe reflux esophagitis
than patients without.58,59 A large hiatus hernia may act as a
reservoir for acid that regurgitates readily when a swallow is
initiated.41,42

A study in patients with pathologic reflux (pH < 4 for
more than 5% of a 24-hour intraesophageal pH-metry study)
identified hiatus hernia in 71% of patients with mild
esophagitis, compared with 39% of those without esophagitis.60

Patients with a hiatus hernia also had higher 24-hour
intraesophageal acid exposure compared with those without,
particularly during the night. However, there were no
differences in symptoms of heartburn or regurgitation, whether
or not patients had a hiatus hernia or esophagitis.

Another study identified that the presence of hiatus hernia
correlated with more severe manifestations of GERD.61 Hiatus
hernia was seen in 29% of symptomatic patients, 71% with
erosive esophagitis, and 96% with long segment Barrett’s
esophagus.

Although TLESRs are thought to be a key mechanism for
pathological reflux, van Herwaarden et al.43 did not find
differences in LES pressure, and the incidence of TLESRs, and
the proportion of TLESRs associated with acid reflux were
comparable in those with and without hiatus hernia. They felt
that the excess reflux in GERD patients with hiatus hernia
was caused by malfunction of the gastroesophageal barrier
during low LES pressure, swallow-associated normal LES
relaxations, deep inspiration and straining.
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What is the natural history of
gastroesophageal reflux disease?

There are few data about this important topic, and existing
studies are somewhat difficult to interpret as they usually
include heterogeneous populations. In a Swedish population-
based survey of over a 1000 citizens conducted over 7 years,
the prevalence of GERD remained stable over time at about
17–19%.62

A small retrospective study published in 1991 identified
patients with symptoms of GERD but with a normal
endoscopy and 24-hour pH study.63 All patients received
antacids or prokinetic drugs or both for 3–6 months. Thus
this was not a study of untreated patients but a study that
employed weak treatments. However, 19 of the 33 patients
still had symptoms at the end of 6 months and of these,
5 (26%) developed erosive esophagitis. The remainder of the
patients remained asymptomatic. There was no difference in
baseline pH-metry between those that went on to develop
esophagitis and those that did not.

Another study reported data on patients with objectively
proven GERD conservatively managed without treatment
over a 17–22-year follow up.64 The authors reported on
60 patients from an initial cohort of 87 patients. While 10 of
the patients had an antireflux procedure, of the remaining
50, 36 (72%) were less symptomatic at follow up. Of the
latter group, only six became symptom free. However, the
majority34 no longer used antireflux medications. Only five
patients remained unchanged and nine became worse. The
prevalence of erosive esophagitis fell from 40% at referral to
27% at follow up endoscopy, and six new cases of Barrett’s
metaplasia developed. At follow up, 66% of the patients had
objective evidence of GERD with either esophagitis, a
pathological pH study or newly recognized Barrett’s meta-
plasia. Neither the presence of esophagitis or of hiatal hernia,
nor the severity of symptoms at baseline predicted the course
of the disease at follow up. The authors concluded that the
severity of reflux symptoms declined in the long-term, but
pathological reflux persisted in the majority of the conserva-
tively treated patients.

For patients with mild esophagitis, the course of the
disease may be benign with only 23% progressing to more
severe esophagitis, while 31% improve and 46%
spontaneously heal with no further episodes.65 Patients with
endoscopic esophagitis diagnosed more than 10 years earlier
were contacted by postal questionnaire and phone
interview.66 Of the respondents, over 70% continued to have
significant symptoms of reflux, and 40–50% were still taking
acid suppressive medications regularly and had reduced QOL
(lower Short Form (SF)-36, physical and social function
domain scores). Thus, GERD is a chronic disease with
significant morbidity and it impacts negatively on QOL.

Despite frequent symptoms, even severe reflux disease has
little effect on life expectancy, with almost no deaths directly

due to GERD reported in long-term follow up.33,64,66 However,
a recent population-based study, identified GERD as a strong
risk factor for esophageal adenocarcinoma, but not squamous
cell carcinoma.67

Esophageal complications of
gastroesophageal reflux disease

Complications of GERD include bleeding (< 2%),
ulceration (around 5%), and strictures (from 1·2% to
20%).66,68,69 Patients with strictures are older and more
frequently have a hiatus hernia.68 Barrett’s esophagus has
been identified in 10–20% of GERD patients.70 Six of
50 patients (12%) developed Barrett’s esophagus during
approximately 20 years of follow up, a crude incidence of
0·6% per year.64

Heading estimated that GERD patients would require
10 operations per 100 000 persons/year and that 5–10%
of patients seen by gastroenterologists would require
fundoplication.69 However, this observation was made before
the introduction of PPIs that have dramatically changed the
approach to medical therapy for GERD.

Effects of gastroesophageal
reflux disease on quality of life

Increased attention is being paid to patient QOL
assessments as opposed to pathology of the esophagus.
Several general health status and disease-specific QOL
instruments have been developed, validated and used. These
include: Medical Outcomes Study SF-36,71 Psychological
General well-being (PGWB) index,72 the Gastrointestinal
Symptom Rating Scale (GSRS),73–75 and the Quality of Life in
Reflux and Dyspepsia questionnaire (QOLRAD).76 More
recently, there has been an increase in validated GERD-
specific instruments focusing more on assessing patient
satisfaction and QOL.76–83

Patients with gastrointestinal disorders have decreased
functional status and well-being.84 Recently, a study assessing
heartburn with multiple assessments using the GSRS,
QOLRAD, SF-36 and the Hospital Anxiety and Depression
(HAD) scale determined that heartburn substantially impairs
all aspects of health-related QOL.85

Those patients with chronic gastrointestinal disorders and
congestive heart failure have the poorest health perceptions.
These perceptions are worse than those that characterize
some other chronic conditions such as hypertension and
arthritis.73,84,86 Studies have shown that successful treatment
of GERD is associated with improvements in QOL.87 Patients
with reflux esophagitis are generally considered to have
equally impaired QOL to those with non-erosive disease,6 but
those with very severe reflux esophagitis may have more
impairment.87 NERD patients do not necessarily have
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objective markers such as endoscopic esophagitis or abnormal
esophageal 24-hour pH-metry results that can be used to
define treatment success. Symptom reduction to a level that
does not cause significant impairment of health-related QOL
is essential. Both the PGWB and GSRS scores show good
discriminative ability to reflect the severity of impairments in
quality of life in NERD patients.88 Improvements in health-
related QOL with treatment of NERD and of erosive
esophagitis have also been documented.6,89 These
improvements are greatest with PPIs compared to ranitidine6

or cisapride.90

Diagnosis of gastroesophageal reflux disease

The diagnosis of GERD depends on the definition of
“pathological” in diagnostic tests. Problems of definition have
been recognized for more than two decades.56 Methods of
diagnosing GERD are outlined in Table 2.2. These tests
evaluate different features of GERD, and none of them
measures all aspects of the disease. Tests such as barium
studies, scintigraphy and 24-hour esophageal pH studies show
whether reflux occurs; endoscopy allows for the diagnosis of
mucosal changes and assessments of complications; 24-hour
pH studies can quantify the amount of acid exposure;
mucosal sensitivity can be assessed by the Bernstein test. The
interpretation of tests is also important. For example, a
patient with documented endoscopic esophagitis with a
negative Bernstein test should not be regarded as having
a “false negative” Bernstein test, but rather an acid insensitive
esophagus. With variable patient populations, and with
differences in definitions, techniques and gold standards, it is
impossible to compare sensitivity and specificity values.91

Manometry and lower
esophageal pressure measurement

LES pressures alone are not of diagnostic value as there is
considerable overlap of pressures in those with and without
esophagitis. In a review92 of six studies, LES pressure
< 10 mmHg correlated with an abnormal acid exposure with
a sensitivity of only 58% and specificity of 84%. However,
there may be some utility in low LES pressures as a predictor
for identifying patients with the most severe reflux.56

Manometry prior to surgery has been advocated to document
a mechanically defective lower esophageal sphincter,94 but
there is no good evidence that this affects outcome.

Radiological diagnosis

A variety of outcome measures have been used in studies
of radiology in GERD. Some have measured gastroesophageal
reflux (with and without reflux provoking maneuvers) and

correlated this with other measures of reflux such as
esophageal pH studies. Others have examined the ability of
radiological studies to identify esophagitis.

The radiological diagnosis of reflux esophagitis is generally
considered to be unreliable. The diagnostic accuracy of
barium radiography compared with endoscopy is 0–53% for
mild, 79–93% for moderate and 95–100% for severe
esophagitis.93,95 Many of the early studies96 compared
radiological techniques to endoscopy as a gold standard. By
1980, it was recognized that about half the patients with
symptomatic reflux did not have endoscopic esophagitis.48,56

Thus, many patients would be expected to have normal
barium studies. From a technical perspective, the
gastroesophageal junction is not well visualized in up to a
third of patients due to inadequate distension.96,97

Measuring reflux alone does not determine whether
patients have GERD nor does it correlate with patients’
symptoms. With provocative tests, reflux is seen in not only
25–71% of symptomatic patients but also in 20% of
controls.95 Low density contrast media are no better than
regular barium.98 Radiological studies are frequently falsely
negative in patients in whom endoscopy or esophageal pH-
metry studies are abnormal.

Measurement of the internal diameter of the cardiac
esophagus was shown to predict 89% of patients with mild
endoscopic esophagitis.99 However, this was not confirmed in
a study that found that the gastroesophageal junction could
not be adequately visualized in 29% of patients.96

Free, severe reflux as seen on barium studies may by a
highly specific predictor of reflux as confirmed by 24-hour
esophageal pH monitoring.92,96,100,101 However, esophagitis is
rarely diagnosed radiographically in patients with abnormal
intraesophageal pH studies.102

Scintigraphy

Reflux is assessed following ingestion of a liquid containing
a radiolabeled pharmaceutical such as sulfur colloid or 99mTc
in an acidified liquid suspension. This procedure is similar
to the assessment of reflux during radiology, although
scintigraphy may be superior.57 Graded abdominal compres-
sion to detect reflux is unreliable with variable sensitivity
of 14–90%.57,93,95,96,103 The biggest problem appears to be
the short duration of the imaging test, as reflux occurs
intermittently. With the availability of endoscopy and 24-hour
intraesophageal pH monitoring, this test appears to have little
value in the diagnosis of GERD.

Upper gastrointestinal endoscopy

Endoscopy provides the most accurate means of assessing
mucosal detail of the esophagus, but is insensitive in
diagnosing reflux. Definite endoscopic reflux esophagitis is
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unequivocal evidence that the patient suffers from GERD.
Patients with an “acid sensitive” esophagus who experience
symptoms in the absence of esophagitis cannot be diagnosed
by endoscopy. The 24-hour intraesophageal pH study can be
abnormal in 50% of patients with reflux symptoms and
normal endoscopy.48,104 Thus a negative endoscopy does not
exclude GERD. Histological diagnosis may be difficult due to

inadequate size of the biopsy,105 patchy distribution of the
histological findings106 or minimal changes.107

Berstad and Hatlebakk108 prospectively evaluated patients
using their own unique endoscopic grading system. Those
with true GERD had endoscopic findings according to their
classification, but the presence of whitish exudate in the
lesions and the width of the lesions were the only two
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GERD, gastroesophageal reflux disease; LES, lower esophageal sphincter; SI, symptom index; NCCP, non-cardiac chest pain;
PPI, proton pump inhibitor

Test

Esophageal
manometry

Radiology

Scintigraphy

Endoscopy

Bernstein (acid
perfusion test) 

24-hour esophageal
pH monitoring

SI with 24-hour
esophageal pH
monitoring

PPI test

What does it measure?

Measures lower esophageal sphincter pressure only.
Low (< 10 mmHg) LES pressure:
58% sensitivity and 84% specificity for abnormal
acid exposure92

Does not measure risk for reflux
Does not assess esophagitis

Shows morphological findings, for example stricture
and may rule out other pathology, (for example
ulcers). Best test for dysphagia
Detects gastroesophageal reflux. Some use
abdominal compression
Can detect hiatus hernia

Poor detection for mild esophagitis 0–53%93

Does not assess symptoms 

Can show reflux

Detects esophagitis
Detects Barrett’s esophagus
Allows biopsy, but esophageal histology has limited
utility

• Measures esophageal acid sensitivity, not a test
for esophagitis

• Can be positive in patients with normal endoscopy
and 24-hour pH studies

• Determines esophageal origin of pain
• May identify those with “acid sensitive esophagus”

• Quantifies gastroesophageal reflux
• Allows assessment of whether “pathological

reflux” occurs
• Does not detect mucosal damage

Correlates symptoms with reflux events

Positive test detects acid reflux as probable cause of
symptoms
Tests reflux, acid damage, esophageal sensitivity

Comments

• Too much overlap with normals to diagnose
GERD

• Does not detect transient LES relaxation
• May be useful in pre/post-operative evaluation

• Best test for this

• In patients with GERD detects reflux in 10–50%93

• Free reflux correlates best
• Unclear role in most patients with GERD
• Many with hiatus hernia have no symptoms
• For moderate esophagitis, sensitivity 79–93%93

• For severe esophagitis, sensitivity 95–100%93

• Sensitivity 14–86%93

• Limited utility as reflux is intermittent
• Requires radioactivity exposure

• Lacks sensitivity

• Sensitivity 42–100%, mean 77%93

• Specificity 50–100%, mean 86%93

• May be useful in patients with atypical symptoms
and NCCP

• Normal in 14–29% of those with esophagitis
• Normal in 6–15% of patients with abnormal SI

Bimodal predictive value
Can be positive when pH study is normal

May be best overall test
Simplicity, reduces cost

Table 2.2 Summary of diagnostic tests in gastroesophageal reflux disease



endoscopic features that correlated with the severity of
esophageal acid exposure as measured by 24-hour pH-
metry.109 Confirmatory data from other investigators using
this classification are lacking.

The most widely applied esophagitis grading system had
been the Savary–Miller classification in the original and
modified forms. A newer classification110 which measures
metaplasia, ulcer, stricture and erosions (known as the MUSE
classification), records the degree of severity of each as
absent, mild, moderate and severe. This is now known as the
Los Angeles (LA) classification and is the one that is most
commonly used.111 The key features are:

● Grade A: one (or more) mucosal break no longer than
5 mm, that does not extend between the tops of two
mucosal folds

● Grade B: one (or more) mucosal break more than 5 mm
long that does not extend between the tops of two
mucosal folds

● Grade C: one (or more) mucosal break that is continuous
between the tops of two or more mucosal folds but which
involves less than 75% of the circumference

● Grade D: one (or more) mucosal break which involves at
least 75% of the esophageal circumference.112

The LA classification was tested in a subsequent study that
evaluated the circumferential extent of esophagitis by the
criterion of whether mucosal breaks extended between the
tops of mucosal folds, gave acceptable agreement (κ 0·4)
among observers.112 Severity of esophageal acid exposure was
significantly (P < 0·001) related to the LA severity grade of
esophagitis. The preteatment esophagitis grades A–C were
related to heartburn severity (P < 0·01), outcomes of
omeprazole treatment (P < 0·01), and the risk for symptom
relapse off therapy (P < 0·05).

Bernstein test as a measure
of esophageal acid sensitivity

This test was first described in 1958 to distinguish chest
pain of esophageal from cardiac origin.113 In an early 1978
prospective, comparative study of upper gastrointestinal
endoscopy, upper gastrointestinal barium series, esophageal
manometry and the Bernstein test in patients with suspected
reflux esophagitis, the Bernstein test had the greatest
sensitivity (85%) for diagnosing esophagitis. However, there
were many false positives as half the patients without
esophagitis also had a positive Bernstein test. The lack of
specificity for esophagitis is not very surprising, since most of
these patients are now considered to have an acid sensitive
esophagus, consistent with NERD. Another study found the
sensitivity of the Bernstein test to be 70% in patients with
typical reflux symptoms. However, 97% of patients with a

negative test had either endoscopic, histologic or
scintigraphic evidence of GERD.114 In a review of seven
studies,115 the overall sensitivity of this test was 77% and
specificity 86%. Although the Bernstein test does not establish
that there is mucosal damage (esophagitis), and patient
acceptance is limited, a positive test result implies that the
esophagus is likely to be the origin of the symptoms.

24-hour ambulatory esophageal pH monitoring

Many experts consider that an abnormal 24-hour
intraesophageal pH study is the gold standard for diagnosing
GERD.48 In this context, GERD is considered erosive or worse
esophagitis, i.e. evidence of mucosal damage. This test is
useful in quantifying the amount and frequency of acid reflux
that occurs. However, it is difficult to separate physiological
from pathological reflux, and the threshold levels which
separate “normal” from “abnormal” test results are not clear.
Threshold levels suggested on the basis of separation from the
mean by two standard deviations48 or on the basis of receiver-
operating-characteristic (ROC) analysis are listed in Table 2.3.
ROC analysis correlates true and false positive rates for a
series of cut-offs and is proposed as an alternative method of
analysis to using means and standard deviations to define
threshold abnormalities, since GERD parameters are not
normally distributed.

The test may be useful for investigating patients with
atypical reflux symptoms or non-cardiac chest pain in whom
GERD is suspected to be the cause of symptoms. The
predictive value of specific threshold levels is age
dependent.120 The technique has many other limitations
including lack of availability, invasiveness, cost, lack of patient
acceptability, debatable reproducibility, and technical
problems such as improper placement of the pH probe, probe
failures and recording device failures.120

A cutoff pH of 4 to define pathological reflux has been
validated.91,116 Furthermore, this pH threshold makes
physiological sense as proteolytic activity of pepsin is low at a
pH above 4, and high below pH 3.40 Unfortunately, even this
cut-off may miss up to 50% of reflux episodes.121

DeMeester studied a large series of patients using the
normal values in Table 2.3. Both the sensitivity and specificity
of 24-hour esophageal pH monitoring for acid reflux was
90%.48 Other studies91,122 using the same variables, reported
sensitivity of 85–96% and specificity of 100%. However,
another study using the same scoring system was able to
distinguish only 41% of symptomatic patients from controls.47

In these hospitalized patients, only 21% of those with a
normal endoscopy had an abnormal intraesophageal pH,
while in those with esophagitis, 71% had an abnormal study.
A very important observation was that 93% of the endoscopy
normal patients responded to anti-reflux therapy, and another
explanation for the symptoms was found in only one patient.
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Thus, typical symptoms were important for predicting
treatment response in spite of the endoscopic and esophageal
pH findings.

A study of 45 outpatients with typical reflux symptoms and
42 asymptomatic controls117 used ROC analysis to obtain
maximum values for sensitivity of 93·3% and specificity of
92·9% using the following criteria:

● only percent of time with esophageal pH < 4
● both the upright and supine reflux values are below

threshold to define a normal test
● threshold levels of pH < 4 for 10·5% of the time in

upright position and 6% in the supine position.

A limitation of this retrospective study is that it was
restricted to patients with typical symptoms.

When DeMeester’s group refined their own analysis by
using not only their composite score but also the ROC
analysis they reported values for sensitivity of 96% and
specificity of 100%.91

Values for sensitivity of 79–95% and for specificity of
85–100% for extended esophageal pH monitoring were
described in a comprehensive review120 and supported by
several individual studies.48,49,116,122–124 While esophageal
24-hour pH-metry is often considered to be the gold standard
for diagnosing GERD, the false negative rate can be as high as
14–35% in patients with endoscopic esophagitis.47,48,125–128

These data raise doubt whether the pH-metry should be
considered to be the gold standard test.129 There are virtually
no recent reports that determine new thresholds to define
abnormal reflux.

However, a new disposable miniature sensor probe has
been developed whose in vitro response to acid exposure
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Table 2.3 Summary of 24-hour esophageal pH study criteria

ROC, receiver operating characteristic

Author

DeMeester et al.
(1980)48

Schindlbeck et al.
(1987)117

Klauser et al. (1989)16

Johnsson et al.
(1987)116

Masclee et al.
(1990)49

Jamieson, et al.
(1992)118

Mattox and Richter
(1990)119

Parameter to define thresholds Normal value

No. of reflux episodes pH < 4 < 50
Total time pH < 4 < 4·2%
Upright time pH < 4 < 6·3%
Supine time pH < 4 < 1·2%
No reflux episodes ≥ 5 min duration ≤ 3
Duration of longest reflux episode 9·2min
Using these criteria they developed
a composite scoring system

Upright time pH < 4 < 10·5%
Supine time pH < 4 < 6·0%
One or both above
threshold = abnormal

Upright time pH < 4 < 8·2%
Supine time pH < 4 < 3·0%
One or both above
threshold = abnormal

Total time pH < 4 < 3·4%

Total time pH < 4 < 4·0%
Number of reflux episodes > 30 in 24 hours

Composite score as in
DeMeester above
Total time pH < 4 < 4·5%

Upright time pH < 4 < 6·7%
Supine time pH < 4 < 2·4%
Total time pH < 4 < 4·7%
Any of above threshold = abnormal

Comments

They had relatively few controls to establish
normal values.
Abnormal score is placed 2 SD above the
mean. This may not be valid as values do not
follow a normal distribution
90% sensitivity and specificity
Others have not reported the same results
with the same criteria45

They assessed all the same factors as
DeMeester above
They carried out ROC analysis

Same group as Schindlbeck but larger
reference sample gave lower threshold
values

Complete separation between patients and
controls with single determinant
Sensitivity 87% specificity 97%

Either equally predictive

Used a combination of the composite score
and ROC analysis. 

These are 95th percentile figures for
asymptomatic controls



below pH 4 is linearly determined by the duration of the acid
exposure and the degree of acidity.130 A significant correlation
was found between the exposure of the distal esophagus
to acid and the acid exposure probe (r = 0·85; P < 0·0001).
The sensitivity and specificity of the sensor to predict
esophageal acid exposure > 5% of time was 91% and 93%,
respectively. This new probe is less expensive, disposable,
easier to apply than the 24-hour pH probe and does not
require recording equipment to be carried. Thus, there is the
potential for this new method to greatly simplify esophageal
pH measurements.

Symptoms as diagnostic predictors

An important study of patients with reflux-like symptoms
was reported by Joelsson and Johnsson.131 Erosive esophagitis
(Savary–Miller grade 1 or worse) was identified in a third of
patients with symptoms. Whether the patient had erosive
disease or not, the frequency of heartburn and acid
regurgitation correlated with median esophageal acid
exposure time measured by 24-hour pH monitoring.
Although patients with an endoscopically normal esophagus
had lower overall median acid exposure, there was a trend
towards more acid exposure in those with more severe
symptoms. Figure 2.1 shows the relationship between
severity of symptoms and acid exposure time. The authors
concluded that reflux-like dyspepsia is accompanied by
increased esophageal acid exposure, a concept that is
supported by others.49,126 Unfortunately severity of symptoms
is a poor predictor of mucosal damage.48,132,133

Johannessen et al.134 determined that heartburn showed
the best discrimination for patients with esophagitis. Typical
symptoms of GERD correlate with abnormal intraesophageal
pH exposure in 56–73% of patients.16,48

In an effort to improve the diagnostic value of the history,
investigators have applied structured questionnaires.135–140

Using the questionnaire developed by Johnsson,135 a positive
response to all four questions is required to achieve a high
positive predictive value, thus limiting its usefulness. The
description of symptoms as opposed to using the term
heartburn, may be a factor which improves the predictive
value of this questionnaire.

DeMeester reported a retrospective review of 100
consecutive patients with symptoms of GERD.48 The
combination of the presence of grade 2 or 3 symptoms on
the standardized questionnaire and endoscopic esophagitis,
predicted increased acid exposure on 24-hour intraesophageal
pH monitoring with a specificity of 97% and a positive
predictive value of 98%.

The Carlsson–Dent questionnaire that is intended to
identify responders to PPI therapy has been extensively
validated for reflux esophagitis detected at endoscopy and
abnormal 24-hour intraesophageal pH-metry.136 The

questionnaire has a maximum score of 18. In the endoscopic
comparison, using a threshold of 4, the questionnaire had
70% sensitivity but only 46% specificity for diagnosis of
esophagitis. When used in dyspeptic patients, the
questionnaire had a sensitivity of 92% but a specificity of only
19% for diagnosis of GERD when compared with abnormal
24-hour intraesophageal pH monitoring. The mean score of
11 for GERD patients was higher than that observed in the
dyspepsia cohort (mean 4·6). Symptom relief during
treatment with omeprazole was predicted by the presence of
heartburn, described as “a burning feeling rising from the
stomach or lower chest up towards the neck” (odds ratio 4)
and by “relief from antacids” (odds ratio 2·2). Even in a non-
ulcer dyspepsia study from which patients with predominant
heartburn were excluded, 42% of the patients indicated that
they had a “rising burning feeling”, a description that defines
heartburn in the Carlsson–Dent questionnaire. Even in this
group of presumed non-GERD patients, those patients who
answered positively to this key question had the best
symptom relief with omeprazole. One prospective validation
of this questionnaire in a primary care population did not find
that the questionnaire was better able to discriminate
omeprazole responders than the physician’s provisional
diagnosis.141 The utility of this questionnaire as a clinical
practice tool appears to be limited, although it remains
important for research purposes.

Similar in its goal to the Carlsson–Dent questionnaire,
the 12-item “GERD Screener” demonstrated construct,
convergent and predictive validity. This instrument was
practical, short, and easily administered and was intended to
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Figure 2.1 Acid exposure of the distal part of the esophagus
during eight 3-hour periods expressed as median % time
spent with pH < 4 in 190 patients with different degrees of
heartburn and acid regurgitation and 50 asymptomatic
endoscopically normal subjects. Reproduced with permission
from Joelsson B et al. Gut 1989;30:1523–5.131



serve as a valuable case-finding instrument in primary care
and managed care organizations.140

Locke et al.142 developed a GERD questionnaire in 1994138

and used it in a recent study in which patients underwent
open access endoscopy. The study provided evidence that
heartburn frequency was associated with esophagitis, that
duration of acid regurgitation was associated with Barrett’s
esophagus and that strictures were associated with dysphagia
severity and duration. Unfortunately, despite these somewhat
encouraging findings, the questionnaire overall was only able
to modestly predict endoscopic findings. This questionnaire
was adapted to the Spanish population with excellent
reproducibility and concurrent validity.143

More recent validated GERD questionnaires have focused
more on creating instruments for assessment of QOL rather
than for diagnosis of GERD.76–82 However a new, reliable
and valid questionnaire to better diagnose GERD was
developed139 and the internal consistency, interobserver
reliability, criteria validity using 24-h esophageal pH
monitoring, construct validity, and extreme group validation
were assessed using patients with pathologic GERD. This
questionnaire had sensitivity, specificity and positive
predictive values of over 90% while the negative predictive
value was 79%.139 A new Chinese GERD questionnaire was
found to discriminate between controls and GERD patients
with a sensitivity of 82% and a specificity of 84%.144

Symptom index

A quantitative method for correlating symptoms and
esophageal acid reflux events was developed in 1986 and
called the “symptom index”. This index is calculated as the
number of times the symptom occurred when the pH is < 4,
divided by the total number of symptoms, multiplied by 100.
Initial validation studies in 100 patients found the SI to be
distributed in a bimodal fashion. Of patients with SI above
75%, 97·5% had an abnormal esophageal pH study.145 If the SI
was less than 25%, the proportion of patients with a normal
esophageal pH study was 81%, and 90% of this group had a
normal endoscopy.146 Endoscopy was normal in nearly 30% of
patients with a high SI. Thus, if endoscopy is found to be
normal in the course of evaluating patients suspected of
having GERD, an esophageal pH study measuring SI may be
useful. There was very poor correlation between results of the
Bernstein test and the SI. The negative predictive value of a
low SI is useful. A limitation of the SI is that it does not take
into account the reflux episodes that were symptom free.
More recently, the SI was not found to be useful for
diagnosing non-cardiac chest pain.147

The symptom association probability (SAP) is another
method that has been developed with the intent to reduce the
shortcomings of the SI.148 This method correlates pH data

during both symptomatic and asymptomatic reflux episodes
and requires further validation.

Therapeutic trial of acid
suppression as a diagnostic test

All of the diagnostic tests described above are cumbersome
or invasive and detect different features of reflux. PPIs such
as omeprazole are the most effective intervention for all
grades of esophagitis and for treatment of symptoms such
as heartburn. A therapeutic trial with a PPI may be useful
in diagnosing GERD in a variety of patient populations
including patients with typical symptoms of GERD, patients
with non-cardiac chest pain, and in those with positive and
negative findings on endoscopy or pH monitoring. The
variation of patients studied makes direct comparisons
between studies impossible.

In a double blind, placebo-controlled study of patients
with reflux symptoms (92% had heartburn) and only minor
or no esophagitis at endoscopy, patients were randomized
to receive omeprazole 40 mg once daily or a placebo for
14 days.127 A 75% reduction in heartburn was considered
to be a positive omeprazole test. There was a significant
(P = 0·04) correlation between response to omeprazole and
the results of the pH-metry. A response to omeprazole
occurred in 68% of patients with abnormal reflux and in only
37% of patients with a normal pH study. Only 13% of patients
responded to placebo.

A randomized trial of omeprazole 20 mg twice daily or
placebo for 1 week tested the efficacy of omeprazole to
determine reflux disease among dyspeptic patients.149 A
diagnosis of GERD was made on the basis of either grade II–III
esophagitis or esophageal reflux with pH < 4 for more than 4%
of the esophageal pH monitoring time. Using this definition,
135 of 160 (84%) patients were found to have GERD. Of those
patients with presumed NERD, 63% had an abnormal pH
study. Twenty percent (18/92) of patients with esophagitis
had normal pH studies. Using symptom improvement of at
least one grade for the definition of a positive test, the
“omeprazole test” had a sensitivity of 71–81% for diagnosing
GERD, compared with the sensitivity of placebo of 36–47%.
With a more stringent definition for a positive test of total
symptom relief, the sensitivity of omeprazole to diagnose
reflux was lower at 48–59%, compared with 6–19% for
placebo. Thus the difference became greater between
omeprazole and placebo. However, the specificity of the test
was low, and actually was higher with placebo than with
omeprazole. Thus the test may be more useful for ruling
out the diagnosis than ruling it in. Even patients who did not
have GERD by definition had better symptom relief with
omeprazole than with placebo. These may be patients with an
acid sensitive esophagus who respond well to acid suppression
despite their esophageal pH being within normal limits.
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A recent UK study of 90 patients with dyspeptic symptoms
suggestive of GERD evaluated the cost effectiveness of an
open course of treatment with omeprazole 40 g daily for
14 days as a diagnostic test.150 There was no significant
correlation between endoscopic and pH monitoring findings.
The cost per correct diagnosis was £47 for omeprazole (95%
CI £40 to 59) compared with £480 for endoscopy (95% CI
£396 to 608). The authors concluded that an empirical trial
of omeprazole was cost effective both for symptom relief and
for diagnosing GERD in patients with typical symptoms.

In a small, 4-week, randomized placebo-controlled
crossover study125 in patients with normal endoscopy and
esophageal pH-metry, but with an SI of > 50, 10 of 12 (83%)
of patients with a positive SI showed improvement on
omeprazole 20 mg twice daily for decreased symptom
frequency, severity and consumption of antacids (P < 0·01).
The SF-36, QOL parameters for bodily pain and vitality also
significantly improved. In the group with a negative SI only
one patient clearly improved.

Thirty-three consecutive patients with symptoms of reflux,
abnormal pH studies, but normal endoscopies151 were
sequentially allocated to receive ranitidine 150 mg twice
daily, omeprazole 40 mg once daily, or omeprazole 40 mg
twice daily for 7–10 days. On the last day of treatment an
esophageal pH study was repeated and the results were
correlated with symptoms. Both doses of omeprazole were
superior to ranitidine and this benefit was correlated with
reduction in mean acidity. Using a 75% reduction in
symptoms as a positive test, and the pH test as the gold
standard, the sensitivity of the omeprazole test using a dose of
40 mg twice daily was 83·3% while the sensitivity with
omeprazole 40 mg once daily was only 27·2%. The authors
concluded that the diagnosis of GERD could be practically
ruled out if a patient failed to respond to a short course of
high dose PPI.

Fass et al.152 also used an omeprazole 60 mg daily test
versus placebo in GERD positive (35/42, 83%) and GERD
negative patients (17%). Twenty-eight GERD positive and
three GERD-negative patients responded to the omeprazole
test, providing sensitivity of 80·0% and specificity of 57·1%.
Economic analysis revealed that the omeprazole test saved
US$348 per average patient evaluated, with 64% reduction in
the number of upper endoscopies and a 53% reduction in the
use of pH testing.

Most studies have used omeprazole in the “PPI test”.
However, a study using 60 mg of lansoprazole once daily
versus placebo for 5 days found that 85% tested positive
during active treatment compared with 9% with placebo.153

The PPI test sensitivity was 85% and specificity was 73%.
Esomeprazole is more potent than omeprazole and it has

now been evaluated as a diagnostic tool.154 Patients (n = 440)
were randomized to receive esomeprazole 40 mg once daily,
esomeprazole 20 mg twice daily or a placebo for 14 days.

Endoscopy and 24-hour esophageal pH-monitoring were
carried out to determine the presence of gastroesophageal
reflux disease (GERD). The esomeprazole treatment test had
sensitivity in confirming the diagnosis of GERD of between
79% and 86% (for the two doses of PPI) after 5 days, while
the corresponding value for placebo was 36%.

In a small, 8-week, placebo-controlled study of 36 patients
with non-cardiac chest pain and abnormal esophageal 24-hour
pH-metry, overall pain improvement was reported by 81% of
omeprazole and 6% of placebo-treated patients.155 Similar
results were reported in another small study of 39 patients.128

The omeprazole test correctly classified 78% of patients
considered GERD patients by 24-hour esophageal monitoring
and/or endoscopy and was positive in only 14% of GERD
negative patients. Thus, a therapeutic trial may be useful in
conditions other than typical GERD such as non-cardiac chest
pain, an observation that is further supported by more recent
studies.156,157

These lines of evidence indicate that a therapeutic trial
of a PPI for 1–2 weeks may be a reasonable approach for
the diagnosis of GERD. The advantages of this approach
include simplicity, non-invasiveness, ease of prescription
and consumption, tolerability, and savings in terms of direct
costs and time lost by the patient. The therapeutic trial also
predicts therapeutic response. These studies also support
the notion that a symptom-based treatment is reasonable
for most patients with reflux disease without a specific
diagnosis.

Treatment of gastroesophageal reflux disease

Symptoms of gastroesophageal reflux are common and
have a significant adverse impact on QOL. The costs of
disease include both drug acquisition costs, and indirect costs
such as physician visits and time off work. Because of the
difficulty in make a definitive diagnosis of GERD through
investigations, the physician must make a presumptive
diagnosis and initiate a management plan. The goals of
therapy are to provide adequate symptom relief, heal
esophagitis and prevent complications. Since initial studies in
GERD have focused on mucosal healing, healing of erosive
esophagitis will be discussed first, followed by discussions on
NERD, and finally on symptomatic treatments.

Acid suppression therapy for
gastroesophageal reflux disease

While transient relaxations of the LES and defective basal
LES tone are thought to be primary determinants of reflux,
damage to the esophagus and symptoms result from acidic
reflux.37 Thus, the focus of treatment has been on acid
suppression.
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Acid secretion can be controlled by various drug classes.
Antimuscarinic agents are weak inhibitors of the parietal cell
M3 cholinergic receptors and clinical use is limited by anti-
cholinergic side effects. H2-receptor antagonists (H2-RAs)
inhibit parietal cell histamine receptors and thus acid
inhibition can be partially overcome by stimulation of gastrin
and cholinergic receptors, as occurs when food is eaten.158

Tolerance to H2-RAs develops and reduces their efficacy over
time.159 PPIs provide the most potent acid inhibition through
covalent binding to the H+, K+-ATPase (acid or proton pump)
located in the secretory canaliculus of the parietal cell.
Inhibiting the proton pump, which is the final common
pathway, blocks acid secretion to all known stimuli. The PPIs
have a long duration of action that depends on the rate of
synthesis of new proton pumps by the parietal cell. These
pharmacological differences predict that PPIs should be more
effective than H2-RAs.

Studies of 24-hour intragastric acidity have been used
extensively to assess the degree and duration of acid
inhibition with anti-secretory drugs.160,161 These studies have
confirmed that PPIs are superior to H2-RAs in their ability to
suppress food stimulated, daytime and total 24-hour acid
secretion. Bell et al.160 have shown by meta-analysis, that the
healing rate of erosive esophagitis correlated directly with the
duration of acid suppression over the 24-hour period. The
primary determinants of healing were the length of
treatment, the degree of acid suppression and the duration of
acid suppression over the 24-hour period. There was also a
highly significant correlation between the time that the pH
in the esophagus was below 4 (i.e. below the threshold
considered “normal”) and the ability to heal erosive
esophagitis. This work concluded that if intragastric acidity
could be maintained above pH 4 for 20–22 hours of the day,
90% of patients with erosive esophagitis would be healed by
8 weeks. Thus, the superiority of PPIs over H2-RAs was
predicted, based on their pharmacologic ability to effectively
suppress acid secretion.

Lifestyle modifications

Although lifestyle modifications are recommended
frequently, there is little evidence that these are of benefit
(Box 2.1). One study assessed patients with 24-hour
esophageal pH testing and found no difference in lifestyle
alteration and anxiety between those with positive and
negative pH profiles.162 Meining and Classen reviewed this
topic in detail and determined that for many of the
recommendations, the data are conflicting, weak, and at best
equivocally supportive.163 However, the data that white wine
(v red wine) induces reflux is reasonably robust.164,165 There
are several mechanisms identified, including reduced LES
pressure,165 disturbed esophageal clearance due to increased

simultaneous contractions and failed peristalsis.166,167 The
most recently identified mechanism is the occurrence of
repeated reflux events into the esophagus when pH is still
acidic from a previous reflux episode, the so-called “re-reflux”
phenomenon.168 Although caffeine itself is thought to be
associated with reflux, one study has proposed that it is
something in coffee other than caffeine, that is responsible.168

Smoking is also often implicated (Box 2.1) but results
concerning its role are controversial. One 24-hour pH
study has shown an association with smoking169 while
another has not.170 Vigorous exercise has also been
implicated, with emphasis on running,171–176 but also on
weightlifting and cycling.172,176 Thus, there is some rationale
for “mother’s advice” not to exercise right after eating. In
one study, ranitidine 300 mg given 1 hour before running
reduced esophageal acid exposure.175 While there is some
evidence that elevating the head of the bed is beneficial,
not all investigators agree.177 Lastly, posture is interesting,
as more acid reflux seems to occur in the right lateral
position. Thus the left lateral position is recommended for
sleeping.178–180

Changing dietary habits and lifestyle modifications are
generally considered useful by physicians.208,209 However,
when patients were asked about advice they had received
from physicians, lifestyle changes were only modestly
recommended.210 If a patient is under the age of 50, and has
no serious “alarm symptoms” such as unexplained weight
loss, dysphagia or hematemesis, it is reasonable to start
empirical therapy151 as the most cost effective approach.211
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Box 2.1 Recommended lifestyle modifications in
gastroesophageal reflux disease

● Avoid precipitating foods and drinks: fat181,182

(two studies found no effect of fat,183,184 another found
no effect of caloric density185), chocolate,186,187 pepper-
mint,188 spices,189 raw onions,190 carbonated bever-
ages,163,191 caffeine,1,168,192–194 coffee,168 orange juice
and tomato drink191,195

● Avoid alcohol1,191,196–198

● Avoid cigarette smoking1,169,197–199

● Avoid large meals and gastric distension38,200

● Avoid lying down within 3–4 hours of a meal201

● Aggravating factors to be avoided: posture,201 physical
exertion especially running,166–171 weightlifting and
cycling172,176

● Raising the head of the bed has some efficacy201–204

● Sleeping on the left lateral position reduces reflux178–180

● Avoid tight clothes1

● Obesity: may be a risk factor,1,27,197 weight reduction
helps symptoms,205 weight reduction does not help206,207

● Avoid certain drugs if possible: β-blockers, anticho-
linergics including certain antidepressants, theophylline,
calcium antagonists, nitrates1



Antacids and alginate

A small randomized placebo-controlled trial of Maalox TC
at a full dose of 15 ml seven times daily for 4 weeks in
32 patients showed no significant symptom relief.212 There
appears to be marginal if any benefit of antacids and alginates
over placebo, and antacids do not heal esophagitis.213–215

In an uncontrolled study of patients with grade I to III
esophagitis healed with either an H2-RA or omeprazole, patients
were given alginate for symptomatic maintenance treatment.216

At 6 months, 76% were in remission. Those with more severe
baseline esophagitis relapsed more frequently. In a randomized
controlled trial, sodium alginate 10 ml four times daily was
slightly more effective than cisapride 5 mg four times daily for
reducing both symptoms measured on a visual analog scale
(0–100) (alginate 29 ± 22, cisapride 35 ± 25, P = 0·01) and the
number of reflux episodes in a 4-week period (alginate 2 ± 2,
cisapride 3 ± 4, P = 0·001).217 Conservative symptomatic
therapy with alginate may be useful in some patients.

Collings et al.218 recently demonstrated that a calcium
carbonate gum decreased heartburn and intraesophageal
acidity more than chewable antacids, with effects that lasted
for a couple of hours. This observation suggests that such a
gum may be useful for intermittent therapy.

Placebo healing rates

Because healing of moderate to severe esophagitis with
placebo therapy occurs in about 28% of patients,11,219 the use
of placebo controls has been important especially for the less
effective drugs, such as H2-RAs and prokinetics. For PPIs, the
therapeutic gain is so large that placebo-controlled trials are
less necessary.11

H2-receptor antagonists

H2-RAs are not very effective in the treatment of GERD
but maintain a minor role in symptomatic therapy and are
discussed here for completeness.

Intermittent/on-demand therapy
for heartburn relief

Acid suppressive therapy with H2-RAs has been the
mainstay of treatment for acid-related disorders and in many
countries these agents are available for over-the-counter
(OTC) use.220 This availability permits intermittent, on-
demand use by the patient. A blinded crossover trial of
famotidine 5, 10 and 20 mg versus placebo showed that all
famotidine doses were more effective than placebo for the
prevention of meal-induced heartburn and other dyspeptic
symptoms.221 This study established that heartburn severity
peaked 1–2 hours after a meal. Thus, a small dose of H2-RA
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taken before eating may be useful to reduce symptoms
induced by meals.

A unique formulation of a readily dissolving famotidine
wafer (20 mg) was compared with standard dose (150 mg)
ranitidine.222 With both treatments, about half the patients had
some symptom relief within 3 hours. A similar randomized trial
found trivial but statistically significant differences between
ranitidine and famotidine for time to adequate symptom relief
(ranitidine 15 minutes, famotidine 18·5 minutes, P = 0·005)
and for the proportion of patients with symptom relief at one
hour (ranitidine 92%, famotidine 84%; P = 0·02).223 Thus, for
mild reflux symptoms, use of H2-RA on an as needed basis is
useful. However, an observational study reported in
abstract form,224 of ranitidine effervescent tablets used on-
demand for 1 year in patients with grade I and II esophagitis
revealed that the grade of esophagitis did not improve in spite
of reporting satisfaction with treatment by 84% of patients.
Patients may be satisfied with their relief of symptoms,
although damage to the esophagus continues.

High dose H2-receptor antagonists

While standard doses of H2-RAs heal more severe, (grade
II to IV esophagitis) in about 52% of patients,11 higher doses
of H2-RA (150–300 mg four times daily) are more effective,
healing 74–80% of patients in 12 weeks, under conditions in
which the healing rate with placebo is 40–58%.225,226 Silver
et al.227 compared regimens of ranitidine 300 mg twice daily
and 150 mg four times daily for treatment of erosive
esophagitis. At 12 weeks, the healing proportion observed
for the four times daily regimen was 77% and for the twice
daily regimen, 66% (absolute risk reduction (ARR) 11%,
number needed to treat (NNT) 9). Ranitidine 150 mg four
times daily was superior to standard dose (150 mg twice
daily) ranitidine or cimetidine (800 mg twice daily) in
patients with erosive esophagitis.228 In another randomized
trial in patients with erosive esophagitis,229 healing with
ranitidine 150 mg twice daily the proportion of patients
healed was 54% at 8 weeks compared with 75% with
300 mg four times daily (ARR 21%, NNT 5). Famotidine
is pharmacologically more potent than ranitidine and a large
dose of 40 mg twice daily was superior to standard dose
20 mg twice daily or ranitidine150 mg twice daily in patients
with erosive or worse esophagitis.230

Prokinetic drugs

In a randomized, placebo-controlled trial, metoclopramide
and domperidone did not improve esophageal motility,
duration of acid exposure or esophageal clearance, although
both agents significantly increased LES pressure.231 Cisapride
is the only prokinetic drug that increases both esophageal
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clearance and enhances LES tone.233–234 However, one study
has reported that cisapride increased acid reflux in
comparison with omeprazole and famotidine.235

Placebo-controlled trials show marginal benefit for cisapride
in healing esophagitis and improving symptoms.234,236–238

For mild grades of esophagitis, cisapride is as effective as
H2-RA for healing and symptom relief with comparable
tolerability.238–243 Unfortunately, this drug requires prolonged
use for up to 12 weeks before clinical benefit is
seen.237,238,240,242,244–246

In one randomized trial in patients with milder GERD,
omeprazole 10 or 20 mg daily was significantly more effective
than cisapride 10 mg four times daily for relief of heartburn,
regurgitation and epigastric pain.90 This and other studies
suggest that for symptomatic GERD, the degree of acid
suppression is a more important determinant of symptom
relief than prokinetic activity.

In healing grades I and II esophagitis, adding cisapride to
omeprazole did not significantly increase efficacy over
omeprazole alone.247 In another study of healing grades II and
III esophagitis, cisapride 20 mg twice daily added to
pantoprazole 40 mg once daily did not improve healing over
pantoprazole alone.248 Thus, these two studies provide strong
evidence that the addition of cisapride does not add any
clinical benefit to treating with PPIs alone.

Cisapride has shown some benefit for maintenance therapy
for mild esophagitis.246,247,249,250 However, in patients with
more severe erosive esophagitis initially healed with anti-
secretory therapy, cisapride was not effective for maintenance
treatment238,240,251,252 and was not more effective than
placebo.253

Cisapride has been associated with the development of
serious cardiac arrhythmias including torsades de pointes,
when used with other drugs that inhibit cytochrome P450
3A4. These include fluconazole, itraconazole, ketoconazole,
erythromycin, clarithromycin, ritonavir, indinavir, nefazo-
done, tricyclic antidepressants and certain tetracyclic anti-
depressants, certain antipsychotics, astemizole, terfenadine,
and class 1A and III anti-arrhythmics.254 Thus, cisapride is not
recommended because its potential for producing significant
adverse events is greater than that for other more effective
agents, and in many jurisdictions, the drug is not readily
available.

Sucralfate in gastroesophageal reflux disease

For grade I–III GERD, there have been four small,
randomized trials of sucralfate 1 g four times daily compared
with standard dose H2-RA which did not show significant
differences with respect to symptom resolution and
healing.255–258 However, none of these studies showed very
large benefits from either intervention, with low rates of
heartburn relief (34–62%) and healing (31–64%). Combining
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sucralfate and cimetidine was not better than monotherapy
with either drug.259,260 The Chiba et al.’s meta-analysis of
randomized trials for grade II–IV esophagitis yielded a pooled
value for healing proportion of 39·2% for sucralfate compared
with 28% for placebo.11 However, the 95% CI was wide (3·6
to 74·8%). 

In a 6-month study of grade I–II GERD, sucralfate was
effective for preventing relapse compared with placebo
(sucralfate 31%, placebo 65%; ARR 34, NNT 3, P < 0·001).261

It is interesting that sucralfate, which does not lower
acid output, reduce esophageal acid exposure or improve
esophageal transit time262 has any efficacy given our
understanding of the pathophysiology of this condition. The
adverse effect of constipation, the need for four times daily
dosing and the modest observed benefit make sucralfate an
unattractive choice for most patients.

Erosive gastroesophageal reflux disease

Meta-analysis of healing and
symptom relief with proton-pump
inhibitors and H2-receptor antagonists

An early meta-analysis of randomized trials of patients with
more severe esophagitis (grade II in 61·8%, grade III in 31·7%
and grade IV in 6·5%) established the clinical efficacy of
PPIs.11 Subsequent published studies support the conclusions
derived from this meta-analysis.14,19,228,230,263–279

In the meta-analysis,11 the rate of healing, expressed as
“percent healed per week”, was significantly superior with
PPI therapy compared with H2-RA, particularly early in the
course of treatment (weekly healing rate in first 2 weeks: PPI
32%, H2-RA 15%). The rate of healing slowed with increasing
duration of treatment as fewer patients remained unhealed,
but PPI remained superior to H2-RA. The overall healing
proportions during 12 weeks, using pooled results irrespec-
tive of dose and duration were: PPI 84% (95% CI 79 to 88),
H2-RA 52% (95% CI 47 to 57), sucralfate 39% (95% CI 4
to 75) and placebo 28% (95% CI 19 to 37). These data were
used to plot rate of healing against time on a “healing time
curve” (Figure 2.2). By the end of the second week, PPI
had healed 63·4 ± 6·6% of patients, while H2-RA required
12 weeks to achieve healing in a similar proportion of patients
(60·2 ± 5·9%). Linear regression analysis of individual study
results showed that PPI heal at an overall rate of 11·7% per
week (95% CI 10·7 to 12·6), twice as rapidly as H2-RA (5·9%
per week, 95% CI 5·5 to 6·3) and four times more rapidly
than placebo (2·9, 95% CI 2·4 to 3·4).

Heartburn was present in all but 3·8% (95% CI 2·1 to 5·5)
of patients at baseline. Overall heartburn relief was seen
in 77·4 ± 10·4% of patients treated with PPI and in
47·6 ± 15·5% treated with H2-RA. Data for heartburn relief
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were plotted against time to create a “symptom relief time
curve” (Figure 2.3). Linear regression analysis of the data
yielded an overall heartburn relief rate of 11·5% per week for
PPI (95% CI 9·9 to 13·0) and 6·4% per week for H2-RA (95%
CI 5·4 to 7·4).

Some studies measured heartburn in categories of none,
mild, moderate or severe and reported the shift in heartburn
relief with treatment (Figures 2.4 and 2.5). The proportion of
patients with residual mild to moderate symptoms after 8
weeks of therapy was 11·1% for PPI and 57·4% for H2-RAs.

This meta-analysis provided evidence that PPI are
significantly better than H2-RA for both healing esophagitis
and relieving symptoms in patients with moderately severe
esophagitis. There was also evidence in one RCT that PPI
therapy is effective for healing persistent grade II–IV
esophagitis after treatment failure with 12 weeks standard
dose H2-RA.280 

Are there differences
between proton pump inhibitors?

There are now five proton-pump inhibitors available in
North America. These are omeprazole, lansoprazole,
pantoprazole, rabeprazole and esomeprazole.

For symptom relief, esomeprazole was shown to be
more rapidly effective than both omeprazole19,274 and
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Figure 2.2 Healing-time curve expressed as the mean total
healing for each drug class per evaluation time in weeks. By
week 4, PPIs (proton pump inhibitors) heal more patients than
any other drug class, even after a much longer duration of
treatment (12 weeks), implying a substantial therapeutic gain
despite the fact that all drug classes achieve higher healing
with longer durations of therapy. The number of studies is
shown in parentheses. •, PPI; +, H2-RA, *, placebo.
Reproduced with permission from Chiba N et al.
Gastroenterology 1997;112:1798–181011
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Figure 2.3 Symptom relief–time curve expressed as the
mean total heartburn relief for each drug class corrected for
patients free of heartburn at baseline at 1–2, 3–4, and
6–8 weeks. By week 2, more patients treated with PPIs
(proton pump inhibitors) are asymptomatic compared with
H2-RA (H2-receptor antagonists) even after a much longer
duration of treatment (8 weeks), implying a substantial
therapeutic gain despite the fact that both drug classes
achieve greater symptom relief with longer durations of
treatment. The number of studies is shown in parentheses. ■,
PPI; x, H2-RA. Reproduced with permission from Chiba N et al.
Gastroenterology 1997;112:1798–181011

Baseline

Time in weeks

0

20

40

74·2% mild/moderate
heartburn 60·4%

66·5%
50% 57·4%

60

80

100

2 4 6 8

%
 S

ym
p

to
m

at
ic

 p
at

ie
n

ts
 o

n
 H

2-
R

A

{

{ { { {

Figure 2.4 Shift in heartburn relief with H2-RAs (H2-receptor
antogonists). From studies using a symptom scale of none,
mild, moderate, or severe, the shift in symptom severity with
duration of treatment can be observed. With H2-RAs, although
there is an increase in the number of patients completely
heartburn free, at the end of the study, more than half of the
patients still have mild to moderate symptoms. , None; ,
mild; , moderate; , severe. Reproduced with permission118

from Chiba N et al. Gastroenterology 1997;112:1798–181011



lansoprazole.268 In one study, lansoprazole was more rapidly
effective than omeprazole.20 However, differences in
symptom relief were no longer apparent at the end of the
study.263,271,281 In another study, omeprazole and pantoprazole
were found to be equivalent with each other but not with
lansoprazole.282 Similar results were found in a comparison
of rabeprazole and omeprazole.283 Low, half-doses of PPIs
compared with standard doses were not found to be effective
for healing esophagitis or for symptom relief.132,263 However,
for maintenance therapy some data suggest that low dose
PPIs are as effective as standard doses.32,284,285 While there
were small differences between overall study results, the
data from these studies were insufficient to establish the
superiority of any one drug over all others.286

Vakil and Fennerty recently carried out a careful systematic
review of randomized controlled trials that directly compared
PPIs to determine whether there is a difference in clinical
outcomes between any of these agents.286 They restricted this
review to more recent (1998–2002), better quality trials. They
found similar healing rates for the following comparisons:

● lansoprazole 30 mg daily compared with omeprazole
20 mg281 or 40 mg,264 or pantoprazole 40 mg daily275

● pantoprazole 40 mg287 or rabeprazole 20 mg265,273

compared with omeprazole 20 mg daily.286

They found that for esophagitis healing, esomeprazole was
superior to omeprazole and lansoprazole.19,268,274 Earlier
randomized trials comparing two different PPIs (lansoprazole,
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omeprazole, pantoprazole and rabeprazole) had also failed to
show a difference in healing rates with drugs used at their
standard recommended doses.14,263,271,281,288–291

Two other meta-analyses also showed that esomeprazole
was superior to omeprazole and that the other PPI did not
have higher healing rates compared with omeprazole.292,293

Another review concluded that lansoprazole,
pantoprazole and rabeprazole were comparable with
omeprazole in terms of heartburn control, healing rates, and
relapse rates.294 Esomeprazole 40 mg daily was more effective
for healing the more severe LA grades C and D esophagitis
in randomized trials in which it was compared with
omeprazole 20 mg daily19,274 or lansoprazole 30 mg.268

One randomized trial that included 284 patients and was
similar in design to the latter study that included 5241
patients showed no difference between esomeprazole 40 mg
and lansoprazole 30 mg for healing of erosive (or worse)
esophagitis in 4 or 8 weeks, but the smaller trial may have
lacked statistical power. 

Esomeprazole is the first PPI shown to be more effective
than any other PPI; all other direct comparisons have
shown that healing rates are essentially the same for all agents
in this class.269 Esomeprazole is the (S)-isomer of omeprazole
and as a result of increased systemic exposure and less
interindividual variability, it produces potent acid suppres-
sion. In a review by Hatlebakk,295 esomeprazole 40 mg daily
was significantly more effective at controlling gastric acidity
than lansoprazole 30 mg daily, pantoprazole 40 mg daily and
rabeprazole 20 mg daily. Esomeprazole 20 mg daily was also
significantly more effective than lansoprazole 15 mg daily.
Thus, the improved clinical benefits are consistent with the
pharmacological potency of this drug.

A study of the Food and Drug Administration database
reported very few drug interactions for omeprazole,
lansoprazole and pantoprazole.296 Of the rare interactions,
vitamin K antagonist reactions were most common but even
these were seen in only 0·09–0·11 per million packages
prescribed. This report concluded that the safety of the drugs
was likely a class effect with no significant differences among
the PPIs.

Is there a rationale for higher
dose proton pump inhibitor therapy?

The standard doses of PPI are very effective for healing
esophagitis, and it is clear that there is a correlation between
the degree of acid suppression and healing.160 In clinical
practice, patients with persistent or recurrent symptoms are
often told to double their dose of PPI, typically to take the
doses on a twice daily regimen. There is no strong evidence
for this approach from the following relevant studies.

Patients with complicated or atypical GERD were
randomly assigned to receive 30 mg lansoprazole (n = 26) or
40 mg pantoprazole (n = 24) once daily.297 Esophageal acid
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Figure 2.5 Shift in heartburn relief with PPIs. PPIs
(omeprazole)-treated patients have a dramatic shift in the
number of patients completely symptom free, particularly early
in treatment, and at the end of the study, very few patients
have any residual heartburn in contrast to patients treated with
H2-RAs, , None; , mild; , moderate; , serve. Reproduced
with permission from Chiba N et al. Gastroenterology
1997;112:798–181011



exposure was normalized in all lansoprazole patients (in 35%
of cases with double dose), whereas 25% of the pantoprazole-
treated patients did not have lowered or normalized
esophageal acid exposure, even with the dose doubled
(P = 0·008). A pantoprazole 40 mg versus 80 mg daily study
in patients with stage II or III esophagitis showed healing
proportions of 78% versus 72% at 4 weeks.266 These data
suggest that for pantoprazole, increasing the dose beyond the
standard dose is not likely to be of any benefit.

Klinkenberg-Knol et al. have followed a cohort of GERD
patients for many years and reported that doubling the dose of
omeprazole to 40 mg daily was effective to treat relapses.298

A longer-term report followed 230 patients for up to 11 years
on continuous therapy.299 Of those followed, a third each had
grade II, III and IV disease. It was estimated that there was
only one relapse for every 9 years of treatment and the
median maintenance dose was 20 mg daily. Dose titration
(range 20 mg every second day to 120 mg once daily)
allowed most patients to remain in remission. Another study
showed that titrating the dose of omeprazole to 40–60 mg
daily was as effective for maintenance of remission as
antireflux surgery.300

One trial compared rabeprazole 20 mg daily with a high
dose of omeprazole (40 mg daily) in patients with erosive
esophagitis for 4–8 weeks and found no significant differences
between treatments for symptom relief or healing rates.278

This is a clinically relevant finding as doubling doses
leads to greater costs.

There is concern about patients on multiple daily doses of
PPIs, a practice that increases cost. Inadomi et al.301 identified
and recruited such patients through the use of pharmacy
records of PPI prescriptions. Eligible subjects were stepped-
down to single dose PPI (lansoprazole 30 mg or omeprazole
20 mg daily) and 80% did not report recurrent symptoms of
heartburn or acid regurgitation. These authors concluded that
“this intervention can decrease management costs without
adversely affecting quality of life”.301

Maintenance therapy for patients
with documented healed esophagitis

For mild GERD, as seen at a community level, 46% of
patients can heal spontaneously.65 For moderately severe
GERD, healing and symptom relief are readily obtained with
PPI, but, within 6–12 months, irrespective of the initial
healing agent, recurrences are reported in 36–82% of patients
in the absence of maintenance therapy.302–304

After acute healing or stopping maintenance therapy,
symptoms recur within a day, and erosive esophagitis can
recur in most patients within 10 days305 to one month.306

Thus, maintenance therapy is required in most patients with
GERD.

A meta-analysis of the rate of relapse of erosive esophagitis
reported in five omeprazole trials that included 1154 patients
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in whom erosive GERD was initially healed by omeprazole
20–40 mg was carried out by Carlsson et al.307 Figure 2.6
shows the effects of various regimens. Omeprazole 20 mg
daily which maintained 82·4% of patients in remission for 6
months was significantly better than omeprazole 10 mg daily
(P = 0·04). Both of these regimens were significantly better
than ranitidine 150 mg twice daily and omeprazole 20 mg on
weekends. Thus, omeprazole should be given continuously,
and dosing intermittently for only three days per week is
not adequate. Two trials assessed maintenance over
12 months. Omeprazole 20 mg daily was superior to
ranitidine 150 mg twice daily (omeprazole 80·2%, ranitidine
39·4%; ARR 40·8%, NNT 2). The proportions of patients
with asymptomatic endoscopic esophagitis relapse were:
omeprazole 20 mg 4·5%, omeprazole 10 mg 12·5%, and
ranitidine 14·6%. Regression analysis identified four risk
factors for recurrence: pretreatment severity of esophagitis,
younger age, non-smoking status and moderate to severe
reflux pre-entry.

A previous systematic review of continuous maintenance
therapy308 in patients with initial grades II–IV esophagitis was
updated from the previous edition of this book.309 This review
included only data from fully published papers.32,284,285,310–316

The estimated results from each study are recorded in
Table 2.4. For this review, the numbers of patients in
remission/relapse were derived from the numbers given or
estimated from the intention to treat analysis as much as
possible, or from the all-evaluable patients in life-table
analysis. Not all trials were homogeneous and some were
only of 6 months’ duration. The esomeprazole studies used
the LA classification to grade esophagitis. LA grade A is
not directly comparable to either the Hetzel–Dent or
Savary–Miller grade I classifications, For some trials
proportions had to be estimated for the life-table analyses.
However, the crude pooled, cumulative, mean relapse rates
are shown in Table 2.5. Readers are cautioned about
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Figure 2.6 Actuarial life-table analysis. Estimated proportion
of patients in endoscopic remission at the end of the
6-month follow up period with maintenance treatment.
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Authors

Simon et al. (1995)321

Sontag et al. (1997)323

Bardhan et al. (1998)317

Lundell et al. (1991)318

Dent et al. (1994)324

Hallerback et al. (1994)325

Bate et al. (1995)326

Vigneri et al. (1995)250

Gough et al. (1996)319

Robinson et al. (1996)322

Sontag et al. (1996)306

Hatlebakk et al. (1997)327,b

Bardhan et al. (1998)317,a

Carling et al. (1998)320

Escourrou et al. (1999)310

Plein et al. (2000)311

Duration of treatment

6 months

6 months

6 months

12 months

12 months

12 months

12 months

12 months

12 months

12 months

12 months

12 months

12 months

12 months

12 months

6 months

12 months

Treatment regimensd

F 40 twice daily
F 20 twice daily
Placebo

O 20 once daily
O 20 once daily, 3 days/week
Placebo

O 10 once daily
Placebo

O 20 once daily
R 300 twice daily

O 20 once daily
O 20 once daily, 3 days/week
R 150 twice daily

O 20 once daily
O 10 once daily
R 150 twice daily

O 20 once daily
O 10 once daily
Placebo

O 20 once daily
R 150 thrice daily
C 10 thrice daily
R + C
O + C

L 30 once daily
L 15 once daily
R 300 twice daily

L 30 once daily
L 15 once daily
Placebo

L 30 once daily
L 15 once daily
Placebo

L 30 once daily
L 15 once daily 

O 10 once daily
Placebo

O 20 once daily
L 30 once daily

P 20 once daily
P 40 once daily

P 20 once daily
P 40 once daily
P 20 once daily
P 40 once daily

% relapse (n relapsed/n treated)

11 (8/72)
22 (15/69)
61 (19/31)

30 (41/138)
66 (90/137)
89 (116/131)

22 (28/130)
57 (76/133)

32 (11/34)
88 (14/16)

12 (5/43)
71 (34/48)
79 (38/48)

28 (37/131)
38 (51/133)
55 (70/128)

32 (22/68)
50 (30/60)
90 (56/62)

20 (7/35)
51 (18/35)
46 (16/35)
34 (12/35)
11 (4/35)

20 (15/75)
31 (27/86)
68 (50/74)

11 (6/56)
22 (13/59)
76 (42/55)

45 (22/49)
34 (17/50)
87 (41/47)

18 (4/22)
44 (8/18)

38 (49/130)
78 (104/133)

9 (11/122)
10 (12/126)

24 (49/203)
16 (30/193)

13 (25/192)
9 (16/185)

26 (45/174)
22 (39/174)

Table 2.4 Randomized controlled trials of maintenance therapy in patients with erosive or worse gastroesophageal
reflux disease

(Continued)



interpreting these pooled data between studies as there are
few observations in each treatment arm and the confidence
intervals are very wide.

Only two studies provided relapse data at 6 and 12 months
and in both studies, the relapse rate was higher at
12 months.311,317 Within individual dose-finding studies, the
highest dose of PPI given was associated with the lowest
relapse rate. The pooled data also show the trend toward
better maintenance of remission with standard doses of the
PPIs than with the lower doses. Not surprisingly, the placebo
relapse rate was the highest at nearly 80% and the H2-RAs
were only slightly more effective, despite the fact that
relatively high doses of the latter were used in some
trials.250,318,319 Only three trials directly compared more
than one PPI. One trial compared lansoprazole 30 mg and
omeprazole 20 mg once daily and found the same healing and
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symptom relief.320 Another used low dose lansoprazole 15 mg
and esomeprazole 20 mg and found that esomeprazole was
significantly better.314 Lastly, the study by Thjodleifsson284 was
somewhat of an anomaly as the relapse rates with rabeprazole
10 mg or 20 mg and omeprazole 20 mg daily were all
comparable but all very low at about 5%. It is thus difficult to
conclude that any one PPI is better than another from this
review and further randomized trials that directly compare
agents are needed.

One study was done specifically in the elderly population
aged 65 years and over.315 Patients with grade I–III
esophagitis were treated with pantoprazole 40 mg once
daily for 8 weeks, then with pantoprazole 20 mg daily for
6 months. Thereafter they were randomized to receive
pantoprazole 20 mg once daily or a placebo for a further
6 months. After 8 weeks, esophagitis healing was 81·1%
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31

Authors

Caos et al. (2000)312

Birbara et al. (2000)313

Thjodleifsson et al. (2000)284

Vakil et al. (2001)285

Johnson et al. (2001)32

Lauritsen et al. (2003)314

Pilotto et al. (2003)315

Metz and Bochenck
(2003)316

Duration of treatment

12 months

12 months

12 months

6 months

6 months

6 months

6 months

12 months

Treatment regimensd

Rab 10 once daily
Rab 20 once daily
Placebo

Rab 10 once daily
Rab 20 once daily
Placebo

Rab 10 once daily
Rab 20 once daily
O 20 once daily

E 40 once daily
E 20 once daily
E 10 once daily
Placebo

E 40 once daily
E 20 once daily
E 10 once daily
Placebo

E20 once daily
L15 once daily

P20 once daily
Placebo

P 10 once daily
P 20 once daily
P 40 once daily
R 150 twice daily

% relapse (n relapsed/n treated)

27 (19/70)
10 (7/69)
71 (50/70)

23 (22/95)
14 (11/94)
71 (70/99)

5 (4/82)
4 (3/78)
5 (4/83)

12 (11/92)
21 (21/98)
46 (42/91)
71 (67/94)C

6 (5/82)
7 (6/82)

43 (33/77)
71 (55/77)c

16 (84/522)
24 (117/489)c

20 (10/49)
70 (39/56)

60 (53/89)
32 (30/93)
18 (17/94)
67 (64/95)c

Table 2.4 (Continued)

aBardhan study is the only one with 6 and 12-month relapse data
bData given for patients who had initial grade 2 esophagitis
cEstimated n from intention to treat life-table percentages given in the paper
dAll drug doses given in mg
F, famotidine; O, omeprazole; R, ranitidine; C, cisapride; L, lansoprazole; Rab, rabeprazole; E, esomeprazole



(95% CI 75·1–87·1%) by intention to treat analysis. After
12 months, the observed healing rates by intention to treat
analysis were 79·6% (68·3–90·9%) with pantoprazole 20 mg
once daily and 30·4% (18·3–42·4%) in the placebo group
(P = 0·0001). Thus, there is no reason to consider that
the elderly will respond any differently from younger patients.

There are limited maintenance data from studies of greater
than 1 year’s duration. An observational maintenance study
with pantoprazole 40 mg once daily in 157 patients with
healed stage II or III reflux esophagitis (Savary–Miller
classification) showed endoscopic remission of 87% after
1 year and 76% after 2 years.328 There has been one
randomized trial of 5 years’ duration in which patients with
initially healed erosive or worse esophagitis were randomized to
receive rabeprazole 20 mg once daily, rabeprazole 10 mg once
daily or omeprazole 20 mg once daily.329 Of the initial 243
patients, 123 completed the 5-year study. Relapse rates were
11·5%, 9·8% and 13·3%, respectively. All treatments were safe
and well tolerated and these data provide evidence that
remission can be effectively maintained overlong time periods.

Low dose continuous proton pump
inhibitors as maintenance therapy

The H2-RAs are marginally superior to placebo when
considering pooled data and data from the one trial in which
a direct comparison of H2-RA (famotidine 20 mg or 40 mg
twice daily) with placebo was made.321 A small dose of
lansoprazole (15 mg) daily was superior to a high dose of
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ranitidine (300 mg twice daily).319 Smaller and intermittent
doses of PPI were less effective (see Table 2.4) than standard
doses.

Bardhan et al.317 treated patients with erosive esophagitis
with omeprazole to produce healing and then randomized
them to receive omeprazole 10 mg daily or a placebo. The
small dose of omeprazole was effective for maintenance of
remission for 18 months in 60% of patients. Symptomatic
failures were well controlled on omeprazole 20 mg daily
with relapse in only 9% of patients over 2 years. Scheduled
endoscopy detected erosive changes in asymptomatic
patients, accounting for a quarter of the relapses. A full dose
of PPI is probably necessary to maintain better quality
endoscopic and symptomatic remission. 

A 6-month maintenance study314 after healed esophagitis
showed that even the low dose esomeprazole 20 mg once daily
was better than lansoprazole 15 mg once daily with remission
rates of 83% (95% CI 80 to 86%) compared with 74% (95%
CI 70 to 78%) by life-table analysis. The endoscopic
esophagitis relapse rate with esomeprazole was 16% versus 24%
with lansoprazole. With more severe LA grades of esophagitis,
esomeprazole treatment provided a significantly longer time to
relapse than was observed in the lansoprazole treated patients.
One trial32 suggested that esomeprazole 20 mg was as effective
as 40 mg daily. Another suggested that rabeprazole 10 mg was
as effective as 20 mg daily,329 although this observation was not
confirmed in two other similar trials.312,313

The problem of healing the more severe grades of esophagitis
is well known. The proportion of patients who experience acute
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Table 2.5 Summary of pooled gastroesophageal reflux disease relapse rates in patients on maintenance therapy

6 month relapse 12 month relapse

No. of Relapse % No. of Relapse % 
Drug regimen trials (n/total) 95% CI trials (n/total) 95% CI

Placebo 6 71 (372/522) 59 to 81 6 78 (363/466) 71 to 88
H2-RA 2 16 (23/141) – 6 64 (254/396) 53 to 82

Low dose proton pump inhibitors
Omeprazole 10 mg once daily 1 22 (28/130) – 3 40 (130/323) 25 to 59
Lansoprazole 15 mg once daily 1 24 (117/489) – 4 31 (65/213) 18 to 48
Pantoprazole 10 mg once daily – – – 1 60 (53/89) –
Pantoprazole 20 mg once daily 2 15 (35/241) – 3 26 (124/470) 17 to 38
Rabeprazole 10 mg once daily – – – 3 18 (45/247) −11 to 48
Esomeprazole 10 mg once daily 2 45 (75/168) – – – –
Esomeprazole 20 mg once daily 3 16 (111/702) − 3 to 33 – – –

Standard dose proton pump inhibitors
Omeprazole 20 mg once daily 1 30 (41/138) – 7 19 (97/516) 9 to 30
Lansoprazole 30 mg once daily – – – 5 18 (59/328) 3 to 38
Pantoprazole 40 mg once daily 1 9 (16/185) – 3 19 (86/461) 10 to 27
Rabeprazole 20 mg once daily – – – 3 9 (21/241) − 2 to 19
Esomeprazole 40 mg once daily 2 14 (127/876) – – – –



healing for grade II esophagitis ranges from 76–100%, for
grade III from 63–95% and for grade IV from 56–75%.308

Grade IV disease relapses more frequently than grade II and III
disease.306,322 In clinical practice, it is suggested that the dose
of PPI can be titrated upwards to maintain healing in most
patients298 or alternatively, the most potent PPI be used. Since
standard dose PPI fails to maintain remission in about 20% of
patients, maintenance therapy in this population should be
continuous and not on-demand or intermittent. 

Intermittent therapy as a strategy for
long-term management of mild/moderate
gastroesophageal reflux disease

A group of 677 adults with moderate to severe heartburn,
(primary care practices,33% NERD, 67% LA grade A–C
esophagitis) were randomized to receive ranitidine 150 mg
twice daily, or omeprazole 10 mg or 20 mg daily for
2 weeks.330 The proportion of patients completely free of
heartburn at 2 weeks was significantly higher (P < 0·001) in
the omeprazole groups (ranitidine 26%, omeprazole 10 mg
40%, omeprazole 20 mg 55%). Patients on ranitidine or 10
mg omeprazole who remained symptomatic received double
doses of their medications for a further 2 weeks, while those
on 20 mg of omeprazole continued at this dose. After the
acute phase, patients were followed up for 12 months. During
this period, a recurrence of symptoms was treated with the
previously effective regimen for 2–4 weeks. This strategy
was effective for most patients. These patients did not need
drug treatment for about 6 months on average. Overall,
symptoms were not adequately controlled in 22% of the
patients, and the strategy of intermittent therapy for relapses
was unacceptable for 9% of patients, who were then offered
open label omeprazole (20 mg daily). While the authors stated
that the results were similar in patients with erosive and non-
erosive disease, the data were not given in the paper.330

At baseline, PGWB scores of about 95 indicated impaired
QOL compared with normal population values of 103.6

Baseline GSRS scores indicated patient perception of their
symptoms as being of moderate severity. With 4 weeks of
treatment, PGWB scores had improved to a normal value of
about 106, and the reflux dimension of GSRS scores also
improved. In the follow up period, relapses were
accompanied by a fall in QOL to baseline levels, and with
treatment, scores again improved. No differences in QOL
scores were seen between patients with erosive esophagitis
and NERD at baseline, in response to therapy, at relapse or
with subsequent treatment. This study provides important
documentation that in patients with NERD, who are
generally considered to have milder disease, the impairment
of QOL is as great as in patients with erosive disease.

A prospective cost effectiveness analysis of this study331

indicated that the patients who were started on omeprazole
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20 mg once daily had more symptom free days and days
without medication than those who were started on
ranitidine, and omeprazole tended to be the more cost
effective drug (P = 0·1). The interpretation offered by the
authors is that a step-up approach, either from omeprazole 10
mg to omeprazole 20 mg or from ranitidine to omeprazole,
would be cost effective.

On-demand therapy as a strategy for
long-term management of mild/moderate
gastroesophageal reflux disease

Lansoprazole (15 mg daily and 30 mg on alternate days)
was studied for maintenance of endoscopic healing and
symptom relief over a 6-month period after healing of
Savary–Miller grades I–III reflux esophagitis.332 After 6
months, recurrence of esophagitis was observed in 12% of the
15-mg once daily group and in 19% of the 30-mg alternate
day group. This difference was not statistically significant.
However, 12·1% of patients who received 15 mg daily and
28·6% of those who received alternate day higher dose
therapy (P = 0·007) had heartburn. 

In another study, patients with esophagitis were
initially treated until symptom resolution. Thereafter, they
took “on-demand” lansoprazole (30 mg) or omeprazole (20
mg) for 6 months only when reflux symptoms relapsed.333

There was no difference in the number of doses between
groups receiving lansoprazole (0·73 doses/day) and
omeprazole (0·71 doses /day) and there was no difference in
reflux symptoms. 

“On demand” therapy is not recommended for patients
with documented erosive esophagitis as patients must
experience recurrent symptoms before treatment is taken,
and these patients are thus left with unhealed lesions. 

Cost effectiveness of maintenance therapy

It is clear that overall, PPIs are the most effective
treatments available to treat GERD. However, PPI are also
more costly than H2-RAs. Therefore cost effectiveness
analyses become important in decision making. There are two
well conducted reviews of cost effectiveness of therapies for
GERD.334,335 Studies differ substantially with respect to
methods, assumptions, interventions and outcomes being
evaluated, the inclusiveness of cost items, and the jurisdiction
to which the analyses are applied. No perfect cost
effectiveness study exists, and new advances in therapy and
changes in cost overtime tend to render the conclusions out
of date rather quickly. However, despite these limitations,
these modeling studies are useful to put into perspective the
role of existing interventions.

Many studies indicate that PPIs are more cost effective
than H2-RAs.336–343 Cost effectiveness data from Canada,344
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Sweden345 and the USA346,347 arrived at similar conclusions.
Maintenance PPI over a 1-year period is consistently the
most effective but also the most costly intervention.344–347

Intermittent omeprazole to treat symptomatic relapse was
more cost effective than continuous omeprazole therapy,
although there was an increase in the number of symptomatic
weeks per year.344 Maintenance therapy with ranitidine or
cisapride was less effective for controlling symptoms, but was
of intermediate cost.

High dose H2-RA was more costly and less effective than
PPI, with more frequent relapses that ultimately led to PPI
maintenance therapy.346 Harris et al.346 reported that
treatment with continuous PPI becomes more cost effective
than H2-RA if patients with active symptoms of GERD
experience a 9% decrement in QOL. When considering three
different PPI maintenance strategies, starting continuous PPI
after the second recurrence was least costly and least
effective.347 Continuous PPI started after the first recurrence
added only a small increment of cost per recurrence
prevented, compared with continuous PPI from the outset,
which was 10 times more costly.347 However, for patients
with a 22% decrement in QOL, continuous therapy became
cost effective when compared with maintenance after first
relapse. All these strategies are modeled for only one year and
may not be generalizable to lifelong treatment.

A very recent paper using a Markov model compared low
versus standard dose PPI therapy.348 The standard dose PPI
was found to be the more cost effective strategy on the
strength of the highest number of symptom-free patient-years
and the quality adjusted life years gained. However, this study
did not derive estimates from studies of esomeprazole 20 mg
or rabeprazole 10 mg daily, two effective lower dosing
regimens that may have altered the results.

Treatment of non-erosive reflux disease

NERD or endoscopy-negative reflux disease (ENRD) is
present in patients without endoscopic findings of whom
21–63% may have an abnormal 24-hour esophageal pH-metry
result.47,149 Other patients in this category may have a positive
Bernstein test, or a positive symptom index and experience
improvement with acid suppressive therapy. Basically these
are patients without obvious abnormalities in the investigations
undertaken.

One of the first studies in this group of patients was
reported by Bate et al. in 1996.349 Patients with NERD were
randomized in a double blind trial to receive omeprazole
20 mg once daily (n = 98) or placebo (n = 111). At 4 weeks,
omeprazole was more effective than placebo (P < 0·0001).
with respect to patients with freedom from heartburn
(omeprazole 57%, placebo 19%), or regurgitation (omeprazole
75%, placebo 47%) and complete relief of symptoms

(omeprazole 43%, placebo 14%), Patients in the
omeprazole arm used less antacids and time to first heartburn-
free day was more rapid with omeprazole.

Another randomized trial in 495 patients with NERD
compared low dose omeprazole 10 mg or a placebo for 6
months.350 Placebo-treated patients were nearly twice as
likely to discontinue treatment before the end of 6 months.
Life-table estimates for cumulative remission at 6 months,
were 73% for omeprazole and 48% for placebo (ARR 25%,
NNT 4, P = 0·0001). QOL assessments showed a more
significant deterioration in the GSRS reflux domain for
placebo patients (P < 0·05), but no significant differences
were noted in PGWB. Thus, a continuous dose of omeprazole
10 mg daily is effective maintenance therapy for the majority
of patients with heartburn but no esophagitis (NERD).
However, a larger dose of omeprazole may be required for up
to a quarter of patients.

A Cochrane review evaluating short-term treatment in
NERD was updated in 2003,351 but included only the studies
reported by Bate et al. and by Venables et al.132 as described
above and concluded that PPI therapy was not more effective
than H2-RA therapy, since the 95% CI of the pooled estimates
of the effects of the two interventions crossed 1.352 However,
the latest trial included in this review was published in 2000.
Thus, this review requires further updating.

A randomized trial compared omeprazole in doses of
20 mg or 10 mg daily and placebo in 509 patients with NERD
in whom heartburn was the predominant complaint.74

Symptomatic remission of heartburn (no more than one day
of mild symptoms in the week prior to the final visit) was
significantly more frequent after 2–4 weeks of therapy with
omeprazole in either dose, and the standard dose of
omeprazole was more effective than the lower dose.
Symptom relief occurred in most patients by the end of the
second week. With 4 weeks of treatment the proportion of
patients indicating sufficient control of heartburn was 66%
and 57% for the standard and low doses of omeprazole and
only 31% for the placebo group. The more abnormal the
initial pH study, the better the response to a greater degree of
acid suppression. There was a significant correlation of
response to therapy with acid reflux, age and the presence of
a hiatus hernia. No correlation was identified between body
mass index and degree of acid exposure, despite the widely
held view that being overweight worsens reflux. A
randomized trial of 4 weeks’ duration in NERD patients in the
USA352 found omeprazole 20 mg once daily to be better than
omeprazole 10 mg once daily or placebo for increasing the
proportion of patients with no heartburn at both day 7
(omeprazole 20 mg 62%, 10 mg 41%, placebo 14%) or day
27 (omeprazole 20 mg 74%, 10 mg 49%, placebo 23%).
Omeprazole was also significantly (P = 0·003) more effective
than placebo for relief of acid regurgitation, dysphagia,
epigastric pain, and nausea. Alc
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In a randomized trial in primary care settings in Norway
heartburn was adequately controlled in 71% of patients taking
omeprazole 20 mg daily, 22% of patients receiving cisapride
20 mg twice daily and 18% of patients receiving placebo after
4 weeks of treatment.353

Katz et al.354 reported the results of two randomized,
double blind, trials with identical methodology that compared
esomeprazole 40 mg once daily or 20 mg once daily with
placebo for 4 weeks in 717 NERD patients. Complete
resolution of heartburn was achieved in 65% of patients
treated with either esomeprazole dose compared with 40% of
placebo patients (P < 0·001).

Two studies of lansoprazole in NERD patients have been
reported by Richter.355,356 The first study355 compared
lansoprazole 15 mg, lansoprazole 30 mg or placebo for 8 weeks.
Lansoprazole patients reported less daytime and night-
time heartburn and antacid usage, compared with placebo
patients. The second study356 found lansoprazole to be more
effective than ranitidine 150 mg twice daily or placebo. In
this study, lansoprazole 15 mg and 30 mg daily were equally
effective.

A randomized trial compared pantoprazole 20 mg once
daily versus omeprazole 20 mg once daily in patients with
very mild grade 1 reflux esophagitis.357 While these patients
are not strictly a NERD population, grade 1 is considered by
some investigators to be almost normal. The rates of symptom
relief and healing were comparable at 4 and 8 weeks.
Another trial of pantoprazole 20 mg once daily versus
ranitidine 150 mg twice daily in a similar patient group with
grades 0–1 GERD found pantoprazole to be superior to
ranitidine.358

This is an important study as it establishes that PPIs are
superior to H2-RAs not only in more severe erosive GERD
but also in patients with virtually normal endoscopies.

A randomized trial comparing rabeprazole (10 mg or 20 mg
once daily) with placebo in NERD patients with moderately
severe symptoms found that rabeprazole, like other PPIs
rapidly and effectively relieved heartburn.359 Other symptoms
such as regurgitation, belching, bloating, early satiety and
nausea were also improved. There was no difference in
efficacy between the two rabeprazole doses. 

Bytzer360 has performed a comprehensive review of the studies
dealing with symptomatic GERD.74,132,349,350,352,353,355,356,359,361–364

The studies he included were not necessarily those that had
NERD patients only; some of the studies also included
patients with erosive esophagitis. Bytzer noted that the
endpoint in many of these studies was that of complete
heartburn relief, a result that most patients probably do not
aim for in the long term. For example, in the “on-demand”
studies, patients took their PPIs once every 2–3 days, that is
patients seemed to accept that their symptoms would relapse
before they took on-demand medication. Also, the lowest
response rates were observed in the studies that evaluated
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complete symptom relief compared with those studies
in which the endpoint was less rigorous and permitted
continued therapy despite lack of complete symptom relief.

Long-term treatment of
non-erosive reflux disease

Another approach in endoscopy negative heartburn
patients is to allow patient controlled, on-demand therapy.

The first methodologically sound on-demand randomized
trial in 424 NERD patients compared omeprazole 20 mg
or 10 mg, with placebo363 for the outcome of time to
discontinuation of treatment (due to unwillingness to
continue) over a 6-month period. With life-table analysis, the
remission rates were omeprazole 20 mg 83% (95% CI 77 to
89%) omeprazole 10 mg 69% (61 to 77%) and placebo 56%
(46 to 64%) (P < 0·01 for all intergroup differences). 
The mean number of study medications used daily was
between 0·43 to 0·47. Treatment failure was associated with
more than a doubling of antacid use, and a deterioration in
patient QOL.

Two “on-demand” trials with the newest PPI, esomeprazole
have been published. The first compared esomeprazole 20 mg
once daily with placebo in 342 NERD patients for 6 months
after initial symptom relief with PPI.364 The proportion of
patients who discontinued treatment due to lack of heartburn
relief were esomeprazole 14% and placebo 51% (P < 0·0001).

Most patients took the study medication for periods of
1–3 consecutive days (esomeprazole) or 4–13 consecutive
days (placebo). Use of antacids was more than two-fold higher
among placebo recipients. In the second study, patients who
had achieved complete heartburn resolution after short-term
esomeprazole or omeprazole treatment (n = 721) were
randomized to esomeprazole 20 mg (n = 282), 40 mg
(n = 293) or placebo (n = 146) on-demand (maximum one
dose/day) for 6 months.365 Treatment was discontinued (due
to unwillingness to continue) less often by esomeprazole
treated patients (esomeprazole 20 mg 8%, 40 mg 11%,
placebo 42%). Patients took an average of one
esomeprazole tablet every 3 days.

Cost effectiveness analysis using a Markov model was
designed to compare the following three strategies for
6 months: on-demand esomeprazole 20 mg daily, intermit-
tent 4-week acute treatment courses of omeprazole 20 mg
daily, and continuous omeprazole 20 mg daily treatment
following acute treatment. The expected number of relapses
per patient was estimated to be 0·10 for the on-demand
esomeprazole strategy, 0·47–0·75 for continuous omeprazole
treatment and 0·57–1·12 for the intermittent omeprazole
strategy. The on-demand treatment with esomeprazole 20 mg
was found to be cost effective compared with the other
strategies.366
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Treatment of mixed groups of patients:
erosive esophagitis and non-erosive
reflux disease (post-endoscopy studies)

The problem with these studies that combine erosive
esophagitis healing and relief of NERD is that all patients
needed to be endoscoped first in order to select patients for
treatment. The first step in these trials was to subject all
patients with the same symptoms to diagnostic endoscopy
and to treat all the patients so that symptom relief could be
compared. This approach would best represent the population
of all patients that would present to the practitioner. This
approach was used in a randomized trial in 221 patients367

with heartburn as the predominant symptom (about half of
whom had NERD and half grade II or III esophagitis).
Omeprazole 20 mg daily produced significantly better
heartburn relief than cimetidine 400 mg four times daily. The
entry grade of esophagitis did not correlate with heartburn
severity, and treatment benefit did not depend on presence or
absence of esophagitis. Patients who were still symptomatic
after the initial phase were treated for 4 weeks with
omeprazole 20 mg daily and a further 67% of patients
(54/81) improved.

Patients who improved in the acute study were
randomized to receive maintenance therapy with omeprazole
10 mg daily or cimetidine 800 mg nocte for 6 months.368

Omeprazole maintained control of heartburn in more patients
at both 3 months (omeprazole 69%, cimetidine 27%) and
6 months (omeprazole 60%, cimetidine 24%; ARR 36, NNT 3;
P < 0·0001). Seventy-six percent of omeprazole treated
patients compared with 46% of the cimetidine group were
also free of regurgitation (P = 0·0002).

Another study conducted in general practice settings in the
UK by Venables et al. in 994 patients with predominant
heartburn was also reported in 1997.132 All patients were
endoscoped, and the grade of esophagitis was established,
permitting symptom relief and mucosal healing assessments.
Patients with ulcerative esophagitis were excluded. The
majority of patients (68·2%) had NERD. Patients were
randomized to therapy for 4 weeks with omeprazole 10 mg
or 20 mg once daily or ranitidine 150 mg twice daily. Overall
relief of heartburn was defined as no more than one day of
mild heartburn out of the 7 days prior to the visit.
Omeprazole 20 mg was the most effective therapy and the
10 mg omeprazole dose was also more effective than ranitidine
(omeprazole 20 mg 61%, omeprazole 10 mg 49%, ranitidine
150 mg twice daily 40%, P < 0·01). Subgroup analysis
revealed that with omeprazole 20 mg daily, heartburn relief
was achieved in 79% of patients with erosive esophagitis but
in only 52% of patients with NERD. With omeprazole 10 mg
daily, heartburn relief was 48% in erosive esophagitis patients
and 50% in the NERD group. In the ranitidine arm, heartburn
relief in patients with erosive esophagitis was less frequent
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(33%) than in patients with NERD (44%). These results suggest
that with more potent acid suppression, as occurs with
omeprazole 20 mg, heartburn relief may occur as a result of
mucosal healing, while ranitidine with its weaker degree
of acid suppression was unable to heal the esophagitis and
hence provide symptom relief. Similar findings were reported
by Armstrong et al. in a study using pantoprazole 40 mg once
daily versus nizatidine 150 mg twice daily for 4 weeks.369

In this study, the majority of patients (57%) had erosive
esophagitis. Complete heartburn relief was achieved in 63% pf
pantoprazole patients at 4 weeks, compared with 36% of
nizatidine patients. Complete heartburn relief was observed in
the pantoprazole group more frequently in the subgroup of
patients with erosive esophagitis, (70%) than in the group with
NERD (53%), but in the nizatidine group, there was a trend
toward less symptom relief in patients with erosive disease
(34%) than in patients with NERD (43%).369

In another primary care study, patients were screened with
the Carlsson–Dent questionnaire,136 and those with a score
suggestive of GERD were included after initial endoscopy.361

NERD patients (48·5%) were randomized to placebo,
omeprazole 10 mg or 20 mg once daily for 4 weeks, and
patients with erosive esophagitis (51·5%) were randomized to
omeprazole 10 mg or 20 mg once daily for 4 weeks. Baseline
heartburn was present in 83·5% of NERD patients and in 95%
of patients with erosive GERD. Treatment benefit was greater
in endoscopy positive than in endoscopy negative patients for
all treatment arms. After the initial treatment phase, patients
were followed for 6 months without therapy. Relapse rates
were high (esophagitis 90%, NERD 75%). These results
suggest that NERD patients were more heterogeneous than
those with endoscopically documented disease. Patient QOL
was also evaluated in this study. Baseline PGWB scores were
reduced in all patients prior to treatment and the scores
improved to a similar extent in all treatment arms. The GSRS
reflux dimension improved significantly (P < 0·01) in NERD
patients after treatment with omeprazole and in those
with erosive disease. Omeprazole 20 mg was superior to
the 10 mg dose. 

The newer esomeprazole 40 mg once daily was compared
with esomeprazole 20 mg twice daily or placebo in a mixed
population of patients with erosive and non-erosive GERD.154

The sensitivity of an esomeprazole treatment test in
confirming GERD increased during the first days of treatment
and was 79–86% after 5 days (both esomeprazole arms)
compared with the observed sensitivity with placebo of
36%. Subgroup analysis of heartburn relief for the erosive
versus NERD patients was not done.

It appears that patients with NERD do not respond as well
to PPIs as those with erosive esophagitis.370 Part of the
reason may be that patients who do not have esophagitis are
relatively refractory to the pharmacodynamic effects of PPIs
on post-prandial integrated gastric acidity.371
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Symptomatic gastroesophageal reflux disease:
empirical therapy (uninvestigated patients)

The most pragmatic situation is at the primary care level,
where patients present with predominant reflux symptoms of
heartburn or acid regurgitation. If these patients do not have
alarm symptoms, there is a considerable degree of agreement
that they should be treated empirically with antisecretory
therapy without prior endoscopy. With this approach in mind
there has been a trend towards trials in patients without
initial investigations, that is treating uninvestigated patients
with the predominant symptom of heartburn. This is a mixed
group of patients, of whom many do not have esophagitis.

A randomized, 4-week trial that included 424 patients
with a history of proved esophagitis enrolled from general
practices in the UK372 showed that omeprazole 20 mg once
daily was more effective for relief of heartburn and
regurgitation than ranitidine 150 mg twice daily (omeprazole
59%, ranitidine 27%, ARR 22%, NNT 5). The prior
history of esophagitis limits generalizability of this study to all
patients in primary care practices, but the good relief of
symptoms regardless of initial symptom severity is noteworthy.

In a trial in primary care settings in the USA, 590 patients
with moderately severe symptomatic GERD were randomized
without endoscopy to receive ranitidine 150 mg twice daily
or a placebo.373 Ranitidine rapidly and significantly improved
heartburn severity scores, physician global assessment of the
response to treatment, and the SF-36 score for physical
functioning, bodily pain and vitality dimensions. Using a
heartburn specific questionnaire a significant improvement in
all dimensions: physical, heartburn pain, sleep, diet, social
functioning and mental health was observed for ranitidine-
treated patients.

In another American trial uninvestigated heartburn patients
were randomized to receive either ranitidine, lansoprazole or
stepped up therapy from ranitidine to lansoprazole or stepped
down therapy from lansoprazole to ranitidine.374 The
continuous lansoprazole treatment was better than the other
strategies in terms of reducing heartburn severity and
increasing the number of heartburn-free days, and there
appeared to be little rationale to stepping down to ranitidine.

A randomized trial375 of 307 patients with GERD symptoms
in Australian primary care settings showed that even a low
dose of pantoprazole (20 mg daily) was significantly more
effective than ranitidine 300 mg daily for complete control
of symptoms at 4 weeks (40% v 19%; P < 0·001), 8 weeks
(55% v 33%; P < 0·001), 6 months (71% v 56%; P = 0·007)
and 12 months (77% v 59%; P = 0·001).

In the CADET-HR randomized, double blind trial in
Canadian primary care settings 390 patients with reflux-
predominant symptoms were randomized to receive ranitidine
150 mg twice daily or omeprazole 20 mg daily.376 Heartburn
relief at 4 weeks was reported by 55% of omeprazole and 27%
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of ranitidine-treated patients. Greater improvements in
GSRS for indigestion, abdominal pain, and reflux (P < 0·05)
and in the GASTROQoL health-related QOL scales (P < 0·003)
were also observed in omeprazole patients. After 4 weeks,
patients with inadequate symptom relief were stepped up
every 4–8 weeks from ranitidine to omeprazole 20 mg once
daily or from omeprazole 20 mg once to twice daily.377 “Step
up” occurred in 100 patients with ranitidine and 57 with
omeprazole. With step up therapy, by 16-weeks, heartburn
relief resulted in 88% of patients who started with omeprazole
and in 87% of those who started with ranitidine. In the
first 8 weeks, omeprazole provided complete heartburn relief
in 53% while it took 16 weeks to achieve similar degree of
relief in the group who were treated with ranitidine first.
Thus, starting with omeprazole therapy produced significantly
faster symptom relief. Patient responders then had the
medications stopped, and 50% of patients experienced
symptomatic relapse within 9 days.378 Only 10% of patients
had no further relapse over a 6-month period of follow up.

In a Cochrane review evaluating short-term treatment in
symptomatic, non-endoscoped patients updated in 2003,351

van Pinxteren et al. observed that the relative risk for not
experiencing heartburn remission in placebo-controlled
trials for PPI was 0·35 for PPI, 0·77 for H2-RAs and 0·86
for prokinetics. In direct comparative trials PPIs were
significantly (P < 0·05) more effective than H2-RAs (three
trials, RR 0·67, 95% CI 0·57 to 0·80) and prokinetics. Thus,
PPIs were superior to H2-RAs in empirical treatment of
typical GERD symptoms. 

A large, methodologically sound, double blind, randomized
trial in 3034 patients in 360 sites in the USA, patients with
symptomatic, uninvestigated GERD symptoms received
lansoprazole 30 mg once daily or esomeprazole 40 mg once
daily379 and heartburn assessments were carried out at days 1,
3, 7 and 14. The study setting was unclear and was unlikely to
be all primary care practices. No statistically significant
difference in heartburn relief were observed.379 Patients
indicated that they were very pleased with their treatment,
experienced substantial benefit and would recommend the
medication to others. However, nearly 40% of patients still had
some degree of day or night heartburn at the end of 2 weeks.

An interesting study evaluated a patient’s willingness to
pay for complete symptom relief in GERD.380 The authors
found that patients were willing to pay up to US$182 to
obtain completer and faster symptom relief without side
effects. Older patients were less willing to pay than younger
patients to obtain symptom relief.

Economic evaluation in
uninvestigated symptomatic heartburn

The costs and effectiveness of each drug and of each
management strategy need to be evaluated. However, there
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are many subtle variations between studies that render direct
comparisons difficult. Furthermore, decision analyses suffer
from the inherent weakness of having to rely on estimates of
treatment outcomes. Ofman recently reviewed the cost
effectiveness studies in symptomatic GERD.381 He concluded
that the most cost effective strategies are PPI based step-down
or PPI on-demand strategies.381 He noted that most decision
analyses had been constructed around uninvestigated GERD
symptoms.

Does symptom improvement
predict healing of esophagitis?

There is evidence that relief of symptoms by H2-RAs does
not predict healing of mucosal damage. Patients with
heartburn initially treated in a 4-week study with omeprazole
or cimetidine367 were randomized to receive maintenance
therapy with either omeprazole 10 mg once daily or
cimetidine 800 mg nocte for 24 weeks.368 S ymptomatic
remission, defined as no more than mild heartburn on 1 out
of the 7 previous days was significantly more frequent with
omeprazole (omeprazole 60%, cimetidine 24%; ARR 36%,
NNT 3). Erosive esophagitis was seen in only 10% of patients
in symptomatic remission on omeprazole compared with 33%
on cimetidine.

One third of patients with relapse of erosive esophagitis
by endoscopy during maintenance therapy with famotidine
40 mg twice daily were completely asymptomatic.382

A meta-analysis307 suggested that if heartburn resolved,
only 4·5% of patients treated with omeprazole 20 mg once
daily but 14·6% with ranitidine 150 mg twice daily
experienced asymptomatic relapse of endoscopic erosive
esophagitis.

The more recent trials show that significantly fewer
esomeprazole treated patients had persistent esophagitis
despite symptom relief than is the case for omeprazole-reated
patients.19,274 In patients with heartburn resolution at 4 weeks,
esophagitis remained unhealed in 14·8%274 to 16·8%19 of
patients receiving esomeprazole 40 mg daily compared
with 23·2%274 to 26·9%19 of those receiving omeprazole
20 mg daily. A similar result was seen in a comparison
of esomeprazole 40 mg daily and lansoprazole 30 mg daily,
with unhealed esophagitis in spite of heartburn resolution in
17·3% and 20·5% of these patients.383 In the most severe
forms of esophagitis, the healing was 11% better for grade C
and 17% for grade D disease in esomeprazole-treated patients.
It is unclear why, despite effective symptom resolution, many
patients still have esophagitis. The most likely explanation in
these studies is that when patients were healed at 4 weeks,
they came out of the studies and the healing and symptom
resolution could not be assessed at 8 weeks. In all these
studies, esophagitis healing was much better at 8 weeks than
at 4 weeks and had the patients been endoscoped at that time
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point, the proportion of healed patients among those with
heartburn resolution would have been expected to be higher.

These data thus support the recommendation that the most
effective therapy, the PPI that achieves most potent acid
suppression should be prescribed, since healing is best with
PPI and a majority of patients who become heartburn free
will also have healed mucosa. Since healing improves with
prolonged therapy, these patients should receive continuous
therapy.32,285 Intermittent and on-demand strategies are not
recommended because they leave increased numbers of
patients with unhealed esophagitis. 

Treatment of esophageal peptic stricture

Esophageal peptic stricture, the most severe GERD
complication, is difficult to manage. The H2-RA may be
marginally more effective than a placebo for reducing the
need for repeat dilatations.384,385 One study found no benefit
from ranitidine 300 mg daily compared with placebo.386

There are two randomized trials comparing standard dose
omeprazole 20 mg daily with H2-RA387,388 and one comparing
lansoprazole with high dose ranitidine.389

In one small study,388 34 patients with strictures were
randomized to receive omeprazole 20 mg once daily, or
ranitidine 150 mg or famotidine 20 mg twice daily. After 3
months, if esophagitis remained unhealed, the dose of
medication was doubled and the patient was re-endoscoped
at 6 months. At 3 months, there was no significant difference
between PPI and H2-RA for esophagitis healing or relief of
dysphagia, although there was a trend in favor of the PPI. By
6 months, omeprazole treatment resulted in significantly
better healing of esophagitis (omeprazole 100%, H2-RA 53%;
ARR 47%, NNT 2; P < 0·01) and relief of dysphagia
(omeprazole 94%, H2-RA 40%; ARR 54%, NNT = 2;
P < 0·01). Post hoc analysis also showed a trend to
fewer dilatations required in omeprazole-treated patients
(omeprazole 41%, H2-RA 73%; P = 0·07). The number of
dilatations required was significantly less for the omeprazole-
treated patients (11 v 31 dilatations, mean of 0·6 v 2·1
sessions per patient, P < 0·01). Cost effectiveness analysis for
healing and relief of dysphagia, that included costs of drugs,
endoscopy and dilatations, and management of perforations,
showed that omeprazole was 40–50% more cost effective
than H2-RA.

A second adequately powered trial compared constant
doses of omeprazole 20 mg once daily and ranitidine 150 mg
twice daily for 1 year.387 Endoscopy was done as required and
at the end of the study. Repeat dilatation was required less
frequently in omeprazole-treated patients (omeprazole 30%,
ranitidine 46%; ARR 16%, NNT 6). Fewer dilatation
sessions were required in omeprazole-treated patients
(omeprazole 0·48, ranitidine 1·08; P < 0·01). Omeprazole
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was also superior with respect to the number of patients
without stricture at the end of the study, esophagitis healing
and improved heartburn and dysphagia.

In a study of 158 patients over 6 months, lansoprazole
30 mg daily was more effective than ranitidine 300 mg twice
daily for relieving dysphagia. There was a trend toward a
reduction in the need for repeat dilatations (lansoprazole
30·8%, ranitidine 43·8%; P = 0·09) over 12 months.389

In an observational study 30 of 36 patients with reflux
esophagitis and stricture treated with dilatation and
omeprazole 20 mg twice daily for 6–8 weeks experienced
healing of esophagitis and relief of dysphagia.390 These
30 patients were then randomized to receive omeprazole
20 mg twice daily, lansoprazole 30 mg twice daily or
pantoprazole 40 mg twice daily (n = 10 each arm). After
4 weeks of treatment, significantly more omeprazole-treated
patients remained healed, but no difference was seen with
respect to the need to repeat dilatation of strictures. This
small study may lack power to demonstrate differences
between effects of these strategies. 

Endoscopic treatments

Several endoscopic techniques have now been described
and show some promise.391,392 None are ready to replace
the more traditional methods of managing GERD but are
mentioned here briefly to introduce the concepts. These
methods attempt to bolster or “strengthen” the defective
lower esophageal sphincter in order to improve the
mechanical barrier or to “injure” the LES and diminish
spontaneous sphincter relaxations. There are three major
methods used: (i) folds of the gastric cardia are plicated with
sutures deployed through the endoscope; (ii) thermal injury is
applied to the muscle of the LES; and (iii) inert substances are
placed/injected into the region of the LES. The major
advantages of these techniques are that they are potentially
minimally invasive, they are performed in an outpatient
setting and they have the potential to remove the need for
long-term, costly medical treatments. Large, properly
designed randomized trials comparing these new techniques
to medical therapy are lacking and 1-year follow up reports
are just emerging from the observational studies.391

Endoscopic suturing

Filipi reported on 64 GERD patients with 6-month follow
up.393 The average procedure time was 68 minutes, 11
patients needed general anesthesia, and 11 patients needed
more than one procedure. These data certainly do not begin
to fulfill the promise of a straightforward, routine outpatient
procedure. While heartburn improved, objective measures
were less impressive. While 24-hour pH values improved, the
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values were still in the abnormal range, there was no change
in LES pressures and esophagitis healed in only 25% of
patients. One patient sustained a suture perforation that
was treated with antibiotics. PPI use was decreased in 62% of
patients, a result that is similar to that reported by Mahmood
in a similar study with 1-year follow up.394 In this latter
smaller series of 26 patients (four lost to follow up),
complications included bleeding and a gastric tear.
Rothstein395 reviewed the available literature and concluded
that the Endocinch procedure seemed safe and gave good
short-term symptom relief. However, he noted that
normalization of 24-hour total acid exposure rarely occurred
and no significant healing of esophagitis was seen. 

Radio-frequency energy (Stretta procedure)

Triadafilopoulos et al.396 reported the first observational
study of patients treated with radiofrequency energy
application to create thermal lesions submucosally at the level
of the gastroesophageal junction (the Stretta procedure). In
contrast to the suturing methods above, there was 50% healing
of grades I and II esophagitis at 6 months. These authors also
reported397 significant improvements in reflux symptoms,
satisfaction, and mental and physical quality of life in a larger
group followed for one year. Esophageal acid exposure
significantly improved but was still in the abnormal range. The
need for chronic PPI therapy fell from 88% to 30% but drug
use could not be completely stopped. Complications arose
in 9% of patients. Vakil and Sharma reported that there were
significant, serious complications such as hematemesis and
perforations resulting in repeat surgeries and deaths.392

Injection therapies

An example of this approach is the use of Enteryx, a
preparation of polyvinyl alcohol with tantalum that is injected
into the muscle layer of the esophagus. Johnson et al.
reported a 12-month follow up of a multicenter observational
study in 85 patients.398 This procedure took a mean time of
34 minutes to complete. Over 90% of patients suffered chest
pain after the procedure with resolution of pain in only 83%
of patients after 2 weeks. Dysphagia occurred in 20% of
patients. At 3 months, implant volume had slipped to 75% of
original as assessed radiographically. At 12 months, 77% of 81
evaluable patients were treatment responders and of these,
67% had stopped PPI use. Nearly a quarter of patients
required reimplantation, usually 1–3 months after the first
procedure. Esophageal pH was normalized in 39% of patients
at 12 months, a result that may be better than that reported in
the observational studies of suturing or the radiofrequency
procedures. There was worsening of esophagitis grade in 27%
and improvement in 18% of patients and the rest were
unchanged.
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Antireflux surgery

Medical therapy versus
surgical antireflux therapy

Two older randomized trials comparing antireflux surgery
with medical therapy provided evidence that surgery was
more effective.399,400 Unfortunately, these studies are no
longer relevant, since they do not take into account present
day optimal medical therapy with PPIs and laparoscopic
surgery.

However, Spechler et al. have provided an update of the
patients in the original study.401 They were able to account for
a remarkable 97% (239/247) of the original cohort, 79 of
whom had died. After a mean of 9–10 years follow up,
regular antireflux medications were taken by 92% of the
medical patients and 62% of the surgical patients (P < 0·001).
Survival was significantly decreased in the surgical treatment
group, mostly because of excess deaths from heart disease.
The nature of the association between surgery and these
deaths is unclear. Patients with Barrett’s esophagus at baseline
developed esophageal adenocarcinomas at an annual rate of
0·4%, whereas these cancers developed in patients without
Barrett’s at an annual rate of 0·07%. This study suggests that
antireflux surgery should not be advised with the expectation
that patients with GERD will no longer need to take anti-
secretory medications or that the procedure prevents
esophageal cancer among those with GERD and Barrett
metaplasia.

There are remarkably few direct comparisons of a PPI
versus antireflux surgery. There are limited data, from one
study with 5-year follow up300 and from one pharmacological
study of shorter duration.402

The first is the large study by Lundell et al. with 5-year
follow up.300 Three hundred and ten patients were
randomized to receive open surgical fundoplication or
continuous omeprazole therapy and followed for up to 5 years.
Only 11 of 155 patients randomized to surgery refused the
treatment. Omeprazole-treated patients were allowed dose
increases to 40–60 mg daily to control symptoms. No
significant differences in efficacy were demonstrated and
QOL assessments (PGWB and GSRS) improved in both
groups. Thus, surgical therapy was as effective as continuous
omeprazole therapy in this trial. However, laparoscopic
fundoplication, the technique that is now widely used, was
not performed.

A more recent, short-term observational study compared
the efficacy of laparoscopic fundoplication and lansoprazole in
normalizing abnormal reflux in patients with GERD.402 Post
antireflux surgery, all 55 patients were heartburn free and
esophageal pH-monitoring 3–6 months after surgery was
normal in 85% of patients. Patients treated with lansoprazole
were titrated upwards to 90 mg daily and esophageal acid
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exposure was normalized in 96% of cases. Patients who
became heartburn free did not necessarily normalize their
esophageal acid exposure. Thus, to achieve the results of this
study, all patients would require follow up 24-hour pH
studies, an impractical situation. The results suggest that
either approach may be reasonable for any given patient. 

The data above do not support the contention that
antireflux surgery is superior to PPIs, which are safe and
effective medical therapies.403 Surgical protagonists argue that
medical therapies do not correct the underlying anatomical
abnormalities. However, there are no long-term data to
support the view that surgery achieves this result
permanently either. One small follow up observational study
of patients after 20 years demonstrated that about 30% of the
fundoplications were defective, and abnormal reflux on
esophageal pH studies was also seen in about 30% of patients
assessed.404 Another study of 441 patients after a mean
follow up of 18 years following the Hill procedure for GERD,
reported good and excellent subjective results in 80% of
patients.405 Thus, the results of fundoplication are
reasonable but not completely durable. Even after 1 year, 6%
of patients will require PPI therapy.406 There is no evidence
that surgery prevents progression to Barrett’s metaplasia or
protects against esophageal cancer.406

One randomized trial of open versus laparoscopic fundopli-
cation407 found no difference between the two approaches
and more than 85% of patients were satisfied with their
results. The major advantage for laparoscopic fundoplication
is a significant reduction in hospital stay from 8–9 days for an
open procedure to 2–5 days,408–410 and less time off work for
the patient (laparoscopic 21·3 days, open surgery 38·2 days,
P = 0·02).409 Thus, the procedure of choice is laparoscopic
fundoplication; however, data on long-term outcomes are
lacking.

Surgical results continue to depend on surgical expertise, and
the issue of a learning curve remains.409,411 An intraoperative
complication rate of 8% has been reported.411 The most
frequent adverse effects are dysphagia, inability to belch or
vomit, postprandial fullness, bloating, pain and flatus.412 Also,
laparoscopic fundoplication is not without serious complications
such as esophageal perforation, paraesopheageal herniations,
pneumothorax and splenic damage requiring splenectomy.413

For some patients, there may be incomplete symptom relief
with PPI therapy. In one randomized trial of antireflux
surgery and omeprazole, those patients who were not
improved on omeprazole 40 mg daily were offered antireflux
surgery and fared well.406 Thus some patients with a
partial response to PPIs may improve with antireflux surgery.
However, it is of concern that 6/178 (3%) of these patients
experienced postoperative complications that necessitated
reoperation.

The best results with ARS are obtained in the patient with
typical reflux symptoms, an abnormal esophageal pH study
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and good symptomatic response to PPIs.370 Thus, the best
indication for surgery is a patient who responds well to PPI
but does not wish to take continuous medications to control
their reflux.414,415 With the relative ease and safety of
laparoscopic surgery, it has become a reasonable alternative
for selected patients. As with all surgery, patient selection
has improved through objective testing with pre-operative
esophageal pH-metry and manometry. Even if cost-effective-
ness modeling studies favor surgery, a decision to have
surgery should not be imposed upon a patient. Ultimately, the
final decision should rest on the preferences of an informed
patient.
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Barrett’s esophagus
Carlo A Fallone, Marc Bradette, Naoki Chiba3

esophageal cancer with SSBE is not substantially lower than it
is with classical Barrett’s esophagus.9–14 Finally, intestinal
metaplasia of the gastric cardia is not included, as this entity
does not have the same implications as intestinal metaplasia
of the tubular esophagus. The risk of esophageal cancer with
intestinal metaplasia of the cardia is unclear, and no
recommendation for cancer surveillance is established. This
point underlines the importance of identification of
appropriate landmarks such as the gastroesophageal junction
at endoscopy.

Epidemiology

Incidence and prevalence

The prevalence of Barrett’s esophagus has been established
by both endoscopic and autopsy studies. The figures vary
according to the population studied and the definition used.
Approximately 6–12% of patients undergoing endoscopy for
symptoms of GERD had Barrett’s esophagus, with the majority
having SSBE (6–10% SSBE v 5% classical Barrett’s).9,15–17

In a group of Canadian patients with dyspeptic symptoms
(as opposed to only GERD symptoms), in whom prompt
endoscopy was carried out, the prevalence of Barrett’s
esophagus was 2·4%.18 Another study on dyspeptic patients
obtained a rate of only 0·3%, but this estimate excluded
patients with alarm symptoms and those over 45 years of
age.19 Other studies have also obtained an estimate of ≤ 1% in
unselected patient populations undergoing endoscopy.9,20,21

Autopsy studies, on the other hand, suggest that the actual
prevalence of Barrett’s esophagus is about 21 times higher
than that detected endoscopically, and that the vast majority of
patients with Barrett’s esophagus remain unrecognized.22

The reported incidence of Barrett’s esophagus has
increased since the 1970s in parallel with the increased use of
gastroscopy. There are approximately 10 new diagnoses of
Barrett’s per 100 000 persons per year.23 The median age of
development and of diagnosis of the condition have been
estimated to be 40 and 63 years, respectively.20

Introduction

Attention was first focused on what was later to be called
Barrett’s esophagus in the 1950s by Norman Barrett.1 This is
a condition in which the normally squamous mucosa of the
esophagus is replaced by metaplastic columnar epithelium
due to injury from gastroesophageal reflux. Hence, Barrett’s
esophagus is one of the complications of gastroesophageal
reflux disease (GERD), whose importance is based entirely on
its association with esophageal adenocarcinoma. The latter
develops in approximately 0·5% of patients with Barrett’s
esophagus per year.2

Definition

The definition of Barrett’s esophagus has changed over
the past few years. From its original description as a columnar
lined lower esophagus,1,3 to one requiring at least 3 cm of
circumferential columnar lining or intestinal metaplasia,4 it
has evolved most recently to the absolute requirement for
histologically confirmed intestinal metaplasia in the esophagus
but without any specified minimal length.5,6 The Practice
Parameters Committee of the American College of Gastro-
enterology has most recently agreed to continue to define this
entity as “a change in the esophageal epithelium of any length
that can be recognized at endoscopy and is confirmed to have
intestinal metaplasia by biopsy of the tubular esophagus and
excludes intestinal metaplasia of the cardia”.6

There are three important components to this definition
that are worth highlighting. First, intestinal metaplasia must
be present. Gastric metaplasia without intestinal metaplasia
does not constitute Barrett’s esophagus, as it is the specialized
intestinal epithelium that is associated with adenocarcinoma.6,7

Second, this definition encompasses not only the classical
Barrett’s esophagus (≥ 3 cm columnar lined mucosa of distal
esophagus with intestinal metaplasia) but also the short
segment Barrett’s esophagus (SSBE) defined as specialized
columnar epithelium lining < 3 cm of the distal esophagus.8

This is because the risk for developing dysplasia and
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Risk factors

Barrett’s esophagus appears to be found predominately in
white males.6,15 However, rates similar to whites have been
found in Hispanics24,25, and in some Asians.26 In addition,
one would expect that as lifestyle and dietary habits change in
developing countries to approximate those of the Western
world, the prevalence of Barrett’s esophagus would increase.
The decreasing prevalence of Helicobacter pylori infection
has been suggested to play a role in the simultaneous increase
of Barrett’s, but this is controversial.27–29

In addition to age, sex and race, longer duration of GERD is
a risk factor for Barrett’s esophagus.15,30,31 Compared with
patients with reflux symptoms for < 1 year, Barrett’s esophagus
was three times more common if reflux symptoms were
present for 1–5 years, five times more common for symptoms
present for 5–10 years or 6·4 times more common if reflux
symptoms were present longer than 10 years.31 Increased
severity of nocturnal reflux symptoms30–32 and increased
complications of GERD such as esophagitis, ulceration and
bleeding are also associated with Barrett’s esophagus,30 but
the evidence regarding peptic strictures is conflicting.30,33,34

There is also a higher incidence of hiatal hernia with Barrett’s
esophagus.35,36 Although these factors are associated with
Barrett’s esophagus, many patients with this condition have
symptoms that are no different from those experienced by
other GERD patients. Many patients have no significant
symptoms, possibly due to reduced esophageal sensitivity
to acid.22,37

Natural history

The survival of a patient with Barrett’s esophagus is very
similar to that of patients with benign esophageal disorders
such as achalasia or Schatzki’s ring.38 The overwhelming
majority of patients with Barrett’s esophagus will never
experience the complication feared in this condition,
esophageal adenocarcinoma. Yet, if it were not for this
association, Barrett’s esophagus would not have any clinical
importance.

Original studies estimated the incidence of esophageal
adenocarcinoma in Barrett’s esophagus at 1–2%, but more
recent analysis of epidemiologic studies have suggested an
incidence closer to 0·5%.38–42 The original overestimation
was due to publication bias of the more positive results. This
was demonstrated by Shaheen et al.2 who showed that the
smaller study size of reports examining cancer in Barrett’s
esophagus correlated with increased risk (Figure 3·1). In
addition, the risk ratios from the different studies were
skewed to the right (stronger association) of the median
rather then evenly distributed to both sides, as would be
expected if there were no publication bias. In addition some
patients with Barrett’s esophagus who develop cancer present

simultaneously with both findings, a factor that increases the
apparent strength of association.43

Nevertheless, Barrett’s esophagus is definitely associated
with esophageal carcinoma, and this cancer is increasing in
incidence in Western societies. Since the mid 1970s, the
incidence in white men from the USA rose from 0·7/100 000
to an estimated 3·7/100 000 in 2001.9 This rise is not felt to
be due to the previous misclassification of gastroesophageal
junction esophageal carcinomas as gastric cancer, as there has
not been a concomitant decrease of gastric cardia cancers.9

The proportion of esophageal cancer due to adenocarcinoma
has also increased substantially in the same period, but the
absolute number of all esophageal cancers is still quite low in
comparison to colorectal cancer, which is 10 times more
common.9,44 In Canada, it appears that the overall prevalence
of esophageal cancer did not increase substantially for either
men or women. It is still a rare cancer, ranked fourteenth for
males and eighteenth for females in estimated new cancer
cases in Canada in 2002.45

The length (extent) of Barrett’s esophagus may be a risk
factor for esophageal adenocarcinoma. A 5-cm difference in
segment length was associated with a trend toward increased
cancer risk.14 However, a statistically significant association
was not demonstrated in this study that may have lacked
statistical power (relative risk 1·7, 95% CI 0·8 to 3·8). Other
reported risk factors for esophageal adenocarcinoma include
severity, frequency and duration of reflux symptoms,46–48 size
of hiatal hernia,49 obesity,50 smoking,51 and diet low in raw
fruit content.52 Medications that lower the lower esophageal
sphincter pressure have also been found to be associated
with esophageal cancer, but not in all studies.53,54 Also
controversial is the possibility that H. pylori and in particular
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Figure 3.1 Reported cancer risk in Barrett’s esophagus
versus size of the study. The higher values for small studies
suggest a bias against publishing small studies with low risks.
(Reproduced from Shaheen NJ et al. Gastroenterology
2000;119:333–8 with permission from Elsevier2)



those with the cagA gene protects against esophageal
cancer.29,55 One study found the prevalence of H. pylori
infection with cagA+ strains to be inversely associated with
GERD complications (non-erosive GERD 41% cagA+, erosive
GERD 31%, Barrett’s esophagus 13%, Barrett’s with dysplasia
or adenocarcinoma 0%).29

The presence and degree of dysplasia associated with
Barrett’s esophagus is also a risk factor for the subsequent
development of esophageal adenocarcinoma. Dysplasia
is a histologic diagnosis usually expressed as “not present,
indefinite, low grade or high grade”. There is significant
interobserver variability (< 50% agreement) with low
grade dysplasia and there are few prospective studies.56,57

Estimates of progression to high grade dysplasia or
adenocarcinoma range from 10% to 28% within 5 years.57

Patients with high grade dysplasia, however, have been
shown clearly to have a substantially increased risk of cancer.
Reid et al.58 found that cancer developed in 33 of 76 patients
(43%) with high grade dysplasia compared to 9 of 251 (4%)
with negative, indefinite or low grade dysplasia during
5 years of observation. The results from different studies
vary substantially, with 5–7-year cumulative cancer
incidence estimates of 16–59%.56,59,60 Preliminary studies
have suggested that flow cytometry can also be used to
predict outcome. For patients without flow cytometric
abnormalities and no definite or low grade dysplasia on
histology, the 5-year incidence of cancer was 0%, whereas
aneuploidy, increased 4N fractions or high grade dysplasia
were present in all of the 35 patients who developed cancer
in the 5 years of follow up.58

Pathogenesis

Barrett’s esophagus is felt to result from severe mucosal
injury of the distal esophagus in conjunction with reflux
of either acid alone or acid and bile. This perception is
based on animal studies that demonstrated that excision of
the esophageal mucosa results in re-epithelialization of the
esophagus with columnar epithelium only if done in
conjunction with acid reflux or acid and bile reflux.61,62 Bile
reflux alone did not cause columnar re-epithelialization, and
excision alone resulted in re-epithelialization with primarily
squamous epithelium. Although there is no direct human
experimental evidence that reflux causes Barrett’s esophagus,
this theory is supported by human 24-hour pH monitoring
studies that demonstrated a larger esophageal acid exposure
in patients with Barrett’s esophagus than in GERD patients
without Barrett’s esophagus.63,64 In addition, the duration
of esophageal acid exposure correlates with the length of
Barrett’s esophagus.65 A hiatal hernia is almost always present
with Barrett’s esophagus. The lower pressures in the lower
esophagus in these patients compared to other GERD

patients,36,63 is a possible mechanism for the increased reflux
for Barrett’s metaplasia. The increased acid reflux does
not appear to be due to increased acid production, since no
difference is present in terms of basal or peak acid outputs.66

A current conceptual approach to GERD is that it
represents a spectrum of disease from non-endoscopic reflux
disease (NERD) to esophagitis, Barrett’s esophagus, dysplasia
and esophageal adenocarcinoma (Figure 3.2a). Acid reflux
is felt to contribute to esophagitis and to development of
Barrett’s metaplasia, but the cause of progression to dysplasia
in Barrett’s patients is unknown. Patients with NERD,
however, uncommonly develop erosive esophagitis,67 and
Barrett’s esophagus is almost always diagnosed on first
endoscopy.68 It is for this reason that Fass and Ofman69 have
suggested a new conceptual model that considers GERD as
three distinct groups of patients: NERD, erosive esophagitis,
and Barrett’s esophagus (Figure 3.2b). They suggested that
patients from each group have little chance to move to other
groups, but each has its own potential complications that are
listed in Figure 3.2b.

Diagnosis

The diagnosis of Barrett’s esophagus requires the
demonstration of intestinal metaplasia on biopsy sampling of
abnormally appearing esophageal mucosa.6 This diagnosis is
difficult for several reasons. There are no symptoms specific
for this condition. For the most part, the symptoms are
identical to those of GERD and some, if not most22 patients
are asymptomatic. In addition, the identification of the
location of the gastroesophageal junction is required in order
to determine if the squamocolumnar junction is displaced
proximally, as this displacement is what alerts the endoscopist
to the possibility of the diagnosis and leads to biopsy. The
position of the junction can be very difficult to determine
endoscopically because of the presence of a hiatal hernia,
esophagitis and the constant movement of the area. This
difficulty was highlighted by a multicenter study in which
only 72% of the endoscopists correctly recorded endoscopic
landmarks in the diagnosis of Barrett’s esophagus.70 SSBE can
thus be particularly difficult to identify and distinguish from
an irregular Z line. This distinction is very important because
intestinal metaplasia in the gastric cardia does not have the
same implications as intestinal metaplasia of the esophagus.
Erythema or erosive esophagitis can also impair the visual
recognition of Barrett’s esophagus, and re-endoscopy after
treatment with acid suppression may be necessary to make
the diagnosis of Barrett’s.71

Intestinal metaplasia must be present in order to make the
diagnosis of Barrett’s esophagus. This fact, however, seems
not to be fully understood as many pathologists continue to
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classify patients without intestinal metaplasia as Barrett’s
esophagus.72 The hematoxylin and eosin stain combined
with alcian blue at pH 2·5 is usually used in order to identify
the acid mucin-containing goblet cells characteristic of
intestinal metaplasia.5 In one study, intestinal metaplasia
without dysplasia was correctly identified by only 35% of 20
community-based pathologists.72

A further difficulty with diagnosis is sampling error i.e.
failing to biopsy the area with metaplasia. This problem
introduces the important unresolved issue of the number of
biopsies required. A larger number of biopsies taken and
biopsy samples of greater size (i.e. jumbo forceps v standard)
result in more accurate diagnosis, but no optimal number of
biopsies has been established. It has been suggested that
chromoendoscopy may help in targeting biopsies. Methylene
blue, toluene blue, indigo carmine, and Lugol’s iodine
have all been used.73–76 Methylene blue may be the most
promising technique.6 It is sprayed over the esophageal
mucosa at the time of endoscopy. The areas of intestinal
metaplasia are thought to stain preferentially. However,
staining may be tedious and the results are not necessarily
reproducible.77 Magnification endoscopy has also been
proposed as a means to target biopsies, but the results are
preliminary.78

Dysplasia is only detectable histologically. It represents a
change in architecture of the metaplastic glands and is the
next step in the neoplastic process. The histology is thought
to progress from no dysplasia to low grade dysplasia,
high grade dysplasia and adenocarcinoma, although the
time course of this progression is highly variable and not
inevitable. Dysplasia is not detectable endoscopically and is
focal, rendering the targeting of biopsy sampling difficult.
In addition, there is significant interobserver variation in
the diagnosis of and the grading of dysplasia by both

non-academic and academic pathologists.9 Reactive change
due to esophagitis can also be difficult to distinguish from
dysplasia.

Although the diagnosis of Barrett’s esophagus can be
difficult, if the endoscopist suspects that the level of the
squamocolumnar junction is above the esophagogastric
junction (the proximal margin of the gastric fold), biopsies are
required. If intestinal metaplasia is present, then the diagnosis
of Barrett’s esophagus has been established.

Treatment

The goals of treatment for Barrett’s esophagus are the same
as for GERD: the control of symptoms and maintenance of
healed mucosa.6

Acid control

Lifestyle modifications including dietary adjustment may
help control GERD symptoms somewhat, but these measures
are unlikely to have an effect on the regression of Barrett’s
metaplasia. Some individuals with Barrett’s esophagus are
asymptomatic to begin with possibly due to the replacement
of the normal squamous epithelium with the acid-resistant
Barrett’s epithelium. Nevertheless, these patients may benefit
from acid suppression, given the potential regression of
Barrett’s metaplasia discussed below.6

Histamine H2-receptor antagonists (H2-RA) can control
GERD symptoms but they do not cause regression of Barrett’s
metaplasia.79,80 As mentioned in Chapter 2, proton
pump inhibitors (PPI) are the most effective antisecretory
agents, and are superior to H2-RA in the treatment of
symptoms and the healing of esophagitis.81 In Barrett’sAla
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Figure 3.2 (a) Conventional concept for GERD. (b) Fass and Ofman’s new concept of GERD as three
distinct entities and complications associated with each.69 GER, gastroesophageal reflux; NERD,
non-endoscopic reflux disease; EE, erosive esophagitis; BE, Barrett’s esophagus



esophagus, these same endpoints are well controlled with
PPIs.82–84 Some studies have also suggested a modest
regression of Barrett’s esophagus, although these studies
usually used a high dose PPI.80,82,85–87 In a randomized
controlled trial, Peters et al.80 demonstrated that omeprazole
40 mg twice daily resulted in an 8% reduction of surface area
of Barrett’s esophagus and a 6% decrease in length, superior
to the comparator, ranitidine 150 mg twice daily (Table 3.1).
There is also evidence that normalization of intraesophageal
acid exposure decreases cellular proliferation rates.92 It is
noteworthy that despite adequate symptom control, even
high dose PPI may not normalize acid exposure.93–96

However, there is no evidence that normalization of pH
leads to less cancer. Hence it is not rational to routinely
perform pH-metry to determine the level of acid suppression.
What is often seen with acid suppression is an increase
in islands of squamous epithelium within the Barrett’s
segment. Unfortunately this may lead to a false sense of
security, as biopsies of such islands have often shown
underlying intestinal metaplasia,97 and no study has shown
a reduction of esophageal adenocarcinoma or mortality.

Nevertheless, PPIs are the best pharmacological treatment for
Barrett’s presently available.

Given that even high dose PPI may fail to normalize
esophageal pH,93–96,98–100 some have considered antireflux
surgery as an alternative. Surgery does provide excellent
control of symptoms and squamous islands also develop after
surgery, suggesting possible regression. One randomized trial
comparing medical therapy with antireflux surgery with
follow up of 1–11 years (Table 3.1) showed a 25% rate of
some regression in the surgically treated (9% progression,
3/32) compared to 7% regression (41% progression, 11/27)
in the medical group.88 However, complete regression
of Barrett’s metaplasia with surgery is very uncommon and
may in fact reflect “pseudoregression” due to surgical
repositioning of the esophagus.9 Some studies have also
reported a reduced risk of progression of low grade
dysplasia.101 Another study demonstrated that cancers
occur within the first 39 months following surgery, suggesting
that these may have been cancers present but missed at the
time of surgery.102 Others have reported that both dysplasia
and cancer continue to occur after surgery.89,103–105 B4
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Interventions  compared

Omeprazole 40 mg twice daily v
Ranitidine 150 mg twice daily

Medical (ranitidine or
omeprazole) v
Antireflux surgery

Medical (ranitidine 150 mg twice
daily) v
Surgical therapy

PDT with photophrin and
omeprazole v
Omeprazole 20 mg twice daily

PDT + 5-ALA v
Placebo + ALA

No. of patients 

26
27

27

32

91b

38b

138

70

18
16

Outcome

Regression in Barrett’s length (P = 0·06) and
area (P = 0·02) with omeprazole compared to
ranitidine

Length of Barrett’s esophagus decreased in
8/27, (increased in 3) in the surgical group
and in 2/32 (increased in 11) in the
medical group (P < 0·01). Dysplasia
appeared in 6 medically treated patients (mild
in 5, severe in 1) and in 1 surgically treated
patient (severe)

No difference in incidence of adenocarcinoma
between groups, but there may have  been
insufficient power to detect such a
difference

Ablation of all high grade dysplasia in 80%
of PDT group and in 40% in omeprazole
group (P < 0·0001). Cancer in 9·2% v 18·6%,
respectively (P = 0·076)

16/18 of the PDT group had some response
compared to 2/18 of the placebo group
(P < 0·001)

Reference

Peters et al. 80

Ortiz et al. 88

Spechler et al. 89

Overholt et al. 90c

Ackroyd et al. 91 Alc

Alc

Alc

Alc

Alc

aThis list is not an exhaustive list of all randomized clinical trials in the literature.
bThis includes all GERD patients, not just those with Barrett’s esophagus.
cResults are available in abstract form only. 
PDT, photodynamic therapy; ALA, aminolevulinic acid

Table 3.1 Randomized clinical trials for the treatment of Barrett’s esophagusa



Csendes et al.105 found that dysplasia developed in 17 (10·5%)
and adenocarcinoma in 4 (2·5%) of 161 patients who had
undergone surgery at late (7–21 years) follow up. In a
randomized controlled study comparing medical to surgical
antireflux therapy, there was no significant difference between
groups in incidence of esophageal cancer (Table 3.1).89

Hence surgery does not prevent dysplasia or cancer and
therefore, does not remove the need for surveillance.

Ablative therapies

Given the theory that Barrett’s esophagus develops after
healing of injured esophageal epithelium in an acid
environment, reinjuring of the metaplastic epithelium with
ablative therapy in an environment lower in acid, is theorized
to result in re-epithelialization with normal squamous
epithelium. This would then decrease the risk for dysplasia
and esophageal adenocarcinoma. The ablation can be
achieved by thermal techniques (electrocoagulator, heater
probe, argon plasma coagulator, laser including Nd:YAG,
etc.), photodynamic therapy or endoscopic mucosal resection.

Reports using different thermal techniques have suggested
both complete or incomplete histological regression in Barrett’s
esophagus, but complications are not uncommon.9 Multipolar
electrocoagulation has resulted in a fibrotic and friable
esophagus with adhesions to the pleura in one patient.106

Argon plasma coagulation has caused significant complications
including chest pain and odynophagia (58%), fever and pleural
effusion (15%), strictures (9%), pneumomediastinum (3%) and
perforation.107,108 In addition, one study using heater probe
reported buried islands of intestinal metaplasia in 23% of
patients.109 Thermal techniques have also been used in patients
with dysplasia or early cancer. Most reports are small case
series but results are interesting, with reversal of abnormalities
in some cases.9 Further studies are required.

Photodynamic therapy (PDT) is a process in which a
light-sensitive agent, which concentrates in metaplastic or
dysplastic tissue, is administered and subsequently activated
by light of an appropriate wavelength. This results in selective
damage of the abnormal tissues. The agents used include
porfimer sodium, a hematoporphyrin derivative or
5-aminolevulinic acid (5-ALA). Reports describe regression of
dysplasia and even early cancers, but complete regression did
not occur in the majority.110 A randomized trial compared
PDT using sodium porfimer to omeprazole in 208 patients
(Table 3.1) with high grade dysplasia.90 At 12-month follow
up, 9·2% of the PDT group developed cancer compared to
18·6% of the omeprazole group (NS), but strictures developed
in 38% of the patients who underwent PDT.90 Another
randomized study compared PDT with 5-ALA to placebo in
low grade dysplasia patients and achieved regression of
dysplasia in 89% (16/18) versus 11% (2/18) of patients in the
placebo group (Table 3.1), but only 30% of the surface area

Alc

Alc

was reduced in the 5-ALA group.91 Hence, the risk of
progression for this residual tissue still remains. In fact,
adenocarcinoma has been reported to develop underneath a
new squamous epithelium after treatment for high grade
dysplasia with PDT using sodium porfimer.9

Endoscopic mucosal resection has also been performed
in patients with visible lesions within Barrett’s esophagus.
In one study, this resulted in complete local remission of
97% (34/35) of patients with low risk lesions characterized
by diameter < 20 mm, well or moderately differentiated
histology, lesion limited to mucosa, or non-ulcerated lesion
compared to only 59% (13/22) of patients with high
risk lesions characterized by diameter > 20 mm, poorly
differentiated histology, lesion extending into submucosa, or
ulcerated lesions.111 However metachronous lesions or
recurrent high grade dysplasia or cancer was detected in the
subsequent year in 17% of the low risk and 14% of the high
risk group. Larger studies with longer follow up are required.

Hence with all ablative therapies, even if all of the Barrett’s
epithelium is eliminated, some residual intestinal metaplasia
may be present underneath the neosquamous epithelium
along with its inherent risk of cancer development. In
addition, these techniques are associated with significant risk
for stricture and perforation. They are for the most part costly
and the methods have not yet been standardized. In addition,
the need for surveillance is still present but may be more
difficult given that the endoscopic landmarks may be less
easily identified after ablative therapy.9 Hence ablative therapy
is perhaps most appealing in the non-operative patient with
high grade dysplasia or superficial adenocarcinoma.

Prevention of esophageal
adenocarcinoma with
anti-inflammatory agents

The use of aspirin (ASA) or non-steroidal anti-inflammatory
drugs (NSAIDs) has been found to be associated with a reduced
risk of developing esophageal adenocarcinoma.112,113 Cyclo-
oxygenase-2 (COX-2) expression is also increased in Barrett’s
epithelium114 and COX-2 inhibition reduces cell growth
in esophageal adenocarcinoma cell lines.115 To determine
whether COX-2 inhibitors decrease the risk of esophageal
cancer in patients with Barrett’s epithelium, would require a
very large number of patients and long follow up.9,116

Screening and surveillance

Screening for the detection of Barrett’s esophagus is
currently recommended in patients with chronic GERD
symptoms.6 This is based on the finding that patients with
longer duration of symptoms have a higher prevalence of

Alc

Evidence-based Gastroenterology

60



Barrett’s esophagus.31,47 Given that GERD patients who
are white, male or have more severe acid reflux also have a
higher prevalence of Barrett’s esophagus,6,63,64 these patients
should perhaps be more aggressively sought. It has been
suggested that a “once in a lifetime” endoscopy should be
performed in all GERD patients, and this approach was
favored by 76% of Canadian gastroenterologists, although
the timing at which this should be carried out is still
unclear.117,118 Although the asymptomatic Barrett’s esophagus
patient would not be identified with this case finding
approach, the application of a screening endoscopy to the
general population is not recommended. All individuals
undergoing gastroscopy for any reason should have the distal
esophagus well examined.

The aim of the “once in a lifetime” gastroscopy in GERD
patients is to detect Barrett’s esophagus, as this entity
increases the risk of developing esophageal adenocarcinoma.
Cancer surveillance, once Barrett’s is discovered, is costly.
Assuming a cancer incidence of 0·5% per year in patients
with Barrett’s esophagus, a recent analysis showed that
surveillance of Barrett’s esophagus for the prevention of
cancer would cost almost US$98 000 per quality-adjusted life
year saved.39 It is, however, the only method currently
available to identify the high risk patients with dysplasia who
may benefit from new ablative therapies.

Arguments in support of a
screening and surveillance strategy

The rationale for screening for and surveying Barrett’s
esophagus is based on the fact that GERD is a risk factor
for esophageal adenocarcinoma,47 that Barrett’s esophagus
represents an intermediate step between esophagitis and
adenocarcinoma and in fact is the only known precursor of
esophageal adenocarcinoma,6 that the rate of esophageal
adenocarcinoma is steadily increasing in Western societies119

and the prognosis for esophageal adenocarcinoma is very poor
unless detected early.120 Over 50% of all esophageal tumors
on the National Cancer Database (USA) for 1988 were stage
III or IV at the time of detection with poor 5-year disease
specific survivals of 15% and 3%, respectively.121 It is argued
that surveillance programs will detect cancers at an earlier
stage when the outlook is much better. In stage I or II cases
the 5-year disease specific survival rates were 42% and 29%,
respectively.121 In addition small retrospective studies suggest
that surveillance may improve survival. A comparison was
made between patients who initially presented with
esophageal adenocarcinoma (n = 54) and those in whom the
cancer had been detected during surveillance (n = 16) of
Barrett’s esophagus.122 Surveyed patients had significantly
earlier stages than non-surveyed patients (75% had stage 0 or
I, 25% stage II and 0% stage III compared to 26%, 25%, and
56%, respectively for non-surveyed patients). Survival was
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B3 also significantly superior in the surveyed group, with a 2-year
survival of 86% versus 43%. Similar results were found by an
earlier retrospective study comparing 17 adenocarcinoma
patients identified during surveillance programs to 35 patients
who had not been in a program.123 Again, the cancers in the
surveyed group were at an earlier stage and survival was
significantly greater in the surveyed group than in the group
that had not been surveyed prior to diagnosis. A third
study obtained similar results with 5-year survival at 62% in
those who underwent surveillance compared to 20% in those
who did not.124

Arguments against a surveillance strategy

Although the incidence of esophageal adenocarcinoma
is on the rise, the absolute prevalence of this condition
remains relatively low. In addition, the benefits of
screening and surveying patients with Barrett’s esophagus
are not as clear-cut as they are with colonic polyps and
colon cancer. Furthermore, 93–98% of esophageal
adenocarcinomas occur in patients without prior diagnosis of
Barrett’s esophagus.23,125–127 Most patients with Barrett’s
esophagus do not die from esophageal cancer.128–130 GERD is
very common and close to 90% of GERD patients do not have
Barrett’s esophagus.17 Surveillance is expensive, time
consuming (prevents endoscopists from carrying out other
tasks), and not error free; sampling error is a problem as is
interobserver variation in endoscopic and histological
diagnosis. In addition most patients with Barrett’s esophagus
are asymptomatic. The prevalence of Barrett’s esophagus
at autopsy was 20 times higher than the estimate from
endoscopic diagnosis.22 Thus, for each case of Barrett’s,
another 20 cases go unrecognized. Considering that the
true prevalence of Barrett’s esophagus in the community is
much higher than previously thought, the observed incidence
of adenocarcinoma of the esophagus is very small in relation
to the community prevalence of Barrett’s epithelium.131

One hundred and sixty-six patients with Barrett’s
esophagus who deliberately did not undergo a surveillance
program were re-examined a mean of 9·3 years later.130

The authors were able to obtain follow up information in 93%
of the patients. They determined the incidence of esophageal
cancer was 1 in 180 patient years, a 40-fold increased risk
compared to an age and sex matched group from the general
population. All eight patients with cancer were symptomatic
and the cancer was detected at diagnostic endoscopy. Of
interest is that only two of these patients died because of their
esophageal cancer, one of postoperative complications and the
other died 4 years postoperatively with liver metastases.
Three had successful surgery, and three died of unrelated
illness (pancreatitis, myocardial infarction, asthma). During
the follow up period, there were 77 other unrelated deaths at
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a mean age of 75 years. The authors concluded that a
surveillance program would have had marginal benefit, as so
few actually died of esophageal cancer.130 A Danish study,
also found that only 1·3% of the patients had a diagnosis
of Barrett’s esophagus more than 1 year before cancer was
identified.125 Thus, most cancers were detected in
patients who would not have entered into a surveillance
program and this strategy would be unlikely to reduce the
death rate from esophageal cancer in the general population.

Cost effectiveness

Unfortunately, there are no randomized controlled trials of
surveillance strategies. A cost-effectiveness study examining
the screening of patients with Barrett’s esophagus assumed
that GERD patients underwent a one-time gastroscopy at
age 60 years with biopsies targeting abnormal mucosa.132

Screening in this model cost US$24 700 per life year saved, a
reasonable amount. However, the results were based on
a relatively high prevalence of Barrett’s esophagus, high
grade dysplasia and adenocarcinoma, a high sensitivity and
specificity of endoscopy and minor reduction in quality of life
after esophagectomy. Any variation in these parameters easily
altered the cost effectiveness of this strategy.

Another report estimated the cost of detecting one
esophageal cancer at US$23 000 (£14 868) for male and
US$65 000 (£42 084) for female patients with Barrett’s
esophagus.133 Another found the cost was lower than the cost
of surveillance mammography.134 Sonnenberg et al.135 found
that the incremental cost effectiveness of biennial surveillance
was approximately US$16 700 per year of life saved.
Provenzale et al.39 concluded that surveillance every 5 years
was the preferred strategy with a cost of US$98 000 per
quality adjusted life year gained.

B4

Putting it all together

At this time, the question of whether surveillance should
be undertaken cannot be easily answered. Applying the
World Health Organization’s 10 principles of early disease
detection helps determine whether screening for Barrett’s
esophagus is beneficial.136,137 Although some of these criteria
are met, most are not (Table 3.2). In the absence of a
definitive study, there are arguments to support both sides of
the controversy. However, recognizing that Barrett’s mucosa
is a risk factor for esophageal adenocarcinoma, it is difficult
to disregard present recommendations for surveillance
endoscopy until evidence to the contrary is available.

How to perform surveillance

Screening is currently recommended in patients with
chronic GERD symptoms.6 Some patients are at greater risk
of Barrett’s metaplasia and a screening strategy could target
more aggressively this group, that includes white men aged
over 60 years with a longer history of reflux symptoms. This
suggestion does not mean that younger patients with chronic
GERD symptoms should not be screened. Once Barrett’s
metaplasia is established by endoscopy and histology, the
patient should enter a surveillance program. Patients who
have comorbid illness that would exclude them from
esophagectomy or ablative therapy would not benefit from
surveillance.

The surveillance intervals are determined by the grade of
dysplasia.6 These intervals have been arbitrarily determined.
More recent suggestions have taken into account the previous
overestimates of rates of progression to cancer and cost
effectiveness studies mentioned above. Two to three years is
recommended for patients without dysplasia, every 6 months
for 1 year and then yearly, for low grade dysplasia, and every
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Principles

1. The target health problem is important
2. There should be an accepted treatment for the target problem 
3. Facilities for diagnosis and treatment should be available 
4. There should be a recognized latent or early symptomatic stage
5. There should exist a suitable screening test or examination
6. The test should be acceptable to the population to be screened
7. The natural history and development of the condition should be

adequately understood
8. There should be an agreed policy on whom to treat
9. The process of case finding should be cost effective

10. Case finding should be a continuing process 

Are the principles met in Barrett’s esophagus?

Yes
Unclear

Yes
Unclear

Yes
Yes

Unclear

Unclear
Possibly
Possibly

Modified from Gudlaugsdottir S et al. Eur J Gastroenterol Hepatol 2001;13:639–45136 and Chiba N. Can J Gastroenterol
2002;16:541–5.137

Table 3.2 World Health Organization’s principles for early disease detection



3 months after confirmation with expert pathologist review
for high grade dysplasia if no surgical intervention is
undertaken.6,9

During the surveillance gastroscopy, four quadrant biopsy
specimens should be obtained at least every 2 cm along the
entire length of Barrett’s epithelium. The endoscopy
should be performed on acid suppression so that esophagitis
and reactive change do not confound the diagnosis. In
addition, any mucosal abnormalities detected at endoscopy
should be biopsied.9 It has been suggested that the use of
1-cm intervals and jumbo biopsy forceps is more accurate,138,139

but this approach is more labor intensive and would require
endoscopy with a therapeutic gastroscopy. Hence it may not
be feasible in community practice.

Summary of practice guidelines

Guidelines for diagnosis, surveillance and treatment
of Barrett’s esophagus have been established and
updated.5,6,140–142 Table 3.3 summarizes the most recent
recommendations. Essentially, the guidelines offered by
several expert groups are very similar. The American Society
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of Gastrointestinal Endoscopy guidelines (which were
generated together with the Society for Surgery of the
Alimentary Tract and the American Gastroenterological
Association) are similar to those of the American College
of Gastroenterology and the Canadian Association of
Gastroenterology. For patients without dysplasia, surveillance
endoscopy can be performed every two to three years
(Table 3.3). For patients with low grade dysplasia,
surveillance endoscopy should be performed at 6 and 12
months after discovery. If there is no progression of dysplasia,
patients can then resume a standard surveillance program.
Finally, for patients with high grade dysplasia, management
should be individualized. The recommendations of the
French Society of Digestive Endoscopy differ slightly from the
other guidelines. The suggested surveillance interval and
biopsy protocol vary depending upon the length of Barrett’s
esophagus. In the case of Barrett’s esophagus extending
more than 3 cm, four biopsies (one in each quadrant)
obtained every 2 cm from the gastroesophageal junction is
recommended.141 In the case of Barrett’s esophagus of less
than 3 cm, two to four biopsies obtained every 1 cm is
recommended. In the absence of dysplasia, endoscopy is
recommended every 2 years for Barrett’s esophagus > 3 cm,
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Source

ACG6

SFED141

ASGE142

CAG140

Date
published

2002

2000

2000

1997

No dysplasia

3 years after 2
normal EGD with
biopsy

CBE – 2 years
SSBE – 3 years 

Periodic (interval not
specified)

2 years

Low grade
dysplasia

1 year until no
dysplasia

6 months–1 year

More frequent than
if no dysplasia

3–6 months

High grade
dysplasiac

Focal – 3 months (jumbo
biopsies)
Multifocal – intervention
Mucosal irregularity –
EMR

Surgery or alternative
therapy

Consider surgery

Surgery or esophageal
mucosal ablation for
poor risk patients

Biopsy samplinga

4 quadrants every
2 cm and mucosal
abnormalities

4 quadrants
CBE – every 2 cm
SSBE – every 1 cm 

4 quadrants every
1–2 cm

4 quadrants every
2 cm

aModified from MacNeil-Covin L et al. Can J Gastroenterol 2003;17:313–17.118

bInterval at which surveillance endoscopy should be performed.
cRequires confirmation.
dProtocol to be followed for biopsy sampling.
ACG, American College of Gastroenterology; CAG, Canadian Association of Gastroenterology; EMR, endoscopic mucosal
resection; SSBE, short segment Barrett’s esophagus (length < 3 cm); SFED, French Society of Digestive Endoscopy; EGD,
esophagogastroduodenoscopy; CBE, classical Barrett’s esophagus (length > 3cm)

Table 3.3 Current practice guidelines for surveillance of Barrett’s esophagusa

Surveillance intervalsb



and every 3 years for Barrett’s esophagus < 3 cm. In the
case of low grade dysplasia (confirmed during two subsequent
examinations and by two independent pathologists),
endoscopy is recommended every 6–12 months. In the case
of doubtful low grade dysplasia, repeat examination should
take place after 2 months of treatment with double-dose PPI.
Finally, in the case of severe dysplasia, endoscopy should be
repeated after 1 month of treatment with a double-dose PPI
with four-quadrant biopsies obtained every 1 cm and if
confirmed, surgery or alternative therapy considered.

Conclusion

Barrett’s esophagus is a well recognized complication of
chronic gastroesophageal reflux and a definite risk factor for
esophageal adenocarcinoma. It should, however, be realized
that esophageal cancer is uncommon and most patients with
esophageal cancer do not have clinically recognized Barrett’s
esophagus before cancer is diagnosed. Also, no randomized
trials have convincingly demonstrated that a screening
strategy prolongs survival or improves quality of life for these
patients. However, for some patients, surveillance of Barrett’s
esophagus may permit detection of cancer at an earlier
stage, and therefore improve survival. Therefore, endoscopic
screening for Barrett’s esophagus should be considered for
patients with chronic symptoms of gastroesophageal reflux
disease and particularly in certain high risk patients such as
white males over the age of 50 years.

There is insufficient scientific evidence to conclude that
aggressive anti-reflux therapy with either high dose PPI or
surgery will cause Barrett’s esophagus to revert to normal
squamous mucosa or that it will reduce the risk of developing
cancer. There are insufficient data to support the routine
use of the various ablative therapies. This modality remains
experimental until proved effective in randomized trials.

At present, patients with clinically recognized Barrett’s
esophagus should be offered participation in a surveillance
program as recommended by the American College of
Gastroenterology. Surveillance should be undertaken every
3 years for patients without dysplasia (after two normal
examinations) and every year for patients with low grade
dysplasia. For patients with high grade dysplasia, surgical
intervention should be considered once confirmed by expert
gastrointestinal pathologists in centers carrying out a high
volume of esophagectomies.
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Esophageal motility
disorders: achalasia and
spastic motor disorders
Marcelo F Vela, Joel E Richter

4

Esophageal motility disorders present with dysphagia and
chest pain as the main symptoms, accompanied by
abnormalities on manometric studies. The best characterized
esophageal motility disorders are achalasia and diffuse
esophageal spasm. The treatment options for these disorders,
which range from non-invasive medical therapy to surgery,
are presented in this chapter.

Achalasia

Achalasia is a primary esophageal motor disorder
characterized by abnormal relaxation of the lower esophageal
sphincter (LES) and absent esophageal peristalsis. With an
estimated incidence of approximately 1/100 000 and a
prevalence of close to 10/100 000,1 this uncommon disease
stands out among the esophageal motility disorders as the
most clearly defined (clinically, manometrically and
radiographically) and the most successfully treated.

The exact etiology of achalasia remains unknown, but
autoimmune, infectious, degenerative and hereditary
processes, whether alone or in combination, lead to a chronic
inflammatory response in the myenteric plexus that results in
selective loss of inhibitory neurons.2 Manometrically this is
manifested by high LES pressure, abnormal LES relaxation and
aperistalsis.3 The combination of an atonic esophageal body
with a functional obstruction at the gastroesophageal junction
produce esophageal dilatation that can, over a prolonged
period of time, lead to the development of a megaesophagus.

The most common symptoms of achalasia are dysphagia
for solids and liquids in over 90% of patients, and
regurgitation of undigested food and saliva in approximately
75%. Chest pain is present in 40–50% of patients, weight loss
in nearly 60%, and heartburn in approximately 40% of
subjects.4,5 The presence of the disease is strongly supported
by a barium esophagram showing a dilated esophagus that
tapers into a “bird-beak” at the gastroesophageal junction
with fluoroscopy revealing lack of normal peristalsis, usually
with to-and-fro disordered bolus movement. The manometric

features described above, the most important of which is
abnormal LES relaxation, confirm the diagnosis.

Treatment of achalasia

Overview

Currently, there is no available treatment that can correct
the underlying neuropathology of achalasia; LES function and
peristalsis cannot be restored. Therefore, therapy is based on
reduction of the resting LES pressure to allow esophageal
emptying by gravity. The goals of treatment are three-fold:
relieve symptoms, improve esophageal emptying and prevent
the development of megaesophagus. In assessing response to a
therapeutic intervention, useful endpoints are symptom relief
and physiologic evaluation, the latter through manometric
determination of LES pressure and measurement of esophageal
emptying by barium examination or nuclear scintigraphy.

Reduction of the LES pressure can be achieved through
different therapeutic modalities including pharmacologic
therapy, endoscopic injection of botulinum toxin, pneumatic
dilatation and surgical myotomy6; the last two being the most
effective treatments available.4,7 “Endstage” cases presenting
with a markedly dilated and sometimes sigmoid esophagus
may require esophagectomy.8 The choice of therapy depends
on patient characteristics (age, comorbid illnesses and disease
stage), patient’s preference, degree of expertise and available
modalities in the medical center, and a careful balance
between risks and benefits.

Pharmacologic treatment

Pharmacological reduction of the LES basal pressure
through smooth muscle relaxants has been attempted with
several medications. The most studied classes include nitrates,
calcium channel blockers and, more recently, sildenafil.

Nitrates activate guanylate cyclase, leading to production
of a protein kinase that inhibits smooth muscle contraction
through dephosphorylation of the myosin light chain.
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Additionally, nitrates liberate nitric oxide (NO), an inhibitory
neurotransmitter mediated by cyclic guanosine mono-
phosphate (cGMP). Significant reduction of LES pressure
has been demonstrated 10 minutes after sublingual
administration of a 5 mg dose of isosorbide dinitrate.9 Very
few randomized controlled trials have evaluated the effect of
nitrates on achalasia. Wong et al.10 found a significant
decrease in LES pressure and significant improvement in
esophageal emptying 30 minutes after a single dose (0·4 mg)
of sublingual nitroglycerin in a randomized crossover study.
In several other small studies,11–14 nitrates have decreased
LES pressure by 30–65%, with symptom improvement in
58–87% of patients (Table 4.1), but these were uncontrolled
studies that traditionally tend to overemphasize the benefits
of interventions. Calcium channel blockers produce smooth
muscle relaxation by decreasing entry of calcium, necessary
for contraction, into smooth muscle cells. In a double blind
randomized controlled trial in 10 achalasia patients,15

sublingual nifedipine (10–30 mg dose, titrated according to
patient tolerance) given before meals achieved a significant
reduction in LES pressures 30 minutes after administration.
However, despite this reduction, LES pressures were still
substantial after treatment (mean LES pressure of 30 mmHg).
These investigators also reported a modest improvement of
dysphagia with nifedipine, with a reduction in the average
number of meals per day with dysphagia from 1·9 to 0·9. 
Other uncontrolled studies suggest that calcium channel
blockers decrease LES pressure by 13–49% and improve
symptoms in 53–77% of patients.11,12,15–17

A small randomized controlled trial comparing calcium
channel blockers and nitrates in 15 patients12 found sublingual
isosorbide dinitrate (5 mg) to be superior to sublingual
nifedipine (20 mg) for the treatment of achalasia. In
comparison to nifedipine, isosorbide dinitrate achieved a
more pronounced reduction in basal LES pressure (47% v
64%). Additionally, more patients receiving isosorbide
dinitrate experienced complete radionuclide meal clearance at
10 minutes (53% v 15%) and relief of dysphagia (87% v 53%).
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Sildenafil (Viagra) inhibits smooth muscle contraction
by promoting accumulation of NO stimulated cGMP
(NO-cGMP) through inhibition of NO phosphodiesterase type 5,
an enzyme that degrades NO-cGMP. Recently, in a placebo-
controlled randomized trial of sildenafil (50 mg) in 14
achalasia patients, Bortolotti et al.18 showed that sildenafil by
direct intragastric infusion significantly reduced basal LES
pressure, postdeglutitive LES residual pressure and
esophageal body contraction amplitude. Peak effect was
reached 15–20 minutes after infusion and lasted less than 1
hour. Eherer et al.19 administered sildenafil orally (50 mg) to
11 patients with esophageal motor disorders, three of whom
had a diagnosis of achalasia. LES pressure decreased in two of
these patients, but none had relief of symptoms.

Overall, nitrates and calcium channel blockers can reduce
LES pressure. effect on symptoms is variable, short-lived, and
usually suboptimal. Additionally, adverse effects such as
headache, hypotension, and pedal edema may limit their use
and tachyphilaxis is frequent.11 Therefore, these agents should
be reserved for the short-term relief of achalasia symptoms,
either as a temporizing measure while awaiting more definitive
therapy or in patients who are too sick or unwilling to undergo
other treatments. Sildenafil merits further study in randomized
controlled trials.

Botulinum toxin

Endoscopic injection of botulinum toxin into the LES is a
relatively recent addition to the treatment options
for achalasia. It produces reduction in LES pressure
by inhibiting acetylcholine release from nerve endings,
thereby counterbalancing the effect of the selective loss
of inhibitory neurotransmitters (nitrous oxide and
vasoactive intestinal peptide) in achalasia. It is safe, easy to
administer and provides symptom relief initially in
approximately 85% of patients; however, the effect of a
single injection is usually limited to 6 months or less in over
50% of patients.3 B4
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Table 4.1 Nitrates and calcium channel blockers in the treatment of achalasia

Authors No. of patients Treatment % Symptom improvement

Bortolotti and Labo16 20 Nifedipine 70
Traube et al.15 10 Nifedipine 53
Coccia et al.17 14 Nifedipine 77
Gelfond et al.12 15 Nifedipine 53

15 ISDN 87
Gelfond et al.13 24 ISDN 83
Rozen et al.14 15 ISDN 58
Eherer et al.19 3 Sildenafil 0

ISDN isosorbide dinitrate.
Modified from Vaezi M, Richter JE. J Clin Gastroenterol 1998;27:21–35.



In a 6-month randomized controlled trial of 21 patients,
the administration of botulinum toxin (100 units) resulted in
significant symptom score improvement (from 7·1 ± 1·2 to
1·6 ± 2·2), compared to placebo (from 5·9 ± 1·6 to 5·4 ± 2·0)
(P = 0·001) at 1 week. By 6 months the proportion of patients
in remission had declined from 82% to 66%.20 A
subsequent study by the same group21 evaluated the efficacy
of botulinum toxin over a 2–3-year period and found that
65% (20/31) of patients had good symptom improvement at
6 months. However, 19 of these 20 responders eventually
relapsed, requiring repeat injections and two-thirds of the
patients eventually chose a more definitive form of therapy. In
the analysis of subgoups in this small study the response rate
appeared to be higher for patients over the age of 50 years
and those with the “vigorous” form of achalasia. Subsequent
studies20–33 have confirmed that botulinum toxin is initially
effective but the benefit of a single injection lasts less than
1 year in the majority of patients, with all patients requiring
repeat injections or other forms of therapy for their achalasia
(Table 4.2). Botulinum toxin is extremely safe,
with 25% of patients presenting with transient, mild,
postprocedural chest pain, and 5% developing symptomatic
gastroesophageal reflux disease (GERD).6

Botulinum toxin is an effective and safe option for the short-
term treatment of achalasia. Symptoms are relieved on average
for 6 months with repeat treatments being required to keep
patients in long-term remission. Botulinum toxin is inferior to
pneumatic dilatation or surgery (see comparative studies
below), but it can be particularly useful in the elderly who may
have a higher response rate than younger patients (under age
50 years) and who may not tolerate more aggressive therapies.
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Pneumatic dilatation

Disruption of the muscle fibers of the LES through forceful
dilatation has been used as treatment of achalasia for many
years. The first description of dilatation dates from 1674
when a patient with achalasia was treated by passing a piece
of carved whalebone with a sponge affixed to the distal end
down the esophagus into the stomach.7 The first pneumatic
(i.e. air filled) dilators were introduced in the late 1930s, and
both the equipment and technique have evolved over the
years. Not only are the dilators and techniques varied, but the
definitions of success differ across studies. However, there is
sufficient experience with the currently used balloon dilators
to comment on their efficacy and safety.

Kadakia and Wong calculated the pooled effect of the older
dilators (Brown-McHardy, Mosher and Hurst-Tucker balloons)
among a total of 235 patients studied in five prospective
studies. Symptomatic response was excellent or good in
61–100% of patients who were followed for a mean of
2·7 years.35 Currently, the most widely used dilator in the
USA is the Rigiflex polyethylene balloon (Boston Scientific,
Boston, MA), which is available in three different diameters
(30, 35 and 40 mm).11 The current technique consists of
endoscopy to determine landmarks, followed by placement
of a balloon across the LES under fluoroscopic guidance.
The balloon is then inflated to sufficient pressure (usually
7–12 psi; 48·3–82·7 kPa) for up to 60 seconds to disrupt the
muscle fibers of the LES.

There are no clinical trials that compare pneumatic
dilatation to placebo (i.e. sham dilatation). In three recent
randomized controlled trials comparing pneumatic dilatation
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Table 4.2 Botulinum toxin injection for the treatment of achalasia

% Symptomatic improvement
after one injection

% Responding to
Authors No. of patients < 1 mo 6 mo 12 mo 24 mo repeat injections

Pasricha et al.20,21 31 90 55 27
Cuillere et al.23 55 75 50 33
Rollan et al.24 3 100 66
Fishman et al.25 60 70 36 86
Annese et al.26 8 100 13 100
Gordon and Eaker27 16 75 44
Muehldorfer et al.28 12 75 50 25 10
Vaezi et al.29 22 63 36 32
Annese et al.30 118 82 64 100
Kolbasnik et al.31 30 77 57 39 25 100
Mikaeli et al.32 20 65 25 15 60
Allescher et al.33 23 74 45 30
Neubrand et al.34 25 65 36 0

Modified from Hoogerwerf WA et al. Gastrointest. Endosc Clin North Am 2001;11:311–23.22

mo, months



to botulinum injection, symptom improvement rates for
dilatation at 12 months ranged between 53% and 70%.28,29,32

Table 4.3 summarizes the results of 17 uncontrolled
studies of Rigiflex pneumatic dilatation for the treatment of
achalasia,5,35,37–52 the degree of heterogeneity of these
studies is not known. The pooled results of 597 patients
followed for a mean of 17 months yield an excellent to good
response in 82% of patients. However, it should be
emphasized that uncontrolled studies tend to exaggerate the
benefits of interventions. Very little is known about the long-
term outcome of pneumatic dilatation. In the only
randomized controlled trial with follow up extending beyond
12 months, 50% of patients treated with pneumatic dilatation
had relapse of dysphagia at 30 months.28 Recently, West
et al.53 reported on the success of pneumatic dilatation in
patients followed for more than 5 years. Although this study
presents serious methodological limitations–dilatations were
carried out with different types of balloons and therapeutic
success was defined based on a symptom questionnaire –
it is the only study with extended follow up. The overall
therapeutic success rate was 50% in 81 patients followed for
more than 5 years and the mean number of dilatations
per patient was four. Success rate decreased in patients with
longer follow up; it was 60% in patients followed between
5 and 9 years, 50% for those followed between 10 and 14 years,
and 40% in the group followed for more than 15 years. 

The perforation rate associated with pneumatic dilatation
is approximately 2%.11 Mortality from the procedure is
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estimated to be 0·2%.6 Gastroesophageal reflux after
pneumatic dilatation occurs in 15–33% of patients.5,35

Overall, pneumatic dilatation results in good to
excellent symptom relief in approximately 80% of patients.
Limited data suggest that over 50% of patients will require
repeat dilation after 2 years. Pneumatic dilatation is the most
effective non-surgical treatment available for achalasia and
has a success rate comparable with that of surgery (see
comparative studies below). It should be considered an
acceptable alternative to surgery for treatment of achalasia.

Heller myotomy

Surgical myotomy was originally described by Ernest Heller
in 1914 and involved cutting the anterior and posterior
aspects of the LES through a thoracotomy.54 The surgical
technique has evolved and with the advent of minimally
invasive surgery in the 1990s, laparoscopic myotomy has
become the preferred operation. Whether an antireflux
procedure should be performed (to prevent reflux) or not
(to avoid postoperative dysphagia) remains a matter of
controversy.3,7

The only randomized controlled trial that evaluated Heller
myotomy compared it to pneumatic dilatation finding that
myotomy via a laparotomy resulted in symptom resolution in
95% of patients compared with 65% of patients treated with
an older pneumatic balloon (the Mosher bag).55 More
details of this comparison are given in the following section.

Alc
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Table 4.3 Rigiflex balloon dilatation for the treatment of achalasia 

No. of Study % With exc/ Follow up Perforation 
Authors patients designa good response in months (mean) rate (%)

Cox et al.37 7 P 86 9 0
Gelfand and Kozarek38 24 P 93 NR 0
Barkin et al.39 50 P 90 20 2
Stark et al.40 10 P 74 6 0
Makela et al.41 17 R 75 6 5·9
Levine et al.42 62 R 85 NR 0
Kim et al.43 14 P 75 4 0
Lee et al.44 28 P 87 NR 0
Abid et al.45 36 P 88 27 6·6
Wehrmann et al.46 40 R 87 NR 2·5
Lambroza and Schuman47 27 P 89 21 0
Muehldorfer et al.48 12 R 83 18 8·3
Bhatnager et al.49 15 R 84 14 0
Gideon et al.50 24 R NR 6 4
Khan et al.51 9 P 85 NR 0
Kadakia and Wong35,52 56 P 88 59 0
Vela and Richter5 100 P 82 24 2

aP, prospective; R, retrospective.
Modified and updated from Vaezi MF and Richter JE. J Clin Gastroenterol 1998;27:21–3511 and Gelfand MD and Kozarek RA. Am
J Gastroenterol 1989;84:924–7.38

NR, not reported



Minimally invasive surgery and especially laparoscopy, has
become the standard approach to perform myotomy. No
randomized controlled trial has examined laparoscopic
Heller myotomy for the treatment of achalasia. Uncontrolled
studies of the thoracoscopic11,56–60 and laparoscopic11,56,60–79

techniques are summarized in Tables 4.4 and 4.5, respectively.
Pooled results of 103 patients in 5 studies of thoracoscopy yield
good to excellent symptom response in 82% of patients with a
mean follow up of 16 months, GERD developed in 42%.20 The
pooled symptom response rate was 88% in 924 patients
undergoing laparoscopic Heller myotomy in 21 uncontrolled

trials; 13% of these patients developed GERD.20 The degree
of benefit may be overestimated in these uncontrolled studies.

While there are no randomized controlled trials of
myotomy performed with the modern and most widely used
techniques, the success rate appears to be approximately
85%, which is similar to that observed with pneumatic
dilatation. Heller myotomy, preferably through the laparo-
scopic approach, should be considered as effective as
pneumatic dilatation and should be offered to patients who
present an acceptable surgical risk. It can also be offered to
those who have failed pneumatic dilatation.

B4

Esophageal motility disorders

73

Table 4.4 Thoracoscopic myotomy for the treatment of achalasia

Anti-reflux % Symptom Follow up % Complication
Authors No. of patients procedure good/excellent months (mean) GERD

Patti et al.56 30 No 87 NR* NR
Cade and Martin57 12 No 92 3 18
Raiser et al.58 10 Yes 62 15 57
Pellegrini et al.59 35 No 87 12 60
Ramacciato et al.60 16 No 63 35 31

Modified and updated from Vaezi MF and Richter JE. J Clin Gastroenterol 1998;27:21–35.11 NR, not reported;
GERD, gastroesophageal reflux disease

Table 4.5 Laparoscopic myotomy for the treatment of achalasia

No. of Anti-reflux % Symptom improvement Follow up in % Complication
Author patients procedure good/excellent months (mean) GERD

Rosati et al.61 25 Yes 96 12 NR
Ancona et al.62 17 Yes (Da) 100 8 6
Mitchell et al.63 14 Yes (D) 86 NR 7
Swanstrom and Pennings64 12 Yes (Tb) 100 16 16
Raiser et al.58 39 Yes (D/T) 63 26 27
Morino et al.65 18 Yes (D) 100 8 6
Robertson et al.66 10 No 88 14 13
Bonovina et al.67 33 Yes (D) 97 12 NR
Delgado et al.68 12 Yes (D) 83 4 NR
Hunter et al.69 40 Yes (D/T) 90 13 18
Kjellin et al.70 21 No 52 22 38
Ackroyd et al.71 82 Yes (D) 87 24 5
Yamamura et al.72 24 Yes (D) 88 17 0
Patti et al.73 102 Yes (D) 89 25 NR
Pechlivanides et al.74 29 Yes (D) 90 12 10
Sharp et al.75 100 No 87 10 14
Donahue et al.76 81 Yes (D) 84 45 26
Zaninotto et al.77 113 Yes (D) 92 12 5
Ramacciato et al.60 17 Yes (D) 94 18 6
Luketich et al.78 62 Yes (T/D) 92 19 9
Decker et al.79 73 Yes (T/D) 83 31 11

aD, Dorr 
bT, Toupet
Modified from Vaezi MF and Richter JE. J Clin Gastroenterol 1998;27:21–3511 for abbreviations see Table 4.4



Comparisons of different treatment modalities

Pneumatic dilatation versus botulinum toxin: These two
therapeutic approaches have been compared in three
randomized controlled trials (Table 4.6). Vaezi et al.29

treated 42 patients who were randomized to botulinum toxin
injection or graded pneumatic dilatation with 30 and 35 mm
Rigiflex balloons and found success at 12 months (defined as
improvement in symptom score greater than 50%) to be 70%
for dilatation and 32% for botulinum toxin. Using a similar
design and criteria for symptom response, Mikaeli et al.32

found the response rate at 12 months was 53% with single
pneumatic dilatation compared with 15% with a single
botulinum toxin injection. Success after repeat dilation or
repeat injection was observed, respectively, in 100% and 60%
of patients at 12 months. Muehldorfer et al.28 randomized 24
patients to botulinum toxin or dilatation with a 40 mm latex
balloon; symptomatic response was superior with pneumatic
dilatation compared with botulinum toxin at 12 months
(67% v 25%) and at 30 months (50% v 0%). Identification of
predictors of response was not possible in any of these three
small randomized trials. Although randomization codes were
concealed, patients and investigators were not blinded as to
the treatments received.

Pneumatic dilatation versus Heller myotomy: As
previously described, the only randomized controlled trial
that compared pneumatic dilatation to myotomy55 found that
myotomy via laparotomy had a success rate of 95% compared
with 65% for pneumatic dilatation with the Mosher bag.
Neither of these techniques is used today and the results
may not be generalizable to other techniques. Spiess and
Kahrilas7 pooled all uncontrolled series of 10 or more patients
undergoing pneumatic dilatation or surgery with follow up
greater than a year performed between 1966 and 1997. They
reported response rates as weighted means and found good
to excellent symptom response in 80 ± 42% of participants
with pneumatic dilatation. Response rates for surgery were
84 ± 20% with thoracotomy, 85 ± 42% with laparotomy, and
92 ± 18% with laparoscopy. However, criteria for including or
excluding reports were not stated, and these uncontrolled
studies may tend to overestimate the benefits of treatment. B4
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From these data and the uncontrolled studies summarized
in Tables 4.4, 4.5 and 4.6 we conclude that Heller myotomy
and pneumatic dilatation have similar success rates.

Esophagectomy

A small number of patients develop “endstage” achalasia,
characterized by progressive dilatation and tortuosity of the
esophagus.8 This may be seen in cases that are refractory to
treatment or in patients with longstanding untreated disease.
If these patients do not respond to Heller myotomy,
esophageal resection is frequently required.

There are few studies that assess the effectiveness of the
two approaches to resection of the esophagus, i.e. the use of
colonic interposition or a gastric pull-up. No randomized
controlled trials have been carried out in this area. The
available uncontrolled data show symptom improvement in
over 80% of endstage cases of achalasia with mortality rates
between 0% and 5·4%, and development of GERD in 8–36%
of patients (Table 4.7).8,80–87 The studies performed are
insufficient to determine whether there are advantages of
colonic interposition compared with gastric pull-through.

Summary

Several options are available for the treatment of achalasia,
ranging from medications to esophagectomy. Unfortunately,
there have been very few controlled trials to guide our
approach to these patients. Techniques and outcome
measures vary over time and between studies. The outcomes
of symptom resolution and objective improvement in
esophageal emptying are not always correlated. This problem
was demonstrated in a study by Vaezi et al.,88 who performed
timed studies of barium emptying (measuring the column of
barium in the esophagus 1 and 5 minutes after a bolus) in
patients treated with pneumatic dilatation. They found that
31% of patients who reported near complete symptom
resolution had less than 50% improvement in barium
emptying after treatment. With these limitations in mind, the
available evidence is sufficient to make the following
recommendations. Pharmacologic therapy has variable and
limited response and is hindered by adverse effects. Calcium
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Table 4.6 Randomized trials comparing symptomatic response 12 months after pneumatic dilatation or botulinum toxin
injection for treatment of achalasia 

No. (%) of patients with symptomatic remission

Authors No. of patients Pneumatic dilatation Botulinum toxin injection P value

Vaezi et al.29 42 14/20 (70) 7/22 (32) 0·017
Mikaeli et al.32 39 10/19 (53) 3/20 (15) < 0·01
Muehldorfer et al.28 24 8/12 (67) 3/12 (25) < 0·05



channel blockers and nitrates should be used in patients who
cannot tolerate or are unwilling to receive other treatments.
The use of sildenafil should be restricted to research
protocols. Botulinum toxin is safe and effective but generally
lasts less than 6 months–1 year. It should be used in elderly or
frail individuals in whom more aggressive treatments pose a
high risk. Pneumatic dilatation and laparoscopic Heller
myotomy have similar efficacy and should be offered as first-
line treatments to all patients who can tolerate these
procedures. Pneumatic dilatation appears to be the most cost-
effective therapeutic approach over a 5-year horizon, but
whether this holds true with longer follow up is not
known.89,90 Although some patient characteristics and
patients’ preferences should be taken into consideration, we
currently have no way of predicting which patient will
respond better to pneumatic dilatation or surgery. The
risks and benefits of the intervention need to be carefully
weighed in each case. Esophagectomy may be necessary in
patients with endstage achalasia. The algorithm in Figure 4.1
depicts a general approach to the treatment of achalasia
supported by a guideline paper by the American College
of Gastroenterology.4 A randomized controlled trial of
pneumatic dilatation versus laparoscopic Heller myotomy to
compare efficacy and safety, and identify predictors of
response is greatly needed.

Complicated patients, including those who are refractory
to initial treatment, may benefit from evaluation and
treatment at a tertiary center that can offer expertise in all the
treatments available for this disorder. A multi-modality
approach is often necessary in this group.

Spastic motility disorders

Spastic motor abnormalities of the esophagus include
diffuse esophageal spasm (DES), the nutcracker esophagus
(NE), and hypertensive lower esophageal sphincter.
These abnormal manometric patterns have been described

in association with chest pain and dysphagia. However,
whether these abnormal motility patterns represent true
diseases as opposed to manometric findings present in, but
not responsible for, dysphagia and chest pain remains
controversial. Therefore, in contrast to achalasia, the clinical
importance of these abnormalities is less clear.

Diffuse esophageal spasm is characterized by normal
peristalsis with intermittent simultaneous contractions that
can lead to chest pain and dysphagia. The manometric
description requires 20% or more simultaneous contractions
during water swallows. Adhering to these criteria DES is rare,
with an estimated incidence of 0·2/100 000.91 This motility
disorder is seen in 3–5% of patients who undergo manometry
for non-cardiac chest pain or dysphagia.92 NE, which may be
considered a variant of DES, is a manometric abnormality
characterized by an average distal esophageal contraction
amplitude of 180 mmHg or greater during swallows.
Symptom presentation, i.e. dysphagia and chest pain, is
similar for DES and NE. Furthermore, manometric findings
may show fluctuation across these disorders, with periods of
return to normal peristalsis and, rarely, progression to
achalasia.

The etiology of DES and its spastic variants remains
unknown. Proposed theories include a malfunction in
endogenous NO synthesis and degradation93 and defects in
cholinergic mechanisms.91 Other studies suggest that DES can
be caused by gastroesophageal reflux94 and stressful events.95

The most common presenting symptoms are chest pain,
which can occur in association with swallowing or
spontaneously, and dysphagia. The chest pain may be
clinically indistinguishable from angina of cardiac origin.
Dysphagia occurs with both solids and liquids and is
transitory and non-progressive.

The diagnosis of a spastic motility disorder is made based
on the presence of dysphagia or chest pain, accompanied by
an abnormal manometry. Chest pain may be stimulated
during provocative testing with edrophonium.3 The diagnosis
should only be made after cardiac causes have been
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Table 4.7 Esophagectomy in the treatment of refractory achalasia

No. of % Symptom Follow up in % Complication
Authors patients improvement months (mean) GERD Post-op dilation Mortality

Pinotti et al.81 122 83 93 36 17 4.1
Watson et al.82 104 98 NR 20 30 2
Orringer and Stirling83 26 100 30 15 39 3.9
Cecconello et al.84 64 94 81 16 NR NR
Miller et al.85 37 91 76 8 14 5.4
Banbury et al.8 32 87 43 31 60 0
Peters et al.86 19 80 72 NR 28 0
Devaney et al.87 93 95 38 NR 46 2.1

Modified and updated from Khazanchi A and Katz PO. Gastrointest Endosc Clin North Am 2001;11:325–4580

For abbreviations see Table 4.4



thoroughly ruled out. It is important to determine whether
gastroesophageal reflux is present by 24-hour pH monitoring
because acid reflux can be a cause of chest pain. If GERD is
found, it should be aggressively treated with acid suppression.

Treatment of spastic motility disorders

Overview

Therapeutic trials for spastic motility disorders are scarce,
and most of them are uncontrolled studies with small
numbers of patients. The unknown etiology and
pathophysiology, the controversies surrounding the clinical
importance of DES and NE, which make development of
therapies challenging, and the rarity of these disorders have
interfered with design and performance of large randomized
trials. Furthermore, a high association with psychiatric
diseases (depression, anxiety, panic disorder) and issues of
heightened visceral sensation pose additional problems.95,96

The main goal of therapy is symptomatic relief. An important
component in the treatment of DES and NE consists of
educating and reassuring the patient about the non-
progressive and benign nature of the disease. Many of the
treatments used for achalasia have also been used in spastic
motility disorders; these include medications such as calcium
channel blockers and nitrates, endoscopic botulinum toxin
injection, pneumatic dilatation and surgical myotomy.

Additionally, psychotropic agents have been shown to be
useful in patients with chest pain of esophageal origin.
Observational studies of a number of interventions for these
disorders have been carried out19,97–107 and the results of
a small number of randomized trials are summarized in
Table 4.8.

Medications

Treatment aimed at reducing muscle contractility has been
attempted with nitrates or calcium channel blockers.
Intravenous nitroglycerin (100–200 micrograms/kg) was
shown to decrease the duration of contractions and relieve
symptoms in five patients with DES.93 There are no
randomized controlled trials evaluating the efficacy of
nitrates in the treatment of esophageal spasm. A randomized
controlled trial of diltiazem (60 mg three times daily for
2 weeks) found that chest pain and dysphagia were not
improved after therapy with this calcium channel
antagonist.97 In another randomized controlled trial of
14 patients with chest pain, nine of them with manometric
diagnosis of NE, diltiazem (60 mg PO four times daily for
8 weeks) resulted in a significant decrease in mean chest
pain scores.98 However, the symptomatic improvement
occurred regardless of whether manometry showed NE. In
uncontrolled studies, nifedipine resulted in relief of
dysphagia in five of six patients with DES99 and improved
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Botulinum toxin
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Pneumatic dilatationHeller myotomy

Nifedipine/Isordil*

Figure 4.1 Algorithm for the treatment of achalasia. *Isosorbide dinitrate. (Modified from
Vaezi MF and Richter JE. Am J Gastroenterol 1999;94:3406–124)



chest pain in four of six patients with DES or NE.100

However, in a 14-week, double blind crossover study of
patients with non-cardiac chest pain and NE, nifedipine
(10–30 mg PO three times daily for 14 weeks) decreased the
distal esophageal contraction amplitude but did not reduce
the frequency or severity of chest pain compared to
placebo.101 Although other small studies or anecdotal
reports describe manometric improvement with nitrates
or calcium channel blockers, these were not always
accompanied by a good clinical response and adverse effects
such as headache, hypotension or lower extremity edema are
frequent. More recently, a small uncontrolled study of
sildenafil (50 mg PO every day) for the treatment of four
patients with NE and one patient with DES, found a
symptom relief rate of 60%.19

The use of psychotropic drugs for DES is aimed at altering
visceral sensation and targeting stress as a potential cause of
spasm. In a randomized controlled trial of 29 patients with
chest pain treated with the serotonin reuptake inhibitor
trazodone (100–150 mg/day for 6 weeks), distress over
esophageal symptoms was significantly reduced, with no
effect on the manometric abnormalities.102 In a second
randomized controlled trial, the tricyclic antidepressant
imipramine (50 mg at bedtime) in patients with chest pain
and normal cardiac evaluation achieved a 52 ± 25%
reduction in episodes of chest pain compared with only
1 ± 86% in placebo-treated patients (P = 0·03).96

Abnormal manometry was present in only half of the patients
and did not predict the response to treatment. 

In summary, there are no good data showing improvement
of chest pain or dysphagia with nitrates or calcium channel
blockers. However, given the lack of established treatments,
and since symptoms may be alleviated in some subjects, a
therapeutic trial with these agents is reasonable. Therapeutic
trials with trazodone or imipramine are recommended for
treating chest pain of esophageal origin, although their effect
on dysphagia has not been studied. As in the treatment of
achalasia, controlled trials with sildenafil are needed.
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Botulinum toxin

Inhibition of esophageal contraction after botulinum toxin
injection has been recently introduced as a treatment of
spastic motility disorders. Miller et al.103 used botulinum
toxin to treat chest pain in patients with a diagnosis of non-
reflux, non-cardiac, non-achalasia spastic esophageal motility
disorder (including DES, hypertensive LES or NE). This
uncontrolled study of 29 patients receiving botulinum toxin
injection at the esophagogastric junction into the LES muscle
(the esophageal body was not injected), found 50% or greater
reduction in chest pain in 70% of patients and complete relief
in 48%. Mean duration of symptom relief was 7 months.
Storrs et al.104 injected botulinum toxin in 1·5-cm intervals
into the esophageal body of nine patients with DES, finding
50% or greater improvement in dysphagia and chest pain in
89% of patients at 6 months. There are no randomized
controlled trials evaluating the use of botulinum toxin for the
treatment of DES or NE. Uncontrolled studies tend to
overestimate the benefits of treatment. However, this agent
has a remarkable safety profile and can be tried in patients
who fail medical therapy.

Pneumatic dilatation and Heller myotomy

In an uncontrolled study, Ebert et al.105 found that
pneumatic dilatation improved symptoms in eight of nine
(89%) patients with DES and manometry showing high LES
pressure in addition to spasm. The procedure, however, did
not result in correction of the abnormal esophageal body
contractions. Irving et al.106 used dilatation with Rigiflex
balloon to treat 20 DES patients with severe symptoms that
were refractory to conservative management; symptom
response was reported to be good in 70% of patients.

Patti et al.107, using thoracoscopic myotomy in 10
patients with DES and NE, found that this minimally invasive
approach improved symptoms in 80% of patients. Ellis
et al.108 reported an overall symptomatic improvement rate
of 70% in 42 patients with esophageal motor disorders
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Table 4.8 Randomized controlled trials of treatment for spastic disorders of esophageal motality

% Symptom
Authors No. of patients Treatment Design Duration improvement

Drenth et al.97 8 Diltiazem 60 mg Crossover 4 weeks 0
three times daily

Richter et al.101 20 Nifedipine 10–30 mg Crossover 6 weeks 10
three times daily

Clouse et al.102 29 Trazadone Double blind 6 weeks Trazadone 50
100–150 mg/day Parallel Placebo 10 (P = 0·02)

Cannon et al.96 49 Imipramine Double blind 3 weeks Imipramine 52 ± 25
50 mg at bed time Parallel Placebo 1 ± 86 (P = 0·03)



(32 had a diagnosis of esophageal spasm) treated with long
esophagomyotomy performed through a thoracotomy.

There are no randomized controlled trials evaluating
pneumatic dilatation or esophageal myotomy as treatment of
DES. The uncontrolled studies may overestimate the benefit
of these treatments. Given the morbidity associated with
these invasive procedures, they should be reserved for
patients with severe symptoms who are refractory to other
forms of treatment. These procedures should only be carried
out after careful discussion of risks and benefits with the
patient.

Summary

Diffuse esophageal spasm and its spastic variants are rare
disorders. It is critical that a cardiac etiology is ruled out
before making the diagnosis of a spastic motility disorder
as a cause of chest pain. Gastroesophageal reflux should
be investigated and treated when present. Randomized
controlled trials in large populations evaluating treatment
for these disorders are lacking. The available data suggest
that therapeutic trials of muscle relaxants, such as nitrates
and calcium channel blockers, may be warranted in some
patients. Psychotropic medications, like trazodone or
imipramine, are recommended as symptomatic treatment for
chest pain associated with a motility disorder but have no
proven role in the treatment of dysphagia. Botulinum toxin
has resulted in symptom improvement in uncontrolled trials;
this agent warrants further study in randomized controlled
trials and is attractive because of its excellent adverse effect
profile. Finally, pneumatic dilatation and myotomy should be
reserved for patients with severe, refractory symptoms after
careful consideration of the risks associated with these
procedures.
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Ulcer disease and Helicobacter pylori
Naoki Chiba5

Introduction

Peptic ulcer disease, particularly duodenal ulcer disease, was
thought to result from gastric acid hypersecretion and pepsin
damage. Indeed Schwarz’s dictum,1 “no acid, no ulcer” is still
relevant. Peptic ulcers were thought to be caused by a variety
of factors such as smoking, stress and non-steroidal anti-
inflammatory drugs (NSAIDs) including aspirin. Therapy was
directed primarily against lowering acid production in the
stomach to permit healing of ulceration. However, the
discovery and characterization of intragastric infection with
Helicobacter pylori has revolutionized our concepts of
pathogenesis and ulcer therapy. As duodenal ulcer has long
been thought to result from an imbalance between protective
and aggressive factors in the mucosa, H. pylori can be
considered an “aggressive” factor which may tip the balance
toward mucosal damage and result in ulceration. Thus, the
assignment of an etiologic role to H. pylori does not
contradict the traditional concepts, but rather extends them.

Warren and Marshall’s seminal paper in 1983 first
identified the spiral bacterium that is now known as H. pylori,
associated with active chronic gastritis.2 Their subsequent
paper3 demonstrated an association between the gastric
infection and peptic ulcer, particularly duodenal ulcer.
H. pylori was present in antral biopsies of 100% of their
duodenal ulcer patients.

Evidence has dispelled initial skepticism of the role of this
infection as an important gastroduodenal pathogen. This
chapter reviews and presents the evidence for the etiological
role of H. pylori in peptic ulcer disease. Causes of ulcers
by agents other than H. pylori will be discussed. Lastly,
treatment of ulcer disease with an emphasis on H. pylori
eradication will be reviewed.

What is the evidence for the role
of H. pylori in peptic ulcer disease?

One approach is to determine whether “Koch’s postulates”,
which link an infectious agent with disease(s) are fulfilled.
The postulates state that the “agent (i) must be found in

patients with the disease only; (ii) must be grown outside of
the body; (iii) when inoculated into a susceptible animal,
must cause the same disease; and (iv) must be grown from
the lesions observed”.4 Many of the organisms currently
accepted as pathogens do not necessarily fit all of Koch’s
postulates. Furthermore, there is limited applicability to
chronic disease such as that caused by H. pylori infection.5 A
more applicable approach5 is to use the criteria for assessing
epidemiological evidence, as outlined by Hill.6

An early methodological review,5 concluded that there was
insufficient evidence in 1990 to establish H. pylori as a cause
of duodenal ulcer. Since then, new evidence has accumulated
and is summarized in Box 5.1.

Association of H. pylori with ulcer
disease (strength, consistency and specificity)

In this section the prevalence of H. pylori in both duodenal
and gastric ulcer patients is considered.

Duodenal ulcer

The prevalence of H. pylori in ulcer disease had been well
reviewed by Kuipers et al.,9 who identified relevant studies
published since the discovery of H. pylori in 1983. In the
decade to 1993 they found that infection with H. pylori was
present in 94·9% (95% CI 94 to 96%) of 1695 duodenal ulcer
patients studied. Borody et al. found H. pylori in 94% of 302
duodenal ulcer patients in Australia.10 Of the 14 patients
who were negative for H. pylori at the time of endoscopy,
four had taken antibiotics shortly before endoscopy and may
have had falsely negative results, and eight had NSAID-
induced ulcers. Overall, in only one of 302 patients was no
cause for duodenal ulcer identified. Thus, almost all duodenal
ulcers which were not caused by NSAIDs were attributable to
H. pylori.

A strong association by itself, does not prove causality.4,5

While the association of H. pylori with duodenal ulcer is
strong and consistent, it is not specific, since H. pylori is also
found in many patients without ulcer disease. The reasons
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why H. pylori causes disease in a minority of patients infected
with the organism are not yet known. This question remains
the subject of intense ongoing research.

Duodenal ulcers not
related to H. pylori and NSAIDs

The new millennium has seen an increase in H. pylori
negative duodenal ulcers, perhaps related to successful
treatment of H. pylori.11 Quan and Talley11 concluded that it
was difficult to accurately determine the true prevalence of
H. pylori negative ulcers because of the cross-sectional nature
of the studies. Patients could be misclassified as being H. pylori
negative if there had been recent antibiotic or bismuth use
and also if proton pump inhibitor (PPI) use had not been

stopped at least two weeks prior to testing, especially by the
urea breath test. Also, as the presence of H. pylori in the
gastric mucosa could be patchy, mucosal biopsy methods
required adequate biopsy sampling and preferably, the use of
multiple methods of H. pylori determination. Retrospective
series suffer from the inability to accurately determine
surreptitious NSAID use.

A meta-analysis of seven rigorously designed North
American duodenal ulcer studies identified that 20% of
patients in these studies had ulcer recurrence within 6
months, despite successful cure of infection and no reported
use of NSAIDs.11 In a review of similar studies, Ciociola et al.13

estimated that the prevalence of H. pylori and NSAID negative
duodenal ulcers was 22%. One American study identified
H. pylori infection in only 62% of duodenal ulcer and 44% of

Box 5.1 Evidence for role of H. pylori in peptic ulcer disease (PUD) according to Hill’s criteria

Association (strength, consistency, specificity) of H. pylori with PUD

● prevalence of H. pylori in DU ~90%, GU ~80%
● strength and consistency of association is high
● specificity is low as H. pylori seen in many without ulcers
● overall, data are supportive

Temporal relationship: does H. pylori infection precede PUD?

● self-administration of H. pylori shown to cause active chronic gastritis – fulfills one of Koch’s postulates
● but, no direct evidence that PUD is caused
● case–control study (Nomura et al.7) shows preceding H. pylori infection increases risk of DU, GU and gastric cancer
● cohort study (Sipponen et al.8), > 10% H. pylori positives developed DU over 10 years but < 1% if H. pylori negative
● thus, data are supportive

Biological gradient

● no consistent data to support higher levels of bacterial load correlate with PUD

Biological plausibility: numerous plausible pathophysiological alterations (see text) that include:

● vacA causing epithelial cell damage – not consistent
● cagA associations with disease states such as DU, gastric cancer and MALTomas – not consistent or universally seen
● elevated gastrin and acid secretion that revert to normal after H. pylori eradication
● numerous alterations in mucosal cytokines
● thus, data are supportive

Effects of interventions: outcomes following H. pylori eradication. Alterations in natural history of PUD disease with H. pylori
eradication provide the strongest evidence that H. pylori is a true pathogen. Randomized controlled trials’ data of H. pylori
eradication shows:

● DU and GU relapse effectively prevented
● DU heal with eradication of H. pylori infection alone without ulcer healing drugs
● DU heal faster when H. pylori eradicated than with ulcer healing drugs alone
● DU refractory to ulcer healing drugs can heal if H. pylori eradicated
● Re-bleeding from ulcers can be prevented
● thus, data are strongly supportive

Coherence of H. pylori data with previous epidemiological data

● consistent historical correlations between presumed H. pylori prevalence, ulcer disease prevalence, death rates and
perforations from ulcer disease

● improvements in hygiene and sanitation in industrialized nations have resulted in declining prevalence of both H. pylori and
ulcer disease

● prevalence of H. pylori infection and ulcer disease have become the same in males/females
● thus, data are supportive



gastric ulcer patients.14 No reason for these low H. pylori
prevalence rates was offered. There may be ethnic differences
in the proportion of ulcers related to H. pylori. For example in
Japan, the H. pylori negative peptic ulcer prevalence appears
to be less than 5%.11 Despite these reports that 20% or more
are non-H. pylori, non-NSAID ulcers, a report from Italy
suggested that of their patients, after careful review of H.
pylori status, NSAID ingestion and recent antibiotic use, only
0·8% (6/774) could be truly considered idiopathic.15

In an interesting, prospective population survey of 2416
Danish subjects that assessed risk factors for peptic ulcer
disease, the H. pylori negative duodenal ulcer prevalence was
13%.16 The causes of these ulcers could not be adequately
ascertained as there were so few ulcers but there were
suggestions that smoking, minor tranquilizer use and tea
consumption were possibly related.

Most duodenal ulcer recurrences after eradication of
H. pylori are related to NSAIDs17 and the role of pentagastrin-
stimulated peak acid output is unclear.18,19 Smoking has been
implicated as an important additional risk factor to H. pylori
and NSAIDs.20

Gastric ulcer

There are fewer studies on the role of H. pylori in gastric
ulcer and NSAIDs play an important role in its etiology.
H. pylori infection is diagnosed in 60–100% of gastric ulcer
patients (mean about 70%).9,21 As Thijs et al. point out,16,21

many of the earlier studies suffered methodological problems
that probably led to an underestimate of the prevalence of H.
pylori in gastric ulcer disease. Most gastric ulcers are
associated with H. pylori-related active chronic gastritis
whether or not NSAIDs are involved.21–23 However, up to 11%
may have no identifiable cause.22 The study by Nomura et al.7

also showed that prior infection with H. pylori increased the
risk that the patient may develop gastric ulcer subsequently.

Other newer drugs such as bisphosphonates 24,25 have been
found to cause gastric ulcers and there may be a synergistic
effect with naprosyn.26 Potassium supplements and
chemotherapeutic drugs such as floxuridine have also been
identified as causative agents.11

Thus, H. pylori remains an important cause of duodenal
and gastric ulcers.27 H. pylori negative ulcers are commonly
caused by NSAIDs.21 Furthermore, the proportion of H. pylori
negative ulcers increases as the overall prevalence of H. pylori
infection falls.14,28

Temporal relationship

Whether H. pylori infection precedes the development
of ulcer disease cannot be assessed by retrospective, point
prevalence studies, since it is impossible to assess
retrospectively when these patients were infected.5

Marshall 29 described three “self-administration” experiments
in humans. In these cases active chronic gastritis ensued,
fulfilling one of Koch’s postulates for at least the first step in
the development of peptic ulceration, although actual ulcer
disease did not develop.

The temporal relationship between infection with H. pylori
and the development of duodenal ulcer has been best
proved in a cohort study reported by Sipponen et al.8 Of the
321 patients with H. pylori at study entry, 34 developed a
duodenal ulcer over the next 10 years while only one of 133
H. pylori negative patients developed an ulcer.

An IgG serological nested case–control study of a group of
5443 Japanese-American men with stored sera obtained
between 1967 to 1970 demonstrated that pre-existing
H. pylori infection increased the subsequent risk of developing
either duodenal or gastric ulcer disease over a surveillance
period of greater than 20 years.7 The odds ratio (OR) for
development of ulcer was 4.0 (95% CI 1·1 to 14.2) for
duodenal ulcer and 3·2 (1·6 to 6·5) for gastric ulcer. The
relationship was statistically significant even when the ulcer
diagnosis was first made 10 or more years after the serum
sample had been obtained. A further analysis of this Hawaiian
cohort30 identified that H. pylori infected men of higher birth
order had an increased risk of gastric (OR 1·64) but not
duodenal ulcer. Those H. pylori infected men from larger
sibships (OR 2·06) and higher birth order (OR 1·67) were at
increased risk of developing gastric cancer. These data are
consistent with the hypothesis that early infection with H. pylori
increases the risk of developing gastric ulcer and cancer.

Biological gradient

Showing a higher bacterial load in the stomach of patients
with ulcers versus those without an ulcer would be good
evidence supporting a causative role.4 In biopsy studies,
there has been insufficient gastric mucosal sampling to
assess whether there was a biologic gradient present.5 It is
problematic to rely on biopsy specimens due to sampling
error. A test such as a urea breath test (UBT) may be more
useful in this regard. Ingested urea is digested by bacterial
urease activity with the labeled CO2 breakdown product
being excreted in the breath. Significant correlation has been
observed between labeled CO2 excretion in the breath and
intragastric bacterial load 31,32 and mucosal inflammation.31–33

However, there has not been consistent correlation with
endoscopic findings.31 Most of the available literature did not
find a correlation between endoscopic findings and higher
urea breath test values, and authors did not report whether
the finding of higher test results predicted the finding of a
duodenal ulcer.34–36 Thus, data supporting a relationship
between a higher load of H. pylori and ulcer development are
limited.
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Biological plausibility

H. pylori is an unique bacterium that has evolved
ecologically to survive and persist in the harsh acidic
environment of the stomach. Bacterial urease, flagellar
motility and surface adhesins appear necessary for
colonization.37 Despite the high prevalence of infection, not
all infected persons develop disease, and most remain
asymptomatic. Are there more virulent strains that predispose
to disease states? The vacuolating cytotoxin (vacA) which
causes surface epithelial cell damage and vacuolation of
epithelial cells, has not been found consistently to correlate
with disease states.37 The cagA protein is a marker of the cag
pathogenicity island of H. pylori and several studies have
determined that in developed countries, duodenal ulcers,
intestinal metaplasia, gastric carcinoma and mucosa-
associated lymphoid tissue (MALT) lymphoma are more
commonly seen in patients infected with a cagA positive
strains.37 However, this relationship is not universally seen in
patients of all ethnic origins.

If H. pylori is primarily an intragastric infection, how does
it cause ulcers in the duodenal bulb? Observations prior to
and after the discovery of H. pylori identified that patients
with duodenal ulcers had gastric metaplasia in the duodenal
bulb.38–43 This change is thought to arise as a result of
hypersecretion of acid as observed in duodenal ulcer
patients. The gastric metaplasia may 44–46 or may not47

improve after H. pylori eradication. Patients infected with
H. pylori have increased basal and stimulated gastrin release
irrespective of whether they have duodenal ulcer disease or
not.48–50 The elevated gastric acid secretion also results
in increased postprandial duodenal acid load.51 Furthermore,
H. pylori eradication52,53 or suppression54 results in normali-
zation of these gastrin levels in most subjects, with lowering
of acid secretion.48,52 However, a subset of patients with
recurrent duodenal ulcer have persistently high acid
secretion despite H. pylori eradication.55 H. pylori can
colonize islands of gastric metaplasia in the duodenum.
Numerous toxigenic factors have been identified by which
H. pylori might cause mucosal damage, although there
is no one pathophysiological factor accepted as being
pathognomonic. Adhesion of H. pylori to epithelial cells
results in elevated levels of mucosal cytokines such as
interleukin (IL)-8 which is increased in the mucosa of H.
pylori infected patients.56 CagA positive strains have higher
levels of tumor necrosis factor (TNF)-α, IL-1β, IL-6, IL-8 and
are associated with more severe inflammation (active chronic
gastritis) in the gastric mucosa.57 This T-helper subtype 1
(Th1) proinflammatory cytokine response may predominate
in ulcer disease whereas a mixed Th1/Th2 pattern
predominates in those with chronic gastritis but no ulcer.58

There may be a link between increased IL-8 and gastrin
release that is potentiated by H. pylori sonicates.59 Thus,

there are plausible multifactorial mechanisms by which
H. pylori may cause pathogenic effects.

Effects of interventions:
outcomes following H. pylori eradication

In the days before recognition of H. pylori, ulcers could be
healed but inevitably relapsed over the next year.60–65 The
most clinically relevant evidence for the role of H. pylori
comes from intervention trials in which H. pylori was
eradicated and recurrence of ulcer disease prevented.66

The first reported randomized trial in 198767 showed that
the risk of recurrent duodenal ulcer could be reduced to
virtually zero when H. pylori eradication therapy was given.
In 1988, Marshall et al.68 reported a randomized double blind
trial in duodenal ulcer patients in which more ulcers healed
and fewer ulcers recurred over 12 months with H. pylori
eradication therapy. Other important early contributions
supported these observations.69–73

Reviews of studies from 1987 to 1994 agree that the
recurrence rate for duodenal ulcer at 1 year ranges from 0 to
9% when H. pylori infection is successfully eradicated.21,74,75

There are fewer data on ulcer recurrence after periods longer
than 1 year after H. pylori eradication, but reported recurrence
rates range from 0 to 18%.75 Labenz and Börsch reported that
at 1 year, infection with H. pylori and duodenal ulcer recurred
in 2·4% and 0·8 % of treated patients, respectively.76 Longer
follow up showed no further H. pylori or ulcer recurrence at
3 and 4 years.76 Another study reported that 92% of patients
remained free of H. pylori after 7 years of follow up while
those who were H. pylori positive remained persistently
positive.77 In 15 randomized trials in which H. pylori
eradication was compared with no eradication, the ulcer
recurrence rate was 7% in patients in whom H. pylori was
eradicated versus 67% in those who remained infected.75 A
systematic review78 has shown that the median 12-month
duodenal ulcer recurrence rate is 67% if H. pylori infection
persists but is reduced to 6% if H. pylori is eradicated.
Comparable results for gastric ulcer recurrence are 59% and
4%, respectively. A more recent meta-analysis examined
studies that directly compared gastric and duodenal ulcers
and identified that for duodenal ulcer the 1-year ulcer
recurrence rate was 2% and for gastric ulcer 3% if H. pylori
was eradicated but if the infection persisted, the ulcer relapse
rate was 42% for duodenal ulcer and 39% for gastric ulcer.79

Thus, regardless of whether the patient suffers from
duodenal ulcer or gastric ulcer, successful eradication results
in cure for most patients.

Other strongly supportive data include the observations
that duodenal ulcer healed without ulcer healing drugs if
H. pylori was eradicated and that the rate of healing was
faster with H. pylori eradication. Eradication of H. pylori has
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been shown to prevent re-bleeding from ulcers as well. These
important data will be expanded in the sections below.

Coherence of the data with
earlier epidemiological information

The presumed prevalence of H. pylori infection parallels
data showing that there was a peak in ulcer disease at the end
of the nineteenth century.4 This is consistent with
epidemiological data that show that the death rate of
duodenal ulcer patients was highest in those born around
1890.80 The highest risk for ulcer perforation risks was
identified in a cohort of men born between 1900 and 1920.81

This is also the generation with the highest H. pylori
prevalence in an H. pylori seropositivity study carried out in
the UK.82 This relationship is consistent with the hypothesis
that H. pylori plays an important role in ulcer complications.

Improvements in hygiene and sanitation are associated
with a declining risk of infection, as is the case today in
industrialized nations compared with less developed
countries which still endure a poor socioeconomic status. The
number of admissions for ulcer disease has steadily declined
since the middle of the twentieth century which infers a
declining severity and prevalence of duodenal ulcer.83 This
decline parallels a declining prevalence of H. pylori infection.

While duodenal ulcer disease has long been thought to be a
disease of men, data since 1979 have shown that the prevalence
of duodenal ulcer and the death rate for men and women have
become similar.84 This is consistent with the prevalence of
H. pylori infection which is the same in both sexes.85

Treatment of duodenal ulcer

Healing of duodenal ulcer
with acid suppressive therapy

A meta-analysis86 has shown a close linear relationship
between the degree of suppression of intragastric acidity and
duodenal ulcer healing. A more complex meta-analysis of this
relationship between the duration of acid suppression and
healing led to the definition of three primary determinants
of the benefits of anti-secretory drugs: (i) the degree of
suppression of acidity; (ii) the duration of suppression of
acidity over the 24-hour period; and (iii) the duration of the
treatment.87 For duodenal ulcer, the duration of time the
intragastric acidity can be maintained at or above pH 3·0 is
the most important factor. This model identified that
maintaining intragastric pH at or above the threshold pH of
3·0 for 18–20 hours of the day predicts a 100% healing of
duodenal ulcer.87 Lesser degrees of acid suppression were
found to prolong the duration of time needed to achieve
optimal healing. Thus, these models of degree of acid

suppression help explain the results of controlled trials of
agents for healing ulcers.

Treatment of duodenal ulcer in the pre-H. pylori era was
revolutionized by H2-receptor antagonists (H2-RAs), and
subsequently, PPIs whose effects were proved in placebo-
controlled trials. Numerous methodologically sound, double
blind, randomized controlled trials using comparative healing
rates of endoscopically proven ulcers as the outcome measure,
have established that PPIs heal ulcers faster than H2-blockers
and also provide more rapid symptom relief.61,88–93 In the
chapter in the first edition of this textbook,94 a summary of the
results of 21 such randomized controlled trials60–62,88–93,95–106

was presented. Since that time, additional new studies with
similar results have been added to the literature.14,107–112

There is no proved difference in ulcer healing rates and
safety between different PPIs.109,113,114 There are direct
comparative trials of lansoprazole versus omeprazole,107,108

pantoprazole versus omeprazole109 and rabeprazole versus
omeprazole110 which showed equivalent duodenal ulcer
healing.

Maintenance therapy for
prevention of recurrence of duodenal ulcer

Although ulcers were healed effectively by acid suppressive
therapy, ulcer recurrence was almost inevitable with about
80% recurrence at 1 year once treatment was stopped.60–65

Thus, in an effort to prevent recurrent ulcers, patients were
given maintenance therapy with H2-RAs. In a large (n = 399)
2-year maintenance study of ranitidine 150 mg daily versus
placebo, ulcer symptoms remained controlled in only about
half the patients but ulcer recurrence was prevented in
83% of patients.115 This study also identified significantly
(P < 0·002) more complications such as bleeding in the
placebo arm. After a long-term follow up of 464 patients
on maintenance ranitidine, 81% remained free of symptomatic
duodenal ulcer recurrence over 9 years.64 A 1-year relapse
rate of between 20% and 30% has been identified consistently
through meta-analyses116,117 and reviews.63 Most of the
maintenance studies used suboptimal half doses of the
H2-RAs, and full ulcer healing doses were more effective
in preventing relapse.63,118,119 Ulcers treated with
tripotassium dicitrato bismuthate appeared to prolong
remission beyond that seen with H2-RAs. It has since been
suggested that this effect is, in part, due to the suppressive
effects of bismuth on H. pylori infection and its ability as a
single agent to eradicate H. pylori in around 20% of patients.120

For duodenal ulcers resistant to healing with H2RAs,
lansoprazole was more effective than placebo in maintaining
healing over 1 year when used in doses of 15 mg (70%
remission) or 30 mg (85% remission).121 The sample size
was inadequate to determine whether the larger dose was
more effective.
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Influence of H. pylori eradication
on healing of duodenal ulcer

The interval between H. pylori eradication therapy and
reassessment may influence ulcer healing data. In a cohort
study of patients given H. pylori eradication therapy it was
observed that at 1 month, 22/212 (10·4%) had persistent
duodenal ulcer. These patients were followed for another
2 months without additional ulcer healing treatment, and
ultimately only three ulcers remained unhealed for a total
healing success rate of 98·1%.122

Furthermore, duodenal ulcers heal faster when H. pylori
infection is eradicated than with acid suppressive therapy
alone using either H2-RAs68,71,73 or omeprazole.123 Ulcers
refractory to healing with conventional acid suppressive
therapy may heal with H. pylori eradication therapy69,124–127

and remain healed over a 4-year follow up period.76

In the pre-H. pylori era, it was shown that ulcers could be
healed with antibiotics alone.128–130 Similar results have been
shown in subsequent studies that aimed to heal ulcers with
anti-H. pylori antibiotic treatment alone without the need for
additional ulcer healing drugs.131–135 These findings further
emphasize the important role of H. pylori as a bacterial
pathogen.

Acid suppressive therapy need
not be continued beyond the
duration of eradication treatment

There is good evidence132,136–139 that uncomplicated, active
duodenal ulcers heal without the need to continue ulcer
healing drugs beyond the duration of eradication therapy.

There are several methodologically sound trials in which
patients all received the same eradication therapy and were
randomized to either placebo or an ulcer healing drug for a
further 2–3 weeks to test the hypothesis that continued ulcer
healing drugs were not required after the eradication
period.137,140–144 In all these studies, the ulcer healing
proportions at 4 weeks were the same regardless of whether
an antisecretory drug was continued or not. In one study, the
trend towards ulcer healing at 2 weeks was higher in patients
who continued antisecretory therapy (continued therapy
91%, placebo 76%; P = 0·14) but at four weeks all ulcers had
healed in both treatment groups.137 In another study, by
3 weeks the healing rates were 89% in the continued
omeprazole arm and 81% in the placebo arm and by 8 weeks,
the healing rates were the same.142

Duodenal ulcer complications
and effects of H. pylori

Gastroduodenal ulcer disease causes serious complications
such as bleeding in 15–20%, perforation in about 5% and
obstruction in up to 2% of affected patients.145
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A natural history study of duodenal ulcer before the
H. pylori era provided interesting data from 2119 patients.146

Of these patients, 13·5% presented with hemorrhage as the
first indication of ulcer disease. The overall mortality was
4.5% in those patients who bled and only 1% in those without
bleeding. Most deaths not due to bleeding were due to
perforation. The rebleeding rate was 13% overall versus 2%
for patients who continued on therapy with an H2-RA.

As the rate of recurrent bleeding in the past was high,
strategies for prevention of rebleeding were necessary. Two
randomized placebo-controlled trials have evaluated a
maintenance dose of ranitidine 150 mg. One trial did not
show that ranitidine reduced rebleeding. However, the study
lacked statistical power.147 The other trial148 showed a
significantly reduced risk of rebleeding, (ranitidine 9%,
placebo 36%; absolute risk reduction (ARR) 27%, number
needed to treat (NNT) 4). However, the maintenance H2-
blocker arm still carried a rebleeding risk of nearly 10% and
half the episodes were asymptomatic. The risk of rebleeding
did not diminish over time, as those patients on placebo were
at continuous risk of rebleeding over the 3-year follow up
period.

The prevalence of H. pylori infection in bleeding duodenal
ulcers appears to be lower than in non-bleeding ulcers.149,150

For bleeding gastric ulcers, 10% of patients were neither
infected with H. pylori nor taking NSAIDs.145

Currently, it is accepted that eradication of H. pylori leads
to a reduction in ulcer recurrence and hence prevents
recurrent bleeding. In observational and cohort studies,
patients with H. pylori eradication had a rebleeding rate of
less than 3·5% per year, while those with persistent H. pylori
infection exhibited re-bleeding rates of 50% at 1 year151 and
82% at 4 years.152 There was also evidence from randomized
placebo-controlled trials that eradication of H. pylori
prevented the risk of recurrent duodenal ulcer bleeding. In
patients with a bleeding duodenal ulcer and persistent
H. pylori infection, the rate of ulcer rebleeding ranged from
7% to 37% per year. However, if H. pylori was eradicated, the
rebleeding risk was very low (Table 5.1). The trial
reported by Lai et al.150 did not show a significant reduction of
rebleeding when the data were analyzed according to the
study arm, perhaps because therapeutic endocopy was carried
out in all patients. However, only 5% of the patients who
were H. pylori negative post-treatment had rebleeding,
compared with 29% of patients who remained H. pylori
positive (P = 0·003). In the recent study reported by Arkkila
et al.153 223 patients were randomized to receive eradication
therapy in the form of quadruple therapy (n = 88) or dual
therapy (n = 88) or to omeprazole only (n = 47). The authors
presented the rebleeding data over the 1-year follow up
according to whether the patient was H. pylori positive or
negative after acute treatment and not according to the initial
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arm of randomization. Thus in Table 5.1, the data under
“H. pylori eradication” corresponds to those that were
H. pylori negative after treatment and the ‘no therapy’ arm to
those who were still H. pylori positive. The overall rebleeding
rate in this study was lower than in the other studies.

A Cochrane review of this topic has recently been
published.161 In this meta-analysis the mean percentage of re-
bleeding in the H. pylori eradication group was 4·5% and in
the non-eradication group without subsequent long-term
maintenance antisecretory therapy 23·7% (odds ratio (OR)
0·18, 95% CI 0·09 to 0·37).

There are three controlled trials that compared H. pylori
eradication with maintenance acid suppressive therapy. In
one of these the allocation of patients to the two interventions
was not randomized155; the other two were randomized
trials.156,157 Although these trials were generally better
designed than the placebo-controlled trials, and included
larger numbers of patients, the rebleeding rates were
nevertheless low in all studies, and they did not show

Ala

Ala statistically significant differences between the treatment
groups. There is the possibility of a type II error. However, all
studies agreed that if H. pylori infection was eradicated,
recurrent bleeding was not seen even without maintenance
therapy. The pooled rebleeding rate in the ranitidine arms of
the three trials was 5·6%.155–157 In the Cochrane review of
these studies,161 the mean percentage of rebleeding in the
H. pylori eradication group was 1·6%, and in the non-eradication
group with long-term maintenance antisecretory therapy it
was 5·6% (OR 0·25, 95% CI 0·08 to 0·76).

In a study of a somewhat different design, Liu et al.
investigated the role of different long-term maintenance
therapies after healing of bleeding ulcers and successful
H. pylori eradication.162 Patients were assigned to 16-week
maintenance treatment with: (i) 15 ml antacid four times daily;
(ii) colloidal bismuth subcitrate 300 mg four times daily; (iii)
famotidine 20 mg twice daily; or (iv) placebo twice daily.
During the mean follow up of 56 months, there was
no ulcer recurrence and no H. pylori reinfection. Thus, after
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Table 5.1 Summary of Helicobacter pylori eradication and ulcer bleeding recurrence rates

Bleeding ulcer recurrence rate (%) after H. pylori eradication v no maintenance therapy

H. pylori Follow up
Reference eradication No therapy (months) P value ARR (%) NNT

Open/cohort studies
Jaspersen et al.151 3·4 (n = 29) 50 (n = 4)a 12 – 47 2
Macri et al.152 0 (n = 21) 81·8 (n = 11)b 48 < 0·002 82 1

Randomized controlled trials 
Graham et al.154 0 (n = 17) 28·6 (n = 14) 12 0·031 29 3
Jaspersen et al.158 0 (n = 29) 27·3 (n = 22) 12 < 0·01 27 3
Labenz et al.159 0 (n = 42) 37·5 (n = 24) 12 0·01 38 3
Rokkas et al.160 0 (n = 16) 33 (n = 15) 12 0·018 33 3
Lai et al.150 10 (n = 60) 20 (n = 60) 60 0·2 10 10
Arkkila et al.153 1 (n = 167)c 7 (n = 43)c 12 0·03 6 17

Bleeding ulcer recurrence rate after H. pylori eradication v ranitidine maintenance therapy

Reference H. pylori eradication Ranitidine maintenanced Follow up (months) P value

Non-randomized controlled trial 
Santander et al.155 2·3 (n = 84)e 12·1 (n = 41) 12 < 0·001

Randomized controlled trials
Riemann et al.156 4·2 (n = 47)f 8·3 (n = 48) 24 0·29
Sung et al.157 0 (n = 97) 3·0 (n = 99) 12 0·08

aOpen study with one rebleed after successful eradication and 50% rebleeding with persistent infection. 
bCohort study of patients given eradication therapy, then H. pylori positive and negative followed for 48 months. 
cThree arm study, two different eradication arms v omeprazole, rebleeding data given only for whether H. pylori negative or positive
at study end.
dMaintenance therapy with ranitidine 150 mg daily.
eThese two patients who rebled were reinfected with H. pylori. 
fBoth patients that rebled were H. pylori negative but were on NSAIDs.
ARR, absolute risk reduction; NNT, number needed to treat



H. pylori eradication is achieved, there is no need for any
maintenance therapy.

All studies agree that H. pylori eradication significantly
reduces the rebleeding rate and hence H. pylori should be
looked for and eradicated if identified.

Perforation

There are few data available concerning the role of
H. pylori infection in other complications such as ulcer
perforation. A controlled trial involving 60 patients undergoing
simple closure of perforated duodenal ulcer demonstrated a
significant (P < 0·05) benefit for decreasing complications of
peptic ulcer disease with postoperative cimetidine treatment.163

This study did not consider the role of H. pylori infection.
NSAID use increases the risk of ulcer perforation by a factor of
5 to 8.164 Separate relative risks for duodenal and gastric ulcers
are not known. In 80 patients presenting with acute perforated
duodenal ulcer, the prevalence of H. pylori infection by
serology was only about 50%, approximately equal to that in a
control group, and NSAIDs were frequently the cause of the
perforation.165 More recent studies using biopsy-based methods
of H. pylori detection have shown a higher H. pylori prevalence
of 73%166,167 to 80% or more in perforated duodenal ulcer
patients.168–170

A case series of H. pylori positive patients with perforated
peptic ulcer demonstrated that after H. pylori eradication,
there was no need for re-operation and no mortality after a
median 44 month follow up.167

There are two randomized trials of H. pylori eradication in
patients with perforated peptic ulcer.166,171 In a Hong Kong
study, patients with perforated duodenal ulcer were initially
treated with simple closure.171 The prevalence of H. pylori was
81% and these 99 patients were randomized to receive
eradication therapy or 4 weeks of PPI alone. After 1 year, the
rate of ulcer relapse was 38% in patients treated with
omeprazole alone and 5% in those who received anti-
Helicobacter therapy.171 Kate et al. followed 202 patients
for 2 years after simple closure of a perforated duodenal ulcer
and also retrospectively reviewed the records of 60 patients.166

In the prospective study, patients were randomized to receive
ranitidine alone or ranitidine quadruple eradication therapy. In
patients in whom H. pylori was eradicated, the risk of recurrent
ulcer was between 4% and 28% and the authors did not report
any subsequent perforations. Thus, there is now good
evidence to recommend the use of H. pylori eradication in
infected patients with a perforated ulcer. 

Obstruction

The prevalence of this complication may be as low as
0·5%, and the strength of evidence for this rare complication
is restricted to case reports172,173 and observational
studies.174,175 The prevalence of H. pylori in patients with
pyloric obstruction ranges from 45% to 90%,176 with a mean
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value of 69% reported in one review.176 Gastric outlet
obstruction seems to improve following H. pylori eradication
in most reports,172,173,174 and in combination with balloon
dilatation of the pylorus in some reports.174

Treatment of gastric ulcer

Healing of gastric ulcer
with acid suppressive therapy

Gastric ulcer healing rates with H2-RAs in the pre-H. pylori
era were 3–43% at 2 weeks, 54–70% at 4 weeks, 82–92% at
8 weeks and 89–94% at 12 weeks.177 Thus gastric ulcer take
4–8 weeks longer to heal than duodenal ulcer. There are no
important differences in healing rates between various H2-RAs.
However, PPIs have been shown to produce higher healing
rates than H2-RAs in several randomized trials.177–180 An early
meta-analysis177 demonstrated that the most important
determinant of healing was duration of treatment. A later
meta-analysis, comparing omeprazole and ranitidine in healing
gastric ulcers demonstrated more rapid and complete healing
with more potent acid suppression.178 Another meta-
analysis in which the rates of gastric ulcer healing were
expressed as ulcers healed per week, showed that PPI
(represented by omeprazole) healed gastric ulcers 24% faster
than other agents.181 A more recent update suggested that
rabeprazole, pantoprazole or lansoprazole showed better
improvement in the clinical symptoms when compared with
omeprazole.182 However, healing of gastric ulcer with
pantoprazole183 and rabeprazole184 was comparable to that
with omeprazole.

Maintenance therapy for prevention
of recurrence of gastric ulcer 

Maintenance therapy with H2-RAs (cimetidine, ranitidine,
famotidine, nizatidine) in half standard dose at night, has
been shown to reduce the risk of symptomatic recurrence in
1 year to 6·7–36% compared with a rate of 49–76% without
therapy.63 A PPI (omeprazole, lansoprazole, pantoprazole) in
standard dose once daily reduced the recurrence of gastric
ulcer to only 4.5% over 6 months.185

A randomized trial demonstrated that lansoprazole in
doses of 15 mg and 30 mg prevented recurrence of healed
gastric ulcer in 83% and 93% of patients over a 12-month
period (P < 0·001). 186

Effect of H. pylori eradication on
healing and recurrence of gastric ulcer

Eradication of H. pylori speeds gastric ulcer healing in
6 weeks to 84·9% compared with a rate of 60% in patients
with persistent H. pylori infection (P = 0·0148).187 A larger
more recent study has shown that almost all gastric ulcers can
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be healed if H. pylori is eradicated compared with 60–70%
healing if the infection persists.188

Eradication of H. pylori infection has been shown in
randomized controlled trials to reduce the recurrence rate of
gastric ulcers, although there are fewer available data than is the
case for duodenal ulcer.21,72,75,189–193 Two studies are
particularly noteworthy in which gastric ulcers were healed by
H. pylori eradication therapy alone, without the continued
administration of an antisecretory drug for ulcer healing.191,194

H. pylori eradication almost eliminates gastric ulcer recurrence,
while persistently infected patients have a relapse rate of about
50%.74,75 Labenz and Börsch reported that at 1 year, H. pylori
recurred in 3·4% of patients, while gastric ulcer recurrence was
not observed.76 Longer follow up showed no additional H. pylori
infection or ulcer recurrence at 3 and 4 years.76

H. pylori eradication therapy

Antibiotic regimens

The evolution of H. pylori eradication treatment has been
rapid. It was determined early on that this infection was easy to
suppress but difficult to cure. Thus, if the patient were tested
too early following completion of a course of an eradication
treatment, the organism would be “cleared” but be falsely
identified as having been eradicated. A time interval of at least
4 weeks after the end of eradication treatment was identified as
the minimum necessary to define eradication.120,195

The first meta-analysis of H. pylori eradication regimens120

established that single antimicrobial agents were insufficient
to eradicate H. pylori. A later review identified clarithromycin
as a drug that can eradicate H. pylori infection in up to 54% of
patients when given alone. However, resistance can rapidly
develop, and its use as a single agent is not recommended.196

Combinations of two antimicrobials were found to result in
improved eradication rates but the best regimens were
“bismuth triple therapies”.120 The best regimen in 1992
was triple therapy with bismuth, metronidazole and
tetracycline (BMT) which was superior to triple therapy with
bismuth, metronidazole and amoxicillin.75,120,197 However,
this combination was felt to be too cumbersome, and more
“user friendly” PPI-based therapies emerged.

Because the literature is extensive, background materials
and reviews will be summarized and only very recent data
about effects of new therapies and treatment of eradication
failures will be discussed.

Proton pump inhibitor-based
combination therapies

The PPIs are potent acid suppressing agents that effectively
heal duodenal and gastric ulcers and provide prompt
symptom relief. They may have a synergistic effect with
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antimicrobials by providing an optimal intragastric pH
milieu.198,199 They also have some direct suppressive effects
on H. pylori.200 Thus, there is good rationale to use these
agents as part of an H. pylori eradication regimen.

PPI dual therapy

PPI plus amoxicillin A dual therapy with omeprazole and
amoxicillin enjoyed a brief period of popularity. Overall
efficacy in several reviews and meta-analyses was of
the order of 60% and results were not consistent. Therefore
this regimen was not recommended as standard
therapy.75,196,197,201–204 However, one potential advantage
with an amoxicillin regimen is that H.pylori rarely becomes
resistant to amoxicillin. Thus, this dual regimen could be
administered more than once. Some experts suggest that high
doses of PPI with amoxicillin may be effective in treatment
failures. This does not appear to be dependent on the
presence of CYP-2C19 genetic polymorphisms.205 Results
though are not consistent – in an American study, Malaty
et al. found that even very high doses of omeprazole (40 mg
thrice daily) or lansoprazole (60 mg thrice daily) with
amoxicillin 750 mg thrice daily for 14 days was ineffective.206

Another study comparing omeprazole 20 mg twice daily plus
amoxicillin 750 mg thrice daily versus omeprazole 40 mg
thrice daily with amoxicillin 750 mg thrice daily for 2 weeks
found that the higher doses were not more effective than the
standard doses.207 Present data do not suggest that higher
doses of PPI with amoxicillin would be more effective.

Gisbert et al. carried out a meta-analysis of rabeprazole-
based therapies in H. pylori eradication.208 Results with
rabeprazole and amoxicillin were similar to those reported for
omeprazole and amoxicillin. 

PPI plus clarithromycin With the identification of
clarithromycin as the most effective single therapy,209 it
came to be used in dual therapy regimen with omeprazole.
This combination gave more consistent and reliable results
than omeprazole and amoxicillin dual therapy. However, the
eradication rate with this regimen was only about 70%.197,201,204

Two weeks of therapy with relatively high doses of clarithromycin
500 mg twice daily to thrice daily were required. The
increased cost of this regimen detracted from its usefulness.197

More importantly, the high rate of development of
clarithromycin resistance in patients with treatment failure
may preclude its re-use as part of an H. pylori eradication
regimen.210 Thus, any regimen that uses clarithromycin should
have the best possible efficacy for eradication to prevent
development of secondary clarithromycin resistance.210

Other PPI dual therapies

One study used rabeprazole with levofloxacin for either
5, 7 or 10 days and found low eradication rates of 50–70%
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while the eradication rate with triple therapy with
rabeprazole, amoxicillin and levofloxacin was 90%.211

PPI triple therapy

Better eradication rates were achieved with regimens
which combined a PPI with two anti-microbials. The first
regimen known as the Bazzoli regimen,212 used omeprazole
20 mg once daily, clarithromycin 250 mg twice daily and
tinidazole 500 mg twice daily for 1 week and achieved 100%
efficacy. A meta-analysis of relevant trials suggested that this
was the most effective therapy.197 Many subsequent trials
using omeprazole, lansoprazole or pantoprazole have
demonstrated that the PPI-based triple therapies are
consistently superior to dual therapies.197 Meta-analyses of
rabeprazole triple therapies show similar efficacy.208 Patients
in whom treatment failed with omeprazole and amoxicillin
dual therapy can be effectively treated with triple
combinations of omeprazole, amoxicillin and either
metronidazole or clarithromycin with eradication rates of
84–94%.213 The first large randomized placebo-controlled
eradicaton trial was the Metronidazole, Amoxicillin,
Clarithromycin, H. pylori, 1-week therapy (MACH 1)
study.214 While this study was criticized for having only one
test of H. pylori eradication after treatment, the regimens
identified as being the most effective have stood the test of
time and are recommended by most consensus conferences as
first-line therapy.215–218 The most effective 1 week, twice daily
regimens in the MACH 1 study were: (i) omeprazole 20 mg,
clarithromycin 500 mg and amoxicillin 1 g or (ii) omeprazole
20 mg, clarithromycin 250 mg and metronidazole 400 mg.218

Studies with similar efficacy for analogous regimens were
reported using lansoprazole219–227 or pantoprazole-based triple
therapies.197,228–231 Laine reviewed triple therapy with
esomeprazole, clarithromycin and amoxicillin and identified
that a 7-day regimen yielded 86–90% eradication rates in
duodenal ulcer patients in studies in Europe and Canada but
in the USA, even 10 days appeared to be slightly less
successful (77–78%).231 Thus, overall, esomeprazole
triple therapies were considered to have comparable success
to other PPI triple therapies.

Rabeprazole-based triple therapies were exhaustively
reviewed in a meta-analysis by Gisbert et al. and comparable
regimens gave similar results.208 This held true for similar
regimens using different PPI in head-to-head comparisons.208,232

A subsequent head-to-head randomized trial compared
rabeprazole or omeprazole with clarithromycin and
metronidazole or amoxicillin (RCM, OCM, RCA, OCA – four
arms) and found that the choice of PPI did not materially
influence the overall eradication rate.233 Another direct
comparative study of rabeprazole or lansoprazole with
clarithromycin and amoxicillin found that the rabeprazole
triple therapy was significantly more effective (88%) than the
lansoprazole (78%) in intention to treat analysis, and the
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eradication rate of clarithromycin resistant strains was low for
both therapies.234

A meta-analysis designed to determine whether there are
differences in eradication rates among PPIs in PPI triple
therapies 235 yielded the following observations: cure rates
were similar for omeprazole and lansoprazole (75% v 76%),
omeprazole and rabeprazole (78% v 81%), omeprazole and
esomeprazole (88% v 89%), and lansoprazole and rabeprazole
(81% v 86%). They concluded that the various PPI had
similar effectiveness when used for H. pylori eradication in
standard triple therapy. Similar results were reported in
another systematic review.236 Another review reported that
rabeprazole, omeprazole and lansoprazole triple therapies all
gave comparable results.208

Most experts recommend that one of the PPI, clarithromycin
and amoxicillin (PPI-CA) regimens be used as first-line therapy
rather than a PPI, clarithromycin and a nitroimidazole
regimen because of the higher prevalence of H. pylori
imidazole resistance compared with clarithromycin resistance.
However, in comprehensive meta-analyses, no difference in
efficacy between these two regimens was found.237,238

Also, one study found that the PPI-CA regimen gave slightly
lower eradication with more frequent adverse effects (38%)
compared with PPI, clarithromycin and metronidazole
(PPI-CM) (20%, P < 0·05).239

These twice daily, 1-week regimens are well tolerated with
few patients discontinuing therapy due to drug intolerance. A
meta-analysis did not show any difference in efficacy between
a lower dose of clarithromycin (250 mg twice daily) versus the
conventional 500 mg twice daily dose in combination with a
PPI and metronidazole.240 Patients treated with the lower dose
had only half the incidence of adverse effects.241 While
the smaller dose of clarithromycin may be adequate for many
patients, consensus groups have advocated the 500 mg twice
daily dose for consistency and to avoid possible confusion and
prescribing errors. For PPI-CA combinations, the larger
clarithromycin dose of 500 mg twice daily was found to be
superior to the 250 mg twice daily dose.240

Another triple therapy regimen with PPI, amoxicillin and
metronidazole was generally less effective than the PPI,
clarithromycin and amoxicillin (PPI-CA) and PPI-CM
regimens in head-to-head trials.188,214,227

Some declining efficacy In the new millennium, data
show that these PPI-based triple therapies are not quite as
effective as some years ago. For example a randomized trial in
Canada in 2003 compared esomeprazole versus omeprazole
with metronidazole and clarithromycin for 7 days and found
that eradication rates were now only 76% and 72%,
respectively 242 whereas in the 1996 MACH 1 study, the
observed eradication rate for the same regimen was 90%.243

Unfortunately, this study did not assess H. pylori antibiotic
resistance.
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Optimum duration of PPI triple therapy Original
recommendations were for a 1-week treatment course.
American data suggested that longer 10–14 day therapy was
necessary, however a recent study using rabeprazole,
amoxicillin and clarithromycin found equivalent eradication
rates with 7-day and 10-day treatment regimens.244 More
recently with the apparent decline in treatment success, even
the Maastricht 2 consensus guidelines recommend that
treatment should be given for a minimum of 7 days.215 In one
study that used lansoprazole, clarithromycin and amoxicillin
to eradicate H. pylori the eradication rate was 75% with
1 week and 86% with 2 weeks of therapy but this difference
was not statistically significant.245

Calvet et al. 246 carried out a meta-analysis of 13
randomized studies that directly compared different durations
of treatment to determine the optimal treatment duration for
triple therapy. They found that 10–14 day therapies were
better than 7-day therapies and when direct comparisons
were made in randomized trials 14 days was better than
7 days with a therapeutic gain of 7–9%. Cost
effectiveness analysis of the different durations of treatment
was carried out in relation to two basic strategies: UBT
carried out in all patients post-treatment or UBT carried out
only if symptoms relapsed.247 The costs in Spain (low cost
model) and USA (high cost) were estimated. For either follow
up strategy, the 7-day regimen had lower costs. In sensitivity
analyses, the 10-day regimens would have to be 10–12%, and
the 14-day regimen 25–35% more effective than 7-day
regimens for the longer duration therapies to become cost
effective in Spain. For the USA, the corresponding figures were
3–5% and 8–11%, respectively. Thus, even though the longer
durations are more effective, in terms of economic evaluation,
the shorter duration appear to be more cost effective.

Influence of antibiotic
resistance on PPI triple therapies

Nitroimidazole (i.e. metronidazole, tinidazole) A meta-
analysis in 1997 of H. pylori eradication rates with a variety of
regimens in nitroimidazole-resistant and sensitive strains248

revealed that the efficacy of PPI with nitroimidazole and
amoxicillin or clarithromycin, was significantly reduced from
93% in sensitive strains to 69% in resistant strains. A regimen
of PPI, nitroimidazole and amoxicillin was less effective
(64%) than the corresponding regimen with clarithromycin
(76%) for nitroimidazole-resistant stains. For sensitive
strains, both regimens were very effective with eradication
rates of 92–93% and the duration of therapy did not influence
eradication success.

The MACH 2 study, published after this meta-analysis was
carried out, carefully evaluated antibiotic resistance and
determined that baseline metronidazole resistance reduced the
efficacy of the omeprazole, clarithromycin, metronidazole
(OCM) triple therapy from 95% to 76%.249,250 A similar
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reduction in efficacy of about 15% was reported in a
lansoprazole study.227 Importantly, the MACH 2 study also
showed that the addition of omeprazole, with its potent acid
suppression helped partially to overcome metronidazole
resistance. When baseline metronidazole resistance was
present, clarithromycin and metronidazole alone was
successful in only 43% of cases, but with the addition of
omeprazole the efficacy improved to 76%. For metronidazole-
sensitive strains, the eradication rate with the antibiotics alone
was 86% and the addition of omeprazole improved the
eradication rate only slightly to 95%.249 In the MACH
studies, the dose of metronidazole was 400 mg twice daily,
slightly lower than the 500 mg twice daily available in Canada.
However, a meta-analysis has shown these two doses are
similar in effectiveness.251 The higher metronidazole dose
may be better on theoretical grounds, since higher doses may
be more effective against resistant H. pylori strains.252

Amoxicillin allergy is common and a contraindication for
the use of the PPI-CA regimen. Since this regimen does not
contain metronidazole, there is rationale for using it in
patients with suspected or documented metronidazole-
resistant strains.253

Resistance to clarithromycin There is no doubt that the
primary determinant of treatment failure is resistance to
clarithromycin (macrolides). Laine et al. summarized the data
for esomeprazole, amoxicillin and clarithromycin and
determined that for clarithromycin-sensitive strains, the
eradication rate was 89% but for clarithromycin-resistant H.
pylori, the eradication rate was much reduced to 45%.254

After treatment with this triple therapy, clarithromycin
resistance developed in 33% (2/6) of patients, compared with
85% (23/27) after treatment with esomeprazole and
clarithromycin dual therapy. Even worse eradication success
for clarithromycin-resistant strains was reported by Murakami
et al.234 In patients treated with rabeprazole or lansoprazole
with amoxicillin and clarithromycin, the eradication success
for clarithromycin-sensitive strains was 98% and 89%,
respectively, but for clarithromycin-resistant strains, the
eradication rates were 8·1% and 0%, respectively.234

Other studies have also shown that PPI triple therapies
containing clarithromycin are ineffective in the presence of
clarithromycin resistance.255

For patients treated with PPI-CA triple therapy, the primary
determinant of treatment failure has been found to be
clarithromycin resistance with minor if any influence of CPY-
2C19 genetic polymorphism.256,257 For clarithromycin-sensitive
strains, the eradication rate was 97% versus 6% (1/16) for
resistant strains256 in one study and in another, the
corresponding rates were 86% versus 24%, respectively.257

The rate of acquired clarithromycin resistance was found
to be 88·9% (8/9) in patients treated with PPI clarithromycin
dual therapy while with PPI-CA or PPI-CM triple therapies
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these rates were 38·7% (12/31) and 90·0% (9/10),
respectively (P < 0·01).258 Murakami et al. suggested that
amoxicillin-containing regimens may help prevent acquired
clarithromycin resistance.258

Other factors affecting success of eradication

Wermeille et al.259 treated 78 patients with 1 week
lansoprazole, clarithromycin, amoxicillin (LCA) and overall
eradication success by intention to treat analysis was only
65·4% (95% CI 54.8 to 76·0%). The eradication rate in “good
compliers” was 69·6% (95% CI 58·7 to 80·5%). They
found that presence of an ulcer, age, sex and smoking habits
did not differ significantly between the patients in the
eradicated and non-eradicated groups. They concluded that
while poor compliance and bacterial resistance were
important factors in determining treatment success, these
reasons only explained 40% of failures.

Broutet and colleagues reported a retrospective analysis
using individual patient data from triple therapy eradication
studies carried out prior to 1999 in France in order to identify
risk factors for H. pylori eradication failure.260 The key finding
was that failure of eradication was more frequent in patients
diagnosed with functional dyspepsia than in those with
duodenal ulcer (34% v 22% failure: P < 0·01). This result is
consistent with another literature review.261 However, in
another review, for PPI-CA triple therapy, the same
eradication rate was seen in peptic ulcer and functional
dyspepsia patients.262 Broutet found that for duodenal ulcer
patients, eradication failed more often in smokers and 10-day
was more effective than 7-day therapy.260 Better eradication
rates were observed in patients over 60 years of age.

A very comprehensive meta-analysis by Fischbach et al.
showed differences in success of eradication among patients
of different ethnic origins263 with the highest success
observed in patients in northeast Asia. Populations where
there was a high prevalence of childhood H. pylori infection
and with high drug resistance were characterized by lower
treatment success.

Proton pump inhibitor is an essential
component of triple therapy regimens

There is evidence to support the view that the PPI is a
necessary component of triple therapies to achieve optimal
eradication rates.250,264,265 In one such study, all patients were
given 1 week clarithromycin 250 mg and tinidazole 500 mg
twice daily and were randomized to receive either no
omeprazole, omeprazole 20 mg once daily or omeprazole 20
mg twice daily. The eradication rates were higher in the
omeprazole groups (omeprazole once daily 88%, twice daily
89%, placebo 64%; ARR for twice daily omeprazole v anti-
biotics alone 0·25, NNT 4).264 In the omeprazole groups,
22 patients who harbored metronidazole-resistant strains of
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H. pylori were cured by the omeprazole regimen, providing
further evidence that the addition of the PPI may help
overcome metronidazole resistance. Another study treated
ulcer patients with once daily clarithromycin 500 mg,
tinidazole 1 g and either placebo or lansoprazole 60 mg and
found that the antibiotics alone eradicated H. pylori in 39% of
patients, but the addition of the PPI increased the eradication
success to 72%.135 Laine pooled results from three American
studies of duodenal ulcer patients treated with amoxicillin,
clarithromycin and either placebo or omeprazole and showed
that eradication with antibiotics alone was achieved in 39% of
patients, but if omeprazole was added, the eradication rate
was improved to 84%.134 In another study, the cure rate
was significantly higher for omeprazole, clarithromycin and
amoxicillin (82%) than for clarithromycin and amoxicillin
without the PPI (18%) and for omeprazole, clarithromycin
and metronidazole the cure rate was 67%, only slightly better
than the 59% cure rate observed with clarithromycin and
metronidazole alone.266 This study showed that the impact of
the PPI was much more significant in improving the
eradication efficiency with clarithromycin and amoxicillin
triple therapy.

Proton pump inhibitor twice
daily dosing is recommended

A meta-analysis found that the eradication rates
with double doses of PPI were 83·9% compared with 77·7%
with single doses of PPI (OR 1·51, 95% CI 1·23 to 1·85;
P < 0·01).267 An earlier study that compared once daily
omeprazole, metronidazole and amoxicillin (35% success),
omeprazole, metronidazole and azithromycin (65%) and
omeprazole, metronidazole and clarithromycin found that
78% could be eradicated with the last regimen.268 A more
recent trial comparing lansoprazole, clarithromycin and
tinidazole either as standard doses twice daily or double doses
once daily, found that the once daily dosing was less
effective.135 Thus, there is little evidence to suggest that PPI
triple therapy should be given less than twice daily. 

Comparison of H2-receptor antagonists
with proton pump inhibitors in triple therapies

Graham et al. carried out a meta-analysis of studies that
directly compared an H2-RA with a PPI and two antibiotics.269

They identified a total of 12 studies with 1415 patients. The
pooled estimate of efficacy was similar for the two strategies:
(H2-RAs 78%, PPIs 81%; OR 0·86, 95% CI 0·66 to 1·12). The
PPI and H2-RA appeared to be similarly effective adjuvants for
H. pylori triple eradication therapy.269 However, another
meta-analysis led to the conclusion that PPI-based triple
therapies were more effective than H2-RA-based regimens.270

This systematic review included more studies22 with
2374 patients. The pooled estimate of efficacy was 74% (95%
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CI 71 to 76%) for the PPIs and 69% (95% CI 66 to 71%) for
the H2-RA triples (OR 1·31, 95% CI 1·09 to 1·58). With these
data, it seems reasonable to continue using the PPIs rather
than H2-RAs as the antisecretory drugs in combination
regimens.

Triple and quadruple bismuth-based therapies

In the first meta-analysis published in 1992, triple therapy
with BMT was more effective than triple therapy with bismuth,
metronidazole and amoxicillin.75,120,197 However, the
large number of pills required and relatively long 2-week
duration of treatment affected compliance adversely. Poor
compliance (< 60% of pills) led to only 69% eradication
success compared with 96% in patients who take > 60% of
pills.271 Later meta-analyses demonstrated that 1 week of
therapy was as effective as 2 weeks.75,193,204 The greater
number of adverse effects suffered with bismuth triple
therapies leads to more treatment discontinuation than is
observed with PPI triple therapies193 or PPI-BMT quadruple
therapy.272 In patients who harbor a metronidazole-resistant
H. pylori infection, eradication efficacy was reduced to
58–64% compared with 86–89% for metronidazole-sensitive
strains.193,248

PPIs have been used in combination with the traditional
bismuth triple therapy. This quadruple regimen resulted in
high eradication rates (80–90%) with 1 week of
treatment197,204,273,274 and was superior to bismuth triple
therapy without a PPI. There have been studies using
omeprazole,255, 275–278 lansoprazole,279,280 pantoprazole272,281–283

and rabeprazole284,285 as the PPI in these quadruple therapies.
Most of the regimens were given four times daily.

PPI-BMT versus PPI-CA

Published studies that have directly compared these
regimens are summarized in Table 5.2. A variety of different
PPIs have been used, and the trials showed that the
PPI-BMT regimens were as effective as the PPI-CA triple
therapies.255,272,277,278,279 There appeared to be no real
difference in adverse events with the PPI-BMT quadruple
therapy compared with the gold-standard PPI-triples. Also the
proportions of patients who discontinued drugs due to
adverse effects was very small with both regimens. Thus, PPI-
BMT should be considered an alternative first-line therapy.

Attempts to improve compliance

New triple BMT capsule The major drawback of this
quadruple regimen is that it generally requires four times
daily dosing with at least 18 pills. One recent trial using a
three times daily regimen showed that this approach may be
efective.277 Adverse events are generally mild, but frequent
enough that they may impair compliance. Most patients can
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complete the treatment if counseled about possible adverse
effects, and treatment discontinuation is infrequent (see
Table 5.2).

Recognizing the difficulty of taking so many pills, an unique
capsule has been developed that contains bismuth biskalcitrate
140 mg (as 40 mg Bi2O3 equivalent), metronidazole 125 mg
and tetracycline 125 mg (Helizide; Axcan Pharma, Mont
Saint-Hilaire, Quebec, Canada). In an observational study,
three of these capsules taken four times daily with
omeprazole 20 mg twice daily for 10 days was successful for
eradication in 93% of patients by intention to treat analsysis
and 97% by per protocol analysis.286 The eradication rate
of metronidazole-resistant and metronidazole-sensitive strains
was 93% and 95%, respectively. This capsule was also
evaluated in a quadruple therapy regimen and compared with
the gold standard PPI-CA triple therapy in a randomized
controlled trial; this therapy was well tolerated with an
adverse event rate comparable with PPI-CA and eradication
results were equal.255

Is twice daily dosing with PPI-BMT effective? Another
attempt to improve compliance and tolerability has been to
use the PPI-BMT regimen twice daily. Earlier pilot studies
reported modest eradication rates of 71–78% using 1 week of
omeprazole-BMT twice daily287,288 and 70% with 10 days of
lansoprazole-BMT (LBMT).289 The latter study showed that
this LBMT regimen was 90% effective for metronidazole-
sensitive strains, and 41% for resistant strains.289 These three
studies all used bismuth subsalicylate as the bismuth
compound.

More recently, two Italian studies reported excellent
results 290,291 with a regimen consisting of omeprazole 20 mg,
tetracycline 500 mg, metronidazole 500 mg and colloidal
bismuth subcitrate caplets 240 mg all twice daily with the
noontime and evening meals for 14 days. This regimen differs
from others described above in the bismuth compound used,
the dosing at lunch and supper and the longer 14-day
duration. In the first study, in 118 dyspeptic patients of whom
76 were treated for the first time (naive) and 42 had
experienced two or more treatment failures (salvage) the
regimen was well tolerated, with 95% compliance and 3%
dropout due to side effects. The eradication rates were 95%
and 98% by intention to treat analysis and per protocol
analysis, respectively.290 There was no difference in the
eradication rates between naive and salvage patients. The
second study using the same drug regimen included data from
the first 42 patients in a total of 71 patients who had failed at
least two prior attempts at eradication with a PPI triple
regimen.291 In this study, the eradication rates were 93% and
97% by intention to treat and per protocol analyses.291 The
regimen was well tolerated with trivial adverse effects. 

A slightly different quadruple therapy was also evaluated in a
twice daily regimen.292 Treatment with omeprazole 20 mg,
amoxicillin 1 g, tinidazole 500 mg and bismuth subcitrate
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240 mg all twice daily (OATinB) for 7 days was slightly less
effective than the PPI-ACM regimen described below in the
promising regimens section, with observed eradication rates in
43 patients of 84% and 86% by intention to treat and per
protocol analysis.

Quadruple (PPI-BMT) therapy is effective even with
nitroimidazole resistance PPI-BMT therapy may be
effective for treatment failures, and even metronidazole-
resistant strains may be successfully eradicated.255,272,293 In
van der Wouden et al.’s meta-analysis, the only regimen that
was not affected by metronidazole resistance was PPI,
bismuth, nitroimidazole and tetracycline for at least 7 days.248

Adding a PPI is responsible for this effectiveness in
metronidazole-resistant strains. In the trial reported by by
Katelaris et al.,272 patients were treated with pantoprazole
with BMT (PBMT) for 7 days or BMT without a PPI for 14
days. In this trial, the eradication of metronidazole-resistant
strains was more frequent with PBMT than with BMT (PBMT
81%, BMT 55%; P < 0·02). Futhermore, the drugs were
discontinued by 9% of patients receiving the BMT 14-day
regimen compared with 3% for the PBMT 7-day regimen.

As clarithromycin resistance significantly reduces the efficacy
of clarithromycin-containing triple therapies, it is noteworthy
that OBMT eradication rates were not significantly different
between clarithromycin-sensitive and resistant strains.255

PPI-BMT in treatment failures

Observational studies

Patients in whom triple therapy with PPI, clarithromycin
and amoxicillin had failed were treated with pantoprazole 40
mg twice daily, colloidal bismuth sulfate (CBS) 120 mg four
times daily, tetracycline 500 mg four times daily, and
metronidazole 500 mg thrice daily for 7 days.281 The H. pylori
eradication rate was 82% (95% CI 75 to 88%), treatment was
well tolerated and major adverse effects were not observed.
No differences in eradication success were observed in
relation to underlying disease, i.e. whether the patient had
peptic ulcer or functional dyspepsia.281

Patients in whom ranitidine bismuth citrate (RBC)-based
regimens had failed were treated with OCA for a week and
eradication success was 68%.294 Those who failed to
respond to OCA were given quadruple therapy (omeprazole
20 mg twice daily, bismuth subcitrate 120 mg, tetracycline
500 mg and metronidazole 400 mg four times daily)
with 71% (5/7) success. Of those treated previously with
clarithromycin containing regimens, OCA was 58% (11/19)
successful, while quadruple therapy was 83% (5/6) successful.
The numbers of patients are too small to permit definite
conclusions, but quadruple therapy appears to be somewhat
effective despite repeated failures of clarithromycin-based
therapies. B4

B4

B4

Alc

C4

Direct comparative
trials/systematic reviews (Table 5.3)

The study by Peitz et al.295 compared second-line therapy
with OCA and OBMT. While neither regimen was particulary
effective, OBMT was superior (68% eradication) to OCA
(43%) as second-line therapy. When failures of the second line
treatment were treated with the alternative agent, the
observed eradication rates were 50% for OBMT and 16% for
OCA. Thus, while overall treatment success was only modest,
OBMT had limited efficacy.

Two systematic reviews concluded that PPI-BMT was
superior to an alternative PPI-based triple therapy for second-
line therapy and thus remained the treatment regimen of
choice.296,297

Ranitidine bismuth citrate regimens

Ranitidine bismuth citrate
plus clarithromycin dual therapy 

RBC is a new chemical entity, which incorporates bismuth
and citrate into the ranitidine molecule and has been
specifically developed for H. pylori eradication. RBC
combination therapies have recently been comprehensively
reviewed.299 When combined with clarithromycin, eradication
rates were 55–96% by intention to treat analysis.299 The
optimal dose of clarithromycin was found to be 500 mg twice
daily.299 Although the twice-daily regimen is convenient, the
longer 2 week duration of therapy makes this treatment more
costly than some others. A randomized trial comparing 1
week and 2 weeks of therapy with RBC did not show a
statistically significant difference in effectiveness between
these regimens.300 Bardhan et al. treated patients with
RBC, clarithromycin and either metronidazole (triple) or
placebo (dual therapy) and observed eradication rates of 93%
and 84%.301 In a recent randomized trial 1-week ranitidine
bismuth citrate-clarithromycin (RBC-C) eradication was
observed in 66% of patients compared to 78% of patients
treated with OCA triple therapy.302 The dual
combination of RBC with clarithromycin was not effective
against clarithromycin-resistant H. pylori.303

RBC triple regimens

A triple regimen with RBC, clarithromycin and a
nitroimidazole (either metronidazole or tinidazole) and triple
therapy with RBC, clarithromycin and amoxicillin were
equally effective in 71–94% (mean 82–84%) of patients.299

One week was as effective as 2 weeks for either treatment.299

There was a slight trend towards more adverse effects
with longer duration of treatment.304

Some head-to-head trials of RBC versus PPI triple therapies
have also been done, and good results with both regimens have
been reported299,304–311 for both H. pylori eradication and ulcer
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healing.299,304 Two meta-analyses suggested that for RBC or PPI
with clarithromycin and amoxicillin the efficacy was comparable,
but the RBC triple therapy appeared to be more effective
when combined with clarithromycin and a nitroimidazole.238,312

Randomized trials directly comparing RBC-CM and PPI-CM
have shown that the RBC-CM regimen is better,309,313 particularly
for metronidazole resistant strains.313

When patients who failed treatment with a PPI,
clarithromycin and amoxicillin were treated with RBC,
tetracycline and tinidazole for 2 weeks eradication was
achieved in 82% of patients.314 In another study patients who
failed first-line treatment with PPI-CA were randomized to
receive one of three RBC regimens.315 RBC, amoxicillin and
tinidazole was more effective than RBC, clarithromycin and
tinidazole, and RBC, amoxicillin and clarithromycin
(eradication rates 81%, 62% and 43%, respectively). 

RBC may overcome antibiotic resistance

RBC in vitro appears to act synergistically in combination
with other antibiotics against metronidazole316,317 and
clarithromycin-resistant H. pylori strains.318 In addition, RBC
may decrease the emergence of metronidazole resistance.316 In
clinical trials of RBC, clarithromycin and metronidazole301,319,320

and RBC, clarithromycin and amoxicillin,321 baseline
metronidazole resistance did not appear to impair treatment
efficacy. The impact of metronidazole resistance is less clear for
RBC, tetracycline and metronidazole triple therapy. Lower
efficacy in the presence of metronidazole resistance was
reported in one trial (eradication rate: metronidazole-sensitive
97%, metronidazole-resistant 57%) 321 but not in two other
trials from Hong Kong.320,322 Unfortunately, sales of this drug
were low, and it has been withdrawn from almost all markets
worldwide. Thus, while an effective drug, it is for practical
purposes, unavailable.

New regimens

Numerous new regimens have been explored and are
summarized in Table 5.4.

Promising regimens

Furazolidone Furazolidone is an older, inexpensive anti-
biotic that may be effective in areas of high metronidazole
resistance, although it may not be available in all markets. A
large scale Chinese trial has shown that when furazolidone
100 mg twice daily was used in triple therapy with
omeprazole and amoxicillin, eradication can be achieved in
86% of patients.323 Two other furazolidone regimens were
slightly less effective. RBC in combination with furazolidone
100 mg twice daily and either amoxicillin or tetracycline was
also very effective (eradication rates of 82–85%).324 In Iran
where baseline metronidazole resistance is said to be high, a

Ala

Ald

Ald

Alc

quadruple regimen of omeprazole, amoxicillin, bismuth
subcitrate and furazolidone or clarithromycin also produced
high eradication rates of 84% and 85%, respectively.325 In a
study326 in which relatives of patients with gastric cancer were
screened and offered treatment for H. pylori if found, the
enrolled patients were randomized to receive once daily doses
of lansoprazole 30 mg, clarithromycin 500 mg and
furazolidone 200 mg or 400 mg for 1 week. The eradication
rate observed with the triple therapy regimen that used the
400 mg dose of furazolidone was 87%. This once daily
regimen was well-tolerated and relatively inexpensive.

Fluoroquinolones Levofloxacin regimens appear to be
promising. The first report by Cammarota et al. showed that
levofloxacin, amoxicillin and rabeprazole, and levofloxacin,
tinidazole and rabeprazole triple therapies were both very
effective with observed eradication rates greater than 90%.327

A subsequent randomized controlled trial confirmed this high
rate with levofloxacin, amoxicillin and rabeprazole triple
therapy for 1 week.211

A fluoroquinolone, moxifloxacin used by itself or with
lansoprazole was not effective, but a regimen consisting of
lansoprazole 30 mg once daily, clarithromycin 500 mg twice
daily and moxifloxacin 400 mg once daily, produced an
eradication rate of 90% in an observational study in 40 Italian
patients.328 Further confirmatory data are required.

Sequential therapy Zullo et al. carried out a randomized
controlled trial in 1049 dyspeptic Italian patients331 who were
randomized to receive either sequential therapy for a total of
10 days, (5 days with rabeprazole 40 mg once daily and
amoxicillin 1 g twice daily followed by 5 days with
rabeprazole 20 mg, clarithromycin 500 mg and tinidazole
500 mg twice daily) or triple therapy with rabeprazole 20 mg,
clarithromycin 500 mg and amoxicillin 1 g twice daily for
1 week. Sequential therapy was more effective than the
standard therapy regimen (eradication rates: sequential 92%,
standard 74%; P < 0·0001). A subsequent study of the
same sequential therapy regimen compared two different
doses of clarithromycin, 250 mg (low dose) versus 500 mg
(high dose). Both doses were very effective with eradication
rates of 92–95%.332

PPI or RBC with amoxicillin, clarithromycin and
metronidazole for 5 days A 5-day regimen of rabeprazole
20 mg, amoxicillin 750 mg, clarithromycin 200 mg and
metronidazole 250 mg (RACM) all twice daily was more
effective than the control RCA, 1-week triple therapy in a
RCT in 80 Japanese patients (eradication rates: RACM 93%,
RAC 81%).329 Serious adverse events were not observed
and compliance was excellent. An earlier study by the same
group used the same regimens for 5 days and the observed
eradication rates were 94% for RACM and 80% for RAC.333
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Table 5.4 “New” H. pylori eradication regimens: what’s hot in the new millenium!

Eradication rate (%)

Reference N Diagnosis Treatment/duration ITT PP Comments

PPI-BMT (See also Table 5.3 for PPI-triple v PPI-BMT studies)
Laine et al.255 138 DU OBMT 10 days 88 93 RCT, North America

137 DU OAC 7 days 83 87 “Single triple” capsule of BMT 

Other quadruple therapies
Nagahara et al.329 80 GU, DU or RACM 5 days 93 95 RCT, Japan

80 NUD RCA 7 days 81 82

Treiber et al.330 83 Mixed LACM 5 days 89 94 RCT, Germany
80 RanACM 5 days 89 90
80 L 5 days + ACM day 3–5 81 86

Furazolidone
Xiao et al.323 219 NUD or OMC 7 days 65 66 RCT, China

229 healed DU OFuraC 7 days 69 69
225 OFuraA 7 days 86 87
219 BFuraC 7 days 78 80

Lu et al.324 60 NUD or RbcFuraA 7 days 82 85 RCT, China
60 healed DU RbcFuraT 7 days 85 91

Fakheri et al.325 55 DU OABC 14 days 85 90 RCT, Iran
63 OABFura 14 days 84 90

Coelho et al.326 40 Asymptomatic LCFura400 7 days 87 87 Relatives of gastric cancer
39 relatives LCFura200 7 days 61 61 patients, once daily doses

Fluoroquinolone regimens (levofloxacin and moxifloxacin) 
Cammarota et al.327 50 Mixed LevoAR 7 days 92 92 RCT, Italy

50 LevoTR 7 days 90 90

Di Caro et al.211 40 Mixed LevoAR 7 days 90 90 RCT, Italy
40 LevoR 5 days 50 50 Dual therapy no good
40 LevoR 7 days 70 70
40 LevoR 10 days 65 65

Di Caro et al.328 40 Mixed Moxi 7 days 22 22 RCT, Italy
40 MoxiL 7 days 33 33
40 MoxiCL 7 days 90 90

Sequential therapy
Zullo et al.331 522 Mixed RA 5 days then 92 95 Sequential therapy, total 10 days

RCTin 5 days
527 RAC 7 days 74 77 Multicenter Italian study

Hassan et al.332 75 DU RA 5 days then 95 97 RCT, Italy, total 10 days treatment
RC500Tin 5 days

77 RA 5 days then 92 96 Arms differed in C dose
RC250Tin 5 days

ITT, intention-to-treat; PP, per protocol; analysis; RCT, randomized controlled trial; GU, gastric ulcer; DU, duodenal
ulcer patients; NUD, non-ulcer dyspepsia; Mixed, H. pylori positive patient of any diagnosis; L, lansoprazole;
R, rabeprazole; O, omeprazole; Rbc, ranitidine bismuth citrate; Ran, ranitidine; A, amoxicillin; C, clarithromycin;
Tin, tinidazole; B, bismuth compound; M, metronidazole; T, tetracycline; Levo, levofloxacin; Moxi, moxifloxacin;
Fura, furazolidone



The results with a similar regimen used for a short
duration was reported from Germany.330 Patients were
randomized to receive quadruple therapy with lansoprazole
30 mg twice daily, amoxicillin 1 g twice daily, clarithromycin
250 mg twice daily and metronidazole 400 mg twice daily
for 5 days (LACM5), ranitidine 300 mg twice daily with the
same antibiotics (RanACM), or lansoprazole for 5 days but
the antibiotics for the 3-day period from the third to the fifth
day (LACM3). The observed eradication rates were excellent
and not statistically significantly different (89%, 89% and
81%, respectively). In the original trial of this regimen
reported in 1998 in which omeprazole with the same
antibiotics (OACM) for 5 days was compared with OCM
for 7 days eradication rates of 90% were observed with each
regimen.334

Earlier reports with similar regimens have yielded
remarkably consistent results. With lansoprazole Neville et al.
observed a better eradication rate with LACM (88%) than
with LCM (81%) or LCA (59%) triple therapy regimens.335 In
this study, the baseline metronidazole resistance rate was
52%. Catalano randomized patients to receive a regimen
consisting of either omeprazole or RBC as the anti-secretory
drug for 5 days and and the ACM antibiotic combination for
only the three days period from days 3 to 5 or to one of the
standard triple therapy regimens of OCA and RBC-CA.336 The
observed eradication rates with these regimens were OACM
89%, OAC 82%, RBC-ACM 95% and RBC-CA 78%. An
observational study of a similar regimen using omeprazole,
amoxicillin, clarithromycin and tinidazole all twice daily for
4 days eradicated H. pylori in 88% of patients (91% by per
protocol analysis).337 Another observational study of this
regimen in which roxithromycin was substituted for
clarithromycin and treatment was given for 7 days reported a
92% eradication rate in 169 patients.338

This PPI-ACM regimen for 5 days consistently has resulted
in eradication rates of 89–95% compared with rates of
59–90% for the control 1-week triple therapies. Further trials
of this regimen are clearly warranted, especially as a strategy
for treatment failures.

Less promising regimens

Azithromycin does not appear to be a very useful drug for
H. pylori eradication. When it was used in place of
clarithromycin as part of a quadruple therapy regimen, a
lower eradication rate was observed.339 Azithromycin is
usually given for 5 days even when the other drugs are given
for 7 days. The combination of omeprazole, amoxicillin and
azithromycin in France, yielded an eradication rate of only
38%, substantially less than the observed OCA rate of 72% or
OCM rate of 61%.340 In other studies where azithromycin
was used for only 3 days, eradication success was
suboptimal.341–343
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Alternative agents

Fish oil (eicosapen) contains ω-3-fatty acids which have been
shown to have anti-H. pylori bacteriostatic effects. However,
replacing metronidazole with eicosapen is ineffective.344

Pronase, a mucolytic agent with no antibacterial effect on
H. pylori, added to lansoprazole, amoxicillin and metronidazole
significantly improved the eradication rate to 94% compared
with 77% (P = 0·004) observed with the LAM triple therapy
alone.345 Regimens adding pronase deserve further study.

A few studies have evaluated the effects of probiotics
such as Lactobacillus GG,346,347 Saccharomyces boulardii347 or a
combination of Lactobacillus and bifidobacteria347,348 as
adjuvant therapies for H. pylori treatment. Two studies346,347

showed no difference in H. pylori eradication rates when the
probiotic was used, but adverse effects of eradication therapy
such as diarrhea and taste disturbances were reduced. Only
one study using Lactobacillus and bifidobacteria showed that
the addition of the probiotics improved the eradication rate.348

Second-line/eradication failure treatments

There are now numerous regimens summarized in 
Table 5.5 that have shown efficacy for treatment failures.

In patients who have failed initial therapy, successive
therapies are always more difficult. The most studied and
consistently effective regimen is quadruple therapy with PPI,
bismuth compound, nitroimidazole and tetracycline for
7–14 days as discussed above. One drawback is that in some
countries bismuth compounds are not available. Such is
the case in Japan. However, rabeprazole, amoxicillin and
metronidazole triple therapies may be an effective rescue
regimen in that country.349,350 Some of the RBC triple regimens
have been found to be very effective, but as the drug is
essentially unavailable, this information is of little practical use.

Rifabutin regimens

Rifabutin containing regimens have emerged as strong
contenders for treating eradication failures. The regimen has
been studied in Italy where a randomized trial has shown that
a larger dose of rifabutin 300 mg daily is more effective than
150 mg daily when used in combination with pantoprazole
and amoxicillin for 10 days.282 This triple regimen was more
effective (87%) than pantoprazole-BMT quadruple therapy
(67%), the most commonly recommended salvage therapy.

This observed eradication rate was apparently better
than the 71% eradication rate observed in 41 patients treated
in the pilot study.351 This regimen requires further study. In
another small pilot study of a triple therapy regimen of
rifabutin 150 mg, amoxicillin 1 g, and lansoprazole 30 mg all
twice daily for 1 week a relatively low eradication rate of 72%
(86% by per protocol analysis) was observed.352 In an
observational study in only 14 patients who had failed two
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courses of therapy, the first with PPI-CA and the second with
either PPI or RBC-BMT, third-line therapy with omeprazole,
amoxicillin and rifabutin 150 mg twice daily for 14 days was
successful in 79% of patients.353 A drawback to rifabutin
is that it is an expensive drug and not readily available.

In a randomized trial in China rifabutin combined with
levofloxacin (another promising new drug) and rabeprazole
was compared with rabeprazole-BMT quadruple therapy for

B4

7 days.285 This triple therapy regimen is very simple, as both
levofloxacin and rifabutin are given only once daily. The
eradication rate was 91% with both regimens. Even in
patients-resistant to both metronidazole and clarithromycin,
the observed eradication rates were 85% (17/20) with the
triple therapy and 87% (13/15) with the quadruple therapy
regimen.285 Thus, these are both promising regimens for
treatment failures.
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Table 5.5 Regimens for treatment failures

Eradication rate (%)

Failed
Reference N Design regimen(s) Treatment/duration ITT PP Comments

PPI-BMT (See also Table 5.3 for PPI-triple v PPI-BMT studies)
Dore et al.291 71 Open 2 or more PPI OBMT twice daily 93 97 Dosed at lunch and supper

triples 14 days 

Other quadruples 
Chi et al.355 50 RCT OAC OBAT 7 days 78 89 RCT

50 OBAM 7 days 58 67

Georgopoulos 49 RCT OAC OBMT 7 days 84 89 RCT 
et al.356 46 OBMC 7 days 59 64

Perri et al.282 45 RCT PPI triples or PARifa150od 10 days 67 68 Fewer AE than PBMT
45 RbcC PARifa300od 10 days 87 87 (9–11% v 47%)
45 PBMT 10 days 67 73 Effective in both MR and CR

Wong et al.285 56 RCT PPI or Rbc LevoRifaR 7 days 91 91
53 triple(s) RBMT 7 days 91 92

Perri et al.283 59 RCT OCA RbcAT 7 days 85 86 PPI-BMT remains good
58 LevoAP 7 days 63 66
55 PBMT 7 days 83 91

Nista et al.284 70 RCT RCA LevoAR 10 days 94 94 Levofloxacin triple therapies 
70 LevoTinR 10 days 90 90 better than RBMT quadruple
70 RBMT 7 days 63 69
70 RBMT 14 days 69 80

Lin et al.357 78 Open Bismuth triple LBAC 7 days 83 84

Isakov et al.358 35 RCT Not given BTFura 7 days 86 91 All had MR strains 
35 OBMT 7 days 74 90

PPI triples
Isomoto 63 RCT LAC RA 14 days 59 66 RCT
et al.349 60 RAM 7 days 82 88

Murakami 92 Open PPI-AC RAM 7 days 88 91 Better if MS 97%, MR 82% 
et al.350

Zullo et al.354 36 Open 2 or more LevoAR 10 days 83 88
failures

Wong et al.359 50 Open PPI or Rbc OFuraA 7 days 52 53 Overall poor, if MS and CS
triple(s) eradication was 88%

ITT, intention-to-treat; PP, per protocol; O, omeprazole; L, lansoprazole; P, pantoprazole; R, rabeprazole; Rbc, ranitidine bismuth
citrate; B, bismuth compound; M, metronidazole; T, tetracycline; A, amoxicillin; C, clarithromycin; Levo, levofloxacin; Rifa, rifabutin;
Fura, furazolidone; Tin, tinidazole; MR, metronidazole resistant; MS, metronidazole sensitive; CR, clarithromycin resistant;
CS, clarithromycin sensitive; AE, adverse events; RCT, randomized controlled trial



Levofloxacin regimens

The combination of levofloxacin, amoxicillin and
rabeprazole was identified as a promising regimen above.
Indeed this regimen, as well as a similar, levofloxacin,
tinidazole and rabeprazole triple therapy were both very
effective in treatment failures with observed eradication rates
of 90% or more.284 When these new triple therapies were
compared against the present standard rabeprazole quadruple
therapy (RBMT) treatment failure regimen for either 7 to
14 days, the observed eradication rates for the quadruple
therapies were only 63–69%.284 Not only were the triple
therapies more effective, the adverse effects were significantly
less frequent than were observed in the RBMT 14 day group.
In another study, even after patients had failed 2 or more
previous standard regimens, the levofloxacin, amoxicillin and

Ald

rabeprazole triple therapy regimen for 10 days was effective
in 83% of patients.354 In a similar study in which
pantoprazole was used instead of rabeprazole with
levofloxacin and amoxicillin for one week the observed rate
of eradication was only 63%.283 While the choice of PPI does
not seem to make much difference for other regimens, the
consistent better performance of the rabeprazole regimens is
interesting and randomized trials comparing PPIs in
combination with levofloxacin and amoxicillin are needed.

Furazolidone regimens

A regimen combining omeprazole, amoxicillin and
furazolidone was largely ineffective with an observed
eradication rate of only 52%. If antibiotic sensitivity testing
can be done, this regimen is 88% effective against strains that
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Box 5.2 H. pylori eradication treatment recommendations 2004

Recommended first line therapies

PPI or RBC triples
● PPI or RBC twice daily + clarithromycin 500 mg twice daily + amoxicillin 1 g twice daily for 7 days
● PPI or RBC twice daily + clarithromycin 500 mg twice daily + metronidazole 500 mg twice daily for 7 days

PPI–BMT
● PPI twice daily + colloidal bismuth citrate or bismuth subsalicylate 2 tabs four times daily, metronidazole 250–500 mg four

times daily, tetracycline 500 mg four times daily for 7 days
● PPI–BMT twice daily: PPI twice daily + colloidal bismuth subcitrate 2 tabs twice daily, metronidazole 500 mg twice daily and

tetracycline 500 mg twice daily, at noon and supper with the meal for 14 days 

Promising first-line therapies (Table 5.4)

Levofloxacin triples
● LAR: Levofloxacin 500 mg once daily, amoxicillin 1 g twice daily and rabeprazole 20 mg once daily for 7 days
● LTR: Levofloxacin 500 mg once daily, tinidazole 500 mg twice daily and rabeprazole 20 mg once daily for 7 days

Sequential therapy
● RA + RCT: Rabeprazole 40 mg once daily and amoxicillin 1 g twice daily for first 5 days, then rabeprazole 20 mg,

clarithromycin 500 mg and tinidazole 500 mg twice daily for 5 more days

PPI–ACM for 5 days
● PPI twice daily, amoxicillin 750 mg to 1 g twice daily, clarithromycin 250 mg twice daily and metronidazole 500 mg twice daily

Recommended for treatment failures

PPI–BMT: PPI twice daily + colloidal bismuth citrate or bismuth subsalicylate 2 tabs four times daily, metronidazole 250–500 mg
four times daily, tetracycline 500 mg four times daily for 14 days

Promising (Table 5.5)

● PPI–BMT twice daily: PPI twice daily + colloidal bismuth subcitrate 2 tabs twice daily, metronidazole 500 mg twice daily and
tetracycline 500 mg twice daily, at noon and supper with the meal for 14 days

● BTFura: Colloidal bismuth subcitrate 240 mg twice daily, tetracycline 750 mg twice daily and furazolidone 200 mg twice daily
for 7 days

● LevoRifaR: Levofloxacin 500 mg once daily, Rifabutin 300 mg once daily, Rabeprazole 20 mg twice daily for 7 days
● PARifa: Pantoprazole 40 mg twice daily, amoxicillin 1 g twice daily, and rifabutin 300 mg once daily for 10 days
● LevoAR: Levofloxacin 500 mg once daily, amoxicillin 1 g twice daily and rabeprazole 20 mg twice daily for 10 days
● LevoTinR: Levofloxacin 500 mg once daily, tinidazole 500 mg twice daily and rabeprazole 20 mg twice daily for 10 days

PPI, proton pump inhibitor: omeprazole 20 mg, lansoprazole 30 mg, pantoprazole 40 mg, esomprazole 40 mg or rabeprazole 20 mg. In regimens
where a specific PPI is given, this reflects the study data although in practice, all could probably be used interchangeably.
RBC, ranitidine bismuth citrate



are still sensitive to metronidazole and clarithromycin.359

However, in clinical practice, antibiotic sensitivity testing
after the first failure is impractical. Also, the probablity that H.
pylori would still be susceptible to both antibiotics after
treatment failure is fairly small. However, another small
observational study with furazolidone quadruple therapy did
show some promise. Patients who failed on an initial regimen
of clarithromycin, metronidazole, and acid suppression with
or without amoxicillin were treated with a quadruple therapy
regimen of lansoprazole, bismuth, metronidazole and
tetracycline with only 39% success.360 These treatment
failures were next treated with lansoprazole, bismuth,
tetracycline and furazolidone 200 mg twice daily for 1-week
and surprisingly, eradication was observed in nine of 10
patients.

When patients who had metronidazole-resistant H. pylori
by agar dilution358 were randomized to receive bismuth,
tetracycline and furazolidone 200 mg twice daily (BTF), or
OBMT the observed eradication rates were 86% versus 74%
(P = NS). However, the study may have lacked power to show
a significant difference if one existed. Patients treated with the
BTF regimen experienced fewer adverse effects than those
treated with OBMT (31 v 0%; P = 0·03). Thus, furazolidone
may be an excellent substitute for metronidazole.

Summary

Helicobacter pylori is an important cause of ulcer disease
and is accepted as a definite pathogen that fulfills almost all of
Hill’s criteria for causation. In the new millennium, ulcers
not caused by H. pylori or non-steroidal anti-inflammatory
drugs appears to be on the increase. The older data from the
pre-H. pylori era have become important again as there may
be little to offer these patients for ulcer healing and
prevention of recurrence other than continuous acid-
suppressive therapy. For those with H. pylori infection,
eradication is important to facilitate ulcer healing, reduce
ulcer relapse and prevent complications such as recurrent
hemorrhage. Eradication of H. pylori heals ulcers without
the need to continue ulcer healing drugs, heals refractory
ulcers and also results in faster ulcer healing than occurs
with traditional acid-suppressive therapy. The presently
recommended first-line therapies include triple therapy with
either PPIs, or RBC with clarithromycin and amoxicillin or
metronidazole, or quadruple therapy with a PPI, bismuth
compound, metronidazole and tetracycline (Box 5.2). First-
line therapy should be for 7–10 days, and for treatment
failures, 10–14 days of treatment are recommended. With
emerging antimicrobial resistance, first line therapies may not
be quite as effective as in the recent past. Many promising
new regimens are continuing to be developed to treat these
eradication failures (see Box 5.2).
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Non-steroidal anti-inflammatory
drug-induced gastroduodenal toxicity
Alaa Rostom, Andreas Maetzel, Peter Tugwell, George Wells

6

Introduction

In 1999, when the first edition of this textbook was
published, evidence from non-clinical and early clinical
trials suggested that the gastrointestinal safety of the
newer cyclo-oxygenase-2 (COX-2) selective non-steriodal
anti-inflammatory drugs (NSAIDs) may be such that a
fundamental change in the clinician’s choice from the use
of standard NSAIDs with a gastroprotective agent to
monotherapy with a COX-2 selective NSAID (COX-2
inhibitors) was on the horizon. Indeed in Canada alone the
number of NSAID prescriptions overall rose from 9·8 million
in 1999 to 13·1 million in 2001. This increase was
predominantly due to a rise in the number of prescriptions of
COX-2 inhibitors from 1·9 million in 1999 to 7·7 million in
2001. Over the same time period the number of standard
NSAID prescriptions fell from 7·9 million to 5·4 million
suggesting that the rise in the use of COX-2 inhibitors was
not only due to clinicians switching patients from standard
NSAIDs to COX-2 inhibitors, but also due to the use of COX-
2 inhibitors in patients who were previously not receiving
conventional NSAIDs. Overall, the cost of these COX-2
inhibitor prescriptions rose from one-third to three-quarters
of the annual cost of NSAID prescriptions, which in 2001
amounted to Can$467 million out of Can$620 million
(Canadian Compuscript, IMS Health).

Background

NSAIDs including aspirin (ASA) are important agents in
the management of patients with a variety of arthritic and
inflammatory conditions.1 Additionally, ASA is important in
the treatment and prevention of both myocardial infarction
and stroke.2–5 The efficacy of these agents is well described,
making NSAIDs among the most frequently used medications
with an estimated world market in excess of US$6 billion
annually.6

NSAIDs including ASA cause a variety of gastrointestinal
adverse effects, which are associated with excess use of
healthcare resources at a substantial cost.7 Minor adverse
effects such as nausea and dyspepsia are relatively common,
but these clinical symptoms correlate poorly with serious
adverse events.8,9 Although, endoscopic ulcers, occurring
with or without symptoms, can be documented in as many as
40% of chronic NSAID users,10 serious NSAID-induced
gastrointestinal toxicities are much less common.9 Due to the
vast numbers of individuals using these drugs, however, they
have been linked directly to over 70 000 hospitalizations and
over 7000 deaths annually in the USA alone.11 NSAID use
can also add significantly to the morbidity and mortality of
chronic arthritic conditions. Among rheumatoid arthritis
patients who are chronically using NSAIDs, the chance of
hospitalization or death due to a gastrointestinal event is
about 1·3–1·6% per year,11 accounting for about 2600 deaths
and 20 000 hospitalizations each year.1 These figures have led
some to suggest that NSAID toxicity is among the “deadliest”
of rheumatic disorders.11

The serious gastrointestinal adverse effects such as
hemorrhage, perforation or death occur collectively with an
incidence of about 2% per year in an average patient
population.9 The relative risk of upper gastrointestinal
hemorrhage or perforation with NSAID use varies in the
literature from 4·7 in hospital-based case–control studies to
2·0 in cohort studies.12–14 Gabriel et al. in a meta-analysis of
16 studies found that non-ASA NSAIDs were associated with
a 2·7-fold increased risk of serious gastrointestinal events
resulting in hospitalization.15 Similarly, Langman et al. found
that ASA and non-ASA NSAID use increased the risk of
bleeding peptic ulcer 3·1-fold and 3·5-fold, respectively.16 In a
recent large prospective cohort study of 126 000 patients
conducted over 3 years, MacDonald et al. found that NSAIDs
increased the risk of any adverse gastrointestinal event 3·9-
fold, similar to the findings above. However, NSAIDs
appeared to raise the risk eight-fold, when only hemorrhage
or perforation were considered,17 a level which is sufficiently
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high as to imply causation. Armstrong et al. found that 60% of
235 consecutive patients presenting with a significant peptic
ulcer complication were taking NSAIDs, and nearly 80% of all
ulcer-related deaths occurred in NSAIDs users.18

NSAIDs have also been linked to a variety of other
gastrointestinal adverse effects including pyloric stenosis,
small bowel ulcerations, strictures, lower gastrointestinal
bleeds, and the exacerbation of colitis.6,19–21 Some experts
suggest that the most effective means to prevent NSAID-
induced gastrointestinal toxicity is to discontinue the use of
the NSAID, or to substitute an analgesic which does not exert
gastrointestinal adverse effects in its stead.22 This approach is
clearly not always feasible, since a large proportion of NSAID
users rely heavily on these medications, and a delicate
balance exists between the therapeutic benefits and the risks
of these drugs.23

NSAIDs inhibit the enzyme cyclo-oxygenase (COX). This
enzyme exists in two isoforms: COX-1 and COX-2. It is felt
that NSAIDs exert their therapeutic anti-inflammatory and
analgesic effects through the inhibition of inducible COX-2,
whereas their gastric and renal adverse effects arise from
the inhibition of the constitutive COX-1 isoform.24,25 The
antiplatelet effect of NSAIDs including ASA is mediated
through inhibition of the COX-1 isoform. It has been
recognized for some time that different NSAIDs have differing
propensities toward gastroduodenal toxicity,17 and recently it
has been proposed that those NSAIDs with the greatest affinity
for COX-1 are associated with the highest risk of
gastrointestinal toxicity. As a result of these observations, there
has been a rapid development of new NSAIDs with increasing
COX-2 selectivity, with claims of retained anti-inflammatory
and analgesic activity, but with little gastrointestinal toxicity.

A great deal of variability exists in the literature regarding
the criteria by which an NSAID is classified as COX-2
selective and for the techniques used to make this
determination. The most accepted technique involves
determination of the COX-2 IC50 to COX-1 IC50 ratio (a
ratio of the concentrations of the drug that results in 50%
inhibition of the COX-2 and COX-1 iso-enzymes) through a
whole blood assay. A value below one indicates greater
affinity for COX-2 inhibition than COX-1 inhibition. The
lower the value, the greater the COX-2 selectivity. However, a
ratio below one does not guarantee COX-2 selectivity in
clinical practice, since other factors are at play such as the
COX-2 selectivity at target tissue like the gastric mucosa, and
the effect of clinically used dosages of the drug on its COX-2
selectivity (i.e. an agent may be COX-2 selective only at
subtherapeutic doses). Also, the reported COX-2 to COX-1
IC50 ratios for the available COX-2 selective NSAIDs differ
from one report to another.

In this chapter the results of the original Cochrane
Collaboration systematic review of NSAID prophylaxis,26,27

and the recently completed COX-2 inhibitor gastrointestinal
safety meta-analysis performed for the Canadian Coordinating
Office for Health Technology Assessment (CCOHTA) will be
summarized.28 We will discuss the risk factors for NSAID-
induced gastrointestinal toxicity, including the current
evidence for the role of Helicobacter pylori as a possible
coexistent risk factor. We will then compare the possible
strategies for the prevention of NSAID-related gastrointestinal
toxicity among patients who require chronic NSAID use.

Risk factors for NSAID-related
gastrointestinal toxicity

Several studies, meta-analyses and reviews have addressed
the issue of risk factors for NSAID-induced gastrointestinal
toxicity. Increasing age (> 65 years), previous peptic ulcer
disease (PUD) with or without previous hemorrhage, and
comorbid medical illnesses, particularly heart disease, have
been consistently shown to increase the risk of an adverse
gastrointestinal event among patients on long-term NSAID
therapy.9,11,13,15,29–33 Using multiple logistic regression to
adjusts for risk factors simultaneously, Silverstein et al.
found that among patients on chronic NSAIDs with none of
these risk factors, only 0·4% developed a serious adverse
gastrointestinal event at 6 months, whereas 9% of patients
with all three risk factors experienced such an event.9 Other
risk factors have also been identified (Box 6.1). High doses
of NSAIDs and the use of multiple NSAIDs increase the risk
of adverse outcomes, as do the combined use of NSAIDs
with corticosteroids, ASA, or warfarin.32,34 Specific NSAIDs
(Table 6.1), and in some studies female sex are also associated
with an increased risk of gastrointestinal toxicity.30–32,35–38

The newer COX-2 specific NSAIDs, are reported to cause
gastrointestinal toxicity less frequently, and will be discussed
at the end of this chapter.
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Box 6.1 Risk factors for NSAID
gastrointestinal toxicity

● Age > 60 years
● Previous peptic ulcer disease
● Underlying medical conditions
● Concomitant corticosteroid use
● Concomitant anticoagulant therapy or ASA
● High dose of NSAID or multiple NSAIDs
● Type of NSAID
● Duration of NSAID use/compliance
● Helicobacter pylori ? See text

ASA, aspirin; NSAID, non-steroidal anti-inflammatory drug



The duration of NSAID use has been reported as a risk
factor for gastrointestinal adverse effects, with most studies
suggesting that the risk is highest within the first month of
use.12,16,36,39,40 However, there is increasing evidence to
suggest that the risk of significant NSAID toxicity does not
diminish with prolonged use beyond 1 month. Silverstein
et al., in their prospective study of misoprostol for the
prevention of serious NSAID-related gastrointestinal events,
did not find a decreased risk with continued NSAID
use.9 Furthermore, in a large prospective cohort study of
NSAID-related gastrointestinal toxicity, MacDonald et al.
found that there was a four-fold relative risk increase
associated with the use of NSAIDs and that this risk was
nearly constant over the 3-year follow up period.17 Addi-
tionally these investigators found that a two-fold relative
risk of gastrointestinal toxicity persisted for at least 1 year
after the last exposure to NSAIDs.

Compliance with NSAID use also appears to be a risk
factor for gastrointestinal toxicity. Wynne et al. in a study of
patient awareness of adverse effects and symptoms associated
with NSAIDs, found that patients suffering an adverse
gastrointestinal event had a higher rate of compliance (96%)
with their NSAID use than those not suffering an event
(70%).41 Similarly, Griffin et al. found that patients suffering a
terminal NSAID-related gastrointestinal event were more
likely to have filled a prescription for an NSAID in the
preceding month.12 Symptoms, however, correlate quite
poorly with the occurrence of endoscopic ulceration and
adverse gastrointestinal events, and thus cannot be considered
predictors of adverse gastrointestinal events.8,9,18,34,42

The role of H. pylori infection as a risk factor for
NSAID-related gastrointestinal toxicity is controversial and is
discussed below.

Do endoscopically diagnosed
ulcers predict clinical events?

Gastrointestinal ulcers are established as the
pathophysiologic correlate of clinical gastrointestinal adverse
events resulting from the chronic use of NSAIDs. For this
reason endoscopically confirmed ulcers have been used as
surrogate outcomes for clinical gastrointestinal events
resulting from NSAID use. Endoscopic definitions of
gastroduodenal ulcers are controversial,43 and do not equate
with the pathological definition, which defines an ulcer as a
loss of mucosal surface of sufficient depth to penetrate the
muscularis mucosa.44 In most clinical trials of NSAID
prophylaxis, an endoscopic ulcer is defined as a break in the
mucosal surface, usually greater than 3 mm in diameter with
some appreciable depth. The strictness of these criteria has
varied from study to study, with some authors requiring the
use of an endoscopic measuring tool, or an estimation based
on the size of an open biopsy forceps to measure the ulcer
diameter. Formal estimates of interobserver variability among
the endoscopists are often not presented, particularly in the
larger multicenter trials. Some authors define an ulcer as the
loss of mucosal surface of 5 mm or greater in diameter to
better differentiate them from erosions and to achieving
closer agreement with clinical events.43 Varying definitions of
endoscopic ulcers and the occasional use of composite
endpoints all complicate comparison of results across studies.

Unfortunately, endoscopic ulcers are not ideal surrogate
outcomes for clinical gastrointestinal events such as bleeding
or perforation of an ulcer. In fact, the proportion of endoscopic
ulcers that never become clinically symptomatic, is estimated
to be as high as 85%.9,45 From a theoretical perspective, Wittes
et al.46 point out that if a surrogate (in this case an endoscopic
ulcer) is a marker for a variety of processes, then an
intervention that alters the risk of the surrogate by a
mechanism unrelated to the risk of the real endpoint (clinical
gastrointestinal event), will appear effective in a surrogate
endpoint trial, but will not be effective in practice (Figure 6.1).

With the publication of several large randomized
controlled trials (RCTs) that used actual clinical endpoints to
measure the safety of COX-2 inhibitors and of misoprostol
prophylaxis,9,47,48 it became possible to compare the
reduction in clinical events with the reduction in endoscopic
ulcers from the endoscopic studies.26,27 Although these
indirect comparisons should be interpreted with caution, we
have found in our systematic reviews that the standard
NSAID arms of both the NSAID prophylaxis trials and the
COX-2 trials were quite similar clinically, and demonstrated
nearly identical NSAID ulcer and complication rates.
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Table 6.1 Individual NSAIDs and the risk of
gastrointestinal events (relative to ibuprofen)

Drug Relative risk

Azopropazone 9·2
Ketoprofen 4·2
Piroxicam 3·8
Tolmetin 3·0
Indomethacin 2·4
Naproxen 2·2
Diflunisal 2·2
Sulindac 2·1
Diclofenac 1·8
Aspirin 1·6
Fenoprofen 1·6
Ibuprofen 1·00
Dose: (ibuprofen)

Low 1·6
High 4·2

Adapted from Henry D et al. BMJ 1996;312:1563–6.37

NSAID, non-steroidal anti-inflammatory drug



The relative risk reduction in endoscopic gastric ulcers
with misoprostol prophylaxis and with COX-2 inhibitors is
about 80%. In the clinical endpoint studies, the relative risk
reductions in NSAID ulcer-related perforations, obstructions
and bleeding is about 50% with both these strategies. The
consistency suggests that there is a relationship between the
endoscopic and clinical endpoints. The relationship does not
have to be 1:1. In fact based on our results, prophylactic
agents, and COX-2 inhibitors are 1·5–2·0 times more
effective at reducing the risk of endoscopic ulcers as they are
at reducing the risk of clinical endpoints. Unfortunately, the
studies using clinical gastrointestinal events as the primary
outcome measure were not designed to look at the
relationship of clinical events to endoscopic ulcers, and we
used indirect comparisons to arrive at this result.9 Neverthe-
less, while observing caution as recommended above, the
reader can estimate what the expected reduction in clinical
events would be, based on the results of an endoscopic
endpoint study, assuming that the control groups are average
risk arthritic patients requiring long-term NSAID use.

The role of Helicobacter
pylori in NSAID-associated ulcers

The causal role of H. pylori in the development of
gastroduodenal ulcers has added a new perspective to the
management of patients with gastrointestinal complaints.49–51

NSAIDs are now thought to cause approximately 25% of
gastroduodenal ulcers,52 and do so in the absence of H.
pylori.53–56 The study of the potential interaction between H.
pylori and NSAIDs has been complicated by the following
facts: (i) NSAID use is most frequent among elderly patients,
the same group with the highest H. pylori prevalence in
Western populations57,58; (ii) in the presence of both factors,
it has been difficult to determine whether an ulcer is caused
by NSAIDs with incidental H. pylori, or caused by H. pylori
with incidental or exacerbating NSAIDs59,60; and (iii)
whereas one would expect, based on conventional thinking,
an increased incidence of ulcers in the presence of these two
well established risk factors, some clinical and observational
studies found that infection with H. pylori decreased the
likelihood of ulcers or gastroduodenal injury in NSAID
users.61–64 Still other studies have found no effect of
H. pylori infection on NSAID-induced gastroduodenal
injury.62,65

A meta-analysis published in 2002 has shed some light on
our understanding of the clinical impact of the coexistence of
H. pylori infection and NSAIDs use.66 This systematic review
of observational studies of PUD in adult patients taking
NSAIDs used strict diagnostic criteria for the documentation
of H. pylori infection and endoscopic ulcers. Twenty-five
studies were included out of 61 potentially relevant
publications. Sixteen studies with a total of 1625 patients
assessed the effect of H. pylori infection on the risk of
uncomplicated PUD in adult NSAID users. In these patients,
H. pylori infection increased the risk of uncomplicated PUD
2·12-fold (95% CI 1·68 to 2·67).

The interaction between H. pylori infection and NSAID
exposure was derived from five age-matched controlled
studies of chronic (> 4 weeks) NSAID exposure. In the
presence of H. pylori infection, the use of NSAIDs increased
the risk of uncomplicated PUD 3·55-fold (95% CI 1·26 to
9·96); while in the presence of NSAIDs, H. pylori infection
increased the risk of PUD 3·53-fold (95% CI 2·16 to 5·75).
Compared with controls without either NSAID or H. pylori
exposure, the combined exposure to both factors increased
the risk of uncomplicated PUD 6.36-fold (95% CI 2·21 to
18·31) after correction for a zero event rate in H. pylori
negative controls.

Nine case–control studies with 893 patients and 1002
controls assessed the effects of H. pylori infection and NSAID
exposure on the risk of ulcer bleeding. H. pylori infection
conferred a marginally increased risk of PUD bleed (odds
ratio (OR) 1·67, 95% CI 1·02 to 2·72), which was more
pronounced when the analysis was limited to studies using
serology for diagnosis of H. pylori infection (OR 2·16, 95% CI
1·54 to 3·04). Studies using patients with non-bleeding ulcers
as controls (as opposed to either healthy or hospitalized non-
ulcer controls) tended to be negative, but the results of a
sensitivity analysis based on the type of controls were not
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Figure 6.1 (a) If the mechanism of clinical ulcers goes
through endoscopic ulcers, then treatment X will prevent both
endoscopic and clinical ulcers. (b) However, if NSAIDs cause
endoscopic ulcers and clinical ulcers by two different
mechanisms then treatment X will still be effective in
preventing both but treatment Y will only be effective in
preventing endoscopic ulcers



presented. NSAID exposure, which was principally short
term in these studies (< 1 week and < 1 month in six and two
out of nine studies, respectively), conferred an increased risk
of ulcer bleeding (OR 4·79, 95% CI 3·78 to 6.06), whereas
the combined exposure to NSAIDs and H. pylori led to an
increased risk of PUD bleed of 6.13 (95% CI 3·93 to 9·56).
The later findings are in keeping with the hypothesis that
short-term NSAID exposure renders “silent” H. pylori-related
ulcers clinically manifest, a notion which has been suggested
by others.67–69

The authors of this systematic review support the
conventional thinking that, in peptic ulcer disease, two
sources of injuries are worse than one. However, the outcome
of combined exposure to NSAIDs and H. pylori infection
differs depending on the patient population (prior history of
PUD or not), the type of NSAID exposure (first-time or not,
short-term or long-term; ASA or non-ASA NSAID), the study
outcome (ulcer healing, ulcer bleeding, ulcer prevention),
and the co-administration of ulcer prophylaxis. Several recent
prospective trials have addressed some of these issues, and
will be reviewed in the paragraphs that follow.

Ulcer healing

Ulcer healing with omeprazole or ranitidine occurs more
readily in the presence of H. pylori infection.70,71 As well, the
presence of H. pylori enhances the ability of omeprazole to
raise gastric pH among patients with duodenal ulcer.72

However, Porro et al. found that the presence of H. pylori did
not statistically significantly affect the healing rates at either
4 or 8 weeks in a study of 100 chronic NSAID users with
peptic ulcers.73

In a group of 81 H. pylori positive ulcer patients with
ongoing requirement for NSAIDs, Hawkey et al. observed
that the addition of H. pylori eradication to a 1-month course
of omeprazole led to a significantly lower healing rate for
gastric ulcers (50% v 88% healing at 4 weeks and 72% v 100%
healing at 8 weeks, for the H. pylori-treated and omeprazole
alone groups, respectively; P = 0·006), while the rates of
duodenal ulcer healing were similar in both groups.74

Ulcer prevention in NSAID-naive patients

Chan et al. randomized 100 H. pylori positive, NSAID-
naive patients with no prior history of peptic ulcer, to receive
either naproxen alone or H. pylori eradication (bismuth,
tetracycline and metronidazole) followed by naproxen for
8 weeks.75 At 8 weeks, the ulcer recurrence was statistically
significantly less frequent in the triple therapy group
compared with the naproxen alone group in the intention-to-
treat analysis (7% v 26%; P = 0·01), for a 74% relative risk
reduction with H. pylori eradication. The importance of
co-existent risk factors was highlighted by the fact that 73% of

ulcer patients were older than 60 years and that 73% of them
also had comorbidity. 

In a more recent study, the same group enrolled 100
H. pylori positive, NSAID-naive patients with either a prior
history of peptic ulcer (16% of the patients) or dyspepsia, to
receive H. pylori eradication or omeprazole plus placebo for 1
week, followed by diclofenac 100 mg daily for 6 months.76

Once again, in the NSAID-naive patients, H. pylori
eradication conferred a protective effect, leading to a
significantly reduced incidence of both endoscopic ulcers
(12·1% (95% CI 3·1 to 21·1) v 34·4% (95% CI 21·1 to 47·7)
in the eradication versus omeprazole alone groups,
respectively) and of clinical ulcers (4·2% (95% CI 1·3 to 9·7) v
27·1% (95% CI 14·7 to 39·5) in the eradication versus
omeprazole alone group, respectively) at 6 months. It
may be noted that 17% of these patients had received
low-dose ASA prior to enrollment.

Secondary ulcer prevention in
patients on continuous NSAID therapy

The role of H. pylori eradication for the prevention of
recurrent upper gastrointestinal bleeding was studied by
Chan et al.77 Four hundred H. pylori positive, chronic users
of ASA or other NSAIDs, presenting with a bleeding peptic
ulcer, were randomized to receive either H. pylori eradication
or ulcer prophylaxis with omeprazole and followed up for 6
months for the recurrence of clinical events. In the group of
patients on low dose (80 mg daily) ASA, the probability of
ulcer recurrence was similar among H. pylori treated patients
and those on PPI prophylaxis. However, in patients on a
non-ASA NSAID (naproxen 500 mg twice daily), H. pylori
eradication did not confer the same magnitude of ulcer
protection as omeprazole, so that the trial was terminated
after the second interim analysis (probability of recurrence
18·8% v 4·4% for the H. pylori eradication and omeprazole
groups, respectively (P = 0·005) at that point). 

Hawkey et al. studied the role of H. pylori eradication in a
group of 285 H. pylori positive patients with a history of ulcer
or dyspepsia and ongoing requirement for NSAIDs,74 who
were randomized to a 1-week course of either H. pylori
eradication or omeprazole plus placebo. All patients went on
to receive a 3-week course of omeprazole for ulcer healing.
During the follow up period, patients received continuous
NSAIDs without ulcer prophylaxis. The probability of ulcer
recurrence at 6 months was similar in both groups, and the
study concluded that in chronic NSAID (non-ASA) users, H.
pylori eradication did not confer a protective effect on ulcer
recurrence.

In summary, we can conclude based on these recent RCTs,
that H. pylori contributes to an excess ulcer risk in NSAID-
naive patients, whereas ulcers occurring in long-term NSAID
users are probably largely caused by NSAIDs themselves,
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irrespective of H. pylori status. Therefore, the impact of
H. pylori is likely to be manifest early in the course of
NSAID exposure, either because these patients are prone to
early ulcer complications with NSAIDs, or because the
administration of NSAIDs has precipitated complications in
pre-existing H. pylori ulcers. We can also conclude that the
impact of H. pylori eradication is related to the presence of
coexisting ulcerogenic factors: while its benefits are more
obvious in conjunction with low dose ASA administration,
they are not significant in comparison to the ulcerogenic
effects of “regular” NSAIDs and are less marked in the elderly
or in the presence of comorbidity.

Based on this evidence, it is appropriate to eradicate H.
pylori in NSAID-naive patients prior to starting chronic ASA
or NSAID therapy. However, H. pylori eradication alone
appears to be insufficient for ulcer prophylaxis in chronic non-
ASA NSAID users.

Definition of terms

In the discussion that follows, we use the relative risk (RR)
to indicate the likelihood of an outcome for subjects on
treatment as compared with those on placebo.78,79 For
example a RR of 0·25, would mean that the treatment is
associated with only 25% or one-fourth the probability of the
outcome as compared with placebo. Said in another way a RR
of 0·25 means that the treatment reduces the “risk” of an
event by 75% relative to placebo (1 − 0·25 = 0·75 or 75%).
This relative risk reduction (RRR) differs from the absolute
risk reduction (ARR), which is simply the arithmetic
difference in the proportion of patients with the outcome
between the placebo and treatment groups. If the stated 95%
confidence interval overlaps with 1, then the observed risk is
not statistically significant.

Misoprostol

Misoprostol is a synthetic prostaglandin E1 analog.80–83 It
reduces basal and stimulated gastric acid secretion through a
direct effect on parietal cells,83 and reduces gastric damage
caused by a variety of aggressive factors including bile salts
and NSAIDs.84 Misoprostol’s protective effects are felt to be
related to its ability to stimulate gastric bicarbonate and
mucus secretion, and to maintain mucosal blood flow and the
mucosal permeability barrier. Misoprostol also promotes
epithelial proliferation in response to injury.80 It appears that
at doses of misoprostol sufficient to protect gastric mucosa,
suppression of acid secretion also occurs.82 However, since
standard doses of H2-receptor antagonists inhibit gastric acid
secretion at least as effectively as misoprostol, and yet
have not been shown to protect the gastric mucosa against
NSAID-induced ulceration (see next section), it is likely that
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mechanisms other than acid suppression are important for the
prevention of gastric ulcers. Additionally, it has recently been
suggested that misoprostol may be superior to proton pump
inhibitors (PPIs) for the prevention of NSAID-induced gastric
ulcers and gastroduodenal erosions.85,86

Misoprostol appears to be effective in preventing acute
gastroduodenal injury induced by short courses of ASA and
NSAIDs as measured by mucosal, or fecal blood loss, and by
endoscopic injury scores.87–91 However the clinical relevance
of this effect is unclear, given the adaptation of gastroduodenal
mucosa to acute injury with continued NSAID use.65,92,93

Long-term efficacy of misoprostol

In our meta-analysis,26 we found 22 studies that assessed the
long-term effect of misoprostol on the prevention of NSAID
ulcers.9,85,86,94–112 The dosage of misoprostol varied from
200 micrograms to 800 micrograms daily, and follow up ranged
between 4 and 48 weeks. Although these studies considered
erosions and ulcers in their analysis, the data we present below
refers only to endoscopic ulcers ≥ 3 mm in diameter.

Eleven studies with 3641 patients compared the incidence
of endoscopic ulcers after at least 3 months of misoprostol
compared with placebo.85,86,95,97,98,101,102,105,108,109,112 In
these trials the proportions of patients receiving placebo
medication who developed gastric and duodenal ulcers were
15% and 6%, respectively.

Endoscopic ulcers

Misoprostol significantly reduced the relative risk of gastric
and duodenal ulcers by 74% (RR 0·26, 95%CI 0·17 to 0·39),
and 53% (RR 0·47, 95% CI 0·33 to 0·69). These relative risks
correspond to ARRs of 10·7% (from 14·9% to 4·2%), and 2·4%
(from 6·0% to 3·6%) for gastric and duodenal ulcers,
respectively. Interestingly, misoprostol was significantly more
effective at reducing the relative risk of gastric than of
duodenal ulcers, which is a pattern that was not seen with
the H2-receptor antagonists and the PPIs. 

Although all the studied doses of misoprostol were
effective, misoprostol 800 micrograms daily was associated
with the lowest risk (RR 0·17, 95% CI 0·11 to 0·24, ARR 13%)
of endoscopic gastric ulcers when compared with placebo.
Misoprostol 400 micrograms daily was associated with an
RR of 0·39 (95% CI 0·3 to 0·51). This difference between
high and low dose misoprostol reached statistical significance
(P = 0·0055). The pooled RRR of 78% (RR 0·21, 95% CI 0·09
to 0·49, ARR 4·7%) for duodenal ulcers with misoprostol
800 micrograms daily was not statistically significantly different
from those of the lower daily misoprostol dosages. 

Shorter-term studies of less than 3 months duration
tended to demonstrate slightly higher risk reductions. The
pooling of these studies revealed 81% RRR of gastric ulcers
with misoprostol (RR 0·17, 95% CI 0·09 to 0·31) and
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72% RRR of duodenal ulcers (RR 0·28, 95% CI 0·14 to
0·56).100,101,103,104,106,110,111,113

Head-to-head comparison

Two trials with 600 patients compared misoprostol with
ranitidine 150 mg twice daily for NSAID ulcer prevention.98,99

Misoprostol appears superior to standard dose ranitidine for
the prevention of NSAID-induced gastric ulcers (RR 0·12, 95%
CI 0·03 to 0·51) but not for duodenal ulcers (RR 1·00, 95%
CI 0·14 to 7·14). The 0·12 RR in gastric ulcers corresponds to
5% absolute risk difference. 

In the combined analysis of two head-to-head studies
of misoprostol versus PPIs in patients with a previously
healed NSAID ulcer,85,86 there was no statistically significant
difference between PPIs and misoprostol for the prevention of
NSAID-induced gastric ulcers. However, the study by Graham
et al.86 found that misoprostol was more effective than PPIs
for gastric ulcer prevention. Likewise, Graham114 recently
reanalyzed the original Omeprazole versus Misoprostol for
NSAID-induced Ulcer Management (OMNIUM)71 and Acid
Suppression Trial: Ranitidine versus Omeprazole for NSAID-
associated Ulcer Treatment (ASTRONAUT)85 study data,
and found that these studies may have overestimated the
effect of PPIs at reducing NSAID-induced gastric ulcers. In
this reanalysis, misoprostol 400 micrograms/day was more
effective than omeprazole 20 mg/day at reducing gastric ulcers
(8·2% v 16·6% for misoprostol and omeprazole, respectively;
P < 0·05), and PPIs were no better than misoprostol at
preventing gastric ulcers in H. pylori positive subjects. PPIs
were however more effective at reducing duodenal ulcers than
gastric ulcers as our own meta-analysis has shown. 

Overall, these studies show that misoprostol is of clear benefit
for the prevention of both endoscopically defined gastric and
duodenal ulcers, with an RRR of over 70%, and an ARR of
nearly 10%, compared with placebo. It also appears that higher
doses of misoprostol are more effective than lower doses.

NSAID-induced clinical events

Silverstein et al. in 1995 published the landmark
Misoprostol Ulcer Complication Study Outcomes Safety
Assessment (MUCOSA) study, the first prospective study
to evaluate the efficacy of misoprostol for the prevention
of clinically important NSAID-induced adverse upper
gastrointestinal events.9 In this 6-month study, 8843
rheumatoid arthritis patients with a mean age of 68 years
who were receiving continuous NSAID therapy were
randomized to receive misoprostol 800 micrograms daily
(n = 4404), or placebo (n = 4439). The patients were followed
for the development of any suspicious gastrointestinal events.
These events were reviewed by a blinded external committee
and categorized as definite gastrointestinal complications if
they fell into one of eight criteria (Box 6.2). Three other
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criteria, such as melena without other supporting evidence,
were classified as suggestive of possible or previous but not
active bleeding. Of a total of 242 suspected gastrointestinal
events, 67 were identified as definite as defined by categories
1–8, with 49 patients having “serious” gastrointestinal events
(categories 1–6). Overall there was a combined event
incidence of 0·76% over 6 months or about 1·5% per year.
Considering all definite gastrointestinal events, 25 (0·57%) of
4404 of patients receiving misoprostol experienced events,
compared with 42 (0·95%) of 4439 patients receiving the
placebo (OR 0·60, representing an RR of 40%, P = 0·049).
The absolute risk difference was 0·38% (from 0·95% to
0·57%). If only perforation or obstruction (categories 1–2)
were considered, then 1 of 4404 of subjects receiving
misoprostol compared with 10 of 4439 of those receiving
placebo suffered an event, (OR 0·101, RR 90% in these
events, P = 0·012). However, the observed difference in
occurrence of endoscopically proved gastrointestinal
hemorrhage (categories 3–6) was not statistically significant
(placebo 23 of 4439, misoprostol 15 of 4404, P > 0·20).

The wealth of data provided in this study has allowed
clinicians and researchers alike to choose among the categories
they feel are important and to derive widely differing estimates
of the risk reductions associated with misoprostol therapy. For
example, Maiden and Madhok in an editorial,115 calculated
that 1480 patients would need to be treated to prevent one
case of gastric outlet obstruction (number needed to treat
(NNT) = 1/absolute risk difference). However, these authors
chose the rarest event and expressed there findings based on a
6-month observation period. If the NNT is calculated for
prevention of obstruction or perforation (categories 1–2) for
one year, the NNT is 264. If any definite gastrointestinal
complication is chosen as the outcome measure (categories
1–8), the NNT is 132. Clearly these choices would have
considerable impact on the interpretation of this study’s results,
and on the calculated cost effectiveness of this therapy.
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Box 6.2 Definite gastrointestinal events9

● Surgery proved perforated ulcer
● Endoscopy proved gastric outlet obstruction caused by

ulceration and stricture
● Hematemesis, with endoscopically proved gastric or

duodenal ulcer or erosion
● Active or recent visualized bleeding from endoscopically

proved ulceration or erosion
● Melena with endoscopically proved ulceration or

erosion
● Heme-positive stool with endoscopically proved

ulceration or erosion, plus either a decrease hematocrit
or an orthostatic change in blood pressure or pulse

● Hematemesis without endoscopically proved ulceration
or erosion

● Melena, with heme-positive stool and without
endoscopically proved ulceration or erosion



Adverse effects

The most frequently reported adverse effects with
misoprostol therapy are diarrhea and abdominal pain.
Additionally, misoprostol is an abortifacient and it must be
used cautiously in women of childbearing age. In the study
by Silverstein et al., 732 of 4404 patients on misoprostol
experienced diarrhea or abdominal pain, compared with
399 of 4439 patients on placebo (RR 1·82 associated
with misoprostol, P < 0·001). Overall 27% of patients on
misoprostol experienced one or more adverse effects.9 In our
review of the misoprostol trials (Table 6.2), misoprostol was
associated with a small but statistically significant 1·4-fold
excess risk of drop out due to drug-induced adverse effects,
and an excess risk of dropouts due to nausea (RR 1·26), and
diarrhea (RR 2·36). When analyzed by dose, misoprostol
800 micrograms daily, showed a statistically significant excess
risk of dropouts due to diarrhea (RR 2·45), and abdominal
pain (RR 1·38). Both misoprostol doses were associated
with a statistically significant risk of diarrhea. However, the
risk of diarrhea with 800 micrograms/day (RR 3·05) was
significantly higher than that seen with 400 micrograms/day
(RR 1·92, P = 0·0012).

Cost effectiveness

The cost effectiveness of misoprostol for the prophylaxis of
NSAID-related endoscopically defined ulcers has been
evaluated in eight studies.116–123 Misoprostol was found to be
either cost saving or cost effective when calculations were
based on the estimate of 80% for prevention of endoscopically
defined ulcers. Misoprostol was later shown to reduce
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clinically serious gastrointestinal events by only 40%.9 By
relying on studies with endoscopically defined ulcers as
the outcomes, authors of earlier economic evaluations
overestimated the reduction in downstream events, such as
outpatient endoscopy and hospitalizations. Furthermore,
the MUCOSA study also showed that approximately 85%
of endoscopic ulcers are asymptomatic and never get
investigated.45 A revision of the cost-effectiveness of
misoprostol, based on this new evidence, showed that
misoprostol is not cost effective when prescribed to all
patients, but becomes cost effective if patients are selected
who are at higher risk of a clinically serious gastrointestinal
event,45 such as older patients and those with a positive
history of peptic ulcer disease.

In conclusion, misoprostol prophylaxis significantly
reduces the risk of ulcers as well as serious gastrointestinal
events in patients on long-term NSAID therapy. Misoprostol
is more effective at reducing the risk of gastric than duodenal
ulcers, and may be more effective than PPIs at reducing
the risk of gastric ulcers. The use of misoprostol, particularly
at higher doses, is associated with more frequent gastro-
intestinal adverse effects often resulting in the patient
discontinuing the medication, which is an important
consideration, given the symptoms associated with NSAID
use alone. The effectiveness outside of clinical trials of
misoprostol for prevention of ulcer may be lower than figures
which have been presented above. However, since miso-
prostol is the only prophylactic agent that has been directly
shown to reduce serious NSAID-related gastrointestinal
complications, it should be considered to be the first-line
agent in the primary prophylaxis of NSAID complications
particularly in high risk groups. Ala
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Table 6.2 Meta analysis of misoprostol-induced adverse effects in randomized placebo controlled trials of misopostol
for prevention of NSAID-induced ulcers

Dose Outcome RR 95% CI RD Hetero

All D/O adverse effects overall 1·41a 1·31–1·51 7·0 No
D/O nausea 1·26a 1·07–1·48 1·1 No
D/O diarrhea 2·36a 2·01–2·77 4·6 No

400 micrograms/day D/O A/E overall 1·15 0·89–1·49 1·2 No
D/O diarrhea 1·38 0·67–2·84 0·6 No
D/O abdominal pain 1·53 0·90–2·59 1·3 No
Diarrhea 1·92a 1·64–2·26 0.6 No

800 micrograms/day D/O A/E overall 1·14 0·31–1·51 7·1 No
D/O diarrhea 2·45a 2·09–2·88 5·2 No
D/O abdominal pain 1·38a 1·17–1·63 1·7 No
Diarrhea 3·05a,b 2·42–3·83 5·2 No

adenotes statistically significantly different from placebo.
bdenotes statistically significantly different from the lower dose.
D/O, dropouts due to the outcome stated; A/E, adverse effects; RD, risk difference expressed as a percent; Hetero, heterogeneity;
CI, confidence interval, NSAID, non-steroidal anti-inflammatory drug.



H2-receptor antagonists

Treatment of NSAID-induced ulcers

The efficacy of H2-receptor antagonists in the treatment
and prevention of NSAID-related upper gastrointestinal
toxicity has been exclusively evaluated in studies in which
ulcers were defined endoscopically. In several early open label
studies of cimetidine for healing of ulcers associated with the
use of NSAIDs, it was shown that greater than 75% of gastric
and duodenal ulcers could be healed with 12 weeks of
therapy despite continued use of NSAIDs.124–128 There
was a trend toward improved efficacy with higher doses.
However, in a randomized trial in which patients with
NSAID-induced ulcers were randomized to receive standard
dose ranitidine, or the more potent acid suppressor
omeprazole, omeprazole was nearly twice as effective,129

although ranitidine was still effective.129,130 O’Laughlin
et al. found that ulcer size correlated inversely with healing
rates.128 At 8 weeks, ulcers with a diameter < 5 mm were
healed in greater than 90% of patients compared with 35%
healing for ulcers > 5 mm.131 Hudson et al. reported similar
observations.132 The potency of acid suppression and initial
ulcer size are important determinants of the rapidity of ulcer
healing, and that continued use of NSAIDs in the presence of
gastric acid may slow ulcer healing.

Prevention of NSAID-induced ulcers

Standard doses of H2-receptor antagonists have been
consistently shown to be effective for prevention of
endoscopically defined duodenal ulcers, but not of gastric
ulcers.96,133–142 Koch et al.143 in a meta-analysis of randomized
trials which employed standard doses of H2-receptor
antagonists133–135,137,139,140 and Stalnikowicz et al.10 were
also unable to show a benefit for the prevention of gastric
ulcers. Similarly, our meta-analysis of the standard dose
H2-receptor antagonist trials confirms that there is no
statistically significant reduction in the relative risk of
endoscopically defined gastric ulcers.26,27

Seven trials with 1188 patients assessed the effect of
standard dose H2-receptor antagonists on the prevention of
endoscopic NSAID ulcers at 1 month,133–136,139,140,144 and
five trials with 1005 patients assessed these outcomes at 3
months or longer.133,136,137,142,145 Standard dose H2-receptor
antagonists are effective at reducing the risk of duodenal
ulcers (RR 0·24, 95% CI 0·10 to 0·57 and RR 0·36, 95% CI
0·18 to 0·74 at 1 and 3 or more months, respectively), but
not of risk of gastric ulcers (not significant).26,27 One
study did not have a placebo comparator and was not included
in the pooled estimate.142

Although achlorhydria has been reported not to prevent
early NSAID-induced gastric lesions,146 there is accumulating
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evidence that profound acid suppression can reduce acute
NSAID and ASA-induced gastric mucosal injury.147–149 Based
on these observations, several investigators have tested the
hypothesis that higher doses of H2-receptor antagonists may
achieve more consistent acid suppression and may therefore
be effective for the prevention of gastric ulcer among chronic
NSAID users. We identified three RCTs with 298 patients that
assessed the efficacy of double dose H2-receptor antagonists
for the prevention of NSAID-induced upper gastrointestinal
toxicity.132,136,150 Double dose H2-receptor antagonists when
compared with placebo were associated with a statistically
significant reduction in the risk of both duodenal (RR 0·26,
95% CI 0·11 to 0·65) and gastric ulcers (RR 0·44, 95% CI
0·26 to 0·74). This 56% RRR in gastric ulcers corresponds to a
14·6% ARR (from 25·9% to 11·3%). Analysis of the
secondary prophylaxis studies alone yielded similar results.

H2-receptor antagonists were generally quite well tolerated
in the presented studies. Standard doses of these agents
appear to be effective in preventing NSAID-induced duodenal
but not gastric ulcers. However, double dose H2-receptor
antagonists appear to be effective for healing and prevention
of both gastric and duodenal ulcers in patients taking NSAIDs
chronically. However the clinical use of this class of drugs
for the prevention of gastroduodenal ulceration may be
questioned for several reasons. In terms of the trial results,
the ulcer rates in the placebo groups of the famotidine studies
are higher than are generally reported. Furthermore, since
H2-receptor antagonists are associated with tolerance to their
acid suppression effects,151–153 the long-term efficacy of
these drugs must be questioned. Finally, even if effective for
ulcer prevention, there is no economic or therapeutic
advantage to using double doses of these drugs rather than
standard doses of PPIs which produce more potent and
reliable acid suppression.

Proton pump inhibitors

PPIs block the final step of gastric acid secretion by
inhibiting parietal cell H + K + ATPase. Direct evidence for
the efficacy of PPIs in the primary or secondary prevention of
clinically important NSAID-induced upper gastrointestinal
toxicity is lacking. Several factors have prompted interest in
the use of PPIs for prophylaxis against NSAID-induced ulcers:
(i) dissatisfaction with the adverse effects of misoprostol;
(ii) the apparent efficacy of PPIs in healing NSAID ulcers;
(iii) the proved efficacy of PPIs in other acid–peptic disorders;
(iv) the attractive tolerability profile of PPIs.

PPIs appear to be effective for the prevention of early
NSAID-induced upper gastrointestinal injury assessed either
endoscopically or through the detection of mucosal blood loss
in healthy volunteers given ASA or naproxen.147–149,154

Alc

Non-steroidal anti-inflammatory drug-induced gastroduodenal toxicity

125



However, as discussed previously the clinical relevance of
these early lesions is in question.

Healing of ulcers with continued NSAID use

Omeprazole has been shown to heal both gastric and
duodenal ulcers irrespective of continued NSAID
use.71,85,129,155–157 Walan et al. in a double blind trial,
assessed the healing rates of benign gastric and prepyloric
ulcers in 602 patients randomized to receive either
omeprazole (40 mg or 20 mg) or ranitidine 150 mg twice
daily.129 In a subset of 58 patients with endoscopically
documented ulcers who continued to take NSAIDs, the
proportions of patients whose ulcers healed at 8 weeks
were: omeprazole 40 mg 95% (similar to results for patients
with non-NSAID ulcers), omeprazole 20 mg 82% and
ranitidine 53% (P < 0·05). These data suggest that selected
patients with endoscopically documented NSAID ulcers can
experience ulcer healing with omeprazole despite continued
NSAID use. However, caution should be exercised in
extrapolating these results to patients presenting with NSAID-
induced upper gastrointestinal hemorrhage. In these patients
the decision to continue the NSAID must be individualized,
since the safety and efficacy of omeprazole in this setting has
not been assessed.

NSAID ulcer prevention

In our meta analysis26 we identified eight RCTs with a total
of 2181 patients that assessed the effect of PPIs on the
prevention of NSAID-induced upper gastrointestinal
toxicity.71,85,86,158–162

Three of these studies compared omeprazole to
placebo.161,162 Of the two studies that compared a PPI to
placebo and to misoprostol, one used lansoprazole86 while
the other used omeprazole as prophylaxis.85 Chan et al.
compared omeprazole with diclofenac to celecoxib,158 while
Jensen et al. compared omeprazole with misoprostol.160

Another compared pantoprazole to placebo,159 while the last
compared omeprazole with ranitidine.71

Overall, PPIs significantly reduced the relative risk of
endoscopic duodenal ulcers by 81% (RR 0·19, 95% CI 0·09 to
0·37) and gastric ulcers by 60% (RR 0·40, 95% CI 0·32 to
0·51) compared with placebo in both primary and secondary
(studies that enrolled patients that had NSAIDs ulcers that
were healed in an initial healing phase) prophylaxis trials.
These RRs correspond to ARRs of 8·2% (from 10·1% to 1·9%)
and 14·0% (from 26.7% to 12·7%) for duodenal and gastric
ulcers, respectively. Although PPIs appear to reduce the
relative risk of duodenal ulcers more than of gastric ulcers, this
difference did not reach statistical significance (P = 0·068).

The OMNIUM and ASTRONAUT studies deserve a more
detailed discussion.71,85 These two trials were of nearly
identical design, and included an 8-week healing phase,
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followed by a 26-week secondary prophylaxis phase. The
results of the healing phase will be addressed first.

Healing phase

A total of 935 patients with a mean age of 62 ears, were
enrolled into the OMNIUM study.85 Thirty-five percent
of these patients had erosions only, 40% had gastric ulcers,
20% had duodenal ulcers, with the remainder having
combinations of these lesions. The patients were randomized
to receive omeprazole 20 mg daily (n = 308), omeprazole
40 mg daily (n = 315), or misoprostol 800 micrograms daily
(n = 298). Overall treatment success was defined as ulcer
healing, the presence of less than five erosions and the
presence of not more than mild dyspeptic symptoms. At
8 weeks the healing rates for gastric ulcers were 87%, 80%
and 73%, for the omeprazole 20 mg, omeprazole 40 mg,
and the misoprostol groups, respectively. The difference
between the omeprazole 20 mg and misoprostol groups was
statistically significant (P = 0·004). Duodenal ulcer
healing rates were significantly higher with omeprazole
20 mg (93%) and 40 mg (89%) than with misoprostol
(77%) (P < 0·001). In contrast, misoprostol produced
significantly higher healing rates of gastroduodenal erosions
than either omeprazole doses (87% v 77% and 79% respectively,
P = 0·01). The authors identified that the presence of
duodenal ulcer, or erosions in contrast to gastric ulcers, and
the presence of H. pylori were significant favorable prognostic
factors predicting ulcer healing.

In the healing phase of the ASTRONAUT study 541 slightly
younger patients, (mean age 57 years), were randomized
to receive omeprazole 20 mg (n = 174), omeprazole 40 mg
(n = 187) or ranitidine 150 mg twice daily (n = 174) for
8 weeks.71 The baseline characteristics and ulcer distributions
were similar to those of the OMNIUM study. Omeprazole at
either dose was more effective than ranitidine for healing of
gastric ulcer (omeprazole 20 mg 84%, omeprazole 40 mg
87%, ranitidine 64%, P < 0·001). Omeprazole was also
more effective than ranitidine for healing duodenal ulcer
(omeprazole 20 mg 92%, omeprazole 40 mg 88%, ranitidine
81%, P = 0·03 for comparison of omeprazole 20 mg and
ranitidine). Both doses of omeprazole were more effective
than ranitidine for healing erosions (omeprazole 20 mg 89%,
omeprazole 40 mg 86%, ranitidine 77%, P = 0·008 for the
comparison of omeprazole 20 mg and ranitidine). At 4 weeks
but not at 8 weeks omeprazole 20 mg daily was superior to
ranitidine for the relief of moderate to severe dyspeptic
symptoms. The same favorable prognostic factors identified in
the OMNIUM study were found.

Secondary prophylaxis

Patients who experienced healing of their ulcers during the
initial phase of these two studies were re-randomized to
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maintenance treatment without consideration for the
treatment they initially received for purposes of ulcer healing.
The patients were followed for a total of 6 months with
endoscopic evaluations made at 1, 3, and 6 months or if
troublesome symptoms arose. Patients were considered to be
in remission if they were free of ulcers, had < 10 gastric or
duodenal erosions, and had not more than mild dyspeptic
symptoms.

The OMNIUM maintenance study randomized 732
chronic NSAID users whose ulcer/erosions were healed
during the healing phase study, to receive maintenance
therapy with omeprazole 20 mg daily, misoprostol 200
micrograms twice daily, or placebo.85 At 6 months 61%, 48%
and 27% of patients were in remission as defined above for
the omeprazole, misoprostol and placebo groups, respectively.
The results reached statistical significance for omeprazole
versus misoprostol (P = 0·001) and for omeprazole versus
placebo (P < 0·001). When only erosions were considered,
fewer patients relapsed on misoprostol than on omeprazole or
placebo (7% v 12% and 14%, respectively).

The ASTRONAUT maintenance study randomized 432
patients who achieved treatment success during the healing
phase study.71 This study compared maintenance omeprazole
20 mg daily to standard dose ranitidine (150 mg twice daily).
At 6 months 72% of patients on omeprazole versus 59% on
ranitidine were in remission (P = 0·004). Again, in both
these maintenance phase studies the presence of H. pylori
was associated with a significantly higher likelihood of
remaining in remission. It would have been interesting to
compare omeprazole to higher doses of misoprostol or double
dose ranitidine. Clearly, the investigators chose a dose of
misoprostol that they felt would be most tolerable. However,
it is clear, as discussed in the previous sections, that standard
doses of H2-receptor antagonists are ineffective at preventing
NSAID-induced gastric ulcers.

Although PPIs appear to be effective agents, the findings of
the OMNIUM study suggesting that misoprostol may be more
effective at preventing gastroduodenal erosions raises some
concerns which seem to be echoed in more recent trials. The
combined analysis of the OMNIUM and Graham studies of
PPIs versus misoprostol showed that the two interventions
were equally effective at reducing gastric ulcers. The Graham
study however, individually showed that misoprostol was
more effective at reducing gastric ulcers than lansoprazole.86

Furthermore, Graham re-analyzed the OMNIUM study
results and found that the effectiveness of omeprazole at
reducing NSAID-related gastric ulcers may have been
overestimated.114 This potentially important finding needs to
be confirmed since gastric ulcers account for the majority
(75%) of NSAID ulcers and our own meta-analysis results
showed that PPIs demonstrated a trend toward greater
effectiveness at reducing the relative risk of duodenal than
gastric ulcers which is the opposite of what we found with
misoprostol. An indirect comparison of high dose misoprostol
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versus PPIs based on the data from our meta-analysis showed
an RRR of 60% in favor of misoprostol that was not
statistically significant (P = 0·12).

Symptoms

Four omeprazole trials used the same composite
endpoints to define treatment success.71,85,161,162 In these
trials omeprazole significantly reduced “dyspeptic symptoms”
as defined by the authors. In the combined analysis, dropouts
overall and dropouts due to side effects were not different
from placebo.

Summary

Collectively these studies demonstrate that PPIs are
effective for healing both gastric and duodenal NSAID-
induced ulcers irrespective of continued NSAID use or H.
pylori status. These agents also appear to be effective for
the prevention of endoscopically diagnosed NSAID-induced
ulcers. However, their efficacy for the prevention of serious
NSAID-related gastrointestinal complications is unknown.
It is reasonable to recommend its use in eligible patients
who are intolerant or otherwise unable to take misoprostol.
Interestingly misoprostol appears to be more effective than
omeprazole for both the healing and prevention of
gastroduodenal erosions and may be more effective than
PPIs at reducing the relative risk of NSAID-induced gastric
ulcers – although this last point needs to be confirmed in
another study. It should be noted that the required high dose
of misoprostol is poorly tolerated by many patients.

The appropriate choice of therapy for secondary
prophylaxis against NSAID ulcer recurrence among chronic
NSAID users is unclear. Currently misoprostol is the only
prophylactic agent that has been proved to be of benefit in the
prevention of NSAID-induced clinical events. However, in
reality most clinicians prescribe a PPI to heal NSAID-induced
ulcers, and continue this agent for secondary prophylaxis.
Given the results of the OMNIUM and ASTRONAUT studies,
this may be appropriate, but a degree of caution is indicated
given the limitations of these studies, and the absence of
direct evidence of the effectiveness of PPIs against clinical
gastrointestinal events. The cost effectiveness of PPIs for the
primary or secondary prophylaxis against NSAID-induced
upper gastrointestinal toxicity has not been established.

Cyclo-oxygenase-2 inhibitors

Since the first edition of this book was published, much has
changed. Several endoscopic studies have demonstrated the
safety of COX-2 inhibitors, and two important clinical
outcome studies similar to the misoprostol MUCOSA study
have been performed. In this section we will present the
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latest evidence relating to the gastrointestinal safety of COX-2
inhibitors. We will concentrate on the currently available
agents that are marketed as COX-2 inhibitors in Canada
(celecoxib, rofecoxib, meloxicam). This section is based on a
meta-analysis performed for CCOHTA163 and an ongoing
Cochrane Collaboration review.

As described earlier, it is felt that NSAIDs exert their
therapeutic anti-inflammatory and analgesic effects through
the inhibition of inducible COX-2, whereas their gastric and
renal toxicities, and antiplatelet effects arise from the
inhibition of the constitutive COX-1 isoform.24,25 This COX-2
hypothesis, along with the unfavorable safety profile of
standard NSAIDs has prompted the development of newer
NSAIDs with selectivity for the COX-2 isoform.

Endoscopic ulcer studies

We identified seven studies with a total of 4678 patients
that assessed the proportion of patients with endoscopic
ulcers while taking a COX-2 inhibitor compared with a
standard NSAID.164–168 Of the five studies that assessed
celecoxib, two remain unpublished, and were obtained from
the FDA website (FDA studies 21 and 71).167,168 Two studies
assessed rofecoxib.169,170 The included endoscopic studies
are quite similar in design, and share a similar patient
population. Overall the proportion of gastric and duodenal
ulcers in patients taking non-selective NSAIDs in these trials
were 18·9% and 5·6%, respectively. The proportion of
gastroduodenal ulcer overall in the standard NSAID arms was
24·2%. As a comparison, in the NSAID prophylaxis studies
presented earlier, gastric ulcers occurred in a range of
12–20% for all interventions, while duodenal ulcers occurred
in 6% of those taking non-selective NSAIDs. Therefore there
is considerable consistency between the control group ulcer
risks in the original NSAID prophylaxis studies and the
control group risk in the COX-2 selective NSAID studies.

Gastric ulcers

Five studies with a total of 2613 patients compared the
safety of COX-2 inhibitors for endoscopic gastric ulcers versus
a comparator NSAID over a 3–6-month interval.164–166,169,170

The use of a COX-2 inhibitor in this setting was associated
with an 82% RRR in gastric ulcers (RR 0·18, 95% CI 0·14 to
0·23). This RRR represents a 21% ARR in gastric ulcers (from
26·0% to 5·0%) with COX-2 inhibitors compared with
standard NSAIDs. 

Duodenal ulcers

The same five studies also compared the effect of low dose
COX-2 inhibitors on duodenal ulcers versus standard
NSAIDs.164–166,169,170 COX-2 inhibitors were associated with
a 60% RRR in duodenal ulcers compared with standard
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NSAIDs (RR 0·40, 95% CI 0·27 to 0·60). This represents only
a 4% absolute risk difference (from 6·4% to 2·4%) between
COX-2 inhibitors and standard NSAIDs. 

Overall, COX-2 inhibitors were more effective at reducing
the relative risk of gastric ulcers than the risk of duodenal
ulcers (RR 0·18 v 0·40). This difference reached statistical
significance (P < 0·001). This effect was consistent when
celecoxib and rofecoxib were analyzed separately.

The results above did not include the two unpublished
celecoxib studies obtained from the FDA website.167,168

Inclusion of these studies did not alter the overall results
significantly.

Comparing the COX-2 inhibitors

We identified five studies with a total of 3590 patients that
compared celecoxib to standard NSAIDs.164–168 These studies
showed a 72% RRR in total gastroduodenal ulcers in favor of
celecoxib (RR 0·28, 95% CI 0·23 to 0·35, 14% ARR). 

Only two studies with a total of 1087 patients compared
rofecoxib to standard NSAIDs. In this case a 75% RRR is seen
in favor of rofecoxib (RR 0·25, 95% CI 0·20 to 0·32, 35%
ARR).169,170 This result was not statistically different from
that seen with celecoxib. However, it should be noted that we
could not identify any study that directly compared celecoxib
with rofecoxib.

COX-2 inhibitors
compared with different NSAIDs

Three studies compared celecoxib to naproxen showing a
75% RRR in favor of celecoxib (RR 0·25, 95% CI 0·20 to
0·31).164,166,167 Likewise, three studies (two rofecoxib,
one celecoxib) showed a 73% RRR with COX-2 inhibitors
compared with ibuprofen (RR 0·27, 95% CI 0·22 to
0·33).168–170 However celecoxib was not statistically different
from diclofenac (RR 0·45, 95% CI 0·15 to 1·29). 

The FDA study 71 compared celecoxib to ibuprofen and
diclofenac. In this study there was no significant relative risk
reduction between celecoxib and diclofenac for gastric ulcers
but there was a significant 66% RRR when compared
with ibuprofen (RR 0·34, 95% CI 0·23 to 0·51).168

Unfortunately, this was the only endoscopic study to compare
a COX-2 inhibitor to different standard NSAIDs in one study.

COX-2 inhibitors versus placebo

Four studies with a total of 2576 patients compared COX-2
inhibitors to placebo.166,167,169,170 In all the same analyses
described above for COX-2 inhibitors versus NSAIDS, there
were no statistically significant differences between COX-2
inhibitors and placebo. For example the relative risk for
combined gastroduodenal ulcers with COX-2 inhibitors versus
placebo was a non-significant 1·09 (95% CI 0·74 to 1·60). Ala
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Clinical ulcer complications

Clinical ulcer complications in the COX-2 studies are
important endpoints derived from the endpoints used in the
MUCOSA study.9 In these studies two endpoints are
commonly used: POBs and PUBs. A POB is a hard clinical
endpoint of perforation, obstruction or bleeding related to an
NSAID ulcer. A PUB is a composite endpoint of POB + a
symptomatic ulcer. A PUB endpoint occurs if one of the POB
events occurs or if a subject complains of ulcer-like
symptoms which subsequently lead to the identification of an
ulcer during endoscopy. The difficulty with this last endpoint
is that, as described earlier, most endoscopic ulcers remain
clinically silent, and that symptoms are poor predictors of the
occurrence of true clinical events like perforation,
obstruction or bleeding. Further, as will be described, COX-2
inhibitors appear to be associated with less dyspeptic
symptoms. This is an important finding in its own right, but
using symptoms as a trigger to look for a common finding
such as an endoscopic ulcer may bias the PUB result in favor
of an agent that produces fewer symptoms even if the
compared agents are comparable in terms of producing
POBs.

COX-2 versus NSAIDs

At the time of this writing there were seven studies with a
total of 61 282 patients that assessed the safety of COX-2
inhibitors using the clinically important endpoint of ulcer
complications (POB and PUB).171,172 Three of these trials
used celecoxib,48,171,172 two used rofecoxib,173 and two
meloxicam.174 Two of these studies are combined analyses of
the early efficacy and the endoscopic studies,171,173 and one
was available only in abstract form.172

The two most important studies in this group are the
Celecoxib Long-term Arthritis Safety Study (CLASS)48 and
VIOXX™ Gastrointestinal Outcome Research (VIGOR)
Arthritis47 studies and will be discussed in greater detail.

The CLASS study compared celecoxib to ibuprofen and to
diclofenac in 8059 patients with osteo or rheumatoid
arthritis.48 This study did not show a statistically significant
benefit of celecoxib over the NSAID groups combined for its
primary outcome of ulcer complications (POB), though it
showed a benefit if the composite PUB endpoint was used
(annual incidence of 2·08% v 3·54% for celecoxib and
NSAIDs, respectively; P = 0·02). In subgroup analyses
celecoxib was superior to combined NSAIDs in patients not
taking ASA (0·44% v 1·27%, P = 0·04) but not for those on
celecoxib and ASA (2·01% v 2·12% P = 0·92). In fact, the risk
of ulcer complications in patients taking celecoxib and ASA
was nearly four times that of those who were not taking ASA.
There would be no apparent advantage for a patient needing
ASA to take celecoxib rather than diclofenac. These data are
in stark contrast to the suggestions made based on the initial
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endoscopic studies that it may be safer to take ASA with
celecoxib than with standard NSAIDs.175,176

The CLASS study also presents further problems, which are
beyond the scope of this chapter. In brief, according to the
original FDA submission the analysis of the CLASS data was to
be a stepwise analysis that depended on showing a statistically
significant difference between celecoxib and the NSAID group
combined for POBs. If this analysis failed than no further
analyses or subgroup analyses would be carried out. In the
published CLASS study, the POB endpoint failed to reach
statistical significance yet multiple subgroup analyses were
performed. Furthermore according to multiple documents on
the FDA website, multiple letters to the editors of
journals,177,178 and even an article in the Washington Post,179

the CLASS study actually extended to 12 months rather than
the published 6 months. The celecoxib sponsors argued that
the statistical technique of data imputation was required
because more subjects dropped out of the standard NSAID
arms than was the case for celecoxib. Therefore those patients
who continued on celecoxib remained at risk for
gastrointestinal events, while the disproportionate number of
those on standard NSAIDs who had already dropped out could
not suffer a significant gastrointestinal event. The
FDA reviewers refuted these arguments175,176 (multiple other
FDA documents on the FDA website). However from the
perspective of this review sensitivity analyses were performed
around the CLASS data including both 6-month and 12-month
data with the results not impacting on the overall combined
analysis. Overall a statistically significant benefit of COX-2
inhibitors over combined standard NSAIDs remained.

The VIGOR study, was a well conducted RCT of rofecoxib
versus the relatively gastrointestinal toxic NSAID naproxen in
8000 rheumatoid arthritis patients not taking ASA. The results
showed a statistical superiority of rofecoxib over naproxen for
both POBs (RR 0·43, P = 0·005) and PUBs (RR 0·46, P <
0·001). Unfortunately, as evidenced on the FDA website,
subjects in the rofecoxib arm were at higher risk of
cardiovascular complications than those taking naproxen. This
can be interpreted in various ways: as a positive effect of
naproxen, a detrimental effect of rofecoxib, or a combination of
the two. Currently two large studies are being conducted to
further assess the cardiovascular risk associated with rofecoxib
(personal communication, F Bertrand, A Gibson, Merck
Cardiovascular Safety studies, 9 September 2002) and
preliminary data from the Institute for Clinical Evaluative
Sciences suggests no increased cardiovascular risk with
rofecoxib (personal communication, M Mamdami, cardio-
vascular risk of rofecoxib, 13 September 2002). The issue still
remains that the safety of the coadministration of ASA and
rofecoxib is currently unknown, since ASA users were
excluded from the VIGOR trial. If the results are similar to
those seen in the CLASS study, then one would expect reduced
safety of rofecoxib when used with ASA, particularly if it is
compared with a less toxic NSAID such as diclofenac.
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In defense of both the CLASS and VIGOR trials, the dosages
of the COX-2 inhibitors that were used were two to four times
higher than the recommended dosages for rheumatoid and
osteoarthritis.

Overall, COX-2 inhibitors are associated with a 61% RRR in
the POB outcome compared with standard NSAIDs (RR 0·39,
95% CI 0·27 to 0·56) (Figure 6.2). This however,
corresponds to a 0·24% ARR (from 0·36% to 0·12%). The same
analysis with the CLASS study48 12-month data obtained from
the FDA website drops the risk reduction to 55% (RR 0·45, 95%
CI 0·32 to 0·63).180 This difference is not statistically different.

The same seven articles combined the clinically important
gastrointestinal outcomes above with a “symptomatic ulcer”
endpoint to make a composite endpoint (PUB).47,48,171–174,181

Using this endpoint, COX-2 inhibitors are associated with a
53% RRR in PUBs compared with standard NSAIDS (RR 0·47,
95% CI 0·38 to 0·57) (Figure 6.3). The same analysis with the
CLASS study48 12-month data does not significantly alter the
results (RR 0·49, 95% CI 0·41 to 0·61).180

Analyses stratified by COX-2 inhibitors

Three studies with 30 306 patients compared celecoxib to
various NSAIDs.48,171,172 Significant heterogeneity existed in
this analysis most likely due to differing NSAID comparators.
Using a random effects model, celecoxib was associated
with a 77% RRR over standard NSAIDS (RR 0·23, 95% CI
0·07 to 0·76). 

Two studies compared rofecoxib to various NSAIDs.47,173

In this analysis rofecoxib was associated with a 58% RRR in
ulcer complications (RR 0·42, 95% CI 0·24 to 0·73).
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Two high quality studies compared meloxicam to a standard
NSAID using methodology similar to that of the CLASS and
VIGOR trials.174,181 Individually, the Hawkey et al.181 and
Dequeker et al. studies174 failed to show a statistically
significant benefit of meloxicam over diclofenac or piroxicam
for either POBs or PUBs. Combining these two studies still
fails to show a statistical benefit of meloxicam over standard
NSAIDs for these endpoints (RR 0·50, 95% CI 0·22 to 1·17 for
POBs, RR 0·53, 95% CI 0·26 to 1·05 for PUBs). 

We identified an additional eight meloxicam clinical efficacy
trials with a total of 3468 patients that also considered
gastrointestinal adverse effects as part of their safety
analyses.182–189 Two of these studies compared meloxicam to
placebo,187,189 leaving six studies, with a total of 2300 patients,
that compared meloxicam to standard NSAIDs.182–186,188

Although from an efficacy perspective these trials are of good
quality, the reporting of clinical ulcer complications was poor,
the criteria by which ulcer complications were adjudicated
were not given or poorly described, and all but one of the
studies185 had no ulcer complications in at least one group
resulting in empty cell analyses.190 Therefore we present the
combined analysis of the meloxicam studies as a separate
analysis. Overall, when these studies are included, there is a
RRR of 52% in PUBs with meloxicam (RR 0·48, 95% CI 0·26
to 0·88). Inclusion of these studies in the overall PUB analysis
(63 582 patients) did not change the outcome at all (RR 0·47,
95% CI 0·38 to 0·57).

Cost effectiveness of COX-2 inhibitors

The cost-effectiveness of COX-2 inhibitors has recently
been assessed by Maetzel et al.191 In this report, a Markov
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Figures 6.2 and 6.3 The figures show the meta-analysis plots for POB (Figure 6.2) and PUB (Figure 6.3) endpoints. These plots
show the relative risk (RR) of developing a POB or PUB on COX-2 inhibitors compared with standard NSAIDs for each study and
after combining the studies. The point and line to the right of the studies represent the RR and the 95% confidence interval. If the
line representing the 95% confidence interval crosses the vertical line representing a RR of one, then the RR fails to reach
statistical significance. As can be seen from the summary RRs, COX-2 inhibitors are associated with statistically significant relative
risk of 39% for POBs, and 47% for PUBs. These RRs represent relative risk reductions of 61% for POBs and 53% for PUBs.
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model was used to determine the incremental cost
effectiveness of celecoxib and rofecoxib compared with the
standard NSAIDs naproxen, ibuprofen, and diclofenac with or
without PPI prophylaxis in arthritic patients not requiring
ASA. The authors used the results of the CLASS and VIGOR
trials described previously as the basis of their analysis.

In average risk patients, those without a prior history of a
complicated upper gastrointestinal event such as hemorrhage
or perforation, the base case results were greater than
Can$ 200 000 per quality-adjusted life years gained for
celecoxib versus ibuprofen and rofecoxib versus naproxen
and therefore not felt to be cost effective. Diclofenac was
found to be more effective and less costly than celecoxib. On
the other hand, in older patients (> 76 years) without any
other risk factors COX-2 inhibitors were considered to be cost
effective. In high risk patients, those with a previous history
of a complicated upper gastrointestinal event, the base case
results showed COX-2 inhibitors to be more effective and less
costly in the cases of celecoxib versus ibuprofen with PPI
prophylaxis, and rofecoxib versus naproxen with PPI
prophylaxis. Diclofenac was found to be comparable to
celecoxib in this setting. Interestingly in the analysis of high
risk patients, the cost effectiveness of COX-2 inhibitors was
found to drop as the rates of co-prescription of COX-2
inhibitors with PPIs increased, and the cost effective
advantage of COX-2 inhibitors was lost altogether if standard
NSAIDs were used with a low cost PPI (< 1·90/day).

Summary

The available evidence suggests that the least
gastrointestinal toxic NSAID in the lowest effective dose
should be used whenever possible to limit the toxicity of
these agents. The combination of NSAIDs with other anti-
inflammatory agents, including ASA, corticosteroids, and
with oral anticoagulants is associated with an increased risk
of serious adverse gastrointestinal events, and again should
be avoided when possible. Patients with different risk

characteristics can have drastically different rates of adverse
gastrointestinal events when treated with NSAIDs long term.
Therefore, the addition of a second agent for prophylaxis
against NSAID-induced adverse gastrointestinal events should
likely be reserved for high risk patients, particularly older
patients with previous peptic ulcer disease and concomitant
coronary artery disease. Misoprostol at 800 micrograms daily
is the only prophylactic agent thus far that has been directly
shown to reduce the occurrence of significant adverse
NSAID-related gastrointestinal events. Lower doses of
misoprostol are associated with fewer adverse effects of
diarrhea, and cramps, but also appear to be slightly less
effective at preventing endoscopic gastric ulcers. The effects
of low doses of misoprostol on clinical gastrointestinal events
are unknown, so the use of lower doses may be associated
with a significant clinical trade-off. Double doses of potent H2-
receptor antagonists and standard doses of PPIs appear to be
effective at preventing endoscopic duodenal and gastric
ulcers, reduce NSAID-related dyspepsia and are significantly
better tolerated than misoprostol. However, the effectiveness
of these agents at preventing clinical gastrointestinal events is
unknown, and their cost effectiveness is dependent on the
daily cost of the PPI. Finally, all these agents appear to be
effective at healing NSAID ulcers despite continued NSAID
use (Table 6.3). However, the more potent acid suppression
afforded by PPIs and potent H2-receptor antagonists appears
to be most effective.

The accumulating COX-2 literature suggests a fundamental
shift in the treatment of arthritic patients. Our meta-analysis
demonstrates that celecoxib and rofecoxib appear to be safer
than standard NSAIDs overall and are better tolerated.
However, one should be cautious in generalizing from
comparisons of individual COX-2 inhibitors with individual
standard NSAIDs. In fact our data suggest that celecoxib may
not offer a clear benefit over diclofenac. Rofecoxib has not
been compared with diclofenac in a CLASS or VIGOR style
study, and its safety with ASA coadministration is unknown.
Meloxicam appears to have similar gastrointestinal toxicity as
the standard NSAIDs it was compared with. The VIGOR study
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Table 6.3 Evidence of efficacy

NSAID ulcer Clinical events Gastric ulcers Duodenal ulcers 
Drug class healing prevention prevention prevention

Prostaglandin analogs X X X X
H2 receptor antagonists (standard dose) X X
H2 receptor antagonists (double dose) X X X
Proton pump inhibitors X X X
COX-2 inhibitors X X X

NSAID, non-steroidal anti-inflammatory drug; COX, cyclo-oxygenase



has raised concerns regarding the cardiovascular safety of
COX-2 inhibitors, while the CLASS study demonstrated no
benefit of celecoxib over standard NSAIDs in patients taking
ASA. The cardiovascular safety of COX-2 inhibitors is currently
being evaluated in several large outcome trials. Lastly, there
are currently no studies that support a strategy of combining a
gastroprotective such as a PPI with a COX-2 inhibitor.
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Non-variceal gastrointestinal
hemorrhage
Nicholas Church, Kelvin Palmer

7

Introduction

Peptic ulcer is the commonest cause of acute non-variceal
bleeding, accounting for approximately half of the cases.1

Other major causes such as gastroduodenal erosions, gastritis,
esophagitis, Mallory–Weiss tears, and vascular malformations
are not usually life threatening and respond to conservative
therapy.

Approximately 80% of cases pursue a benign course
without re-bleeding in hospital and specific intervention is
not required. The remaining 20% have severe bleeding due
to erosion of a major artery. Most deaths from bleeding
arise from this subgroup. The crude death rate from
gastrointestinal bleeding has not significantly improved over
five decades. Avery Jones in 1957 reported a hospital
mortality of 16%2 whilst a large audit of acute gastrointestinal
bleeding carried out in England in 1997 reported very similar
mortality of 11%.3 This disappointing observation must,
however, be tempered by the fact that the case mix of patients
now admitted is very different from that of previous decades.
For example, less that 2% of patients admitted with acute
bleeding in 1947 were aged over 80 years whilst
approximately a quarter of patients currently admitted are
octogenarians. There is a close relationship between
increasing age and hospital mortality: increasing age is
inevitably associated with a high prevalence of chronic
disease, rendering patients susceptible to complications
following major hemorrhage.

The risk of death following admission to hospital for
gastrointestinal bleeding has been quantified by Rockall et al.4

(Table 7.1). Independent factors associated with a poor
prognosis were identified from data derived from a large
population of patients whose clinical course was observed
following hospital admission. Whilst the Rockall risk scoring
system did well when tested in a cohort of patients
subsequently managed in the same geographical area, it has
not been widely validated elsewhere. Recently the Rockall
score has been shown to correlate well with observed
mortality, but not re-bleeding, in a Dutch population.5 In

order to evaluate the use of the scoring system in patients at
highest risk, Church et al. calculated Rockall scores for a
series of 211 patients who had been entered into randomized
trials of endoscopic therapy for major peptic ulcer bleeding
in southeast Scotland.6 Mean scores were higher in those
patients who re-bled and those who died following
endoscopic therapy when compared with those who had an
uneventful course. Patients with a score greater than 8 were
significantly more likely to re-bleed or die, and such patients
should be managed in a high dependency unit after
endoscopic therapy.

As shown in Table 7.2, Rockall et al. showed a good
correlation between the risk score, re-bleeding and hospital
mortality. Deaths following admission to hospital because of
acute gastrointestinal bleeding are rarely due to exsanguina-
tion. They are usually a consequence of postoperative
complications when an urgent operation is undertaken, or of
deterioration of comorbid conditions.

Over the past 10 years the treatment of choice for
appropriate bleeding patients has been endoscopic therapy,
and surgical intervention has been reserved for the failure of
therapeutic endoscopy. Nevertheless, optimum management
still relies very much on a team approach with appropriate
use of drug therapy, endoscopic intervention, and surgery.
Despite much evidence from randomized trials, the
management of an individual patient still depends on clinical
judgment concerning the probability that attempts at
endoscopic intervention are likely to be fruitless and that
surgery is inevitable. Management may be best undertaken in
a specialized “bleeding unit” in which the patient is treated
using agreed protocols and guidelines with endoscopy
undertaken once appropriate resuscitation has been achieved
and with management decisions based upon endoscopic and
surgical opinions. Relatively weak evidence derived from
comparison of results in case series with historical controls
suggests that this approach may achieve lower hospital
mortality and more efficient use of resources than
management by generalists working in conventional medical
or surgical units.7,8
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Specific therapy

For the 80% of patients who have relatively minor bleeding
and who do not have major endoscopic stigmata of bleeding,
supportive therapy including use of intravenous fluid and the
management of comorbidity (particularly cardiorespiratory
disease) is sufficient.

Patients who present with clinical shock and who at
endoscopy have an actively bleeding peptic ulcer have an
80% risk of continuing to bleed or re-bleed in hospital.9

Those who have a non-bleeding visible vessel have a 50%
risk of further hemorrhage.10 The “visible vessel” represents
a pseudoaneurysm of the involved artery, or adherent blood
clot, plugging the arterial defect.11 Patients who are found to

have an adherent blood clot over the ulcer usually have an
underlying high risk lesion and should also be regarded
as being at considerable risk of further hemorrhage in
hospital. Patients who at endoscopy have a clean ulcer
base or who have black or red spots are at very little risk of
re-bleeding.

It follows from these observations that patients with major
endoscopic stigmata should be considered for specific
hemostatic treatment and only such patients should be
included in clinical trials of therapy for gastrointestinal
bleeding. This review will only consider those studies that
exclusively included patients having either a non-bleeding
visible vessel, active hemorrhage, or adherent blood clot as
entry criteria.
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Table 7.1 Rockall scoring system for risk of re-bleeding and death after admission to hospital for acute gastrointestinal
bleeding4

Score

Variable 0 1 2 3

Age < 60 years 60–79 years ≥ 80 years
Shock No shock Tachycardia Hypotension

Systolic BP Systolic BP Systolic BP
> 100 mmHg > 100 mmHg < 100 mmHg
Pulse < 100 per minute Pulse > 100 per minute

Comorbidity Nil major Cardiac failure, ischemic Renal failure, liver 
heart disease, any major failure, disseminated 
comorbidity malignancy

Diagnosis Mallory–Weiss tear, no All other diagnoses Malignancy of upper 
lesion and no SRH gastrointestinal tract

Major SRH None, or dark spot Blood in upper
gastrointestinal tract,
adherent clot, visible or
spurting vessel

SRH, stigmata of recent hemorrhage

Table 7.2 Correlation between Rockall score and re-bleeding and mortality

Risk score No. of patients Re-bleed (%) Mortality (%)

0 144 7 (5) 0 (0)
1 281 9 (3) 0 (0)
2 337 18 (5) 1 (0·2)
3 444 50 (11) 13 (3)
4 528 76 (14) 28 (5)
5 455 83 (24) 49 (11)
6 312 102 (33) 54 (17)
7 267 113 (44) 72 (27)
8 + 190 101 (42) 78 (41)



The specific non-surgical approaches to hemostasis are
drug therapy and endoscopic therapy.

Drug therapy

There are three principles underlying the use of drugs as
agents which might stop active hemorrhage and prevent
re-bleeding. The first of these is that the stability of a blood
clot is poor in an acid environment.12 Thus agents that
suppress acid secretion, including H2-receptor antagonists
(H2-RA) and proton pump inhibitor (PPI) drugs might reduce
re-bleeding. The second is that blood clot may be stabilized by
decreasing fibrinolytic mechanisms using agents such as
tranexamic acid. The third approach is that, since major
gastrointestinal bleeding is due to arterial erosion, reduction
of arterial blood flow by agents such as somatostatin and
octreotide could achieve hemostasis and prevent re-bleeding.

Acid suppressing drugs

The efficacy of H2-RA in the management of acute upper
gastrointestinal bleeding has been assessed in randomized
trials.13,14 Unfortunately, no trial has shown benefit in terms
of reduction of re-bleeding incidence or mortality. 

Experience involving the use of PPIs is inconsistent, but
recent evidence is beginning to support their use after
endoscopic therapy. The largest trial included 1147 patients
who were randomized to receive omeprazole (initially
intravenously, then orally) or placebo.15 No significant
difference was demonstrated in hospital mortality, operation
rate or re-bleeding (Table 7.3). The study was not restricted to
the high risk patients who had endoscopic stigmata of recent
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hemorrhage. Accordingly, event rates were rather low in the
placebo group, and this may have limited the power of the
study to show a difference. 

Khuroo et al. randomized 220 bleeding ulcer patients who
had major endoscopic stigmata to receive high dose oral
omeprazole or placebo.16 Although all patients had major
stigmata of hemorrhage, an adherent clot in the ulcer base
was reported in 57% of patients. Re-bleeding, the need for
urgent surgery, blood transfusion, and mortality were all
reduced in the actively treated group of patients (Table 7.4).
The number of patients needed to treat with omeprazole to
prevent one death was 25, and to prevent one operation
was 7. This trial has been criticized because it included
relatively young patients with relatively little comorbidity and
because endoscopic therapy was not administered to any
patient. The observation that omeprazole reduced re-bleeding
and surgery rates when no endoscopic therapy was done
suggested a beneficial effect of the PPI. This effect might,
however, have been exaggerated by the fact that the majority
of patients in the trial were bleeding from ulcers in which
adherent clot was found at endoscopy.

Two trials published back to back in the Scandinavian
Journal of Gastroenterology 17,18 examined the use of high
dose intravenous omeprazole after endoscopic hemostasis. All
patients had major peptic ulcer bleeding, but as in the trial by
Khuroo half the patients had adherent clot as the reported
stigma of hemorrhage. The conclusions were that intravenous
omeprazole infusion for three days following endoscopic
therapy improved outcome. Both trials used composite
endpoints which were complex and ill-defined and both were
discontinued early due to an unexplained imbalance in
mortality in one of the trials,18 factors that weaken the impact
of these results. Villanueva et al. randomized 86 patients
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Table 7.3 Omeprazole versus placebo for acute upper gastrointestinal bleeding15

Outcome Omeprazole Placebo

All patients
n 578 569
Re-bleed (%) 77 (14) 91 (16)
Operation (%) 56 (11) 57 (11)
Death (%) 35 (7) 29 (6)
Gastric ulcer
n 97 93
Re-bleed (%) 26 (27) 23 (25)
Operation (%) 18 (19) 16 (17)
Death (%) 7 (7) 5 (5)
Duodenal ulcer
n 149 164
Re-bleed (%) 32 (21) 47 (29)
Operation (%) 27 (18) 34 (21)
Death (%) 16 (11) 8 (5)



following successful endoscopic hemostasis for peptic ulcer
bleeding to either intravenous omeprazole or ranitidine.
There were no differences between the groups for the
endpoints of re-bleeding, surgery or death.19 In contrast,
a similar small trial by Lin and colleagues20 concluded that
intravenous omeprazole was superior to cimetidine in terms
of reduction of re-bleeding rates, but not of surgery or
mortality rates.

The most important recent trial was performed by Lau
et al.21 Two hundred and forty patients received an infusion
of omeprazole or a placebo. Two hundred and forty patients
with high risk ulcers with active bleeding or non-bleeding
visible vessels in whom endoscopic therapy for major ulcer
bleeding had been successful were treated by epinephrine
injection followed by heater probe thermocoagulation.
Adherent clots were removed to allow therapy to the
underlying vessel. The patients were then randomized to
receive either an 80 mg bolus dose of intravenous omeprazole
followed by an infusion of 8 mg per hour for 72 hours or
placebo. Re-bleeding rates, blood transfusion requirements
and length of hospital stay were significantly reduced in the
omeprazole group compared with placebo. There was a
trend toward fewer operations and deaths in the omeprazole
group, but these differences were not statistically significant
(Table 7.5).

A subsequent trial by the Hong Kong group included
156 patients with peptic ulcers containing non-bleeding
visible vessels or adherent clot in the ulcer base.22 Patients
were randomized to endoscopic therapy using epinephrine
(adrenaline) injection and heater probe thermocoagulation
plus the previously published high dose intravenous PPI
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regimen, or to the PPI regimen alone. The probability of
re-bleeding within 30 days of the index episode was
significantly reduced in the combination therapy group,
suggesting that PPI infusion in combination with endoscopic
therapy is superior to PPI infusion alone. Seventeen
percent of patients with non-bleeding visible vessels re-bled
in the PPI-only group (would it be useful to include the
percentage of re-bleeds in the combination group), and
although a control group receiving no treatment was not
included for ethical reasons, this represents a substantial
improvement over the expected re-bleeding rate of 50%
based on previous studies.

Following the publication of the trial by Lau21 the use of
high dose intravenous PPI after successful endoscopic therapy
for bleeding ulcer has become standard management in many
centers in the UK and Europe. The 80 mg bolus and 8 mg per
hour infusion regimen consistently raises intragastric pH
above 6 for the majority of a 24-hour period.23 It is not
known, however, whether this optimum regimen is actually
necessary following endoscopic therapy, and whether bolus
intravenous or even oral PPI would suffice. Two small studies
have attempted to answer these questions.

Udd et al.24 randomized 142 patients with ulcer bleeding
to the high dose 3-day intravenous omeprazole regimen or
a single daily bolus dose of 20 mg for 3 days. Rates of
re-bleeding (8% for high dose v 12% for standard dose),
surgery (4% v 7%) and death (6% v 3%) were comparable
between the groups. Only 102 patients had required
endoscopic therapy, and around 30% of patients had an ulcer
with a black base only. Thus the number of high risk ulcers in
the trial was small, the event rates were low and the study
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Table 7.4 Omeprazole versus placebo for bleeding peptic ulcer16

Outcome Omeprazole (n = 110) Placebo (n = 110) P value

Re-bleed (%) 12 (11) 40 (36) < 0·001
Surgery (%) 8 (8) 26 (23) < 0·001
Transfusion (mean units) 2·3 4·1 < 0·001
Death 2 6 NS

NS, not significant

Table 7.5 Omeprazole versus placebo for bleeding peptic ulcer treated with endoscopic therapy21

Outcome Omeprazole (n = 120) Placebo (n = 120) P value

Re-bleed (%) 8 (7) 27 (23) < 0·001
Surgery (%) 3 (3) 9 (8) 0·14
Transfusion (mean units ± SD) 2·7 +/− 2·5 3·5 +/− 3·8 0·04
Length of stay < 5 days: 56 (47) 38 (32) 0·02

number of patients (%)
Death (%) 5 (4) 12 (10) 0·13



may have lacked power to demonstrate a difference between
the effects of the two treatments.

The effect of oral omeprazole following endoscopic therapy
for bleeding peptic ulcer was studied by Javid et al.25 One
hundred and sixty-six patients with actively bleeding ulcers
and non-bleeding visible vessels or adherent clots were
treated with a combination of 1:10 000 epinephrine plus 1%
polidocanol injection. They were then randomized to receive
oral omeprazole 40 mg twice daily or placebo. Six (7%) of the
82 patients in the omeprazole group re-bled compared with
18 (21%) of the 84 patients in the placebo group (P = 0·02).

Surgery was required in two patients in the omeprazole
group and seven patients in the placebo group (P = 0·17).
One death occurred in the omeprazole group compared with
two in the placebo group. The results are comparable with
those achieved by Lau with the high dose intravenous
regimen.21 However, it should be noted that 40% of patients
in this trial had adherent clot, and the number of patients
with high risk was therefore correspondingly lower than that
in the Hong Kong study. A further high quality trial comparing
the use of intravenous and oral omeprazole in patients with
high risk ulcer bleeding is now required.

In our view the evidence now supports the use of PPIs
following endoscopic hemostasis in patients with major peptic
ulcer bleeding. All the trials show a trend for reduction in re-
bleeding in omeprazole-treated patients although rates of
surgery and mortality are not convincingly reduced. The trials
are rather heterogeneous and few in number, making
meaningful meta-analysis difficult. Zed et al. carried out an
analysis of nine trials comparing PPIs with placebo or H2-RAs
given after endoscopic therapy.26 The conclusion was that
PPIs are superior to placebo and H2-RAs in terms of reduction
of re-bleeding and surgery. Mortality was not reduced in the
PPI groups. A second meta-analysis by Gisbert et al.
included 11 trials and reached similar conclusions, although
the beneficial effect of PPI was found only in reduction of the
rate of re-bleeding.27 The group also noted that PPIs
were most likely to be beneficial in patients with active
bleeding and non-bleeding visible vessels, and in those
patients who did not receive endoscopic therapy.

We cannot say with certainty that use of PPIs saves lives,
but the effects on surrogate markers such as re-bleeding,
transfusion requirements, surgical operation and endoscopic
intervention are convincing. There do not appear to be
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significant hazards associated with the drugs and their cost in
the context of an acutely bleeding patient are relatively minor.

Tranexamic acid

A meta-analysis of six controlled trials, which included
1267 patients, did not show a significant reduction in the rate
of re-bleeding, but did show a statistically significant reduction
in the need for surgery and in mortality (Table 7.6).28 This
meta-analysis included trials in which many patients did not
have major endoscopic stigmata of bleeding. Therefore, the
results may not be applicable to patient populations at
greatest risk. 

The largest study was undertaken by the Nottingham
group.29 Seven hundred and seventy-five patients presenting
to hospital because of acute gastrointestinal bleeding were
randomized to receive oral cimetidine, tranexamic acid or
placebo. No significant difference in bleeding or operation
rates was demonstrated, but there was a rather surprising
large difference in mortality – 11% in cimetidine-treated
patients, 10% in tranexamic acid-treated patients, and 20% in
the placebo-treated group. The mortality rate of 20% in
the placebo-treated group is approximately twice that
expected for conservatively treated patients based on the
results of other studies. Furthermore, other studies do not
demonstrate benefit from the use of cimetidine. It is possible
that more high risk patients were inadvertently randomized
to the placebo group in this study.

Somatostatin and octreotide

Somatostatin and its analogs have two actions which are
theoretically valuable in the management of ulcer bleeding,
namely inhibition of acid secretion and reduction of splanchnic
blood flow. Mesenteric blood flow falls dramatically during
infusions of somatostatin but it is not clear whether this is
principally due to vasoconstriction of major blood vessels or
peripheral arterioles.

There have been 14 controlled trials of somatostatin versus
other therapy in the management of patients presenting with
acute gastrointestinal bleeding.30–43 Two meta-analyses
suggest that somatostatin but not octreotide has a primary
hemostatic role and reduces the need for surgical
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Table 7.6 Tranexamic acid for gastrointestinal bleeding – a meta-analysis28

Outcome POR 95% CI P value

Re-bleeding 0·80 0·61 to 1·10 0·13
Operation 0·72 0·52 to 1·00 0·047
Death 0·60 0·40 to 0·89 0·01

POR, ; CI, confidence interval



intervention.44,45 However, scrutiny of the relevant
trials reveals many problems. Many of the studies were small
and inclusion criteria varied widely from gastritis to major
active bleeding.

The largest trial was reported by Sommerville et al. in
1985 (Table 7.7).30 Six hundred and thirty of 779 potentially
eligible actively bleeding patients were randomized to receive
somatostatin (a bolus of 250 micrograms followed by 250 mg
hourly for 72 hours) or placebo. No significant differences in
re-bleeding, operation rate and mortality were demonstrated
between the treatment (one group was placebo) groups. 
The authors also reported the subgroup analysis of patients
who had bled from gastric or duodenal ulcers. There were
similar numbers of these in both active and placebo arms.
Unfortunately the presence or absence of major stigmata of
bleeding were not reported. The operation rate, mortality,
and re-bleeding rates were similar in the two groups.
However, a statistically significant difference in mortality in
duodenal ulcer patients was demonstrated, with more
actively bleeding patients dying. Although this was a large
study, and patients were randomized early, it may have lacked
the power to demonstrate a benefit of somatostatin. Many
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Ala patients whose prognosis was excellent because they had
relatively trivial bleeding were included, and at the other end
of the spectrum, there were also patients included in whom
operation and possibly death was inevitable because bleeding
was so severe.

A smaller study with contrasting results was reported by
Magnusson et al. (Table 7.7).31 This trial only included
patients who were in shock and actively bleeding, from peptic
ulcers in almost all cases. Patients were randomized to
receive somatostatin or placebo infusion. Uncontrolled
hemorrhage and need for surgical operation were more
common in placebo than somatostatin-treated patients.
However, the mortality rate was not improved. Re-bleeding
was equally common in both groups and the apparent
difference in transfusion requirements was not statistically

significant. This small study lacked the power to
demonstrate a significant difference in mortality should a true
difference exist. 

Currently, the evidence for routine use of somatostatin is
weak and further studies are needed before this agent can be
recommended as routine therapy for non-variceal acute
gastrointestinal bleeding.
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Table 7.7 Somatostatin versus placebo for acute gastrointestinal bleeding

Somatostatin Placebo

Sommerville et al.30

All patients
n 315 315
Re-bleed (%) 70 (22) 89 (28)
Operation (%) 35 (11) 34 (11)
Death (%) 31 (10) 25 (8)

Subgroup with gastric ulcer
n 57 57
Re-bleed (%) 18 (32) 21 (37)
Operation (%) 10 (18) 5 (9)
Death (%) 4 (7) 7 (12)

Subgroup with duodenal ulcer
n 77 81
Re-bleed (%) 21 (27) 31 (38)
Operation (%) 13 (17) 18 (22) P < 0·02
Death (%) 15 (19) 5 (6)

Magnusson et al.31

n 46 49
Peptic ulcer bleeding 36 42
Stigmata of major bleeding 38 41
Continued bleeding (%) 8 (17) 16 (33)
Operation (%) 5 (11) 14 (29)
Re-bleeding (%) 6 (13) 5 (10)
Median transfused units 5·8 7·2
Death (%) 4 (9) 1 (2)



Endoscopic therapy

Many therapeutic endoscopic treatments have been used
to try to stop active ulcer bleeding and prevent re-bleeding.
These can be classified into three basic endoscopic
approaches (Box 7.1).

Thermal methods

Laser photocoagulation

Lasers were the first endoscopic therapeutic modality
shown to be effective in managing acute non-variceal
gastrointestinal bleeding. Initial experience involved the
use of argon lasers but it became subsequently clear that
the tissue characteristics of thermal injury achieved by
Nd:YAG (neodymium:yttrium-aluminum-garnet) were more
appropriate. In fact, clinical trials showed little difference in
outcome in series involving argon or Nd:YAG laser treatment.
There have been three randomized trials comparing argon
laser therapy and conservative therapy for bleeding peptic
ulcer48–50 and a further nine trials of Nd:YAG laser
treatment51–59 (Table 7.8). Most of these studies show that
laser treatment significantly reduced the rates of re-bleeding,
transfusion requirement, and operation rate. One trial showed
significant improvement in hospital mortality.51 However,
experience has not been universally positive with laser
treatment. It is revealing to compare the best conducted study
with the large American multicenter study published in the
New England Journal of Medicine. Swain et al. randomized
138 patients to laser treatment or conservative therapy.
Swain personally carried out all endoscopic examinations
and treatments and was responsible for the clinical manage-
ment of the treated subjects.51 The study revealed significant
reductions in re-bleeding, need for emergency surgery and
mortality in laser-treated patients. In contrast Krejs et al. 
randomized a similar number of patients to laser therapy or to
conservative treatment.52 Patients treated by laser tended to
have a poor outcome compared with control patients. It
was apparent in this study that endoscopic therapy was
undertaken by a large number of endoscopists who varied in
their expertise. Of all therapeutic endoscopic modalities, laser
therapy is the most difficult to use. Even in Swain’s hands up
to 17% of ulcers could not be treated. The method is a “no
touch” one and an awkwardly placed duodenal ulcer within a
deformed duodenum may be extremely difficult to treat
adequately. Thus the results in the hands of relatively
inexperienced therapeutic endoscopists, each performing few
procedures, were likely to have been variable. Furthermore,
the patients included in this trial were managed in many units,
rather than by a single “bleeding team”.

Endoscopic laser therapy has been found to be relatively
safe with few complications; in particular, gastrointestinal
perforation has been rare. However, since the technique is
difficult, relatively expensive and because other approaches
are at least as effective, laser therapy for peptic ulcer bleeding
is no longer used.

Heater probe

The heater probe transmits preset amounts of energy to the
bleeding point via a Teflon tipped catheter. A powerful water
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Box 7.1 Classification of endoscopic
therapeutic modalities for gastrointestinal
bleeding

Thermal
● Argon laser
● Nd:YAG laser
● Heater probe
● Electrocoagulation
● Argon plasma coagulation

Injection
● Epinephrine
● Sclerosants
● Alcohol
● Thrombin
● Fibrin glue

Mechanical
● Hemoclips
● Staples
● Sutures

Thermal approaches involving laser, the heater probe
and electrocoagulation by monopolar or bipolar probes
attempt to induce thermocoagulation with thrombosis of the
bleeding point. In experimental bleeding ulcers these
approaches are more effective than injection treatments.46

However, there is no good model of acute peptic ulcer
bleeding. Experiments in animals are based upon observation
following superficial mucosal injury, which is different from
erosion of arteries by chronic or acute peptic ulcer. Injection
therapy may produce tamponade by the injection of a
relatively large volume of fluid into a rigid compartment,
compressing the bleeding artery. Vasoconstriction induced
by dilute epinephrine, endarteritis induced by sclerosants,
dehydration following absolute alcohol injection or a direct
effect upon blood clot formation following injection of
thrombin or fibrin glue are other putative mechanisms.
Mechanical clips, staples and sewing attempt to produce
hemostasis by clamping the bleeding arterial lesion. Many
clinical trials of endoscopic therapy for non-variceal bleeding
have been published. The quality of these trials varies greatly.
In general, the number of patients randomized in any one
study is small and clinicians managing the patients have not
been blinded to the type of endoscopic therapy. Only one trial
has included a placebo control intervention for endoscopic
therapy.47



jet is used to clean the ulcer base, help visualize the bleeding
point and also to prevent the probe sticking to the bleeding
point. Hemostasis is achieved by coaptive coagulation, using
both tamponade and the application of heat. Best results are
achieved using large sized probes. There have been two trials
in which the heater probe has been compared to conservative
therapy.60,61 Both showed benefit in terms of further
bleeding, and surgery, and the one published only in abstract
form61 demonstrated a trend towards reduction in mortality
(Table 7.9). Ald

The heater probe is “user friendly”. Its capacity to apply
thermal energy by tangential application and its powerful
water jet are particular advantages. Perforations have
occurred following treatment, although these are unusual,
and are of the order of 1%.62 In general, medium power
settings (20–30 J) are used, but it is not possible to be
prescriptive concerning the total amount of energy that
should be applied. Most authorities consider that treatment
should be continued until active hemorrhage is stopped and
until the treated area is blackened and cavitated.
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Table 7.9 Results of trials of treatment with the heater probe for gastrointestinal bleeding

Study Group Re-bleed (%) Surgery (%) Mortality (%)

Fullarton et al. (1989)60 HP (n = 20) 0 0 0
Sham (n = 23) 22* 13** 0

Jensen et al. (1988)61 BICAP 44 33 3
HP 22*** 3*** 3
Nil 72 41 9
n (total) = 94

*P = 0·05.
**P = 0·23.
***P < 0·05.
HP, heater probe; BICAP, bipolar electrocoagulation.

Table 7.8 Results of trials of Nd:YAG laser treatment for bleeding peptic ulcer

Study Group No. of patients Re-bleed (%) Surgery (%) Mortality (%)

Swain et al. (1986)51 Laser 70 7 (10) 7 (10) 1 (1·4)
Control 68 27 (40) 24 (35) 8 (12)

Krejs et al. (1987)52 Laser 85 19 (22) 14 (16) 1 (1·2)
Control 89 18 (20) 15 (17) 1 (1·1)

Rhode et al. (1980)53 Laser 62 37 (59) 8 (13) 24 (39)
Control 43 24 (57) 18 (41) 27 (63)

Rutgeerts et al. (1982)54 Group 2: Lb 46 3 (7) 1 (2) 6 (13)
Group 2: C 40 6 (15)a 5 (13) 6 (15)
Group 3: Lc 17 3 (18) 2 (12) 2 (12)
Group 3: C 26 8 (31) 6 (23) 4 (15)

MacLeod et al. (1983)55 Laser 21 6 (29) 5 (24) 1 (5)
Control 24 8 (33) 8 (33) 2 (8)

Homer et al. (1985)56 Laser 17 3 (18) – 0 (0)
Control 25 8 (32) – 2 (8)

Trudeau et al. (1985)57 Laser 18 2 (11) 1 (5) 2 (11)
Control 15 6 (40) 4 (26) 5 (33)

Buset et al. (1988)58 Laser 42 10 (24) 3 (7) 1 (2)
Control 46 17 (37) 2 (4) 2 (4)

Matthewson et al. (1990)59 Laser 44 9 (20) 9 (20) 1 (2)
Heater probe 57 16 (28) 13 (22) 6 (10)
Control 42 18 (43) 13 (30) 4 (9)

a6 of 31 where bleeding stopped.
bRutgeerts group 2: active non-spurting bleeding.
cRutgeerts group 3: inactive bleeding with stigmata of recent hemorrhage.



Electrocoagulation

Monopolar electrocoagulation uses a metal ball-tipped
probe. An electrical circuit is completed by a plate attached to
the patient. Application of energy is rather haphazard and
perforations and a death were reported in early series.
Consequently this device is no longer used. Bipolar
electrocoagulation (BICAP) is based upon transmission of
electrical energy between adjacent electrodes. The BICAP has
eight separate electrodes over its surface. Early studies from
the UK involving small numbers of patients showed no
benefit for active treatment compared to conservative
therapy. Subsequently, however, trials from the UK and the
USA showed improved outcomes including primary
hemostasis, re-bleeding, the need for surgery and transfusion
requirements with BICAP compared with conventionally
treated patients.63–66 (Table 7.10). The efficacy of the heater
probe and BICAP appear to be comparable with similar low
complication rates.62,67

Argon plasma coagulation

This procedure is based upon coagulation through a jet of
argon gas. Relatively superficial thermal damage is achieved.
The method is particularly applicable to mucosal and
superficial bleeding lesions and its final role may be in dealing
with vascular malformations such as gastric antral vascular
ectasia. One small trial has shown that argon beam
coagulation is comparable in efficacy to heater probe therapy
for ulcer hemostasis.68 A second trial compared the argon
plasma coagulator with combination injection of epinephrine
and polidocanol.69 Again the two approaches were equally
effective. Nevertheless the tissue damage characteristics
of argon plasma coagulation are less than ideal for managing
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arterial bleeding, and it will probably prove to be less
appropriate for managing peptic ulcer bleeding than contact
methods.

Conclusion

Thermal methods of hemostasis were shown to be superior
to conservative management in two meta-analyses. In the
study of Cook et al. the odds ratio for prevention of re-
bleeding was 0·48 (95% CI 0·32 to 0·76); and for avoidance
of surgery was 0·47 (95% CI 0·27 to 0·80).70 Similarly, in the
study of Henry and White the odds ratio for prevention of
bleeding was 0·32 (95% CI 0·22 to 0·41) and for the
avoidance of surgery was 0·31 (95% CI 0·19 to 0·43).71

Thermal contact methods (heater probe and bipolar
coagulation) are technically easier to undertake than laser
techniques. There are insufficient data to determine whether
the heater probe is better than the BICAP.

The safety profile of thermal modalities is generally
very good. Perforations are unusual and treatment-induced
exacerbation of bleeding is not usually clinically important.

Injection therapy

Injection treatment is simple to carry out and is the
cheapest available hemostatic modality. A large range of
injection materials has been studied and it is difficult to prove
that any one is superior to the others.

Dilute epinephrine

In 1988 Chung et al. reported a controlled trial in which
patients with active ulcer bleeding were randomized to
receive endoscopic injection with 1:10 000 epinephrine or
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Table 7.10 Results of trials of electrocoagulation for gastrointestinal bleeding

Study Group No. of patients Re-bleed (%) Surgery (%) Mean units transfused

O’Brien et al. (1987)63 Bipolar probe 101 17 (17)* 7 (7) 4·6**
Nil 103 34 (33) 10 (10) 7.3

Laine  (1987)64a MPEC 21 – 3 (14)*** 2·4†
Sham 23 – 10 (43) 5·4

Brearley et al. (1987)65 Bipolar probe 20 6 (30) – –
Nil 21 8 (38) – –

Laine (1988)66b MPEC 37 7 (19)‡ 3 (8) 1·6‡
Sham 37 15 (41) 11 (30) 3·0

*P = 0·01.
**P = 0·13.
***P = 0·049.
†P = 0·002.
‡P < 0·05.
MPEC, monopolar electrocoagulation.
aStudy included ulcers, Mallory–Weiss tears and vascular malformations.
bStudy was restricted to ulcers with non-bleeding visible vessels. See also Jensen et al.61 (Table 7.9).



were treated conservatively.72 Primary hemostasis was
achieved in all injected patients and the need for subsequent

urgent surgery was significantly reduced (Table 7.11).
Re-bleeding occurred in 24% of injected patients, suggesting
that although dilute epinephrine did stop active bleeding, its
effects were temporary.

It seemed logical to combine an injection of epinephrine
with that of an agent which might cause permanent sealing
of the bleeding arterial defect. For this reason a series of
trials were undertaken in which epinephrine injection was
combined with a range of sclerosants.

The results of trials in which a combination of epinephrine
plus sclerosants were compared with conservative therapy
are summarized in Table 7.12.73–76 All showed that active
bleeding stopped more rapidly in treated patients, that
re-bleeding rates were less, and that the need for surgery
was reduced. No single trial, however, was powerful enough
to determine whether mortality was affected. A subsequent
meta-analysis, involving thermal contact devices, laser and
injection therapy carried out by Cook et al. did show a
modest reduction in mortality, although this was statistically
significant only for laser therapy.70

Sclerosants

The sclerosants that have been studied are polidocanol, 5%
ethanolamine oleate, and 3% sodium tetradecyl sulfate. There
are no controlled trials in which outcome has been assessed
in patients randomized to sclerosants versus conservative (no
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injection) therapy. Several trials compared the efficacy of
sclerosants with other endoscopic therapies. Benedetti et al.
showed similar efficacy for polidocanol and thrombin
injection in patients presenting with a range of bleeding
lesions.77 Strohm et al. randomized patients to one of
four treatment arms (fibrin glue, 1% polidocanol, dilute
epinephrine or epinephrine plus polidocanol) and showed no
advantage for any one approach.78 Rutgeerts et al. showed no
difference in outcome for patients treated by polidocanol or
Nd:YAG laser therapy.79 In general these studies suffer from
the problem of small sample size, and they probably lacked
statistical power.

A series of case reports documented complications of
injection by sclerosant,80,81 particularly perforation and
necrosis of the upper gastrointestinal tract. These
complications did not occur following epinephrine injection
and indeed the latter seems remarkably safe. Fears
concerning the possible systemic affects of circulating
epinephrine have not translated into cardiovascular mishaps.
Since complications are mainly due to sclerosant injection, it
was important to confirm the importance of combining the
sclerosant with the epinephrine injection. Whilst the logic of
attempting to induce endarteritis using sclerosants was
reasonable, experiments in animals did not demonstrate that
this could be achieved by injection using ethanolamine or
absolute alcohol.82 Three trials compared the efficacy of
injection by epinephrine alone versus a combination of
epinephrine plus a sclerosant.83–85 As shown in Table 7.13,
these three studies did not show that combination treatment
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Table 7.11 Controlled trial of epinephrine for gastrointestinal bleeding72

Outcome Epinephrine (n = 34) Conservative (n = 34)

Primary hemostasis (%) 34 (100) –a

Surgery (%) 5 (15) 14 (41)
Mortality (%) 3 (9) 2 (6)

a20 patients stopped bleeding spontaneously.

Table 7.12 Summary of results of trials of epinephrine plus sclerosants for gastrointestinal bleeding

Study Group No. of patients Re-bleed (%) Surgery (%) Mortality (%)

Panes et al. (1987)73 Epi + Pol + Cim 55 3 (5) 3 (5) 2 (4)
Cim 58 25 (43) 20 (34) 4 (7)

Rajgopal and Palmer (1991)74 Epi + Eth 56 7 (13) 6 (11) 2 (4)
Nil 53 25 (47) 13 (25) 3 (6)

Balanzo et al. (1988)75 Epi + Pol 36 7 (19) 7 (19) –
Nil 36 15 (42) 15 (42) –

Oxner et al. (1992)76 Epi + Eth 48 8 (17) 4 (8) 4 (8)
Nil 45 21 (47) 8 (18) 9 (20)

Epi, epinephrine; Pol, polidocanol; Eth, ethanolamine; Cim, cimetidine



was superior to injection by epinephrine alone. No study
has directly compared outcome in patients randomized to
dilute epinephrine or to a sclerosant.

Since the addition of sclerosants to an injection of
epinephrine offers no proved advantage over injecting
epinephrine alone, and because sclerosants have the potential
to cause significant local complications following injection,
they should no longer be employed as part of the injection
treatment regimen.

Alcohol

The efficacy of injecting absolute alcohol into bleeding
ulcers has been examined in several clinical trials. Two of
these86,87 (Table 7.14) randomized patients to alcohol
injection or to conservative therapy and showed benefit in
terms of reduction in re-bleeding rates and need for surgical
intervention.

In a randomized controlled trial, Lin et al.88 reported that
alcohol injection stopped active bleeding and prevented
re-bleeding in 86% of patients whose ulcers were injected,
and this result was similar to the proportion of bleeding ulcers
responding to injection with 3% sodium chloride, 50%
dextrose, or normal saline. Only one small study88 has
attempted to compare the efficacy of alcohol with dilute
epinephrine injection, but this study lacked statistical power
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interventions, should any exist.

The evidence that alcohol stops active bleeding and
prevents re-bleeding is stronger than that for the sclerosants.
Unfortunately, the potential for adverse effects is probably
higher for alcohol than for epinephrine. Deep ulcers
commonly follow alcohol injection and perforations have
occurred.90

Whilst alcohol injection is an effective hemostatic therapy,
current evidence suggests that the magnitude of its effect
is probably similar to that achieved by injection with
epinephrine alone. Because of its propensity for causing
adverse effects, alcohol injection is not recommended as
treatment for ulcer bleeding.

Thrombin and fibrin glue

The most attractive endoscopic approach is to directly
cause blood clot formation by injecting thrombogenic
substances. In the 1980s small trials examined the efficacy of
bovine thrombin and showed little benefit compared to other
modalities.

In 1996 Kubba et al. reported a comparison of endoscopic
injection therapy using a combination of epinephrine plus
human thrombin with dilute epinephrine injection alone
(Table 7.15).91 A proportion of randomized patients had

Non-variceal gastrointestinal hemorrhage

149

Table 7.13 Results of studies of epinephrine versus epinephrine plus sclerosant in gastrointestinal bleeding

Primary Transfusion 
Study Group No. of patients hemostasis Re-bleed (%) Surgery (%) (units +/− range) Mortality (%)

Chung et al. Epi + Alc 79 75 6 (8) 9 (11) 2 (0–23) 7 (9)
(1993)83

Epi 81 79 9 (11) 12 (15) 3 (0–20) 4 (5)
Choudari and Epi + Eth 52 – 7 (14) 4 (8) 8 0 (0)

Palmer (1994)84

Epi 55 – 8 (15) 4 (7) 9 1 (2)
Villanueva et al. Epi + Pol 33 32 7 (21) 5 (15) 2 1 (3)

(1993)85

Epi 30 29 3 (10) 4 (13) 2 2 (7)

Epi, epinephrine; Alc, alcohol; Eth, ethanolamine; Pol, polidocanol

Table 7.14 Results of studies of alcohol versus conservative therapy for gastrointestinal bleeding

Study Group No. of patients Re-bleeding (%) Surgery (%) Mortality (%)

Pascu et al. (1989)86 Alcohol 41 1 (2)* 1 (2) 1 (2)
Conservative 39 5 (13) 14 (36) 6 (15)

Lazo et al. (1992)87 Alcohol 25 2 (8)** 1 (4)* –
Conservative 14 8 (57) 7 (50) –

*P < 0·05.
**P < 0·001.



active bleeding at the time of randomization, while the
remainder had non-bleeding visible vessels. Re-bleeding and
mortality were significantly reduced in the group receiving
combination therapy compared with patients receiving
epinephrine alone. The number of patients needed to be
treated with combination therapy rather than epinephrine
alone to prevent one death is approximately 14. 
Paradoxically, no statistically significant differences in the
need for surgical operation and the overall rate of hemostasis
were demonstrated. Indeed, deaths in this study all occurred,
as is usually the case, in patients who had significant
comorbidity. Complications in this study were minimal.
Although this was not a direct comparison of epinephrine
versus thrombin, it did strongly suggest that human thrombin
is an effective modality.

Balanzo et al. randomized 64 patients with ulcer bleeding
to epinephrine injection or epinephrine plus thrombin in a
similar, but smaller trial.92 There were no differences in the
rates of primary hemostasis, re-bleeding, surgery or death
(see Table 7.15). 

To further investigate the use of thrombin as a potential
adjunct to standard endoscopic therapy Church et al.
randomized 247 patients to treatment with heater probe
plus thrombin injection or to heater probe plus placebo
injection.47 This trial included only patients with bleeding
peptic ulcers who were at high risk for re-bleeding and death,
and was the first trial to include placebo endoscopic therapy.
Initial hemostasis was achieved in 97% of patients in both
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groups, and the rates of re-bleeding, surgery and mortality
were similar (Table 7.16). The results of this trial do not
suggest that thrombin is any more effective than placebo
when combined with the heater probe for endoscopic
hemostasis.

Fibrin glue is a mixture of fibrinogen and thrombin which
is injected through a double-channeled endoscopy needle. Its
effect was studied by Song et al. in a trial of 127 patients with
bleeding ulcers and major stigmata of hemorrhage.93 Patients
were randomized to injection of fibrin glue or hypertonic
saline-epinephrine. There were no significant differences
between rates of re-bleeding, surgery and death (Table 7.17).

This trial is the only one that compared the efficacy of
fibrin glue directly with that of another endoscopic
therapeutic modality.

In a large multicenter European study (Table 7.18) 850
patients were randomized to endoscopic injection with dilute
epinephrine plus a single injection of fibrin glue, to
epinephrine and repeated injection of fibrin glue given at daily
intervals according to the discretion of the endoscopists, or to
epinephrine plus 1% polidocanol.94 Re-bleeding rates were
lowest in patients treated by repeated injection. The rate of
serious re-bleeding requiring major blood transfusion or
surgical operation, was significantly reduced in patients
receiving repeated injections of glue compared with the
polidocanol-treated group. A total of seven perforations
occurred in this study and these were distributed equally
amongst the treated modalities.
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Table 7.15 Epinephrine plus thrombin versus epinephrine alone for gastrointestinal bleeding 

Kubba et al.91 Balanzo et al.92

Outcome Epi + Throm Epi alone Epi + Throm Epi alone 

n 70 70 32 32
Re-bleed (%) 3 (4) 14 (20)* 2 (6) 4 (13)
Transfusion (units) 7 5 3·14 3·94
Surgery (%) 3 (4) 5 (7) 5 (16) 4 (13)
Mortality (%) 0 (0) 7 (10)** 0 (0) 0 (0)

*P < 0·005.
**P < 0·013.
Epi, epinephrine; Throm, thrombin

Table 7.16 Heater probe plus thrombin versus heater probe plus placebo for gastrointestinal bleeding47

Outcome Heater probe plus Thrombin Heater probe plus Placebo 

n 127 120
Re-bleed (%) 19 (15) 17 (15)
Surgery (%) 16 (13) 13 (11)
Mortality (%) 8 (6) 14 (12)



The most recent trial involving fibrin glue randomized
135 patients to injection of epinephrine plus fibrin glue or
to epinephrine alone.95 Endoscopy was repeated daily with
re-treatment of stigmata until the ulcer base contained flat
pigmented spots or was clean. The rate of re-bleeding in
the combination group was not significantly different from
that in the single agent group (24% v 22%). Rates for surgery
were also similar (10% v 6%), and mortality was 3% in
both groups. 

The evidence regarding the use of thrombogenic
substances is conflicting. There is evidence of benefit in some
studies, but not in others, and currently there is not enough
evidence to recommend thrombin or fibrin glue over other
injection agents. Thrombin is derived from pooled plasma,
and although viral (or other infective agent) transmission has
not been reported, this is a possibility. Acute complications
are infrequent and no adverse effects have been apparent in
terms of systemic coagulation.

Human thrombin is not currently commercially available.
It is relatively inexpensive (£35 per vial), although more
costly than epinephrine (£1 per vial).

Conclusion

Injection therapy is effective and safe. The optimum
injection regimen should probably include dilute epinephrine,
which stops active hemorrhage. Re-bleeding rates are not
convincingly reduced by the addition of agents such as
thrombin or a thrombin–fibrinogen mixture. Sclerosants and
alcohol should not be used, since there is no evidence that
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they are beneficial and they increase the risk of serious
complications.

The mechanism of injection therapy is not completely
understood. It is thought to work at least in part by exerting a
tamponade effect resulting from the injection of a volume of
fluid into the rigid ulcer base. This possibility is supported by
the study reported by Lin et al. who compared injection of
normal saline, 3% sodium chloride solution, 50% glucose/
water solution and pure alcohol in 200 patients with actively
bleeding ulcers or non-bleeding visible vessels.88 There were
no statistical differences between rates of initial hemostasis,
re-bleeding and surgery for any group. Larger injected
volumes were required to achieve initial hemostasis in the
saline and glucose/water groups, suggesting that tamponade
was an important factor. These results are challenged by
those of Laine and Estrada.96 In this study patients with high
risk ulcers were randomized to injection of normal saline
(n = 48), or to BICAP (n = 52). Twenty-nine percent of
patients in the saline group had recurrent bleeding compared
with 12% of those treated with the BICAP. The saline-treated
patients required significantly more blood, but there were
no differences in length of hospital stay or mortality. It is
likely that tamponade does not completely explain the
mechanism of injection therapy, and active agents should
continue to be used.

The optimum volume of injection is not known. Small
volumes of alcohol and sclerosants are required in order to
reduce the risk of perforation. Much larger volumes of saline
and epinephrine can be used without complication. In the
trial by Lin discussed above, the mean injection volume in the
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Table 7.17 Fibrin glue versus epinephrine injection for gastrointestinal bleeding93

Outcome Fibrin glue Hypertonic saline/epinephrine 

n 64 63
Re-bleed (%) 7 (11) 14 (22)
Surgery (%) 4 (6) 7 (11)
Mortality (%) 1 (2) 4 (6)

Table 7.18 Epinephrine plus fibrin glue versus epinephrine plus polidocanol for gastrointestinal bleeding94

Outcome Epi + rep FG Epi + single FG Epi + Pol 

n 284 285 281
Re-bleed (%) 43 (15) 55 (19) 64 (23)*
Transfusion (units) 3·7 3·2 3·3
Surgery (%) 9 (3) 14 (5) 14 (5)
Perforation (%) 2 (1) 2 (1) 3 (1)
Mortality (30-day) (%) 12 (4) 15 (5) 13 (5)

*P < 0·036.
Epi, epinephrine; FG, fibrin glue; Pol, polidocanol



saline group was 15 ml. Laine and Estrada injected a mean
volume of 30 ml. A further trial by Lin et al. compared large
with relatively small volume injection.97 One hundred and
fifty-six patients with ulcer bleeding were randomized to
injection of 5–10 ml of epinephrine (the small volume group)
or injection of 13–20 ml (the large volume group).
Re-bleeding occurred in 31% of the small volume patients
compared with 15% in the large volume group. The
other usual endpoints were similar. The conclusion of this
trial is that larger volume injection of epinephrine is safe and
more likely to prevent re-bleeding than injection of a smaller
volume.

Comparison of injection
and thermal treatments

A number of small trials have compared injection with
thermal therapies. In general, the two modalities appear to
have similar efficacy.

Six trials have compared heater probe with injection98–103

(Table 7.19). The two trials reported by Lin et al. showed that
heater probe treatment was more effective in achieving
primary hemostasis.98,99 These authors noted the heater
probe to be better when ulcers were difficult to approach,
since it can be applied tangentially. They also found the water
jet to be useful in the presence of spurting bleeding. It may be
argued that alcohol is a less appropriate injection therapy than
epinephrine, which may account for the apparent superiority
of the heater probe in these studies. This view was supported
by the findings of Chung et al.100 They concluded that heater
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probe and epinephrine were equally effective, but that initial
hemostasis was more easily achieved with epinephrine.
Choudari et al.101 compared the heater probe with
epinephrine plus ethanolamine (in the table only epi) and
found no differences between the modalities. The remaining
two trials by Saeed et al.102 and Llach et al.103 support this
conclusion. Laine showed that electrocoagulation and
injection with ethanol were equivalent, although the size of
this trial was suboptimal.104

Two trials involved the Nd:YAG laser. Carter and
Anderson105 compared laser with epinephrine and Pulanic
et al.,106 in a much larger trial, compared laser with
polidocanol. Neither showed a difference in outcome.

Current evidence does not allow a conclusion to be drawn
on whether injection or thermal treatment is superior. We
advocate the heater probe as the thermal method of choice.
Some situations, particularly those involving awkwardly
placed posterior duodenal ulcers, lend themselves better to
use of the heater probe than to injection therapy.

Combination of injection
and thermal treatments

The mechanisms leading to hemostasis associated with
thermal treatment and injection therapy may differ, providing
a rationale for combining a thermal modality and injection
treatment. Currently, only one small study has shown overall
benefit from use of such a combination. This trial by Lin et al.
used the gold probe, a bipolar coagulation probe containing
an injection needle in the center.107 Using this device heat
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Table 7.19 Trials comparing heater probe treatment with injection therapy for gastrointestinal bleeding

Primary
Study Group No. of patients hemostasis (%) Re-bleed (%) Surgery (%) Mortality (%)

Lin et al. (1988)98 HP 42 42 (100) 5 (12) – –
PA 36 29 (81) 6 (22) – –

Lin et al. (1990)99 HP 45 44 (98)* 8 (18) 3 (7)** 1 (2)†

PA 46 31 (67) 2 (4) 2 (4) 0
Control 46 – – 12 (26) 7 (15)

Chung et al. (1991)100 HP 64 53 (83)‡ 6/53 (11) 14 (22) 4 (6)‡

Epi 68 65 (96) 11 (17) 14 (21) 2 (3)
Choudari et al. (1992)101 HP 60 – 9 (15) 7 (12) 3 (5)

Epi + Eth 60 – 8 (13) 7 (12) 2 (3)
Saeed et al. (1993)102 HP 39 35 (90) 4 (10) – –

Ethanol 41 33 (81) 5 (12) – –
Llach, et al. (1996)103 HP 53 – 3 (6) 2 (4) 1 (2)

Epi + Pol 51 – 2 (4) 2 (4) 1 (2)

*P = 0·0004.
**P = 0·0024 (P = 0·027 between control and HP; P = 0·012 between PA and HP).
†P = 0·002 (P = 0·031 between control and HP; P = 0·018 between control and PA).
‡P < 0·05.
HP, heater probe; PA, pure alcohol; Epi, epinephrine; Eth, ethanolamine; Pol, polidocanol



and injection therapy may be applied without removing the
probe from the ulcer. Ninety-six patients were randomized to
receive injection alone, coagulation alone or combination
therapy Re-bleeding rates were lower in the combination
group compared with the injection alone and coagulation
alone groups (7% v 36%, P = 0·01 and 7% v 30%, P = 0·04,
respectively). The volume of blood transfused in the
combination group was also significantly lower. Although this
small trial demonstrated a beneficial outcome following
combination endoscopic therapy, confirmation in a larger trial
would be desirable.

A further encouraging trend relates to a finding within a
study reported by Chung et al.108 This study involved
randomization of appropriate patients with ulcer bleeding to
injection therapy using 1:10 000 epinephrine or to a
combination of epinephrine plus the heater probe (Table 7.20).
Although there was no overall difference in outcome
between patients randomized to either arm, a post hoc
subgroup analysis did reveal positive findings. Sixty patients
had active spurting hemorrhage from large ulcers, and
within this group the primary hemostatic effect of both
treatments was similar. However, the need for operation was
significantly reduced in the group treated by heater probe
and injection. The number of surgical endpoints was very
small, and this observation from subgroup analysis requires
confirmation in further trials.

Mechanical clips

The hemoclip was first used for non-variceal bleeding by
Japanese investigators in the early 1970s.109 The device has
gained favor, particularly in Japan, and is the endoscopic
method most analogous to underrunning an ulcer at operative
surgery. Three large case series110–112 support hemoclips as a
safe and effective method for the treatment of bleeding peptic
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ulcer and there are four randomized trials of reasonable
size.113–116

Chung et al. published a randomized trial comparing
hemoclips with epinephrine injection in 1999.113 Of
124 patients with actively bleeding ulcers or ulcers with
vessels included in the study 41 were treated with hemoclips,
41 with epinephrine and 42 with a combination of the two.
Primary hemostasis was achieved in over 95% of patients. Re-
bleeding occurred in 2·4%, 14·6% and 9·5%, respectively,
but the differences between the groups were not significant
(P = 0·138). Similarly, rates of surgery and mortality were
no different (4·9% v 14·6% v 2·3% for surgery and 2·4% v
2·4% v 2·3% for mortality, respectively). Three patients
had complications, all in the epinephrine only group. In one
patient severe bleeding requiring surgical operation was
precipitated; two patients developed submucosal hematoma.

Cipoletta et al.114 randomized 113 patients with endoscopic
stigmata of hemorrhage to heater probe thermocoagulation or
to application of hemoclips. A mean of three clips per patient
were used with up to six being required in some cases.
Re-bleeding was dramatically reduced in the hemoclip group
with rates in the clip and heater probe groups of 1.8% and
21%, respectively (P < 0·05). Surgery and mortality rates
were similar in the two groups and there were no
complications.

The two previous trials suggested clips to be effective,
with re-bleed rates below 3% in the clip only groups. Two
subsequent studies, however, have been less encouraging.
Eighty patients were randomized to heater probe thermo-
coagulation or to placement of hemoclips in the trial by Lin
et al.115 Primary hemostasis was achieved in only 85% of
patients in the clip group versus 100% of those treated with
the heater probe (P = 0·01). The rates of re-bleeding, surgery
and mortality were not different. Gevers et al.116 carried out
a similar trial to Chung113 in which 101 patients were
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Table 7.20 Epinephrine plus heater probe versus epinephrine alone for gastrointestinal bleeding108

Outcome Epi + HP Epi alone

Overall n = 136 n = 134
Primary hemostasis (%) 135 (99) 131 (98)
Re-bleed (%) 5 (4) 12 (9)
Transfusion (units) 3 2
Surgery (%) 8 (6) 14 (11)
Mortality (%) 8 (6) 7 (5)
Subgroup with spurting hemorrhage n = 32 n = 28
Primary hemostasis (%) 31 (97) 25 (89)
Re-bleed (%) 2 (6) 6 (21)
Transfusion (units) 4 5 
Surgery (%) 2 (6) 8 (29)*
Mortality (%) Not stated Not stated

*P = 0.03.
Epi, epinephrine; HP, heater probe



randomized to injection with epinephrine and polidocanol,
hemoclip application or a combination of the two. The overall
failure rate was significantly higher in the hemoclip alone
group than in the injection and combination groups (34%, 6%
and 25%, respectively; P = 0·01).

The major difficulty with hemoclip placement occurs when
ulcers are difficult to reach and tangential application is
required. Initial clip applicators resulted in problems with clip
alignment, but a rotary applicator has now been developed.
Further problems arise when clips are applied to the fibrous
base of a chronic ulcer, as in this situation it may not be
possible to adequately compress the bleeding vessel. In the
trial by Lin115 a surveillance endoscopy was carried out
72 hours after therapy. Hemoclips had been successfully
placed in 31 patients, but at 72 hours the clip was still
attached to the ulcer base in only 10 patients. This could have
accounted for the disappointing performance of the clip
group, and perhaps clips with a more powerful clamping
mechanism would improve the efficacy of the device. Further
trials with improved clips are required.

Endoscopic therapy for
ulcers with adherent blood clot

There is debate concerning the appropriate intervention
when blood clot is tightly adherent to an ulcer base.
To remove a clot seems counterintuitive in the situation of
acute bleeding, but to leave it in situ prevents accurate
categorization of stigmata of hemorrhage, and may prevent
correct application of endoscopic therapy.

Lin et al.117 showed that when clot is tightly adherent
after washing for 10 seconds with Water Pik irrigation, the
re-bleed rate is 25%. Factors independently associated with
re-bleeding in this situation are the presence of shock,
comorbid disease and hemoglobin at presentation of
< 10 g/dl. In the trial by Sung et al.22 clot was defined as
adherent only after 5 minutes irrigation with the 3·2 mm
heater probe. Patients received high dose PPI infusion plus or
minus endoscopic therapy. Of 39 patients with adherent clot
only one (in the combination group) re-bled, suggesting that
when clot is truly adherent to an ulcer base a PPI infusion
may be all that is required. Bleau et al. published a small trial
in which patients with adherent clot were randomized to
pre-injection with epinephrine followed by clot removal and
thermocoagulation of a visible vessel, or to medical therapy
with PPI.118 The patients in the endoscopic therapy group
had a significantly lower re-bleeding rate, although the
numbers were small (56 patients). A similar but very
small trial (32 patients) has been reported by Jensen et al.119

The results again indicate that clot removal and therapy to
the underlying stigmata is a safe and effective strategy. 
A further trial comparing the outcome of endoscopic therapy
without removal of adherent clot with that of therapy after
clot removal would be of interest.
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Elective repeat endoscopic therapy

It is not yet clear whether electively repeating endoscopy
and hemostatic therapy in the absence of clinical or
endoscopic signs of re-bleeding is a useful strategy. There are
clear positive trends from trials by Rutgeerts et al.94 and
Villanueva et al.120 toward a better outcome in groups treated
repeatedly, but the only statistically significant result in
favor of repeated treatment is from a very small study
including only 40 patients.121 Furthermore, Messmann
et al. randomized 105 patients who had required endoscopic
therapy for bleeding ulcers, to daily repeat endoscopy with
re-treatment of persistent stigmata, or to close observation.
There was no difference between the groups for any of the
usual endpoints.122 The trial by Pescatore et al.95 also
reported no clear benefit from the use of an elective repeat
endoscopy approach.

Elective repeat endoscopic therapy may be beneficial in
patients at very high risk of re-bleeding or surgery, but there is
no definite evidence to support this view. Repeat endoscopy
should also be considered in cases where the endoscopist is
not convinced that adequate hemostasis has been achieved at
the time of the initial endoscopy.

Failure of endoscopic therapy

It may be argued that endoscopists can adversely affect
outcome in patients who fail endoscopic therapy. Repeated
unsuccessful therapeutic endoscopy, large blood transfusion,
and delayed surgical operation in those who ultimately fail
attempted endoscopic hemostasis all increase the risk of
death. Unfortunately, we cannot predict who will fail and
who will respond to endoscopic therapy. Two analyses
both showed that the presence of active bleeding, large
ulcer size, and an ulcer situated in the posterior duodenum
were significantly more common in failures of therapy.123,124

There is an impression that patients who are in shock at
presentation also fare worse. However, even in the highest
risk group of patients, who present with active spurting
hemorrhage from large posterior duodenal ulcers, Choudari
et al. showed that endoscopic hemostasis can be achieved in
approximately 70% of patients.124 Currently it is not possible
to accurately define the subgroup of patients in whom
endoscopic therapy should not be attempted. What is clear,
however, is that patients who have actively bleeding, large
posterior duodenal ulcers should be considered to be at very
high risk of requiring urgent operation.

The management of re-bleeding after failed endoscopic
therapy has been recently examined by Lau et al.125 Of
3473 patients admitted with bleeding peptic ulcers, 1169
underwent endoscopic therapy in an attempt to achieve
hemostasis. Primary hemostasis was achieved in a remarkable
98·5%. Of these 100 re-bled after endoscopic therapy and 92
were randomized to receive endoscopic re-treatment or to
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emergency surgery. The characteristics of the two groups of
patients were similar, including the median transfusion
requirements before randomization. Endoscopic re-treatment
consisted of a combination of epinephrine injection plus the
heater probe. Overall, more complications occurred in the
group randomized to surgery and there was no significant
difference in 30-day mortality between the two groups
(Table 7.21). This paper suggests that endoscopic re-
treatment rather than immediate, urgent surgery may be
undertaken in patients who re-bleed after endoscopic
hemostatic therapy.

Endoscopic therapy: summary

Endoscopic therapy for non-variceal hemorrhage is safe
and effective, and should be used in the 20% of patients
who have major endoscopic stigmata of recent hemorrhage.
Combination therapy may produce the best results, but there
is no definitive proof that this is the case. It is likely that
combination therapy is the best approach for patients with
active, spurting hemorrhage. Thermal hemostasis is effective
using either the heater probe or multipolar electrocoagula-
tion. No injection agent has been convincingly shown to be
superior to dilute epinephrine solution. Injection of larger
volumes may improve outcome. The hemoclip requires
further development. Re-bleeding should be treated first by
further endoscopic intervention, although clinical judgment
should dictate when urgent surgery is required for specific
high risk cases.

Intravenous infusion of PPI drugs is recommended
following successful endoscopic hemostasis. Currently there
is no evidence that other drug therapies are effective.
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Introduction

In this chapter the diagnosis of functional dyspepsia
and efficacy of therapeutic interventions will be evaluated.
Functional dyspepsia, often referred to as non-ulcer
dyspepsia, is an important health problem with a very high
prevalence in the general population. Data from Sweden and
Canada show that 5–7% of all consultations in primary care
are for the symptom of dyspepsia.1,2 In Sweden, up to 98%
of patients receive a prescription if they consult a physician
for dyspepsia.1 Consequently, for the healthcare system the
cost of medications, which are often prescribed for long
periods of time, adds significantly to the already substantial
expenditures for consultations and diagnostic investigations.
The following topics will be reviewed: definition of functional
dyspepsia, evaluation and diagnostic tests, methodology
of trials, and pharmacological treatments including antacids,
H2-receptor antagonists, proton pump inhibitors (PPIs),
prokinetic agents and anti-Helicobacter therapy. The
treatment of functional dyspepsia has been previously
reviewed by the author with conclusions similar to those
presented in this chapter.3

Definition of functional dyspepsia

There is agreement that the cardinal feature of functional
dyspepsia is unexplained pain or discomfort centered in the
upper part of the abdomen. Epigastric pain or discomfort may
be accompanied by other symptoms such as excessive
burping or belching, nausea, bloating, postprandial fullness,
early satiety, or burning sensations. Increasingly, investigators
have accepted the definition of the Rome Working Party.4,5

In 1999 the Rome criteria for functional dyspepsia were
updated.5 The definitions of both dyspepsia in general and
functional dyspepsia have remained unchanged. For a
diagnosis of functional dyspepsia to be made, it is required
that investigations, usually upper gastrointestinal endoscopy,
have not revealed abnormalities such as ulcers that could
explain the symptoms of the dyspepsia. The Rome II criteria
have continued to exclude the symptoms of heartburn and
acid regurgitation as these are considered to be diagnostic of

gastroesophageal reflux disease (GERD). Although there is
consensus that “dominant” symptoms of heartburn and
acid regurgitation make a diagnosis of GERD likely, it is less
clear how heartburn should be handled if it is of severity equal
to or less than epigastric pain. Furthermore, heartburn and
acid regurgitation are often present as associated symptoms in
patients who otherwise fit the dyspepsia diagnostic criteria.
There is evidence, especially in primary care, that excluding
heartburn from the dyspepsia syndrome does not fit with the
conceptual framework that primary care physicians have of
dyspepsia.6 This is especially true for uninvestigated dyspepsia
patients who are commonly seen in primary care. The
Canadian Dyspepsia Working Group (CanDys) has developed
a definition for dyspepsia that includes heartburn and acid
regurgitation.6 There is some empiric support for the latter
definition as a few studies in Helicobacter pylori infected
patients have demonstrated that cure of the infection not only
led to a decrease in epigastric pain but also in symptoms of
heartburn in a small but definite proportion of patients.7–9

Diagnosis of functional dyspepsia

There is consensus that there is so much overlap in
symptoms among duodenal and gastric ulcers, GERD, and
functional dyspepsia that it is impossible to make a definitive
diagnosis-based on symptoms alone. This is supported by the
results from the Canadian Prompt Endoscopy (CADET-PE)
Study.10 In this study, 1014 patients underwent endoscopy
within 10 days without having received acid suppressive
therapy. There was a marked overlap in symptoms and it was
impossible to distinguish between individuals with ulcers,
esophagitis, or functional dyspepsia based on symptoms. In
essence, functional dyspepsia is a diagnosis of exclusion, and
in the setting of clinical trials generally requires an upper
gastrointestinal endoscopy to exclude other diseases. In
practice, physicians often decide on a trial of empiric therapy
for patients presenting with dyspepsia without worrying
about a definitive diagnosis of a particular disease. This
strategy is often attractive given that the treatment for
duodenal and gastric ulcers, GERD, and functional dyspepsia
is similar. The current standard of practice is a trial of acid
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suppressive therapy. Therefore, subclassification into separate
diseases is not always necessary and in primary care may not
be feasible. The decision whether or not to refer a patient for
further investigation, usually either an upper gastrointestinal
endoscopy or a barium study, is based on the severity of the
presenting symptoms, age of the patient and on the presence
or absence of “alarm symptoms” such as weight loss,
evidence of bleeding or anemia, dysphagia and vomiting.

Subgroups of dyspepsia and overlap with GERD

The description of subgroups of dyspepsia has become
popular despite evidence of the existence of considerable
overlap among them. The four recognized subgroups are:
ulcer-like dyspepsia, reflux-like dyspepsia, dysmotility-like
dyspepsia, and unclassified dyspepsia.11,12 These subgroups
are attractive because they coincide with current concepts
about pathophysiological disturbances which explain specific
symptoms. However, a study by Talley et al.12 demonstrated
considerable overlap among the different subgroups as did the
CADET-PE Study.10 Although the reflux-like dyspepsia
subgroup is easy to define, the Rome Consensus Working
Party has not recommended its use. It believed that such
patients should be diagnosed as having GERD. In general
subclassification into dyspepsia subgroups is not
recommended.5

Increasingly, endoscopy negative GERD is now recognized
as a distinct entity. This is a difficult issue for the methodology
of trials of functional dyspepsia. Solely relying on an
endoscopy, which does not reveal macroscopic esophagitis, is
probably insufficient if one wants to exclude all GERD
patients. An example is the study by Klauser et al., in which
17% of patients referred for dyspepsia were diagnosed with
esophagitis after an initial work up.13 However, a further 10%
of patients did prove to have endoscopy negative GERD
after an extended work up, which included 24-hour pH
monitoring and scintigraphy. In practice it seems impossible
to exclude all GERD patients in trials of functional dyspepsia.
A practical solution is to exclude patients who have heartburn
as their dominant symptom, but allow patients who have
both epigastric pain and heartburn to enroll as long as the
epigastric pain is the predominant symptom.

What constitutes a normal endoscopy has been poorly
defined in the literature. Especially important is to determine
whether or not patients are still or were recently taking acid
suppressive therapy that can mask the presence of esophagitis
or ulcers. It would be ideal for trials of functional dyspepsia
treatment to require that patients are not allowed to have
consumed acid suppressive therapy for at least 4 weeks before
the endoscopy. After withdrawal from acid suppressive
therapy, it may take longer than 4 weeks for endoscopic
abnormalities to become visible; however, a 4-week period of
avoidance of acid suppressive therapy seems a reasonable
compromise.

Diagnostic investigation:
endoscopy or radiographs?

Referral for endoscopy is indicated for older patients
presenting with new-onset dyspepsia. Formerly, the
recommendation was to use age > 45 years as an indication
for investigations,14 but it seems likely that this can be
increased to 50 years or perhaps even higher.15,16 This cut-off
age is largely driven by the incidence of gastric cancer in the
population where one practices.15,16 Interestingly, the recent
Scottish guidelines have removed all age criteria as data are
insufficient to support them.17 In family practice, upper
gastrointestinal barium studies are still commonly used to rule
out peptic ulcer disease and esophageal or gastric cancer in
patients with dyspepsia. The technical review of the
American Gastroenterology Association (AGA) on Dyspepsia
summarizes the consistent evidence of the superiority of
upper gastrointestinal endoscopy for detection of structural
abnormalities.14 Radiographs are still frequently used because
of their lower cost, wider availability in the community and
the speed with which the test can be done. Often there is a
significant waiting time before patients can be seen after they
are referred to a gastroenterologist. “Open access endoscopy”
is one method by which delay in diagnostic endoscopy can be
reduced.

The AGA technical review assessed whether patients with
new onset of symptoms should be investigated or treated
empirically and came to the conclusion that the evidence is
equivocal.14 For example, in the study by Bytzer et al.,
empiric treatment was compared with direct endoscopy in
patients presenting with dyspepsia.18 Patients in the
endoscopy arm were more satisfied, and subsequent
healthcare costs were significantly lower in this group. There
is further evidence that a patient’s quality of life is improved
following a normal endoscopy.14 This is largely due to
alleviation of fear of a serious underlying disease since the
dyspepsia symptoms persisted. However, a recommendation
that endoscopy should be done in all or most patients
presenting with dyspepsia would probably be too costly for
most healthcare systems. A more rational approach therefore
seems to be to stratify patients according to their risk of
having serious underlying disease. Factors that can be
considered are age of the patient, background prevalence of
serious disease, especially of esophageal and gastric cancer,
and the presence or absence of alarm symptoms.

Methodological problems in
trials of functional dyspepsia

In order to determine whether a treatment does more good
than harm, valid and reliable outcome measures must be used
in clinical trials. In the case of functional dyspepsia the lack of
definite structural or pathophysiological abnormalities which
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explain the origin of the symptoms of functional dyspepsia has
hampered the development of such measures. Clinical trials
must use outcome measures that rely on the recording of
symptoms and their severity, as is the case in other functional
gastrointestinal disorders. A systematic review of drug
treatment of functional dyspepsia evaluated the quality of
clinical trials in this field.19 Few studies used validated
outcome measures and methodological weaknesses were
apparent in several trials. Problems included a lack of
definition of functional dyspepsia, unclear inclusion and
exclusion criteria, suboptimal study design and short duration
of treatment.

The most important problem in randomized controlled
trials of interventions for functional dyspepsia is the lack of
consensus on outcome measures. Only a small number of
outcome measures have been validated. In the systematic
review of studies on functional dyspepsia, only five of
52 studies used a validated outcome measure.19 Subjective
endpoints, such as recording of symptoms and their severity,
used to measure a clinical outcome in a trial should fulfill four
requirements.20

1 The range of symptoms included should be important to,
and representative of, the disease process.

2 The measurements should be reproducible (producing
consistent results when repeated in subjects who have
not changed).

3 The measurements should be responsive (able to detect
change).

4 Changes in the measurement should reflect a real change
in general health status.

Ideally, a separate study is required to demonstrate that an
instrument meets these requirements, prior to its use in a
randomized controlled trial. Over the past few years, several
disease-specific quality of life questionnaires for (functional)
dyspepsia have been published.21–25As part of the 1999 Rome
initiative, a special working party reported on the design of
trials of clinical treatment of functional gastrointestinal
disorders.26 This working party also strongly recommended
the use of validated outcome measures. In addition, the group
strongly endorsed the use of a primary outcome measure that
integrates the global overall severity of symptoms, although it
did not specify how this should be done. Several recently
completed trials of functional dyspepsia used 4- or 7-point
Likert scales to measure overall severity of symptoms of
dyspepsia or epigastric pain. However, to date, none of these
scales has been sufficiently validated to be unequivocally
recommended for general use in functional dyspepsia trials.

Another important weakness of many trials has been the
relatively short duration of treatment. The duration of
treatment was 4 weeks or less in 44 trials evaluated in the
systematic review of 52 studies.19 It was 8 weeks or longer in

only four studies. Only seven studies had a follow up period
(varying from 3 to 52 weeks) after treatment was discontinued.
The short duration of treatment is surprising given the known
chronicity of the symptoms of functional dyspepsia.

The placebo response rate is high in clinical trials in
patients with functional dyspepsia and other functional
gastrointestinal disorders, such as the irritable bowel
syndrome.26,27 In the systematic review of trials of functional
dyspepsia it varied from 13% to 73%.19 An explanation for
the high placebo response rate may be the reassurance effect
of a “normal” endoscopy. Fear of cancer is a frequent reason
for concern among patients with functional dyspepsia under-
going gastroscopy.14,16 Wiklund et al. measured quality of life
and gastrointestinal symptoms just prior to endoscopy and
7 days later.28 In patients in whom no significant endoscopic
abnormalities were found overall quality of life improved,
although there was little change in the severity of individual
gastrointestinal symptoms. This observation supports the
concept that endoscopy has a powerful placebo effect through
reassurance of patients. The higher satisfaction with care in
the study by Bytzer et al.18 may also be explained by a
reassurance effect.

Functional versus uninvestigated dyspepsia

It is important to distinguish between uninvestigated
dyspepsia and functional dyspepsia. The diagnosis of
functional dyspepsia is generally considered to require an
endoscopy. Most studies to date have dealt with investigated
dyspepsia. Studies of uninvestigated dyspepsia will include a
proportion of patients with duodenal or gastric ulcer,
esophagitis and, rarely, gastric cancer. The frequency with
which structural abnormalities are found has changed over
the past decade.14 With the declining prevalence of duodenal
and gastric ulcers, reflux esophagitis now by far is the most
common abnormality. Its prevalence ranges from 20% to 40%
among patients and is far more common than duodenal and
gastric ulcers which, for example, were 3% and 4% in the
previously mentioned Canadian CADET-PE Study.10 However,
these rates clearly depend on the prevalence of these
disorders in the population being studied. Gastric cancer is
rare below the age of 50 years.14,29 In most endoscopic
dyspepsia studies the rate of functional dyspepsia is high and
varies between 30% and 60%.14 Several studies of patients
with uninvestigated dyspepsia are currently being carried out
in general practice. Such studies are contaminated with
patients with undiagnosed duodenal or gastric ulcer and
GERD. However, this situation will better mimic the real life
situation in general practice, where treatment for most
patients is instituted without endoscopic investigations. In
this chapter we will focus on patients with investigated
dyspepsia, that is functional dyspepsia.

Functional dyspepsia
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Given the problems in study design, especially the large
variation in the way outcome measures have been used, it is
difficult to do quantitative meta-analysis. Over the past few
years, several meta-analyses have been reported including
Cochrane reviews. Although several of these systematic
reviews have statistically combined results of individual trials,
it is important to stress that this is usually done by
transforming the various outcome measures. For example, in
one of the Cochrane meta-analyses, all outcomes of included
studies were dichotomized into improved versus not
improved.30 No evidence has been provided that such an
approach is valid although some kind of transformation is
required if one wants to combine studies which have used
substantially different outcome measures. In this chapter the
results are mainly presented in a qualitative fashion. As
several meta-analyses have been published for the different
treatments the question whether treatments are efficacious is
largely based on the results of the five systematic reviews
presented here.

Drug treatment

Antacids

Over-the-counter medications, especially antacids, are
commonly prescribed as first-line treatment. Many patients
will probably have tried these medications before consulting a
physician. As several reviews have been written on the use of
antacids, the details of individual studies will not be discussed
here. Clinical trials have generally not shown significant
benefit from antacids.14,30,31 The frequently cited and
methodologically strong randomized controlled trial reported
by Nyren et al. did not show benefit of antacids over placebo
over a 3-week treatment period.32

H2-receptor antagonists

These agents continue to be used extensively especially in
primary care.33 Over the past few years, four systematic
reviews have evaluated the use of H2-blockers in functional
dyspepsia.30,34–36 The number of studies that met the inclusion
criteria varied in these reviews. All four came to the same
conclusion: that there is some evidence that these agents
provide benefit in functional dyspepsia patients (Box 8.1).
However, it is important to point out several methodological
issues. The reason why the results for H2-blockers have varied
is that several of the included studies which showed benefit
probably included GERD patients. This factor may explain
why the meta-analysis by Dobrilla et al. showed a therapeutic
gain of 18% of active treatment over placebo.34 Two
methodologically strong studies did not show a benefit of
either cimetidine or nizatidine over placebo.32,37 It is
also worth pointing out that most studies have used low doses
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of H2-receptor antagonists (H2-RA), for example ranitidine
150 mg twice a day. It is possible that higher doses of H2-RA
might yield larger and more consistent treatment effects, but
this needs to be assessed in future studies.

Proton pump inhibitors

Until recently, PPIs were mainly restricted to patients
with peptic ulcer disease or GERD. This increased efficacy
compared with H2-RA in these patient populations is
explained by the more profound acid suppression induced by
proton pump inhibition. The BOND-OPERA report consisted
of two large randomized controlled trials evaluating the role
of PPI therapy in functional dyspepsia.38 Over a 4-week
period, 1262 functional dyspepsia patients received either
omeprazole (20 mg or 10 mg) or placebo. Complete relief of
symptoms was achieved in 38% of patients on omeprazole
20 mg, 36% on omeprazole 10 mg, and 28% on placebo
(P < 0·001). The absolute risk reduction (ARR) of 10% and
8% correspond to an NNT (the number of patients needed to
treat with omeprazole to yield one additional patient with a
complete response) of 10 for 20 mg omeprazole and 12 for
10 mg omeprazole. Subgroup analysis suggested that
patients with ulcer-like and reflux-like dyspepsia benefited
from omeprazole therapy, while patients fulfilling the criteria
for dysmotility-like dyspepsia did not. Although it is generally
not useful to make a diagnosis of specific dyspepsia
subgroups, the results of this study suggest that use of the two
subgroups – ulcer-like and reflux-like dyspepsia – may be
useful to predict a response to PPI therapy. Interestingly,
reflux patients were excluded but despite this a proportion of
patients reported heartburn as their most bothersome
symptom. Further randomized trials are needed to confirm
the results of this subgroup analysis. It remains to be
determined whether the dyspepsia responders to omeprazole
are in fact patients with unrecognized endoscopy negative
GERD. Alternatively, associated but not dominant heartburn
may be the driver of response to PPI therapy. In other studies,
omeprazole was superior to antacids in combination with
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Box 8.1 Results of meta-analyses of clinical trials of
treatment of functional dyspepsia with H2-blockers

1 Dobrilla et al.34: Therapeutic gain H2-blockers compared
with placebo 18%

2 Bytzer36: Therapeutic gain H2-blockers compared with
placebo 22%

3 Soo et al.30: Relative risk reduction of ongoing dyspepsia
of H2-blockers compared with placebo 22%

4 Redstone et al.35: Odds ratio studies of H2-blockers
compared with placebo reporting complete relief from
epigastric pain 1·8 (95% CI 1·2 to 2·8)
Odds ratio studies of H2-blockers compared with
placebo reporting global improvement dyspepsia
symptoms 1·48 (95% CI 0·9 to 2·3)



ranitidine39 or alone40 and in patients with ulcer-like or reflux-
like dyspepsia.41

In contrast to the BOND-OPERA38 study the recent study
of 453 patients in Hong Kong by Wong et al.42 using
lansoprazole had negative results. Patients were randomized
to receive either lansoprazole 30 mg or 15 mg a day or
placebo. The severity of the symptoms of dyspepsia was
assessed by a 5-point Likert scale. In this study there was no
difference in the proportion of patients with complete relief of
symptoms: lansoprazole 30 mg 23%, lansoprazole 50 mg 23%
and placebo 30%. It is possible that one of the reasons
this study had these results is that in Hong Kong the
prevalence of GERD is low.43 Such patients were excluded
from the study. The discrepancy between the two studies
once again highlights the methodological difficulties that exist
especially with regard to possible overlap between GERD and
dyspepsia and whether associated heartburn may be an
important predictor of response to acid suppression.

Domperidone and cisapride

Prokinetics have been evaluated in functional dyspepsia
because of the hypothesis that disturbed gastrointestinal
motility may in part be responsible for the symptoms of
dyspepsia. Domperidone is a dopamine receptor antagonist,
which has shown a benefit in several randomized placebo-
controlled trials of functional dyspepsia. However, as a
systematic review pointed out many of these trials enrolled
only small numbers of patients and had other weaknesses.44

Cisapride, a prokinetic agent with 5-HT4 -agonist activity
specifically targeted patients with dysmotility-like dyspepsia.
The drug had also been proved to be effective in patients with
mild GERD and in patients with delayed gastric emptying.
Due to rare but serious cardiac side effects this drug has now
been removed from most markets. The three systematic
reviews that have looked at the efficacy of cisapride in
functional dyspepsia all came to the same conclusion that
there was some evidence that the drug improved the
symptoms of dyspepsia (Box 8.2).30,36,44 However, several
of the cisapride studies suffered from serious methodological
weaknesses, which made the conclusions about efficacy
tentative. Furthermore, on funnel plots there was also
evidence of a publication bias,30 almost certainly due to the
fact that there was an overrepresentation of small studies
with positive results. In addition, it is worth pointing out that
two recent methodologically strong studies with adequate
sample size did not show a benefit of cisapride over
placebo.37,45 In the study of 330 patients by Hansen
et al.37 there were no statistically significant differences in
response to 2 weeks’ treatment with cisapride 10 mg three
times daily (62%), nizatidine 300 mg once daily (54%) or
placebo (62%). In the study of 123 patients by Champion et al.
there were no statistically significant differences in good or
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excellent response to treatment among patients treated with
cisapride 10 mg three times daily (47%), cisapride 20 mg
three times daily (38%) and placebo (33%).45 As cisapride no
longer is available and evidence for domperidone is weak it
can not be recommended.

Anti-Helicobacter therapy

The prevalence of H. pylori in functional dyspepsia varies
from 30% to 70%, but this is in large part dependent on
known risk factors for H. pylori infection: age, socioeconomic
status and race.46,47 Due to differences in study design and
problems with selection bias, it is still unclear whether the
prevalence of H. pylori infection is increased in patients with
functional dyspepsia compared with normal controls,
although a meta-analysis suggested that it is.48

A hotly debated issue over the past 10 years has been the
question of whether cure of H. pylori infection leads to a
sustained improvement in symptoms of functional dyspepsia.
Fortunately, several studies with large sample sizes have been
published. Not surprisingly, many authors have attempted to
combine the results of the different studies into a formal
meta-analysis. The two systematic reviews which have
received the most attention are the ones by Moayyedi et al.49

and by Laine et al.50 (Box 8.3). The first review combined the
results from approximately 2500 patients and concluded that
after 6–12 months patients were 9% less likely to have ongoing
symptoms of dyspepsia, a small but statistically significant
benefit (95% CI 4 to 14%).49 In contrast the second
review found no evidence of a treatment benefit as a result of
anti-Helicobacter therapy.50 The discrepancy between
the two reviews can best be explained by differences in the
studies that met the inclusion criteria and the timing of the
final searches. It is worth mentioning that most of the studies
conducted in North America have shown negative results.

The study that most clearly showed a positive result was
the UK Medical Research Council trial of H. pylori eradication
therapy for functional dyspepsia. This was a single center
randomized controlled trial conducted in Scotland.51 Three
hundred and eighteen patients were randomized to 14 days
of treatment with anti-Helicobacter therapy (omeprazole,
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Box 8.2 Results of meta-analyses of clinical trials of
treatment of functional dyspepsia with cisapride

1 Soo et al.30: Relative risk reduction of ongoing dyspepsia
of prokinetic compared with placebo 50%
(funnel plot indicates publication bias)

2 Bytzer36: Therapeutic gain cisapride compared with
placebo > 20%, exact gain difficult to estimate

3 Veldhuyzen van Zanten et al.44: Odds ratio of benefit of
cisapride compared with placebo – global assessment
of improvement by the investigator or patient odds ratio
2·9 (95% CI 1·5 to 5·8); epigastric pain odds ratio 0·19
(95% CI 0·05 to 0·7)



metronidazole and amoxicillin) or omeprazole alone and
followed for 12 months. The primary outcome measure was
the validated Glasgow Dyspepsia Severity Scale (GDSS).24

This score assesses the frequency of dyspepsia symptoms and
the impact they have on daily activities, the number of doctor
visits and diagnostic tests for dyspepsia, and the need for
either over-the-counter medication or prescription drugs to
treat the symptoms. The proportion of patients who became
H. pylori negative was 87% for patients randomized to anti-
Helicobacter therapy compared with 4% for the omeprazole
group. Improvement, defined as a score of 0 or 1 on the
dyspepsia score, was achieved in 21% of anti-Helicobacter
treated patients and 7% of the control group (P < 0·001, ARR
14%, NNT = 7). 51

The methodically strong OCAY, ORCHID and the USA
Dyspepsia Trials, all with adequate sample sizes, had negative
results.52–54 One of the explanations for the markedly
positive results in the McColl et al. study was that patients
were recruited at a single center and may have been more
homogeneous than those in the other trials. The disadvantage
that accompanies this greater homogeneity is that results may
be less generalizable. The population in which such a study is
carried out may influence outcome. Endoscopic studies of
asymptomatic H. pylori positive individuals or H. pylori
positive blood donors have revealed marked differences in the
prevalence of peptic ulcers. For example, in an Italian study
42% of 1010 predominantly asymptomatic blood donors were
H. pylori positive. Of the H. pylori positive patients, 15% had
a duodenal ulcer and 5% a gastric ulcer.55 In contrast, in a
study of asymptomatic H. pylori positive volunteers in Texas
the point prevalence of duodenal ulcer was only 1%.56 McColl
et al. found the prevalence of duodenal ulcer to be 40% in
patients presenting with dyspepsia in Scotland.57 The
incidence and prevalence of duodenal and gastric ulcers
have been in decline now for quite some time in Western
countries, and individual countries may be at different stages
on this slope of change. The consequence for interpretation
of H. pylori eradication trials is that in countries with a
continuing high background of duodenal ulcers there will also
be a higher proportion of patients among the functional
dyspepsia patients who ultimately will develop duodenal
ulcers. It is possible that trials of functional dyspepsia carried
out in these countries are more likely to demonstrate a
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beneficial effect on symptoms after eradication of H. pylori. It
is worth pointing out that studies in H. pylori positive
uninvestigated dyspepsia patients have shown positive
results. It is possible that the benefit seen in these studies is
explained by the presence of underlying ulcer disease in a
proportion of patients.7,58

Summarizing all the data on H. pylori eradication in
functional dyspepsia, the conclusion is that this either has no
or a small positive effect on symptoms. If one believes the
data from the Moayyedi analysis the NNT is 11. However,
given that H. pylori is a true pathogen that leads to peptic
ulcer disease in 5–15% of infected individuals and is
associated with gastric cancer in up to 1% of patients, it seems
reasonable that patients with chronic dyspepsia symptoms
who come to endoscopy are tested for the infection and
treated if positive. However, one should be aware that the
large majority of such patients will continue to have ongoing
symptoms of dyspepsia requiring further treatment.

Conclusion

There are methodological shortcomings in many of the
trials of treatment of functional dyspepsia which make it
difficult to provide firm guidelines. There are no trials
comparing the main treatment options. These options include
H 2-receptor antagonists, PPIs and anti-Helicobacter therapy
for patients who are H. pylori positive. With cisapride no
longer available the evidence is insufficient to recommend
other prokinetic agents. Endoscopy may give a patient
reassurance that there is no serious underlying disease and this
may have a powerful beneficial therapeutic effect. It is
reasonable to prescribe a period of acid suppression with either
an H2-RA or a PPI in patients with functional dyspepsia. The
evidence for effectiveness of PPIs is stronger. For all these
treatments it is possible that patients with unrecognized
GERD represent the main responders to acid suppression and
or that associated heartburn is a driver of response. Whether
eradication therapy for H. pylori will lead to a sustained
improvement of the symptoms of functional dyspepsia is
currently unresolved. At best this will occur in a small
proportion of patients. However, given that H. pylori is a true
pathogen, capable of producing peptic ulcers and sometimes
gastric cancer, the author recommends that patients coming
for endoscopy are tested and treated if positive.
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Celiac disease 
James Gregor, Diamond Sherin Alidina9

Introduction

Since its first description in children by Gee1 over a century
ago, the term celiac disease has been used interchangeably
with such designations as primary malabsorption, gluten-
sensitive enteropathy, and non-tropical or celiac sprue. Due to
the protean nature of its clinical manifestations and their
consistent improvement with appropriate therapy, few medical
conditions can rival celiac disease for both the frustration and
gratification experienced by clinicians and patients.

The first clinical description of celiac disease in adults was
provided by Thaysen2 in 1932. In the early 1950s, Dicke first
reported a putative link between the disease and the ingestion
of certain grains.3 Over the next decade the characteristic
intestinal lesion was described in both surgical specimens4

and those obtained using the newly developed peroral suction
biopsy technique.5

Epidemiology

Celiac disease is most common in Western Europeans and
in immigrants from this area to North America and Australia;
it is less common in non-Caucasoids, and although reported
in Indians, Arabs, Hispanics, Israeli Jews, Sudanese and
people of Cantonese extraction, it is very rare in those of Afro-
Caribbean extraction. The true prevalence of celiac disease
remains difficult to ascertain, and the prevalence varies with
the intensity of screening.6

Until the advent of new, accurate serologic tests, celiac
disease was presumed to be a rare entity, with a prevalence
of 1:1500 in Europe and 1:3000 in the USA.7 The recognition
of atypical presentations of disease has led to intensified
serologic screening followed by intestinal biopsy, and this
protocol has revealed a true prevalence ranging from 1:300 in
the UK8 to 1:150 in Ireland.9,10 In the USA screening of blood
from 2000 blood donors has revealed a prevalence of raised
anti-endomysial antibodies of 1:250,11 while a retrospective
cohort of 3654 school-aged subjects in Finland estimated a

prevalence approaching one in 99.12 The suggestion has been
made that celiac disease detected by screening is not silent,
but rather undetected, given the range of pathology and
symptomatology that may be present in this disease.13,14

Clinical manifestations

The clinical manifestations of celiac disease are largely due
to nutrient malabsorption, with iron-deficiency anemia being
the most common presenting finding in an adult celiac
patient.15 Other symptoms such as severe abdominal pain,
nausea and vomiting are much less common. Although some
patients may even complain of constipation, most describe
increased stool volume. The diarrhea of celiac disease is
classically described as high volume, pale, loose to semi-
formed, and foul-smelling. However, in many cases it is
watery, probably due to the effects of malabsorbed fat and its
bacterial degradation products on the secretory mechanisms
of intestinal mucosal cells. A high fat content may produce an
oily or frothy appearance, and a high gas content can make
the stools difficult to flush from the toilet bowl.

Constitutional symptoms of fatigue, weakness and weight
loss, often despite a history of hyperphagia, are common.
Many of these symptoms can be attributed to the presence of
nutritional deficiencies. In some patients insufficient calories
and protein are absorbed to meet nutritional requirements,
and weight loss and muscle wasting ensue. Specific
deficiencies resulting in anemia, bleeding diathesis, tetany,
neuropathy and dermatitis can also occur.

Given the genetic and immunological factors felt to be
important in the pathogenesis of the disease, it is not
surprising that investigators have sought and reported an
association between celiac disease and over 100 medical
conditions.16 By far the most common of these is dermatitis
herpetiformis. This pruritic rash is typically papulovesicular
and characterized by IgA deposits at the dermal–epidermal
junction. If adequate biopsies are performed, villous atrophy
has been identified in up to 95% of these patients. In support
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of the validity of this association is the observation that the
characteristic blistering skin lesions tend to improve in
response to a gluten-free diet, although at a slower rate (up to
2 years) than the intestinal lesions.17

Lymphocytic infiltration of the epithelium of the colon and
even stomach has been widely reported in celiac disease.
Recent data suggest, however, that the majority of patients
with microscopic or collagenous colitis do not have
serological evidence of disease.18

Type I diabetes mellitus has been described in up to 5% of
patients with celiac disease16 and a similar proportion of
patients with insulin dependent diabetes have been reported
to have occult villous atrophy.19,20 Autoimmune thyroid
disease and selective IgA deficiency21 also appear to be more
prevalent in patients with celiac disease. Studies linking
celiac disease to other autoimmune diseases such as
ulcerative colitis,22 primary biliary cirrhosis23 and sclerosing
cholangitis24 are primarily family studies or small case series.

Screening studies suggest an increased prevalence (up to
7%) of celiac disease in patients with Down’s syndrome.25,26

In one study this generated an odds ratio as high as 100,
compared to the general population.27 However, due to the
small number of celiac patients diagnosed in the groups with
Down’s syndrome, a statistically significantly increased
prevalence has not been demonstrated uniformly.

Pathology

Celiac disease primarily affects the mucosal layer of the
small intestine, often involving only duodenum and jejunum,
with damage decreasing in severity more distally. In severe
disease, the entire length of the small bowel may be involved,
and there have even been occasional reports of abnormalities
of the gastric and rectal mucosa.14 The characteristic lesion
includes lymphocytic infiltration of the lamina propria and, in
particular, the surface epithelium, resulting in villous atrophy
and crypt hyperplasia. The degree of villous damage ranges
from mere blunting to total atrophy. The degree and extent of
disease involvement grossly correlates with the severity of
gastrointestinal symptoms.28 In some studies the prevalence
of asymptomatic celiac disease is four-fold greater than the
prevalence of symptomatic disease.29

Historically, the gold standard for the diagnosis of celiac
disease has required not only the identification of the typical
histological lesion, but also clinical and histological
improvement with appropriate dietary therapy. It has been
clearly demonstrated in human subjects that the instillation
into the small bowel of wheat, rye, or barley flour or their
alcohol-soluble protein components, “prolamins”, produces
both clinical symptoms and histological lesions.30

Wheat gluten must be processed into alcohol soluble
prolamins in order to develop antigenicity. Although the exact
epitope(s) within gluten remain unknown, the generation of

this epitope from the antigenic wheat protein is accomplished
by a brush border enzyme known as tissue transglutaminase
(tTG). Once the epitope has been generated by the tTG
enzyme, the enzyme itself becomes one of the targets of the
autoimmune response.14

Although the environmental trigger of wheat gluten is
implicated in the development of this disease, it is apparent
that genetic factors also play a prominent role. Concordance
between identical twins approaches 100%, and first-degree
relatives of celiac disease have a 10% prevalence of celiac
disease, which is higher than that cited in the general
population.15 Current theories of disease pathogenesis
therefore focus on the interaction between the antigen (wheat
gluten) and the human leukocyte antigen (HLA) predisposition
of affected individuals. Over 95% of patients with celiac
disease express the HLA DQ(a1*501,β1*02) heterodimer
(HLA-DQ2). This class II major histocompatibility complex
(MHC) molecule exists on antigen-presenting cells, including
the gluten-sensitive T helper cells, which preferentially present
gluten-derived gliadin peptide epitopes to intestinal mucosal T
cells. A Th1/Th0 type inflammatory response is mounted,
thus producing the observed mucosal damage. One of the
targets of this autoimmune response is the tTG brush border
enzyme which generates the gluten-derived epitope. An anti-
tTG assay may therefore be used to screen populations for
celiac disease.14,15

Much of the fundamental research relating to celiac disease
in recent years has focused on the immunologic and genetic
factors associated with sensitivity to gliadin and the other
prolamins. In clinical practice the diagnosis and treatment of
the disease are well defined. Thus most of the recently
published clinical research has addressed a few specific
questions, namely:

1 Diagnosis: the role of the anti-endomysial antibody and
the anti-tissue transglutaminase antibody for screening
populations at risk, diagnosing symptomatic individuals,
and following the response to a gluten-free diet.

2 Treatment: whether oats (or specifically the oat
prolamin avenin) can safely be consumed by patients
with celiac disease or dermatitis herpetiformis.

3 Prognosis: whether patients are at an increased risk of
malignancy and other autoimmune diseases, and whether
adherence to a gluten-free diet reduces that risk.

Serological testing

In patients with typical signs, symptoms and laboratory
parameters the diagnosis of celiac disease is usually made by
performing a mucosal biopsy of the small bowel. Though the
differential diagnosis of villous injury is long (including
tropical sprue, lymphoma, cows’ milk-induced enteritis,
Zollinger–Ellison syndrome, Whipple’s disease, eosinophilic
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gastroenteritis, bacterial overgrowth, and even viral
gastroenteritis), in most patients the diagnosis is not in doubt.
From the 1950s until the introduction of flexible endoscopic
equipment, specimens were usually obtained using peroral
suction instruments, a cumbersome procedure which was
uncomfortable for the patient. With the recognition of the
immunologic nature of the disease it was predictable that
serological testing would be developed and evaluated to
simplify diagnosis and to facilitate the institution of screening
programs in areas of high prevalence.

A number of serological tests have been developed
employing antireticulin antibodies (ARA), antigliadin antibodies
(AGA), and more recently antibodies to smooth muscle
endomysium (EMA). Given that the pathogenesis of celiac
disease appears to involve the interaction between cereal
grain gluten, or more specifically the alcohol-soluble gliadins,
it is not surprising that many of the early reports have focused
on AGA as the primary serological test. As is often the case
following the introduction of a new diagnostic test, the initial
promise has to some degree yielded to acknowledgement of
the test’s limitations. Most studies have examined both the
IgG and IgA subsets of AGA.31,32 The data demonstrate
reasonable sensitivity (69–91%) but poor specificity (2–79%)
for the IgG antibody, suggesting that it may be a general
marker for increased gut permeability of any cause rather
than an important factor in disease pathogenesis. The IgA
AGA has improved specificity (9–94%) at the expense of
sensitivity (66–87%).

The development of the EMA test has produced a renewed
interest in serological diagnosis. Initial reports suggested
almost perfect test accuracy in subjects not restricted to a
gluten-free diet. Because it employs an IgA antibody, it is
acknowledged that the test may be falsely negative in a celiac
patient with associated IgA deficiency. The test is generally
performed on serum diluted at 1:10 and 1:20 concentrations,
using an immunofluorescence technique. The substrate used
is derived from monkey esophagus which has the
disadvantages of being expensive (US$20–40) and morally
controversial. Recently studies have shown that using human
umbilical cord as a substrate produces similar test results.33–36

One of the largest studies evaluating the EMA assay
involved 22 pediatric gastroenterology centers throughout
Italy.37 Almost 4000 children underwent testing with both
AGA (IgA and IgG) and IgA EMA. “Gold standard” biopsies
had been obtained from all patients with a diagnosis of celiac
disease who had not yet been placed on dietary therapy (n =
688) and from those with compatible gastrointestinal
symptoms who subsequently were given a different diagnosis
(n = 797). Limiting the analysis to these two groups, the
EMA assay was more sensitive than the IgG AGA assay (94%
v 90%) and more specific than the IgA AGA assay (97% v
90%), both differences being statistically significant. Healthy
first-degree relatives (n = 599) were also studied. Of the 46
positive EMA results (7·6%), 32 underwent biopsy. Ninety

percent of these patients were found to have pathological
changes consistent with a diagnosis of celiac disease. In
patients on a strict gluten-free diet (n = 96) it was found that
81% were negative for EMA, suggesting that the test may
have a role in monitoring intestinal response after diagnosis.

There have been many studies from several countries29,33–49

which have evaluated the diagnostic accuracy of EMA
(Table 9·1). One useful way of summarizing the utility of a
test is to consider both its positive and negative likelihood
ratios (LR). In bayesian analysis the appropriate LR
(depending on the positivity or negativity of the test) is
multiplied by the estimated pretest odds to determine the
likelihood that a particular condition is present or absent.
Positive LRs greater than 10 and negative LRs less than 0·1
are generally agreed to be quite useful. Consider an example
of a patient with non-specific symptoms and a family history
of celiac disease in whom the pretest likelihood of celiac
disease was estimated to be 8% (odds of 2:23). Using the LRs
from the large Italian study37 of 31 and 0·06, respectively, the
post-test likelihood of celiac disease after a positive test would
be 65% and after a negative test 0·5%. In a patient with more
specific symptoms and therefore a higher pretest probability
estimated at 50%, a positive test would produce a post-test
likelihood of 97% while a negative test would reduce this
likelihood to 6%. Similarly if one screened the general
population (with a prevalence of 0·25%) the post-test
probabilities would be much different at 8% and 0·02%,
respectively, significantly lower than a high risk or
symptomatic population.

Though obviously highly dependent on pretest
probabilities, the utility of a particular LR also has to be
interpreted in light of the implications of misdiagnosis, which
in the case of celiac disease would include weighing the
tribulations of a gluten-free diet against the potential for
future symptoms and complications in an untreated
patient. In one recent economic model,48 it was estimated
that using EMA alone for the diagnosis of celiac disease was
potentially more costly than small bowel biopsy if the test
specificity was under 95%. The authors concluded that
the most cost-effective strategy for most patients presenting
to a gastroenterologist was to use EMA as the initial
diagnostic test and to confirm all positive results with a small
bowel biopsy.

Although most studies suggest good diagnostic accuracy,
due to differences in test interpretation and the populations
studied there are considerable differences of opinion as to
whether EMA is more useful in ruling out celiac disease (high
sensitivity/negative LR) or confirming the diagnosis (high
specificity/positive LR). Of the 17 studies listed in Table 9.1,
13 produced positive LRs above 10, and 11 produced
negative LRs below 0·1. EMA appears to be a useful
diagnostic test that should replace other serological tests, but
it probably should not replace small bowel biopsy for the
diagnosis of celiac disease.
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The discovery that the protein cross-linking enzyme tTG is
the autoantigen for EMA has resulted in the development of
an ELISA assay for the antibody to tTG (anti-tTG). The anti-
tTG may be carried out using either guinea pig liver or human
erythrocyte substrate. Large studies comparing anti-tTG to
EMA have generally shown comparable sensitivities
(93–98%) and specificities (94–99%)15 with the human tTG
antigen producing slightly superior results. Recent reports
have suggested that even human anti-tTG may miss some

cases of EMA positive celiac disease.50,51 Despite this, given
the ease and cost advantages of the anti-tTG, it is likely that
the trend toward the use of this test will continue.

Therapy

The mainstay of therapy for celiac disease is a lifelong
gluten-free diet. Because biopsy findings suggesting celiac
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Table 9.1 Recent studies examining the operating properties of the anti-endomysial antibody in patients who have
undergone small bowel biopsya

Study Subjects % Celiac Sensitivity (%) Specificity (%) Positive LRa Negative LRb

Cataldo et al. 1485 children with 46 94 97 31 0·06
199537 GI disease 

Grodzinsky et al. 97 children with 28 78 99 78 0·22
199539 GI symptoms 

Vogelsang et al. 102 patients with 48 100 100 100 0·01
199540 suspected celiac

disease
Volta et al. 160 patients with 38 95 100 95 0·05 

199533 GI disease 
Pacht et al. 35 children with 63 100 100 100 0·01

199541 GI symptoms 
Stern et al. 66 patients with 71 98 89 8·9 0·02

199642 GI disease 
Grodzinsky 199629 49 AGA-positive 14 71 100 71 0·29

blood donors 
Valdimarsson 144 patients with 17 74 100 74 0·26

et al.199643 suspected celiac
disease

Ascher et al. 120 patients with 46 98 100 98 0·02 
199644 GI symptoms 

Sacchetti et al. 74 children with 43 297 100 97 0·03
199645 GI symptoms 

de Lecea et al. 65 children of 34 88 91 9·7 0·13
199646 short stature 

Yiannakou et al. 154 patients – celiac, 30 89 100 89 0·11
199638 IBD or normal 

Carroccio et al. 108 children – celiac 33 97 100 97 0·03
199635 or milk allergy 

Bottaro et al. 50 children – celiac 67 96 96 24 0·04 
199747 or normal 

Atkinson et al. 66 patients with 33 95 64 2·6 0·08
199748 GI symptoms 

Corazza et al. 78 patients with 45 91 80 4·6 0·11 
199749 GI symptoms

Kolho and Savilahti 167 children with 32 94 100 94 0·06
199734 GI symptoms 

Positive LR greater than 10 and negative LR less than 0·1 are shown in bold type because they are generally considered to be
quite useful.
aCalculated using sensitivity/1 − specificity and assuming specificity = 99% when reported as 100%.
b Calculated using 1 − sensitivity/specificity and assuming specificiity = 99% when reported as 100%.
LR, likelihood ratio; GI, gastrointestinal; AGA, antigliadin antibody; IBD, inflammatory bowel disease



disease may also be compatible with other conditions, some
clinicians advocate a follow up biopsy to confirm remission
after implementation of a gluten-free diet. However, most
are satisfied with a symptomatic response. In addition to a
gluten-free diet, supplemental vitamins such as iron, folic
acid or vitamin K should be given where deficiencies are
documented. Calcium and vitamin D may be deficient, and
consideration may be given to measuring bone mineral
density, particularly in women. Although it is suggested that
the institution of a gluten-free diet protects against increasing
bone loss, some patients may be candidates for hormone
replacement or bisphosphonate therapy.52

Poor dietary compliance is the most common reason for
failure of a gluten-free diet. However, the complications of
intestinal lymphoma and adenocarcinoma must be
considered. Patients with persistent symptoms in whom other
diagnoses are excluded are described as having refractory
sprue.53 There are considerable uncontrolled data to support
the use of corticosteroids for this indication. Anecdotal
evidence suggests that azathioprine54 and cyclosporin55 may
also be effective in patients who do not respond to
corticosteroids. In one known case of steroid-refractory celiac
disease, infliximab followed by azathioprine was successfully
used to induce and maintain remission.56

Currently, the greatest controversy pertaining to therapy
is the safety of including modest amounts of oats in the
diet. Historically, wheat and rye were the first grains
with demonstrated toxicity in celiac patients, followed
subsequently by reports of toxicity with oats and barley.
Similar injurious effects were not found with corn, rice, and
potatoes.57 Although it appears that grain prolamins contain
the antigen responsible for the toxic immune response, the
exact amino acid sequence of the responsible peptide has yet
to be fully elucidated. Certain prolamins appear to be more
antigenic than others, and the proline content of certain
amino acid sequences in the prolamins are determinants
of antigenicity. The specificity of tTG for proline-rich
sequences may render the proline-rich proteins of the
Triticeae tribe grasses (wheat gluten, rye secalin and barley
hordein) more antigenic than the proline-poor oat avenin,
giving biological plausibility to the hypothesis that oats may
be less toxic.14 Contrary immunological evidence exists to
suggest immune reactivity with avenin proteins58; however,
the relevance of this finding is questionable, since this
study also demonstrated immune reactivity with corn extract,
and subsequent in vitro immunofluorescence tests have
demonstrated induction of EMA production with partially-
digested gliadin fractions, but not with avenin.59

Mounting clinical and biological evidence is now
accumulating to demonstrate a lack of toxicity of oats in
newly diagnosed patients with celiac disease, and in celiac
disease patients in remission. However, the clinical trials
which address the issue of long-term safety of oat
consumption are still limited in number. A small cohort study
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followed 10 patients with celiac disease for 3 months during
which time they consumed porridge containing 50 g of oats
daily.60 The patients remained symptom-free without showing
an elevation in EMA or AGA or any histological deterioration.

Based only on this result, and the estimation that the
upper limit of the 95% confidence interval for a harmful effect
in a study failing to show harm is approximately 3/n, where
n is the number of subjects,61 the true incidence of toxic
effects could be as high as 30%.

A study using a similar design was undertaken to
determine the effects of oats on patients with dermatitis
herpetiformis. This manifestation often requires even longer
periods of gluten withdrawal (2 years on average) to achieve
clinical remission, while recurrence usually occurs within
12 weeks of gluten reintroduction.8 All 10 patients in the
study continued with the diet, consuming on average 62·5 g
of oats daily. No symptomatic, antibody or histological relapse
was noted. 

More recent data on the use of oats in newly diagnosed
celiac disease are limited. One small scale cohort study in a
pediatric population was carried out in 2000, and followed
10 patients for 6 months following diagnosis, during which
time they consumed a gluten-free diet with 24 g of oat cereal
per day (1·2 ± 0·9 g/kg per day). At study completion, the
patients demonstrated a significant decrease in the primary
outcome variables of intestinal biopsy score, intraepithelial
lymphocyte (IEL) count, tTG titer and number of symptoms.
However, this study was limited by its size and by a lack of
long-term follow up.62

A larger Finnish study randomized 92 patients with newly
diagnosed celiac disease to a strict gluten-free diet or one
containing 50 g of oats daily for 6 months.63 The authors
excluded patients who had severe disease or were not well
controlled on their present diet and those with comorbid
illnesses. The patients were well matched with regards to
clinical, histologic and nutritional parameters. The
investigators but not the patients were blinded to treatment.
Seventy-six percent of the oat group consumed more than 30
g daily. Six patients in the oat consuming group withdrew
because of cutaneous or abdominal symptoms or for
unspecified reasons, but a similar withdrawal rate was
observed in the control group. No significant change was
found in nutritional laboratory parameters or in small bowel
histology. The authors concluded that moderate amounts of
oats were safe in most patients. However, skeptics could
point out that even under these controlled circumstances,
24% of patients may have been intolerant, since the 95%
confidence interval was calculated as 12–36%. The issue of
oat contamination with other grains secondary to crop
rotation and processing was not addressed in this study.

A 5-year follow up study of a subset of 63 of the above
patients was carried out by the same authors. The patients
selected for this study were those who consented to
reassessment by laboratory nutritional and immunologic
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parameters and duodenal biopsy.64 Twelve of the 35 oat
consuming patients discontinued the oat consuming diet,
citing lack of data on long-term safety as the primary reason
for discontinuation of the diet. The results of the follow up
study demonstrated no significant differences or changes in
body mass index, nutritional status, or routine laboratory data
between the two groups at the 5-year examination. Given the
limitations of the study, and the small number of study
patients, these data might be interpreted as preliminary
support of the long-term safety of oats in celiac disease in
remission.

Prognosis

Celiac disease, if left unrecognized and untreated, has the
potential to result in severe complications which are for the
most part secondary to malnutrition. When appropriate
dietary therapy is instituted, the prognosis for celiac disease is
usually good; however, untreated, the morbidity and
mortality, and the risk of certain malignancies has been
postulated to be increased in a celiac population. Past studies
have suggested an increase in age-adjusted mortality
attributable to the disease itself.28 However, these studies may
have been biased because of the inclusion of substantial
numbers of untreated patients. More recent studies have
suggested that at least short-term survival is not different from
that of the general population.16 Despite this finding there is
evidence, both from retrospective and cohort studies, which
suggests an increased risk of certain malignancies.6

Immunologic stimulation and increased permeability are
among the characteristics of the gut in celiac disease which
lend biological credence to the possibility that celiac patients
are at increased risk for malignancies such as lymphoma
and adenocarcinoma of the small bowel. Although the
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epidemiological studies are heterogeneous in their design and
findings, most of the epidemiologic evidence to date confirms
a general increase in morbidity. The left-hand column of
Table 9.2 summarizes some of the data from these studies.

Most of the reports are based on case–control studies. This
design is particularly subject to problems with bias and
confounding. A selection bias toward the inclusion of
particularly ill or refractory patients is one of the most
frequently cited criticisms of the studies which show a
mortality rate increased as much as 3·4-fold over that of the
general population66–69 and complicating malignancy rates
as high as 14%.67 Measurement bias is another potential
problem. Patients presenting with abdominal symptoms
secondary to a malignancy may be more likely to undergo
investigations like small bowel biopsy, which could lead to a
diagnosis of celiac disease. Finally, some of the risk factors for
celiac disease such as ethnic/geographic origin or immune
markers (for example the class II HLA antigens HLA-DR3 and
HLA-DQw2) could potentially be independent risk factors for
certain diseases.

Despite these concerns, it is unlikely that the excess risk of
small bowel lymphoma and adenocarcinoma seen in most
studies can be explained by methodological flaws. In the early
1980s, a British registry collected data on approximately 400
cases of celiac disease and various cancers. The data were
analyzed and compared to individual cancer rates in the local
population.70 Of the 259 histologically confirmed tumors,
slightly more than half were lymphomas, the majority of
which had arisen in the small bowel. Two-thirds were
discovered after the diagnosis of celiac disease was
established at a mean interval of 7·3 years. A number of other
studies have shown similarly high rates of lymphoma with
death rates due to this complication varying from 2·6% to
8·9%, translating into relative risks of 25–122 with respect to
the general population.71
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Table 9.2 A subjective assessment of current evidence attempting to establish a causal or non-causal relationship (see
text for details)

Hypothesis

Untreated celiac
causes gastrointestinal Oats may be consumed 

Criteria malignancy/lymphoma as part of a gluten-free diet

Biological plausibility Yes Yes
Study design Case–control/cohort Randomized controlled 
Study consistency Moderate Good
Control groups used Yes Yes 
Group similarity Questionable Yes 
Adequate follow up Yes Questionable
Temporal relationship Probable Yes 
Exposure gradient Not shown Not shown
Strength of association Strong Strong 
Precision of estimate Poor Good



Of non-lymphomatous malignancies only those of the
gastrointestinal tract were seen in excess, compared to the
general population. A statistically significant increased risk of
adenocarcinomas of the pharynx, esophagus and small bowel
was observed. The relative risk of pharyngeal or esophageal
cancer was relatively small (5–6) and could possibly be
explained by confounding risk factors. However, the relative
risk of small bowel carcinoma, a rare malignancy in the
general population, was markedly increased at 83 (95% CI 46
to 117).

Another British series of 210 patients reported in 197672

produced similar results. It was followed by a prospective
cohort study published in 198973 which also demonstrated
increased cancer risk. The patients were a priori divided
into three groups – patients following a strict gluten-free diet
(n = 108), patients intermittently adherent or adherent less
than 5 years (n = 56), and patients not adhering to any
dietary restrictions (n = 46). Increased risk was seen overall
for cancers of the mouth, pharynx and esophagus (ratio of
observed to expected (O/E) approached 10). The increase
in risk was particularly strong for non-Hodgkin’s lymphoma
(n = 9, O/E = 42·7). For these cancers there was a
statistically significant reduced risk for the strict gluten-free
diet group. In a follow up article by the same author74 on the
same cohort of patients, excess morbidity for those not
observing a gluten-free diet was confirmed. 

Retrospective cohort and genetic studies on celiac patients
who develop malignancy has yielded information on possible
prognostic indicators of malignant disease. Refractory sprue,
or celiac disease which does not respond to dietary treatment,
is a negative prognostic indicator, possibly because of the
ongoing immune stimulation which may predispose to
malignant transformation. Non-response to therapy may be
present from diagnosis or after a period of response to dietary
therapy, but is always a negative prognostic indicator.74 A
confounding factor may exist in that other disease types
which produce villous atrophy and inflammatory infiltrates
may be present, such as ulcerative jejunitis or jejunoileitis or
mesenteric lymph node cavitation syndrome, and thus the
diagnosis of underlying celiac disease may be questionable.
Genetic prognostic indicators are less well studied still. A
small case study of six refractory sprue patients demonstrated
the replacement of the normal IEL population with
morphologically normal and phenotypically abnormal cells
with intracytoplasmic CD3, no surface CD3, CD4, CD8 or
TCR, and restricted TCR γ gene rearrangements. On this
basis, the authors postulated a spectrum of disease ranging
from celiac disease to refractory sprue to enteropathy-
associated T cell lymphoma (EATL), with refractory sprue
being the transitional disease state between celiac disease and
malignancy.75 The same study showed a poorer prognosis for
the three patients with the aberrant phenotype TCR γ gene
rearrangement, intracytoplasmic CD3 + , surface CD8 −, and
a better prognosis (in terms of treatment response to diet and
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steroid therapy) for the three patients without this phenotype.
This finding could be of practical importance, as non-response
to treatment, coupled with the above phenotype implying a
poor prognosis, would warrant closer follow up for the
implicated patient. Non-response to treatment in the absence
of this phenotype would suggest non-compliance with dietary
therapy.

The risk of malignancy in patients with dermatitis
herpetiformis has also been studied. One study used a
retrospective cohort design76 to evaluate 109 patients who
were followed for 13 years at one clinic, with almost
complete follow up. Seven patients (6·4%) developed a
malignancy, three of which were lymphomas, one without
small intestinal involvement. This translated into a relative
risk of lymphoma of 100· The overall relative risk of
malignancy was 2·38 (95% CI 1·22 to 3·56). However, in
those patients adhering to a gluten-free diet, no increased risk
was seen. A subsequent Finnish study77 of 305 patients
in whom 81% were compliant with a gluten-free diet also
showed no excess risk of malignancy with the exception
of non-Hodgkin’s lymphoma (n = 4) (RR = 10, 95% CI 2·8 to
26·3). A cohort study of 487 patients with dermatitis
herpetiformis reported a 2% incidence of lymphoma while on
a normal diet or a gluten-free diet for less than 5 years.78

In contrast to these results, another retrospective cohort
study originating in Finland16 compared 335 celiac patients to
age and sex-matched controls with other gastrointestinal
disease and normal villous architecture. A statistically
significant increased incidence of endocrine disease (12%)
and connective tissue disease (7%) was observed, but no
increased incidence of malignancy was detected. 
Notably, no cases of small bowel adenocarcinoma or non-
Hodgkin’s lymphoma were identified. This negative finding
may be accounted for by either the relatively short mean
follow up (3·1 years) or the high rate of dietary compliance
with a strict gluten-free diet (83%).

Though debate persists on the magnitude and type of
cancer for which untreated celiac patients are at risk, there is
general acceptance among clinicians that the risk is significant
enough to warrant lifelong strict dietary compliance even
in asymptomatic patients. This concern is foremost among
those advocating that oats should not be included in a gluten-
free diet.79 Table 9.2 suggests that the evidence supporting
the view that the inclusion of modest amounts of oats in a
celiac diet is safe may actually be stronger than the data
demonstrating an increased cancer risk in celiac patients.

Strict dietary therapy is warranted in adolescent and
pediatric populations alone on the sole basis of prevention of
morbidity, even if the questions of malignancy and mortality
are set aside. A large retrospective cohort analysis of 909
pediatric and adolescent celiac patients, 1268 control subjects
and 163 patients with Crohn’s disease was undertaken to
determine the effect of duration of gluten exposure on the
development of autoimmune disease in patients with celiac
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disease.80 The prevalence of autoimmune disorders was
noted to be significantly increased in the celiac population
(14%) with respect to the control population (2·8%) but not
with respect to the Crohn’s disease population (12·9%).
When the celiac population was subdivided into groups
according to age at diagnosis, a surrogate for duration of
gluten exposure, it was noted that the first group (< 2 years
at diagnosis; 5.1% prevalence) did not have a significantly
different prevalence of autoimmune disease compared to
the control group, but that the second group (2–10 years;
17·0% prevalence) and the third group (> 10 years; 23·8%
prevalence) did have a significantly increased comparative
prevalence of autoimmune disease. Furthermore, a logistic
regression model predicted increased odds of developing
autoimmunity of 1·1% per year of diagnosis delay, with the
expected numbers derived from this model correlating well
with the observed study numbers. A second analysis of a
subset of the 374 celiac disease patients who were diagnosed
before the age of 2 years was subdivided on the basis of
exposure to a gluten challenge following diagnosis, and those
exposed to gluten for an additional “challenge” period
following diagnosis were susceptible to an increased
prevalence of autoimmune disorders. The implications of this
study support early clinical diagnosis with serologic and
histologic confirmation, and avoidance of prolonged exposure
to gluten, even in the form of a gluten challenge. 

This study has been challenged by a subsequent similar
study in an adult population.81 This retrospective cohort
analysis analyzed 605 controls and 422 celiac disease
patients. Although the prevalence of autoimmunity was
three-fold higher in the celiac population than in controls, the
duration of gluten exposure did not correlate with the
development of autoimmunity in an adult population. 
The two studies may be reconciled by the pathogenesis of the
disease; it is possible that immune modulation and gluten
exposure play a role in the development of disease early in
life, and that once exposure has occurred in youth, circulating
autoantibodies to various organs arise and the risk of later
development of autoimmune disorders is subsequently
increased in the adult celiac population. 82

Other complications of celiac disease exist in addition to
those listed above, but are more rarely seen than autoimmune
disease and malignancy. These include refractory sprue which
often requires immunosuppressive therapy. Ulcerative
jejunoileitis manifesting as chronic ulcers of the small and
occasionally large bowel can rarely occur and can lead to the
diagnosis of celiac disease.65 This condition can be difficult to
distinguish from intestinal lymphoma and may actually
progress to this disease. Collagenous sprue, an even more rare
complication of celiac disease, is histologically distinguished
by a thick subepithelial band of collagen. No effective therapy
has been described and patients generally go on to parenteral
alimentation.6,83
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Conclusion

The gold standard for the diagnosis of celiac disease
remains the small bowel biopsy. Serological testing,
particularly the EMA and tTG, can be very useful in the
appropriate clinical situation to diagnose the disease and to
monitor the response to a gluten-free diet. The threshold for
initial and follow up biopsy if necessary should be low given
the limitations of the test and the general ease of upper
gastrointestinal endoscopy and biopsy. A gluten-free diet
remains the cornerstone of management. The available
evidence suggests that a substantial proportion of patients will
tolerate a moderate amount of oats in their diet with the
appropriate clinical follow up. To prevent symptomatic
recurrences, nutritional deficiencies (particularly bone
disease), and malignant and autoimmune complications, a
strict gluten-free diet should be encouraged in all patients.
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Crohn’s disease
Brian G Feagan, John WD McDonald10

Introduction

The use of non-specific anti-inflammatory drugs such as the
5-aminosalicylates, glucocorticoids, and antimetabolites is the
foundation of the current treatment for Crohn’s disease (CD).
However, recent advances in molecular biology have yielded
novel approaches for therapy which may be more relevant to
the pathophysiology of the disease. This review offers an
evidence-based approach to the management of active CD. An
overview of maintenance therapy is also provided.

Induction of remission

An ideal treatment for active CD should rapidly and
reliably induce remission of symptoms. In clinical trials the
most frequently used metric is a decrease in the Crohn’s
Disease Activity Index (CDAI) of from 50 to 100 points with
a final score below 150.1,2 A substantial placebo response
(20–30%) is observed in short-term (8–16 week) studies.
Four classes of drugs have been most frequently evaluated for
treatment of active disease: 5-aminosalicylates (5-ASA),
glucocorticoids, antibiotics, and monoclonal antibodies.

5-aminosalicylates

The prototypic 5-ASA compound sulfasalazine has been
used to treat CD for more than 40 years.3 Although highly
effective for ulcerative colitis, randomized trials showed that
sulfasalazine was only marginally superior to a placebo for the
induction of remission in active CD (Figure 10.1).4,5 Since
the sulfa-related adverse effects of sulfasalazine often limit
the maximum drug dose that can be administered, the
development of 5-ASA formulations which lack a sulfa moiety
and which target specific regions of the gastrointestinal tract
raised the possibility that greater efficacy was possible. Multiple
randomized controlled trials (RCTs) have compared the newer
5-ASA compounds with either a placebo (Table 10.1) or an
active treatment (sulfasalazine, glucocorticoids). Although many
of these trials were at a high risk of a type II statistical error due
to a small sample size, some definite conclusions can be derived.

Initial experience with 5-ASA doses of 1·5 g/day showed
no clear benefit over a placebo.6,7 These negative studies led
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to the evaluation of higher dose regimens. Singleton and
colleagues8 allocated over 300 patients with moderate disease
activity to receive either 1 g, 2 g or 4 g of Pentasa daily or a
placebo for a period of 16 weeks. Although 5-ASA was well
tolerated, only a modest benefit of treatment was observed;
43% of the patients who received 4 g/day of Pentasa entered
remission as compared with 18% of those who were assigned
to the placebo (absolute risk reduction (ARR) 25%, number
needed to treat (NNT) 4; P = 0·017). No improvement
over placebo was observed for those individuals who received
the lower doses of 5-ASA. Subgroup analyses failed to identify
any specific predictors of response. Pentasa was well
tolerated; more patients who received the placebo were
withdrawn from treatment due to adverse events than those
who received the highest dose of the active drug.
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Sulfasalazine (SPS)      74  65  62  59           58                    56        55      51  48  25

Azathioprine (AZA)       39  38  37  34  43     51  45       44   43        40      37  35

Placebo                          77        72                 69       67         64        62 60 59  58  57 

40

%
 P

at
ie

n
ts

20

0

5 10 15

Figure 10.1 Cumulative percentage of patients in remission
week by week: comparison of prednisone, sulfasalazine,
azathioprine, and placebo. Remission is defined as Crohn’s
Disease Activity Index (CDAI) less than 150 and continuing
below 150 through week 17 (life-table using Kaplan–Meier
method). (Adapted with permission from Summers RW et al.
Gastroenterology 1979;77:847–694)
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Although this trial suggested a benefit of high dose 5-ASA
therapy, a cautionary note was raised subsequently by the
principal investigator,9 who described a second evaluation of
Pentasa in 232 patients. Recently data from this trial and a
third unpublished study have been combined in a meta-
analysis10 which suggested that patients assigned to 4 g/day
Pentasa (n = 304) improved on average only 18 points more
on the CDAI score than those who received a placebo
(n = 311). No difference in remission rates were
observed. Readers should be aware that a minimum clinically
important difference in CDAI score is approximately 50 points.

No trials of adequate power have compared the efficacy of
the newer 5-ASA drugs and sulfasalazine. However, several
studies have compared 5-ASA to glucocorticoid therapy for
induction of remission (see Table 10.1). Schölmerich11

randomized 62 patients to receive either 5-ASA at a dose of
2 g/day or a standard tapering regimen of methyl prednisolone.
In this 24-week trial 73% of the 5-ASA-treated patients failed
therapy compared with 34% of those who received methyl
prednisolone (ARR 39%, NNT = 3; P = 0·0019). The
authors concluded that treatment with 5-ASA, although well
tolerated, was inferior to steroid therapy. Martin et al.12

compared a 3 g/day dose of Salofalk to a standard oral
prednisone regimen. Although a similar proportion of
individuals in the two treatment groups entered remission
(47% 5-ASA v 46% prednisone; P = 0·59), an analysis of the
change in mean CDAI and quality of life scores demonstrated
a more rapid improvement in patients treated with prednisone.
A study by Thomsen and colleagues provides important
information on the relative efficacy of glucocorticoids and
5-ASA.13 In this methodologically rigorous trial 182 patients
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with active disease were assigned to receive either 9 mg/day
of a controlled ileal release preparation of budesonide (a locally
active steroid) or 4 g/day of Pentasa. Following 16 weeks
of treatment, 62% of budesonide treated patients were in
remission compared with only 36% of the patients who
received 5-ASA (ARR 26%, NNT = 4, P < 0·01).

What conclusions can be drawn from these trials? The
existing data show that the newer 5-ASA compounds are not
more effective than sulfasalazine and are, at best, only
marginally superior to a placebo for the induction of
remission. A single clinical trial has demonstrated the
superiority of budesonide over high dose 5-ASA with no
increased frequency of adverse events. Although many
clinicians prescribe 5-ASA compounds as first-line therapy for
mild disease activity and treat those patients who fail to
achieve a remission with glucocorticoids, the wisdom of this
approach is questionable. Although the reluctance of
physicians to expose individuals to glucocorticoid therapy is
understandable, the likelihood of a response to the newer
5-ASA formulations is so low that the strategy is inefficient.
Most patients will ultimately require glucocorticoid treatment
to induce remission. In any event, if a 5-ASA drug is used for
induction remission in patients with mild disease the best
evidence supports the use of sulfasalazine. 

Glucocorticoids

Conventional steroids

The conventional glucocorticoid compounds, prednisone
and 6-methyl prednisolone, are highly effective drugs for
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Table 10.1 Response rates of remission in studies comparing 5-ASA to placebo or glucocorticoid therapy

No. of Duration % remission 
Study Drug dose patients (weeks) Placebo 5-ASA GL

NCCDS (1979)4 SPS 4–6 g/day 236 17 30 43 –
ECCDS (1984)5 SPS 3 g/day 159 18 38 50 82
Rasmussen et al. (1987)6 Pentasa 1·5 g/day 67 16 30 40 –
Mahida and Jewell et al. (1990)7 Pentasa 1·5 g/day 40 6 – – – 
Singleton et al. (1993)8 Pentasa 1,2,4 g 310 16 18 43 –

placebo vs
4 g 18

Schölmerich et al. (1990)11 Pentasa 2 g 62 24 – 27 66 
Martin et al. (1990)12 Salofalk 3 g/day 55 12 – 47 46
Maier et al. (1990)14 Salofalk 3 g/day 52 12 – 83 88
Thomsen et al. (1996)13 Pentasa 4 g 182 16 – 36 62
Prantera et al. (1993)15 Asacol 4 g, 5-ASA 94 12 – 60 61

microgranules
Gross (1995)16 Salofalk 4·5 g 34 8 – 40 56·3

Source: Feagan B. Eur J Surg 1998;164:903–9:
SFS sulfasalazine; GL, glucocorticoids; 5-ASA, 5-aminosalicylate; NCCDS, National Cooperative Crohn’s Disease Study;
ECCDS, European Cooperative Crohn’s Disease Study



the treatment of active CD. The National Cooperative
Crohn’s Disease Study (NCCDS) and the European
Cooperative Crohn’s Disease Study (ECCDS) both showed
that approximately 70% of patients who are treated with
40–60 mg/day of prednisone for 3–4 months enter
remission,4,5 compared with 30% of patients treated with
placebo (see Figure 10.1). 

Budesonide

Glucocorticoids have pluripotent actions on the immune
system, including effects on the synthesis of inflammatory
mediators, cellular immunity and neutrophil function.17 Since
the glucocorticoid receptor is widely expressed in tissues, the
biological actions of these drugs are not restricted to the
immune system. Unpleasant cosmetic effects (acne, moon
faces, bruising) and more serious metabolic disturbances
(hypertension, metabolic bone disease, and diabetes) are
common18 and limit the usefulness of these agents. An ideal
glucocorticoid should retain the efficacy of conventional
glucocorticoid drugs while minimizing systemic effects. One
possible means of achieving this objective is to specifically
target the bowel wall as the therapeutic compartment of
interest.19 The development of budesonide as a treatment for
active CD is an example of this approach.

Budesonide is a novel glucocorticoid with a potency
approximately five times that of prednisone. The systemic
effects of budesonide are reduced in comparison to
conventional steroid drugs as a result of extensive first pass
metabolism to inactive compounds. Thus a high local anti-
inflammatory effect on mucosal surfaces is possible with
low systemic activity.20 Proof of this concept was first
demonstrated in asthma therapy, where topical budesonide
was shown to be highly effective with few or no systemic
adverse effects.21 An oral controlled ileal release formulation
of budesonide was developed for the treatment of active CD
of the ileum and right colon. A Canadian multicenter dose
finding study22 found that, first, 9 mg/day of budesonide was
more effective than a placebo for the induction of remission in
patients with moderately active CD (51% v 20%, P < 0·001)
and, second, the proportion of patients experiencing
glucocorticoid-related adverse effects with this drug was not
greater than with placebo treatment (26% 9 mg budesonide v
26% placebo, P > 0·05). In a second study, Rutgeerts
and colleagues23 compared 9 mg/day of budesonide with a
standard prednisolone regimen. Although a favorable trend in
response rate was observed in favor of prednisolone therapy,
the difference in efficacy between the treatment groups
was not large (65% v 52%, P = 0·12). There were fewer
glucocorticoid-related adverse events in patients who
received budesonide (budesonide 29%, prednisolone 55%,
ARR 26%, NNT = 4, P = 0·003). Finally, as described
earlier, Thomsen and colleagues13 have shown that 9 mg/day
of budesonide is more effective than 4 g/day of 5-ASA and is
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equally well tolerated. Data from the studies have been
summarized in a meta-analysis by Kane and colleagues24 who
estimated that budesonide was approximately 13% less
effective than conventional glucocorticoid therapy but was
35% less likely to cause glucocorticoid-related adverse events.

Thus, budesonide is an attractive alternative to 5-ASA or
prednisone for induction of remission in patients whose
disease is restricted to the appropriate anatomical sites.

Antibiotics

A substantial body of experimental evidence supports the
notion that bacteria play an important role in initiating
and/or sustaining the pathological inflammatory reaction in
the bowel wall.25,26 Antibiotics have been used empirically for
the treatment of active CD for many years, and review
articles and textbooks of medicine commonly advocate
their use. However, few good data exist to support this
endorsement. The Cooperative Crohn’s Disease Study in
Sweden27 compared 800 mg/day of metronidazole to
1·5 g/day of sulfasalazine in 78 patients with active disease.
A 25% response rate for both treatments was shown.
Accordingly, it is debatable whether these results are more
consistent with an equivalent benefit of metronidazole or
the lack of any therapeutic effect for either treatment. The
largest trial of metronidazole, carried out by Sutherland and
colleagues,28 randomized patients to receive metronidazole
(10 or 20 mg/kg per day) or a placebo for 16 weeks
(n = 105). Metronidazole therapy produced a dose-dependent
decrease of disease activity (decrease in CDAI: metronidazole
20 mg/kg 97, 10 mg/kg 60, placebo 1; P = 0·001). However,
no difference in remission rate was observed (proportion
in remission: placebo 25%, metronidazole 10 mg/kg 36%,
20 mg/kg 27%). Thus, the controlled data that support the
efficacy of metronidazole are not impressive. 

More recently the quinolone antibiotic ciprofloxacin has
been used in combination with metronidazole. Prantera and
colleagues29 randomized 41 patients to receive combined
antibiotics (ciprofloxacin 500 mg twice daily and 250 mg
of metronidazole four times daily) or methyl prednisolone
0·7–1·0 mg/kg for 12 weeks. A statistically significant
difference in patients entering remission was not
demonstrated (combined antibiotic therapy 10/22 (46%),
steroid therapy 12/19 (63%), P > 0·05). The small number
of patients in this trial does not permit any definitive
conclusion regarding the value of combined antibiotic
therapy; however, the 17% difference in remission rates in
favor of methyl prednisolone is most consistent with a
clinically meaningful treatment advantage in favor of
glucocorticoid therapy. 

Steinhart et al.30 conducted a double blind study of oral
ciprofloxacin and metronidazole, (both 500 mg twice daily),
or placebo for 8 weeks in 134 patients with active CD of the
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ileum, right colon or both. All patients received oral
budesonide 9 mg once daily. At week 8, 21 patients (33%)
assigned to antibiotics were in remission, compared with
25 patients (38%) in the placebo group (P = 0·55; 95%
confidence interval (CI) −21% to 11%). An interaction
(P = 0·025) between treatment allocation and disease
location on treatment response was identified. Among
patients with disease of the colon, 9 of 17 (53%) were in
remission after treatment with antibiotics, compared with 4
of 16 (25%) of those who received placebo (P = 0·10).
Discontinuation of therapy because of adverse events
occurred in 13 of 66 (20%) patients treated with antibiotics,
compared with 0 of 68 in the group who received placebo
(P < 0·001). In patients with active CD of the ileum, the
addition of ciprofloxacin and metronidazole to budesonide
was an ineffective intervention. Although this antibiotic
combination may improve outcome when there is
involvement of the colon, the evidence supporting this
possibility comes only from a post hoc analysis of a small
number of patients and was not statistically significant.

In summary, glucocorticoids are the most effective
treatment for active CD. For those patients whose disease
is confined to the terminal ileum and/or right colon,
budesonide is an attractive alternative to the conventional
glucocorticoids because of the lower incidence of adverse
events. Sulfasalazine is modestly effective in patients with
mild disease activity. Although the newer 5-ASA compounds
and antibiotics are used by many clinicians to treat patients
with milder forms of the disease, current data do not support
the efficacy of these drugs.

Treatment of therapy-resistant
or steroid-dependent patients

Munkholm and colleagues31 have documented the natural
history of an acute exacerbation of CD in a cohort of patients
from Copenhagen county. One year after an initial course
of treatment a high proportion (56%) of their patients
were either therapy resistant (20%) or steroid dependent
(36%). This observation has led many clinicians to conclude
that earlier and more aggressive treatment with immuno-
suppressives may be warranted in selected patients.

Conventional immunosuppressive drugs

Three classes of drugs have been most frequently used: the
purine antimetabolites (azathioprine (AZA)/6-mercaptopurine),
cyclosporin, and methotrexate.

Purine antimetabolites

Until recently the use of the purine antimetabolites for the
treatment of refractory patients was not widely accepted,
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perhaps because of the inconsistent results obtained from the
early randomized trials of these drugs. However, recent
studies have for the most part confirmed their efficacy. One of
the more important trials was conducted by Candy et al.,32

who randomized 63 patients with active CD to receive a
standard tapering induction regimen of prednisone over
3 months and either AZA 2·5 mg/kg daily or a placebo for
15 months. Although no early (3 months) benefit of AZA was
identified with respect to remission rates (CDAI < 150 and no
prednisone), the proportion of patients who remained in
remission over the entire follow up time was greater in the
AZA group (42% v 7%, ARR 35%, NNT = 3; P = 0·001).
This result is consistent with observational data that suggest
that the purine antimetabolites require a minimum of 3
months to show a treatment effect. In an attempt to
overcome this theoretical limitation Sandborn et al.33 did a
small, uncontrolled study in which patients with active CD
received an intravenous 1800 mg loading dose of AZA. This
strategy rapidly achieved stable erythrocyte concentrations of
the thiol metabolites, which are believed to be responsible for
the immunosuppressive effects of AZA. Despite this promising
finding, a subsequent RCT which evaluated 96 patients
showed equally low (8-week) remission rates in patients who
received either loading or conventional AZA regimens (25% v
24%)34 in spite of achieving steady state nucleotide levels by
week 2. Furthermore, the proportion of patients
entering remission did not increase after 8 weeks of treatment.
It should be noted that all patients in this study received oral
AZA in a dose of 2 mg/kg and that the proportion of these
patients who entered remission and withdrew completely
from steroids was only 24%, a figure roughly comparable with
the expected response to a placebo in many induction of
remission studies. The data are consistent with a slow onset of
effect for the purine antimetabolites.

The data from the RCTs which have evaluated the purine
antimetabolites for the treatment of active CD in adults have
been summarized in a meta-analysis35 in which the pooled
ARR for AZA treatment for induction of remission is
approximately 20% (NNT = 5) (Figure 10.2). In the
majority of these studies patients were receiving concomitant
corticosteroid therapy. A steroid-sparing effect was also
demonstrated in this analysis: the NNT for steroid sparing
(the NNT with AZA for one additional patient to reduce
steroids to < 10 mg/day) was estimated to be 3. These results
should be interpreted with a degree of caution, since
important clinical heterogeneity exists among the studies
in their definitions of treatment response, duration, and the
use of cointerventions. No single large, well-designed trial
that resulted in a clinically and statistically significant
benefit compared with placebo exists. Nevertheless, the
meta-analysis suggests that some beneficial effect is present
on disease activity, and the use of these drugs can be
recommended for treatment of patients who fail to respond to
steroid therapy or develop steroid dependence.
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Cyclosporine

The emergence of this drug as a standard therapy for organ
transplantation led to large scale evaluations for the treatment of
chronically active CD. The results of four RCTs (Figure 10.3)36

have shown that the therapeutic index of cyclosporin is
low,37–40 if there is any efficacy. The study of Brynskov
et al.,38 which demonstrated only a modest benefit, used a
high cyclosporin dose (7·6 mg/kg per day), which cannot be
recommended for chronic treatment, since the risk of
nephrotoxicity is unacceptably high.41 The three trials37–39

which assessed a dose of cyclosporin that is tolerable for long-
term treatment (5 mg/kg per day) showed no benefit with
this drug. Thus cyclosporin is not a practical therapy for
long-term management. Although uncontrolled studies42,43

have suggested that short duration, high dose intravenous
therapy may be beneficial in patients with refractory CD, data
from controlled trials are required before this intervention can
be advocated for widespread use.

Methotrexate

The success of low dose (5–25 mg/weekly) methotrexate
as a treatment for rheumatoid arthritis led to its evaluation in
patients with chronically active CD. In 1989 Kozarek et al.44
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reported the results of an open study in which two-thirds
of patients with steroid refractory disease showed an
improvement in symptoms and a concomitant reduction in
prednisone requirements. Some patients demonstrated
an endoscopic remission. A controlled trial45 was subsequently
conducted in which 141 patients who had failed previous
attempts to discontinue prednisone were randomized to
receive either methotrexate 25 mg/weekly intramuscularly or
a placebo for 16 weeks. All of the patients received 20 mg of
prednisone per day at the initiation of the trial; a standardized
prednisone withdrawal regimen was then used. Patients
who responded to therapy discontinued prednisone entirely
12 weeks following randomization. A significant benefit of
methotrexate therapy was observed for the primary outcome
measure, the proportion of patients who were completely
withdrawn from prednisone and in clinical remission as
defined by a CDAI score of < 150 points (methotrexate 39%,
placebo 19%, ARR 20%, NNT = 5; P = 0·025) (Figure 10.4).

Improvements in the median prednisone dose, Health
Related Quality of Life and mean CDAI scores, and concentration
of serum acute phase reactants were also associated with
methotrexate therapy. In this short-term trial, no serious
toxicity was observed, although withdrawals from treatment
due to nausea were more common with methotrexate.
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Figure 10.2 Azathioprine or 6-mercaptopurine for inducing remission in Crohn’s disease. (Source: Sandborn WJ et al. In:
Cochrane Library, issue 2. Oxford: Update Software, 199935)



Novel immunosuppressive drugs

New knowledge of the human immune system and the
growth of the biotechnology industry have combined to yield
an abundance of new treatments for chronic inflammatory
diseases. The development of infliximab and natalizumab as
therapies for CD are examples of the promise of this new
technology.

Infliximab

Tumor necrosis factor (TNF)-α is a proinflammatory
cytokine which plays an important part in the pathophysiology
of CD.46 Following the successful treatment of a young
woman with a chimeric anti-TNF-α antibody by investigators
in Amsterdam,47 a series of controlled studies were initiated.
Targan and colleagues48 carried out a multicenter dose finding
study that evaluated 108 patients whose disease was refractory
to other forms of treatment. Patients with moderately severe
disease received one of three doses of infliximab (5, 10, 20
mg/kg) or a placebo administered as a single intravenous
infusion. Patients continued to receive other treatments at a
fixed dose. The primary endpoint of the study was the
occurrence of a clinical response as defined by a decrement of
70 points in the CDAI score from the baseline value. No
dose–response relationship was identified; 81·5% of
infliximab-treated patients responded compared with 16·7%
of those who received the placebo (ARR 65%, NNT = 2;
P < 0·001). Minor allergic reactions to the antibody
occurred infrequently but clinically significant adverse effects
were not encountered in this short-term study.

In a second pivotal trial colleagues evaluated the efficacy of
infliximab for the treatment of patients with fistulizing CD49

(no previous controlled trials had evaluated this population
of patients). The patients studied had active, fistulizing
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disease for a minimum of 3 months prior to randomization.
Concomitant treatment with steroids, 6-mercaptopurine or
AZA, and antibiotics was permitted although the dose of
these cointerventions was maintained at a stable level
throughout the trial. The primary measure of response was a
50% reduction in the number of open fistulae. Ninety-four
patients received three intravenous infusions of either a
placebo or one of two dose regimens of antibody (5 or
10 mg/kg) during a total of 18 weeks of follow up. Patients
treated with infliximab were significantly more likely to
respond (61·9% v 25·8%, ARR 36·1%, NNT = 3; P = 0·002).

The response to treatment was rapid and in many cases
dramatic. Again, no dose–response relationship was identifiable.

It is clear that infliximab is effective for induction of
remission of CD in a patient population refractory to other
treatments and that serious short-term toxicity is uncommon.
However, potential safety concerns include the formation
of autoantibodies, the risk of infusion reactions with
re-treatment, and a possible increased risk of lymphopro-
liferative disease. Currently it is most appropriate to reserve
infliximab as an induction treatment for individuals who have
failed to respond to or are intolerant of conventional drug
treatments.

Natalizumab

Natalizumab, a recombinant, humanized monoclonal
antibody against the α4 integrin, was evaluated in a
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response placebo) for four RCTs of cyclosporin for Crohn’s
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the bars. P values were derived by the Mantel–Haenszel
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with permission from Feagan BG et al. N Engl J Med
1995;332:292–745)



randomized trial in 248 patients with moderate to severe
CD (CDAI > 220, < 450).50 Approximately half the patients
were receiving steroids (< 25 mg daily) and about one-third
were receiving AZA or mercaptopurine. Patients received two
infusions four weeks apart: two placebo infusions, or one
infusion of natalizumab 3 mg/kg and one placebo infusion, or
two infusions of natalizumab, either 3 or 6 mg/kg. The
primary endpoint for this study was remission (CDAI < 150) at
6 weeks. The remission rates for patients receiving placebo
and two infusions of natalizumab 3 mg/kg were 27% and 44%
(ARR = 17%, NNT = 6; P = 0·027). Significant differences
in rates of remission were observed as early as 2 weeks and
were maintained for 12 weeks. Statistically significant differences
in the primary were not observed between the other treatment
groups. However, patients receiving two infusions of the
higher dose were more likely to be in remission than placebo-
treated patients at both 4 and 8 weeks following infusions.
Furthermore, response rates (decrease in CDAI of ≥ 70) and
disease-specific quality of life scores Inflammatory Bowel
Disease Questionnaire (IBDQ) were found to be greater with
all three regimens of natalizumab infusion than with placebo
at most time intervals. No serious adverse events were
attributable to treatment with this antibody preparation.
However, antibodies to natalizumab were detected in 7% of
treated patients. Mild infusion reactions occurred in two
patients. Despite these promising initial results, preliminary
data from a follow up study of similar design failed to confirm
a benefit of natalizumab for induction of remission.51 A large
scale RCT evaluating the role of natalizumab maintenance
therapy will be reported later this year.

Maintenance of remission

The objectives of maintenance therapy are to prevent the
recurrence of symptoms, to reduce the risk of complications,
and to avoid the need for surgery and hospitalization. One
year after a medically induced remission of CD approximately
30–40% of patients will experience a relapse of disease52; and
following surgery symptoms recur at a rate of approximately
15% per year.53 The failure of the maintenance therapy
components of the NCCD4 and ECCDS5 trials to demonstrate
a long-term benefit of sulfasalazine or conventional, low dose
glucocorticoid therapy led to the extensive evaluation of
the newer 5-ASA and budesonide for this indication.

5-Aminosalicylates

Over 20 clinical trials have compared a 5-ASA drug with
a placebo for the prevention of a symptomatic recurrence
following either surgery or a medically induced remission. A
number of the studies that have evaluated 5-ASA for the latter
indication showed a 1-year reduction in the rate of relapse of
about 10–20%. In the “typical” trial the size of the treatment
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effect observed is less than that which the investigators
considered to be clinically important when the sample size for
the trial was determined. Thus statistical significance has not
often been demonstrated. To illustrate this point, consider the
results of the trial of Sutherland et al.,54 who randomized
293 patients with quiescent disease to receive either 3 g/day
of 5-ASA or placebo for 1 year. A total of 25% of the patients
who received the active treatment experienced a relapse
compared with 36% of those who received the placebo (ARR
11%, P = 0·056).

In an attempt to provide a more precise estimate of the
magnitude of the treatment effect of 5-ASA several meta-
analyses55–57 have been done. Some caution is warranted
when considering the data from these overview analyses.
First, meta-analysis is an observational procedure (unlike the
RCT) which is susceptible to bias.58 As noted previously,
Singleton has documented the occurrence of publication bias
with respect to the trials which evaluated 5-ASA for the
therapy of active disease.9 Another issue is the considerable
heterogeneity which exists in the published literature. The
variability of study design, patient populations, and the drug
formulations/doses which have been evaluated is a concern.
Notwithstanding these considerations, meta-analysis does
provide important information.

A meta-analysis performed by Camma et al.57 (Figure 10.5)
evaluated 15 maintenance trials, which included a total of
2097 patients and suggested an overall ARR of 6·3% per year
for 5-ASA therapy in comparison with a placebo (95% CI −
2·1% to − 10·4%). The results of a subgroup analysis

demonstrated that the benefit of 5-ASA was most apparent in
the post-surgical trials where an ARR of 13·1% was calculated
(95% CI − 4·5% to − 21·8%). No statistically significant result
was observed for those trials that evaluated 5-ASA after a
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medically induced remission (ARR 4·7%; 95% CI − 9·6% to
2·8%). Patients with ileal disease and prolonged disease
duration were most likely to benefit from therapy. Thus it
seemed that a relatively clear picture of the efficacy of 5-ASA
maintenance therapy had emerged. The majority of RCTs
showed a modest effect of treatment. If the ARR of 13%
identified by the Camma meta-analysis is accepted as the best
estimate of the true value of 5-ASA therapy, the NNT for
1 year to prevent one symptomatic recurrence of the disease
is 8. Whether a benefit of this magnitude is meaningful given
the cost58 and inconvenience of the drug depends on patients’
wishes, previous disease severity, the anatomical location of
disease and whether or not maintenance treatment follows
surgery.

Subsequent to this meta-analysis, two additional large
randomized trials have been done. Lochs et al.59 randomized
318 patients within 10 days of resection of all severe visible
disease (approximately 30% of patients had some residual
disease judged to be not severe) to receive 4 g of mesalamine
(Pentasa) or a placebo for 18 months. Clinical relapse was
defined as an increase in CDAI above 250, or a CDAI score
above 200 but with a minimum 60-point increase from the
lowest postoperative value for 2 consecutive weeks. The
observed proportions of clinical relapse (± 1 SE) were not
significantly different (placebo 31·4 ± 3·7%, mesalamine
24·5 ± 3·6%; P = 0·1, 1-sided test). Although study
medication was discontinued by 32% of mesalamine and 26%
of placebo-treated patients, two separate per protocol analyses
failed to reveal significant differences between the treatment
groups. Subgroup analysis revealed a difference in recurrence
between mesalamine and placebo-treated patients with
disease confined to the small intestine: (placebo 39·7 ± 6·1%,
mesalamine 21·8 ± 5·6%, P = 0·002, 1-sided log-rank test).

The second study60 which randomized 328 patients to 2 g
of olsalazine or placebo for 82 weeks following a medically
induced remission, again, failed to show a benefit for 5-ASA
maintenance therapy. (relapse rate 48·5% olsalazine v 45%
placebo).

Sutherland61 repeated the meta-analysis of Camma et al.57

incorporating the data from Lochs’ study, and calculated an
ARR of only 4% for this treatment in postsurgical patients,
compared to 13% reported by Camma et al. On the basis
of these data it is increasingly difficult to support the chronic
use of mesalamine therapy in CD.

Budesonide

The efficacy of budesonide for induction of remission in
CD suggested that chronic therapy might be an effective and
safe maintenance strategy. Four randomized placebo controlled
trials62–64 have evaluated the use of either 6 mg/day or
3 mg/day of budesonide for 1 year of treatment. The first
three studies were of similar design, following treatment of
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active CD with either budesonide, prednisolone or a placebo.
Patients who responded to treatment were randomized to
receive either one of the two doses of budesonide or a
placebo. No other treatments for CD were permitted. The
primary outcome measure of these studies was the proportion
of symptomatic relapses of CD as defined by a 60 point
increase in the CDAI and a minimum CDAI score of 200 at
the time of the disease exacerbation.

Greenberg et al.62 (n = 105) found that the median time to
relapse or withdrawal from treatment differed significantly
between the three treatment groups: budesonide-treated
patients remained in remission longer than those who
received the placebo (178 days 6 mg v 124 days 3 mg v
39 days placebo; P = 0·027); however, the treatment effect
was not durable. The greatest difference in remission rates
was observed 3 months after randomization whereas at
1 year no significant differences were present (39% 6 mg v 30%
3 mg v 33% placebo). Budesonide therapy was well
tolerated. No differences were observed among the treatment
groups in the proportion of patients who experienced adverse
events (78% 6 mg v 70% 3 mg v 89% placebo). Although
glucocorticoid-related adverse events occurred more frequently
in patients who were treated with budesonide, the proportion
of patients who reported these events decreased throughout
the follow up period and the most common steroid-related
adverse event identified was easy bruising. A dose-dependent
depression of the plasma cortisol concentration was noted in
the budesonide-treated groups.

Similar results were obtained by Löfberg and colleagues63

(n = 90) who observed that the median time to relapse or
discontinuation of therapy was 258 days for the 6 mg/day
group, 139 days for the 3 mg/day group, and 92 days for the
patients who received a placebo (P = 0·021). Again, the time
in remission was significantly prolonged for those patients
who received budesonide, but the therapeutic effect was not
sustained. At 12 months following randomization, 41%, 26%
and 37% of the 6 mg/day, 3 mg/day, and placebo group,
respectively remained in remission (P = 0·44). Thirty-
eight percent of those patients who had received 6 mg/day
reported glucocorticoid-related adverse events compared with
20% of those who received 3 mg/day and 12% of those who
received the placebo.

The third trial, by Ferguson et al.,64 which evaluated the
smallest number of patients (n = 75), failed to demonstrate
any benefit of budesonide treatment. The median time to
relapse or discontinuation of therapy was 272 days in the
6 mg/day group, 321 days in the 3 mg/day group, and
290 days in the placebo group (P = 0·80). A similar
proportion of patients in the three treatment groups
experienced glucocorticoid-related adverse events (18%
6 mg/day v 36% 3 mg/day and 15% placebo; P = 0·79).

An analysis of the pooled data from these studies65 and a
fourth, as yet unpublished trial (Hanauer S and Sandborn WJ,
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personal communication), show that on average an additional
114 days of remission is attributable to the continued use of
6 mg/day of budesonide over 1 year compared with placebo
(P = 0·002). Examination of the pooled toxicity data from
these studies confirms the absence of serious glucocorticoid-
related adverse effects, although moon face and acne were
more common in patients who received active treatment.

Two additional randomized trials that used endoscopic
relapse following surgery as endpoints have not demonstrated
significant prolongation of remission with this therapy. Hellers
et al.66 randomized 129 patients following ileal or ileocecal
resection to receive budesonide 6 mg daily or a placebo.5

Ileocolonoscopy including biopsy was carried out 3 and
12 months after surgery. The frequency of endoscopic
recurrence did not differ between the groups. The
investigators reported a subgroup analysis which suggested
that recurrence at 12 months was lower in patients who had
undergone surgery for control of disease activity rather than
for stricture (budesonide 32%, placebo 65%; P = 0·047).
However, this post hoc analysis should be viewed with
caution.

Ewe et al.67 randomized 88 patients to receive budesonide
3 mg (pH-modified release formulation) or a placebo for
1 year. Endoscopic recurrence at 3 and 12 months was the
primary measure of efficacy. The recurrence rate was not
reduced by active treatment (budesonide 57%, placebo 70%;
P < 0·05). Survival analysis also failed to show prolongation
of remission with active therapy. 

Given the lack of sustained benefit observed in any of these
trials we do not recommend continued budesonide therapy
for patients who have entered remission during treatment
with this intervention.

Antituberculous therapy

A systematic review68 of antituberculous therapy for
maintenance of remission in CD demonstrated a possible
small benefit in patients in whom remission was induced by
steroid. However, this observation was derived from a meta-
analysis of subgroups from only two trials involving
90 patients, and the authors of the review do not recommend
this form of therapy in the absence of further trials.

Nitroimadazole antibiotics

Only one RCT69 has assessed metronidazole for post-
operative maintenance therapy. In this study 66 patients were
randomized to 2 weeks of therapy with 20 mg/kg per day
of metronidazole or placebo within 1 week of surgical
resection of all visible disease. Following 12 weeks of therapy
endoscopic recurrence occurred in 52% of patients assigned
to metronidazole compared with 75% of those who received
placebo (P = 0·09). Furthermore, significant effect wasAlc
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shown for clinical recurrence at 1 year (4% for metronidazole
v 25% for placebo (P = 0·046). However, peripheral neuropathy
was common making continuous therapy impracticable. A
second trial70 of a potentially less neurotoxic nitroimadazole,
ornidazole, also suggested a maintenance benefit of antibiotic
therapy; unfortunately clinically relevant neuropathy was also
observed. These two trials indicate that manipulation of the
endogenous bacterial flora with antibiotics may ultimately
prove to be effective strategy for the prevention of post-
operative recurrence. Unfortunately the problems of anti-
biotic resistance and neuropathy mitigate against the use of
nitroimadazole antibiotics as long-term treatments.

Azathioprine

A systematic review published by Pearson et al.71 analyzed
the results of five randomized trials of AZA, of which two72,73

studied only patients with quiescent disease and three4,8,25

enrolled patients in a separate phase of a trial which also
included patients with active disease. These trials were all
relatively small, with a total of 319 patients included. The
overall rate of maintenance of remission was 91/136 (67%;
CI 59 to 75%) for treatment compared with 96/183 (52%; CI
45 to 60%) for placebo (Figure 10.6). The analysis suggested
that higher doses of AZA were more effective than a dose of 1
mg/kg. The Peto odds ratio for response to azathioprine was
2·16 (CI 1·35 to 3·47). The NNT to prevent one recurrence
was 7. There was some evidence of a steroid-sparing
effect, although this was based on the analysis of only 30 patients
in two trials. Patients who received AZA were at greater risk of
withdrawal from studies due to adverse events compared with
those on placebo (Peto odds ratio 4·36, CI 1·63 to 11·67). The
number needed to harm (NNH) was estimated to be 19. 
Withdrawals due to adverse effects were noted in 5·8% of those
patients receiving therapy, and 1·3% of the patients who were
not. Common events for withdrawal included pancreatitis,
leukopenia, nausea, “allergy”, and infection.

Markowitz et al.74 conducted a study that included
55 children (age 13 +/− 2 years) who were randomized
within 8 weeks of initial diagnosis to receive treatment
with 6-mercaptopurine (1·5 mg/kg per day) or a placebo
for 18 months in addition to prednisone (40 mg/day), with
prednisone dosage withdrawal based on a defined schedule.
Although remission was induced in 89% of both groups, only
9% of the remitters in the 6-mercaptopurine group relapsed
compared with 47% of controls (P = 0·007) (Figure 10.7).

In the 6-mercaptopurine group, the duration of steroid
use was shorter (P < 0·001) and the cumulative steroid dose
lower at 6, 12, and 18 months (P < 0·01).

Growth was comparable in both groups. No clinically
significant adverse events occurred, although mild leukopenia
and increases in aminotransferase activity were noted in the
6-mercaptopurine group. 6-Mercaptopurine decreased the
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need for corticosteroids and decreased the frequency of
relapses.

Minor toxicity, such as nausea, fatigue, skin rash, fever
and arthralgias, is relatively common with the purine anti-
metabolites. Asymptomatic elevation of liver and pancreatic
enzymes also occur frequently. Clinically important

pancreatitis occurs in 3% of patients. Although leukopenia,
defined by a white blood cell count of < 3·8, develops
in approximately 20% of patients per year, infection associated
with severe neutropenia is uncommon.75 Whether therapeutic
drug monitoring can improve efficacy and/or reduce toxicity
remains controversial76 and is being investigated by a National
Institute for Health sponsored RCT. In the USA the Food and
Drug Administration has recommended genotype testing prior
to the initiation of treatment so that patients with low
thiopurine methyltransferase activity can be identified. These
individuals develop profound leukopenia following treatment
with either agent. No studies have compared this strategy to
the usual clinical practice of initiating treatment with a
relatively low drug dose and following the white blood cell
count each week.

In summary, AZA or 6-mercaptopurine are moderately
effective for maintenance of remission in adults and children
and are relatively well tolerated.

Methotrexate

The efficacy of methotrexate in a dose of 15 mg per week
for maintaining remission was evaluated in 76 patients with
quiescent CD. Patients who entered remission and were
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totally withdrawn from steroids during the induction phase of
the trial methotrexate for induction of remission described
above8 and additional patients who entered remission on a
similar regimen outside the trial were randomized to receive
methotrexate 15 mg weekly (40 patients) or a placebo
(36 patients) for 40 weeks.77 Methotrexate was effective for
maintaining remission (proportion in remission at 40 weeks:
methotrexate 65%, placebo 38·9%, ARR 0·26, NNT 4;
P = 0·01). The survival data for maintenance of remission
are shown in Figure 10.8, Methotrexate also reduced the
requirement for prednisone use (methotrexate 27·5%,
placebo 58·3%, P = 0·01) and mean disease activity (CDAI)
score at week 40 (methotrexate 135 ± 16, placebo 196 ± 18;
P = 0·005). Only one methotrexate-treated patient withdrew
because of nausea and no serious adverse events occurred. A
low dose of methotrexate is safe and effective for maintaining
remission in patients who have responded to methotrexate
for inducing remission of active disease. The available data
regarding the short-term efficacy of methotrexate have been
summarized in a recently published systematic review.78

The adverse event profile of low dose methotrexate is well
established.79 The most common minor adverse effect is nausea,
which tends to develop for a period of 24–48 hours after the
weekly injection. This problem, which occurs in at most 15% of
patients, can usually be managed by coadministration of oral
folate (1 mg every day), use of antinauseants around the time of
dosing (metoclopramide, odansetron), or, uncommonly, dose
reduction. As with the purine antimetabolites, leukopenia
and associated opportunistic infections occur uncommonly.
Methotrexate is teratogenic and must not be given to women of
childbearing potential. This issue is the most important
limitation to the use of the drug. Hepatotoxicity was first
documented in psoriatic patients. Subsequent understanding
of pharmacokinetics and the conversion to weekly, from daily,
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dosing has virtually eliminated this problem. Patients should
be monitored according to the American Rheumatological
Association guidelines,80 paraphrased as follows: (i) avoid
treating patients with risk factors for hepatotoxicity (obesity,
diabetes, excessive alcohol use), and (ii) measure transaminases
every 4–6 weeks. If, over the course of 1 year, more than half of
the transaminase values are abnormal, take a liver biopsy before
continuing treatment. Finally, no good data indicate that
methotrexate is associated with malignancy.

Monoclonal antibodies

Infliximab

The first RCT to evaluate the efficacy of infliximab as a
maintenance therapy was carried out by Rutgeerts et al.81

Seventy-six patients with moderate to severe disease who
had responded to induction therapy with the antibody were
re-randomized to receive infliximab 10 mg/kg or a placebo
at weeks 12, 20, 28, and 36. Cointerventions permitted in
the induction phase (6-mercaptopurine, AZA or mesalamine)
were continued at the same dose in the maintenance phase.

The proportions of patients in clinical remission 8 weeks
after the last infusion in the infliximab and placebo groups
were 52·9% and 20%, respectively (ARR 0·329, NNT 3,
P = 0·013). The time to loss of response in these
patients was also significantly prolonged by active treatment
(infliximab > 47 weeks, placebo 37 weeks, P = 0·057).

Data from the recently published ACCENT I82 (n = 573) trial
confirm the efficacy of infliximab as a maintenance therapy.
In this study, patients who responded to infliximab induction
therapy were randomly assigned to receive continued treatment
with the drug at one of two doses (5 mg/kg v 10 mg/kg) or
placebo, administered every 8 weeks. The design of this trial is
complex and since patients were permitted to receive other
forms of treatment, such as corticosteroids and antimetabolites,
interpretation of the results is somewhat problematic. The most
clinically relevant information can be obtained by examining a
subgroup of approximately one-half of the patients who were
receiving corticosteroid therapy at the baseline visit. Patients
who received infusions of infliximab every 8 weeks were more
likely to discontinue corticosteroid therapy and remain
in remission compared with those who received placebo
(Figure 10.9). Twenty-four percent of patients who received
continuous infliximab therapy, 5 mg/kg every 8 weeks, were in
remission and off corticosteroid therapy, at the end of the trial
compared with 9% of those who received a placebo (P = 0·03).

Thus ACCENT 1 provides strong evidence for a
maintenance benefit of infliximab in a group of high-risk patients.

Similar results regarding the long-term efficacy of
infliximab in patients with fistulizing disease have also been
obtained from the ACCENT II trial.83 This RCT randomized
306 patients with draining abdominal or perianal fistulas to
receive a three-dose induction regimen of infliximab 5 mg/kg
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at weeks 0, 2 and 6. Patients who achieved a response,
defined by closure of 50% or more of the fistula orifices, were
randomized to receive either continued treatment with
infliximab 5 mg/kg every 8 weeks or placebo. Patients who
received active treatment were significantly less likely to
relapse during the course of the trial. The median time to loss
of response was 14 weeks for placebo-treated patients
compared with more than 40 weeks for those who received
active drug. At week 54, 36% of patients treated with
infliximab had complete closure or all draining fistulas
compared with 19% of those who received only the three-
dose induction regimen followed by placebo (P = 0·009).

Although multiple concerns have been raised regarding the
safety of infliximab therapy the initial experience with this
agent has been for the most part favorable. Approximately
420 000 patients had been treated for rheumatoid arthritis
and CD since the introduction of infliximab in the late 1990s.
The most serious adverse events associated with TNF
inhibition are tuberculosis, opportunistic infections and the
risk of lymphoma. Tuberculosis following administration
of anti-TNF inhibitors is usually the result of disease
reactivation.84,85 Since the introduction of appropriate
screening methods86 (identification of high-risk patients,
tuberculin testing, chest radiography) the incidence of
tuberculosis has declined. With respect to opportunistic
infection, aspergillosis,87–89 listeriosis and Pneumocystis
carinii infections have been reported. The estimated rate of
opportunistic infection is estimated at 0·43 cases per 1000
patient exposures. Many of the reported lymphomas have
occurred in patients with rheumatoid arthritis. This disease
has a greatly increased risk of lymphoma, that is correlated
with disease activity. A recent FDA advisory meeting
concluded that the rate of lymphoma associated with TNF-
inhibitors may be no higher than that in the general
rheumatoid arthritis population. The association between
anti-TNF inhibitors and the development of congestive heart
failure is also a concern.90 Most cases have developed in
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patients with pre-existing congestive heart failure and thus a
causal relationship is not clear. Finally, the immunogenicity of
infliximab has been increasingly recognized as an important
clinical issue. The development of antibodies to the drug may
be associated with a wide array of allergic reactions.
Moreover formation of neutralizing antibodies may result in
diminished efficacy.91 For this reason, interventions that are
effective in reducing the incidence of antibody formation,
such as coadministration of antimetabolites (AZA, 6-mercapto-
purine, methotrexate) or infusion of hydrocortisone prior to
treatment,92 should be considered as part of a standard
treatment regimen.

Omega-3 fatty acids

ω-3 fatty acids are polyunsaturated long-chain fatty acids
derived from fish. Diets high in marine fish oils increase
the concentrations of the ω-3 fatty acids, eicosapentaenoic
acid and docosahexaenoic acid, in cell membranes. As a
consequence, the concentration of the pro-inflammatory
eicosanoid precursor, arachidonic acid is reduced which
theoretically should attenuate inflammatory responses.93,94

A preliminary randomized controlled trial by Belluzzi and
colleagues95 evaluated the efficacy of an ω-3 fatty acid
formulation in 78 patients with CD who were at a high risk
for the development of a relapse. Patients were randomly
assigned to receive either 4·5 g/day of ω-3 fatty acids or
placebo for 1 year. At the end of treatment, 59% of the
patients assigned to active treatment remained in remission
as compared with 26% of those who received placebo
(P < 0·001). The only adverse event attributable to
treatment was diarrhea which occurred in 10% of patients.
No serious adverse events were observed. Two large-scale
trials are currently underway that will further evaluate this
approach to maintenance therapy.

Summary

An algorithm for the treatment of Crohn’s disease is given
in Figure 10.10. Several concepts are inherent to this
treatment plan. First, only a minority of patients with active
disease are considered to be suitable candidates for treatment
with sulfasalazine, primarily those with mild disease
involving the colon. Patients with moderately severe disease
and involvement of the terminal ileum and or right colon may
be treated with budesonide at a dose of 9 mg/day. Patients
with more extensive colonic involvement, those who fail to
respond to budesonide or sulfasalazine or those with severe
disease activity should receive either prednisone or parenteral
steroids. Failure to achieve control of disease activity with
these drugs (therapy-resistant disease) is an indication for
addition of azathioprine (or 6-mercaptopurine), methotrexate,
infliximab or surgery. Individuals who respond to glucocorticoid
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therapy should be withdrawn from steroid therapy over a
12–16 week period. In those patients who fail to successfully
discontinue prednisone without a reactivation of disease

activity (steroid-dependent disease), the introduction of
either azathioprine, (or 6-mercaptopurine) or methotrexate
treatment is warranted. Furthermore, individuals who
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experience frequent relapses of the disease are candidates for
long-erm therapy with one of the purine antimetabolites or
methotrexate. Surgery remains a highly effective therapy for
patients with limited disease who are experiencing adverse
effects of medical therapy.

Although our existing medical management is relatively
effective for induction of remission of CD, and improves the
quality of life of the majority of patients, current therapy
for maintenance of remission is less effective. A substantial
proportion of patients still experience morbidity from
chronically active disease, complications, or adverse effects of
drug therapy. Many patients require surgery and a majority
undergo more than one resection. In the future it is highly
likely that drugs will become available which are able to
favorably modify the natural history of the disease.
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Ulcerative colitis
Derek P Jewell, Lloyd R Sutherland11

Introduction

Patients with ulcerative colitis have a variety of questions for
those practitioners who treat their disease. This chapter
focuses on the evidence on which decisions relating to patient
advice (prognosis for the first attack, extension of disease,
risk of cancer) and treatment options should be made. Our
recommendations are based wherever possible on evidence
from published population-based studies and randomized
controlled clinical trials. Where several clinical trials have
addressed the same question we have frequently used meta-
analyses to summarize the results.

Histological diagnosis

The diagnosis of ulcerative colitis and Crohn’s disease
together with accurate differentiation between them and other
inflammatory diseases of the colon relies on a combination
of clinical, radiological, endoscopic and histological features.
Accurate histological interpretation is crucial but is
confounded by at least four major problems.

● Variability in assessing normal colorectal histology and
assessing minimal degrees of inflammation.

● Considerable overlap in the histological changes of most
colonic inflammatory conditions.

● Accuracy and reproducibility of many of the histological
features commonly used for diagnosis have not been
determined.

● Absence of standard nomenclature.

Recently, a working party of the British Society of
Gastroenterology has published guidelines for the biopsy
diagnosis of suspected chronic inflammatory bowel disease.1

Databases were searched for papers relating to reproducibility,
sensitivity, and specificity of histological features used for the
differential diagnosis of inflammatory bowel disease (IBD).
Only those achieving moderate reproducibility (a minimum κ
statistic of 0·4 or a percentage agreement of 80% or more)
were included. Precise definitions of mucosal architectural

changes, lamina propria cellularity, neutrophil infiltration and
epithelial cell abnormalities were derived from the systematic
review of the literature. Then the quality of the evidence for
these features with respect to differential diagnosis was rated
according to the criteria recommended by the Evidence Based
Working Party. Features for which the literature review
provided high quality evidence for their use in differential
diagnosis are shown in Figure 11.1. These histopathological
criteria formed the basis of guidelines for clinical practice,
thereby helping to ensure uniformity and consistency of
reporting. Subsequently, a workshop was set up to examine
the value of these guidelines.2 A group of histopathologists
were asked to report on a series of colonoscopic biopsies from
60 patients. The group consisted of 13 pathologists with a
special interest in IBD and 12 general pathologists. Following
this, there was a discussion with regard to the evidence-based
guidelines and the biopsy specimens were then renumbered
and then re-reported. For ulcerative colitis, the accuracy of
reporting was similar in both the first and second rounds and
there was little difference between the expert pathologists
and the generalists. However, there was improved accuracy
in reporting Crohn’s disease following discussion of the
guidelines: for the experts accuracy improved from 56% to
64% and for the general pathologists from 50% to 60%. The
same workshop was also able to show that multiple, as
opposed to single, biopsies led to better and more reproducible
diagnoses, especially for Crohn’s disease. Thus, the intro-
duction of evidence-based guidelines and training in their
use is helpful, predominantly for Crohn’s disease, but results
in a more accurate histopathological diagnosis only in one in
10 colonoscopic series reported.

Prognosis

Population-based studies

The importance of recognizing that the prognosis for
referred patients differs from that of a regional population was
recognized by Truelove and Pena nearly three decades ago.3

They found that the survival of patients who were referred to
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Oxford (UK) from other regions was significantly reduced
compared with that of patients who actually resided in the
Oxford catchment area.

There are several population-based studies on the prognosis
for patients with ulcerative colitis. Sinclair and associates
described the prognosis of 537 patients with ulcerative colitis,
seen between 1967 and 1976 in northeastern Scotland.4 They
found a high proportion of cases with distal disease (70%).
The overall mortality and surgical resection rates in the first
attack were both 3%. During this period of time, the mortality
for severe, first-time attacks was 23%. However, there were
only modest differences in the observed and expected
mortality for the ulcerative colitis population. The colectomy
rate after 5 years was 8%.

The prognosis and mortality associated with ulcerative
colitis in Stockholm county was reported by Persson et al.5 In
their review of 1547 patients followed from 1955 to 1984,
they found that the mortality in the patient population was
higher than that expected in the general population. After
15 years of follow up, the survival rate was 94% of that
expected based on the study population’s age and sex. The

relative survival rates differed more for patients with
pancolitis than for patients with proctitis, but the confidence
intervals overlapped. While ulcerative colitis was the most
important influence on the increased mortality, deaths from
colorectal cancer, asthma, and non-alcoholic liver disease
were also increased.

Danish investigators have also reported the results of their
population-based assessment of the prognosis of ulcerative
colitis. Their population included 1161 patients with
ulcerative colitis followed for up to 25 years (median 11
years).6 Of the 1161 patients, 235 underwent colectomy.
Interestingly, 60 of these patients presented with
proctosigmoiditis initially. The cumulative colectomy rate
was 9%, 24%, 30% and 32% at 1, 10, 15, and 25 years,
respectively, after diagnosis. At any one time, nearly half of
the clinic population was in remission. Prognostic factors
associated with frequent relapses included: the number of
relapses in the first 3 years after diagnosis and the year of
diagnosis (1960s v 1970s v 1980s). Surprisingly, signs and
symptoms of weight loss or fever were associated with fewer
relapses on follow up. A recent report on the same inception
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Normal or inflamed?
Normal crypt density

Crypt architecture not disturbed
Normal density, distribution of cells within lamina propria

No neutrophil infiltration
Surface epithelium – columnar not intact

Goblet cells – normal mucin contenta

Chronic IBD (UC, CD, indeterminate) Acute infective colitis
Crypt architectural distortion Crypt architecture normal
Crypt density decreased Lamina propria – superficial increase of cellularity
Surface irregular Neutrophil infiltrationa

Increased cellularity of lamina propria Mucin depletiona

– transmucosal or discontinuous

Epithelial granulomas Discontinuous inflammationa

Surface epithelial flattening Focal cryptitisa

Neutrophil infiltrationa

Ulcerative colitis Crohn’s disease
Crypt distortion severe Epithelial granulomas
Crypt density – severity Crypt distortion focal

reduced and widespread
Villous surface Inflammation discontinuousa

Lamina propria cellularity Cryptitis focalb

– diffuse and transmural
– dense

Mucin depletion severea

Figure 11.1 Evidence-based features for histological diagnosis of colonic biopsy specimens. Note: All features have the highest
quality of evidence except for: aevidence of diagnostic value from single studies only and bno published evidence of accuracy or
reproducibility. IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease



cohort of patients,7 published nearly 10 years after these
initial observations, has shown that overall life expectancy is
normal for patients with ulcerative colitis, but patients over
50 years of age with extensive colitis at diagnosis have an
increased mortality within the first 2 years, due to colitis-
associated postoperative complications and comorbidity.

Another report by the same investigators focused on the
prognosis in children with ulcerative colitis.8 Eighty of the
1161 patients in the cohort were children who presented
with more extensive disease compared with adults. The
cumulative colectomy rate did not differ from that of adults
(29% at 20 years). At any interval from diagnosis, the majority
of children were thought to be in remission.

Two prospective population studies are in progress in
Europe (the European Collaborative Study on Inflammatory
Bowel Diseases and Inflammatory Bowel South Eastern
Norway (IBSEN) cohort) but only 1-year follow up data have
so far been reported9,10

Extension of disease

Ayres and associates reported their experience with
extension of disease in 145 patients presenting with proctitis
or proctosigmoiditis, followed prospectively for a median of
11 years. By life-table analysis, extension occurred in 16%
and 31% of patients at 5 and 10 years follow up, respectively.
Extension was associated with a clinical exacerbation of
disease in most cases but no specific clinical factors were
associated with disease extension.11

Much higher rates of progression have been reported,
largely in retrospective non-population-based series. However,
in the IBSEN cohort, 22% of 130 patients with a new
diagnosis of ulcerative colitis had progressed to more extensive
disease during the first year of follow up.12 The most recent
study from Italy included 273 patients with proctitis.13 It is
retrospective and not population-based (patients were
identified in 13 hospitals) but it is the largest cohort yet
reported. Overall, proximal extension occurred in 27·1%
during clinical and endoscopic follow up: 20% at 5 years and
54% at 10 years. However, the disease only extended into the
sigmoid in the majority and into the splenic flexure in only 10%
of the patients. An interesting observation was that smoking
protected against disease progression on univariate analysis.

While research for the most part has focused on extension
of disease, Langholz and colleagues report a much more
dynamic pattern. After 25 years of follow up, 53% of patients
with limited disease had extension of disease, but in 75% of
patients with extensive disease, the disease boundary had
regressed.14 This dynamic process, if confirmed by others,
could have implications in terms of cancer surveillance
programs. One potential explanation for these findings is that
in the early years of the study, disease extent was assessed by
radiological techniques.

Cancer surveillance (see also Chapter 15)

Although ulcerative colitis is a premalignant condition, the
proportion of patients who develop cancer is small. In a
population study using a retrospectively assembled cohort of
patients the cumulative risk at 20 years of disease was about
7% and rose to 12% at 30 years.15 This study is likely to have
included all or nearly all patients with ulcerative colitis in two
regions of England and one of Sweden and referral bias is
probably minimal. Follow up was both of long duration
(17–38 years) and thorough (97%). On the other hand, in
centers with an aggressive policy of colectomy, no increased
cancer risk has been seen.16 In all studies, length of history
and extent of disease are important factors. Thus, left-sided
colitis carries only a slightly increased risk while extensive
colitis increases the risk about 20 times over that of an age
and sex-matched population. Whether early age of onset of
ulcerative colitis is an independent risk factor is controversial.
Children tend to have extensive disease and have greater
life expectancy than adults; they are, therefore, more likely to
be at risk.

There is some controversy concerning the role of
colonoscopic surveillance in detection of cancer. Most centers
carry out colonoscopy in patients with extensive disease
8–10 years after diagnosis. Even at that stage, a few patients
with dysplasia or a frank carcinoma will be identified.
However, the subsequent pickup rate during the surveillance
program is small – about 11% – and in one center only
two cancers were detected in 200 patients over a 20-year
period.17 Furthermore, cancers can develop outside the
screening program. Thus, the need for colonoscopic surveil-
lance has been questioned and no controlled study has shown
that surveillance reduces mortality. However, in the published
studies, the 5-year survival rates for cancers detected in
asymptomatic patients have been considerably higher than
was observed in those presenting with symptoms. 

A second controversial area is the management of patients with
endoscopically visible lesions. Where such lesions are associated
with dysplasia in the adjacent mucosa (dysplasia-associated lesions
or masses (DALMs)) the incidence of cancer appears to be very
high and prophylactic colectomy is recommended 18,19 However,
polyps for which there is no associated dysplasia in adjacent
mucosa do not appear to carry this high risk of cancer, and in such
cases conservative management rather than colectomy is
recommended.20,21

Reviewing the evidence for dysplasia surveillance, Riddell
recommended obtaining three to four biopsies every 10 cm.22

Annual colonoscopy is probably ideal, but 2-yearly colono-
scopy with intervening flexible sigmoidoscopy in alternate
years is a compromise. Dysplasia detected at the initial
screening colonoscopy should lead to colectomy, as there is a
high chance of concomitant cancer. Indeed, most clinicians
advocate colectomy whenever dysplasia is found, even when
it is low grade. There is no doubt that such a policy abolishes
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the cancer risk but justification for it for patients with low
grade dysplasia remains controversial23,24 The development of
molecular markers may help to resolve the issue.

Treatment

The treatment of ulcerative colitis can be conveniently
discussed for each category or class of medications, and in
terms of either induction or maintenance of remission.

Aminosalicylates

With the discovery of sulfasalazine by Svartz,25 the first
effective agent for the treatment of ulcerative colitis became
available. The first trial that established the efficacy of
sulfasalazine for the induction of remission was reported in
1962.26 Misiewicz and colleagues were the first to study
its efficacy as maintenance therapy.27 An early randomized
trial in the UK established the importance of continuous
therapy.28 Azad Khan and the Oxford group established
that 2 g/day of sulfasalazine provided the optimal trade-off
between efficacy and adverse effects.29

The finding that mesalamine (5-ASA) is the active moiety
of sulfasalazine30,31 stimulated a decade of trials of induction
and maintenance of remission. Numerous aminosalicylate
delivery systems have been developed. These include drugs
that release 5-ASA upon bacterial splitting of the azo bond (for
example sulfasalazine, olsalazine and balsalazide), pH-
dependent release formulations (for example Asacol (pH 7)
and Claversal/Mesasal/Salofalk (pH 6)), and a microsphere
preparation (Pentasa).32

The efficacy of oral mesalamine has been evaluated by
meta-analyses of randomized controlled trials.33–35 As shown
in Figure 11.2a, mesalamine is more effective than placebo
for the induction of remission (pooled odds ratio 0·51, CI
0·35 to 0·76).34 The newer 5-ASA preparations were not
significantly more effective than sulfasalazine, however, for
active disease (pooled odds ratio 0·75, CI 0·50 to 1·13)
(Figure 11.2b). On the other hand, adverse events were less
frequently noted with mesalamine than with sulfasalazine:
the number of patients needed to treat (NNT) with
mesalamine rather than sulfasalazine to avoid an adverse
event in one patient is approximately 7. 

Figure 11.3a illustrates the results of a meta-analysis that
demonstrates the superiority of aminosalicylates over placebo
for maintenance of remission (pooled odds ratio 0·47, CI 0·36
to 0·62).35 Conflicting results were obtained in studies
comparing sulfasalazine with mesalamine for maintenance
therapy. The overall results are shown in Figure 11.3b;
sulfasalazine appeared to be more effective than mesalamine
(pooled odds ratio 1·29, CI 1·05 to 1·57). When onlyAla

Ala

Ala

Ala

Alc

Alc

studies with a minimum of 12 months’ follow up were
included in the analysis, however, there was no statistically
significant advantage for sulfasalazine (pooled odds ratio
1·15, CI 0·89 to 1·50). There are a number of possible
explanations for this discrepancy. First, the observation in the
overall analysis may be correct: sulfasalazine may be a more
effective delivery system than mesalamine. Second, the
analysis that was restricted to studies with 12 months’ follow
up might have lacked sufficient statistical power to detect a
small difference in efficacy. Third, the high dropout rate with
olsalazine therapy might have biased the overall results
against mesalamine. Finally, it is possible that the comparison
studies suffered from selection bias. With the exception of
one trial,36 the inclusion criteria included tolerance to
sulfasalazine. This factor would tend to minimize the occurrence
of adverse events with sulfasalazine therapy.

Several oral 5-ASA preparations are available, but two
warrant special mention. Olsalazine and balsalazide appear to
be approximately as effective as sulfasalazine and mesalamine
in the treatment of active ulcerative colitis and in the
maintenance of remission. There have been concerns about
the development of secretory diarrhea with olsalazine,37,38

due to interference with Na+/K+-ATPase, but the frequency of
this adverse effect can be minimized by taking the medication
in divided doses with meals39,40 Moreover, systemic
absorption of 5-ASA and its metabolites is less with olsalazine
than with mesalamine, which might translate into a smaller
risk of nephropathy41,42 Several randomized controlled trials
have demonstrated a slight (and statistically insignificant)
advantage of balsalazide (in a dosage of 6·75 g/day) to
sulfasalazine 3 g/day or mesalamine 2·4 g/day in the
treatment of active ulcerative colitis. The newer agent
may provide relief of symptoms and sigmoidoscopic healing
more quickly than mesalamine,43–45 and may be better
tolerated.46 Balsalazide 3 g/day appears to be as effective as
mesalamine 1·2 g/day at maintaining remission, and may
provide better relief of nocturnal symptoms in the first 3
months of maintenance therapy.47 It should be noted that
these observations suggesting small advantages of balsalazide
over mesalamine depend on post hoc subgroup analyses of
relatively small groups of patients and should be interpreted
with some caution.

Topical therapy is a logical option for patients with disease
limited to the distal colon. In theory, it presents a high
concentration of mesalamine to the affected area, while
minimizing systemic absorption. Marshall and Irvine have
published two meta-analyses of topical therapy48,49 The first
analysis established that topical mesalamine was effective for
both induction and maintenance therapy in patients with
distal disease.48 The second analysis found that mesalamine
was more effective than topical corticosteroids for the induction
of remission.49 Foam enemas can reliably deliver
mesalamine to the rectum and sigmoid colon, and sometimes
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Review: Ulc. colitis: induction of remission, 5-ASA
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Outcome: Failure to induce global/clinical remission
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Comparison: 5-ASA vs. sulfasalazine
Outcome: Failure to induce global/clinical remission

Figure 11.2 Failure to induce clinical or endoscopic remission in ulcerative colitis. Randomized controlled clinical trials of
mesalamine (5-ASA) and sulfasalazine (SASP): (a) mesalamine (Expt) versus placebo (Ctrl), (b) mesalamine (Expt) versus
sulfasalazine (Ctrl). (Source: Sutherland LR et al. Cochrane Database Syst Rev 2000;2:CD00054334)



even to the descending colon, in healthy individuals and
patients with ulcerative colitis.50–53 Foam enemas are superior
to placebo,53 and are at least as easily tolerated and effective
as liquid enemas.54–56 Gel enemas may be better tolerated
than foam preparations.57 Mesalamine suppositories have
been shown to be effective for the maintenance of remission
of ulcerative proctitis.58 Ald

Corticosteroids

Corticosteroids remain the standard therapy for moderate
to severe ulcerative colitis. Truelove and Witts were the first
to undertake a randomized controlled trial of cortisone in
patients with active colitis, and showed that 100 mg/day,
followed by tapering over 6 weeks, was an effective
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Figure 11.3 Failure to maintain clinical or endoscopic remission in ulcerative colitis. Randomized controlled clinical trials of
mesalamine (5-ASA) and sulfasalazine (SASP): (a) mesalamine (Expt) versus placebo (Ctrl), (b) mesalamine (Expt) versus
sulfasalazine (Ctrl). (Source: Sutherland LR et al. Cochrane Database Syst Rev 2002;4:CD00054435)



treatment.59 Lennard-Jones and associates reported
similar efficacy for prednisone.60 It appears that once daily
dosage yields similar effectiveness as divided doses of the
medication.61

The assumption that there is no additional benefit from the
use of more than 40 mg/day of prednisone is based on a small
comparative trial conducted by Baron and colleagues.62 This
trial compared the outcomes of 58 outpatients who were
randomized to 20, 40, or 60 mg of prednisone per day.
Although either 40 or 60 mg/day yielded better results than
20 mg/day, no difference in results were observed in patients
given 40 versus 60 mg/day. The study included too few
patients, however, to have sufficient statistical power to rule
out a relative benefit from the 60 mg dose. 

Budesonide is a potent second-generation corticosteroid
with 90% first pass metabolism, resulting in decreased systemic
toxicity.63 A randomized controlled trial demonstrated that a
targeted colonic release formulation of budesonide appeared to
be as effective as prednisolone and exhibited a more favorable
adverse event profile.64

Budesonide enemas have also been used for active distal
disease. A meta-analysis published by Marshall and Irvine
documented that they are as effective as conventional steroid
enemas.49 The only published trial comparing budesonide
enemas with 5-ASA enemas revealed no differences in
endoscopic or histopathologic scores between the treatment
groups, but the clinical remission rate was greater with 5-ASA
(60% v 38%, P = 0·03).65

Most reported trials have demonstrated no benefit for
corticosteroids in the maintenance of remission of ulcerative
colitis.66–68

Azathioprine and 6-Mercaptopurine

Most trials of anti-metabolite drugs in ulcerative colitis
have been small. There is no evidence that azathioprine
(2·5 mg/kg/day) combined with prednisolone induces
remission more effectively than steroids alone.69 Alc
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Alc Nevertheless, azathioprine has been shown to have a steroid-
sparing effect at doses between 1·5 and 2·5 mg/kg/day, and
the major indication for this drug in ulcerative colitis is for
patients who require continuing steroid therapy.70,71

In the double blind randomized controlled trial conducted
by Jewell and Truelove, patients who had gone into remission
during the acute stage were weaned off steroids and given
either placebo or maintenance therapy with azathioprine
for 1 year.69 Overall, azathioprine offered no statistically
significant advantage over placebo for reducing the relapse
rate. There may have been some benefit to azathioprine,
however, in the subgroup of patients who were treated for
relapsing disease, as opposed to those who presented with
their first episode of colitis, as illustrated in Table 11.1.
Specifically, nine of 24 azathioprine-treated patients in the
former group had no relapse during follow up, compared with
three of 25 patients given placebo. More detailed post hoc
analysis revealed that only seven patients in the azathioprine
group experienced at least three relapses or failed therapy,
compared with 15 patients in the placebo group (P = 0·055).
These analyses should be interpreted with caution because
they represent post hoc subgroup analyses of small numbers
of patients.

Hawthorne and colleagues conducted an azathioprine
withdrawal trial that suggested a benefit for this drug in the
maintenance of remission.72 In this study, patients who
were in long-term remission while taking azathioprine were
randomized to continue with the medication or take placebo.
During the subsequent year of follow up, patients receiving
placebo relapsed significantly more often than did those who
remained on azathioprine. It should be pointed out, how-
ever, that this type of trial design cannot be used to estimate
the size of the treatment effect from an intervention. It is
possible that only a small proportion of patients can be
maintained in remission with azathioprine, and that most of
these patients would relapse if the drug were withdrawn.
More recently, Sood et al.73 randomized 35 patients with newly
diagnosed ulcerative colitis, all of whom received corticosteroids
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Table 11.1 Clinical course during trial in two treatment groups of patients according to whether patients entered trial
in first attack of ulcerative colitis or in relapse

Admitted in first attack Admitted in relapses

No. of relapses Azathioprine group Control group Azathioprine group Control group

0 7 6 9 3
1–2 5 6 8 7
3 or failed 4 3 7 15
Total 16 15 24 25
Significance of differencesa NS P = 0·055

aFisher’s exact test.
Reproduced from Jewell DP et al. BMJ 1974;iv:627–30.69



to induce remission, to receive either sulfasalazine and
azathioprine, or sulfasalazine and a placebo for one year. Four
patients (23·5%) who received azathioprine suffered relapse
of disease, compared to 10 (55·6%) who received
sulfasalazine alone (P < 0·05). This is somewhat
stronger evidence that azathioprine is beneficial for
maintenance of remission in ulcerative colitis, but the results
should be confirmed with a larger study.

A single small randomized trial reported by Maté-Jimenez
et al.74 using 6-mercaptopurine rather than azathioprine
showed 6-mercaptopurine to be more effective than
methotrexate or 5-ASA for induction and maintenance of
remission in ulcerative colitis (see below). 

Methotrexate

There have been anecdotal reports of the steroid-sparing
effects of methotrexate in patients with chronic active
ulcerative colitis. In a double blind randomized controlled
trial 67 patients with steroid-dependent disease were
randomized to either oral methotrexate 12·5 mg per week
(30 patients) or placebo (37 patients) for 9 months.75 No
benefit was demonstrated for methotrexate in terms of disease
activity, remission rate or steroid dosage. The dosage of
methotrexate employed in this study, however, was smaller
than those used in case reports (up to 25 mg intramuscularly
per week). A subsequent small study using oral methotrexate
at a dose of 15 mg/week in steroid-dependent ulcerative
colitis found that the dosage of corticosteroids could be
reduced acutely but that the benefit was not maintained over
the subsequent 76 weeks.74 In this study Maté-Jimenez et al.
compared 6-mercaptopurine (1·5 mg/kg), methotrexate (15 mg
orally weekly), and 5-ASA (3 g daily) for induction and
maintenance of remission in 34 steroid-dependent patients
with ulcerative colitis.74 They reported that 6-mercaptopurine
was more effective than either methotrexate or 5-ASA for
both induction and maintenance of remission in these
patients. Larger studies using higher doses of
methotrexate would be of interest.

Cyclosporin

There have been no randomized controlled trials of oral
cyclosporin in patients with ulcerative colitis, and case reports
have not suggested impressive efficacy. Anecdotal reports of
benefit from intravenous cyclosporin led to a randomized
controlled trial by Lichtiger and associates, involving 20
patients with severe ulcerative colitis unresponsive to 7–10
days of intravenous hydrocortisone therapy.76 Patients
received either cyclosporin (4 mg/kg) or placebo by
continuous intravenous infusion. Nine of the 11 cyclosporin-
treated patients went into remission without surgery,
compared with none of the patients in the placebo group.
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Moreover, five of the placebo-treated patients achieved
remission after receiving intravenous cyclosporin. 

Since publication of Lichtiger’s trial, intravenous cyclosporin
has been extensively used for severe disease. Response rates
between 60% and 85% have been reported outside of
controlled trials, but many patients subsequently relapse and
require colectomy77,78 Nevertheless, intravenous
cyclosporin may be useful especially for patients with their first
episode of severe colitis and for those who need time before
deciding to undergo surgery. Although most clinical
investigators have continued to use 4 mg/kg intravenously,
2 mg/kg was as effective as the higher dose in a randomized trial
of 73 patients with severe colitis.79 Further trials are necessary
to determine the optimal length of treatment and especially to
decide what to do with the responders. Many clinicians
discontinue cyclosporin and add azathioprine on the basis that
this approach may provide sufficient time for azathioprine to
become effective while the corticosteroids are being tapered. For
patients who either refuse intravenous corticosteroids or who
have previously had major adverse effects (for example
psychoses), no difference in effectiveness was demonstrated in a
small randomized trial between intravenous cyclosporin as
monotherapy and intravenous hydrocortison.80

Several clinical trials have shown that oral cyclosporin is not
an effective maintenance therapy in patients with steroid-
resistant ulcerative colitis who achieved remission with either
intravenous or oral cyclosporin.81–83 Most patients either
relapsed (and underwent colectomy) or required corticosteroid
therapy. Uncontrolled trials suggest that azathioprine may be
effective in maintaining remission in patients whose disease
remitted with intravenous cyclosporin.84–86

Topical cyclosporine has been used for patients with
resistant proctitis or distal colitis. Enemas containing 250 mg of
the drug have yielded minimal plasma concentrations and no
systemic adverse effects. Small clinical series have been
reported from Copenhagen, the Mayo Clinic and Oxford.
These patients had failed to respond to oral or topical
mesalamine, corticosteroids or antimetabolites. Approximately
70% of the patients seemed to improve with topical
cyclosporin, although many relapsed when treatment was
discontinued. No formal clinical trial has been conducted
in patients with resistant proctitis, largely because of the
negative results found by Sandborn and colleagues in a small
randomized controlled trial.87 Because this study enrolled
only 40 patients, it may not have had sufficient power to
exclude a small therapeutic benefit. Furthermore, Sandborn’s
trial differed from the open series in that it involved patients
with active distal colitis instead of resistant proctitis.

Nicotine

Cigarette smoking seems to protect against the development
of ulcerative colitis; ex-smokers and non-smokers are at
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increased risk.88 Three randomized controlled trials have
examined the efficacy of transdermal nicotine, given
concurrently with mesalamine and/or corticosteroids, in the
treatment of ulcerative colitis.89–91 Pullan and associates found
that the nicotine patch was more effective than placebo (49% v
24%) for the induction of remission.89 Sandborn and colleagues
showed that nicotine was superior to placebo (39% v 9%) at
producing clinical improvement.90 The NNT to induce
remission or result in clinical improvement in these two trials
was 4 and 3, respectively. 

A 6-week trial failed to demonstrate any benefit of
transdermal nicotine over prednisolone 15 mg/day.91 A more
recent randomized controlled trial involving patients with
left-sided ulcerative colitis that relapsed despite taking
mesalamine 1 g twice daily, compared nicotine patches
with prednisone, each given for 5 weeks.92 The study found
that the rate of relapse after nicotine was less than with
prednisone (20% v 60%), and that patients in the latter group
relapsed earlier. 

Two pilot studies found that nicotine enemas were
effective for distal colitis,93,94 and randomized controlled trials
are warranted.

Thomas and associates reported the only randomized
controlled trial of transdermal nicotine as maintenance
therapy for ulcerative colitis.95 The study demonstrated no
benefit of nicotine 15 mg/day over placebo over a 6-month
period, but this may be explained by poor compliance with
the patch. 

New agents

Many new approaches are being developed for the
treatment of moderate–severe ulcerative colitis. Apheretic
techniques in which leukocytes are removed by passing
venous blood through absorption columns have been widely
reported to be effective but virtually all the data are
anecdotal, mainly from Japan. A single small randomized
controlled trial has been carried out96 in which 19 ulcerative
colitis patients were randomized to receive apheresis or a
sham procedure in addition to continuing their conventional
therapy. Apheresis appeared to be significantly more “effective”
than the sham procedure (remission rates: apheresis 8/10,
sham procedure 3/9, P < 0·05) and was well tolerated.
A European trial is in progress.

Monoclonal anti-bodies to adhesion molecules, (α4β7
integrin) are also being investigated in clinical trials, based on
the hypothesis that inhibiting the recruitment of lymphocytes
into the lamina propria might lead to a downregulation of the
inflammation. Feagan et al. carried out a randomized placebo-
controlled trial of two doses (0·5 and 2·0 mg/kg) of the
humanized α4β7 anti-body MLN02 in 181 patients with
mildly to moderately active ulcerative colitis (median
Ulcerative Colitis Clinical Score 7, median Modified Baron
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Score 3, minimum disease extent 25 cm).97 Remission rates
2 weeks after the two infusions were significantly greater
in the MLN02-treated patients (MLN02 0·5 mg/kg 33%,
2·0 mg/kg 34%, placebo 15%; P = 0·03). A single patient
experienced mild angioedema following MLN02 infusion.
Further studies of this agent are required.

Based on the favorable experience with intravenous
cyclosporine, it is plausible that inhibition of interleukin-2
by other, better tolerated, agents might be an effective
therapeutic strategy. Preliminary studies have evaluated two
different humanized monoclonal anti-bodies to the
interleukin-2 receptor.98,99 Although these trials were
uncontrolled preliminary results seemed promising. 

The anti-tumor necrosis factor (TNF) strategies have
primarily been directed towards Crohn’s disease.
Nevertheless, there are many anecdotal reports of the use of
infliximab for severe ulcerative colitis not responding to
intravenous corticosteroids.100 Randomized trials are in
progress but the only one published so far has been
negative.101 This trial included 43 patients with steroid-
resistant ulcerative colitis. Some patients were receiving
azathioprine, and about 70% had extensive disease. They
were all symptomatic, but rectal inflammation on
sigmoidoscopy was mostly mild and C-reactive protein (CRP)
in both groups was low at entry into the study. Patients were
randomized in a blinded fashion to receive an infusion of
infliximab 5 mg/kg or placebo at week 0 and week 2. Final
assessment was at week 6. Outcome measures included a fall
in the clinical activity and sigmoidoscopic scores. There was a
trend in favor of infliximab but no statistically significant
differences were found at 6-weeks. However, the reduction
in steroid use was significantly greater in the infliximab group
compared with the placebo group. The authors conclude that
infliximab should not be used in the routine treatment of
steroid-resistant colitis. However, larger studies in better
defined groups of patients are needed before that conclusion
can stand with confidence. In a small randomized trial in
patients with severe pancolitis,102 no difference in remission
between infliximab and steroid-treated patients was demon-
strated (infliximab 5/6, steroid 6/7), although this study
clearly lacked power to demonstrate significant differences in
response and larger trials are needed.

Pegylated interferon alpha in one of two doses
(0·5 micrograms/kg or 1·0 micrograms/kg) infused weekly
for 12 weeks was compared with placebo in a randomized
trial in 60 patients who continued to receive conventional
therapies (5-ASA, steroids, azathioprine) in stable doses.103 A
trend toward benefit with the lower dose of interferon was
reported, but further studies are required. 

Sinha et al.104 randomized 12 patients with active left-sided
colitis or proctitis to receive daily enemas of the potent
mitogenic epidermal growth factor (EGF), and 12 to receive
placebo enemas for 14 days. All patients received oral
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mesalamine. At two weeks 10 of the 12 patients given EGF
enemas were in clinical remission, as compared with 1 of
12 in the control group (P < 0·001). At the 2-week
assessment, disease-activity scores, sigmoidoscopic scores,
and histologic scores were all significantly better in the EGF
group than in the placebo group (P < 0·01 for all
comparisons), and this benefit was maintained at 4 weeks and
at 12 weeks. Sandborn et al.105 conducted a randomized
placebo-controlled trial of the fibroblast growth factor
repifermin at doses of 1–50 micrograms/kg infused daily for
5 days in patients with active ulcerative colitis who were
receiving 5-ASA, steroids or azathioprine. They found this
agent to be safe but not effective at these doses. 

Probiotics

A popular theory regarding the pathogenesis of IBD
contends that chronic inflammation is the result of an
abnormal host response to the endogenous microflora. Thus,
a sound rationale exists for attempts to modify host bacteria
in the hope that this would downregulate the pathological
immune response.106 Experiments in rodents have demon-
strated the potential of this approach107,108 and preliminary
studies in humans have been reported. Kruis109 randomly
assigned 120 patients with ulcerative colitis in remission to
receive either 1·5 g/day of 5-ASA or identically appearing
tablets that contained Escherichia coli strain Nissle 1917. At
the end of this 1-year study 11·3% of patients who received 5-
ASA relapsed as compared with 16·0% of those who received
the probiotic (P > 0·05). No serious adverse events were
associated with active treatment. This study can be criticized
because of the very low relapse rate observed in the control
group despite the rather modest dose of 5-ASA that was used.
Moreover, the trial was not designed as a formal non-
superiority study and therefore lacked sufficient statistical
power to assess whether the treatments were clinically
equivalent. In another study of this agent, Rembacken et al.110

randomized 116 patients with active disease to receive 5-ASA
or the E. coli strain. Treatment was continued for 1 year. At
the end of the trial 73% of the patients who had entered
remission with conventional therapy relapsed as compared
with 67% of those assigned to the probiotic (P > 0·05). The
authors concluded that the two strategies were of equivalent
efficacy. Finally, a third randomized controlled trial of
E. coli Nissle 1917 has been reported in abstract form. This
trial, which was designed as a formal non-superiority study,109

randomized 327 patients with quiescent disease to 200 mg
once daily of the probiotic or 500 mg three times daily of
5-ASA for 12 months of treatment. The rate of relapse was
45% in patients who received E. coli Nissle 1917 compared
with 36% (absolute difference 9%) in favor of 5-ASA and
met the investigators prespecified criterion for therapeutic
equivalence. Ala
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In summary these preliminary results from relatively large
studies suggest that the concept of using probiotics to
maintain remission deserves further investigation.

Surgery

Colectomy with construction of an ileal pouch–anal
anastomosis has become the operation of choice for ulcerative
colitis in major centers. Precise details of pouch construction
may affect the eventual functional outcome, although a
“J” pouch with 20-cm limbs and a stapled anastomosis
1·0–1·5 cm above the dentate line is the best for most
patients.111–113 Pouch dysfunction remains a frequent problem,
and is often due to “pouchitis”. The management of this
disorder is addressed in Chapter 12.

References

1 Jenkins D, Balsitis M, Gallivan S et al. Guidelines for the
initial biospy diagnosis of suspected chronic inflammatory
bowel disease. The British Society of Gastroenterology
Initiative. J Clin Pathol 1997;50:93–105.

2 Bentley E, Jenkins D, Campbell F and Warren B. How could
pathologists improve the initial diagnosis of colitis?
Evidence from an international workshop. J Clin Pathol
2003;55:955–60.

3 Truelove SC, Pena AS. Course and prognosis of Crohn’s
disease. Gut 1976;17:192–201.

4 Sinclair TS, Brunt PW, Mowat NAG. Non-specific
protocolitis in northeastern Scotland: a community study.
Gastroenterology 1983;85:1–11.

5 Persson PG, Bernell O, Leijonmarck CE et al. Survival and
cause-specific mortality in inflammatory bowel disease: a
population-based cohort study. Gastroenterology 1996;110:
1339–45.

6 Langholz E, Munkholm P, Davidsen M et al. Course of
ulcerative colitis: analysis of changes in disease activity over
years. Gastroenterology 1994;107:3–11.

7 Winther KV, Jess T, Langholz E, Munkholm P, Binder V.
Survival and cause-specific mortality in ulcerative colitis:
follow up of a population-based cohort in Copenhagen
county. Gastroenterology 2003;125:1576–82.

8 Langholz E, Munkholm P, Krasilnikoff PA et al.
Inflammatory bowel diseases with onset in childhood-
clinical features, morbidity, and mortality in a regional
cohort. Scand J Gastroenterol 1997;32:139–47.

9 Lennard-Jones JE, Shivananda S. Clinical uniformity of
inflammatory bowel disease a presentation and during the
first year of disease in the north and south of Europe. EC-IBD
Study Group. Eur J Gastroenterol Hepatol 1997;9:353–9.

10 Moum B, Ekbom A, Vatn MH et al. Clinical course during
the 1st year after diagnosis in ulcerative colitis and Crohn’s
disease. Results of a large, prospective population-based
study in southeastern Norway, 1990–93. Scand J
Gastroenterol 1997;32:1005–12.

Evidence-based Gastroenterology

206



11 Ayres RC, Gillen CD, Walmsley RS, Allan RN. Progression
of ulcerative proctosigmoiditis: incidence and factors
influencing progression. Eur J Gastroenterol Hepatol 1996;
8:555–8.

12 Moum B, Ekbom A, Vatn MH, Elgjo K. Change in the extent
of colonoscopic and histological involvement in ulcerative
colitis over time. Am J Gastroenterol 1999;94:1564–9.

13 Meucci G, Vecchi M, Astegiano M et al. The natural history
of ulcerative proctitis: a multicenter, retrospective study.
Gruppo di Studio per le Malattie Infiammatorie Intestinali
(GSMII). Am J Gastroenterol 2000;95:469–73.

14 Langholz E, Munkholm P, Davidsen M et al. Changes in
extent of ulcerative colitis – a study on the course and
prognostic factors. Scand J Gastroenterol 1996;31:260–6.

15 Gyde SN, Prior P, Allan RN et al. Colorectal cancer in
ulcerative colitis: a cohort study of primary referrals from
three centres. Gut 1988;29:206–17.

16 Langholz E, Munkholm P, Davidsen M et al. Colorectal
cancer risk and mortality in patients with ulcerative colitis.
Gastroenterology 1992;103:1444–51.

17 Lynch DAF, Lobo AJ, Sobala GM et al. Failure of
colonoscopic surveillance in ulcerative colitis. Gut 1993;34:
1075–80.

18 Blackstone M, Riddell R, Rogers B, Levin B. Dysplasia-
associated lesion or mass (DALM) detected by colonoscopy
in longstanding ulcerative colitis: an indication for
colectomy. Gastroenterology 1981;80:366.

19 Butt J, Konishi F, Morson BC et al. Macroscopic lesions in
dysplasia and carcinoma complicating ulcerative colitis. Dig
Dis Sci 1983;28:18.

20 Engelsgjerd M, Farraye FA, Odze RD. Polypectomy may be
adequate treatment for adenoma-like dysplastic lesions in
chronic ulcerative colitis. Gastroenterology 1999;117:
1288.

21 Rubin PH, Friedman S, Harpaz N et al. Colonoscopic
polypectomy in chronic colitis: conservative management
after endoscopic resection of dysplastic polyps. Gastro-
enterology 1999;117:1295.

22 Riddell RH. Cancer surveillance in IBD does not work: the
argument against. In: Tytgat GNJ, Bartelsman JFWM,
Deventer SJH (eds). Inflammatory bowel diseases. New
York: Kluwer Academic, 1995.

23 Lim CH. Low grade dysplasia: non-surgical treatment.
Inflamm Bowel Dis 2003;9:270–2.

24 Ullman TA. Patients with low-grade dysplasia should be
advised to undergo colectomy. Inflamm Bowel Dis 2003;9:
267–9.

25 Svartz N. Salazopyrin, a new sulfanilamide preparation. A.
Therapeutic results in rheumatic polyarthritis. B. Therapeutic
results in ulcerative colitis. C. Toxic manifestations in treat-
ment with sulfanilamide preparation. Acta Med Scand 1942;
110:557–90.

26 Baron JH, Connell AM, Lennard-Jones JE et al.
Sulphasalazine and salicylazosulphadimidine in ulcerative
colitis. Lancet 1962;i:1094–6.

27 Misiewicz JJ, Lennard-Jones JE, Connell AM et al.
Controlled trial of sulphasalazine in maintenance therapy
for ulcerative colitis. Lancet 1965;i:185–8.

28 Dissanayake AS, Truelove SC. A controlled therapeutic trial
of long-term maintenance treatment of ulcerative colitis
with sulphasalazine (Salazopyrin). Gut 1973;14:923–6.

29 Azad Khan AK, Piris J, Truelove SC. An experiment to
determine the active therapeutic moiety of sulphasalazine.
Lancet 1977;ii:892–5.

30 Azad Khan AK, Howes DT, Piris J, Truelove SC. Optimum
dose of sulphasalazine for maintenance treatment in
ulcerative colitis. Gut 1980;21:232–40.

31 Van Hees PAM, Bakker JH, Van Tongeren JHM. Effect of
sulphapyridine, 5-aminosaliylic acid, and placebo in patients
with idiopathic proctitis: a study to determine the active
therapeutic moiety of sulphasalazine. Gut 1980;21:632–5.

32 Williams CN. Overview of 5-ASA in the therapy of IBD. In:
Sutherland LR, Collins SM, Martin F et al (eds). Bowel
Disease: Basic Research, Clinical Implications and Trends
in Therapy. Dordecht: Kluwer Academic, 1994.

33 Sutherland LR, Roth DE, Beck PL. Alternatives to
sulfasalazine: a meta-analysis of 5-ASA in the treatment of
ulcerative colitis. Inflamm Bowel Dis 1997;3:65–78.

34 Sutherland LR, Roth DE, Beck PL, May GR, Makiyama K.
Oral 5-aminosalicylic acid for inducing remission in
ulcerative colitis. Cochrane Database of Systematic Reviews
2000;2:CD000543.

35 Sutherland LR, Roth DE, Beck PL, May GR, Makiyama K.
Oral 5-aminosalicylic acid for maintenance of remission in
ulcerative colitis. Cochrane Database of Systematic Reviews
2002;4:CD000544.

36 Rao SSC, Dundas SAC, Holdsworth CD, Cann PA, Palmer
KR, Corbett CL. Olsalazine or sulphasalazine in the first
attacks of ulcerative colitis? A double blind study. Gut
1989;30:675–9.

37 Nilsson A, Danielsson A, Löfberg R, et al. Olsalazine versus
sulphasalazine for relapse prevention in ulcerative colitis: a
multicenter study. Am J Gastroenterol 1995;90:381–7.

38 Travis SP, Tysk C, de Silva HJ, Sandberg-Gertzen H, Jewell
DP, Järnerot G. Optimum dose of olsalazine for maintaining
remission in ulcerative colitis. Gut 1994;35:1282–6.

39 Wadworth AN, Fitton A. Olsalazine. A review of its
pharmacodynamic and pharmacokinetic properties, and
therapeutic potential in inflammatory bowel disease. Drugs
1991;41:647–64.

40 Järnerot G. Withdrawal rates because of diarrhoea in
Dipentum-treated patients with ulcerative colitis are low
when Dipentum is taken with food and dose titrated
[Abstract]. Gastroenterology 1996;110:A932.

41 Gionchetti P, Campieri M, Venturi A et al. Systemic
availability of 5-aminosalicylic acid: comparison of delayed
release and an azo-bond preparation. Aliment Pharmacol
Ther 1996;10:601–5.

42 Stoa-Birketvedt G, Florholmen J. The systemic load and
efficient delivery of active 5-aminosalicylic acid in patients
with ulcerative colitis on treatment with olsalazine or
mesalazine. Aliment Pharmacol Ther 1999;13:357–61.

43 Green JRB, Lobo AJ, Holdsworth CD et al. and the Abacus
Investigator Group. Balsalazide is more effective and better
tolerated than mesalamine in the treatment of acute
ulcerative colitis. Gastroenterology 1998;114:15–22.

Ulcerative colitis

207



44 Levine DS, Riff DS, Pruitt R et al. A randomized, double
blind, dose-response comparison of balsalazide (6.75 g),
balsalazide (2.25 g), and mesalamine (2.4 g) in the
treatment of active, mild-to-moderate ulcerative colitis. Am
J Gastroenterol 2002;97:1398–407.

45 Pruitt R, Hanson J, Safdi M et al. Balsalazide is superior to
mesalamine in the time to improvement of signs and
symptoms of acute mild-to-moderate ulcerative colitis. Am J
Gastroenterol 2002;97:3078–86.

46 Green JRB, Mansfield JC, Gibson JA, Kerr GD, Thornton
PC. A double blind comparison of balsalazide, 6.75 g daily,
and sulfasalazine, 3 g daily, in patients with newly
diagnosed or relapsed active ulcerative colitis. Aliment
Pharmacol Ther 2002;16:61–8.

47 Green JRB, Gibson JA, Kerr GD et al. Maintenance of
remission of ulcerative colitis: a comparison between
balsalazide 3 g daily and mesalazine 1.2 g daily over
12 months. ABACUS Investigator group. Aliment Pharmacol
Ther 1998;12:1207–16.

48 Marshall JK, Irvine EJ. Rectal aminosalicylate therapy for
distal ulcerative colitis: a meta-analysis. Aliment Pharmacol
Ther 1995;9:293–300.

49 Marshall JK, Irvine EJ. Rectal corticosteroids versus
alternative treatments in ulcerative colitis: a meta-analysis.
Gut 1997;40:775–81.

50 Brown J, Haines S, Wilding IR. Colonic spread of three
rectally administered mesalazine (Pentasa) dosage forms in
healthy volunteers as assessed by gamma scintigraphy.
Aliment Pharmacol Ther 1997;11:685–91.

51 Wilding IR, Kenyon CJ, Chauhan S et al. Colonic spreading
of a non-chlorofluorocarbon mesalazine rectal foam enema
in patients with quiescent ulcerative colitis. Aliment
Pharmacol Ther 1995;9:161–6.

52 Campieri M, Corbelli C, Gionchetti P et al. Spread and
distribution of 5-ASA colonic foam and 5-ASA enema in
patients with ulcerative colitis. Dig Dis Sci 1992;37:1890–7.

53 Pokrotnieks J, Marlicz K, Paradowski L, Margus B,
Zaborowski P, Greinwald R. Efficacy and tolerability of
mesalazine foam enema (Salofalk foam) for distal ulcerative
colitis: a double-blind, randomized, placebo-controlled
study. Aliment Pharmacol Ther 2000;14:1191–8.

54 Campieri M, Paoluzi P, D’Albasio G, Brunetti G, Pera A,
Barbara L. Better quality of therapy with 5-ASA colonic
foam in active ulcerative colitis. A multicenter comparative
trial with 5-ASA enema. Dig Dis Sci 1993;38:1843–50.

55 Ardizzone S, Doldo P, Ranzi T et al. Mesalazine foam
(Salofalk foam) in the treatment of active distal ulcerative
colitis. A comparative trial vs Salofalk enema. The SAF-3
study group. Ital J Gastroenterol Hepatol 1999;31:677–84.

56 Malchow H, Gertz B, CLAFOAM Study group. A
new mesalazine foam enema (Claversal Foam) compared
with a standard liquid enema in patients with active distal
ulcerative colitis. Aliment Pharmacol Ther 2002;16:
415–23.

57 Gionchetti P, Ardizzone S, Benvenuti ME et al. A new
mesalazine gel enema in the treatment of left-sided
ulcerative colitis: a randomized controlled multicentre trial.
Aliment Pharmacol Ther 1999;13:381–8.

58 D’Albasio G, Paoluzi P, Campieri M et al. Maintenance
treatment of ulcerative proctitis with mesalazine
suppositories: a double-blind placebo-controlled trial. The
Italian IBD Study Group. Am J Gastroenterol 1998;93:
799–803.

59 Truelove SC, Witts LJ. Cortisone in ulcerative colitis. Final
report on a therapeutic trial. BMJ 1955;4947:1041–8.

60 Lennard-Jones JE, Longmore AJ, Newell AC et al. An
assessment of prednisone, salazopyrin, and topical
hydrocortisone hemisuccinate used as out-patient treatment
for ulcerative colitis. Gut 1960;1:217–22.

61 Powell-Tuck J, Bown RL, Lennard-Jones JE. A comparison of
oral prednisolone given as single or multiple daily doses for
active proctocolitis. Scand J Gastroenterol 1978;13:833–7.

62 Baron JH, Connell AM, Kanaghinis TG et al. Out-patient
treatment of ulcerative colitis. Comparison between three
doses of oral prednisone. BMJ 1962;2:441–3.

63 Brattsand R. Overview of newer glucocorticosteroid
preparations for inflammatory bowel disease. Can J
Gastroenterol 1990;4:407–14.

64 Löfberg R, Danielsson A, Suhr O et al. Oral budesonide
versus prednisolone in patients with active extensive and
left-sided colitis. Gastroenterology 1996;110:1713–18.

65 Lemann M, Galian A, Rutgeerts P. Comparison of
budesonide and 5-aminosalicylic acid enemas in active distal
ulcerative colitis. Aliment Pharmacol Ther 1995;9:557–62.

66 Truelove SC, Witts LJ. Cortisone and corticotrophin in
ulcerative colitis. BMJ 1959;i:387–94.

67 Truelove SC. Treatment of ulcerative colitis with local
hydrocortisone hemisuccinate sodium: a report on a
controlled therapeutic trial. BMJ 1958;ii:1072–7.

68 Lennard-Jones JE, Misiewicz JJ, Connell AM. Prednisone as
maintenance treatment for ulcerative colitis in remission.
Lancet 1965;i:188–9.

69 Jewell DP, Truelove SC. Azathioprine in ulcerative colitis:
final report on controlled therapeutic trial. BMJ 1974;iv:
627–30.

70 Rosenberg JL, Wall AJ, Levin B, Binder HJ, Kirsner JB. A
controlled trial of azathioprine in the management of
chronic ulcerative colitis. Gastroenterology 1975;69:
96–9.

71 Kirk AP, Lennard-Jones JE. Controlled trial of azathioprine
in chronic ulcerative colitis. BMJ 1982;284:1291–2.

72 Hawthorne AB, Logan RFA, Hawkey CJ et al. Randomised
controlled trial of azathioprine withdrawal in ulcerative
colitis. BMJ 1992;305:20–2.

73 Sood A, Kaushal V, Midha V, Bhatia KL, Sood N, Malhotra V.
The beneficial effect of azathioprine on maintenance of
remission in severe ulcerative colitis. J Gastroenterol 2002;
37:270–4.

74 Maté-Jimenez J, Hermida C, Cantero-Perona J, Moreno-
Otero R. 6-mercaptopurine or methotrexate added to
prednisone induces and maintains remission in steroid-
dependent inflammatory bowel disease. Eur J Gastroenterol
Hepatol 2000;12:1227–33.

75 Oren R, Arber N, Odes S et al. Methotrexate in chronic
active ulcerative colitis: a double blind, randomized, Israeli
multicenter trial. Gastroenterology 1996;110:1416–21.

Evidence-based Gastroenterology

208



76 Lichtiger S, Present DH, Kornbluth A et al. Cyclosporine in
severe ulcerative colitis refractory to steroid therapy. N Engl
J Med 1994;330:1841–5.

77 Hyde GM, Thillainayagam AV, Jewell DP. Intravenous
cyclosporin as rescue therapy in severe ulcerative colitis:
time for a reappraisal? Eur J Gastroenterol Hepatol 1998;
10:411–13.

78 Jewell DP, Hyde GM. Severe ulcerative colitis: cyclosporin
or colectomy? A European view. In: Modigliani R, ed. IBD
and Salicylates 3. Tunbridge Wells: Wells Medical, 1998.

79 Van Assche G, D’Haens G, Noman M et al. Randomized,
double blind comparison of 4 mg/kg versus 2 mg/kg
intravenous cyclosporine in severe ulcerative colitis.
Gastroenterology 2003;125:1025–31.

80 D’Haens G, Leumens L, Geboes K et al. Intravenous
cyclosporin versus intravenous corticosteroids as single
therapy for severe attacks of ulcerative colitis. Gastroentero-
logy 2001;120:1323–9.

81 Treem WR, Cohen J, Davis PM, Justinich CJ, Hyams JS.
Cyclosporine for the treatment of fulminant ulcerative
colitis in children. Immediate response, long-term results,
and impact on surgery. Dis Colon Rectum 1995;38:474–9.

82 Gurudu SR, Griffel LH, Gialanella RJ, Das KM. Cyclosporine
therapy in inflammatory bowel disease: short-term and long-
term results. J Clin Gastroenterol 1999;29:151–4.

83 Rowe FA, Walker JH, Karp LC, Vasiliauskas EA, Plevy SE,
Targan SR. Factors predictive of response to cyclosporin
treatment for severe, steroid-resistant ulcerative colitis. Am J
Gastroenterol 2000;95:2000–8.

84 Fernández-Bañares F, Bertran X et al. Azathioprine is useful
in maintaining long-term remission induced by intravenous
cyclosporine in steroid-refractory severe ulcerative colitis.
Am J Gastroenterol 1996;91:2498–9.

85 Actis GC, Bresso F, Astegiano M et al. Safety and efficacy of
azathioprine in the maintenance of ciclosporin-induced
remission of ulcerative colitis. Aliment Pharmacol Ther
2001;15:1307–11.

86 Domenech E, Garcia-Planella E, Bernal I et al. Azathioprine
without oral cyclosporine is enough to maintain long-term
remission induced by intravenous cyclosporine in steroid-
refractory severe ulcerative colitis. Digestive Diseases Week
(DDW) 2002; Abstract T1661.

87 Sandborn WJ, Tremaine WJ, Schroeder KW et al. A
placebo-controlled trial of cyclosporine enemas for mildly
to moderately active left-sided ulcerative colitis. Gastro-
enterology 1994;106:1429–35.

88 Calkins BM. A meta-analysis of the role of smoking in
inflammatory bowel disease. Dig Dis Sci 1989;34:1841–54.

89 Pullan RD, Rhodes J, Ganesh S et al. Transdermal nicotine
for active ulcerative colitis. N Engl J Med 1994;330:
811–15.

90 Sandborn WJ, Tremaine WJ, Offord KP et al. Transdermal
nicotine for mildly to moderately active ulcerative colitis. A
randomized, double blind, placebo-controlled trial. Ann
Intern Med 1997;126:364–71.

91 Thomas GAO, Rhodes J, Ragunath K et al. Transdermal
nicotine compared with oral prednisolone therapy for active
ulcerative colitis. Eur J Gastroenterol Hepatol 1996;8:769–76.

92 Guslandi M, Tittobello A. Outcome of ulcerative colitis
after treatment with transdermal nicotine. Eur J Gastro-
enterol Hepatol 1998;10:513–15.

93 Sandborn WJ, Tremaine WJ, Leighton JA et al. Nicotine
tartrate liquid enemas for mildly to moderately active
left-sided ulcerative colitis unresponsive to first-line
therapy: a pilot study. Aliment Pharmacol Ther 1997;11:
663–71.

94 Green JT, Thomas GAO, Rhodes J et al. Nicotine enemas
for active ulcerative colitis – a pilot study. Aliment
Pharmacol Ther 1997;11:859–63.

95 Thomas GAO, Rhodes J, Mani V et al. Transdermal
nicotine as maintenance therapy for ulcerative colitis. N
Engl J Med 1995;332:988–92.

96 Sawada K, Kusugam K, Suzuki Y et al. Multicenter
randomized double blind controlled trial for ulcerative
colitis therapy with leukocytapheresis. Gastroenterology
2003;124(4 Suppl 1):A67–A68.

97 Feagan B, Greenberg G, Wild G et al. A randomized
controlled trial of a humanized α4β7 anti-body in
ulcerative colitis (UC). Presented at Digestive Diseases
Week annual meeting of the American Gastroenterology
Association, Orlando, May 2003.

98 Van Assche G, Dalle I, Noman M et al. A pilot study on the
use of the humanized anti-interleukin-2 receptor anti-body
dacluzimab in active ulcerative colitis.Am J Gastro-
enterology. 2003;98:369–76.

99 Creed TJ, Norman MR, Probert CS et al. Basiliximab (anti-
CD25) in combination with steroids may be an effective
new treatment for steroid-resistant ulcerative colitis.
Aliment Pharmacol Ther 2003;18:65–75.

100 Gornet JM, Couve S, Hassani Z et al. Infliximab for
refractory ulcerative colitis or indeterminate colitis: an
open label study. Aliment Pharmacol Ther 2003;18:
175–81.

101 Probert CS, Hearing SD, Schreiber S et al. Infliximab in
moderately severe glucocorticoid-resistant ulcerative
colitis: a randomised controlled trial. Gut 2003;52:
998–1002.

102 Ochsenkuhn T, Sackmann M, Goeke B. Infliximab for
acute severe ulcerative colitis: A randomized pilot study in
non-steroid refractory patients. Gastroenterology 2003;
124(4 Suppl 1):A62.

103 Tilg H, Vogelsang H, Ludwiczek O et al. A randomised
placebo-controlled trial of pegylated interferon alpha in
active ulcerative colitis. Gut 2003;52:1728–33.

104 Sinha A, Nightingale J, West KP, Berlanga-Acosta J,
Playford RJ. Epidermal growth factor enemas with oral
mesalamine for mild-to-moderate left-sided ulcerative
colitis or proctitis. N Engl J Med 2003;349:350–7.

105 Sandborn WJ, Sands BE, Wolf DC et al. Repifermin
(keratinocyte growth factor 2) for the treatment of active
ulcerative colitis: a randomized, double blind, placebo-
controlled, dose-escalation trial. Gastroenterology 2002;
122(Suppl 1):A61.

106 Shanahan F. Probiotics and inflammatory bowel disease:
from fads and fantasy to facts and future. Br J Nutr 2002;
88:S5–S9.

Ulcerative colitis

209



107 McCarthy J, O’Mahony L, O’Callaghan L et al. Double
blind, placebo-controlled trial of two probiotic strains in
interleukin 10 knockout mice and mechanistic link with
cytokine balance. Gut 2003;52:975–80.

108 Madsen KL. Inflammatory bowel disease: lessons from the
IL-10 gene-deficient mouse. Clin Invest Med 2001;24:
250–7.

109 Kruis W. Maintenance of remission in ulcerative colitis is
equally effective with Escherichia coli Nissle 1917 and
with standard mesalamine. Digestive Disease Week
2001;Abstract 680.

110 Rembacken BJ, Snelling AM, Hawkey PM, Chalmers DM,
Axon ATR. Non-pathogenic Escherichia coli versus
mesalazine for the treatment of ulcerative colitis: a
randomised trial. Lancet 1999;354:635.

111 Romanos J, Samarasekera DN, Stebbing J, Jewell DP,
Kettlewell MG, Mortensen NJ. Outcome of 200 restorative
proctocolectomy operations: the John Radcliffe Hospital
experience. Br J Surg 1997;84:814–18.

112 Setti-Carraro P, Ritchie JK, Wilkinson KH, Nicholls RJ,
Hawley PR. The first 10 years’ experience of restorative
proctocolectomy for ulcerative colitis. Gut 1994;35:
1070–5.

113 McIntyre PB, Pemberton JH, Wolff BG, Beart RW, Dozois
RR. Comparing functional results one year and ten years
after ileal pouch-anal anastomosis for chronic ulcerative
colitis. Dis Colon Rectum 1994;37:303–7.

Evidence-based Gastroenterology

210



211

Pouchitis after restorative
proctocolectomy
William J Sandborn

12

Introduction

Pouchitis is an idiopathic chronic inflammatory disease which
may occur in the ileal pouch after restorative proctocolectomy
with ileal pouch–anal anastomosis (IPAA) for ulcerative
colitis (UC).1 It is expected that the total number of patients
with pouchitis in the USA will eventually stabilize at
30 000–45 000 persons (prevalence of 12–18/100 000).2

Thus, pouchitis is emerging as an important third form of
inflammatory bowel disease (IBD).

Because pouchitis is a relatively new disease, criteria for
diagnosis, classification and measurement of disease activity
are still evolving. The previous lack of consensus on these
issues has hampered the design and conduct of randomized,
double blind, placebo-controlled treatment trials, and medical
therapy for pouchitis was largely empirical. In 1994 an
instrument to measure efficacy of therapy, the pouchitis
disease activity index (PDAI) was developed.3 This facilitated
clinical research in this area, and there are now 11 controlled
trials of various agents for pouchitis, evaluating treatment with
metronidazole, ciprofloxacin, budesonide enemas, dietary
fiber, probiotic bacteria, allopurinol, and bismuth carbomer
foam enemas.4–14 The medical therapies reported to be of
benefit for pouchitis are shown in Box 12.1. This chapter will
assist physicians and surgeons in becoming familiar with the
diagnosis and classification of pouchitis, and will review the
clinical results from empirical medical therapies and controlled
trials, and the rationale for using them.

Diagnosis and disease activity measurement

The diagnosis of pouchitis is suggested by variable clinical
symptoms of increased stool frequency, rectal bleeding,
abdominal cramping, rectal urgency and tenesmus,
incontinence, and fever. A clinical diagnosis of pouchitis
should be confirmed by endoscopy and mucosal biopsy of the
pouch.1 Endoscopic examination shows inflammatory
changes, which may include mucosal edema, granularity,

Box 12.1 Treatments reported to be beneficial for
pouchitis

Class example

Antibiotics
● Metronidazole
● Ciprofloxacin
● Amoxicillin/clavulanic acid
● Erythromycin
● Tetracycline
● Rifaximin + ciprofloxacin
● Metronidazole + ciprofloxacin

Probiotic bacteria
● Lactobacilli, Bifidobacteria, Streptococcus salivarius

sp. thermophilus
● Escherichia coli strain Nissle 1917

5-Aminosalicylates
● Mesalamine enemas
● Sulfasalazine
● Oral mesalamine

Corticosteroids
● Conventional corticosteroid enemas
● Budesonide suppositories
● Budesonide enemas
● Oral corticosteroids

Immune modifier agents
● Cyclosporin enemas
● Azathioprine, 6-mercaptopurine
● Infliximab

Nutritional agents
● Short chain fatty acids enemas or suppositories
● Glutamine suppositories
● Dietary fiber (pectin, methylcellulose, inulin)

Oxygen radical inhibitors
● Allopurinol

Antidiarrheal/antimicrobial
● Bismuth carbomer enemas
● Bismuth subsalicylate

Modified with permission from Mahadevan and Sandborn.
Gastroenterology 2003;124:1636–50.
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contact bleeding, loss of vascular pattern, hemorrhage,
and ulceration.15,16 Histologic examination shows acute
inflammation including neutrophil infiltration and mucosal
ulceration, superimposed on a background of chronic
inflammation including villous atrophy, crypt hyperplasia
and chronic inflammatory cell infiltration.16,17 Endoscopic
examination of the neo-terminal ileum above the ileal pouch
should be normal. The PDAI is a quantitative 19-point index
of pouchitis activity based on both clinical symptoms and
endoscopic and histologic findings (Table 12.1).3 Active
pouchitis is defined as a PDAI score ≥ 7 points and remission
is defined as a PDAI score < 7 points in a patient with a
history of pouchitis. The PDAI has now been used as the

endpoint in a number of clinical trials.6,7,10–12,14 The
Heidelberg pouchitis activity score has been proposed as an
alternative to the PDAI, but has not been used to assess
efficacy in clinical trials.18

Classification

Patients with pouchitis can be classified according to disease
activity, symptom duration and disease pattern.2 Disease
activity can be classified as: remission (no active pouchitis),
mildly to moderately active (increased stool frequency, urgency,
infrequent incontinence), or severely active (hospitalization for
dehydration, frequent incontinence). Symptom duration can be
classified as: acute (< 4 weeks) or chronic (≥ 4 weeks). Finally,
the disease pattern can be classified as: infrequent (one to two
acute episodes), relapsing (three or more acute episodes), or
continuous.

These classifications allow the physician to predict, based
on the natural history of pouchitis, the need for suppressive
medical therapy.

Treatment with antibiotics
and probiotic bacteria

Rationale

After IPAA, the primary function of the terminal ileum
changes from absorption to storage, and bacterial overgrowth
occurs with bacterial concentrations increasing to levels that
are intermediate between end ileostomy and colon.19,20 There
is no correlation between fecal bacterial concentrations and
histologic changes of acute inflammation,19,20 demonstrating
that pouchitis and bacterial overgrowth are not directly
related. However, anaerobic bacterial overgrowth of the
pouch is associated with transformation of the ileal mucosa
to a “colon-like” morphology (villous atrophy, chronic
inflammatory cell infiltration).19,21 Thus, pouch bacterial
overgrowth may indirectly set the stage for pouchitis to the
extent that “colon-like” ileal mucosa may be more susceptible
to a recurrence of UC. Strategies directed towards reducing
fecal concentrations of anaerobic bacteria through the use of
antibiotics, or altering the relative balance of anaerobes and
other bacteria using probiotic bacteria therapy, may be useful
in treating pouchitis.

Clinical results

Antibiotic therapy

Clinicians have observed that most patients with pouchitis
who are empirically treated with antibiotics experience
clinical improvement. Although there are few controlled
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Table 12.1 Pouchitis disease activity index (PDAI)

Clinical criteria Score

Stool frequency
Usual postop stool frequency 0
1−2 stools/day > postop usual 1
3 or more stools/day > postop usual 2

Rectal bleeding
None or rare 0
Present daily 1

Fecal urgency/abdominal cramps
None 0
Occasional 1
Usual 2

Fever (temperature > 100·5° F)
Absent 0
Present 1

Endoscopic criteria
Edema 1
Granularity 1
Friability 1
Loss of vascular pattern 1
Mucus exudate 1
Ulceration 1

Acute histological criteria
Polymorph infiltration:
Mild 1
Moderate + crypt abscess 2
Severe + crypt abscess 3

Ulceration per low power field:
(average) < 25% 1
≥ 25% ≥ 50% 2
≥ 50% 3

Pouchitis is defined as a total PDAI
score ≥ 7 points

Adapted with permission from Sandborn WJ et al. Mayo Clin
Proc 1994;69:409–15.3



trials, antibiotics have become the de facto “standard medical
therapy” for pouchitis. The most commonly used antibiotic
for pouchitis is metronidazole.1,4–7,16,20,22–34 The primary
alternative to metronidazole is ciprofloxacin.6,29 Amoxicillin/
clavulanic acid, erythromycin and tetracycline have also been
reported to be of benefit.31 Most patients with pouchitis
initially appear to respond to metronidazole at doses of
750–1500 mg/day. Symptomatic improvement usually
occurs within 1–2 days. Patients with relapsing or continuous
pouchitis may require chronic maintenance metronidazole
therapy, with doses ranging from 250 mg every third day
up to 750 mg/day. In the first controlled trial of this form
of therapy reported Madden et al. treated 13 patients with
active chronic pouchitis in a crossover trial of oral
metronidazole 400 mg three times daily or placebo for 14
days.5 Each patient had a 7-day washout period before
crossing over from the first to the second therapy. Eleven
of 13 patients completed the study. Metronidazole reduced
the daily stool frequency from 10·0 ± 2·8 to 9·0 ± 5·2
(mean ± SD) in 12 patients whereas the 11 placebo-treated
patients had an increase in daily stool frequency from
8·9 ± 2·5 up to 10·7 ± 4·1 (mean ± SD, P < 0·05) (Figure 12.1).

The clinical significance of such a small change in mean
stool frequency may be questioned, and the confidence limits
around the difference in means would be very wide in this
small study. A second randomized controlled trial by Shen
et al. compared 2 weeks of treatment with metronidazole
20 mg/kg per day with ciprofloxacin 1000 mg/day in patients
with acute pouchitis.6 Both drugs significantly reduced the
PDAI score, but ciprofloxacin had a greater reduction in
overall PDAI score (6·9 ± 1·2 v 3·8 ± 1·7, P = 0·002),
symptom score (2·4 ± 0·9 v 1·3 ± 0·9, P = 0·03) and
endoscopic score (3·6 ± 1·3 v 1·9 ± 1·5, P = 0·03) compared
with metronidazole. A third randomized controlled trialAld

Ald

comparing metronidazole 1000 mg/day and budesonide
enemas 2 mg/day is described below.7 Adverse effects
occurred in 33–55% of patients during metronidazole
treatment, including nausea, vomiting, abdominal discomfort,
headache and skin rash.5–7

In an attempt to reduce adverse effects from
metronidazole, Nygaard et al. used a topical metronidazole
suspension to treat pouchitis in patients with an IPAA (n = 4)
or a Kock continent ileostomy (n = 7).35 Seven of the
11 patients had active chronic pouchitis, and three
metronidazole-intolerant patients had active acute pouchitis.
In this uncontrolled study therapy a liquid metronidazole
suspension (40 mg) was instilled into the IPAA or continent
ileostomy one to four times per day. All 11 patients improved
within 2–3 days of beginning treatment with topical
metronidazole. Nine of the 11 patients had continued
improvement on either maintenance (n = 3) or intermittent
(n = 8) treatment. Four of eight patients had undetectable
serum metronidazole concentrations and four had low serum
concentrations following instillation of metronidazole into the
pouch. In another uncontrolled study a vaginal formulation of
metronidazole (37·5 mg) was administered transanally two to
four times per day with an applicator into the ileal pouch of
six patients with active pouchitis (four of whom were
metronidazole-intolerant).36 All patients improved, and only
one of six patients experienced metronidazole-induced
adverse effects. Gionchetti et al. also used this “topical”
antibiotic approach, reporting that oral ciprofloxacin 1 g/day
in combination with an orally administered non-absorbable
antibiotic, rifaximin, was beneficial in patients with active
chronic pouchitis resistant to standard antibiotic therapy.37

Probiotic bacteria

Another therapeutic approach to altering pouch bacterial
contents is to administer probiotic bacteria. Three controlled
trials have been performed.10–12 Gionchetti et al. randomized
40 patients with chronic pouchitis in remission (PDAI score =
0 after induction therapy with antibiotics) to treatment with
either a new oral probiotic preparation (VSL-3) 6 g/day or
placebo for 9 months.10 The VSL-3 preparation contained
1011/g of viable lyophilized bacteria: four strains of
lactobacilli (Lactobacillus acidophilus, L. delbrueckii sp.
bulgaricus, L. plantarum and L. casei ), three strains of
bifidobacteria (Bifidobacterium infantis, B. longum, B. breve),
and one strain of Streptococcus salivarius sp. thermophilus.
Relapse was defined as an increase in the clinical component
of the PDAI of > 2 points (6 points is the maximum possible).
At 9 months, the relapse rate in the VSL-3 group was 15%
compared with 100% in the placebo group (P < 0·01).
The NNT, the number of patients needed to treat with this
therapy to prevent one relapse, is 2, indicating that this is a
very effective form of therapy. Fecal concentrations of
lactobacilli, bifidobacteria, and S. thermophilus increased
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Figure 12.1 Stool frequency before and after metronidazole
and placebo. Bars represent mean values. (Reproduced with
permission from Madden MV et al. Dig Dis Sci
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significantly from baseline in the VSL-3 group but not in the
placebo group. There was no change from baseline in the
fecal concentrations of anaerobic bacteria in either group. In a
second controlled trial, 36 patients with recurrent or
refractory pouchitis were treated with antibiotics and then
randomized to maintenance therapy with VSL-3 or placebo
for 1 year. The relapse rates were 10% in the VSL-3 group and
94% in the placebo group (P < 0·0001).11 In a third
study, patients undergoing colectomy and IPAA were
randomized to prophylactic therapy with VSL-3 or placebo for
1 year.12 The rate of developing pouchitis during the first year
was 10% in the VSL-3 group and 40% in the placebo group
(P < 0·05). A case report of two patients suggested that
another probiotic, Escherichia coli strain Nissle 1917, may be
of benefit for the treatment of active pouchitis and for
maintenance therapy. 38

Treatment with anti-inflammatory
and immune modifier agents

Rationale

Pouchitis may be a recurrence of IBD in the ileoanal pouch.1

Data to support this view include: an increased frequency of
pouchitis in patients with UC as compared with familial
polyposis; an increased frequency of pouchitis in patients with
extra-intestinal manifestations of UC; an increased frequency
of pouchitis in patients with primary sclerosing cholangitis;
an increased frequency of pouchitis in patients with anti-
neutrophil cytoplasmic antibodies with a perinuclear staining
pattern (pANCA); and a protective effect against developing
pouchitis in current smokers. Strategies directed towards
empirical medical therapy with agents known to be efficacious
in UC may be useful in treating pouchitis. Unfortunately few
controlled trials have been reported to provide evidence for the
efficacy of these approaches.

Clinical results

Uncontrolled studies suggest that topical mesalamine
(enemas or suppositories) may be beneficial for active
pouchitis.15,20,30,39,40 Anecdotal experience suggests that
sulfasalazine and oral mesalamine may also be of benefit. An in
vitro study measuring the azoreductase enzyme activity of fecal
bacteria from patients with ileoanal pouches demonstrated
adequate enzyme activity to cleave the azo bond necessary to
activate sulfasalazine.41 An in vivo study demonstrated that the
azo bond of sulfasalazine was cleaved in patients with ileal
pouches.42 It is reasonable to assume that at least a portion of
the Pentasa formulation of mesalamine will release into the
ileoanal pouch. Whether the Asacol formulation of mesalamine
will release into the pouch is unknown.
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Uncontrolled reports have suggested that oral and topical
corticosteroids may be of benefit in patients with active
pouchitis.20,30,31,33 Budesonide suppositories 0·5 mg three
times daily resulted in clinical and endoscopic improvement
or remission in 10/10 patients with active acute pouchitis,43

and decreased pouch luminal concentrations of inflamma-
tory mediators.40,43 More recently, a randomized, placebo-
controlled trial of 2 mg budesonide enemas versus
metronidazole also showed efficacy.7 Twenty-six patients with
acute pouchitis by PDAI score ≥ 7 were randomized to either
budesonide enemas or oral metronidazole 500 mg twice daily
for 6 weeks. Fifty-eight percent of budesonide patients and
50% of metronidazole patients improved. Fifty-seven percent
of metronidazole patients had adverse events versus only 25%

of budesonide patients. Oral controlled release
budesonide has not been reported for the treatment of
pouchitis, but anecdotal experience suggests that it may be
effective (WJ Sandborn, unpublished data).

Cyclosporin enemas (250 mg/day) were reported to be
beneficial in one patient with active chronic pouchitis44

although a small placebo-controlled trial of cyclosporin
enemas in patients with left-sided UC was negative. 
Two studies involving 11 patients with both IPAA for UC and
liver transplantation for primary sclerosing cholangitis
have reported on the clinical disease course of pouchitis
following liver transplantation.45,46 Five of 11 patients had
chronic pouchitis following liver transplantation, despite
immunosuppression with ciclosporin or tacrolimus,
prednisone, and azathioprine, suggesting that immuno-
suppression may not be efficacious for pouchitis. Two
small reports have suggested a beneficial effect of
azathioprine in patients with Crohn’s disease and an
IPAA.47,48 Recently, infliximab has been reported to be of
benefit in patients with pouchitis 49,50 and patients with
Crohn’s disease of the ileoanal pouch.51,52

Treatment with nutritional agents

Rationale

In the well-functioning ileal pouch, the bacterial flora
produce short chain fatty acids (SCFA) including acetate,
propionate and butyrate at concentrations similar to those in
the colon of healthy controls, and increased compared with
stomal SCFA concentrations in ileostomy patients.19,53

Some54,55 but not all19 studies have reported that patients
with pouchitis have significantly lower fecal concentrations of
SCFAs than patients with well functioning IPAAs, perhaps
from dilution.54 Strategies directed at replacing fecal SCFA
deficiencies by administering SCFA enemas or suppositories,
or by increasing intake of fermentable dietary fiber may
theoretically be useful in treating pouchitis. Another
nutritional therapeutic approach to improving pouch function
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is through use of non-fermentable dietary fiber, with the goal
of improving stool consistency.

Clinical results

SFCA 60 ml enemas containing 60 mmol sodium acetate,
30 mmol sodium propionate, 40 mmol sodium n-butyrate,
and sodium chloride titrated to a concentration of 280–290
mosmol, were not of benefit in two patients with active
pouchitis.56 Similarly, another study using an identical
SCFA enema formulation reported improvement in only 3/8
patients with active pouchitis.57 In contrast, a third study in
patients with active chronic pouchitis reported improvement
in 3/9 patients treated with 40 mmol sodium butyrate
suppositories compared with 6/10 patients treated with 1 g
L-glutamine suppositories.55 Finally, a case report using the
SCFA enema formulation described above reported success
in a single patient with active chronic pouchitis.58 Inulin is a
dietary fiber that is fermented to SCFAs. Twenty patients
with ileoanal pouches (included both patients with and
without pouchitis) were randomized to treatment with
inulin 24 g/day or placebo for 3 weeks.9 Patients treated
with inulin had higher fecal butyrate concentrations, lower
fecal pH, lower fecal concentrations of Bacteroides fragilis
and lower concentrations of some secondary bile acids in the
feces compared with patients treated with placebo. The
mean PDAI scores were lower in patients treated with inulin
compared with placebo-treated patients (4·1 v 5·4, P = 0·01).

Because not all of these patients had pouchitis, the
effectiveness of inulin for the treatment of pouchitis is
unclear. Thirlby and Kelly randomized 13 patients with
ileoanal pouches (included both patients with and without
pouchitis) in a crossover trial to treatment for 3 weeks with
pectin (a soluble fermentable fiber supplement) or Citrucel
(a methyl cellulose-based non-fermentable fiber) and found
that neither fiber compound resulted in improved stool
frequency, pouch function, bloating or stool consistency after
IPAA.8 Thus, the low overall clinical response rates in these
small studies suggest that neither SCFA enemas or
suppositories, nor inulin, are highly effective therapies for
active pouchitis. 

Treatment with allopurinol

Rationale

During surgical construction of the IPAA, the mesenteric
vessels may be divided to avoid tension on the pouch–anal
anastomosis.59 This ligation of the arterial blood supply has
the potential to cause ischemic injury to the ileal pouch, and
oxygen free radical formation is known to be one the
mechanisms by which ischemic injury occurs. However, there
have been no studies that measured either ileal blood flow or
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oxygen free radical formation in patients with and without
pouchitis. Thus, there are no objective data demonstrating
that pouch ischemia occurs, much less data demonstrating
a relationship between pouch ischemia and pouchitis. If
intestinal ischemia contributed to the pathogenesis of
pouchitis, then medical therapy directed toward reducing
oxygen free radical formation might be a useful strategy. For
this reason, the xanthine oxidase inhibitor allopurinol has
been proposed as a treatment for pouchitis.

Clinical results

An uncontrolled study reported that allopurinol 300 twice
daily induced clinical improvement in 4/8 patients with
active acute pouchitis and maintained remission despite the
withdrawal of suppressive antibiotic therapy in 7/14 patients
with chronic pouchitis.60 However, a randomized, double
blind, placebo-controlled trial of allopurinol 200 mg/day for
the prophylaxis of pouchitis in 184 patients undergoing
colectomy with ileoanal pouch was negative.13 The
cumulative frequency of pouchitis was 31% in the allopurinol
group and 28% in the placebo group. Additionally, there was
no difference in overall pouch function between these two
groups. These findings do not support the idea that ischemic
damage and free radical injury contribute to the pathogenesis
of pouchitis.

Treatment with bismuth

Rationale

Bismuth has both antimicrobial and antidiarrheal
properties, and has been useful in the treatment of traveler’s
diarrhea. A randomized, double blind controlled trial
suggested that bismuth citrate may have efficacy comparable
with mesalamine for the treatment of active left-sided UC.61

Given the proved benefit of bismuth for traveler’s diarrhea,
and its potential benefit in UC, therapeutic trials of bismuth in
patients with pouchitis seemed reasonable. 

Clinical results

An uncontrolled study of bismuth complexed to carbomer
(an acrylic acid polymer) suggested beneficial effects for
both inducing improvement and maintaining remission in
patients with chronic pouchitis.62 A randomized, double blind
placebo controlled trial of bismuth carbomer foam enemas in
40 patients with active chronic pouchitis showed no benefit
of bismuth carbomer compared with a placebo containing
xanthan gum (45% response in both groups).14 However,
the fact that the placebo response rate is rather high and that
a recent uncontrolled study suggests that Boswella serrata
gum resin may be beneficial in patients with active UC,63
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there is the possibility that both the bismuth carbomer and
the xanthan gum were effective therapies, and that the
controlled trial simply demonstrated therapeutic equivalence
of the two agents. A long-term uncontrolled maintenance/
toxicity study of bismuth carbomer foam enemas in patients
with pouchitis demonstrated minimal systemic absorption of
bismuth, no toxicity and possible continued clinical benefit in
patients with chronic pouchitis after treatment for 9–128
weeks.64 Further support for a potential therapeutic
effect of bismuth in pouchitis comes from an uncontrolled
study of oral bismuth subsalicylate, administered as two 262
mg tablets four times per day for 4 weeks, which suggested a
beneficial effect in 11/13 patients with active chronic
pouchitis.65 Controlled trials, using an inactive placebo
control, are needed to determine whether bismuth has a role
in the treatment of pouchitis.

Treatment algorithm for pouchitis

An algorithm of the approach to treatment of pouchitis is
shown in Figure 12.2. A presumptive diagnosis of pouchitis in
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patients with compatible symptoms should be confirmed by
pouch endoscopy and biopsy. After the diagnosis is confirmed,
treatment with metronidazole or ciprofloxacin is initiated.

Responding patients who experience recurrent episodes
and are able to tolerate the medication should be re-treated
with the same regimen. Some patients with chronic pouchitis
will require long-term suppressive or maintenance antibiotic
therapy. When patients who require suppressive antibiotic
therapy develop bacterial resistance after prolonged treatment,
cycling of three or four antibiotics in 1-week intervals may be
beneficial. Probiotic therapy can also be considered in patients
with chronic pouchitis. Those patients who do not
respond to metronidazole or other antibiotics should receive
topical pouch therapy with mesalamine enemas or suppositories,
or with steroid enemas. In more refractory cases, sulfasalazine,
oral mesalamine in the form of Pentasa, oral steroids, and
possibly azathioprine or 6-mercaptopurine may be useful. 
Some patients may require combination therapy with multiple
agents as is the case for some patients with IBD, although there
are no data to support this approach. There are few data and
limited rationale to support empirical therapy with SCFA enemas,
glutamine suppositories, inulin or allopurinol. A small number of
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Evaluation for pelvic
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 Immunosuppressive
drugsc
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Figure 12.2 Treatment algorithm for pouchitis. aRifaximin; amoxicillin/clavulanate; erythromycin; tetracycline; and cycling
of multiple antibiotics. bBismuth subsalicylate, mesalamine enemas; sulfasalazine; and oral mesalamine. cBudesonide, steroid
enemas; oral steroids; azathioprine. (Reproduced with permission from Mahadevan U and Sandborn WJ. Gastroenterology
2003;124:1636–501)



patients will be refractory to all forms of medical therapy, and
these patients should be referred to a surgeon for consideration of
permanent ileostomy with pouch exclusion or excision.

Response to treatment
of pouchitis (natural history)

In patients with IPAA for UC, the cumulative risk of
developing at least one episode of pouchitis is 32%.66 Of those
patients who develop pouchitis, 36% have one or two acute
pouchitis episodes which respond to treatment with
antibiotics, 49% relapse more frequently (at least three acute
episodes) but respond to antibiotics, and 15% require
maintenance suppressive therapy and have been classified as
having chronic pouchitis.2,66 Of patients with chronic
pouchitis, almost 50% require surgical exclusion or excision
of the pouch. An algorithm showing the clinical course of
pouchitis in IPAA patients is shown in Figure 12.3.

Conclusion

Medical treatment of acute and chronic pouchitis is often
required. Small controlled trials have suggested superior
efficacy of metronidazole compared with placebo and similar
efficacy for metronidazole compared with both ciprofloxacin
and budesonide enemas for active chronic pouchitis. Three
somewhat larger placebo-controlled trials suggested that
treatment with probiotic bacteria may be useful in
maintaining remission of chronic pouchitis and as prophylaxis
against pouchitis. A small placebo-controlled trial of bismuth

carbomer foam enemas did not demonstrate efficacy in active
chronic pouchitis. A large controlled trial with allopurinol did
not demonstrate efficacy for prophylaxis against pouchitis.
Uncontrolled studies suggest possible benefit from empirical
therapy with antibiotics, sulfasalazine, mesalamine, cortico-
steroids and bismuth. There are few data that immune
modifiers, SCFA enemas or inulin are of benefit. Natural
history studies suggest that most patients with pouchitis
respond to a short course of antibiotic therapy. Some patients
with chronic pouchitis require suppressive medical therapy
with antibiotics or probiotics, and some will require
permanent ileostomy with pouch exclusion or excision.
Additional randomized, double blind placebo-controlled trials
are needed to determine the efficacy of empirical medical
therapies currently being used in patients with pouchitis.
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Microscopic and collagenous colitis
Robert Löfberg13

Introduction

Microscopic colitis is characterized clinically by chronic,
non-bloody diarrhea and a macroscopically normal or near-
normal colonic mucosa, in the presence of specific histopatho-
logic features on microscopic examination of mucosal biopsies.
Collagenous colitis and lymphocytic colitis constitute the two
main forms of microscopic colitis. Collagenous colitis was first
described by Lindström in 1976.1 The term lymphocytic colitis
was introduced by Lazenby et al. in 1989, to reflect the fact that
the major feature of lymphocytic colitis was an increased
number of intraepithelial lymphocytes.2

Epidemiology

Collagenous colitis was initially regarded as being rare,
until the first epidemiologic studies showed the incidence to
be 0·8/100 000 and 2·7/100 000 and the prevalence
15·7/100 000.3,4 Recent epidemiologic studies, however,
show that collagenous colitis is more common and incidence
figures of 5·2/100 000 and 6·1/100 000 have been reported
(Table 13.1).5,6 If these figures are representative, the
incidence of collagenous colitis is equal to the incidence of
Crohn’s disease in Sweden. Patients with collagenous colitis
are typically middle-aged women, the age at diagnosis being
around 65 years, and the female:male ratio around 7:1
(Figure 13.1).3–6 However, 25% of 163 patients were
diagnosed before the age of 45 years so this diagnosis must be
considered even in younger subjects with chronic watery
diarrhea.7 Only four children below the age of 12 years have
been reported.8

Epidemiologic data for lymphocytic colitis have been
reported from three different regions in Europe during the
1990s (see Table 13.1). 4–6 The data are fairly consistent and
an annual incidence of 3·1–5·7/100 000 inhabitants has
been reported. The incidence of lymphocytic colitis is also
similar to the incidence of Crohn’s disease and the combined
rates for collagenous colitis and lymphocytic colitis approach
the incidence of ulcerative colitis. The data illustrate that
these conditions are more common than was considered
earlier. Microscopic colitis may be diagnosed in 10% of

patients investigated for chronic non-bloody diarrhea, and in
20% of patients older than 70 years with these symptoms.6

The age at onset of symptoms in lymphocytic colitis is around
60–65 years but the female predominance is less pronounced
than is the case for collagenous colitis (Figure 13.2).

Histopathology

The following histopathologic features are the hallmarks of
collagenous colitis: diffuse non-continuous thickening of a
subepithelial collagen layer is seen beneath the basement
membrane (Figure 13.3); the thickness of the subepithelial
layer must be 10 µm or more on a well-orientated section of
the mucosa in comparison to 0–3 µm in normal individuals;
chronic inflammation in the lamina propria dominated by
lymphocytes and plasma cells; flattening and vacuolization of
the epithelial cells and detachment of the surface epithelium;
intraepithelial lymphocyte infiltration may be present,
although this feature is not as prominent as in lymphocytic
colitis.2,11 Cryptitis does not exclude the diagnosis of
collagenous colitis.12 In the matrix containing the thickened
collagen layer collagen type I, III and VI and fibronectin have
been identified.13,14

Table 13.1 Annual incidence per 100 000 in
population-based epidemiological studies of
collagenous and lymphocytic colitis

Region and Collagenous Lymphocytic 
study period colitis colitis

Örebro, Sweden, 1984–883 0·8
Örebro, Sweden, 1989–933 2·7
Örebro, Sweden, 1993–956 3·7 3·1
Örebro, Sweden, 1996–986 6·1 5·7
Franche-Comté, France,

1987–929 0·6
Uppsala, Sweden, 1992–9410 1·9
Terrassa, Spain, 1993–974 2·3 3·7
Iceland, 1995–995 5·2 4·0
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The histopathologic findings are mainly located in the
colon and the rectum. The collagen layer is most prominent
in the proximal colon, and may be absent in the rectal
mucosa in between 18% and 73% of biopsy specimens.4,5,15,16

However, an increased subepithelial collagen layer in the
stomach and duodenum as well as in the terminal ileum, so
called collagenous gastritis and collagenous enterocolitis, has
been reported occasionally.17–26

The histopathologic diagnostic criteria of lymphocytic
colitis are epithelial lesions, an increase in intraepithelial
lymphocytes (> 20 lymphocytes per 100 epithelial cells), and
infiltration of the lamina propria with lymphocytes and
plasma cells, in the absence of an increase in the collagen
layer (Figure 13.4).2,27 An increased number of intraepithelial
T-lymphocytes may be seen in the terminal ileum.26

Etiology and pathophysiology

The etiology of microscopic colitis is largely unknown. At
present, both collagenous and lymphocytic colitis are
considered to be caused by an abnormal immunologic
reaction to various mucosal insults in predisposed individuals.

Genetics

Data on genetics are sparse. A small number of familial
cases with collagenous and lymphocytic colitis, and with
mixed collagenous and lymphocytic colitis have been
reported.28–32 Twelve per cent of patients with lymphocytic
colitis reported a family history of other bowel disorders such
as inflammatory bowel disease, celiac disease or collagenous

colitis.33 Whether these associations are due to genetics,
environmental factors or chance cannot be assessed.

Reaction to a luminal agent

The increased number of T lymphocytes in the epithelium
has supported the theory that collagenous colitis may be
caused by an abnormal immunologic reaction to a luminal
agent.34–36 The observation that diversion of the fecal stream
by an ileostomy normalizes or reduces the characteristic
histopathologic changes in collagenous colitis, further supports
this theory.37 Recurrence of symptoms and histopathologic
changes was seen after closure of ileostomy. Furthermore,
abnormalities of colonic histology resembling lymphocytic
colitis have been reported in untreated celiac disease.38

Infectious agent

The sudden onset of the disease in some patients, and the
effect of various antibiotics support a possible infectious
cause.7 An association with microscopic colitis and infection
with Campylobacter jejuni 39 and Clostridium difficile40–42

has been reported. In another study, Yersinia enterocolitica
was detected in three of six patients prior to the collagenous
colitis diagnosis, and a serologic study showed that antibodies
to Yersinia spp. were more common in collagenous colitis
patients than in healthy controls.43,44 Of interest is “Brainerd
diarrhea”, which refers to outbreak of chronic watery
diarrhea characterized by acute onset and prolonged
duration.45 An infectious cause is likely, but no agent has
been identified. Colonic biopsies in these patients show
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Figure 13.1 Age- and sex-specific incidence of collagenous
colitis. (Reprinted with permission from Olesen M et al.
Gut 2004;53:346–50.6)
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Figure 13.2 Age- and sex-specific incidence of lymphocytic
colitis. (Reprinted with permission from Olesen M et al. Gut
2004;53:346–50.6)



epithelial lymphocytosis similar to lymphocytic colitis but the
surface epithelial lesions are absent.

Drugs

There are several reports of drug-induced microscopic
colitis, especially lymphocytic colitis (Box 13.1). Most reports
concern ticlopidine and Cyclo 3 Fort. In a case–control study
the use of non-steroidal anti-inflammatory drugs (NSAIDs)
was significantly more common among collagenous colitis
patients than in controls and discontinuation of NSAIDs was
followed by improvement of the diarrhea in some patients.46

Others found that use of NSAIDs at presentation was
associated with a greater need for 5-aminosalicylic acid
(5-ASA) and steroid therapy, possibly reflecting a more

resistant form of disease, but that withdrawal of NSAIDs did
not improve clinical symptoms.47 The increased use of
NSAIDs in patients with collagenous colitis is probably due to
the occurrence of concomitant arthritis. The number of
reported cases of drug-induced microscopic colitis is small and
a chance association is possible. It is, however, important
to assess concomitant drug use in patients and consider
withdrawal of drugs that might worsen the condition.

Autoimmunity

Both collagenous and lymphocytic colitis are associated
with autoimmune diseases. An autoimmune pathogenesis has
therefore been proposed, possibly initiated by a foreign
luminal agent, which causes an immunologic cross-reaction
with an endogenous antigen. A study of autoantibodies and
immunoglobulins in collagenous colitis showed that the mean
level of IgM in collagenous colitis patients was significantly
increased,67 similar to observations in primary biliary
cirrhosis. A specific autoantibody in collagenous colitis has
not been reported.

Bile acids

Data on bile acid malabsorption in microscopic colitis are
conflicting. In one study no association was found,68 whereas
others found bile acid malabsorption in 27–44% of patients
with collagenous colitis and in 9–60% of patients with
lymphocytic colitis.69–71 The coexistence of bile acid
malabsorption seems to worsen the diarrhea in patients with
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Figure 13.3 A biopsy from the colon showing typical
findings of collagenous colitis: increased subepithelial
collagen layer, inflammation of lamina propria and epithelial
lesions with intraepithelial lymphocytes

Figure 13.4 A biopsy from the colon showing typical
findings of lymphocytic colitis: epithelial lesions with
intraepithelial lymphocytes and inflammation in the lamina
propria

Box 13.1 Drugs reported to be associated with
microscopic colitis

Lymphocytic colitis

● Ticlopidine48–50

● Cyclo 3 Fort53–55

● Ranitidine56

● Vinburnine58

● Tardyferon59

● Flutamide50

● Acarbose60

● Piroxicam61

● Levodopa-benserazide62

● Carbamazepine33,63,64

● Sertraline33

● Paroxetine33

● Oxetorone65

● Lanzoprazole52,66

Collagenous colitis

● Lanzoprazole51,52

● Non-steroidal anti-inflammatory drugs46

● Cimetidine57



collagenous colitis.69 These observations are the rationale for
recommendations of bile acid binding treatment, which was
reported effective in a majority of patients with microscopic
colitis and concomitant bile acid malabsorption.69,71

Even patients without bile acid malabsorption may respond to
this treatment. This emphasizes the importance of the fecal
stream, and the therapeutic effect may possibly be related to
binding of luminal toxins.72

Nitric oxide

Colonic nitric oxide (NO) production is greatly increased in
active microscopic colitis caused by an upregulation of
inducible nitric oxide synthase (iNOS) in the colonic
epithelium.73–75 The levels of NO correlated with clinical
activity and histopathologic status of the colonic mucosa, i.e.
patients in histopathologic remission had normal levels of
colonic NO in contrast to increased levels in patients with
histologically active disease.75 The role of NO in microscopic
colitis is uncertain. NO is an inflammatory mediator but
whether its role is proinflammatory or protective remains
unclear. NO may furthermore be involved in the diarrheal
pathophysiology as infusion into the colon of NG-
monomethyl-L-arginine, an inhibitor of NOS, reduced colonic
net secretion by 70% and the addition of L-arginine increased
colonic net secretion by 50%.76

Secretory or osmotic diarrhea

Diarrheal pathophysiology in collagenous colitis has been
regarded as secretory caused by the epithelial lesions, the
inflammatory infiltrate in the lamina propria and the
collagenous band that might be a barrier for reabsorption
of electrolytes and water.77,78 Furthermore, an impaired
epithelial barrier function due to downregulation of tight
junction molecules was found to contribute to diarrheal
pathophysiology.78 Studies on the influence of fasting on
diarrhea in collagenous colitis indicated, however, that
osmotic diarrhea was predominant.79 Many patients report
that fasting reduces their diarrhea in accordance with this
observation.

Clinical features and diagnosis

The main symptom in collagenous colitis is non-bloody
diarrhea that may be accompanied by nocturnal diarrhea,
fecal incontinence, crampy abdominal pain and distension.7

Weight loss of up to 5 kg is common initially and occasionally
is even more pronounced. Serious dehydration is rare,
although 25% of the patients had 10 daily stools or more and
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stool volumes up to 5 l have been reported. Mucus or blood
in the stools is unusual.

The onset of the disease may be sudden, resembling
infectious diarrhea, in some patients.7 In most cases the
clinical course is chronic relapsing and benign. Serious
complications are rare, although a small number of patients
with colonic perforation have been reported.80–82 The risk of
developing colorectal cancer in collagenous colitis is not
increased.83,84 In a follow up study, 63% of the patients had
lasting remission after 3·5 years.85 Another cohort study
showed that all patients improved 47 months after the
diagnosis and only 29% of these required medications.86 In a
number of collagenous colitis patients, however, remission is
difficult to achieve, and such patients have usually tried a
large variety of medications in vain.7,87

Patients with collagenous colitis often have concomitant
diseases. Up to 40% have one or more associated
autoimmune diseases. The most common are rheumatoid
arthritis, thyroid disorders, celiac disease, asthma/allergy and
diabetes mellitus. Crohn’s disease or ulcerative colitis
concomitant with collagenous colitis has occasionally been
reported.7,88

Lymphocytic colitis is clinically indistinguishable from
collagenous colitis and the predominant symptom is chronic
watery diarrhea. In a recent report, however, it was found
that symptoms in lymphocytic colitis were milder and more
likely to disappear than in collagenous colitis.50 Similar to
collagenous colitis, lymphocytic colitis has also been reported
in association with autoimmune diseases.50 The prognosis of
lymphocytic colitis is good. There is no increased mortality
and no increased risk of subsequent bowel malignancy
reported. A benign course was reported in 27 cases with
resolution of diarrhea and normalization of histology in over
80% of the patients within 38 months.89 Others reported that
the clinical course was a single attack in 63% of the patients
with a median duration of 6 months from onset of symptoms
to remission.33

Only microscopic assessment of colonic mucosal biopsies
can verify the diagnosis of collagenous or lymphocytic colitis.
Merely non-specific, minor laboratory abnormalities are
found, and there are at present no blood tests available for
screening purposes. Analyses of pANCA (anti-neutrophil
cytoplasmic antibody)90 or serum procollagen III propeptide
are of no diagnostic value in collagenous colitis.91 Stool
examinations reveal no pathologic organisms, though
increased excretion of fecal leukocytes in more than half of
the collagenous colitis patients has been reported.24 Barium
enema and endoscopy are usually normal, though subtle
endoscopic changes such as mucosal edema, granularity
or erythema may be seen in up to 30% of cases.7,33

Pancolonoscopy is preferred to sigmoidoscopy as a thickened
collagenous layer in collagenous colitis may be absent in
between 18% and 73% of rectal biopsy specimens.
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One or two diseases?

It has been questioned whether lymphocytic colitis and
collagenous colitis are the same disease in different stages of
development or rather two different but related conditions.
They have a similar clinical expression and similar
histopathologic features except for the subepithelial
collagenous layer in collagenous colitis. Conversion of
lymphocytic colitis to collagenous colitis or the opposite has
been reported,92,93 but the fact that conversion happens fairly
seldom, and the observed differences in sex ratio and human
leukocyte antigen (HLA) pattern94 makes it more likely that
collagenous colitis and lymphocytic colitis are two separate
but related entities.

Treatment of microscopic colitis

The enigmatic etiology of microscopic colitis has led to a
wide range of antidiarrheal and anti-inflammatory drugs being
evaluated for medical treatment. Few controlled studies have
been conducted, and recommendations on therapy have
largely been based on retrospective reports and uncontrolled
data.7,95 The benign course of microscopic colitis in general
has led to suggestions of an algorithm with a “step-up” type of
approach to medical treatment, depending on clinical
response and outcome in the individual patient. Milder
symptoms may be well controlled using drugs such as
loperamide or cholestyramine.69,96 However, in patients
with moderate to intense symptoms potent anti-inflammatory
treatment is required. In a retrospective study, the degree of
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lamina propria inflammation in colonic biopsies was found to
predict the response to therapy, and greater inflammation
may indicate the need of corticosteroid therapy.47 A finding of
a substantial degree of inflammation at time of diagnosis may
thus aid in the clinical decision-making.

Randomized controlled trials

Only the medical treatment of collagenous colitis has been
properly evaluated in randomized controlled trials (RCTs) –
level of evidence 1b. A Cochrane review carried out in 2003
identified all published reports between 1970 and 2002, and
four studies that fulfilled the criteria for a meta-analysis
(evidence level 1a) were found.97 In one study bismuth
subsalicylate was evaluated98 and three trials99–101 studied
oral formulations of budesonide (Table 13.2).

Bismuth subsalicylate

In the small pilot trial with oral bismuth subsalicylate
(n = 14 of which nine had collagenous colitis) the efficacy of
2·4 g daily versus placebo for 8 weeks was studied. The
patients randomized to active treatment were more likely to
improve clinically (P = 0·003) as well as histologically
(P = 0·003). All patients on bismuth therapy demonstrated
clinical improvement, and six out of seven also displayed
histological regression. In contrast, no patient in the placebo
group improved. When placebo patients were crossed over to
bismuth therapy in a blinded manner, five out of six improved
(one dropped out due to nausea).

Ald
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Table 13.2 Data from three  randomized placebo-controlled studies of oral budesonide in collagenous colitis

Dosage of budesonide; Clinical response:
No. of formulation; budesonide v Histologic response;

Author year patients trial duration placebo budesonide v placebo Adverse events

Baert et al. 28 9 mg/day Improvement: Reduction of lamina Mild; no difference
200299 Budenofalk; 8 weeks 8/14 v 3/14 propria inflammation in between 

(P = 0·05) 9/13 v 4/12 (P < 0·001). treatment groups
No difference in
collagen layer

Miehlke et al. 45a 9 mg/day Remission: Improvement in 17/23 Mild; 38% v 12%
2002100 Entocort; 6 weeks 15/23 v 0/22 v 5/22 (P < 0·01). P = 0·052

(P < 0·0001). No difference in
collagen layer

Bonderup et al. 20 9 mg/day 10/10 v 2/10 Reduction of overall None
2003101 Entocort; 8 weeks (P < 0·001) inflammation (P < 0·01)

and of collagen layer in
sigmoid colon (P < 0·02)

aPer protocol analysis, 51 patients were randomized but six were withdrawn early due to lack of efficacy or adverse events



Budesonide

The use of oral preparations of budesonide has been well
proved for induction of remission in active ileocolonic
Crohn’s disease. This glucocorticosteroid has a high potency
and a rapid first pass metabolism rendering it a topical mode
of action and less systemic impact than conventional steroids.
A total of 94 patients were enrolled in three placebo-
controlled trials of budesonide (9 mg daily for 6–8 weeks) in
collagenous colitis. Fifty patients received active budesonide
therapy. The pooled odds ratio for clinical response with
budesonide was 12·32 (95% CI 5·53 to 27·46), with number
needed to treat of 2. Most responders had a decrease in
the number of loose stools after 2–4 weeks of therapy. After
cessation of active therapy most patients were reported to
experience a flare-up of symptoms. Histological improvement
was significant in all three trials with oral budesonide. A
decrease in the grade of infiltration of lamina propria
mononuclear cells was observed in most patients, whereas a
reduction in the thickness of the collagen layer was found less
consistently. One of the trials demonstrated a significant
decrease of the collagen band in the sigmoid colon with
almost a normalization of the mean thickness to 10·2 µm.101

Other anti-inflammatory compounds

Sulfasalazine and mesalamine have been extensively tried
in microscopic colitis but never evaluated in RCTs.
Observational studies of sulfasalazine and mesalamine have
reported benefit in 34–50% of patients.7,95 Antibiotics
such as metronidazole and erythromycin have also been used
but no controlled studies have been done.

Oral prednisolone may be effective with a reported
response rate in uncontrolled studies of 70–80%. The effect,
however, is generally not sustained after withdrawal, and the
dose required to maintain remission is often unacceptably
high; more than 20 mg per day.7

Recommended therapy

Based on a meta-analysis and RCTs, oral budesonide is the
drug of choice (short or medium duration therapy) for the
treatment of collagenous colitis in patients with significant
symptoms that cannot be controlled with loperamide,
cholestyramine or aminosalicylates. Of interest is the
observation indicating that oral budesonide may even be more
efficacious than conventional systemic corticosteroids (for
example prednisolone).102 Corticosteroids may, in addition to
their anti-inflammatory effects, also ameliorate ileal bile acid
malabsorption.103 There are as yet no RCTs evaluating the
long-term role of budesonide for maintenance of remission.
Budesonide has a benign safety profile, as proved in other
inflammatory bowel disease-conditions, but it would be
prudent to taper the dose to the minimum necessary for
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controlling symptoms in patients with microscopic colitis if
more than 8 weeks of therapy is indicated. Most
candidates for longer-term budesonide treatment would be
women aged 50–70 years, a group at increased risk for
osteoporosis. In this respect, budesonide has been demonstrated
to have less impact than prednisolone on bone mineral
density in patients with Crohn’s disease during treatment for
up to 2 years. Budesonide therapy given on-demand may be
an attractive option for long-term control of symptoms.
Although we have positive experience from this approach in
our own clinical practice, controlled data are lacking.

Bismuth subsalicylate therapy may be an alternative to
budesonide, but it is not available in all countries due to
concerns regarding toxicity.

Severe attacks of microscopic colitis are rare, but a small
number of patients may require hospitalization, intravenous
steroid therapy, bowel rest and total parenteral nutrition.

For steroid-refractory or steroid-dependent patients
immunomodulators may be of value. An open trial with
azathioprine gave partial or complete remission in eight
of nine patients with microscopic colitis.104 Low dose
methotrexate (median dose 7·5 mg/week) was effective in
10 of 11 patients with prednisolone-refractory collagenous
colitis.105 There are no controlled trials of these agents
in patients with microscopic colitis.

Surgical treatment

If medical therapy fails and alternative diagnoses are ruled
out surgery may be considered in a patient with intractable
microscopic colitis. Split ileostomy was conducted
successfully in nine women with collagenous colitis37 and
successful outcomes both in collagenous colitis and
lymphocytic colitis have been reported after total or subtotal
colectomy.106–110
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Introduction

Metabolic bone disease is seen in patients suffering from a
variety of gastrointestinal disorders, including chronic liver
disease, inflammatory bowel disease (IBD), and malabsorption
syndromes such as celiac disease. In the setting of gastro-
intestinal disorders, bone disease can be broadly divided into
osteoporosis and osteomalacia. Osteoporosis is the systemic
skeletal disorder of reduced bone mass per unit volume (i.e.
bone density) and disrupted micro-architecture, resulting in
decreased bone strength and an increased risk of fragility
fractures mainly of the hip, wrist, and vertebrae.1 Bone mass
is the major determinant of bone strength. Osteomalacia,
however, is characterized by defective mineralization of bone
matrix, usually due to a disturbance of vitamin D and calcium
homeostasis. It is clinically associated with pain, bone
fractures, occasionally muscle weakness and radiologically
with pseudofractures (radiolucent bands perpendicular to
surface of bone) and loss of trabeculae.

There are two types of bone: cortical, which primarily
makes up the long bones, and trabecular bone, which makes
up most of the axial skeleton. Bone formation and resorption
is a continuous process in which osteoblasts are responsible
for the formation of new bone including the mineralization of
bone, and osteoclasts are responsible for bone resorption.
Metabolic bone disease results from abnormalities in the
normal remodeling cycle. Osteoporosis is associated with
disability, impaired quality of life and fractures can be
associated with increased mortality.2

This chapter will focus on metabolic bone disease
associated with chronic liver disease and IBD and will review
corticosteroid-induced osteoporosis.

Assessment of bone mass

Age-related bone loss begins during the fourth decade, and
in women there is an accelerated bone loss at the time of the
menopause (5–15% in the initial 5 years after menopause).

Women experience greater rates of bone loss than men and
their lifetime risk of an osteoporotic fracture is about 15%
compared with 5% in men.3 Osteoporosis can be detected by
measurement of bone mineral density. Bone density is the
most accurate predictor of fracture risk and it is a useful
guide for monitoring therapy.4 Prospective trials have
established the ability of bone density to predict site-specific
fractures.5 For each reduction in bone density of the hip by
1 SD from the mean for young normal individuals, the risk
of hip fracture increases by a factor of 1·5–2·6.6 In men,
low bone mineral density (BMD) has been demonstrated to
be predictive of vertebral fractures.7 In a prospective study
which included 1690 men, it was estimated that a 1 SD
decrease in femoral neck bone density was associated with a
two-fold increase in risk of atraumatic fracture.8 Increasing
age and a history of a previous vertebral fracture are very
important predictors of fracture.

Bone mass can be evaluated at a number of sites, such as
the proximal femur, spine and distal radius. The most
commonly used technique to evaluate BMD is dual energy x
ray absorptiometry (DXA). The reproducibility, accuracy
and precision of DXA are excellent, with a coefficient of
variation of 2%. Another technique, quantitative computed
tomography (QCT), provides a three-dimensional image
which makes it possible to separate trabecular and cortical
bone. The accuracy of QCT is not as good (5–15%) as DXA,
and is associated with a higher radiation dose.

Bone mineral content (BMC) is the total amount of
mineralized tissue (g) in the bone scan, usually normalized to
the length of the scan path (grams per mineral per centimeter
of bone or g/cm). BMD, on the other hand, is the amount of
mineralized tissue in the scanned area (g/cm2). BMD can be
expressed as a T score (comparison of the patient’s bone
density with the peak bone mass in young normal individuals)
or Z score (comparison of patient’s BMD to other age-
matched controls). Individuals with a T score or BMD less
than 1 SD below the mean in young adults are considered to
be osteopenic, while those with a BMD less than 2·5 SDs
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below the young normal value are osteoporotic.1 A study
group on densitometry hosted by the World Health Organi-
zation (WHO) in 1993 defined these four diagnostic
thresholds based on reference populations of healthy young
women. Since these thresholds are based on young women,
this definition does not account for biological variation and
age-related bone loss and many have argued against the use of
T scores. The increased use of DXA has resulted in more
gastroenterology patients being diagnosed with osteoporosis.
However, it is not clear what a diagnosis of osteopenia
in gastrointestinal patients means in terms of increased
fracture risk. On the basis of BMD osteomalacia cannot be
distinguished from osteoporosis.

Hepatic osteodystrophy

Hepatic osteodystrophy, or chronic liver disease-associated
metabolic bone disease, was previously thought to arise mainly
in cholestatic liver diseases, as a result of calcium and vitamin
D malabsorption. However, hepatic osteodystrophy has now
been described in association with most types of chronic liver
diseases, whether cholestatic or non-cholestatic.9 Increased
bone loss and/or increased incidence of fractures have
been described in primary biliary cirrhosis (PBC),10 primary
sclerosing cholangitis (PSC),11 alcoholic liver disease (ALD),12,13

autoimmune hepatitis (AIH),14 hemochromatosis, as well as
viral cirrhosis.15,16 Additionally, hepatic osteodystrophy has
important clinical repercussions in the early period after liver
transplant, where immobilization, comorbidity, corticosteroids
and immunosuppressive drugs further reduce an already
compromised bone mass,10 resulting in spontaneous vertebral
fractures.17,18

Prevalence

The prevalence of hepatic osteodystrophy varies from 13%
to 56%,11,15,19 while the incidence of fractures in ambulant
and non-alcoholic patients with chronic liver disease ranges
from 6% to 18%. The prevalence of vertebral fractures ranges
from 7% to 44% and is approximately twice that of age and
sex-matched controls with the highest rates in those
individuals with AIH.15,19 The degree of bone loss correlates
with the severity of the cirrhosis and increasing age, making
patients with endstage liver disease the group most at risk of
fractures.5,19,20

The fracture risk in chronic liver disease was best studied
by Diamond et al., in a case–control study of 115 patients
with chronic liver disease (72 men and 43 women), who
were matched for age, sex and menopausal status with
healthy controls.19 The etiology of the chronic liver disease
was ALD (n = 40), chronic active hepatitis (n = 27),
hemochromatosis (n = 25), PBC (n = 10), and PSC (n = 13).

Fifty-two per cent of the patients were cirrhotic, while 30%
had clinical and biochemical evidence of hypogonadism. It is
important to note that, in men, hypogonadism correlates with
the degree of liver dysfunction. All patients were ambulatory
and none were on cholestyramine, vitamin D, estrogen, or
calcium. From the data in this study, the relative risk (RR) of
either spinal or peripheral fractures can be calculated, based
on the absolute number of fractures (as opposed to the
number of patients with fractures). In men this RR is 3·03
(95% CI 1·35 to 11·09), while in women the RR is 2·13 (95%
CI 1·38 to 7·46). These authors did a stepwise regression
analysis to define the main predictors of fracture and
osteoporosis. Variables used were: age, sex, gonadal status,
presence of cirrhosis, type of liver disease, liver function,
25(OH) vitamin D3 level and parathyroid hormone (PTH)
level. Spinal bone density, liver dysfunction and hypogonadism
were the main predictors of spinal fracture while hypo-
gonadism and the presence of cirrhosis were the main
predictors of peripheral fractures. There was no association
with serum PTH or 25-hydroxy-vitamin D3.

Because of the potential for impaired absorption of calcium
and vitamin D,21,22 as well as impaired hepatic uptake and
metabolism of vitamin D,23 osteomalacia was initially thought
to be the major cause of hepatic osteodystrophy in cholestatic
liver diseases.23,24 However, it then became evident that
bone disease was still prevalent despite treatment with
calcium and vitamin D, and that most patients with cholestatic
liver disease and osteopenia did not have low 25-hydroxy-
vitamin D3 levels11 or histomorphometric characteristics
of osteomalacia.20,25,26 Osteoporosis appears to be the major
metabolic bone disease found with chronic liver disease.

The mechanisms responsible for the osteoporosis in this
setting are uncertain, and evidence exists for both decreased
bone formation20,27–29 and increased bone resorption.11,25,30 The
presence of cirrhosis seems to play an important role through
several mechanisms. Testosterone, 25-hydroxy-vitamin D, and
insulin-like growth factor 1 (IGF-1) levels are all reduced in
advanced liver disease and correlate inversely with the degree
of osteopenia.15,19 As well, bone mass starts to increase within
6 months to a year after liver transplantation.10 Other factors
may also affect bone metabolism independently of cirrhosis:
bone formation is directly suppressed by alcohol,13,31 and
possibly by iron in hemochromatosis. The majority of patients
with advanced PBC are also postmenopausal females, which
adds to the list of pathogenic factors of hepatic osteodystrophy.19

Malnutrition, treatment with corticosteroids14,32 or immuno-
suppressives plays a role in some cases.

Treatment

Osteomalacia

Osteomalacia secondary to vitamin D deficiency is
characterized by low serum v25-hydroxy-vitamin D, low or
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normal calcium, low phosphate and elevated alkaline
phosphatase levels. Based on measurement of 25-hydroxy-
vitamin D level and bone histomorphometry, osteomalacia can
be successfully treated and prevented with combined calcium
and vitamin D supplementation (oral or parenteral).33,34

Vitamin D does not need to be given as its 25-hydroxy
metabolite, since the capacity of the liver to hydroxylate
vitamin D is maintained, even in advanced liver disease.
However, since its absorption and/or hepatic uptake may be
decreased, sufficient doses should be administered.22 Successful
treatment of osteomalacia has been achieved with calcium and
either oral vitamin D2 2000–4000 IU daily, intramuscular
vitamin D2 150 000 IU weekly,33 or oral 25-hydroxy-D3

1000–4000 IU daily,34 for a duration of 3–6 months. 

Osteoporosis

The evidence for interventions for the treatment of
osteoporosis in chronic liver disease is summarized in

B4

B4

Tables 14.1 and 14.2. There are a number of observational
trials and more recently randomized controlled trials (RCTs),
most of which have relatively small numbers of patients.

Vitamin D and calcium Therapy with vitamin D has been
studied in osteoporotic patients with either cholestatic30,35 or
non-cholestatic liver disease12 and low 25-hydroxy-vitamin D
levels. Uncontrolled studies in PBC (Table 14.1) suggest that
normalization of 25-hydroxy-vitamin D levels failed to arrest
bone loss30 or to prevent spontaneous fractures.35 In one
of these two reports, improvements in bone mass occurred
only in patients whose calcium absorption increased as a
result of the therapy.35 However, in an RCT of 18 abstinent
patients with alcoholic liver disease, Mobarhan et al. showed
that normalization of 25-hydroxy-vitamin D levels was associated
with a significant increase in BMD after a mean duration of
10 months (Table 14.2).12 Unfortunately, bone biopsy to rule
out osteomalacia was done in only nine out of the 18 patients.

Ald
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Table 14.1 Case series of interventions for hepatic osteodystrophy

Study

Wagonfeld et al. (1976)23

Matloff et al. (1982)35

Herlong et al. (1982)30

Floreani et al. (1997)36

Neuhaus et al. (1995)37

Riemens et al. (1996)38

Crippin et al. (1994)39

Disease (no.
of patients) 

PBC (8)

PBC (10)

PBC (15)

PBC (34)

OLT (150)

OLT (53)

PBC (107) 

Therapy (duration)

PO or SC D v 25-OH-D3

100–200 micrograms/day
(3 months)

25-OH-D3 40–120
micrograms/day (1 year)

25-OH-D3 50–100
micrograms/day (1 year)

1,25(OH)2-D3 1 micrograms/
day × 5d, calcitonin 40 U IM
3/week and; 4 week, CaCO3

1·5 g/day × 4 week (3 years) 

25-OHD3 0·25–0·5
micrograms/day ± Ca 1 g/day
± NaF 25 mg/day (2 year)

1-OHD 1 microgram/day;
Ca 1 g/day; etidronate 400
mg/day 2/15 week (1 year)

Estrogen (low dose oral or
patch) (1 year)

Measurement (site)

X-ray and PBA (hand)

PBA (radius)

PBA (radius)

DPA (LS)

DXA (LS/FN)

DPA (LS)

DPA (LS)

Comments

Failure of oral or
parenteral vitamin D to
normalize 25-OH-D or to
prevent accelerated bone
loss

Normalization of 25-OH-D
levels but ongoing bone
loss and fractures 

Normalization of 25-OH-D
levels but ongoing bone
loss

?Reduced bone loss in
treated (uncontrolled)

Reduced bone loss in any
of the treatment groups
compared with untreated
controls

No reduction in bone loss
compared with historical
controls

Reduction in bone loss in
estrogen group

PBC, primary biliary cirrhosis; OLT, orthotopic liver transplantation; CAH, chronic active hepatitis; ALD, alcoholic liver disease;
HA, hydroxyapatite; NaF, sodium fluoride; UDCA, ursodeoxycholic acid; DPA, dual photon absorptiometry; DXA, dual x ray
absorptiometry; PBA, photon beam absorptiometry; SPA, single photon absorptiometry; LS, lumbar spine; FN, femoral neck,
25-OH-D3, 25-hydroxy-vitamin D3, PO, per os; SC, subcutaneous; IM, intramuscular



Shiomi et al. studied the efficacy of 1,25-dihydroxy-vitamin
D3 (0·5 micrograms) on lumbar spine BMD in 76 individuals
with cirrhosis secondary to hepatitis B or C infection. The
results suggest that calcitriol may be effective in increasing
bone mass at the lumbar spine over a 12 month period.43

Calcium supplementation appeared to prevent or diminish
bone loss compared with untreated controls.50

Antiresorptive and anabolic agents A retrospective study
of 107 females with PBC suggested that hormone
replacement therapy (HRT) is associated with a significant
reduction of annual bone loss39 (Table 14.1). B4

B4

Table 14.2 summarizes the results of randomized trials of a
variety of other interventions. Guanabens et al. in a 2-year
RCT of 32 women with PBC, compared cyclical etidronate at
a dose of 400 mg for 2 weeks every 78 days, to sodium
fluoride (NaF) 50 mg per day.44 In the fluoride-treated group,
the bone density of the lumbar spine decreased by 1·94% and
the femoral neck decreased by 1·4%. By contrast, etidronate
increased bone mass in the lumbar spine by 0·53% and
femoral neck BMD was stable and was better tolerated. 

Wolfhagen et al. compared etidronate plus calcium with
calcium alone in a randomized trial in 12 women with PBC
on corticosteroids.46 There was a statistically significant

Ald
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Table 14.2 Randomized trials of interventions for hepatic osteodystrophy 

Study

Guanabens et al.
(2003)40

Shiomi et al. (2002)41

Lindor et al. (2000)42

Shiomi et al. (1999)43

Guanabens et al.
(1997)44

Camisasca et al.
(1994)45a

Wolfhagen et al.
(1997)46

Guanabens et al.
(1992)47

Lindor et al. (1995)48

Stellon et al. (1985)49

Mobarhan et al.
(1984)12

Disease (no. of
patients)

PBC (36)

Viral hepatitis (50)

PBC (67)

Cirrhosis, PBC and
secondary to hepatitis
B and C (76)

PBC (32)

PBC (25)

PBC (12)

PBC (22)

PBC (88)

CAH (36)

ALD (18)

Intervention (duration)

2 year cyclical etidronate v
alendronate

2 years cyclical etidronate

1 year cyclical etidronate

0·5 micrograms calcitriol twice
daily 15 months

Etidronate 400 mg/day 2/15
week v NaF 50 mg/day (2 years)

Carbicalcitonin 40 U SC every
day v porcine calcitonin IU SC
2/week (15 months)

Etidronate 400 mg/day ×
2 week + Ca  500 mg/day,
11/13 week v Ca 500 mg/day
(1 year)

NaF 50 mg/day v placebo
(2 years)

UDCA 13–15 mg/kg/day
(3 years)

HA 8 g/day (2 years)

D2 50 000 U 2–3x/wk v 25-OH-
D 20–50 micrograms/day v
control (1 year)

Measurement (site)

DXA, LS, FN

DXA LS

DXA LS, FN

DXA (LS)

DPA (LS)

DPA (LS)

DXA (LS/FN)

DPA (LS)

DPA (LS)

x ray/SPA

DPA (LS)

Comments

Both treatments increased
BMD, but increases with
alendronate were
significantly larger

Significant reduction in bone
loss in etidronate treated
group

No significant difference
from placebo

Significant reduction in bone
loss in calcitriol group

Significant reduction in bone
loss in etidronate group 

No difference between
groups

Significant reduction in LS
bone loss in etidronate
group

Significant reduction in bone
loss in NaF group 

No difference between
groups

Reduced bone loss in HA
group

Significant increase in BMD
compared to baseline in all
groups

aCrossover design. 
For abbreviations see Table 14.1.



difference in the percentage change in mean lumbar BMD
between the etidronate and calcium-treated groups (etidronate
+0·4%, calcium −3·0%, P = 0·01).46 In a randomized
trial that was not blinded, Shiomi et al. evaluated etidronate
in 45 women with cirrhosis due to underlying viral hepatitis
and also found a statistically significant difference in the
percentage change in lumbar spine BMD.41 Guanabens et al.
compared alendronate with etidronate in an RCT of 36
women with PBC.40 After 2 years, both treatments increased
bone density but the increase was significantly greater in
women on alendronate. 

Camisasca et al.45 evaluated the effect of a 6-month course
of calcitonin 40 IU every other day, given subcutaneously in a
trial with a crossover design. The control group received 1 IU
of porcine calcitonin (no metabolic effect). Both groups
received calcium and 100 000 IU of parenteral vitamin D2

(n = 25). Treatments were administered for 6 months with a
3-month washout. There was no difference in bone density
between the two treatment groups in either of the crossover
periods. It is possible that this study was inadequately
powered to detect a significant difference. 

In another trial of 22 women with PBC followed for
2 years, Guanabens et al.47 compared NaF to calcium in a
2-year RCT In the NaF group, the bone density of the lumbar
spine increased by 2·9% compared with the control group in
which it decreased by 6·6%. However, there was a high
frequency of adverse effects, mainly gastrointestinal. Since
NaF therapy was also less effective than etidronate in another
study, this intervention is not recommended.

In summary, both cholestatic and non-cholestatic types of
liver disease may be complicated by metabolic bone disease,
predominately osteoporosis. The prevalence of bone disease
increases with the degree of cirrhosis. Accelerated bone
loss is most severe after liver transplantation. Patients with
advanced liver disease, awaiting transplantation, on prolonged
corticosteroid therapy or with a history of low trauma
fractures, should be investigated with BMD testing. Low
25-hydroxy-vitamin D3 levels should be corrected and
calcium supplementation given. Bisphosphonates should be
considered in patients with known osteoporosis or vertebral
fractures, based on the evidence from a number of small
randomized trials. Testosterone therapy should be
considered in males with hypogonadism.

There is a need for population-based studies of fracture risk
in patients with chronic liver disease.

Inflammatory bowel disease

Prevalence

The importance of metabolic bone disease in patients with
IBD has been recognized for some time. However, the point
prevalence of bone disease in this population varies greatly

C5
Ala

C5

Ald

Ald

Ald

from one study to another, with estimates as low as 5% to as
high as 78%. This variation reflects a number of factors,
including the definition of osteoporosis used, the site of bone
density measurement, and the heterogeneous nature of the
IBD population. A list of potential factors that need to be
considered when evaluating studies in this area is provided in
Table 14.3.

In a well conducted study, Abitbol et al.51 evaluated the
BMD of 84 consecutive patients with IBD (34 Crohn’s
disease, 50 ulcerative colitis, excluding proctitis). Overall,
43% had osteopenia in the lumbar spine. Steroid users
were at significantly greater risk of osteopenia (58% v 28%
in non-users, P = 0·03). Six patients with a mean age of
50 had vertebral crush fractures (mean Z score was −1·63).
Five patients were found to have low 25-hydroxy-vitamin
D3 levels; however, the cause of this deficiency was felt
to be extraintestinal in all but one case. Multiple regression
analysis of the lumbar Z score revealed a significant
correlation between osteopenia and age, cumulative cortico-
steroid dose, inflammatory status as assessed by the
erythrocyte sedimentation rate (ESR), and low osteocalcin
levels (r2 = 0·76, P < 0·05).

The rate of bone loss in IBD has been studied in several
longitudinal studies.52–57 In the majority of the studies the
annual rate of bone loss appears to be greater in the spine
than at the radius, and varies from 2% to 6%. Schulte et al.
studied the rate of BMD change in 80 IBD patients and found
that the annual rate of bone loss was small (0·8 %/year for
spine).56 Corticosteroid use52 and low body mass index53 were
found, in some studies, to negatively affect bone mass.
Overall, metabolic bone disease is an important problem
among patients with IBD, with an estimated prevalence in the
range of 45%.

Malabsorption of calcium and vitamin D because of small
bowel disease appears to play a minor role in the pathogenesis
of the metabolic bone disease of IBD. Both low and normal
vitamin D levels have been documented in patients with
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Table 14.3 Factors influencing interpretation of studies
of bone disease in gastrointestinal patients

Definition of osteopenia Z scores of ≤ 1

Diagnostic method x ray, SPA, DPA, QCT, DXA, US
Results expressed BMD, BMC, radiological  or

clinical fracture 
Bone site studied Spine, forearm, femoral neck or

total hip 
High risk patients Included or excluded
Control of confounders Smoking, steroid use

SPA, single photon absorptiometry; QCT, quantitative
computed tomography; DPA, dual photon absorptiometry;
DXA, dual energy x ray absorptiometry; BMD, bone mineral
density; BMC, bone mineral content



Crohn’s disease and there is no clear correlation between
vitamin D levels and bone mass.58,59 Osteomalacia appears to
be much less common than osteoporosis in IBD. Hessov et al.60

did bone biopsy and serum vitamin D determinations on
36 randomly selected Crohn’s disease patients with previous
surgical resections (mean length 105 cm). Only two patients
were found to have below normal 25-hydroxy-vitamin D3

levels and/or histomorphometric evidence of osteomalacia.
However, the mean trabecular bone volume was reduced in
this group compared with controls, suggestive of osteoporosis.
This finding did not correlate with any of the measured clinical
characteristics, including length of resection and serum
vitamin D level. Another bone histomorphometry study in IBD
revealed decreased bone formation without evidence of
osteomalacia.61

Comparisons between Crohn’s disease and ulcerative
colitis patients suggest that osteoporosis may be more
prevalent in the former.62–64 However, careful review of these
publications suggests that the analysis may not have been
fully controlled for the effects of disease activity and/or
steroid use. Jahnsen et al. in an age and sex-matched cross-
sectional study of 60 Crohn’s disease patients, 60 ulcerative
colitis patients and 60 controls, found no differences in
BMD between the patients with ulcerative colitis and the
controls.63 However, Crohn’s disease patients had
significantly lower BMD. Overall 16% of ulcerative colitis
patients and controls had Z scores ≤ 1 compared with 23%
of Crohn’s disease patients.63 However, significantly more
Crohn’s disease than ulcerative colitis patients used
corticosteroids (72% v 47%), and smoked (57% v 28%).
Although the disease activity was not specifically addressed in
this study, 53% of the ulcerative colitis group had left-sided
disease, with 40% having proctosigmoiditis or less. As well,
the BMD of Crohn’s disease patients who were not using
steroids was not significantly different from that of the
other two groups. Ghosh et al.62 evaluated 30 IBD patients at
the time of diagnosis and found that those with Crohn’s
disease had significantly lower bone density than those with
ulcerative colitis. The mean lumbar spine Z score for Crohn’s
disease patients was −1·06 versus −0·03 for those with
ulcerative colitis. However, seven of 15 ulcerative colitis
patients had proctitis alone, and one had a “distal colitis”. As
well, the mean duration of disease before diagnosis (18·6 v
12 weeks), and of steroid use (1·2 v 0·5 weeks) before BMD,
measurements are slightly longer in the Crohn’s group, again
suggesting that disease severity rather than diagnosis may be
the important factor. Bernstein et al. in a study of 26 Crohn’s
disease and 23 ulcerative colitis patients, also found a greater
prevalence of osteopenia among the former.64 However,
using stepwise discriminant analysis, the authors found that
steroid use rather than disease type was the most important
predictive factor.

A cross sectional study of 51 Crohn’s disease, 40 ulcerative
colitis patients and 30 age and sex-matched controls by

Ardizzone et al. found no significant difference in mean T
score values between patients with Crohn’s or ulcerative
colitis but did find that 37% of Crohn’s and 18% of ulcerative
colitis patients were osteoporotic based on WHO criteria.65

Stepwise regression showed that in Crohn’s disease, the
femoral neck T score was inversely related to disease duration
and lumbar spine T score was inversely related to age. There
were baseline differences in disease duration between the
two groups. Schulte studied the rate of BMD change in 80
patients with IBD. The results indicated that the average
annual rate of bone loss was small. There was a large range
reported bone density in these patients, suggesting that
certain subgroups may lose bone more quickly than others.

The study of metabolic bone disease in ulcerative colitis
before and after restorative proctocolectomy also suggests
that disease activity plays an important role, since BMD
increases significantly with time after colectomy, with a mean
annual increase of around 2%.66

Fracture prevalence estimates in IBD from cross-sectional
and prospective studies have been variable with larger series
reporting vertebral fractures in 7–22%67 and non-vertebral
fractures in 27% of patients, although these data may have
been affected by referral bias. There have been three recent
population-based studies of fracture risk in IBD. Bernstein
et al. identified 6027 IBD patients through an administrative
database in a Canadian population and matched them to 60
270 controls by age, sex and geographic residence.68 The
overall fracture rate was higher than for controls with a 41%
overall increased incidence of hip, spine, wrist and rib
fractures among IBD patients (RR 1·41, 95% CI 1·27 to 1·56).
The incidence rate ratio was 1·59 (95% CI 1·27 to 2·00)
for hip fractures. There were no difference in fracture
rates between males and females or between Crohn’s and
ulcerative colitis patients, except that males with ulcerative
colitis had a higher fracture rate than females with ulcerative
colitis. Although the fracture risk of IBD patients was higher
than controls, the increase was one patient per 100 patient
years. Another North American study in Olmsted County,
Minnesota assessed fracture risk in 238 Crohn’s disease
patients through reviews of radiology reports and found that
compared with age and sex-matched controls the overall risk
ratio for any fracture was 0·9 (95% CI, 0·6 to 1·4) but this
was statistically non-significant. The risk ratio for vertebral
fracture was 2·2 (95% CI 0·9 to 5·5), and the relative risk
for an osteoporotic fracture was 1·4 (95% CI 0·7–2·7), all
statistically non-significant.69 Age was the only significant
predictor of fracture risk in a multivariate analysis and
fracture risk was not increased in comparison with the
general population except in the elderly patients. The findings
were similar for the ulcerative colitis patients. Vestergaard
and Mosekilde in a population-based study from hospital
discharge data did not find an increase in fracture risk
except for a small increase risk of fracture that required
hospitalization in Crohn’s disease patients.70 The difference
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from fracture rates seen in ulcerative colitis patients was not
significant. A potential weakness of this study was the use of
administrative databases which could result in the under-
reporting of fractures that do not require hospitalization. In
addition, the diagnosis of Crohn’s disease and ulcerative colitis
was only validated in a small sample of patients.

A recent nested case–control study of 231 778 fracture
cases from the UK General Practice Research Database
demonstrated an increased risk of vertebral (OR 1.72 (95% CI
1·13–2·61) and hip fracture (OR 1·59 (95% CI 1·14–2·23) in
patients with IBD. There was a greater risk of hip fracture
seen in Crohn’s patients compared with ulcerative colitis
patients. This study also noted that only 13% of IBD patients
who had already sustained a fracture were on osteoporosis
treatment.71 Corticosteroid use was associated with an
increased risk of fracture and this persisted after adjustment
for disease severity (OR 1·10 (95% CI 1·00–1·20). Limitations
of this study include method of ascertainment of fractures and
the fact that only clinically diagnosed fractures were included.

The literature suggests that there is a discrepancy between
BMD findings and fracture risk in the IBD population and that
the greatest risk is in elderly patients with IBD.

Treatment

Clements et al. in an uncontrolled 2-year prospective study
of HRT in 47 postmenopausal women with IBD (25 ulcerative
colitis, 22 Crohn’s disease), found that radial and spine BMD
rose significantly over baseline with HRT.72 The authors
found no differences in the responses between patients with
ulcerative colitis and Crohn’s disease. Patients using cortico-
steroids also seemed to respond.

Vogelsang et al. randomized 75 Crohn’s disease patients,
without short bowel syndrome, to 1000 IU vitamin D3 +
calcium or placebo. The BMD of the forearm decreased
in 80% of the control group versus 50% of the treatment
group at 1 year. BMD decreased less in calcium/vitamin
D-treated patients (median decrease in BMD: treated
0·2%, interquartile range 3·8–(+14)%; control 7%, range
12·6–(+14)%; P < 0·005). The correlation between the
change in vitamin D and change in BMC was low (r = 0·19).73

Bernstein et al.74 in a pilot study of 17 IBD patients with a
history of steroid use (14 men, 10 Crohn’s disease), assessed
the efficacy of calcium supplementation (1000 mg/day) and
vitamin D 250 IU on BMD by DXA. The authors found that
the dose of prednisone in the year prior to the study inversely
correlated with bone density at the hip and Ward’s triangle,
but not at the spine. There was no effect on bone density
demonstrated after 1 year. However, there is a significant
risk of a type 2 error in this small study.

Robinson et al.75 assessed the effect of low impact exercise
in a randomized controlled trial. Although no statistically
significant increase in BMD was observed in the exercise
group, secondary analysis revealed that the number of
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exercise sessions correlated significantly with increased BMD
at the hip and spine. 

Haderslev et al. assessed the impact of alendronate in
Crohn’s disease patients with osteopenia in a 12-month RCT.
Alendronate increased the BMD of the lumbar spine by 5·5 %
compared with control over a 1-year period. Fractures were
not evaluated.76

von Tirpitz et al. studied the effectiveness of NaF (75 mg
SR) on 33 subjects with Crohn’s disease in a 12-month RCT.
The results indicated that NaF is effective at increasing
mean spine Z score (P = 0·02). The control arm of calcium
1000 mg/day and vitamin D 1000 IU/day did not result in
increases in spine BMD.77

In summary, osteopenia is an important problem among
patients with IBD, even at initial diagnosis. The risk appears to
be greatest among those with the greatest disease activity and
duration, and those treated with corticosteroids. It is difficult
to distinguish the impact on bone density of corticosteroid use
from that of disease activity, since these factors are linked. The
risk of osteoporosis and facture in ulcerative colitis is similar to
that seen in Crohn’s disease and after proctocolectomy the
bone density of ulcerative colitis patients increases. The risk
for osteoporosis and fractures appears to be similar in males
and females. Crohn’s and ulcerative colitis patients seem to
have comparable risks for fracture; although the overall rate
for fracture is increased, the rate is affected by age.

There is evidence that IBD patients with low BMD benefit
from a combination of vitamin D and calcium. HRT may be a
less attractive option based on recent results from the
Women’s Health Initiative study and concerns about
unfavorable risk profile. Existing studies have used surrogate
outcome measures, particularly measures of BMD, and
management has been based on results from treatment trials
of postmenopausal osteoporosis. Further studies are needed
to assess the impact of bisphosphonates on the clinically
important outcome of fracture. Current recommendations
are that for individuals with T scores < −2·5 or vertebral
compression fractures, therapy should include calcium and
vitamin D in addition to bisphosphonates. For those
with T scores between −2·5 and −1·0, therapy should include
calcium and vitamin D and bisphosphonate therapy for
patients on prolonged corticosteroid therapy. In patients with
active Crohn’s disease parenteral administration of a
bisphosphonate may be indicated. 

Celiac disease

Prevalence

Osteoporosis

Prevalence rates of osteoporosis in celiac disease vary
depending on the population studied (adults v children) and
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whether the disease has been treated. Lower BMD values
have been noted in untreated populations, including those
individuals who are asymptomatic at presentation. A number
of cross-sectional studies have evaluated the prevalence of
osteoporosis in (i) newly diagnosed celiac patients and
(ii) individuals treated with a gluten-free diet.78–85 In general,
studies in untreated celiac disease demonstrate diminished
bone density. When compared with age-matched controls
(Z score of < −2 at the spine), the prevalence of osteopenia
in untreated patients varied among studies from 15% to
40%.80,83 Serum PTH levels have been shown to correlate
inversely with BMD80,86 and levels of 25-hydroxy-vitamin D
correlate positively with BMD in untreated celiac disease
patients.86

Fractures

Vasquez et al. estimated the incidence of fractures from a
case–control study and found that 25% of patients had a
history of previous fractures, compared with 8% of age and
sex-matched controls (odds ratio (OR) 3·5, 95% CI 1·8 to
7·2), with the majority of fractures occurring prior to
diagnosis or in those individuals who were non-compliant.85

The most common fracture was a wrist fracture and there
was a trend to increased vertebral fractures. Vasquez studied
patients from a malabsorption clinic and therefore this rate
may not be representative of the general celiac population.
BMD or body mass index did not correlate with the presence
of fractures, suggesting that there are other factors beside
BMD, such as disease duration that account for increased
fracture risk.

Vestergaard and Mosekilde in Denmark in a retrospective
case–control study examined hospital discharge abstracts for
patients previously hospitalized with celiac disease and did
not detect a difference in fracture rates compared with
controls.70 Age was the only significant risk factor for fracture.
There are potential sources of bias in using hospital-based
discharge data including the fact that outpatient fracture
diagnoses are not included. Thomason et al. in a case–control
study did not find an increased fracture risk in Crohn’s
disease patients compared with controls, and other small
longitudinal studies have yielded similar findings.81,87,88

Further clarification of the risk of fracture in celiac disease
with a large prospective study would be helpful.

Pathogenesis

Reduced calcium absorption can result in hypersecretion of
PTH, enhanced 1,25-dihydroxy vitamin D and decreased 25-
hydroxy-vitamin D.89 In addition, systemic inflammatory
effects may result in bone loss via action of interleukin (IL)-1
and IL-6, the levels of which have been shown to correlate
with BMD.90 It is also thought that zinc deficiency may lead
to reduced IGF-1 levels which in turn results in impaired

bone metabolism.91 It is not clear what proportion of
individuals with celiac disease have osteomalacia, due to the
lack of bone biopsy data, but many individuals are vitamin D
deficient.

Treatment

Longitudinal studies of patients with celiac disease have
demonstrated increases in BMD after starting on a gluten-free
diet and the majority of the change occurs within the first
year, particularly at the lumbar spine.92 The average
increase in lumbar spine BMD is approximately 5% within the
initial year. A number of observational studies have shown
that children will often normalize their BMD after a gluten-
free diet.92,93 Adults, however, may continue to have
BMDs below average (Z score of −1 at the spine).81,95

Premenopausal females have shown a greater increase in
BMD than postmenopausal females.95

Valdimarsson et al. found that patients with secondary
hyperparathyroidism at baseline did not increase their BMD
to normal by 3 years in comparison to those who had a
normal baseline PTH, and did achieve a normal BMD.80

The goal of treatment should be to maintain normal serum
vitamin D levels, with vitamin D supplements if necessary.
Bone density scans should be recommended in newly
diagnosed adult celiac patients after 1 year on a gluten-free
diet. Initial evaluation should also include serum calcium,
25-hydroxy-vitamin D and PTH levels. Additional therapies
may be considered depending on the severity of bone loss.

Glucocorticoid-induced bone loss

Glucocorticoids are widely used in the treatment of
inflammatory bowel disease, and were discussed earlier are
a risk factor for bone loss. Cross-sectional studies have
demonstrated a relationship between cumulative corticosteroid
dose and bone loss, in multiple populations, but some
prospective studies have failed to support this relationship,
perhaps because of a beneficial effect of corticosteroids on
disease activity.96

Data from cross-sectional studies of patients on
corticosteroids estimate that the incidence of fractures varies
from 30% to 50%.67,97 In a study by Adinoff and Hollister, 11%
of asthma patients on oral steroids for 1 year developed
vertebral fractures.98 In a case–control study, Cooper et al.
(Van Staa et al.99) found that use of oral steroids resulted
in an RR of 1·16 (CI 1·47 to 1·76) for hip fracture and 2·6
(CI 2·31 to 2·92) for vertebral fracture. A nested case–control
study from the Study for Osteoporotic Fractures Cohort
confirmed an increase incidence of hip fractures in patients
on corticosteriods with an adjusted relative risk of hip
fracture of 2·1 (95% CI 1·0 to 4·4).100 There is evidence
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that the relationship between bone density and fracture may
underestimate the risk of fracture in patients on corticosteroids.101

Glucocorticoid-induced bone loss is greatest in the initial
6–12 months of treatment,102 and involves areas of the
skeleton which have the greatest turnover, in particular, the
lumbar spine, cortical rim of the vertebral body and Ward’s
triangle of the femoral neck. Hahn et al. demonstrated that
trabecular bone loss is greater than cortical bone loss in
rheumatoid arthritis patients on prednisone (preferential loss
at the distal metaphysis of the forearm).103

Pathogenesis

The mechanism of corticosteroid-induced osteoporosis
(CSOP) is multifactorial.104 CSOP differs from other forms of
osteoporosis in that bone formation is greatly decreased at a
time of increased bone resorption. This results in an
imbalance between formation and resorption – “remodeling
imbalance” and a pattern of low bone turnover. Cortico-
steroids cause a reduction in bone formation by increasing the
apoptosis of osteoblasts.105 Steroids stimulate osteoclastic
activity through various growth factors such as IGF, IL-1 and
transforming growth factor-β (TGF-β). Steroids may also
cause an inhibition of intestinal calcium absorption and an
increase in urinary excretion of calcium, which in turn leads
to an elevation of PTH.106 Secondary hyperparathyroidism
causes increased osteoclast resorption and an increase in
urinary phosphate excretion. Glucocorticoids also suppress
the hypothalamic–pituitary–gonadal axis that leads to a
functional hypogonadism and increased bone loss.107 Women
who are receiving steroids have adrenal suppression that
results in decreased adrenal androgen secretion. Finally,
steroids cause loss of muscle mass, and muscle strength is
correlated with bone density.

The understanding of the coupling of bone resorption and
formation has been enhanced by the discovery of a receptor
ligand expressed by osteoblasts – RANKL (osteoprotegerin
ligand) which binds to osteoclast precursors, RANK and
results in the maturation of osteoclasts and bone resorption.
Osteoprotegerin is an osteoblast-derived soluble decoy
receptor that blocks the interaction between RANK and
RANKL (receptor activator of nuclear factor κB ligand) and
inhibits osteoclast formation.108 Corticosteroids stimulate
RANKL expression and inhibit osteoprotegerin production
resulting in an increase in osteoclastic activity.

Prevention and treatment

A baseline bone density measurement is recommended for
patients who are to remain on steroids for a prolonged period
and in patients who are at risk of other types of osteoporosis,
such as postmenopausal osteoporosis. The first principle of
prevention is to minimize the dose of steroids. Maintenance
of muscle mass through exercise is also beneficial. Supple-
mental calcium 1000–1500 mg/day and vitamin D 800
IU/day should be recommended.

A number of medications have been used for the prevention
and treatment of CSOP. Tables 14·4–14·6 summarize the
results of those controlled trials of prevention and treatment of
CSOP, which had vertebral fractures as an endpoint. These
tables show results according to intention to treat analysis.
Efficacy results are indicated. Unfortunately, patients with IBD
have been underrepresented in these trials. WMD is the
weighted mean average of the trials and the weight given to
each study is the inverse of the variance. To calculate the
WMD, the mean percentage change from baseline in the
treatment and control groups was multiplied by the inverse of
the associated variance.
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Table 14.4 Randomized trials of calcium/vitamin D for prevention and treatment of steroid-induced osteoporosis
and fracturesa

Vertebral 
Disease (no. Placebo Treatment Intervention Lumbar BMD fractures

Study of patients) (M:F) (M:F) (duration) Control (% change) RR (95% CI)

Sambrook et al. PMR/RA 29 (7:22) 34 (7:27) Calcitriol 0·5–1·0 Calcium −1·3 Efficacy: 0·43
(1993)109 (103) micrograms 1000 mg (0·04 to 4·47)

(2 years)

Adachi et al. PMR/TA (62) 31 31 50 000 U vit D Placebo −0·7 ITT: 0·56 
(1996)110 (3 years) (0·24 to 1·32)

Dyckman et al. Rheumatic 10 (1:9) 13 (3:10) Calcium + 1,25 Placebo + Efficacy: 0·58 
(1984)111 disease (23) vit D (18 months) 500 mg calcium (0·17 to 2·01)

aOnly studies in which vertebral fractures were included as an outcome measure have been listed. 
ITT, intention to treat analysis; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis; TA, temporal arteritis; RR, relative risk



Evidence-based Gastroenterology

240

Table 14.5 Randomized trials of calcitonin for prevention and treatment of steroid-induced osteoporosis and fracturesa

Vertebral 
Disease (no. Placebo Treatment Lumbar BMD fractures

Study of patients) (M:F) (M:F) Dose (duration) Control (% change) RR (95% CI)

Healey et al. PMR/TA (48) 23 (3:20) 25 (9:16) 100 IU 3/week Calcium/vit D −1·5 Efficacy: 0·74
(1996)112 SC (1 year) (0·14 to 3·95)

Kotaniemi et al. RA/all 31 32 100 IU Placebo + 10·9 ITT: 0·32
(1996)113 women (78) intranasal (1 year) calcium (0·01 to 7·65)

Luengo et al. Asthma (44) 22 (3:19) 22 (3:19) 200 IU every 2 days Placebo + 0·6 ITT: 1·00
(1994)114 intranasal (1 year) calcium (0·15 to 0·48)

Sambrook et al. RA, PMR 29 (7:22) 29 (6:23) 400 IU intranasal Calcium 1·1 Efficacy: 1·00 
(1993)109 (103) (2 years) (0·15 to 6·63)

Ringe et al. Lung disease 18 (4:14) 18 (3:15) 100 IU every 2 days Placebo + Efficacy: 0·14 
(1987)115 (36) SC (6 months) calcium (0·01 to 2·58)

aOnly studies in which vertebral fractures were included as an outcome measure have been listed.
For abbreviations see in Tables 14.1 and 14.4.

Table 14.6 Randomized trials of bisphosphonates for prevention or treatment of steroid-induced osteoporosis and
fracturesa

Vertebral 
Disease (no. Placebo Treatment Intervention LS BMD fractures

Study of patients) (M:F) (M:F) (duration) Control (% change) RR (95% CI)

Worth et al. Asthma (40) 20 (3:11) 20 (9:10) Etidronate 400 mg Calcium 9·3 0·11
(1994)114 (6 months) (0·01 to 1·94)
Adachi et al. PMR/TA 74 (28:46) 67 (26:41) Etidronate 400 mg Placebo + 3·8 0·58 
(1997)117 (116) (1 year) calcium (0·20 to 1·60)

Men: 1·44
(0·35 to 5·81)
Women: 0·15
(0·02 to 1·13)

Saag et al. RA/PMR/ 159 318 Alendronate 5 or Placebo + 2·5 0·60 
(1998)118 IBD/ (52:107) (89:229) 10 mg 48 week calcium/ (0·19 to 1·94)

asthma (288) vitamin D Men: 1·18
(0·35 to 4·01)
Women: 0·51
(0·14 to 1·83)

Boutsen et al. PMR/TA 17 15 Pamidronate Placebo – 0·38
(1997)119 (15) IV (1 year) (0·02 to 8·57)
Roux et al. PMR/RA 58 59 Etidronate 400 mg Placebo 3·1 0·79
(1998)120 (1 year) + calcium (0·22 to 2·78)
Reid et al. (290) (36:60) 194 Risedronate 2·5; Calcium, 2·7 0·33
(2000)121 5·0 mg vitamin D (0·12 to 0·89)
Cohen et al. (224) (25:52) 25:50 Risedronate Calcium/ 4·4 0·34
(1999)122 (2·5) 2·5 mg/5·0 mg vitamin D (0·13 to 0·93)

aOnly studies in which vertebral fractures were included as an outcome measure have been listed.
PM, postmenopausal; IV, intravenous; for other abbreviations see Tables 14.1 and 14.4



Recent guidelines have been developed by consensus
groups for the primary and secondary prevention of
glucocorticoid osteoporosis, based on evidence from recent
clinical trials.101 This group recommends that patients be
considered for therapeutic intervention if the BMD T score is
below −1·5. Follow up bone densitometry is recommended
after 1 year and then every 1–3 years depending on the result.

Calcium and vitamin D

Calcium and vitamin D have been used to prevent losses
that occur from decreased calcium absorption, increased renal
excretion of calcium and secondary hyperparathyroidism.

Buckley conducted a 2-year RCT with calcium
(1000 mg/day) and vitamin D3 (500 IU/day) in rheumatoid
arthritis patients on steroids and found that the loss of BMD
in the lumbar spine and trochanter was prevented.123

Adachi et al. evaluated the efficacy of vitamin D (50 000 U
per week) and 1000 mg calcium in patients on moderate to
high dose corticosteroids and found that vitamin D and
calcium prevented the early loss of bone but did not seem to
be beneficial in the long term. A Cochrane meta-analysis
found that calcium and vitamin D prevented bone loss at the
lumbar spine with a pooled weighted mean difference of 2·6%
(95% CI 0·76 to 4·53).124 Another meta-analysis by
Amin et al. that examined all therapies concluded that
vitamin D and calcium is more effective that placebo or
calcium alone.125 Three trials using vitamin D and
calcium have assessed vertebral fractures as an outcome
(Table 14.4). Neither the individual trials nor a meta-analysis
of the three trials demonstrated a statistically significant
reduction in vertebral fractures (pooled relative risk 0·56,
95% CI 0·24 to 1·32). However, the number of patients
included in these trials was small.

Antiresorptive agents

Since steroids increase bone resorption, antiresorptive
agents such as bisphosphonates, calcitonin and hormone
replacement have been used for the treatment and prevention
of osteoporosis.

There have been six published RCTs of calcitonin
(intranasal or subcutaneous) for prevention of osteoporosis in
patients on corticosteroids with fracture data. These trials
show a positive effect of calcitonin on lumbar spine bone
density at 1 year. However, no statistically significant reduction
in fractures was demonstrated in the five trials in which this
was analyzed (Table 14.5). Meta-analysis of these five trials
did not demonstrate a significant reduction in fractures
(pooled relative risk was 0·60, 95% CI 0·24 to 1·46).126

HRT was compared to calcium supplementation in a 2-year
RCT in 200 patients with rheumatoid arthritis, of whom 41
were receiving corticosteroids.127 BMD in the spine fell by
1·19% (95% CI 2·29 to 0·09) in the control group, but
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increased in HRT-treated patients (2·22%, 95% CI 0·72 to
3·72; P < 0·001). Subgroup analysis of the steroid
treated group also showed benefit of HRT treatment on spine
BMD (3·75%, 95% CI 0·72 to 6·78). There are no published
data on fracture reduction with HRT in CSOP. Similarly, there
is little evidence to support the use of testosterone in men on
corticosteroids. A small RCT of 15 men with asthma on
oral glucocorticoids demonstrated that monthly testosterone
injections were effective in preventing bone loss.128

We were unable to locate any trials of selective estrogen
receptor modulators such as raloxifene in the setting of
corticosteroid-induced osteoporosis.

Bisphosphonates have been used for the treatment
and prevention of CSOP (Table 14.6). A Cochrane meta-
analysis of 13 trials (n = 842) published in 2000 found that
the weighted mean difference of percent change in lumbar
spine BMD between bisphosphonates and placebo groups was
4·3% (95% CI 2·7–5·9) at one year, using a random effects
model.129 There was significant heterogeneity between trials.
In the Cochrane review, the pooled RR from four studies that
reported outcomes on vertebral fractures was 0·76 (95% CI
0·4–1·5) a result that was not statistically significant.

Since the Cochrane review was published there have been
additional randomized trials with vertebral fractures as
an endpoint and the results of these are summarized in
Table 14.6118,121,122,130 The baseline characteristics (BMD,
prevalent fractures) were different among these trials. The
relative risk reduction for vertebral fractures in these trials
ranged from 40% to 70%, although the upper limit of the 95%
CI overlaps 1·0. The individual trials did not reveal
statistically significant effects of bisphosphonates. However, if
all seven prevention and treatment trials with bisphosphonates
are pooled, the RR of vertebral fractures is 0·50 (95% CI
0·30–0·80), consistent with an absolute risk reduction of
6·3%. A one year extension study of the original alendronate
trial demonstrated a significant reduction in morphometric
vertebral fractures (ARR of 6·1%).130

Amin et al. conducted a meta regression of all therapies for
CSOP, using lumber spine as the outcome and found that
bisphosphonates were more effective than calcitonin, vitamin D
or fluoride,131 with an effect size of 1·03, 95%, CI 0·85–1·17).
The authors also found that the efficacy of bisphosphonates
was enhanced with the concomitant use of vitamin D.

Bone formation (anabolic) agents

Monosodium fluoride has been shown to increase BMD at
the lumbar spine.132,133 However, efficacy of fluoride for
vertebral fracture reduction has not been demonstrated for
CSOP.132,133 Other agents that hold promise for the future
include injections of human PTH 1-34 (hPTH 1-34) fragment.
Lane et al. compared daily injections of hPTH 1-34 along with
estrogens with estrogen therapy alone in 51 osteoporotic
postmenopausal women receiving glucocorticoids for
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rheumatic diseases. These women had been taking HRT for
more than 1 year and were randomized to receive either HRT
and parathyroid hormone PTH 25 micrograms daily or HRT
alone. All subjects received calcium and vitamin D. None of
the patients had liver disease or IBD. The mean steroid dose
was 8·0+3·8 for PTH with estrogen group and 9·5+4·5 for the
estrogen alone group. At 12 months the mean difference in
the lumbar spine was 9·8% favoring PTH and estrogen over
estrogen alone. There were no significant differences
seen between treatment and control at the distal radius,
femoral neck, trochanter and hip.135

A second publication presented 24-month follow up after
patients had discontinued medication at 12 months. The
lumbar spine BMD was maintained at 24 months with a
mean difference of 11·9%. The study was not powered to
assess a difference in fractures.136

Other anabolic agents such as strontium ranelate have
proved antifracture efficacy in postmenopausal osteoporosis
and may be useful for CSOP.

Conclusion

Metabolic bone disease is an important problem in patients
with liver disease and inflammatory bowel disease and the
pathogenesis is multifactorial. Osteomalacia does not appear
to be common in IBD and osteoporosis appears to be the
major metabolic bone disorder in IBD, Crohn’s disease and
chronic liver disease. The use of corticosteroids in IBD and
chronic liver disease is an important, but not precisely defined
contributing factor since it is difficult to distinguish
corticosteroid use from disease activity. Few controlled trials
have evaluated the efficacy of treatments in the absence of
steroid therapy and the inflammatory cytokines that are
involved in the immune response have been linked to
increased bone resorption. In patients on corticosteroids,
however, there is information from a number of RCTs about
the efficacy of therapeutic agents in other patient populations.

Patients at particular risk for osteoporosis and fracture
include: patients on glucocorticoids for IBD, those with
endstage liver disease and liver transplant patients,
postmenopausal women who may already be osteopenic,
patients with Crohn’s disease and patients with low trauma
fractures. In these individuals bone density measurement early
in their treatment is recommended, although bone density
does not exactly correlate with fracture risk in these
populations. Minimization of steroid use and use of preventive
agents such as calcium and vitamin D are indicated. In those
individuals who are on corticosteroids (> 3 months) or have
osteoporosis (T score below −2·5) or a fragility fracture, then
bisphosphonates should be recommended.

While the evidence for prevention and treatment of
steroid-induced osteoporosis is convincing, additional trials of
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interventions specifically for the bone disease associated with
IBD and liver disease are needed. RCTs with fracture as the
primary outcome may be difficult to conduct given the sample
sizes required. Clarification of the risk of the fracture in
patients with liver disease, IBD, and celiac disease is required,
with identification of high risk subgroups. Evidence-based
guidelines of strategies to prevent osteoporosis in these
populations are needed137,138 in addition to the development
of better tools to predict the risk of fracture in individuals
with IBD and celiac disease.
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Colorectal cancer in ulcerative
colitis: surveillance
Bret A Lashner, Alastair JM Watson

15

Epidemiological investigation

Many questions are posed by patients, clinicians and
investigators regarding the recommended methods of cancer
surveillance in ulcerative colitis. In the absence of scientific
rigor conferred by randomized clinical trials, answers to
these questions only can be inferred from observational
studies. The evidence from cohort studies, case–control
studies, and studies of diagnostic testing coupled with
surveillance theory and perceived patient preferences can be
used to answer some of the more pressing questions and
provide recommendations.

Cohort studies are epidemiological investigations that
address specific “natural history” questions.1 Groups of
ulcerative colitis patients and controls are followed from the
inception of disease until the development of specific
outcomes, such as dysplasia or cancer, and incidence rates are
compared between groups. Cohort studies are particularly
useful for quantifying cancer risk as well as for identifying risk
factors for disease outcome.2–12 For example, recent cohort
studies mostly have found primary sclerosing cholangitis
to be a risk factor for dysplasia or colorectal cancer in patients
with ulcerative colitis (Table 15.1).13–20 However, incorrect
conclusions related to prognosis can be made if cohort studies
are carried out without careful attention to issues of bias and
confounding variables. Standards have been published
delineating the scientific requirements for the performance of
valid cohort studies on cancer risk in ulcerative colitis. These
include assembly of an inception cohort, blind assessment of
objective outcomes, complete follow up, and a description of
the referral pattern.21

Case–control studies also can be used to examine
etiological associations.1 Patients with ulcerative colitis with
cancer or dysplasia are compared with controls without
neoplasia to test for differences in the odds of exposure to
possible causative agents. Case–control studies are highly
susceptible to bias and confounding variables. For a putative
etiological factor to be considered valid it must be strong,

consistent from study to study, occur before the effect,
be biologically plausible, and exhibit a dose–response
relationship to the event of interest. As an example,
case–control studies are best for identifying agents such as
folic acid that may prevent the development of cancer or
dysplasia.22–24

Two case–control studies have shown that colonoscopic
surveillance may be effective by identifying patients at high
risk of developing cancer for colectomy. Karlen and colleagues
from Stockholm compared 40 ulcerative colitis patients who
died from colorectal cancer with 102 ulcerative colitis
controls.25 Patients who had undergone a surveillance
colonoscopy had a 71% decrease in risk of cancer mortality
(odds ratio (OR) 0·29, 95% CI 0·06 to 1·31). Having
two or  more examinations had an even greater beneficial
effect (OR 0·22, 95% CI 0·03 to 1·74). Similarly, Eaden et al.
compared 102 patients with ulcerative colitis and colorectal
cancer with an equal number of ulcerative colitis controls
matched for age, sex, and extent and duration of disease.26

Surveillance colonoscopy was associated with a decreased
risk of developing colorectal cancer (one to two examinations
OR 0·22, 95% CI 0·09 to 1·10; more than two examinations
OR 0·42, 95% CI 0·16 to 1·10). 

Studies of diagnostic testing provide important insights
into the optimization of parameters related to cancer
surveillance.1,27 Studies comparing the sensitivity and
specificity of different diagnostic tests can help choose the
best test. Studies examining the sensitivity–specificity trade-
off between different cut-points of the same test can help
choose the optimal criterion for a positive test. Among
surveillance tests examined in ulcerative colitis (such as
DNA aneuploidy, salicyl-Tn expression, p53 suppressor
gene overexpression and dysplasia), dysplasia is the best
studied and the test with the best surveillance program
performance.28 When evaluating biopsy specimens for
dysplasia, the optimal criterion for a positive test is low grade
dysplasia (a criterion with high sensitivity), rather than high
grade dysplasia (a criterion with high specificity).
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Axioms

Many accepted practices related to cancer surveillance in
ulcerative colitis have not been studied, but are assumed to
be valid. Indeed, there are certain axiomatic statements that
must be true for surveillance to be at all accepted by patients
and physicians.

1. The cancer risk is elevated in ulcerative colitis patients
and is too high to ignore There have been many
epidemiological studies investigating the cancer risk in
ulcerative colitis3–12 mostly from northern Europe or North
America where the incidence of ulcerative colitis is high and
accurate and complete databases exist. From these studies, it
is reasonable to assume that the lifetime incidence of
colorectal cancer in a patient with pan-ulcerative colitis is
approximately 6%, since a risk of this magnitude has been
established for the background risk in the American
population,29 and the risk of cancer-related mortality is
approximately 3%. These figures are too high to ignore,
assuming there is either effective surveillance available or
acceptable prophylactic treatment. Furthermore, in some
countries like the USA, either prophylactic colectomy or
cancer surveillance colonoscopy have become the standard of
care for ulcerative colitis patients, especially those diagnosed
at a young age. In older patients, especially those with severe
comorbidity or disability, the case for surveillance is much less
clear since they may be more likely to die from other diseases
and not be fit for proctocolectomy.

2. Most patients would rather not have prophylactic
colectomy Colectomy prior to the development of
dysplasia or cancer is sure to dramatically reduce, if not

eliminate, the mortality from colorectal cancer.30 The
existence of cancer surveillance programs, whether or not
they are effective, has convinced some patients that the
excess cancer mortality risk with ulcerative colitis can be
minimized, and that the minimized risk is preferred to the
morbidity following proctocolectomy.

3. Patients would agree to proctocolectomy if the cancer
risk is very high, as it is with a positive test from
surveillance There is no point to performing surveillance
colonoscopy if a patient will refuse to have a proctocolectomy
for a positive test. Clinicians need to counsel patients carefully
so they understand that surveillance is meant to identify the
patients at very high cancer risk for proctocolectomy and
allow the remaining patients to continue in the cancer
surveillance program. From that approach, a majority of
patients, those without dysplasia, will not have a colectomy
recommended.

In an optimally performing program, all cancer deaths
will be averted through colectomy on high risk patients, and
no cancer deaths will occur among patients not having
colectomy. There has been no perfectly performing surveillance
program reported. Program performance is likely to improve
following the development of a diagnostic test with better
sensitivity and specificity than the presence or absence of
dysplasia and/or with more frequent testing than is currently
done.

Questions

Existing evidence can only partially answer some of the
questions related to cancer surveillance in ulcerative colitis.
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Table 15.1 Cohort studies of primary sclerosing cholangitis (PSC) as a risk factor for dysplasia or cancer in
ulcerative colitis

Study Center No. of patients Dysplasia or cancer (%) Relative risk (95% CI)

Broome et al. (1992)13 Huddinge 5 PSC 4 (80) 6·7 (2·6 to 17·4)
67 controls 8 (12)

Gurbuz et al. (1995)14 Baltimore 35 PSC 13 (37) Increased
Broome et al. (1995)15 Huddinge 40 PSC 16 (40) 3·2 (1·6 to 6·2)

80 controls 10 (12)
Brentnall et al. (1996)16 Seattle 20 PSC 9 (45) 4·9 (1·4 to 17·7)

25 controls 4 (16)
Loftus et al. (1996)17 Rochester 143 PSC 8 (6) 4·9 (0·1 to 27)
Marchesa et al. (1997)18 Cleveland 27 PSC 18 (67) 10·4 (4·1 to 26·1)

1185 controls 145 (12)
Shetty et al. (1999)19 Cleveland 132 PSC 33 (25) 3·2 (1·4 to 7·3)

196 controls 11 (16)
Lindberg et al. (2001)20 Huddinge 19 PSC 12 (63) 3·1 (1·1 to 8·9)

124 controls 31 (30)



Understanding the limits of this evidence and identifying
priorities for future investigation could improve technical
aspects of surveillance and, ultimately, decrease cancer-
related mortality. Questions regarding expected outcomes,
the method of surveillance, testing intervals and the criterion
for a positive test will be addressed.

1. How effective will a surveillance program be for
reducing cancer-related mortality? The number of
patients needed to be enrolled in a surveillance program who
comply with all of its parameters (i.e. repeated testing with
colectomy for a positive test) in order to avert one cancer
death can be calculated using expected risk reductions. The
number needed to treat (NNT) is the inverse of the absolute
risk reduction.1 Assuming the cancer-related mortality in high
risk patients is 3%, the NNT in a perfectly performing
program in which colectomy for dysplasia is highly effective
for prevention of death from cancer and results in the
complete elimination of cancer-related mortality is 1/0·03 or
33. For an absolute risk reduction from surveillance of 1%
(i.e. 3% to 2%), the NNT is 100, and for an absolute risk
reduction of 2% (i.e. 3% to 1%), the NNT is 50. It is
reasonable to assume that surveillance will have some benefit
and the NNT most likely will fall between 33 and 100.
Therefore, for every 100 patients with pan-ulcerative colitis
who are entered into and faithfully comply with the
parameters of a surveillance program, between one and three
cancer deaths will be averted.

2. What is the best testing method for cancer
surveillance? Using colonoscopy with multiple biopsies
of the colon as a testing method is problematical, but is still
the best and most accepted method of testing for cancer
surveillance in ulcerative colitis. Since dysplasia can be
present focally, and not necessarily diffusely, biopsies must be
taken throughout the colon. The more biopsies taken, the
better will be the sensitivity for detecting dysplasia. However,
the more biopsies taken, the higher will be the pathology
costs, the longer will be the time (and the associated costs) of
the procedure, and the greater will be the morbidity of the
colonoscopy. Even the most intensive sampling protocols
sample less than 0·05% of the colon. While it has not been
studied, it seems to be a reasonable trade-off between
sensitivity and cost/morbidity to sample the colon with two
biopsies taken from each 10-cm colonic segment and of any
lesion suspicious of a dysplasia-associated lesion or mass
(DALM). DALMs can be suspected by an irregular, furry
appearance that resembles a sessile adenoma, but can only be
confirmed by detecting dysplasia histologically.31

Problematical issues involve pseudopolyps and strictures. A
patient with multiple pseudopolyps that cannot be adequately
biopsied could easily harbor dysplastic tissue that would not
be biopsied. These patients need to be informed of the poor

sensitivity of surveillance, and the benefits of prophylactic
colectomy. Likewise, colonic strictures that do not allow
passage of the colonoscope and adequate sampling could, and
very often do, harbor dysplasia.32 Once again, these patients
should be considered for prophylactic colectomy since
surveillance of these patients is insensitive.

While it does not appear that other tests will have adequate
sensitivity or specificity to be used in the near future for
cancer surveillance, research is progressing in the area of
testing alternatives. Acquired genetic abnormalities such as
DNA aneuploidy, p53 suppressor gene mutations, and salicyl-
Tn expression could be used with dysplasia to improve
sensitivity.22 Patients would be considered to have a positive
test if either dysplasia or a genetic abnormality is present. Of
course, improved sensitivity will be at the cost of specificity
and result in increased numbers of false positives. The penalty
for lowering specificity is high – a proctocolectomy in a
patient who might not have developed cancer. These
alternative tests would be acceptable for use in a surveillance
program if the cost were relatively low, the availability high,
the gain in sensitivity great and the loss of specificity minimal.

3. What is the best testing interval? The more tests that
are carried out in a lifetime, the higher the likelihood that
dysplasia will be detected and treated prior to the development
of cancer and the lower the cancer-related mortality. Of course,
the more tests that are done, the higher will be the cost,
morbidity and patient intolerance to colonoscopy. A balance
between benefits and costs needs to be struck.33, 34

While patients could progress at a slower or faster rate, the
mean value for the time between the development of low
grade dysplasia and cancer (lead time) is believed to be
3 years.35,36 Therefore, testing at intervals longer than 3 years
should be discouraged, as the majority of patients who
develop cancer would not have had an opportunity for
dysplasia to be detected at surveillance examinations.

The risk of developing cancer or dysplasia increases with
increasing duration of disease. The benefits of frequent testing
(short interval) also increase with increasing duration of disease.
It can be concluded that uniform testing intervals over a lifetime
of disease is not an efficient way to allocate the performance of
costly and invasive test procedures. A decision analysis suggests
that efficient testing is characterized by decreasing the testing
interval with increasing duration of disease.35 One reasonable
method, which certainly can be adjusted according to patient
and physician preferences, specifies testing every 3 years for the
first 20 years of disease, every 2 years for the next 10 years of
disease, and yearly thereafter. Such an approach would
require at least 20 tests over a 40-year lifetime of disease, with
most allocated in the later years when the risk is the highest.

4. What is the best criterion for a positive test? The
type of dysplastic lesion to be used as a criterion for a positive
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test is best determined by weighing the trade-off between
sensitivity and specificity. Sensitivity is defined as the
proportion of patients with disease who are positive for
the test in question. Likewise, specificity is defined as the
proportion of patients without disease who are negative for
the test in question. A standard 2 × 2 contingency table for n
patients (n = a + b + c + d) is shown in Table 15.2.

In normally distributed populations, sensitivity (a/[a + c])
and specificity (d/[b + d]) are stable values that do not vary
with prevalence of disease. Sensitivity and specificity will vary
though, when the “cut-point” or the criterion for a positive test
changes. For example, if the criterion for a positive test changes
from high grade dysplasia to low grade dysplasia, the sensitivity
will increase (more “a”s and less “c”s) and the specificity will
decrease (more “b”s and less “d”s). As the criterion for a
positive test changes, there is a trade-off between sensitivity
and specificity – as one increases the other decreases.

The sensitivity and specificity of screening for dysplasia to
identify patients with asymptomatic cancer has been studied
with remarkably consistent results. A blinded review from the
University of Chicago of all regions in colectomy specimens in
22 ulcerative colitis patients with cancer identified dysplasia
distant from the malignancy in 16 (73% sensitivity for any
dysplasia).37 Eleven patients had high grade dysplasia (50%
sensitivity for high grade dysplasia). In a comparable group of
22 ulcerative colitis patients without cancer, six had dysplasia
(73% specificity for any dysplasia) and two had high grade
dysplasia (91% specificity for high-grade dysplasia). Nearly
identical results were found in a study from the Mayo
Clinic, where 100 colectomy specimens from patients with
ulcerative colitis, 50 of whom had cancer, were studied.38

The sensitivity for any dysplasia was 74% (37/50) and
the sensitivity for high grade dysplasia was 32% (16/50). The
specificity of any dysplasia was 74% (37/50) and the
specificity of high grade dysplasia was 98% (49/50). Both
studies acknowledged that only a small minority of patients
were followed in cancer surveillance programs. In a study
from St Mark’s Hospital, London, principally of ulcerative
colitis patients participating in surveillance programs, 37 of
50 colectomy specimens with cancer had dysplasia distant
from the malignancy (74% sensitivity for any dysplasia).39

Sixteen of those patients had high grade dysplasia (32%
sensitivity for high grade dysplasia). A large review from
Mount Sinai Hospital in New York of 590 colectomy
specimens from ulcerative colitis patients, 38 (6%) of whom

had colorectal cancer, found that multifocal dysplasia was
highly associated with cancer (OR 6·0, 95% CI 2·5 to 14·4).40

Another large review from Heidelberg, Germany of 595
colectomy specimens in ulcerative colitis patients, found that
high grade dysplasia, low grade dysplasia and backwash ileitis
were highly associated with colorectal cancer.41 Collectively
from these studies, both the sensitivity and specificity of
testing for any dysplasia is at least 74% (Table 15.3). If high
grade dysplasia were to be used as a criterion for a positive
test, the sensitivity would fall to about 50% and the specificity
would rise to greater than 90%.

Definitions for sensitivity and specificity for surveillance
are somewhat different from these definitions for screening.
The endpoint of interest in the former situation is death from
colon cancer in distinction to its detection alone. Over the
course of the disease, patients in a surveillance program will
have several colonoscopic examinations with biopsies for
dysplasia or cancer. The sensitivity of a surveillance program
may be regarded as the proportion of patients with cancer
who are successfully treated with colectomy. Those who die
from colorectal cancer are false negative patients (group “c”
in Table 15.2) in whom surveillance has failed to prevent a
cancer-related death. This definition of sensitivity represents
a conservative value, since there are patients who had a
colectomy for dysplasia in whom cancer would have
developed if the colectomy had not been done. Since it is
impossible to know which patients with dysplasia would have
developed cancer, these patients are not included in the
calculations of sensitivity. The specificity of a surveillance
program is the proportion of patients who do not develop
cancer and who do not have dysplasia detected. Since cancer
is rare in a surveillance program, specificity is very well
estimated by the proportion of patients in the surveillance
program who do not develop dysplasia ([c + d]/n). For the
purposes of this review, sensitivity of surveillance is defined as
the proportion of patients with cancer who survive following
colectomy and specificity is defined as the proportion of
patients without cancer who do not develop dysplasia. Using
these definitions, estimates of sensitivity and specificity from
11 large surveillance programs are shown in Table 15.4.42–52

Specificity from surveillance is approximately 85%. The
estimate of sensitivity is much less stable from study to study
due to the low number of cancers in each program, but is for
the most part over 50%.

If high grade dysplasia is used as the criterion for a positive
test, specificity will increase. The trade-off between specificity
and sensitivity is impossible to determine, since patients
with low grade dysplasia often are not observed for the
development of cancer; rather colectomy or more intensive
surveillance is recommended. The increase in specificity with
high grade dysplasia rather than low grade dysplasia as the
criterion for a positive test is shown in Table 15.5. Specificity
using high grade dysplasia as a criterion for a positive test is
approximately 95%.

Evidence-based Gastroenterology

250

Table 15.2 Contingency table for calculating sensitivity
and specificity of dysplasia for the diagnosis of cancer

Cancer No Cancer

Dysplasia a b
No Dysplasia c d



The optimal criterion for a positive test also depends on the
consequences of false positive (group “b”, Table 15.2) and
false negative (group “c”, Table 15.2) testing. Patients who
have a false positive test have dysplasia but are not destined
to develop malignancy. These are the patients who have a
proctocolectomy without truly needing one. Unfortunately,
there is currently no way to predict which patients will fall
into this false positive category. In the future, alternative
markers of malignancy, such as the presence of p53
suppressor gene mutations, may help in determining which
patient with dysplasia is a true positive patient (group “a”)
and which is a false positive patient (group “b”). Likewise,
patients with false negative examinations die of cancer
without having proctocolectomy recommended from the
detection of dysplasia. In these patients, either the testing
interval was too long or the imperfect specificity of testing
(mostly due to the focality of dysplasia) led to a false negative

test. While both false positive and false negative errors are
difficult to accept, false negative errors are the more grievous
and the category that should be minimized with the most
vigor. Therefore, the criterion for a positive test should be the
detection of any dysplasia, low grade or high grade, on any
biopsy of any examination. Also, since the mortality rate of
proctocolectomy is very low, less than 1%, the risk/benefit
ratio of opting for surgery in patients with dysplasia against no
surgery favors surgical management.53

Improving cancer surveillance
programs in ulcerative colitis

Evidence-based recommendations can be made to improve
and optimize cancer surveillance strategies using currently
available techniques. Factors related to the disease, the test
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Table 15.3 The sensitivity and specificity of dysplasia to diagnose colorectal cancer in ulcerative colitis patients
stratified by degree of dysplasia

Study center Sensitivity (%) Specificity (%)

University of Chicago (1985)37

Any dysplasia 73 73
High grade dysplasia 50 91

Mayo Clinic (1992)38

Any dysplasia 74 74
High grade dysplasia 32 98

St Mark’s Hospital (1994)39

Any dysplasia 74 –
High grade dysplasia 32 –

Mount Sinai (2000)40

Any dysplasia 84 93
High grade dysplasia 61 95

Heidelberg (2001)41

Any dysplasia 71 83
High-grade dysplasia 55 90

Table 15.4 The sensitivity and specificity of 11 large colorectal cancer surveillance programs for patients with
ulcerative colitis 

Study center No. of patients Sensitivity Specificity

University of Leeds (1980)42 43 2/2 (100%) 34/41 (83%)
Cleveland Clinic (1985)43 248 6/7 (86%) 194/241 (80%)
University of Chicago (1989)44 99 4/8 (50%) 73/91 (80%)
Karolinska Institute (1990)45 72 2/2 (100%) 54/70 (77%)
Lahey Clinic (1991)46 213 4/10 (40%) 171/203 (84%)
Helsinki University (1991)47 66 0/0 57/66 (86%)
Lennox Hill Hospital (1992)48 121 4/7 (57%) 91/114 (80%)
St Mark’s Hospital (1994)49 284 13/17 (76%) 205/267 (77%)
Ornskoldsvik Hospital (1994)50 131 2/4 (50%) 103/127 (81%)
Tel Aviv Medical Center (1995)51 154 3/4 (75%) 141/150 (94%)
University of Bologna (1995)52 65 4/4 (100%) 58/61 (95%)



and the treatment can be optimized based on the above
discussion.

Preferentially test high risk patients, such as patients with
pan-ulcerative colitis of at least 8 years or patients with primary
sclerosing cholangitis, with colonoscopy and extensive biopsy.
Patients with lower cancer risk, such as ulcerative colitis
patients with left-sided ulcerative colitis or Crohn’s colitis,
should receive cancer surveillance if resources exist. 

The testing interval should shorten with increasing duration
of disease to maximize the efficiency of a surveillance program.

The criterion for a positive test should optimize sensitivity.
A positive test is defined as the presence of any dysplasia on
any biopsy on any examination. “Confirmatory” testing is
unnecessary. A positive test places the patient at extremely
high risk of dying from colorectal cancer and thus necessitates
a strong recommendation for proctocolectomy. 
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Epidemiology

Worldwide, colorectal cancer is the third most frequently
occurring cancer in both sexes; however, it ranks second in
developed countries. Although the developed world includes
only about a quarter of the world’s population, approximately
two-thirds of the estimated world total of 875 000 new cases
a year in 1996 occurred in this group.1 In the USA, the
cumulative lifetime risk of developing colorectal cancer is
about 6%.2 In spite of the advances in the treatment of this
disease, the 5-year survival is only about 55%.3 Studies have
shown that survival improves with diagnosis at an earlier
stage, thus providing a rationale for screening.4

Biology of colorectal cancer

The adenoma–carcinoma sequence

An understanding of the biology of colorectal cancer is
essential to guide the application of available screening tests.
It is generally accepted that most colorectal cancers evolve
from adenomatous polyps. Direct evidence supporting this
belief is limited, since ethical concerns preclude observing the
natural history of polyps. However, indirect studies have
demonstrated that cancers rarely arise in the absence of
adenomatous polyps, individuals with a history of
adenomatous polyps are at increased risk of developing
cancer5 and removal of these premalignant lesions reduces
the incidence of colorectal cancer.6,7

A series of genetic alterations appears to be the impetus
from which normal colonic mucosa develops into an
adenomatous polyp and ultimately transforms into a
cancer.8 The time required for the transformation of a small
adenomatous polyp to localized cancer and ultimately to
invasive cancer, the so-called “polyp dwell time”, is of great
interest in colorectal cancer screening. Knowledge of the
polyp dwell time can be used to determine the window of
opportunity during which screening is effective in the
prevention and early detection of colorectal cancer.

The average polyp dwell time is not precisely known. An
interdisciplinary expert panel originally convened by the
Agency of Health Care Policy and Research (USA) to establish
colorectal cancer screening guidelines estimated that it takes
an average of about 10 years for an adenomatous polyp to
transform into invasive cancer.4 Knowledge of this transfor-
mation time has been the basis on which the frequency of
accepted screening tests is determined. However, it has
recently been suggested that up to one-third of colorectal
cancers arise through alternative mechanisms that include
origin in serrated adenomas and hyperplastic polyps and involve
micro-satellite instability rather than loss of heterozygosity as
the fundamental defect responsible for neoplastic transforma-
tion.9 This remains an area of controversy.

Screening for colorectal cancer

Five different tests for the screening of colorectal cancer
are presented. Of all the modalities mentioned, the strongest
evidence exists for fecal occult blood testing. Intermediate
level evidence is available for flexible sigmoidoscopy and only
indirect evidence supports the use of colonoscopy and double
contrast barium enema.

Fecal occult blood test

Screening for the presence of blood in the stool is based on
the fact that most cancers and some polyps bleed.10 The
bleeding is intermittent and blood is unevenly distributed
throughout the stool. Additionally, the amount of bleeding is
dependent on the size of the polyp or cancer. Screening for
the presence of blood in the stool is far less sensitive for
polyps than for cancers. Polyps, especially small ones, do not
bleed or do so only infrequently.11 However, screening by
fecal occult blood testing may detect the presence of polyps
because large polyps, those most likely to be precancerous, do
bleed. Furthermore, false positive results lead to diagnostic
testing that discovers polyps whether or not they have bled.
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Guaiac-based tests for peroxidase activity are the most
commonly used means of testing for blood in the stool. Dietary
restrictions are important to eliminate the possibility of false
positive results. False negative tests may result if the cancer or
premalignant lesion did not bleed when the test was carried
out. A positive test for occult blood does not confirm the
presence of a cancer or polyp but only suggests its presence.
Further diagnostic testing, preferably by colonoscopy, must be
undertaken to ascertain the source of the occult blood.

Current recommendations are that testing be conducted on
two samples from three different stool specimens on
consecutive days as multiple, consecutive samplings increase
the likelihood of detecting blood. The sensitivity of the test is
improved if the test is performed as a part of a program of
testing over a period of several years instead of a one-time
test, as this offers several opportunities to detect intermittent
bleeding.4 The sensitivity of this test is also dependent on the
hydration status of the developed sample cards. Rehydration
of the samples with a few drops of distilled water prior to the
addition of the developing reagent increases the sensitivity at
the expense of the specificity and is not recommended.

To date, four randomized controlled studies have
investigated fecal occult blood testing for colorectal cancer
screening. Three of the trials have been completed and the
fourth is still in progress.12–14 These trials incorporate a
program of screening with multiple, consecutive tests on an
annual or biennial basis rather than a single test in time. In
studies using non-rehydrated samples, sensitivities ranged
from 72% to 78% with a specificity of 98% and a positive
predictive value of 10–17%. The sensitivity increased to
88–92% when rehydrated samples were used; however, the
specificity dropped to 90–92% and the positive predictive
value fell to 2–6%.4

The Minnesota trial12 was initiated using non-rehydrated
samples but slide processing was modified early in the trial to
incorporate rehydration; ultimately, 83% of the slides were
developed after rehydration. Participants were randomly
assigned to annual or biennial screening or to a control group.
After 13 years, the group receiving annual screening showed
a 33% reduction in colorectal cancer mortality while the
group receiving biennial screening showed a non-significant
5% reduction.12 Combination of the annual and the
biennial groups resulted in an overall reduction of 19% in the
risk of colorectal cancer death with screening. Adverse events
related to diagnostic colonoscopy, perforation or hemorrhage,
were reported to occur at the rate of 12 complications per
10 000 colonoscopies. There is some question as to how
much of the mortality reduction demonstrated in this trial is due
to the high rate of colonoscopy carried out as a result of the
increased positivity of the rehydrated sample. In an analysis of
the study by other authors, it was estimated that one-third to
one-half of the mortality reduction was due to the increased
number of colonoscopies done and not attributable to fecal
occult blood testing alone.15,16 The assumptions in that
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analysis have been disputed by the authors of the Minnesota
study. Using actual data in a model, they concluded that
16–25% of the reduction in colorectal cancer deaths effected
by fecal occult blood testing was due to chance detection.17

The question has been raised as to the effect that biennial
screening, as opposed to the annual screening employed in
this study, would have on colorectal cancer mortality. Two
other randomized controlled trials offered biennial screening
and did not perform rehydration of the fecal occult blood
slides. Diagnostic evaluation of positive tests in both studies
was performed by colonoscopic evaluation. Both studies had a
low colonoscopy rate as compared to the Minnesota study.
The Nottingham trial had a mean follow up of 7·8 years and
showed a 15% reduction in colorectal cancer mortality.13 The
Funen study showed an 18% reduction in mortality after
10 years.14

Unpublished results from the Goteborg trial, published in
the Cochrane Review with information supplied by the
principal investigator of that study, indicates that there is a
12% reduction in colorectal cancer mortality with biennial
screening after 8 years of follow up. The investigators
reported a 0·3% complication rate (30 complications per
10 000 endoscopies), as evidenced by perforation and
hemorrhage, out of 2298 endoscopies (colonoscopies and
sigmoidoscopies).

Using data from these four randomized controlled studies,
a systematic review including a meta-analysis was performed
and published in the Cochrane Library18 (Figure 16.1). This
analysis showed an overall significant reduction in colorectal
cancer mortality with screening by fecal occult blood testing
of 16% (RR 0·84, CI 0·77 to 0·93). When the relative
risk is adjusted for attendance for screening in individual
studies, the mortality reduction is 23%. Overall, if 10 000
persons were offered screening and approximately two-thirds
attended for at least one fecal occult blood test, there would
be 8·5 deaths (CI 3·6 to 13·5) from colorectal cancer
prevented over 10 years. Stating this another way, in order to
prevent one death from colorectal cancer over 10 years, 1173
persons would need to be screened. However, the screening
program would also result in 2800 participants having at
least one colonoscopy. If harmful effects of screening from
the Minnesota trial are considered, there would be 3·4
colonoscopy complications. If harmful effects of screening
from the Goteborg trial are considered, approximately 600
participants would need at least one sigmoidoscopy and
double contrast enema, resulting in 1·8 perforations or
hemorrhage.

The estimate of mortality reduction from the randomized
controlled trials of fecal occult blood tests is now well
quantified and the confidence intervals are narrow enough to
allow the conclusion that colorectal cancer screening is likely
to be beneficial in a program of colorectal cancer screening.
However, the wide range of mortality reduction seen in these
studies and the overall modest mortality reduction indicates a
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need for continued improvement in fecal occult blood test
technology. Detection of gene mutations or loss of
heterozygosity in DNA from stool samples may facilitate early
diagnosis in the future.

Other benefits of fecal occult blood testing are emerging.
Most notably, a reduction in the incidence of colorectal
cancer of 20% in subjects screened annually, has been
observed in the Minnesota trial.19 Additionally, treatment
of early stage colorectal cancers may involve less invasive
surgery.

In all three randomized studies evaluating the effectiveness
of fecal occult blood testing, a favorable stage shift to earlier
stage disease, which has better outcomes, was seen. In the
Nottingham study, 90% of the screened group had Dukes’ A
or B compared with 40% of the control group.13 A similar
stage shift was seen in the other two randomized controlled
trials described.

Immunochemical tests use monoclonal and/or polyclonal
antibodies that detect the intact globin portion of human
hemoglobin. If hemoglobin is present in the stool, the labeled
antibody will attach to its antigens, creating a positive test
result. Diet does not affect the immunochemical tests thus
obviating a potential source of false positive tests and
also likely enhancing patient acceptance. While only a limited
number of individuals have been screened using the
immunochemical tests, it appears as if these tests are at least
as sensitive and specific as the guaiac-based tests.20

Flexible sigmoidoscopy

The rationale for screening with sigmoidoscopy is that it
provides direct visualization of the colon, and suspicious
lesions can be biopsied. The most obvious disadvantage is that
it examines only that portion of the distal colon within reach
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of the endoscope. Approximately 65–75% of adenomatous
polyps and 40–65% of colorectal cancers are within the reach
of a 60-cm flexible sigmoidoscope.21–24 As with the fecal
occult blood test, patients with a positive examination
require further evaluation by colonoscopy. It has been well
established that patients with an adenomatous polyp found on
sigmoidoscopy have an increased probability of additional
lesions located more proximally.25–27

The sensitivity of flexible sigmoidoscopy is 96·7% for
cancer and large polyps and 73·3% for small polyps. The
specificity is 94% for cancer and large polyps with a 92%
specificity for small polyps.4

Only indirect evidence derived from several case–control
studies using either rigid sigmoidoscopy or a combination of
rigid with flexible sigmoidoscopy currently exists to support
the effectiveness of flexible sigmoidoscopy.28,29 The best
designed trial, by Selby et al., avoided many of the biases
inherent in case–control studies.28 The screening histories of
persons who died of colorectal cancer were compared against
controls and a 59% reduction in mortality from cancers of the
rectum and distal colon was found in individuals who had
undergone sigmoidoscopic evaluation.25 Newcomb et al.
reported an 80% reduction in mortality from cancer of the
rectum and distal colon in persons who had ever undergone
sigmoidoscopic examination compared with individuals
who had never done so.29 Several potential biases limit
the applicability of this study; however, it does provide
independent collaboration of the effectiveness of sigmoido-
scopy in a colorectal cancer screening program.

Of great interest is the optimal interval for screening
sigmoidoscopy. In the study by Selby et al. described above,
the effectiveness of screening sigmoidoscopy was found to be
just as great for patients who had undergone the procedure
9–10 years before as compared to those who had just
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Review: Screening for colorectal cancer using Hemoccult
comparison: All Hemoccult screening programs v control
outcome: colorectal cancer mortality

Funen
Goteborg
Minnesota
Nottingham

205/30 967
121/34 144
199/31 157
360/76 466
885/172 734

249/30 966
138/34 164
121/15 394
420/76 384
928/156 908

24·7
14·1
15·4
42·5
96·6

0·82 (0·66 to 0·99)
0·88 (0·69 to 1·12)
0·81 (0·64 to 1·02)
0·86 (0·74 to 0·99)
0·84 (0·77 to 0·92)

Subtotal (95% CI)
Chi-square 0·35 (df = 3) Z = 3·6

Randomized controlled trials

Study
Expt
n/N

Ctrl
n/N

Peto OR
(95% CI fixed)

Weight
%

Peto OR
(95% CI fixed)

0·5 0·7 1 1·5 2

Figure 16.1 Meta-analysis of  randomized controlled trials of Hemoccult screening programs as an intervention for reducing
mortality from colorectal cancer. (Source: Towler BP et al. Cochrane Review. In: Cochrane Library, Issue 3. Oxford: Update
Software, 200218)



undergone the examination.30 A modeling study evaluating
the optimal interval for sigmoidoscopic screening found that
90% of the effectiveness of annual screening was preserved
with an interval of 10 years.24 This model assumes that
adenomatous polyps take 10–14 years to evolve into invasive
cancers.

The baseline findings of a multicenter randomized trial from
the UK have been reported.31 Out of 354 262 of those aged
55–64 years invited to undergo screening in 14 UK centers
194 726 (55%) accepted. Out of these 170 432 eligible
individuals were randomized. Attendance among those
assigned screening was 71%. A total of 2131 (5%) were
classified as high risk and referred for colonoscopy. Those with
no polyps or detected with only low risk polyps (n = 38 525)
were discharged. Distal adenomas were detected in 493 (12%)
and distal cancer in 131 (0·3%). Proximal adenomas were
detected in 386 (18·8% of those undergoing colonoscopy) and
proximal cancer in nine cases (10·4%). Sixty-two percent of
cancers were Dukes’ A. There was one perforation after
flexible sigmoidoscopy and four after colonoscopy.

The baseline findings of a multicenter randomized trial in
Italy in individuals aged 55–64 years have also been
reported.32 Distal adenomas were detected in 1070 subjects
(10·8%). Proximal adenomas were detected in 116 of 747
(15·5%) subjects without cancer at sigmoidoscopy who then
underwent colonoscopy. A total of 54 subjects were found
to have colorectal cancer, a rate of 5·4 per 1000 (54% of
which were Dukes’ A). Two perforations occurred (one in
991 sigmoidoscopies and one in 77 colonoscopies) and one
hemorrhage requiring hospitalization. The long-term results
of these randomized trials are awaited with interest.

Double contrast barium enema

Evidence for the use of double contrast barium enema in
screening is limited. The fact that detecting polyps and early
cancers in other screening studies has resulted in a reduction
in the incidence and mortality of colorectal cancer provides
indirect evidence that double contrast barium enema, which
detects many of these lesions, would be beneficial. The
sensitivity of double contrast barium enema is 84% for cancer,
82% for large polyps and 67% for small polyps. The specificity
is 97·5% for cancer, 83·3% for large polyps and 75% for small
polyps.4

One randomized controlled trial investigated the addition
of double contrast barium enema to sigmoidoscopy compared
to colonoscopy. Colonoscopy was found to be more sensitive
in detecting small polyps but no difference was found
between the groups for large polyps and cancers.33

The frequency at which double contrast barium enema
should be carried out has not been well studied. An interval
of 5–10 years has been suggested based on the estimated
polyp dwell time of 10 years and the performance
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characteristics of the double contrast barium enema, which is
known to be less sensitive in detecting small polyps. For
this reason, a shorter time interval of 5 years is a part of the
recommended screening procedure.4

Colonoscopy

Colonoscopy is the only technique that offers screening,
diagnostic and, at times, therapeutic management all in one
procedure. Most data available on the effects of colonoscopy
are derived either from studies of colonoscopy in a diagnostic
and surveillance setting or from indirect evidence as outlined
above for double contrast barium enema. There are no studies
currently available that evaluate colonoscopy as a screening test
in terms of reduction of colorectal cancer mortality. However,
to the extent that colonoscopy is a significant part of the fecal
occult blood test program, these trials of occult blood testing
also provide evidence of the effectiveness of colonoscopy.12

Additional support is provided from one case–control study
which showed that persons who had undergone colonoscopy
had a 70–80% reduction in colorectal cancers.7 A
feasibility trial of screening colonoscopy has been launched in
the USA (Winawer S, personal communication, 2002).

Colonoscopy can detect both polyps and cancers, although
it is less accurate when the lesions are small. In studies
evaluating the performance of colonoscopy, it has been
demonstrated that 15% of small polyps but few large polyps
are missed.34 False positive results are rare but about one-third
of polyps removed are not adenomatous.35 Colonoscopic
sensitivity is 96·7% for cancers, 85% for large polyps, and
78·5% for small polyps; specificity is 98% for all lesions.4

No studies address the optimal frequency with which
screening with colonoscopy should be carried out. Based on
the natural history of the disease and the high accuracy of
colonoscopy in the detection of polyps, it has been suggested
that a screening interval of 10 years would be protective.4

This is supported by the case–control study of Selby
et al. evaluating sigmoidoscopy, which suggests a protective
effect for up to 10 years.28

Although no randomized trials of colonoscopy have been
performed, two large-scale demonstration projects have been
recently reported.36,37 The first was from a group of Veterans
Affairs centers (USA) involving 3212 individuals (97% men)
and the other one included 2000 men and women, who were
employed by Eli Lilly, Inc. (Indianapolis, Indiana, USA) The
adenomatous polyp rate was 38% in the Veterans cohort and
20% in the Lilly cohort. The rate of advanced proximal lesions
varied from 2% to 4% and about half of these would have
been missed by sigmoidoscopy. The complication rate was
low; 97% of examinations reached the cecum with a
perforation rate of 0·02% without any deaths.

It remains to be seen whether colonoscopy will become
a primary screening test in view of its expense and invasiveness.
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The emerging technology of virtual colonoscopy (three-
dimensional colography) is anticipated with enthusiasm in the
hope that a non-invasive method of imaging the entire colon
will increase compliance with colorectal cancer screening.
Results from major specialized centers in the USA show
accuracy of CT colonography to be comparable with
conventional colonoscopy for the detection of polyps greater
than 10 mm with few false positives.37 In expert centers,
polypoid lesions larger than 10 mm can be detected with
sensitivity and specificity approaching 90% with sensitivity
falling to 50% for polyps 5 mm in size. CT colonography, in
some studies, has been shown to be accurate in detecting
colon cancer with a sensitivity of 100%.38

Further study is required to evaluate the performance
characteristics of virtual colonoscopy in a typical screening
setting. In the future, avoidance of the need to undergo bowel
preparation and advances in software design may enhance the
public appeal of this method of colonic examination.

Digital rectal examination

Less than 10% of colorectal cancers are within the 7–8-cm
reach of the examining finger.39 Additionally, stool obtained
during the course of a digital rectal examination is an
inadequate sample upon which to screen for the presence or
absence of blood and this type of fecal occult blood testing is
not recommended. Finally, there is no evidence that digital
rectal examination reduces morbidity or mortality from
colorectal cancer, and it is not currently indicated as a
screening test for the prevention or early detection of
colorectal cancer.4

Screening recommendations

Using the above evidence, the interdisciplinary Task Force,
initially convened by the Agency for Health Care Policy and
Research and completed with funding from seven
professional societies, developed recommendations for the
screening of colorectal cancer.4 In 1997, the American
Cancer Society published its recommendations for screening,
which were based largely on, and nearly identical to those
developed by the Agency for Health Care Policy and Research
Task Force and the Society updated these recommendations
in 2001.2

The appropriate age at which to stop screening has not
been well established; however, logic and indirect evidence
suggest that screening would appropriately cease when
significant comorbid conditions exist. In addition,
consideration must be given to an individual’s ability to
tolerate the screening procedures as well as any further
diagnostic evaluation that may be necessary.

Risk stratification

A key component of the American Cancer Society’s
Guidelines for Screening and Surveillance for Early Detection
of Colorectal Polyps and Cancer (Table 16.1) is the
stratification of individuals based on their risk profile. To
better understand average risk, a definition of moderate and
high risk must first be outlined.

Moderate risk individuals are those with a personal history
of adenomatous polyps. In addition, a history of adenomatous
polyps or colorectal cancer in a first-degree relative younger
than 60 years or in two first-degree relatives of any age
increases the risk of developing colorectal cancer.
Approximately 15–20% of colorectal cancers occur in persons
of moderate risk.

Persons at high risk of developing colorectal cancer fall into
two categories. Those with one of two hereditary syndromes,
familial adenomatous polyposis (FAP) and hereditary non-
polyposis colorectal cancer (HNPCC) syndrome, and those
with inflammatory bowel disease including both ulcerative
colitis and Crohn’s disease. Persons in the high risk category
who develop colorectal cancer comprise approximately
5–10% of the colorectal cancers diagnosed.

Individuals in the average risk category are by definition
those persons who do not meet the criteria for either the
moderate or high risk categories. Approximately 70–80% of
colorectal cancers diagnosed occur in this risk category. The
proportions of hereditary and sporadic colorectal cancer in
the population are depicted in Figure 16.2.

Average risk screening recommendations

Persons at average risk should begin colorectal cancer
screening at age 50 years with either an annual fecal occult
blood test or a flexible sigmoidoscopy every 5 years although
the combination is preferred (see Table 16.1), or total colonic
examination either by colonoscopy every 10 years or double
contrast barium enema every 5–10 years. The decision as to
which screening modality to use should be made between the
patient and clinician. Factors to consider are the availability of
trained and competent clinicians to perform the examination
as well as cost and patient acceptability. Any positive fecal
occult blood test, abnormal flexible sigmoidoscopy or double
contrast barium enema should usually be followed up by
colonoscopy for diagnostic evaluation. Consideration should
be given to performing a supplemental double contrast
barium enema or virtual colonoscopy for those in whom
colonoscopy is not complete, i.e. to the cecum.

Moderate risk screening recommendations

Persons diagnosed with one or more adenomatous polyps
on flexible sigmoidoscopy should undergo further evaluation
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of the entire colon by colonoscopy to complete the diagnostic
evaluation for additional polyps. Interval screening, or
surveillance, for individuals with a history of adenomatous
polyps should be carried out by total colonic examination
within 3 years of initial polyp removal. If this evaluation is
normal, subsequent examinations can be carried out every
5 years unless the polyp was single and small (less than 1 cm),
in which case screening can return to the average risk
guidelines.

For persons with a family history of either colorectal cancer
or adenomatous polyps in a first-degree relative younger than
60 years of age or in more than one first-degree relative of
any age, screening should be carried out by total colonic
examination every 5 years beginning at age 40 years or
10 years prior to the index case, whichever is earlier.

High risk screening recommendations

Familial adenomatous polyposis is a hereditary syndrome in
which persons expressing the gene develop hundreds of
polyps early in life and have nearly 100% probability of
developing colorectal cancer. Recommendations for
individuals thought to be at risk for this condition include
genetic counseling and testing in addition to endoscopic
evaluation every 1–2 years beginning at puberty. Because the
polyps are distributed throughout the colon, flexible
sigmoidoscopy is considered to be as effective as colonoscopy

to monitor for the initial development of polyps. Due to the
vast number of polyps that develop in these individuals,
it would be impossible to manage these patients by
colonoscopic polypectomy. The only feasible preventive
strategy at present in this group is colectomy, and the main
decision to be made is the timing of this preventive measure.
However, chemopreventive strategies are being developed
aimed at preventing the development of adenomas or their
malignant transformation.41

The other major hereditary condition which places an
individual in the high risk category is the HNPCC syndrome.
Risk for colorectal cancer is increased by 21 years and is very
high by 40 years. Individuals suspected of having this
syndrome should undergo genetic counseling and testing.
Additionally, screening with colonoscopy, necessary because
of the proximal distribution of the lesions, should be carried
out every 2 years beginning at age 21 and yearly beginning
at age 40. Because of the increased risk of endometrial
cancer, consideration should be given to screening for this
malignancy.

Persons with inflammatory bowel disease, comprising both
ulcerative colitis and Crohn’s disease of the colon, are at
increased risk of developing colorectal cancer and this
risk is related to the duration and extent of the disease.
Recommendations are to begin screening with colonoscopy
and perform random biopsies for dysplasia beginning 8 years
after the onset of pancolitis and 15 years after the start of left-
sided colitis. While there is no direct evidence demonstrating
a reduction in mortality for these individuals with this
screening regimen, the rationale is that early detection of
dysplasia would result in management, i.e. colectomy, that
would lower the risk of developing an invasive cancer.

Cost effectiveness of
colorectal cancer screening

Increasingly, decisions about preventive services are being
made after due consideration of the cost effectiveness of the
screening regimen. Cost analyses of colorectal cancer
screening programs have been carried out to provide a basis
from which legislation can be influenced and benefit plans
can be constructed. While these analyses are limited by the
assumptions that were made, they provide a means by which
healthcare decisions can be made with the benefit of some
economic input.

The cost effectiveness of colorectal cancer screening is
estimated to be approximately US$30 000–US$40 000 per
year of life gained.43 This compares favorably with the costs of
other preventive services; for example, annual breast screening
with mammography would cost approximately US$34 500
per year of life gained. In the analysis by the Congressional
Office of Technology Assessment and the National Cancer
Institute (USA), it was demonstrated that the cost of missing
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Rare CRC
syndromes < 0·1%

FAP < 0·5%

HNPCC 1−5%

“Familial”
CRC
10−30%
or higher

“Sporadic” CRC
75%

Figure 16.2 Familial causes of colorectal cancer. The rare
CRC syndromes include the hamartomatous polyposis
conditions and other extremely rare diseases. FAP accounts
for about 0·5% of cases and HNPCC for 1–5%.
Epidemiological studies suggest that familial CRC outside the
well-defined syndromes involves adenomatous polyps and
suggest that this proportion is much higher and that familial
factors, probably inherited, may be present in the majority of
colonic neoplasms. CRC, colorectal cancer; FAP, familial
adenomatous polyposis; HNPCC, hereditary non-polyposis
colorectal cancer. (Reproduced with permission from Burt RW
and Petersen GM.  In: Familial colorectal cancer; diagnosis and
management. London: WB Saunders, 199640)



an early curable cancer, or of failing to prevent cancers, is
greater than the cost of screening.42 As a result of this and
other analyses, colorectal cancer screening services are now
provided by law in the USA as a Medicare benefit.

In conclusion, there is sufficient evidence supporting the
colorectal cancer screening recommendations discussed in
this chapter. This evidence arises from both observed
mortality reduction and from a calculated economic benefit.
It is more cost effective to treat early stage disease and even
more cost effective to prevent colorectal cancer than it is to
treat it at an advanced stage.

References

1 World Health Organization. The World Health Report.
Geneva: WHO, 1997.

2 Smith RA, Cokkinides V, von Eschenbach AC et al.
American Cancer Society guidelines for the early detection
of cancer. CA Cancer J Clin 2002;52:8–22.

3 Bond JH, Levin B. Screening and surveillance for colorectal
cancer. Am J Managed Care 1998;4:H431–7.

4 Winawer SJ, Fletcher RH, Miller L et al. Colorectal cancer
screening: clinical guidelines and rationale. Gastroenterology
1997;112:594–642.

5 Atkin WS, Morson BC, Cuzick J. Long-term risk of
colorectal cancer after excision of rectosigmoid adenomas.
N Engl J Med 1992;326:658–62.

6 Winawer SJ, Zauber AG, Ho MN et al. Prevention of
colorectal cancer by colonoscopic polypectomy. The
National Polyp Study Workgroup. N Engl J Med 1993;
329:1977–81.

7 Muller AD, Sonnenberg A. Prevention of colorectal cancer
by flexible endoscopy and polypectomy. A case–control
study of 32 702 veterans. Ann Intern Med 1995;123:
904–10.

8 Vogelstein B, Fearon ER, Hamilton SR et al. Genetic
alterations during colorectal tumor development. N Engl J
Med 1988;319:525–32.

9 Jass JR. Pathogenesis of colorectal cancer. Surg Clin North
Am 2002;82:891–904.

10 Simon JB. Occult blood screening for colorectal carcinoma:
a critical review. Gastroenterology 1985;88:820–37.

11 Macrae FA, St.John DJ. Relationship between patterns of
bleeding and Hemoccult sensitivity in patients with
colorectal cancers and adenomas. Gastroenterology 1982;
82:891–8.

12 Mandel JS, Bond JH, Church TR et al. Reducing mortality
from colorectal cancer by screening for fecal occult blood.
Minnesota Colon Cancer Control Study. N Engl J Med
1993;328:1365–71.

13 Hardcastle JD, Chamberlain JO, Robinson MHE et al.
Randomised controlled trial of faecal-occult-blood screening
for colorectal cancer. Lancet 1996;348:1472–7.

14 Kronberg O, Fenger C, Olsen J et al. Randomised study of
screening for colorectal cancer with faecal-occult-blood test.
Lancet 1996;348:1467–71.

15 Ahlquist DA, Moertel CG, McGill DB. Screening for
colorectal cancer [Letter]. N Engl J Med 1993;329:1351.

16 Lang CA, Ransohoff DF. Fecal occult blood screening for
colorectal cancer. Is mortality reduced by chance selection
for screening colonoscopy? JAMA 1994;271:1011–13.

17 Ederer F, Church TR, Mandel JS. Fecal occult blood
screening in the Minnesota study: role of chance detection
of lesions. J Natl Cancer Inst 1997;89:1423–8.

18 Towler BP, Irwig L, Glasziou P et al. Screening for colorectal
cancer using the faecal occult blood test, Hemoccult
(Cochrane Review). In: Cochrane Collaboration. Cochrane
Library, Issue 3. Oxford: Update Software, 2002.

19 Mandel JS, et al. The effect of fecal occult blood screening
on the incidence of colorectal cancer. N Engl J Med 2000;
343:1603–07.

20 Levin B, Brooks S, Smith RA, Stone A. Emerging
technologies in screening for colorectal cancer: CT
colonography, immunochemical fecal occult tests and stool
screening using molecular markers. CA Cancer J Clin
2003;53:44–55.

21 Tedesco JF, Wave JD, Avella JR et al. Diagnostic implications
of the spatial distribution of colonic mass lesions (polyps and
cancers): a prospective colonoscopic study. Gastrointest
Endosc 1980;26:95–7.

22 Shinya H, Wolff WI. Morphology, anatomic distribution and
cancer potential of colonic polyps: an analysis of 7000
polyps endoscopically removed. Ann Surg 1979;190:
679–83.

23 Winawer SJ, Gottlieb LS, Stewart ET et al. First progress
report of the National Polyp Study. Gastroenterology
1983;84:1352.

24 Report of the US Preventive Services Task Force. Guide to
clinical preventive services, 2nd edn. Baltimore, MD:
Williams & Wilkins, 1996.

25 Winawer SJ, Zauber AG, O’Brien MJ et al. The National
Polyp Study. 1. Design, methods and characteristics of
patients with newly diagnosed polyps. The National Polyp
Study Workgroup. Cancer 1992;70(Suppl 5):1236–45.

26 Grossman S, Milos ML, Tekawa IS et al. Colonoscopic
screening of persons with suspected risk factors for colon
cancer. II. Past history of colorectal neoplasms.
Gastroenterology 1989;96:299–306.

27 Tripp MR, Morgan TR, Sampliner RE et al. Synchronous
neoplasms in patients with diminutive colorectal adenomas.
Cancer 1987;60:1599–603.

28 Selby JV, Friedman GD, Quesenberry CP Jr et al. A
case–control study of screening sigmoidoscopy and
mortality from colorectal cancer. N Engl J Med 1992;326:
653–7.

29 Newcomb PA, Norfleet RG, Storer BE. Screening
sigmoidoscopy and colorectal cancer mortality. J Natl
Cancer Inst 1992;84:1572–5.

30 Selby JV, Friedman GD, Quesenberry CP Jr et al. Effect of
fecal occult blood testing on mortality from colorectal
cancer. A case–control study. Ann Intern Med 1993;118:
1–6.

31 Flexible Sigmoidoscopy Screening Trial Investigators. Single
flexible sigmoidoscopy screening to prevent colorectal

Evidence-based Gastroenterology

262



cancer: baseline findings of a UK multicentre randomised
trial. Lancet 2002;359:1291–300.

32 Segnan N, Semone C, Andreoni B et al. Baseline findings of
the Italian Multi-center randomized control trial of “once-
only sigmoidoscopy”-SCORE J Natl Cancer Inst 2002;94:
1763–72.

33 Rex DK, Weddle RA, Lehman GA et al. Flexible
sigmoidoscopy plus air contrast barium enema versus
colonoscopy for suspected lower gastrointestinal bleeding.
Gastroenterology 1990;98:855–61.

34 Hixson LJ, Femerty MB, Sampliner RE et al. Prospective
study of the frequency and size distribution of polyps missed
by colonoscopy. J Natl Cancer Inst 1990;82:1769–72.

35 Bernstein MA, Feczko PJ, Halpert RD et al. Distribution of
colonic polyps: increased incidence of proximal lesions in
older patients. Radiology 1985;155:35–8.

36 Lieberman DA, Weiss DG, Bond JH, Ahnen DJ. Use of
colonoscopy to screen asymptomatic adults for colorectal
cancer. Veterans Affairs Cooperative Study Group 380. N
Engl J Med 2000;343:162–8.

37 Imperiale TF, Wagner DR, Lin CY, Larkin GN. Risk of
advanced proximal neoplasms in asymptomatic adults
according to the distal colorectal findings. N Engl J Med
2000;343:169–74

38 Ferrucci JT. Colon cancer screening with virtual
colonoscopy: Promise, polyps, politis. Am J Roentgenl 2001;
177:974–88.

39 Yee J, Akerkar GA, Hung RK et al. Colorectal neoplasia:
Performance characteristics of CT colonography for
detection in 300 patients. Radiology 2001;219:685–92.

40 Burt RW, Petersen GM. Prevention and early detection of
colorectal cancer. In: Young G, Rozen P, Levin B (eds).
Familial colorectal cancer: diagnosis and management.
London: WB Saunders, 1996.

41 Winawer SJ. Surveillance overview. In: Cohen AM,
Winawer SJ (eds). Cancer of the colon, rectum and anus.
New York: McGraw-Hill, 1995.

42 Giardiello FM, Hamilton SR, Krush AJ et al. Treatment of
colonic and rectal adenomas with sulindac in familial
adenomatous polyposis. N Engl J Med 1993;328:1313–16.

43 Wagner JL, Tunis S, Brown M et al. The cost-effectiveness of
colorectal cancer screening in average-risk adults. In: Young
G, Levin B, Rozen A (eds), Prevention and early detection
of colorectal cancer. London: WB Saunders, 1996.

Colorectal cancer: population screening and surveillance

263



265

Irritable bowel syndrome
Albena Halpert, Douglas A Drossman17

Introduction

Patients with functional gastrointestinal disorders are
commonly seen in medicine. They comprise 12% of patient
encounters in primary care practice1 and 41% of those in a
general gastrointestinal practice.2–4 These patients account for
an estimated 2·4–3·5 million physician visits per year
in the USA.5,6 Irritable bowel syndrome (IBS), the most
common functional bowel disorder, is characterized by
abdominal pain, bloating, and disturbed defecation.
Functional gastrointestinal disorders result in significant use
of healthcare resources. A recent community-based study
showed that subjects with IBS incurred on average annual
healthcare costs of US$742 (1992 dollars) compared to
US$429 for patients without IBS.7

Rationale for symptom-based
diagnostic criteria

The first reported account of IBS was published by Powell
in 1818.8 The syndrome remained poorly understood, but
recently there has been a substantial increase in research and
publications related to this illness.9 The reasons for the
increased interest in IBS include several historical factors.
The primary reason is the development of newer investi-
gative techniques. Previously altered motility was considered
the underlying pathophysiologic basis for IBS. Early studies,
however, did not fully explain pain symptoms. More recent
studies have demonstrated the role of visceral hyper-
sensitivity, the involvement of inflammatory mediators and
brain–gut interaction.1,10 Also, the clinical observation that
stress exacerbates the symptoms of IBS has led to the
hypothesis that there may be a psychophysiological
component to the illness. This hypothesis was elaborated and
supported by newer technologies such as positron emission
tomography (PET) and functional magnetic resonance
imaging (MRI) of the brain.11–13

Another reason for the increase in research is based on the
biopsychosocial model as a framework to elaborate upon
biomedical reductionism proposed by George Engel in late
1970s. This framework also provided a model to reconcile
the emerging data that were beginning to suggest that
the social environment could contribute to the clinical
expression of a disease.14 Engel advocated that illness is the
product of biological, psychological, and social subsystems
interacting at multiple levels. This framework provided
the conceptual basis for understanding gastrointestinal
symptoms not easily attributed to specific diseases. Using
biopsychosocial research, we recognize that IBS is not
caused solely by intestinal dysmotility, but may reflect
dysregulation of CNS–enteric nervous system linkages. The
phenomenon of enhanced visceral sensitivity may amplify
even subthreshold gastrointestinal regulatory input to the
brain, and cortical processes may regulate symptom
perception either intrinsically or through descending
influences on the spinal cord.1,15

Finally, diagnostic criteria came to be used to define and
classify functional gastrointestinal disorders. The first IBS
criteria, described by Manning et al.,16 were identified using
discriminate function analysis. Subsequently, efforts emerged
to develop diagnostic criteria by international consensus. The
first international consensus conference on IBS took place at
the 13th International Congress of Gastroenterology in 1988
in Rome.17 Soon after that, consensus committees developed
a classification system referred to as the “Rome Criteria”18

for 21 functional gastrointestinal disorders. These criteria
categorize patients by symptom clusters into five anatomical
regions: esophageal, gastroduodenal, bowel, biliary and
anorectal. The symptom clusters are based on disturbances in
sensory or motor function by target organ. The approach to
treatment varies depending on the target organ involved. The
Rome Criteria have become the standard for diagnosis of
functional gastrointestinal disorders. The latest revised
version of the criteria (Rome II) was published in 2000.19

These criteria are shown in Box 17.1.
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Within the bowel grouping of functional gastrointestinal
disorders, IBS is a prototype. In addition, functional
abdominal bloating, functional constipation, and functional
diarrhea are distinct functional bowel disorders with their
own criteria. Chronic or recurrent functional abdominal pain
is not considered to be at least entirely a bowel disorder since
it occurs independently of known physiological activity in the
gut. Diagnosis of each of these syndromes depends on the
clinical features, and each syndrome has a unique differential
diagnosis. The adoption of multinational symptom-based
criteria, particularly for clinical research studies, has
increased diagnostic precision, and may lead to a reduction in
unnecessary diagnostic studies.

The Rome Criteria for IBS were derived from discriminate
function analyses that differentiated patients with the
symptoms of IBS from normal subjects or patients with other
gastrointestinal disorders.20 Two factor analysis studies
validated Rome II criteria for IBS.21,22 Palsson et al.
administered a questionnaire containing 85 questions that
corresponded to 17 of the 21 functional gastrointestinal
disorders to 895 patients seen at the University of North
Carolina gastroenterology clinic.23 Using principal components
factor analysis 13 symptom clusters corresponded to the Rome
Criteria functional gastrointestinal diagnoses. Recently,
further validation of the Rome Criteria was reported by
Vanner et al.24 In this study, 98 patients fulfilling at least
one of the Rome Criteria were studied with respect to
diagnosis made by application of the criteria versus the
gastroenterologist’s diagnosis. The latter was considered to be
the gold standard. Using the Rome Criteria for diagnosis,

there were no false positives and 16 false negatives, giving a
sensitivity of 63% and a specificity of 100%. Furthermore, of
the 30 true positives, follow up over 2 years showed no errors
in diagnosis. The most recent revision of symptom-based
diagnosis uses the Rome II criteria.

Epidemiology

Prevalence data

IBS is a common condition in population surveys of adults.
The prevalence rate varies depending on the population being
surveyed and the nature of the questions used to elicit the
information. Many prevalence estimates were drawn from
study samples that are not representative of the general
population; however, in large population-based studies, such
as in those carried out by the National Center for Health
Statistics (USA), the functional gastrointestinal disorders are
not given a specific diagnostic code, but are categorized into
more general codes such as “gastritis” or “unspecified
enteritis”. The true prevalence of IBS in the population cannot
be determined from population-based studies that do not
include the symptom criteria for IBS. Five population-based
surveys have used Manning and Rome II criteria specific for IBS
and these surveys provide the prevalence rates of 14–24% for
women and 5–19% for men.25–29 More recent estimates using
the more specific Rome II Criteria yielded rates under 10%.1

The first presentation of IBS to the physician usually occurs
between the ages of 30 and 50 years, although children also
have the illness.30 The prevalence decreases after 60 years.25

There is a strong gender difference; the female-to-male
prevalence is 2–3:1; in referral centers it is 4–5:11. The data
on racial differences are scarce. In the five randomly sampled
surveys of American and European adults,25–29 blacks were
underrepresented. One study of culturally diverse American
college students,31 however, showed a prevalence rate in
blacks that was similar to whites. The prevalence of IBS may
be lower in Hispanics.32 There are few data that address the
prevalence of IBS in non-Western countries. A study of 4178
residents in south China found point prevalence of IBS to
be 10·0% if modified Manning criteria were used and 4·9%
according to the Rome Criteria, with male-to-female ratio
of 1:1·34.33 Differences may be determined by cultural
influences. Available data suggest that IBS is as common in
Japan, South America and the Indian subcontinent as it is in
Western countries.9 The symptoms of IBS tend to wax and
wane. When the prevalence is examined in the same
population at two different time points, the incidence of new
cases at the second time point is approximately half of the
prevalence noted at the first time point.25,29 Once the
diagnosis of IBS has been made, it is considered to be a
chronic disease, and approximately 75% of patients will
continue to be symptomatic. In a study of 25 patients with
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Box 17.1 Diagnostic criteria (Rome II Criteria) for
irritable bowel syndrome

At least 12 weeks, which need not be consecutive, in the
preceding 12 months of abdominal discomfort or pain that
has two out of three features:

● Relieved with defecation; and/or
● Onset associated with a change in frequency of stool;

and/or
● Onset associated with a change in form (appearance)

of stool

Symptoms that cumulatively support the diagnosis of
irritable bowel syndrome:

● Abnormal stool frequency (for research purposes
“abnormal” may be defined as greater than three bowel
movements per day and less than three bowel
movements per week)

● Abnormal stool form (lumpy/hard or loose/watery
stool)

● Abnormal stool passage (straining, urgency, or feeling
of incomplete evacuation)

● Passage of mucus
● Bloating or feeling of abdominal distension



IBS, symptoms were evaluated over 8 weeks using time series
analysis. In these patients, IBS severity was predictable over
more than 1 day, and symptoms tended to occur in clusters
rather than randomly.31

Healthcare utilization

One of the most notable features of patients with IBS
is their increased rate of health care utilization. This increase
is for both gastrointestinal and non-gastrointestinal illnesses.
Patients with IBS have an increased incidence of other
chronic diseases, including fibromyalgia, chronic fatigue
syndrome, endometriosis, migraine headaches and depression.
In one study, patients with fibromyalgia and IBS had poorer
health status than those with either disease alone. In the US
householder survey,28 people with IBS had visited physicians
for non-gastrointestinal complaints 3·88 times in the previous
year. These same people visited a physician for gastro-
intestinal complaints 1·64 times. The risk of abdominal
surgery is increased in patients with IBS,34 and women with
IBS are three times more likely to undergo a hysterectomy.35

A study in England evaluated the healthcare utilization and
outcome of 20 female patients with chronic functional
abdominal pain, a subgroup of the functional gastrointestinal
disorders that is distinct from IBS because of the absence of
motility disturbances. In this study, the patients were seen by
an average of 5·7 consultants, underwent 6·4 endoscopic or
radiological procedures, and had 2·7 major operations.36

Similarly, patients with IBS have increased pain reporting
with anxiety or acute stress. Although it may be assumed that
more frequent visits are associated with greater disease activity
or physiological dysfunction, several studies have shown
that psychological distress and psychosocial disturbance
independently influence who will seek health care.37–41

IBS is second only to esophageal reflux in its prevalence
(15·4 million people) in the USA. It is associated with
US$1·6 billion in direct costs, and US$19·2 billion in
indirect costs.42 The prevalence for lower functional bowel
disorders approximates that of gastroesophageal reflux if
patients suffering from chronic diarrhea (3·5 million) are
included.42

Prevalence of psychological disturbances

Psychological stress or emotional reactions to stress can
affect gastrointestinal function in both normal and IBS
patients.43 Even though the effects of stress on gut function
are universal, patients with IBS seem to report more
symptoms in response to stress.44 The role of psychosocial
factors in patients with functional gastrointestinal disorders
can be summarized as follows: (i) psychological stress
exacerbates gastrointestinal symptoms; (ii) psychological
distress and other psychological factors affect health status

and clinical outcome; (iii) psychological factors influence
which patients consult physicians; and (iv) IBS has
psychosocial impact in terms of impaired quality of life.9

Most studies suggest that IBS patients report more lifetime
and daily stressful events than both medical comparison
groups and healthy controls.37,44,45 In addition, for IBS
patients stress is strongly associated with symptom onset.45–47

Psychological factors that adversely affect health status and
clinical outcome include: (i) a history of emotional, sexual or
physical abuse41,48–51; (ii) stressful life events47,52; (iii) chronic
social stress53,53 or anxiety disorder54,55; and (iv) maladaptive
coping style.49 Three psychiatric diagnoses are more frequently
seen in patients with IBS: anxiety disorders (panic and generalized
anxiety disorder), mood disorders (major depression and
dysthymic disorder) and somatoform disorders (hypochondriasis
and somatization disorder).56

The coexistence of a psychiatric disorder with IBS is seen
more frequently in referral centers than in the community
setting. In a review of the prevalence of psychiatric diagnoses,
psychiatric disorder and IBS coexisted in 42–61% of patients
seen in gastroenterology clinics.56 The presence of a
psychiatric disorder is even higher in studies from tertiary care
centers, when lifetime psychiatric diagnosis is considered.57

One study examined the difference in the prevalence of
psychological disturbances between patients with IBS who
had seen a doctor and those who had never seen a doctor and
compared them to a control group of subjects without bowel
symptoms. They found that people with IBS who do not
consult physicians were not psychologically different from
normal subjects without the disorder. People with IBS who
chose to see doctors had greater psychological disturbances
than both “non-consulters” with IBS and controls without
bowel symptoms.37 Thus, the psychological difficulties in IBS
relate primarily to patients who see physicians.

Although psychological disturbance is not part of IBS
per se, it influences health seeking behavior. The increased
use of health care by patients with IBS may be influenced by
cultural factors, family role modeling, illness behavior, coping
mechanisms and the tendency towards somatization. A series
of studies37–40 has shown that individuals who seek care for
functional gastrointestinal disorders have more psychological
distress, a higher proportion of abnormal personality patterns
and greater illness behaviors than those who do not.

Patients with unexplained, severe or refractory symptoms
and a high rate of use of health care often have contributing
psychosocial factors. Psychosocial stresses, such as a history of
physical or sexual abuse, major loss (for example death or
divorce) and other major trauma, influence the development
of the clinical expression of IBS.51 The loss of an intimate
relationship is closely associated with the onset of symptoms
of IBS.58 In one study, severely stressful life events or chronic
social difficulties were associated with the onset of
symptoms.47 Stressful life events also had a significant impact
on healthcare visits and disability days.52

Irritable bowel syndrome

267



Additionally, sexual and physical abuse history is more
common in IBS patients with severe symptoms, and patients
with IBS have more severe history of abuse than patients with
structural diagnoses. Drossman et al.41,59–61 reported a
prevalence of history of abuse in 44% of patients seen at a
gastrointestinal referral center. In another study comparing
IBS patients to healthy controls, the prevalence of sexual
abuse was 31·6% in the IBS group compared with 7·6% in the
controls.62 A history of abuse does not determine that IBS will
necessarily occur, since it is also associated with other chronic
syndromes (pelvic pain, headaches, fibromyalgia, bulimia,
substance abuse).63 The significance of a history of abuse
relates to the tendency of persons with such a history to
communicate psychological distress through physical
symptoms. In gastrointestinal patients with history of abuse,
there is more severe pain and poorer daily function, three
times as many days spent in bed, and 30% more physician
visits and surgeries.41,64

Over time, the changes in gastrointestinal function that
result from stress modify the person’s appraisal of bodily
symptoms and may lead to unwarranted feelings of lack of
control, helplessness or guilt. These factors can produce a
chronic state of symptom amplification originating at the CNS
(hypervigilance to body sensations) or the gut level (visceral
hypersensitivity and conditioned hypermotility). Eventually
a vicious cycle of seeking health care, refractoriness and
repeated referral may develop.65

Finally, maladaptive cognitive strategies such as
“catastrophizing” or perceived inability to decrease symptoms
can amplify subjective experiences and behaviors leading to
poorer clinical outcome49; therefore, it is critically important
that psychosocial factors be considered and properly
addressed by the physician in order to achieve an effective
clinical response.

Diagnosis of irritable bowel syndrome

Diagnostic approaches

There is no single diagnostic test that confirms the presence
of IBS. Assessment of the pattern of the abdominal pain and
abnormal defecation is the cornerstone of diagnosing IBS.
Although the exacerbation of gastrointestinal symptoms by
stress factors is an important observation in persons with IBS,
it is not a diagnostic criterion; however, this observation can
be helpful in planning treatment. The Rome Criteria specify
that the abdominal pain is associated with change of bowel
habits and is relieved by a bowel movement. In addition to
obtaining diagnostic criteria the interview process determines
the patient’s concerns, responds to the patient’s expectations,
involves the patient in the treatment plan and establishes a
long-term relationship with the primary care provider.

Two algorithms for the evaluation of patients with IBS seen
in primary care settings have been recently presented.66 The
algorithms are shown in Figures 17.1 and 17.2 and
summarized below.1 In general, if Rome Criteria are fulfilled,
“alarm signs” or “red flags” are not present, and screening
studies are negative, further testing is not necessary.67

Rome II Criteria have a sensitivity of 65%, a specificity of
100%, and a positive predictive value of 100% (98% in
prospective studies).24 In addition, patients generally do not
require revisions of their diagnosis at 2 years.24 For screening
purposes, a complete blood count and stool hemoccult are
recommended. A sedimentation rate (particularly in a young
person), serum chemistry, testing of stool for ova and parasites
and thyroid stimulating hormone may be added based on
symptom pattern and the geographic area. Studies generally
do not support a role for these tests without supportive
clinical features.8

In a research setting, visceral hypersensitivity has been
proposed as a biological marker of IBS. Pain thresholds
elicited with a rectal barostat appear lower in IBS
patients when compared with controls or even functional
dyspepsia patients (at 40 mmHg rectal barostat sensitivity to
identify IBS patients is 95·5%, specificity is 71·8%, positive
and negative predictive values are 85·4% and 90·2%
respectively).69

Use of diagnostic tests

Patients presenting with typical symptoms and no alarm
signs are rarely found to have another diagnosis.68,70 This
observation supports the approach of ongoing care and
symptomatic management instead of continued diagnostic
evaluation. If initial treatment fails, or certain clinical features
requiring further evaluation are present as discussed above,
the algorithm outlined in Figure 17.1 may be followed. Many
IBS studies are carried out by gastroenterologists in specialty
centers. The studies should be targeted toward the
predominant symptoms.

Predominant symptom: diarrhea

If diarrhea is present in large amounts, stool volume should
be determined. Patients with IBS typically have frequent, but
small volume, stools (< 300 ml/day) which does not usually
require this type of assessment or additional studies. If large
stool volume is present, however, the diarrhea is more
physiologically based and stool osmolality and electrolytes
can differentiate between osmotic and secretory causes of
diarrhea. A laxative screen is often helpful to identify
surreptitious laxative abuse. Other tests to consider in
patients with diarrhea are a small bowel biopsy for Giardia
lamblia or sprue, anti-endomysial and antigliadin antibodies
(EMA and AGA) for celiac sprue and random colonic biopsy
for microscopic colitis. A jejunal biopsy and aspirate may be
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done to obtain samples to assess malabsorption or to obtain
samples to rule out Giardia infection and bacterial
overgrowth.

There has been growing evidence and interest in the use of
EMA and AGA to diagnose celiac sprue.67,71–73 The sensitivity
and positive predictive values range from 90% to 100%,74

making the above tests potentially useful for screening;
however, in populations in which the prevalence of this
disorder is low, there will be many false positive results. Such
testing thus must be put into clinical perspective as
determined by presence of symptom pattern, ethnicity and
other clinical features suggestive of the disease. Upper
endoscopy with duodenal biopsy is almost always needed to
confirm this diagnosis.67 There does, however, seem to be a
subgroup of patients with latent or potential celiac sprue

among people thought to have IBS. These patients do not
have the histopathological findings characteristic of sprue (i.e.
villous atrophy or mucosal inflammation) when exposed to a
gluten but may respond clinically to a gluten-free diet.72 Two
surrogate markers (HLA-DQ2 alleles DQA1*050/DQB1*0201
and intestinal IgA titer against tissue transglutaminase and/or
gliadin), have been proposed in research settings for the
diagnosis of sprue in these patients.72

Another area of interest in IBS diagnosis has been surrogate
laboratory markers such as fecal calprotectin, a calcium-
binding protein that can be measured in feces. This protein
has been shown to be abnormally elevated in patients with
IBD, colorectal carcinoma and non-steroidal enteropathy, but
not in those without inflammation (for example IBS). In
patients with positive Rome II Criteria and a combination of
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Figure 17.1 Initial evaluation by the gastroenterologist for patients with irritable bowel syndrome.1 IBD, inflammatory bowel
disease; CBC, complete blood count; SED, sedimentation; EMA, anti-endomysial antibody; AGA; anti-gliadin antibody; TSH, thyroid
stimulating hormone



both normal permeability and fecal calprotectin level, the odd
ratio for IBS is 46·1 (95% CI 20·0 to 106·4, P = 0·0001).75

When postprandial symptoms of bloating and gaseousness
accompany the diarrhea, a hydrogen breath study to exclude
bacterial overgrowth can be considered.76 A recent study on
prevalence of bacterial overgrowth in patients with IBS has
resulted in increased awareness of bacterial overgrowth as an
entity that can mimic IBS (reported rates of bacterial
overgrowth in IBS and improvement with antibiotic treatment
are 73% and 50%, respectively).76 However, these figures
should be regarded with some caution since the study had
some limitations, primarily referral bias and lacked controls.

Finally, in patients with the predominant symptom of
diarrhea, a therapeutic trial of cholestyramine may also be
considered, particularly if the symptoms began and/or
worsened following a cholecystectomy.

Predominant symptom: constipation

If constipation is the predominant symptom, a radio-
opaque Sitzmark study77 will determine whole gut transit
time for the diagnosis of colonic inertia. Symptoms of
dyschezia or incomplete evacuation are evaluated by
anorectal manometry or pelvic floor electromyography. A
balloon expulsion test or defecography is indicated in cases of
possible obstructive defecation. Patients with hypothyroidism
or medication-induced constipation should be identified
before the diagnosis of IBS is made.

Predominant symptom: pain and bloating

When pain and bloating symptoms predominate, a plain
abdominal radiograph can be helpful to exclude aerophagia,
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increased stool retention, or less commonly, an overlooked
small bowel obstruction.

If vomiting is the predominant symptom, esophago-
gastroduodenoscopy (EGD) is useful to diagnose organic
obstructive pathology in the stomach or duodenum. A barium
small bowel series could also be done to exclude partial small
bowel obstruction or other small bowel disease. A gastric
emptying scan is useful to determine gastric emptying time.
In extreme cases, a small bowel motility study will measure
the migrating motor complexes in the small intestine and be
helpful in the diagnosis of intestinal pseudo-obstruction.

The impulse to investigate in an effort to rule out organic
disease is understandable. The individual symptoms of IBS
have a long list of rare causes that can be responsible for that
individual symptom. When the symptom is longstanding and
previous evaluations have been negative, follow up studies of
adults yield specific etiologies in less than 10% of patients.9 It
is important to remember that the individual symptoms of IBS
need to be evaluated in the context of the Rome Criteria,
with a focus on the psychosocial factors that contribute to the
perception and reporting of symptoms. If the diagnosis is in
doubt, it is best to re-evaluate the clinical features over one or
more visits.

Treatment

Validity of clinical trials

Clinical trials for various therapeutic agents have had several
methodological limitations.1 The validity of clinical trials of
interventions for IBS must be evaluated within a framework
that recognizes the considerations discussed below.
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Figure 17.2 Further evaluation of irritable bowel syndrome when initial treatment fails



● Long-term efficacy of various treatments is unknown. A
wide variety of interventions have been developed to
treat patients with IBS, yet most of the relevant clinical
trials have been seriously flawed.78 Since 1966, there
have been 58 randomized, double blind, placebo-
controlled studies. The trials were generally of short
duration, ranging from 3 days to 24 weeks. Only 16 trials
evaluated an intervention for 12 weeks or longer. Careful
analysis of the duration of response to treatment is
important to determine the efficacy of various treatments
in IBS.79

● The therapeutic relationship affects prognosis in IBS
patients. The value of the therapeutic relationship is
supported by the observation that 30–88% of patients
with IBS respond to a placebo in clinical trials.9 In one
retrospective study, the establishment of a long-term
relationship with a primary care provider was associated
with a reduction in healthcare visits.80 Reassurance has
therapeutic value, since IBS tends to be chronic and
characterized by exacerbation and remissions.

● Recruitment for clinical trials of patients who satisfy the
Rome Criteria results in more homogeneous groups of
patient. Patients with IBS tend to fluctuate from one
symptom subtype to another, yet patients with diarrhea-
predominant IBS are clinically distinct from those with
constipation-predominant IBS. Trials that separate IBS
patients into symptom subgroups by application of the
Rome Criteria are more clinically useful than trials where
the patients are lumped into one group. Trials that
exclude patients with mild, irregular or intermittent IBS
symptoms have a similar advantage.

● The severity of the IBS also affects prognosis and
treatment. Patients with mild IBS require a different
treatment approach than patients with severe
symptoms.1,81 A Functional Bowel Disorder Severity
Index has been developed by Drossman et al.82 and has
been used by clinicians to rate and stratify patients into
mild, moderate or severe categories. One validation study
confirmed that patient self-administered rating was highly
correlated with a physician severity rating.82 Another
severity index developed by Francis et al. incorporated
pain, distension, bowel dysfunction and quality of
life/global well-being into a severity index.83 Very few
published studies of treatment trials include an analysis of
the severity of the disorder in the study population,
making the ability to generalize the treatment results
uncertain.

● Treatment trials without a placebo group are not
recommended. This statement is based on the fact that
the placebo response rate in patients with IBS may be
higher than 70%.9 Since there is no accepted standard
treatment for IBS, all treatment trials of IBS should be
placebo controlled.

Outcome measures

Subjective global assessment

A variety of measures have been used to assess efficacy of
interventions for IBS.9 Historically, abdominal pain has been
the most commonly employed outcome measure (83% of
trials), followed by alternating diarrhea and constipation (50%
of trials). This approach seems too simplistic, considering that
patients’ illness experience, perception and functional status
do not always correlate with the amount of pain or number
of bowel movements. This discrepancy has lead to the
development and use of more global measures of outcome,
for the purposes of clinical trials, which reflect patients’
overall global well-being, satisfaction with care, and quality of
life related to illness.

Currently for the purpose of drug development and
outcome measures, the consensus is to use global measures of
relief (e.g. “adequate relief” and patient satisfaction) as
primary outcomes, as opposed to changes in specific
symptoms, such as pain, number of bowel movements, or
severity of symptoms.84

Symptom-based outcome measures such as abdominal
distension and urgency/frequency of bowel movements
continue to be used in clinical practice and as secondary
outcome measures in clinical trials.

Pain Pain is the most important symptom that predicts
physician visits and patient distress37 in IBS patients. No
specific disease measures for IBS exist, and most trials have
used standard pain indices to evaluate the response to pain.
The Rome Committee has recommended 7–10-step adjectival
ordinal scales or a 10-cm visual analog scale to increase
sensitivity of the measurement of pain in IBS trials.9

Bowel habits A change in bowel habits is a prominent
feature of IBS, and patients should be questioned about the
form and appearance of their stools. The Bristol Stool Form
Scale is the most commonly used instrument in clinical trials,
and describes the stool in seven categories ranging from
separate, hard lumps (1) to watery (7). This scale has been
shown to correlate with transit time in patients with IBS.85

Stool form alone does not evaluate the other features of
disturbed defecation seen in IBS patients. Symptoms often
reported by IBS patients include: urgency, unproductive calls
to stool, anal pain during defecation, excessive straining
at stool, feeling of incomplete evacuation, altered stool
frequency and passage of mucus. Measuring defecation
symptoms is important, yet no valid objective assessment
exists that is reproducible.

Health-related quality of life

The lack of clearly defined structural and biochemical
indices for persons with IBS has led to the development of
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health-related quality of life (QOL) outcome measures. The
most commonly used instrument, the IBS-QOL, was developed
to evaluate the patient’s perceptions, illness experience and
functional status. This instrument has 34 questions and
assesses dysphoria, interference with activity, body image,
health worry, food avoidance, social reaction, sexual function
and relationships.86,87 The internal consistency reliability of the
summed score was 0·95, and the intraclass correlation
coefficient 0·86.86 The convergent and discriminate validity of
the IBS-QOL was compared with the short form 3b
questionnaire and symptom checklist 90 (revised). Correlations
were strongest with bodily pain, social functioning, somatization,
and obsessive-compulsiveness.88 Persons with diarrhea-
predominant symptoms reported the lowest overall quality of
life. Patients with IBS have significantly poorer health-related
quality of life (SF-36) than the general population or patients
with gastroesophageal reflux disease, and have selected
impairments in health-related quality of life relative to patients
with diabetes and endstage renal disease.89 However, the
degree of impairment also relates to the population being
studied. Quality of life improves in relation to changes in pain
severity and daily function after psychological or antidepressant
treatment.87 The IBS-QOL instrument86 was independently
rated the best currently available health-related quality of life
instrument for IBS in clinical trials based on a recent panel
evaluation of symptom scales and health-related quality of life
instruments90; furthermore, the adequate relief question
appears to be the first choice when assessing global symptom as
an outcome in IBS studies. For a more detailed assessment of
outcome and quality of life measures in IBS see Bijkerk et al.91

Approaches to treatment

General approach

Diagnostic and treatment strategies for IBS depend on a
biopsychosocial approach that incorporates both physiological
and psychosocial information.15 The first step is determination
of the type and severity of the symptoms, followed by adopting
individualized treatment plans. Patients with IBS can be
classified as diarrhea or constipation predominant, or with
mixed or alternating bowel habits. They can also be classified
as mild, moderate or severe. These distinctions are based on
the nature, frequency and constancy of symptoms, concurrent
psychosocial difficulties, recognition of stress and the
frequency of use of health care. Table 17.1 provides a
practical guide, supported by recent empiric evidence81 for
differentiating patients into subgroups of severity based
primarily on patients’ pain reports and behaviors.1,82,92,93 In
general, milder symptoms relate primarily to visceral
hyperactivity and/or hypersensitivity and are commonly
treated symptomatically with pharmacological agents directed
at the gut, whereas more severe symptoms are associated with

greater levels of psychosocial difficulties and illness behavior
and often require psychological treatments and antidepressant
medications. Several factors that predict disease severity
among patients with functional bowel disease have been
identified.81 Patients with severe functional bowel disease are
characterized by greater depression and psychological
functioning, negative health-related quality of life, more
maladaptive coping styles and greater health care utilization.81

The therapeutic relationship plays an important role in the
approach to treatment. Empathy has been shown to be
correlated with the patient’s evaluation of physician
competence, compliance with medical visits, and an overall
positive effect on patient’s coping. A therapeutic relationship
implies a non-judgmental approach, the ability to offer
warmth and genuineness, addressing fears, providing
explanations and involving the patient in management
decisions.94 When IBS is severe, the therapeutic relationship
has been shown to affect outcome by promoting a sense of
control or mastery over the symptoms.95,96

The approach to therapy for the three symptom groups –
abdominal pain and bloating, diarrhea and constipation – is
very different. Each symptom will be considered individually.
In cases where the predominant symptom is not determined, a
symptom diary is helpful. The patient is asked to record the
time and severity of the symptoms and the presence of
associated factors that aggravate or alleviate the symptoms.
After 2–3 weeks, the physician can review the diary and
consider diet, lifestyle or behavioral modifications with the
patient. This approach has the additional benefit of
encouraging active patient engagement in the approach to
treatment. Many patients take a passive attitude toward their
illness and feel that the illness is controlling them. A symptom
diary allows patients to feel they are collaborators in their care.

Dietary approach

Lactose restriction

Dietary modification has not been well studied, except for
the role of lactose and fiber in patients with IBS. The
symptoms of lactose malabsorption are nearly identical to
those of IBS. In one study, almost 25% of patients with a
diagnosis of IBS had evidence of lactose malabsorption
by hydrogen breath tests.97 In a population-based study,
subjective intolerance to lactose and the prevalence of
symptoms determined by questionnaire were studied and
formal lactose tolerance testing was performed in 580
subjects. In this population, 24% were lactose maldigesters
with no known organic gastrointestinal disease. In the
population of both lactose maldigesters and lactose digesters,
15% of the subjects met the Rome Criteria for IBS. Using
logistic regression analysis, subjective lactose intolerance was
strongly associated with IBS with an odds ratio of 4·6 (CI 2·1
to 10·1). The symptoms of IBS tend to improve after a lactose

B4

Evidence-based Gastroenterology

272



restricted diet is introduced, but the co-mingling of subjective
lactose intolerance and IBS tends to confound the clinical
response. Only patients with a positive lactose intolerance
test should eliminate lactose from the diet. For patients with
subjective lactose intolerance, who fulfill the Rome Criteria
for IBS, symptom-based and psychological treatment may be
more effective.

One systematic review of the literature107 identified seven
double blind, placebo-controlled clinical trials of dietary
exclusion in IBS. Problem foods were identified in 6–58% of
cases. Milk, wheat and eggs were most frequently identified
to cause symptom exacerbation; of the foods identified, the
most common feature was a high salicylate and amines
content. Overall, the positive response to an elimination diet
ranged from 15% to 67%; however, all the studies had major
limitations in their trial designs, including inadequate patient
selection, appropriateness of and duration of exclusion diets,
and methods of food challenge. There may be a role in using
food elimination based on IgG food antibodies in some
patients with IBS.108

Fiber supplementation

An increase in dietary fiber is recommended for
constipation and possibly for constipation-predominant IBS
symptoms, but not for those with predominant pain or
severe or refractory symptoms. Randomized trials of fiber
supplementation in patients with IBS are evaluated in
Table 17.2.109–112 The response rate to added fiber was
31–75% in these trials, while the response rate to placebo was
38–71%. These trials were flawed by inadequate sample size,
short duration of treatment (median 8 weeks), ill-defined
inclusion criteria, other design flaws, and a high withdrawal
rate. Despite these pitfalls, addition of bran to the diet is a very
common recommendation of physicians because it is cheap
and unlikely to cause harm. Quantitative analysis of the trials

is not possible; however, perusal of the data suggests that the
symptoms more likely to benefit from fiber supplementation
are the passage of hard stools, constipation and urgency. 

Approach to abdominal pain

Anticholinergic agents

The most frequently prescribed class of medications for
abdominal pain in the USA are anticholinergic agents. The
rationale for their use lies in their ability to reduce
postprandial colonic motor activity through inhibition of
cholinergic receptors. Older anticholinergics inhibit both
nicotinic and muscarinic receptors and have been associated
with more adverse effects than the newer antimuscarinic
agents (hyoscyamine). A recent meta-analysis of smooth
muscle relaxants/antispasmodics included 26 randomized
controlled trials that studied these preparations in IBS.113 The
analysis showed that these medications were significantly
better than placebo for treatment of abdominal pain. In one
meta-analysis of smooth muscle relaxants in IBS,113 five drugs
showed efficacy over the placebo: cimetropium bromide,
pinaverium bromide, octilium bromide, trimebutine and
mebeverine. Other meta-analyses have been published
with similar conclusions.114–116 As noted in these
reviews, however, most of all studies had limitations and
none of these agents is available in the USA.

Drugs acting on neurotransmitters

Newer agents take advantage of growing knowledge about
neuropeptides that act on receptors in the enteric and central
nervous systems, the brain–gut axis.

These agents include: 5-hydroxytryptamine (5-HT3), the
neurokinins (bradykinin, tachykinins), calcitonin gene-related
peptide, and the enkephalins, to name a few. 5-HT3-receptors
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Table 17.1 Double blind placebo-controlled trials of fiber supplementation in patients with irritable bowel syndrome

Grams of Duration Difference between
Authors Study type fiber daily (months) treatment groups Symptom response

Soltoft, 197698 Crossover 14·4 1·5 NS None
Manning, 197799 Parallel group 7·0 1·5 NS Pain improved
Ornstein, 1981100 Crossover 7·0 4 NS Constipation improved
Longstreth, 1981101 Crossover 9·8 2 NS None 
Cann, 1984102 Crossover 9·6 1 NS Constipation improved
Arrfman, 1985103 Crossover 9·6 1·5 NS Constipation improved
Lucey, 1987104 Crossover 12·8 3 NS None 
Cook, 1990105 Crossover 20 7 NS Improvement with time,

not fiber 
Badiali, 1995106 Crossover 24 1 NS Increased transit time

with fiber

NS = P > 0·05



are distributed on enteric motor neurons, on peripheral
terminals of visceral afferent nerves, and on central locations
(vomiting center). Antagonism of these receptors reduces
visceral pain, colonic transit and small bowel intestinal
secretion.117 Alosetron hydrochloride, a selective 5-HT3

antagonist was shown to be effective in relieving pain and
normalizing bowel frequency, and reducing urgency in female
patients with diarrhea-predominant IBS (absolute risk

reduction 12–15%).118 It was more effective than
placebo for inducing adequate relief of pain and discomfort
and improved bowel frequency, consistency and urgency.118–120

The most common adverse effect is constipation (28%). A
serious adverse effect is acute ischemic colitis, estimated to
occur in 0·1–1% of patients. The drug was withdrawn from
the US market in November 2000 because of this adverse
effect, but after further evaluation was re-approved by the
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Table 17.2 Randomized trials of psychological interventions for irritable bowel syndrome

Authors

Svedlund, 1983143

Whorwell et al.,
1984144

Bennett and
Wilkinson, 
1985138

Guthrie et al.,
1993140

Shaw et al., 1991142

Rumsey, 1991141

Corney et al.,
1991139

Boyce et al.,
2001146

Heymann-Mönnikes
et al., 2000148

Creed et al.,
2001149

Drossman et al.,
2003150

Psychological intervention

Psychodynamic

Hypnotherapy or 
psychotherapy v placebo

CBT v usual care for IBS

Psychodynamic v supportive
listening for 12 weeks

CBT v usual IBS care

CBT

CBT or relaxation v standard
medical therapya for IBS

CBT Relaxation

Multicomponent behavior
therapy and conventional
medical therapy for
IBS v conventional medical 
therapy

Interpersonal therapy v
SSRI v standard
medical therapy

12-week trial of CBT v
education in patients with
moderate and severe IBS

Treatment effect

Psychodynamic better 

Psychodynamic better

Not significant

Psychodynamic better

CBT better than
conventional therapy
for IBS

Medical better

CBT better

All groups equivalent

Reduced bowel and
psychological
symptoms at 6
months follow up

No difference in
psychological status
or bowel habits at
12 months follow up

CBT was more
effective than
education
(70% v 37%)

Follow up
period (months)

12

18

12

12

6

9

10

6

6

12

Comments

Improvement sustained

Improvement sustained

CBT better for anxiety

Reduced number of physician
visits

CBT superior in improvement
of psychological and physical
symptoms. Improvement
sustained

CBT better for depression
and anxiety

Improvement in GI symptoms
correlated with improvement
in psychological scores

No difference between groups:
CBT v relaxation v standard
medical therapy 

Improvement sustained at
6 months follow up. Improved
“well being” and improved
“control over the illness”

No difference between
treatment groups

CBT better than education
in patients with moderate
to severe IBS

aMedical therapy: antispasmodics, general medical therapy.
IBS, irritable bowel syndrome; CBT, cognitive behavioral therapy



Food and Drug Administration (FDA) in the spring of 2002
under restrictive guidelines. Another 5-HT3 antagonist,
cilansetron, has demonstrated similar efficacy in phase II
trials121 and was shown to be effective in male patients,
possibly because of the larger number of males studied. 

For constipation-predominant IBS, a new partial 5-HT4

agonist is being used. Tegaserod was shown to result in global
improvement of IBS symptoms and constipation in females
with constipation-predominant IBS.123 A dosage of 12 mg a
day (6 mg PO twice daily) has produced an absolute risk
reduction of 10% compared with placebo in females with
constipation. Tegaserod appears safe, with no serious
adverse effects reported in clinical trials in contrast to other
5-HT4 agonists such as the substituted benzamide (cisapride).
Tegaserod was approved by the FDA in July 2002 for females
with constipation-predominant IBS symptoms.

Other new treatments being explored include: newer type
3 antimuscarinic agents; NK1- and NK3-receptor antagonists;
cholecystokinin antagonists; the α2 adrenergic agonists;
clonidine124; a 5-HT1 agonist (buspirone)125; a selective
serotonin reuptake inhibitor (SSRI; citalopram)126,127;
probiotics; neostigmine; and κ opiates (fedotozine and
asimadoline). Narcotic analgesics in the control of abdominal
pain are contraindicated as they may lead to narcotic bowel
syndrome.128

Approach to diarrhea

When the predominant symptom is diarrhea, the opioid
derivatives (loperamide and diphenoxylate) may be useful.
Loperamide exerts an opioid effect on colonic muscle tone.
Diphenoxylate exerts an antisecretory effect at the mucosal
level and delays intestinal transit by inhibiting the opiate
receptor in the myenteric plexus. Loperamide has been shown
to be effective in reducing the number of stools in IBS patients
in placebo-controlled clinical trials, but no controlled
trials have been performed for diphenoxylate. One recent
study suggested that bile acid malabsorption is responsible for
30% of diarrhea-like symptoms in IBS. For patients who have
suspected bile acid malabsorption, cholestryamine was an
effective treatment in one study reported in abstract form.129

As indicated above, alosetron hydrochloride (Lotronex), a
selective 5-HT3 antagonist, may be used in diarrhea-
predominant IBS under restricted conditions to reduce the
risk of ischemic colitis and severe constipation.

Tricyclic antidepressants may also be used for diarrhea
(see below).

Approach to constipation

Severe constipation that is unresponsive to fiber
supplementation requires more aggressive therapy. Surfactants
(ducosate sodium) have been associated with impairment of
small intestinal water absorption and disruption of intestinal
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epithelium. Stimulant laxatives, such as phenolphthalein,
cascara, senna and bisacodyl, are not recommended for
chronic use. Long-term use of these laxatives have been
associated with a “cathartic colon”.130,131 The most effective
therapies for severe constipation are osmotic laxatives,
colonic lavage with polyethylene glycol (PEG), and bowel
retraining. Lactulose and sorbitol have been shown to
increase intraluminal bulk and stimulate peristalsis in placebo-
controlled trials.132,133 The use of an oral isotonic
solution containing PEG is safe and not associated with net
ion absorption or loss. In one randomized placebo-controlled
trial, PEG ingestion was associated with an improvement in
stool frequency and consistency.134 Bowel retraining involves
sitting on the commode for a distraction free period of 15 or
20 minutes each day without the obligation to perform, in
addition to using a high fiber diet and an osmotic laxative. If
no bowel movement occurs, an enema every 2–3 days is
added to the bowel retraining. An uncontrolled study showed
an improvement in bowel regularity using this method in
50–75% of affected children.135 No controlled clinical
trials of bowel retraining have been published for adults with
IBS, yet clinical experience has shown an improvement in
bowel regularity by this behavioral technique. Tegaserod, a
partial 5-HT4 agonist 6 mg twice daily has been shown as
indicated above to result in global improvement in symptoms
of constipation-predominant IBS in females in a 12-week
study and is now approved for the treatment of constipation-
predominant IBS patients.122 The most frequent adverse
effect is diarrhea, which seems to subside after the first week
of treatment. Subtotal colectomy should be performed only in
selected patients with severe colonic inertia, who have failed
medical therapy.136,137

Psychological interventions

Five types of psychological interventions have been
studied in the treatment of IBS: relaxation therapy, hypnosis,
biofeedback, cognitive behavior therapy (CBT) and
psychodynamic therapy. Relaxation methods reduce
sympathetic nervous system activity and produce skeletal
muscle relaxation. Hypnosis may be effective for IBS by
reducing pain perception in the gut.138 Biofeedback uses
audio or visual instruments to reduce skeletal muscle activity.
CBT involves identifying stressors recognizing thoughts that
increase distress, and learning new ways to cope with stress
by restructuring personal reactions to the cause. Interpersonal
or brief psychodynamic therapy helps patients to modify
interpersonal conflicts that contribute to symptoms. The
choice of psychological intervention depends on the ability of
the patient to perceive it as part of a treatment plan.

Randomized controlled trials of psychological interventions
have typically used conventional pharmacotherapy as the
control intervention138–144 (Table 17.3). There appears to be
no difference in outcome based on the specific psychological
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technique. Post hoc subgroup analysis of these studies has
identified the patients who are more likely to respond to
psychological interventions: (i) Patients who have insight
about the role of stressors; (ii) patients who are under 50
years of age; (iii) patients with lower levels of trait anxiety;
(iv) patients with a predominant symptom of abdominal pain
or diarrhea and not constipation; (v) symptoms that wax and
wane (rather than being constant) in response to eating,
defecation or stress; (vi) symptoms that are of relatively short
duration. Also, it has been postulated that patients who
exhibit maladaptive coping styles or cognition (for example
“catastrophizing”) relating to their symptoms, or perceive
an inability to decrease them, may be particularly responsive
to CBT.49

A randomized multicenter trial of 431 IBS patients on
desipramine versus placebo and CBT versus education135

demonstrated that 12 weeks of CBT was more effective than
education (P = 0·0001). The response rate was 70% versus
37%, and the number of patients needed to be treated (NNT)
with CBT to produce one additional response was 3·1.

CBT appeared to be less effective in patients with severe
depression. Psychological treatment is initially expensive
because it requires multiple, long sessions; however its
benefits persist or even increase over time.146 In the long run,
there may be a net reduction in clinic visits and healthcare
costs147 which offsets the cost of psychological treatments.

Antidepressant medications

It is now recognized that antidepressants have
neuromodulatory and analgesic properties, independent of
their psychotropic effect. Antidepressants have been used
successfully in other chronic pain syndromes, such as
neuropathic pain (60% response rate) and chronic headaches
(75% response rate).151 The analgesic effects are similar in
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depressed and non-depressed patients.151 Both tricyclic
antidepressants (amitriptyline, imipramine, desipramine) and
SSRIs (fluoxetine, sertraline, paroxetine, fluvoxamine) are
frequently used to treat patients with IBS. The decision to use
the SSRIs versus the tricyclics is based on the specific subgroup
of IBS symptoms, and the profile of adverse effects of the
particular drug. The patient with diarrhea, nausea, and
abdominal pain is a candidate for tricyclic antidepressant
therapy, while the SSRIs are more appropriate for the
patient with constipation-predominant IBS. A patient with
considerable anxiety might do better on an antidepressant that
tends to be more sedating, for example, trazadone or doxepin.

Of seven randomized trials of tricyclic antidepressants,
six152–158 showed a significant improvement in symptoms
(Table 17.4).160 The adverse effects profile of the various
antidepressants is shown in Table 17.5. In a meta-analysis of
randomized controlled trials of tricyclic antidepressants161

improvement in global gastrointestinal symptoms against
placebo was highly significant (OR 4·2, 95% CI 2·3 to 7·9).
There was also improvement in standardized pain scores
by 0·9 SD (95% CI 0·6 to 1·2). The NNT, the number of
patients needed to treat with an antidepressant to yield one
improved patient was 3. 

A recent large, randomized multicenter trial comparing the
clinical outcome of IBS patients treated with desipramine
(DES) versus placebo (PLA), and CBT versus education145

demonstrated that for patients with moderate to severe IBS,
desipramine was significantly effective in the per protocol
analysis (response of 69% DES v 49% PLA; P = 0·02,
NNT = 5), but not in the intention to treat analysis.145

This finding suggests that patients who take the medication as
prescribed are likely to benefit.145 In general, the tricyclic
antidepressant doses used were lower than those used to treat
major depression, suggesting that the therapeutic effect is
largely unrelated to the antidepressant effect.162 C5
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Table 17.3 Placebo-controlled trials of tricyclic antidepressants in irritable bowel syndrome

Authors

Heefner et al., 1978152

Greenbaum et al., 1987153

Myren et al., 1984154

Ritchie and Truelove, 1980156

Lancaster-Smith et al., 1982158

Tripathi et al., 1989157

Drossman et al., 2003159

Treatment

Desipramine v placebo

Desipramine v placebo

Trimipramine v placebo

Nortriptyline and fluphenazine

Nortriptyline and fluphenazine
v placebo

Trimipramine v placebo
Desipramine v placebo

Clinical outcome

No difference between groups

Diarrhea and pain improved
with drug

Vomiting and mucous content
of stool improved on drug

Improved pain and diarrhea on
drug

Improved pain and diarrhea on
drug

Improved pain on drug
Patients on desipramine more

satisfied with care in per
protocol analysis

Comments

Combined constipation and
diarrhea patients

Constipation patients did not
improve

Depression improved on drug

Constipation patients did not
improve. No placebo group

Patients  who take desipramine
are likely to benefit



The use of SSRIs in the therapy of IBS has increased, since
up to 30% of patients experience adverse reactions to tricyclic
antidepressants. The lower incidence of adverse effects and
rapid onset of efficacy with the use of SSRIs provide rationale
for their use in IBS; however, there are no randomized
controlled trials demonstrating the efficacy of SSRIs in IBS.
One case series showed efficacy of fluoxetine in controlling
abdominal pain in IBS,163 but this study was not a randomized
controlled trial. A large trial comparing paroxetine to
psychotherapy and usual care showed no benefit to the other
groups at 12 weeks, but there was reduced cost at 1 year for
the group receiving CBT.164 The prokinetic effects of the SSRIs
make them particularly useful in patients with constipation
and/or abdominal bloating. Specific agents may be
considered. Fluoxetine is an SSRI with a long half-life. If
compliance is an issue, citalopram has a low side effect profile
and may prove beneficial because of peripheral effects on
colonic tone and sensitivity in IBS.127 Paroxetine, because of
its greater anticholinergic effect, may be selected for patients
with diarrhea. In addition, there are novel antidepressants
such as mirtazapine, which has the potentially beneficial
5-HT3-receptor blocking effect and is particularly indicated in
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patients with insomnia and inability to gain weight.
Venlafaxine produces combined serotonin and
norepinephrine uptake inhibition and has shown to increase
simulated pain thresholds.165 It has been suggested for
treatment of certain naturopathic disorders.166

Anxiolytic medications (benzodiazepines or azapirones)
have been prescribed for patients with IBS because of the
frequent comorbidity of anxiety disorders with IBS.167

Recently, there is preliminary evidence suggesting that
5-HT1 agonists like buspirone may have a role in decreasing
gastrointestinal symptoms due to their effect on relaxing
visceral organs.125,168 There is also preliminary growing
evidence to suggest an augmenting effect of combining
psychological treatment with an antidepressant for
depression and certain other medical conditions like
headache.169,170

Prognosis

Functional gastrointestinal disorders differ from other
gastrointestinal diseases in that the organic pathology is not
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Table 17.4 Antidepressant drugs: effects on CNS receptor sites and adverse effects

Anticholinergic 5-HT receptor Histaminic Daily dosage
effect uptake effects range Adverse effects

Tricyclic antidepressants
Amitriptyline ++++ +++ ++++ 50–300 mg Sedation, orthostasis, dry

mouth, constipation
Desipramine + +++ + 50–300 mg Diaphoresis, dry mouth,

orthostasis
Doxepin ++ +++ ++++ 50–300 mg Sedation, dry mouth
Maprotiline + Nil ++++ 100–150 mg Orthostasis, dry mouth,

seizure, sedation
Nortriptyline ++ + ++ 75–150 mg Dry mouth

SSRIs
Fluoxetine Nil ++++ Nil 10–60 mg N+V, bruxism, HA, diarrhea
Fluvoxamine Nil +++ Nil 50–300 mg N+V, bruxism, HA, diarrhea
Paroxetine Nil ++++ Nil 20–60 mg N+V, bruxism, HA, diarrhea
Sertraline Nil ++++ Nil 50–200 mg N+V, bruxism, HA, diarrhea
Comipramine ++++ +++ + 25–250 mg Sedation

Atypical antidepressants
Bupropion Nil Nil 200–450 mg Seizures ( > 450 mg/day),

parkinsonian symptoms
Trazodone Nil +++ +++ 50–600 mg Sedation, priapism

100–150 mg
Nefazodone Nil ++ +++ 200–600 mg Sedation

20–60 mg
50–200 mg

Venlafaxine Nil +++ Nil 50–200 mg N+V, diarrhea

N+V, nausea and vomiting; HA, headache; SSRI, selective serotonin reuptake inhibitors; Atypical antidepressants, mixed
adrenergic/serotonergic activator (NE/5HT)
Source: Psych Working Team Report for the Rome II Committee (1999)



well defined. Because there are no biological markers to
define IBS, symptom-based criteria have been validated for
the diagnosis.9 Clinical expertise is needed to individualize
therapy for these patients. The nature of symptoms, predisposing
factors, altered physiology, psychosocial modifiers, and illness
behavior all interact to influence clinical decision making and
the ultimate prognosis.

IBS is a chronic disease, with over 75% of patients
continuing to have fluctuating symptoms. The goal should be
judicious use of medical testing, within the atmosphere of an
empathetic patient–doctor relationship. Recurrences should
be treated by a symptom-based approach, with careful
attention to the psychosocial triggers that contribute to
exacerbation. In a cohort study reported by Harvey et al.,30

104 patients with IBS were studied prospectively to
determine their prognosis over a 5-year period. The response
to treatment was better in men than in women, in patients
with predominant constipation rather than with diarrhea, in
patients whose symptoms had initially been triggered by an
episode of acute diarrhea, and in patients with a relatively
short history. With a few simple investigations, sympathetic
explanation and appropriate treatment most patients with IBS
have a good prognosis.

Conclusion

IBS is one of the most common medical conditions seen in
clinical practice. Patients with IBS and other functional
gastrointestinal disorders comprise 40% of gastroenterology
practice. This illness is responsible for a considerable economic
burden because of the high frequency of physician visits and
work absenteeism. After consideration of demographic
features, the nature of the symptoms and the severity index,
only limited investigations to rule out organic disease are
indicated. The variety of symptoms, the lack of understanding
of the pathophysiology, the complex interaction of the enteric
and central nervous systems and their receptors, suggest that
no single drug will cure IBS. A strong physician–patient
relationship is essential in treating patients with IBS and helps
control the use of health care by these patients.
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Clostridium difficile disease
Lynne V McFarland, Christina M Surawicz18

Introduction

Clostridium difficile-associated disease (CDAD) has been
described in the literature since the early 1980s.1,2 Although
important work has been accomplished on the epidemiology,
clinical diagnosis and control of hospital outbreaks, CDAD
continues to persist as a leading cause of nosocomial
gastrointestinal illness.3–7 In addition, other forms of CDAD
have become recognized which include recurrent CDAD,
toxic megacolon, C. difficile-associated arthritis and
septicemia.8–14 These forms occur sporadically and may cause
significant clinical problems for patients and a challenge for
healthcare providers. Vancomycin and metronidazole are
effective for the treatment of the first episode (initial CDAD).
However, from 10% to 24% of patients with primary CDAD
have at least one recurrence after the first antibiotic treatment
is discontinued. Recurrent CDAD may occur intermittently
over several years despite treatment.15–18 The objectives of
this chapter are to describe the epidemiology, diagnosis,
evidence-based treatment strategies and guidelines for
prevention of initial and recurrent CDAD.

Epidemiology

Incidence/prevalence

The prevalence of CDAD ranges from 0·15% to 10% in
hospitalized patients during non-outbreak situations and
increases to 16–29% during hospital outbreaks.4,19–23 The
prevalence of community-acquired CDAD is 7·7–12 per
100 000 person years.24,25

Nosocomial outbreaks

Documented hospital outbreaks due to C. difficile were
initially described in the 1980s and have been reported in
hospitals and long-term care facilities around the world with
increasing frequency.4,26–32 CDAD continues to be the leading
cause of nosocomial gastrointestinal disease in adult patients.33

A variety of patient populations has been shown to be
susceptible to nosocomial CDAD. Outbreaks or nosocomial
acquisition have occurred in patients in general medicine
wards,4,5 in surgical wards,34,35 and in long-term care
facilities,36,37 in elderly patients,38–40 pediatric patients,41–43 in
patients immunocompromised by human immunodeficiency
virus infection,30,44 by cancer,45 or by transplantation,46 and,
less commonly, in new mothers.47

Strain typing techniques have been valuable tools to track
the routes of transmission during hospital outbreaks and also
to document that hospitals may harbor both endemic and
epidemic strains of C. difficile.4,27,48 Strain typing of isolates
from hospitalized patients has also shown that half of clinical
recurrences may be reinfections with different strains of C.
difficile, adding support to the importance of nosocomial
acquisition of new strains.17,49

Nosocomial transmission

Transmission within the hospital has been shown to be
largely due to horizontal transmission via environmental
surface contamination, hand carriage by hospital personnel
and infected roommates.4,27,31,32,50–52 In a cohort of 3500
patients, a multivariate analysis found that physical proximity
to a patient with CDAD significantly increased the risk of
CDAD (RR 1·86, 95% CI 1·06 to 3·28). 51 New admissions
who are C. difficile positive have been shown to be a
source of infection for susceptible patients.53 In a prospective
study of 428 patients admitted to one general medicine
ward, a multivariate analysis documented that the risk of
nosocomial acquisition of C. difficile was significantly higher
(RR 1·73, 95% CI 1·15 to 2·55) after exposure to an infected
roommate.4

Complications

Complications of recurrent CDAD in one study included
repeated hospitalizations for cases of severe recurrences
(three hospitalizations of 100 patients), development of
toxic megacolon (0·5 of 100), septicemia (0·5 of 100) and
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C difficile-associated arthritis (0·5 of 100).16 In addition to
the types of complications above, C. difficile septicemia and
acute abdomen have been associated with cases of primary
CDAD, but the rates of these complications have not been
reported.8–10,13,54–56

Costs

Studies of patients with CDAD have shown that the cost of
medical care associated with CDAD cases ranges from
US$2000–6000 per patient.56–58 Recurrent CDAD has a
higher impact on the medical care system due to the high
costs of medical care, rehospitalizations for severe cases of
recurrent episodes, and complications (toxic megacolon,
septicemia, arthritis). In one study of 209 patients with
recurrent CDAD, the total lifetime cost for direct medical
expenses (including all prior episodes, enrollment episodes
and prospective recurrences) totaled US$2 292 856, or an
average of US$10 970 per person.16 The average cost of
diagnosis and treatment for episodes other than the
enrollment episode was US$3103 per patient. These costs do
not include lost time from work, costs of complications,
additional clinic visits or any indirect costs.

In one prospective study, the average length of stay for a
hospitalization due to a CDAD recurrence was 8·8 ± 8·6 days
(ranging from 3 to 26 days).16 Other studies have documented
that CDAD extends hospital stays for hospitalized patients
from 4 to 36 days.40,57–60

Risk factors

Risk factors for primary CDAD usually involve factors in
one of three general areas: (i) factors that disrupt normal
colonic flora, such as broad spectrum antibiotics or surgery,
(ii) host factors, such as age, sex, diet, immune status,
concurrent medical conditions or diseases such as cancer,
transplantation, other gastrointestinal conditions, or coinfection
with other enteric pathogens, and (iii) exposure to the
organism, usually through admission to a hospital with endemic
C. difficile or admission when an outbreak is occurring.

The normal colonic microflora has been shown to be
protective of colonization by C. difficile through a multifocal
mechanism known as colonization resistance. This complex
interaction of the intestinal microflora produces a wide
variety of protective effects that may include spatial
interference, attachment inhibition, production of
bacteriocins, production of toxin degrading proteases and
stimulation of immunoglobulins that act as a barrier to the
colonization of newly introduced pathogens.61 Factors that
disrupt this colonization resistance, such as exposure to
antibiotics, surgery or medications, have been shown in
epidemiologic studies to increase the risk of CDAD. Exposure
to broad spectrum antibiotics is the strongest risk factor

associated with CDAD, but narrow spectrum antibiotics have
also been implicated. Neither the dose nor the total duration
of antibiotic therapy seems to be correlated with the risk
of acquiring CDAD.7,30,34,36,39,40,51,57,59,62–67 Gastrointestinal
surgery or manipulation and nasogastric tube feeding have
also been shown to be significant risk factors for CDAD in
epidemiologic studies.36,59,62–64

Several host factors have also been shown to be significant
risk factors for CDAD including increasing age,16,18,39,57,62,63

female sex,34,57 serious underlying illness and the presence
of other concurrent disease.16,36,39,62,63,65,68 Long stay in a
hospital has been shown to increase the risk of C. difficile
acquisition.46,62,63,65 Brown et al. compared 37 hospitalized
patients with cytotoxin positive CDAD with 37 hospitalized
patients without CDAD and used multivariate analysis to
show that age over 65 years (OR 14·1, 95% CI 1·4 to 141),
stay in an intensive care unit (OR 39·2, 95% CI 2·2 to 713),
gastrointestinal procedures (OR 23·2, 95% CI 2·1 to 255) and
over 10 days of antibiotics (OR 16·1, 95% CI 2·2 to 117)
were significant risk factors for CDAD.64 Nelson et al. studied
33 hospitalized patients with CDAD and 32 controls (patients
without CDAD) and showed that the use of second or third
generation cephalosporins was a significant risk factor (OR
8·3, 95%CI 1·4 to 48·9), as was the use of two or more
antibiotics (OR 18·7, 95%CI 4·1 to 85·8).67 McFarland et al.
followed 428 patients admitted to a general medicine ward
and found seven risk factors using multivariate analysis59:
increasing age, extreme severe underlying disease (RR 5·18,
95%CI 1·2 to 22·2), cephalosporin use for at least one week
(RR 2·1, 95%CI 1·1 to 3·8), penicillin use for 2 weeks (RR
3·4, 95% CI 1·5 to 7·9), and use of gastrointestinal stimulants
(RR 3·1, 95% CI 1·7 to 5·6), enemas (RR 3·3, 95% CI 1·5 to
7·0) and stool softeners (RR 1·7, 95% CI 1·02 to 3·0).

The two most strongly implicated sources of C. difficile
infection are hospital personnel (including other infected
patients) and environmental surfaces or fomites.4,69 Longer
length of stay in hospitals has been shown to increase the risk
of acquiring nosocomial CDAD.70,71

Recurrent disease

Prospective studies of risk factors for recurrent CDAD
may help to define this subset of highly susceptible patients
who have a tendency to develop the recurrent form of
CDAD. The risk factors for recurrent CDAD have been
found to be slightly different from risk factors found for
primary CDAD and from risk factors for nosocomial
CDAD.15,59,64,66,67,69,72,73 In a prospective study of 209
patients with recurrent CDAD, logistic regression revealed
two significant independent risk factors for CDAD
recurrence: increased age and a lower quality of health scale
at enrollment (χ2 = 9·03, P = 0·01).16 Patients who had
recurrent disease were older (mean age 64·8 ± 1·65 years)
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than patients who did not (mean age 54·6 ± 19·6 years).
Recurrent disease was also associated with a lower quality of
health index (x– = 42·9 ± 17·8) compared with no recurrence
(x– = 50·3 ± 18·5). The estimates of risk for CDAD recurrence
were as follows: age (OR 1·04, 95% CI 1·01 to 1·08) and a
lower mean quality of health index (OR 0·96, 95% CI 0·93 to
0·99). There were no significant interactions in the model.
No other risk factor was significant including sex, number of
prior episodes, type, dose or duration of antibiotic therapy,
duration of follow up, number of medications or prior
surgeries, allergies, severity of enrollment episode, study
center, or type of patient (inpatient or outpatient).

In another study comparing 34 patients with recurrent
CDAD with 33 patients with non-recurrent CDAD, the risk
factors for subsequent recurrences included a higher number
of prior episodes (RR 3·87, 95% CI 1·12 to 13·34), spring
onset of initial episode (RR 7·73, 95% CI 1·07 to 55·89) and
the use of more than one antibiotic (RR 2·97, 95% CI 1·11
to 7·93).15 Do et al. analyzed 13 patients with recurrent
CDAD and 46 patients with an initial episode of CDAD in
a case–control study.74 Risk factors for recurrent CDAD
in these patients included a history of chronic renal
insufficiency, and a white blood cell count over 15 000/mm3.

Tal et al. carried out a case–control study of 43 patients with
recurrent CDAD and 38 patients with initial CDAD followed at
a subacute geriatric department for 18 months.72 Risk factors
for recurrent CDAD included fecal incontinence (OR 2·75,
95% CI 1·05 to 7·54), longer duration of fever from admission
until first episode of CDAD (OR 1·11, 95% CI 1·02 to 1·25)
and H2 antagonist exposure (OR 1·03, 95% CI 1·14 to 7·29).

Diagnosis

For the diagnosis of CDAD, three criteria must be fulfilled:
(i) clinical presentation of diarrheal disease, (ii) presence of
the organism or its toxins and (iii) the exclusion of other
causes of diarrhea. Errors in diagnosis have occurred if not all
of these three criteria are present. Clinical diarrhea must be
present, as the asymptomatic carrier state of C. difficile is a
common finding in hospital patients.4,33 Due to the numerous
causes of diarrhea, the other causes must also be eliminated
from the differential diagnosis (other enteric pathogens,
chronic gastrointestinal conditions and drugs). Finally, the
presence of either the organism (culture positive) or its toxins
should be documented.

Clinical presentation

Diarrhea due to CDAD has been defined as a change in
bowel habits with at least three loose or watery bowel
movements per day for at least two consecutive days or
greater than eight loose or watery stools within 48 hours.69,75

The symptoms of CDAD can also include fever, nausea and
abdominal cramping or pain.11,57

The incubation period after acquisition of C. difficile is
usually 1 week or less, but can be up as long as 8 weeks after
exposure to antibiotics.11,52 Asymptomatic carriers may also
become symptomatic after exposure to antibiotics.

Presence of Clostridium difficile

Laboratory diagnosis of CDAD rests on culture and toxin
detection in the stools. Infection can be suggested by fecal
white blood cells or their byproduct lactoferrin, but these are
non-specific indications of colonic inflammation and are
not specific for C. difficile disease. Guidelines developed for
testing for C. difficile toxin include testing on non-solid
stools, recent history (30 days) of antibiotic therapy and
recent hospitalization.11,33,76,77

Stool culture alone is very sensitive, but is not specific
because it does not differentiate asymptomatic carriers from
patients with clinical disease.

Tissue culture cytotoxin assays for toxin B have long
been the gold standard for diagnosis of CDAD with excel-
lent sensitivity (94–100%) and specificity (99%). The
disadvantages of this approach are the time necessary to
perform the test (24–48 hours) and the cost.11

Enzyme immunoassay (EIA) tests have been developed
which are rapid (2 hours), and less expensive and do not
require specially trained personnel.78 These tests vary in
specificity and sensitivity. Various EIA kits can detect toxin A,
B or both. Tests that detect only toxin A have lower
sensitivity than tests that detect both toxin A and B.79,80

The Premier cytoclone A + B EIA showed sensitivity of
75–85% and specificity of 95–100% in several studies.81,82

The Biosite Triage test detects C. difficile antigen and toxin A
with sensitivity and specificity of 100% and 83%,
respectively.82 A disadvantage of this test is its failure to
diagnose toxin A negative, toxin B positive patients, and
therefore its inability to distinguish carriers from those with
disease when only the common antigen is positive.82 A
prospective study of 400 stools using this test showed the
accuracy of the test to be 85%.83

A more comprehensive study of six commercial assays
showed the highest sensitivity (95%), and highest negative
predictive value for the Triage test followed by the Clearview
and ColorPac tests.84 The detection of toxin A and B by the
Techlab immunoassay showed high sensitivity and specificity
(33% and 100%, respectively).85 A single negative EIA test
does not exclude CDAD. A repeated test can improve the
sensitivity by 12%.86

Recommendations

An ELISA for toxin A or B is appropriate as a screening test
for CDAD. If toxins are not detected and diarrhea persists,
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empiric therapy should be initiated and one or two repeat
stool samples should be tested for toxin B. This approach will
identify an additional 5–10% of cases.

Treatment for the initial episode

If possible, the inciting antibiotic should be discontinued.
Fluid support (oral or intravenous) may be needed.
Antiperistaltic or opiate drugs should be avoided. There is no
role for treatment of asymptomatic carriers.87 If the index of
suspicion for CDAD is high, it is best to begin empiric therapy
rather than wait for confirmatory stool tests. 

Antibiotic treatment

Given the number and variety of clinical trials of antibiotics
for treatment of CDAD, a meta-analysis was performed.88 Of
nine trials with suitable methodology for systematic review,
only two were placebo controlled. Six other trials compared
vancomycin with other antibiotics (fusidic acid, bacitracin,
teicoplanin, metronidazole) and demonstrated no superiority
of any single antibiotic.88–96

Vancomycin

Several trials have demonstrated the efficacy of oral
vancomycin for therapy of initial CDAD, given orally
at doses of 500–1225 mg four times a day for 7–14 days
(Table 18.1). Wenisch et al. performed a randomized
controlled trial of four antibiotics.89 Patients with C. difficile
toxin positive diarrhea were randomized to receive 10 days of
one of the four antibiotic regimens and followed for initial
resolution of symptoms (“cure”) and for relapse within
30 days of antibiotic being discontinued (“relapse”). The four
groups were comparable in terms of age, sex and previous
antibiotic exposure. The recurrence rate was significantly
lower in patients receiving teicoplanin (7%) than in patients
treated with fusidic acid (28%, P = 0·04) and there were no
other statistically significant differences between treatment
groups. There were no reported adverse reactions to any of
the four antibiotic treatments. 

Two randomized trials89,90 did not show differences
in efficacy of metronidazole and vancomycin (Table 18.1) for
either initial “cure” (94% to 100%) or recurrence rate (5% to
16%). In a 10-year observational surveillance study of
908 patients at the Minneapolis VA Medical Center97 Olson
et al. reported that the initial responses to metronidazole and
vancomycin (in a variety of dosage regimens) were 98% and
99%, respectively. Figure 18.1 shows the relative risks
for treatment failure or subsequent C. difficile recurrence
observed in comparative trials of antibiotics for the treatment
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of initial episodes of CDAD. Vancomycin and metronidazole
appear to be equally effective. 

Fekety et al.92 (see Table 18.1) did not show differences in
initial cure or recurrence rates in a randomized trial
comparing 500 mg and 2 g daily doses of vancomycin. 
These authors encouraged the use of the lower dose, less
expensive regimen.

While intravenous vancomycin has little efficacy, the use of
vancomycin enemas is an alternative when the oral route is
not feasible, for example for patients with ileus. A small
observational study in nine patients and other case reports
suggest that this approach may be effective98 but there are no
randomized trials. 

Metronidazole

Oral metronidazole has been used for treatment of initial
CDAD, and several practice guidelines suggest that it should
be the first antibiotic to be administered in a dose of 250–500
mg orally four times a day for 7–14 days. Randomized trials
showed good “cure” rates >95% (see Table 18.1).89,90

There is no good explanation for the failure of metronidazole
in a small proportion of patients. Analysis of pretreatment
isolates in 14 such patients showed no decreased susceptibility
to the antibiotic.99 A more recent study from Spain
documented metronidazole resistance in 6·3% of strains over
an 8-year period.100

The oral route of administration is preferred, but case
reports and an observational study in 10 patients suggest that
the intravenous route is effective for patients with paralytic
ileus or toxic megacolon.101 There are no controlled
trials of the parenteral administration of this antibiotic.
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Figure 18.1 Point estimates (black circles) and 95%
confidence limits for the risk of recurrence in patients with an
initial episode of Clostridium difficile-associated disease by
antibiotic treatment in randomized controlled trials



Bacitracin

Bacitracin is a non-absorbable antibiotic, for oral
administration with the disadvantages of an unpleasant taste
and significant expense. Two uncontrolled trials in 1980
showed response to therapy in very small numbers of
patients.102,103 Two randomized controlled trials did not
show significantly different initial cure rates for bacitracin and
vancomycin (see Table 18.1). However, the bacitracin
treated patients were reported to subsequently have higher
rates of C. difficile carriage in the stools.93,94 The authors94

Ald

suggest that bacitracin be used as a first line alternative to
vancomycin, but the important trial comparing bacitracin and
metronidazole has not been done.

Teicoplanin

The oral antibiotic teicoplanin has been studied for
treatment of initial CDAD. DeLalla et al. compared
teicoplanin with oral vancomycin in a randomized controlled
trial in 46 patients with CDAD91 (see Table 18.1) and did not
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Table 18.1 Randomized controlled trials of treatments for patients with initial Clostridium difficile-associated disease

Duration No. of Initial cure Recurred 
Reference Antibiotic Daily dose (days) patients (%) (%)

Wenisch et al., 199689 Teicoplanin 400 mg two 10 28 96 7*
times daily

Fusidic acid 500 mg three 10 29 93 28
times daily

Vancomycin 500 mg three 10 31 94 16 (NS)
times daily

Metronidazole 500 mg three 10 31 94 16 (NS)
times daily

DeLalla et al., 199291 Teicoplanin 100 mg two 10 26 96 8*
times daily

Vancomycin 500 mg four 10 20 100 20
times daily

Fekety et al., 198992 Vancomycin 125 mg four 10 24 100 21
times daily

Vancomycin 500 mg four 10 22 100 18 (NS)
times daily

Dudley et al., 198693 Bacitracin 25 000 U four 10 15 80 33
times daily

Vancomycin 500 mg four 10 15 93 20 (NS)
times daily

Young et al., 198594 Bacitracin 20 000 U four 10 21 76 24
times daily

Vancomycin 125 mg four 10 21 86 29 (NS)
times daily

Teasley et al., 198390 Vancomycin 500 mg four 10 52 100 11
times daily

Metronidazole 250 mg four 10 42 95 5 (NS)
times daily

Mogg et al., 198295 Colestipol 10 g four 5 12 25 NR
times daily

Placebo 5 14 21 NR
Keighley et al., 197896 Vancomycin 125 mg four 5 12 92 0*

times daily
Placebo 125 mg four 5 9 22 44

times daily

*P < 0·05
NS, not significant; NR, not reported



show differences in initial cure rate. However, the
recurrence rate appeared to be significantly lower following
teicoplanin. Teicoplanin was also found to be significantly
more effective for prevention of recurrent disease than fusidic
acid (Table 18.1 and Figure 18.1).89

Fusidic acid

A randomized trial did not show significant differences in
initial cure rate for fusidic acid, metronidazole, vancomycin
and teicoplanin89 (Table 18.1). Fusidic acid is an
alternative for patients who are unable to tolerate, or who do
not respond to metronidazole.

Ion exchange resins

In vivo studies of two resins, cholestyramine and colestipol,
demonstrated binding of cytotoxin (as well as some binding of
vancomycin), and cholestyramine delayed death in the
hamster model of clindamycin-induced cecitis.104 Trials
of ion exchange resins to bind toxins have been disappointing.
However, a placebo-controlled randomized trial of colestipol
in 38 patients with postoperative diarrhea showed no
difference in fecal excretion of C. difficile toxin, and treatment
with ion exchange resins is not recommended.95

Probiotics

Probiotics are mono or mixed cultures of live micro-
organisms which, when administered to animal or man,
benefit the host by improving the properties of the indigenous
microflora.105 Probiotics have no proved role in
treatment of initial CDAD. The closest evidence that they
may have a role comes from studies for the prevention of
antibiotic associated diarrhea (AAD). Both the bacteria
Lactobacillus spp. and the yeast Saccharomyces boulardii
have been shown to reduce the occurrence of AAD when
given in conjunction with antibiotics. In four placebo-
controlled randomized trials (adults given erythromycin, two
pediatric studies and adults being treated for Helicobacter
pylori ) there was less diarrhea in the patients receiving
Lactobacillus GG than in those receiving placebo106–109

However, a more recent placebo-controlled trial failed
to show efficacy of Lactobacillus GG.110 The
commercial preparation Lactinex, a mixture of L. acidophilus
and L. bulgaricus, has not shown significant benefit in
reduction of AAD in three trials.111–113 Two controlled
trials of Enterococcus faecium showed modest efficacy in
prevention of AAD.114,115 Two small trials of bifidobacteria
showed less diarrhea associated with antibiotics.107,116

Additional randomized controlled trials with sufficient power
to show differences, should they exist, are needed.

The non-pathogenic yeast S. boulardii has been shown to
decrease AAD in four randomized controlled trials.117–120

Ald

Ald

Ald

Ald

C5

Ald

C5

Ald

Ald

Ald A fifth trial did not show efficacy in elderly patients, but
the duration of follow up may have been inadequate.121

Evidence for efficacy of probiotics for AAD was provided by
a randomized placebo-controlled trial of three different
probiotic regimens for the prevention of diarrhea associated
with antibiotic therapy for H. pylori eradication. Lactobacillus
GG, S. boulardii and a mixture of L. acidophilus and
Bifidobacterium lactus all resulted in a significant decrease in
diarrhea.122

Treatment of recurrent CDAD

Most patients (76–98%) with an initial episode of CDAD
are cured by treatment with either vancomycin or
metronidazole.15,97 A proportion of patients develops
recurrent episodes of CDAD that may recur for several years,
despite antibiotic treatment.15,16 Following a second episode
of CDAD, 60% of affected patients experience subsequent
episodes and are considered to have an especially difficult
form of CDAD, designated “recurrent CDAD”.15,16 Treatment
of recurrent CDAD has relied on antibiotics (usually
vancomycin or metronidazole), toxin binding resins, fecal
enemas and the use of probiotics or biotherapeutic
agents.11,69,75,118,123,124

Vancomycin or metronidazole

There is a limited number of randomized trials comparing
antibiotics for patients with recurrent CDAD after exclusion
of all patients who are experiencing an initial episode
(Table 18.2). Most randomized trials have been carried out in
patients with initial disease, or patients in whom the prior
history of CDAD has not been clarified. A randomized, double
blind, placebo-controlled trial of an investigational probiotic
treatment for patients with recurrent CDAD allowed the
analysis of the effect of the antibiotic treatments in the 78
patients who received antibiotics and placebo (and excluded
patients who received antibiotics and the investigational
probiotic).125 Patients were randomized to 10 days of either
high dose vancomycin (2 g/day), low dose vancomycin
(500 mg/day) or metronidazole (1 g/day) and followed for
recurrence over 2 months. No differences in recurrence rates
were found between the groups (Table 18.2). 

An earlier double-blinded, placebo controlled trial also
showed similar recurrence rates in vancomycin and
metronidazole treated patients.75 An observational
study of 163 patients, of whom 125 received vancomycin and
38 received metronidazole also showed similar recurrence
rates.124

Similar rates of recurrence are seen despite the differences
in the pharmacokinetics of vancomycin and metronidazole in
the intestine as seen in Table 18.3.75,126,127 In the healthy
intestine, fecal levels of metronidazole are rapidly absorbed
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and so the concentration within the lumen of the gut is low.
Once an acute episode of CDAD occurs, high concentrations
of metronidazole have been documented in the infected
intestine.128 Vancomycin is bacteriostatic for C. difficile
organisms, thus allowing the persistence of vegetative cells of
C. difficile and the rapid increase in C. difficile after therapy
is discontinued.127,129 The time required for spore
germination, C. difficile overgrowth, and acute toxigenic
symptoms may be extremely short (usually between 3 and
5 days) once antibiotics have been discontinued. Ninety-
seven percent of the recurrences during a prospective follow
up of antibiotic-treated patients occurred within four weeks of
stopping antibiotic treatment (median of 7 days).16 The short
interval between the end of antibiotic therapy and the
recurrence of symptoms was confirmed by two other studies
of patients with recurrent CDAD.15,97 Delayed onsets of new
episodes (4–8 weeks later) reported in some studies may be
attributed to exposure to exogenous spores or to germination
of asymptomatic carriage of C. difficile during the time when

the normal colonic flora has not yet recovered. A previous
study has shown that antibiotics may disrupt the normal
flora for up to 6 weeks after their use is discontinued.130

Continuing or restarting inciting antibiotics after successful
treatments has been shown to increase the risk of
recurrence.131

The treatment of recurrent CDAD must consider the
possible role of residual C. difficile spores in the intestinal tract
and the time the intestine is susceptible to C. difficile
overgrowth. Short antibiotic treatment regimens may be
effective in initially resolving the symptoms of diarrhea, but do
nothing during the “window of susceptibility”, i.e. the time
required for re-establishment of the intestinal microflora and
resistance to the overgrowth of C. difficile and recurrence of
disease. Several strategies have been tested including the
provision of extended protection by tapering the dose or
pulsing antibiotics, use of biotherapeutic agents (“beneficial
microbes”) and the restoration of intestinal microflora using
fecal infusions of bacteria or normal stool contents.
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Table 18.2 Randomized trial of vancomycin, metronidazole, and prolonged vancomycin and
probiotic therapy for recurrent CDAD125

Initial antibiotic Probiotic therapy Patients with 
therapy (10 days) (28 days) No. of patients recurrent CDAD (%)

Vancomycin 500 mg – 14 7 (50)
four times daily

Vancomycin 125 mg – 38 17 (45)
four times daily

Metronidazole 250 mg – 26 13 (50)
four times daily

Vancomycin 500 mg S. boulardii 500 mg 18 3 (17)
four times daily two times daily

Vancomycin 500 mg Placebo 14 7 (50)
four times daily

CDAD, Clostridium difficile-associated disease

Table 18.3 Randomized trial of vancomycin, metronidazole and probiotic therapy for initial and recurrent CDAD75

Initial antibiotic therapy Prolonged antibiotic Probiotic therapy No. with recurrent 
(11 or 12 days) therapy (20 days) (28 days) No. of patients CDAD (%)

Vancomycin 200 mg four – 65 28 (43)
times daily

Metronidazole 300 mg four – – 37 12 (32)
times daily

Standard antibiotica S. boulardii 500 mg  26 9 (35)
two times daily

Standard antibiotic Placebo 34 22 (65)

aStandard antibiotic was physician’s choice of vancomycin or metronidazole (dose not regulated by study protocol).
CDAD, Clostridium difficile-associated disease



Vancomycin taper/pulse

There have been two studies of patients with recurrent
CDAD treated with either tapering or pulsed dosing of
vancomycin. A prospective case series of 163 patients with
recurrent CDAD documented the rate of CDAD recurrences
over a 2-month period in patients who were treated with
a variety of strategies using either vancomycin or
metronidazole.132 The overall recurrence rates for all patients
receiving vancomycin or metronidazole were not significantly
different. Two strategies appeared to result in
significantly reduced recurrence rates: vancomycin tapering
and vancomycin pulsed dosing. The recurrence rates in
patients treated with vancomycin (1–1·5 g/day for 10 days),
with a tapering dose of vancomycin (over a mean of 21 days),
or with pulsed dosing of vancomycin (125–500 mg every 3
days over a mean of 18 days) were 71%, 31%, and 14%,
respectively. Tedesco et al. reported a case series of 22
patients with recurrent CDAD who appeared to be
successfully treated with a regimen of vancomycin tapered
over 21 days (500 mg/day for 1 week, 250 mg/day for 1
week, 125 mg/day for 1 week, 125 mg every other day)
followed by vancomycin in a pulse dose regimen for 21 days
(125 mg every third day).133 The results of these two
observational studies are suggestive that these strategies may
be effective, and a randomized trial would be of interest.

Other antibiotics

No randomized controlled trials of teicoplanin,
bacitracin, or rifampin have been performed in patients with
recurrent CDAD134 Adjunctive intracolonic vancomycin
has been tried in a case series of nine patients (three of
whom had recurrent CDAD) with an 8% cure rate, but this
approach has not been tested in a randomized controlled
trial.98

Probiotics

Probiotics have been used in attempts to prevent recurrent
CDAD episodes. Probiotics are postulated to provide
replacement microflora for those bacteria that have been
disrupted by antibiotics or other risk factors, to stimulate the
immune response or the production of enzymes that degrade
pathogenic toxins, or to provide simple barriers that block
attachment sites in the colon.61

There have been two double blind randomized
controlled trials of S. boulardii and antibiotics for patients
with recurrent CDAD (see Table 18.2). In the first trial
168 patients were randomized to receive one of three
standard 10-day antibiotic regimens followed by S. boulardii
or a placebo for 28 days.125 Three antibiotic regimens were
used for 10 days: either high dose vancomycin (2 g/day), low
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dose vancomycin (500 mg/day) or metronidazole (1 g/day).
Then either S. boulardii or placebo (1 g/day for 28 days) was
added to the antibiotic treatment. The outcome was the
proportion of patients with recurrent C. difficile infection in a
2-month period. A significant decrease in recurrences was
observed only in patients treated with the high dose
vancomycin and S. boulardii treatment (recurrent rate 16·7%)
compared with patients who received high dose vancomycin
and placebo (recurrent rate 50%, P = 0·05). The NNT
for this regimen (number of patients required to be treated
with high dose vancomycin and S. boulardii, rather than high
dose vancomycin alone to prevent one recurrence of CDAD)
is 3. However, S. boulardii treatment was not shown to be
effective in the patients treated with low dose vancomycin or
metronidazole. No serious adverse reactions were noted in
any of these patients.

In an earlier study patients were randomized to receive
either S. boulardii (1 g/day) or a placebo for 28 days
combined with vancomycin or metronidazole in various
doses selected by the participating physician.75 Approximately
half of the patients were experiencing a recurrent episode of
CDAD. Analysis of this subgroup of 60 patients revealed a
recurrence rate of 35% in S. boulardii treated patients
compared with a rate of 65% in patients who received
placebo. In this study, vancomycin was not more
effective than metronidazole, regardless of the dose or
duration of therapy.

Figure 18.2 displays the data from these two randomized
controlled trials of various antibiotic regimens with and
without S. boulardii therapy.75,125

Observational studies suggest that Lactobacillus GG may
be effective,123,135,136 but no randomized controlled
trials have been reported for this or other probiotic agents.

Fecal enemas

In an effort to replace the microflora disrupted by recurrent
CDAD and antibiotic treatments, there have been several
case reports describing the use of fecal enemas prepared from
normal stools in patients with recurrent CDAD.137–140

No randomized placebo-controlled trials have been
performed. Whole-bowel irrigation has also been added to
antibiotic therapy in one case in an effort to “flush out”
pathogenic toxins, but no randomized controlled trials have
been reported.141

Immunoglobulin

Although the use of immunoglobulin for patients with
recurrent CDAD has been reported in the literature in small
case series or case reports,142–144 no randomized controlled
trials have been done. C5
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Cholestyramine or other
anion binding medication

Cholestyramine binds vancomycin as well as the toxins of
C. difficile and its use may lead to suboptimal levels of
antibiotic,11 but no randomized controlled trials have been
carried out.145

Prevention

Infection control

The importance of infection control for the prevention and
control of nosocomial infections leading to CDAD and
recurrent CDAD has been well documented in the
literature.11,69 Microbiologic studies documenting that
48–56% of clinical recurrences are reinfections with a
different strain of C. difficile, emphasize the importance of
disrupting the nosocomial acquisition of new strains of C.
difficile in the hospital environment.17,49,146 The most
important strategy for prevention of CDAD is to interrupt the
horizontal transmission of C. difficile. Five infection control
practices have been investigated: (i) environmental
disinfection of contaminated surfaces or fomites, and medical
equipment or use of disposable instruments; (ii) reduction of
hand carriage by hospital care personnel; (iii) isolation or
cohorting of infected patients; (iv) treatment of asymptomatic
carriers; and (v) a multidisciplinary approach using a
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combination of the above strategies. None of these infection
control practices has been evaluated in randomized
controlled trials. Most of the practices have been evaluated
by comparing infection rates in hospitals before and after
the introduction of the experimental intervention or by
comparing the rates between wards where the intervention
has or has not been introduced.

Environmental disinfectants

Contamination of environmental surfaces by C. difficile
and its spores presents an extremely challenging problem
for hospitals. The spores of C. difficile can persist on surfaces
or fomites for months and are not susceptible to normal
room cleaning agents. Patients who are carriers of
C. difficile shed the spores on to a wide variety of hospital
surfaces.4,50,69,147–149 Several reviews have presented
evidence that cleaning with an effective disinfectant has
resulted in lower rates of nosocomial CDAD.6,69,70

Three intervention studies have shown significant reductions
in rates of nosocomial C. difficile after environmental surfaces
were adequately disinfected and cleaned. Mayfield et al.
changed the type of room disinfectant used (to 1:10
hypochlorite solution) in rooms occupied by 4252 bone
marrow transplant patients and documented a reduction in
the incidence of CDAD from 8·6 cases/1000 patient days
before to 3·3 cases/1000 patient days after the intervention
was introduced (hazard ratio 0·37, 95% CI 0·19 to 0·74).150

No decrease in the incidence of CDAD was noted in
control wards where the new disinfectant was not used.
Struelens et al. found that the frequency of environmental
positive isolation of C. difficile fell significantly from 13% to 3%
(P = 0·04) after daily room disinfection (0·03% glutaraldehyde
and 0·04% formaldehyde solution) was introduced and there
was a concurrent decrease in the incidence of CDAD cases.151

During an outbreak of CDAD Kaatz et al. demonstrated a
fall in the isolation rate of C. difficile from 31·4 % to 0·6 % and
a halt in the development of new cases after the introduction of
a phosphate buffered hypochlorite solution to disinfect hospital
room surfaces.152

Disinfection of medical equipment

Medical equipment that is used for patients infected with
CDAD may become a source of new infection if not properly
cleaned. Fiberoptic endoscopes have been shown to be a
source of C. difficile, but two studies found that exposure to
2% alkaline glutaraldehyde for 5 minutes resulted in 99%
killing of C. difficile on the surfaces.149,153 However,
neither of these studies used a control group and they were
not designed to document whether the disinfection
procedure resulted in fewer cases of CDAD. Brooks et al.
showed that the use of single-use disposable thermometers to
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replace electronic rectal thermometers, of which 21% had
tested positive for C. difficile, reduced the incidence of
C. difficile-associated diarrhea from 2·71/1000 patient days
to 1·76/1000 patient days (P < 0·05) in an acute care
hospital.154 A significant reduction of CDAD was also
observed at a skilled nursing facility at the same time. This
study suffers from the weaknesses of “before and after”
comparisons, compared with the results of parallel group
randomized trials, but suggests that this intervention may
be useful.

Handwashing and disinfection

Nosocomial C. difficile is frequently transmitted via the
hands of hospital care personnel, and visitors to other
patients.4,91 Interventions designed to disrupt this method of
transmission have included handwashing with disinfectants
instead of non-disinfectant soaps, training programs on
the importance of proper handwashing techniques, and the
use of disposable gloves.52,155 In one prospective study,
handwashing with 4% chlorhexidine gluconate resulted in a
significantly lower isolation frequency of C. difficile on the
hand surfaces of tested hospital personnel (14%, P = 0·002)
compared to an isolation rate of 88% when non-disinfectant
soap was used.4 Currently, newer enteric precaution
policies have established the use of vinyl disposable gloves.
Three studies have documented that the use of gloves reduces
the rate of C. difficile isolation on the hands of healthcare
personnel. In a prospective study of 42 healthcare workers
(doctors, nurses, physical therapists), the use of disposable
gloves during the care of infected CDAD patients reduced the
isolation of the hand carriage of C. difficile from 58% to zero.4

Johnson et al. conducted a controlled trial of the effectiveness
of an educational program involving the use of disposable
gloves in four hospital wards.52 The incidence of CDAD fell
from 7·7/1000 patient discharges before the program was
started to 1·5/1000 during the 6-month intervention
(P = 0·01) in the two wards in which the program was
introduced while there was no decrease in CDAD on the two
control wards. Bettin et al. seeded 10 volunteers with
C. difficile and found that C. difficile counts were significantly
lower on gloved hands compared to bare hands, regardless
of the type of handwashing agent used.155 However, the
effectiveness of limiting nosocomial spread of C. difficile by
handwashing alone or by the use of gloves as the sole control
policy has not been tested in randomized controlled trials.

Isolation or cohorting practices

Both symptomatic and asymptomatic infected patients
have been shown to increase the risk of nosocomial spread of
C. difficile. One control policy that has been tested is the
isolation of the patient from the pool of susceptible uninfected
patients by using private rooms, or by cohorting patients who
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are all infected with C. difficile. Boone et al. tested a new
readmission policy for patients who had been C. difficile
positive during a previous hospital stay.156 These patients
were screened for C. difficile toxin shortly before or on
admission and patients who tested positive were placed in
isolation. The attack rate declined from 13·3/1000
admissions before the policy was started to an attack rate of
8·7/1000 admissions. Another prospective study of
patients admitted to a general medicine ward followed 428
patients and found that the C. difficile acquisition rate tended
to be higher in double rooms (17/100 patients) than in single
patient rooms (7/100 patients, P = 0·08).4 However, it
should be noted that these studies were not randomized
controlled trials and suffer from the potential weaknesses of
such comparisons. Most studies test methods to reduce
transmission of C. difficile use the practices of segregating
patients in private rooms or cohorting, but only as part of a
multiple intervention approach rather than as an independent
control policy.

Treatment of asymptomatic carriers

Asymptomatic carriers of C. difficile have been shown
to be a source of new nosocomial cases of CDAD.
In order to control the spread of C. difficile, a policy of
treating asymptomatic carriers has been tested by several
investigators. However, treatment of asymptomatic carriers
has not been found to reduce the incidence of CDAD and has
not been shown to reduce the frequency of nosocomial
outbreaks.157 Bender et al. demonstrated that treatment
of carriers with metronidazole was ineffective for reducing
the incidence of new CDAD cases at a chronic care
facility.158 Delmee et al. showed a reduction in CDAD
frequency in patients on a leukemia unit from 16·6% to 3·6%
after all symptomatic and asymptomatic patients carrying C.
difficile were treated with vancomycin.159 However,
this study was not a randomized controlled trial. Johnson et
al. treated 30 asymptomatic carriers of C. difficile in a
randomized placebo-controlled trial. The patients received
either vancomycin (1 g/day), metronidazole (1 g/day) or
placebo for 10 days.87 The observed C. difficile carriage rates
in vancomycin, metronidazole or placebo-treated patients
were 10%, 70% and 80%, respectively (P = 0·02).
Recurrence rates at the end of the 2-month follow up period
were significantly higher in the vancomycin group (67%)
than in the placebo group (11%, P < 0·05). Although
there are few randomized controlled trials on the treatment
of asymptomatic carriers, this policy does not seem
warranted on the basis of available evidence.

Multiple intervention practices

A multiple intervention infection control policy that
included isolation of C. difficile positive patients, a monthly
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educational program (handwashing, use of gloves, enteric
precaution procedures), environmental disinfection and
aggressive surveillance was tested at an acute care hospital
that had a problem with C. difficile cases.160 The number of
CDAD cases fell from 155 to 67 cases per year after this
program was introduced, and the reduced incidence of cases
was sustained during a 7-year period. Struelens et al.
also showed significant reduction in new CDAD cases from
1·5 cases/1000 discharges to 0·3/1000 discharges (P < 0·05)
after the introduction of a control program consisting of
intensive screening for C. difficile, early enteric isolation
precautions, rapid treatment of CDAD cases with vancomycin
and room disinfection.151 Brown et al. reported that
control practices including rapid patient isolation, treatment
of CDAD cases and antibiotic restriction resulted in a decline
of CDAD incidence at their hospital from 2·2/100 to
0·7/100.64 Several reviews have presented the evidence
that multidisciplinary infection control programs have
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resulted in lower rates of nosocomial CDAD,6,69,70 but no
randomized controlled trials have been carried out.

Antibiotic control policies

Antibiotic control policies have become increasingly
popular to control costs and the development of antibiotic
resistant strains and epidemics of nosocomial C. difficile
disease.162,163 During an outbreak at a tertiary care university
hospital age over 65 years, intensive care unit stay,
gastrointestinal procedures and antibiotic use greater than 10
days were identified as risk factors for CDAD. The isolation
and treatment of suspected cases and formulary restriction of
clindamycin and metronidazole therapy for anaerobic
infections were associated with a decrease in attack rate from
2·25% at the end of 1987 to 0·74% by the second half of
1988.64 Three separate studies at Veterans Affairs (VA)
hospitals documented the control of epidemics by restriction
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of clindamycin use. One study from Tucson identified a
five-fold increase in C. difficile cases, over half of which were
associated with a single strain. Antibiotic use was analyzed,
and subsequent restriction of the use of clindamycin was
associated with a decrease in infection rates.21 A later
study at another VA medical center showed a prompt
reduction in CDAD cases following the introduction of a
policy of restricted clindamycin use. Additional observations
were that the hospital saved money even though some more
expensive antibiotics were used, and bacterial isolates
showed a return of clindamycin susceptibility.161 A third
study documented decrease in CDAD following removal of
multiple antibiotics from the formulary.162

Finally, in an elderly care unit, CDAD rates dropped
following the introduction of a restrictive antibiotic policy
that specifically targeted a reduction in the use of cefuroxime,
with replacement by penicillin, trimethoprim or gentamicin
as an alternative.163 B4

B4

B4

Introduction of a restrictive policy for injectable third-
generation cephalosporins for elderly medical patients
resulted in a significant reduction of CDAD cases from 4·5%
of 2157 admissions before the policy was introduced to 2·2%
of 2037 admissions during the antibiotic restriction policy.164

No decreases of CDAD cases were seen in other wards used
as concurrent but not randomized controls. 

Summary

CDAD is the leading cause of nosocomial outbreaks of
gastrointestinal disease. Despite years of research on the
pathogenesis and nosocomial transmission of this organism,
hospital outbreaks continue to occur. The management of
patients with initial CDAD includes the exclusion of other
causes of diarrhea (Figure 18.3). The management of patients
with recurrent CDAD is less concerned with identifying other
possible causes of diarrhea and is focused more on efforts to
clear the toxins of C. difficile and restore the normal
microbial flora (Figure 18.4). The treatment of this disease is
complicated by the high frequency of asymptomatic carriers
who spread the disease but should not be treated with
antibiotics. The appropriate treatment strategy for the disease
depends on the patient’s history of CDAD. Patients with an
initial episode may be treated equally well with either
vancomycin or metronidazole. The treatment of the recurrent
form of the disease is less clear. Antibiotic treatment alone for
recurrent CDAD does not appear to be effective, although
prolonged vancomycin taper and pulsed doses show promise.
There is strong evidence that combination therapy using
vancomycin and the probiotic S. boulardii is also an effective
strategy. More randomized trials are needed to assess other
types of antibiotics for the treatment of initial CDAD and
other types of probiotics for recurrent CDAD.
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Ogilvie’s syndrome
Michael D Saunders, Michael B Kimmey19

Introduction

Acute colonic pseudo-obstruction (ACPO), also referred to as
Ogilvie’s syndrome,1 is a clinical condition with symptoms,
signs and radiographic appearance of acute large bowel
obstruction without a mechanical cause. ACPO occurs most
often in hospitalized or institutionalized patients with serious
underlying medical and surgical conditions. ACPO is an
important cause of morbidity and mortality. The mortality rate
is estimated at 40% when ischemia or perforation occurs.2

Early detection and prompt appropriate management are
critical to minimizing morbidity and mortality.

Pathogenesis

The pathogenesis of ACPO is not completely understood
but likely results from an alteration in the autonomic
regulation of colonic motor function.3 Colonic pseudo-
obstruction was first described in 1948 by Sir Heneage

Ogilvie, who reported two patients with chronic colonic
dilation associated with malignant infiltration of the celiac
plexus.1 Ogilvie attributed the syndrome to sympathetic
deprivation. A better understanding of the autonomic nervous
system in the gut has modified this hypothesis. The
parasympathetic nervous system increases contractility,
whereas the sympathetic nerves decrease motility.3 An
imbalance in autonomic innervation, produced by a variety of
factors, leads to excessive parasympathetic suppression or
sympathetic stimulation. The result is colonic atony and
pseudo-obstruction.

Multiple predisposing factors or conditions have been
associated with ACPO (Table 19.1). In a large retrospective
series of 400 patients, the most common predisposing
conditions were non-operative trauma (11·3%), infections
(10%), and cardiac disease (10%).2 Cesarean section and hip
surgery were the most common surgical procedures, with the
onset of the syndrome occurring post-operatively at an average
of 4·5 days. In another retrospective analysis of 48 patients, the
spine or retroperitoneum had been traumatized or manipulated

Table 19.1 Predisposing conditions associated with acute colonic pseudo-obstruction – an analysis of 400 casesa

Condition No. of patients Proportion (%)

Trauma (non-operative) 45 11·3
Infection (pneumonia, sepsis most common) 40 10·0
Cardiac (myocardial infarction, heart failure) 40 10·0
Obstetrics/gynecology 39 9·8
Abdominal/pelvic surgery 37 9·3
Neurologic 37 9·3
Orthopedic surgery 29 7·3
Miscellaneous medical conditions 128 32

(metabolic, cancer, respiratory failure, renal failure)
Miscellaneous surgical conditions 47 11·8

(urologic, thoracic, neurosurgery)

aAssociated conditions in approximately 400 patients, reported by Vanek and Al-Salti.2 Some patients had more than one
associated condition.
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in 52%.4 Over half the patients were receiving narcotics, and
electrolyte abnormalities were present in approximately two-
thirds. Thus, multiple metabolic, pharmacologic, or traumatic
factors appear to alter the autonomic regulation of colonic
function resulting in pseudo-obstruction.

Clinical features

The clinical features of ACPO include abdominal
distension, abdominal pain (80%), and nausea and/or
vomiting (60%).2 Passage of flatus or stool is reported in up to
40% of patients. There is no significant difference in symptoms
of patients with ischemic or perforated bowel, except for a
higher incidence of fever.2 On examination, the abdomen is
tympanitic and bowel sounds are typically present. Fever,
marked abdominal tenderness and leukocytosis are more
common in patients with ischemia or perforation but also
occur in those who have not developed these complications.2

The diagnosis of ACPO is confirmed by plain abdominal
radiographs, which show varying degrees of colonic dilatation
(Figure 19.1). Air fluid levels and dilatation can also be seen
in the small bowel. Typically, the right colon and cecum show
the most marked distension, and cut-offs at the splenic
flexure are common. This distribution of colonic dilation may
be caused by the different origins of the proximal and distal
parasympathetic nerve supply to the colon.3 A water soluble
contrast enema should be obtained to exclude mechanical
obstruction if gas and distension are not present throughout
all colonic segments including the rectum and sigmoid colon.

Keys to management of ACPO include (i) early recognition
and diagnosis, (ii) evaluation to exclude mechanical obstruction
or other causes of pseudo-obstruction (such as Clostridium
difficile colitis5), (iii) assessment for signs of ischemia or
perforation which would warrant urgent surgical intervention,
and (iv) initiation of appropriate treatment measures.

Management

Treatment options for ACPO include appropriate
supportive measures, medical therapy, colonoscopic
decompression, and surgery. Despite extensive literature
documenting the clinical features of ACPO, there are very
few randomized controlled clinical trials on the treatment of
this condition, and most evidence for efficacy of treatments
comes from uncontrolled studies.

Supportive therapy

Supportive therapy (Box 19.1) should be instituted in all
patients as it appears to be successful as the primary
treatment in the majority of patients.6 Patients are givenB4
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Figure 19.1 Abdominal radiographs of a patient with
acute colonic pseudo-obstruction. (a) The plain abdominal
film shows marked dilatation, especially of the right colon.
In addition, moderate small bowel dilatation is present.
(b) A water soluble contrast enema was obtained excluding
mechanical obstruction 

a

b



nothing by mouth. Intravenous fluids are administered and
electrolyte imbalances are corrected. Nasogastric suction is
provided to limit swallowed air from contributing further to
colonic distension. A rectal tube should be inserted and
attached to gravity drainage. Medications that can adversely
affect colonic motility, such as opiates, anti-cholinergics, and
calcium channel antagonists are discontinued if possible.
Ambulation and mobilization of patients are encouraged. The
knee–chest position with hips held high has been advocated
as aiding in evacuation of colonic gas.7 None of these supportive
measures has been studied in a randomized trial. 

The reported success of supportive management is variable
with pooled rates from several retrospective series of
approximately 85%.6,8–12 In these combined series, 111
patients were treated conservatively, of which 95 (86%) had
resolution of the pseudo-obstruction. Sloyer et al.
reported outcomes of 25 cancer patients with ACPO (mostly
non-gastrointestinal malignancies).6 The mean cecal diameter
was 11·7 cm (range 9–18 cm). Of the 24 patients treated
conservatively, 23 (96%) improved by clinical and radiologic
criteria with the median time to improvement of 1·6 days
(mean 3 days). There were no perforations or ACPO-related
deaths. The authors concluded that early endoscopic or
surgical decompression is not necessary in patients with
ACPO. In another recent retrospective series of 151
patients reported by Loftus et al., 117 (77%) had spontaneous
resolution of ACPO with conservative treatment.13

These studies demonstrate that the initial management of
ACPO should be directed towards eliminating or reducing the
factors known to contribute to the problem.

Patient outcome

The clinical dilemma facing the clinician caring for a
patient with ACPO is whether to treat the patient with
conservative measures and close observation versus
proceeding with medical or endoscopic decompression of the
dilated colon. The outcome of patients with ACPO is
determined by multiple factors. The severity of the underlying
illness appears to exert the greatest influence on patient
outcome. ACPO often afflicts debilitated patients, which
explains the significant morbidity and mortality even with
successful treatment of the colonic dilatation. Other factors

B4

B4

B4

C5

that appear to influence outcome are increasing age, maximal
cecal diameter, delay in decompression and status of the
bowel.2 The risk of spontaneous colon perforation in ACPO is
low but clearly exists. Rex reviewed all available reports in
the literature and estimated the risk of spontaneous
perforation to be approximately 3%.14 The mortality rate in
ACPO is approximately 40% when ischemia or perforation
are present, compared with 15% in patients with viable
bowel.2 Retrospective analyses of patients with ACPO2,12

have attempted to identify clinical factors that predict which
patients are more likely to have complications such as
ischemia or perforation. The risk of colonic perforation has
been reported2 to increase with cecal diameter greater than
12 cm and when distension has been present for more than
6 days.12 In the large series reported by Vanek and Al-Salti, no
cases of perforation were seen when the cecal diameter was
less than 12 cm.2 However, at diameters greater than 12 cm,
there was no clear relationship between risk of ischemia or
perforation and the size of the cecum. The duration and
progression of colonic distension may be more important.
Johnson and Rice reported a mean duration of distension of
6 days in patients who perforated compared with 2 days in
those who did not.12 A two-fold increase in mortality occurs
when cecal diameter is greater than 14 cm and a five-fold
increase when delay in decompression is greater than 7 days.2

Thus, the decision to intervene with medical therapy,
colonoscopy or surgery is dictated by the patient’s clinical
status. On the basis of the limited available evidence patients
with marked cecal distension (> 10 cm) of significant
duration (> 3–4 days) and those not improving after
24–48 hours of supportive therapy are considered to be
candidates for further intervention. In the absence of
signs of ischemia or perforation, medical therapy with
neostigmine should be considered the initial therapy of choice.

Medical therapy

Neostigmine

The only randomized controlled trial of an intervention for
ACPO involves the use of neostigmine.15 Neostigmine, a
reversible acetylcholinesterase inhibitor, indirectly stimulates
muscarinic receptors, thereby enhancing colonic motor
activity, inducing colonic propulsion and accelerated transit.16

The rationale for using neostigmine stems from the imbalance
in autonomic regulation of colonic function that is proposed
to occur in ACPO. Neostigmine was first used for mani-
pulation of the autonomic innervation to the gastrointestinal
tract by Neely and Catchpole over 30 years ago in studies on
small bowel paralytic ileus.17 Neostigmine, administered
intravenously, has a rapid onset (1–20 minutes) and short
duration (1–2 hours) of action.18 The elimination half-life
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Box 19.1 Supportive therapy for acute colonic
pseudo-obstruction

● Nil per os
● Correct fluid and electrolyte imbalances
● Nasogastric tube suction
● Rectal tube to gravity drainage
● Limit offending medications (especially narcotics)
● Frequent position changes, ambulate if possible



averages 80 minutes, but is more prolonged in patients with
renal insufficiency.19

A randomized double blind placebo-controlled trial
evaluated neostigmine in patients with ACPO with a cecal
diameter of > 10 cm and no response to 24 hours of
conservative therapy.15 Exclusion criteria were suspected
ischemia or perforation, pregnancy, severe active broncho-
spasm, cardiac arrhythmias and renal failure. Patients were
randomized to receive neostigmine, 2 mg, or saline by
intravenous infusion over 3–5 minutes. The primary endpoint
was the clinical response to infusion, defined as a prompt
reduction in abdominal distension by physical examination.
Secondary endpoints included the change in measurements of
colonic diameter on radiographs and abdominal girth.
Patients not responding within 3 hours to initial infusion
were eligible for open label neostigmine. A clinical response
was observed in 10 of 11 patients (91%) randomized to
receive neostigmine compared to 0 of 10 receiving placebo.

The median time to response was 4 minutes. Median
reduction in cecal diameter (5 cm v 2 cm) and abdominal
girth (7 cm v 1 cm) were significantly reduced in
neostigmine-treated patients. Open label neostigmine was
administered to eight patients who failed to respond to the
initial infusion (seven placebo, one neostigmine), and all had
prompt decompression. Of the 18 patients who received
neostigmine, either initially or during open label treatment,
17 (94%) had a clinical response. The recurrence rate of
colonic distension after neostigmine decompression was low
(11%). The most common adverse effects observed with
neostigmine were mild abdominal cramping and excessive
salivation. Symptomatic bradycardia requiring atropine
occurred in two of 19 patients.

Ald

There are also several uncontrolled observational studies
supporting the use of neostigmine in this condition.13,20–25

Collectively, rapid decompression of colonic distension was
observed in 88% of patients with a recurrence rate of 7%
(Table 19.2). The cost of neostigmine is minimal, with a
2 mg ampoule for parenteral use costing only US$3.15 The
cost to the patient after storage and handling fees are included
is approximately US$15.

Although neostigmine was associated with a favorable
safety profile in the reported clinical trials, caution should be
used when administering the medication. Neostigmine
should be administered with the patient kept supine in bed
with continuous electrocardiographic monitoring, physician
assessment and measurement of vital signs for 15–30 minutes
following administration.15 Contraindications to its use
include mechanical bowel obstruction, presence of ischemia
or perforation, pregnancy, uncontrolled cardiac arrhythmias,
severe active bronchospasm, and renal insufficiency.

Thus, neostigmine appears to be an effective, safe and
inexpensive method of colonic decompression in ACPO. The
published data support its use as the initial therapy of choice
for patients not responding to conservative therapy if there
are no contraindications to its use. In patients with
only a partial response or recurrence after an initial infusion, a
repeated dose is reasonable and often successful. If the patient
fails to respond after two doses, proceeding with colonoscopic
decompression is advised.

Other medications

There are only anecdotal reports using other prokinetic
agents in ACPO, and their use for the treatment of this
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Table 19.2 Neostigmine for colonic decompression in patients with acute colonic pseudo-obstruction

Study No. of patients Design Dose Decompression Recurrence

Ponec et al. (1999)15 21 (neostigmine 11, RCT; (OL in non- 2·0 mg IV over Neostigmine 10/11 2
placebo 10) responders) 3–5 min in RCT; 17/18 total;

placebo 0/10
Hutchinson and Griffiths 11 OL 2·5 mg IV in 1 min 8/11 0

(1992)20

Stephenson et al. 12 OL 2·5 mg IV over 12/12 (2 patients 1
(1995)21 1–3 min required 2 doses)

Turegano-Fuentes et al. 16 OL 2·5 mg IV over 12/16 0
(1997)22 60 min

Trevisani et al. (2000)23 28 OL 2·5 mg IV over 26/28 0
3 min

Paran et al. (2001)24 11 OL 2·5 mg IV over 10/11 (2 patients 0
60 min required 2 doses)

Abeyta et al. (2001)25 8 Retrospective 2·0 mg IV 6/8 (2 patients 0
required 2 doses)

Loftus et al. (2002)13 18 Retrospective 2·0 mg IV 16/18 5

RCT, randomized controlled trial; OL, open label trial; IV, intravenous



condition cannot be recommended. Erythromycin, a motilin
receptor agonist, has been reported to be successful in
treating patients in a few case reports.26,27 Armstrong et al.
reported decompression in two patients with ACPO with oral
erythromycin (500 mg four times daily) for 10 days.26 In
another report, one patient had resolution of ACPO after
3 days of intravenous erythromycin therapy.27 Cisapride, a
partial 5-HT4-receptor agonist, has also been employed with
some success in patients with ACPO.28 However, this agent is
no longer available for use in the USA and Canada due to
class III antiarrhythmic properties. Second generation 5-HT4

partial receptor agonists, such as tegaserod, may be more
active at the colonic level than cisapride.29 However,
data evaluating these agents in ACPO are not available.

Endoscopic decompression

Colonoscopic decompression may be required in patients
with persistent, marked colonic dilatation that has failed to
respond to supportive therapy and neostigmine or when
neostigmine is contraindicated. There is no well-defined
standard of care regarding the use of colonoscopy in ACPO.7

Colonoscopic decompression appears to be beneficial in ACPO,
but it is associated with a greater risk of complications, is not
completely effective and can be followed by recurrence.30

Colonoscopy is done to prevent bowel ischemia and
perforation. It should not be done if these complications have
already developed.

Colonoscopy in ACPO is a technically difficult procedure
and should be carried out by experts. Oral laxatives and
bowel preparations should not be administered prior to
colonoscopy. Air insufflation should be minimized and the
entire colon need not be examined. Prolonged attempts at
cecal intubation are not necessary because reaching the
hepatic flexure usually appears to be effective. Gas should be
aspirated and the viability of the mucosa assessed during slow
withdrawal of the endoscope. A tube for decompression
should be placed in the right colon with the aid of a guidewire
and fluoroscopic guidance. Commercially available, single
use, over-the-wire colon decompression tubes are available.
The guidewires for these kits are quite flexible (0·035 inches
(0·89 mm)) and must be watched under fluoroscopy during
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advancement and endoscopic withdrawal to minimize loops
from forming and ensure placement into the right colon.

The efficacy of colonoscopic decompression has not been
established in randomized trials. Successful colonoscopic
decompression has been reported in many retrospective
case series, now totaling many hundreds of patients.4,31–34

Table 19.3 summarizes the larger reported series of
colonoscopic decompression in ACPO. Rex reviewed the
available literature of patients with ACPO treated with
colonoscopy.30 Successful initial decompression, determined
by a reduction in radiographically measured cecal diameter
was observed in 69% of 292 patients. Forty percent of
patients treated without decompression tube placement had
at least one recurrence, requiring an additional colonoscopy.
Thus, an initial decompression colonoscopy without tube
placement can be considered to be definitive therapy for less
than 50% of patients.30 To improve the therapeutic benefit,
decompression tube placement at the time of colonoscopy is
strongly recommended. The value of decompression tubes
has not been evaluated in controlled trials, but anecdotal
evidence suggests that they may lower the recurrence rate.
In the series reported by Geller et al., the overall clinical
success of colonoscopic decompression was 88%. However, in
procedures where a decompression tube was not placed the
clinical success was poor (25%).34 Tube placement is not,
however, completely effective in preventing recurrences.
Decompression colonoscopy has a reported colonic
perforation rate of approximately 3%,34 a figure that is much
higher than is reported in patients without ACPO.

Surgical therapy

Surgical management is reserved for patients
with signs of colonic ischemia or perforation or for those who
fail endoscopic and pharmacologic treatment. Surgical
intervention is associated with significant morbidity and
mortality, probably related to the severity of the underlying
medical conditions in this group of patients. In the large
retrospective series reported by Vanek and Al-Salti,
179 patients underwent surgery for ACPO with resulting
morbidity and mortality rates of 30% and 6%, respectively.2

The type of surgery depends on the status of the bowel.B4

Grade C
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Table 19.3 Observational studies of colonoscopic decompression in acute colonic pseudo-obstruction

Successful initial Overall colonoscopic 
Study No. of patients decompression (%) success (%) Complications

Nivatvongs et al. (1982)31 22 68 73 < 1 % (no perforations)
Strodel et al. (1983)32 44 61 73 2 % (1 perforation)
Bode et al. (1984)33 22 68 77 4·5 % (1 perforation)
Jetmore et al. (1992)4 45 84 36 < 1 % (no perforations)
Geller et al. (1996)34 41 95 18 2 % (2 perforations)



Without perforated or ischemic bowel, cecostomy is the
procedure of choice because the success rate is high,
morbidity is relatively low and the procedure can be carried
out under local anesthesia.2 Alternatively, percutaneous
cecostomy through a combined endoscopic-radiologic
approach can be considered in high surgical risk patients.35,36

In cases of ischemic or perforated bowel, segmental or
subtotal colonic resection is indicated, with either
exteriorization or primary anastomosis.

Clinical guidelines

An evidence-based guideline for the treatment of ACPO
was recently published by the American Society for
Gastrointestinal Endoscopy.7 The guidelines recommend
conservative therapy as the initial preferred management,
based on observational studies only. Potentially contributory
metabolic, infectious and pharmacologic factors should be
identified and corrected. Active intervention is indicated for
patients at risk of perforation and/or failing conservative
therapy. Neostigmine is effective for the majority of patients.

Colonic decompression is the initial invasive
procedure of choice for patients who fail neostigmine therapy
Ala, B4
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or for whom this drug is contraindicated. Surgical
decompression should be reserved for patients with
peritonitis or perforation and for those who fail endoscopic
and medical therapy. A proposed algorithm for the
management of ACPO is detailed in Figure 19.2.

Summary

ACPO is a syndrome of massive dilatation of the colon
without mechanical obstruction that results from an
imbalance in the autonomic control of the colon. Evaluation
involves exclusion of mechanical obstruction and assessing
for signs of ischemia or perforation. Appropriate management
includes supportive measures and selective use of
neostigmine and colonoscopic decompression. Neostigmine is
the only therapy for ACPO proved to be efficacious in a
randomized controlled trial. Patient outcome is determined
by the severity of the predisposing illness, patient age,
maximal cecal diameter, duration of colonic distension and
viability of the bowel. Of these factors affecting outcome, the
latter three are amenable to intervention. Thus, early
recognition and management are critical to minimizing
morbidity and mortality.

References

1 Ogilvie WH. Large intestine colic due to sympathetic
deprivation: A new clinical syndrome. BMJ 1948;2:671–3.

2 Vanek VW, Al-Salti M. Acute pseudo-obstruction of the
colon (Ogilvie’s syndrome). An analysis of 400 cases. Dis
Colon Rectum 1986;29:203–10.

3 Dorudi S, Berry AR, Kettlewell MGW. Acute colonic
pseudo-obstruction. Br J Surg 1992;79:99–103.

4 Jetmore AB, Timmcke AE, Gathright Jr BJ et al. Ogilvie’s
syndrome: colonoscopic decompression and analysis of
predisposing factors. Dis Colon Rectum 1992;35:1135–42.

5 Sheikh RA, Yasmeen S, Pauly MP et al. Pseudomembranous
colitis without diarrhea presenting clinically as acute
intestinal pseudo-obstruction. J Gastroenterol 2001;36:
629–32.

6 Sloyer AF, Panella VS, Demas BE et al. Ogilvie’s syndrome.
Successful management without colonoscopy. Dig Dis Sci
1988;33:1391–6.

7 Eisen GM, Baron TH, Dominitiz JA et al. Acute colonic
pseudo-obstruction. Gastrointest Endosc 2002;56:789–92.

8 Wandeo H, Mathewson C, Conolly B. Pseudo-obstruction of
the colon. Surg Gynecol Obstet 1971;133:44.

9 Meyers MA. Colonic ileus. Gastrointest Radiol 1977;2:
37–40.

10 Bachulis BL, Smith PE. Pseudo-obstruction of the colon. Am
J Surg 1978;136:66–72.

11 Baker DA, Morin ME, Tan A et al. Colonic ileus: indication
for prompt decompression. JAMA 1979;241:2633–4.

B4

B4

Evidence-based Gastroenterology

308

Repeat dose if
recurrence or
partial response 

Exclude mechanical obstruction
Assess for ischemia/perforation

Conservative management for 24–48 hours
Identify and treat reversible causes

Resolution No improvement
or

Cecum > 12 cm
Distension > 3 days

IV Neostigmine

Resolution No improvement

Colonoscopy

No improvement 

Surgery

Figure 19.2 Algorithm for suggested management for acute
colonic pseudo-obstruction. IV, intravenous



12 Johnson CD, Rice RP. The radiographic evaluation of gross
cecal distention. Am J Radiol 1985;145:1211–17.

13 Loftus CG, Harewood GC, Baron TH. Assessment of
predictors of response to neostigmine for acute colonic
pseudo-obstruction. Am J Gastroenterol 2002;97:3118–22.

14 Rex DK. Acute colonic pseudo-obstruction (Ogilvie’s
syndrome). Gastroenterology 1994;2:223–8.

15 Ponec RJ, Saunders MD, Kimmey MB. Neostigmine for the
treatment of acute colonic pseudo-obstruction. N Engl J
Med 1999;341:137–41.

16 Law NM, Bharucha AE, Undale AS et al. Cholinergic
stimulation enhances colonic motor activity, transit, and
sensation in humans. Am J Physiol Gastrointest Liver
Physiol 2001;281:G1228–37.

17 Neely J, Catchpole B. Ileus: The restoration of alimentary-
tract motility by pharmacologic means. Br J Surg 1971;58:
21–8.

18 Aquilonius SM, Hartvig P. Clinical pharmacokinetics of
cholinesterase inhibitors. Clin Pharmacokinet 1986;11:
236–49.

19 Cronnelly R, Stanski DR, Miller RD et al. Renal function and
the pharmacokinetics of neostigmine in anesthetized man.
Anesthesiology 1979;51:222–6.

20 Hutchinson R, Griffiths C. Acute colonic pseudo-
obstruction: a pharmacologic approach. Ann R Coll Surg
Engl 1992;74:364–7.

21 Stephenson BM, Morgan AR, Salaman JR et al. Ogilvie’s
syndrome: a new approach to an old problem. Dis Colon
Rectum 1995;38:424–7.

22 Turegano-Fuentes F, Munoz-Jimenez F, Del Valle-Hernandez
E et al. Early resolution of Ogilvie’s syndrome with
intravenous neostigmine. A simple, effective treatment. Dis
Colon Rectum 1997;40:1353–7.

23 Trevisani GT, Hyman NH, Church JM. Neostigmine: safe
and effective treatment for acute colonic pseudo-
obstruction. Dis Colon Rectum 2000;43:599–603.

24 Paran H, Silverberg D, Mayo A et al. Treatment of acute
colonic pseudo-obstruction with neostigmine. J Am Coll
Surg 2000;190:315–18.

25 Abeyta BJ, Albrecht RM, Schermer CR. Retrospective study
of neostigmine for the treatment of acute colonic pseudo-
obstruction. Am Surg 2001;67:265–8.

26 Armstrong DN, Ballantyne GH, Modlin IM. Erythromycin
for reflex ileus in Ogilvie’s syndrome. Lancet 1991;337:
378.

27 Bonacini M, Smith OJ, Pritchard T. Erythromycin as therapy
for acute colonic pseudo-obstruction (Ogilvie’s syndrome).
J Clin Gastroenterol 1991;13:475–6.

28 MacColl C, MacCannell KL, Baylis B et al. Treatment of
acute colonic pseudo-obstruction (Ogilvie’s syndrome) with
cisapride. Gastroenterology 1990;98:773–6.

29 Camilleri M. Review article: tegaserod. Aliment Pharmacol
Ther 2001;15:277–289.

30 Rex DK. Colonoscopy and acute colonic pseudo-
obstruction. Gastrointest Endosc Clin North Am 1997;7:
499–508.

31 Nivatvongs S, Vermeulen FD, Fang DT. Colonoscopic
decompression of acute pseudo-obstruction of the colon.
Ann Surg 1982;196:598–600.

32 Strodel WE, Nostrant TT, Eckhauser FE et al. Therapeutic
and diagnostic colonoscopy in non-obstructive colonic
dilatation. Ann Surg 1983;19:416–21.

33 Bode WE, Beart RW, Spencer RJ et al. Colonoscopic
decompression for acute pseudo-obstruction of the colon
(Ogilvie’s syndrome): report of 22 cases and review of the
literature. Am J Surg 1984;147:243–5.

34 Geller A, Petersen BT, Gostout CJ. Endoscopic
decompression for acute colonic pseudo-obstruction.
Gastrointest Endosc 1996;44:144–50.

35 vanSonnenberg E, Varney RR, Casola G et al. Percutaneous
cecostomy for Ogilvie’s syndrome: laboratory observations
and clinical experience. Radiology 1990;175:679–82.

36 Chevallier P, Marcy PY, Francois E et al. Controlled
transperitoneal percutaneous cecostomy as a therapeutic
alternative to the endoscopic decompression for Ogilvie’s
syndrome. Am J Gastroenterol 2002;97:471–4.

Ogilvie’s syndrome

309



311

Gallstone disease
Calvin HL Law, Dana McKay, Véd R Tandan20

Introduction

Surgical therapy for gallstones can be associated with
morbidity and mortality which has led to debate on its use,
especially in asymptomatic and mildly symptomatic patients.
Advancements in minimally invasive and endoscopic
techniques have the potential to improve surgical outcomes.
The development of these techniques makes it imperative to
understand the current evidence concerning the benefits
and risks of surgical therapy for gallstone disease and its
complications.

Elective cholecystectomy

Asymptomatic cholelithiasis
in the general population

There are no controlled trials comparing prophylactic
surgery with expectant management in asymptomatic
patients with cholelithiasis. However, a number of cohort
studies have been done to assess the probability of developing
biliary pain and biliary complications in asymptomatic persons
with gallstones.

Through the 1980s, a series of cohort studies were
conducted by Gracie and Ransohoff,1 McSherry et al.2 and
Freidman et al.3,4 Gracie’s study had complete follow up on
123 persons for 11–24 years. The cumulative probability of
the development of biliary pain was 10% at 5 years, 15% at
10 years, and 18% at 20 years. However, the fact that 89% of
the study population were white American males, and all
were faculty members of the University of Michigan, limits
the generalizability of this study. McSherry’s study
retrospectively identified 135 patients with asymptomatic
cholelithiasis who were subscribers to the Health Insurance
Plan of Greater New York, a mainly middle-income
population of diverse ethnic origin. Over a mean follow up of
46 months, 10·4% of patients developed symptoms, yielding a
2·7% annual rate of developing symptoms. Similarly,
Friedman followed 123 ethnically diverse patients with
asymptomatic gallstones in the Kaiser Permanente Medical

Care Program (San Francisco) for 16–25 years. There was a
3–4% annual rate of biliary events in the initial 10 years, and
a 1–2% annual rate in the following 10 years. At 5 years, 18%
of patients had developed biliary symptoms. One death was
attributable to cholangitis secondary to gallstones. A more
detailed explanation of Gracie’s data revealed that three
patients eventually experienced biliary complications (2·4% of
the population), but all of these had presented with pain
before the complication. In McSherry’s study, 10% of the
population eventually developed symptoms and 71% of these
patients had biliary colic as their only indication for elective
cholecystectomy. Although the remaining patients had biliary
complications prior to surgery (3% of the study population), it
is unclear if they presented with pain first. Overall these
studies yield an estimate of an annual rate of 1–2% of
symptom development, and provide evidence that 90% of
patients will present with pain prior to developing a biliary
complication. Only 10% of patients will present with a biliary
complication as the first manifestation of their biliary tract
disease.4

The Group for Epidemiology and Prevention of
Cholelithiasis (GREPCO) in Italy prospectively followed
118 patients with asymptomatic cholelithiasis.5 The cumula-
tive probability of developing biliary colic was 12% at 2 years,
17% at 4 years and 26% at 10 years. The cumulative
probability of biliary complications was 3% at 10 years. One
patient died of gallbladder carcinoma. This represents a
higher rate of symptoms, but not a higher rate of
complications than the studies from the 1980s.

Ransohoff et al. performed a decision analysis6,7 on data
first published by Gracie.1 Using cholecystectomy mortality
figures up to 1983, they found prophylactic cholecystectomy
slightly decreased survival. The economic analysis did not
favor prophylactic cholecystectomy.

In 2001, Mentes et al. evaluated the gastrointestinal
quality of life of 37 patients with symptomatic cholelithiasis
and 30 patients with asymptomatic cholelithiasis before
and after cholecystectomy.8 They found that uncomplicated
laparoscopic cholecystectomy improved quality of life
significantly in both groups, but had a larger impact on the
symptomatic gallstone group. However, any conclusions
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regarding improvements of quality of life in the asymptomatic
group must be tempered by the fact that only uncomplicated,
uneventful cholecystectomies were included, which is not a
reflection of true practice.

Considering the current evidence, expectant management
rather than prophylactic cholecystectomy is indicated for
the typical patient with asymptomatic gallstones. However,
certain populations who are more at risk for complications of
gallstone disease should be considered separately.

Asymptomatic cholelithiasis in diabetic patients

More liberal thresholds for elective cholecystectomy in
asymptomatic diabetic patients have been suggested,9 based
on early evidence suggesting a higher incidence of gallstone
disease and biliary complications, and poorer outcomes for
emergency surgery for biliary complications. Only Grade B
evidence is available, which supports expectant management
of asymptomatic cholelithiasis in this population rather than a
more aggressive approach.

In 1952, Lieber studied 26 895 autopsies, revealing an
overall incidence of cholelithiasis of 11·6%; among diabetic
patients the rate of cholelithiasis was 30·2%.10 Since then, the
belief that cholelithiasis is more common in diabetic patients
has become widely accepted.11 More recently, Chapman
reviewed 308 diabetic patients and 318 non-diabetic
controls.12 The incidence of cholelithiasis was higher in the
diabetic population (32·7% v 20·8%, P < 0·001). However,
when the data were subjected to multivariate analysis,
diabetes did not correlate strongly with the incidence of
cholelithiasis, except in a subgroup of females with non-
insulin dependent diabetes.

Del Favero prospectively studied the natural history of
cholelithiasis in diabetes by following a cohort of 47 diabetic
patients with asymptomatic cholelithiasis.13 After 5 years,
seven patients (15%) had developed symptoms or
complications. Of this group, five had presented with pain as
their first symptom. One patient presented with cholecystitis
and one with jaundice. These data compare favorably with
the data available from studies of the general population.

Higher complication rates with emergency surgery for
biliary complications in diabetic patients have been observed.
Hickman et al. studied 72 diabetic patients who underwent
cholecystectomy for cholecystitis and matched them for age,
sex and date of operation with 72 non-diabetic patients.14

Morbidity for the diabetic patients was 38·9% compared with
20·8% in the non-diabetic population. Mortality in the
diabetic population was 4·2%, compared with zero in the
control population and was attributed to sepsis. The septic
complication rate was higher in the diabetic (19·4%) than in
the non-diabetic group (6·9%). This higher rate was
maintained whether the diabetic patients had concurrent
medical illness or not.

The apparent higher incidence of cholelithiasis in diabetic
patients is likely related to factors other than the diabetes
itself. The natural history of asymptomatic cholelithiasis in
diabetic patients appears to be similar to that in the general
population. Nevertheless, diabetic patients who have biliary
complications may have increased morbidity with emergency
cholecystectomy, though this has not been well studied to
date. Individualized considerations such as concurrent illness
must be considered in deciding whether to recommend
prophylactic cholecystectomy in this population, and
recommendations have to be made without good supporting
evidence.

Asymptomatic cholelithiasis
and the risk of cancer

Autopsy data have provided evidence that greater than
80% of patients with gallbladder cancer have concomitant
cholelithiasis. Maringhini et al. followed 2583 patients with
known gallstones.15 Only five patients (0·2%) developed
gallbladder carcinoma. In the previously discussed cohorts of
patients with asymptomatic cholelithiasis,1–4 only one patient
from a total of 499 patients followed for up to 25 years was
found to have gallbladder carcinoma. 

The incidence of gallbladder cancer varies widely in
different populations, even in the presence of gallstone
disease. Lowenfels et al. reported a case–control study
of 131 patients with gallbladder carcinoma and 2399
patients without gallbladder carcinoma.16 The 20-year
cumulative risk for gallbladder cancer ranged from 0·13%
in black males to 1·5% in native American females.
The authors calculated that 769 cholecystectomies were
required to prevent one gallbladder cancer in a low risk
population. However, only 67 cholecystectomies would
be necessary to prevent one gallbladder malignancy in a
high risk population. 

Patients with gallstones greater than 3 cm may be at risk
for the development of gallbladder carcinoma. Diehl reported
this in a case–control study in 198317 and the study by
Lowenfels confirmed this observation in 1989.18 These
studies provided evidence for a 9–10-fold increase in relative
risk of developing gallbladder carcinoma for patients with
stones greater than 3 cm in diameter compared to patients
with stones less than 1 cm in diameter.

Grade B evidence supports the view that the risk of
developing gallbladder cancer may be higher in patients with
cholelithiasis. However, the increased risk appears to be
insufficient to support a recommendation for prophylactic
cholecystectomy. Although some subsets of the population
(especially native American females) and patients with stones
greater than 3 cm may be at sufficient risk to justify
prophylactic cholecystectomy, further evidence would be
needed to support a firm recommendation. B3, B4
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Porcelain gallbladder and
risk of gallbladder cancer

Early case reports and small series initially indicated
a correlation between porcelain gallbladder and carcinoma,
which guided a recommendation for surgical therapy.
However, more relevant information has only recently been
published. A retrospective assessment by Towfigh et al.19

examined 10 741 gallbladder specimens. Only 15 (0·14%)
were porcelain gallbladders. All porcelain gallbladder
specimens demonstrated chronic cholecystitis and partial
calcification of the gallbladder wall and nine had cholelithiasis
(60%). During this same period, 88 (0·82%) patients
developed gallbladder cancer, none of whom showed
calcification of the gallbladder wall. From these data, the
authors challenged the link between porcelain gallbladder
and gallbladder cancer. However, further insight may be
gained from a study by Stephen and Berger.20 This study
reported data on 25 900 gallbladder specimens of which
150 cases of gallbladder cancer and 44 cases of porcelain
gallbladder (defined as the presence of wall calcifications)
were identified. This study demonstrated that there are two
types of wall calcification – diffuse intramural calcification
and selective mucosal calcification. Gallbladder cancer was
found in 7% of cases with selective mucosal calcification, but
no case of gallbladder cancer was identified in the specimens
with diffuse intramural calcification. Thus, conflicting data in
the past may be attributable to misclassification. However, in
the preoperative setting, it may be difficult to distinguish
these types of calcifications with standard imaging modalities.
There are no studies beyond scattered, single case reports
examining the efficacy of imaging modalities in distinguishing
the types of porcelain gallbladder as defined by Stephen’s
study20 and the low incidence of this disease makes future
study difficult. Therefore, the authors still recommend open
cholecystectomy for patients with porcelain gallbladder,
especially in whom there is incomplete calcification of the
gallbladder wall. 

Symptomatic cholelithiasis

Grade B evidence supports the current approach to
patients with symptomatic cholelithiasis. Patients with
uncomplicated biliary colic should be offered surgery as an
option to controlling symptoms. Patients with complications
of cholelithiasis should have surgery to prevent further
complications. The previously discussed natural history
studies of McSherry et al.2 and Friedman et al.3 included a
group of patient with symptomatic cholelithiasis. Additional
data are also available from the National Cooperative
Gallstone Study (NCGS).21,22 McSherry followed 556 patients
with symptomatic cholelithiasis.2 During an average follow
up of 83 months, 169 (30%) of patients reported worsening
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or continued severe symptoms, 9 (1·6%) patients developed
jaundice, and 47 (8·5%) patients developed cholecystitis.
These data indicate a 4·3% annual rate of worsening or
persistently severe symptoms and a 1·5% annual rate of biliary
complications arising from symptomatic cholelithiasis.
Friedman followed 298 patients with mild or non-specific
symptoms and cholelithiasis for 16–25 years.3,4 The annual
rate of developing cholecystitis or jaundice was 1%.

The NCGS was designed as a double blind, randomized
controlled trial of chenodiol.21,22 The group of patients who
had received placebo provided another opportunity to study
the natural history of symptomatic cholelithiasis. Seventy-
seven patients presented with worsening symptoms of biliary
colic or prolonged biliary pain during 2 years of follow up.
Seven patients “required cholecystectomy” during the follow
up which represents a 34% annual incidence of “requiring a
cholecystectomy”. The patients with symptomatic cholelithiasis
in these studies did not suffer any greater mortality during the
follow up period than was experienced by patients in the
asymptomatic population.

The rate of complications secondary to symptomatic
cholelithiasis appears to be higher than that in patients
with asymptomatic cholelithiasis. Recurrent or worsening
symptoms may develop but there is no increased mortality
from observation, at least in the short term. Therefore, “the
subjective experience of the patient should be the principal
determinant of whether and when the procedure should
be performed”. Early surgical treatment is indicated once
cholelithiasis is complicated by acute cholecystitis, choledo-
cholithiasis or cholangitis.

Elective laparoscopic
versus open cholecystectomy

Laparoscopic cholecystectomy is now considered standard
of care for elective cholecystectomy. This was “accepted”
despite the lack of any evidence from a randomized
controlled trial comparing standard open cholecystectomy
and standard laparoscopic cholecystectomy. Nonetheless,
laparoscopic cholecystectomy has had a significant impact
on the management of gallstone disease as evidenced by
increasing rates of elective cholecystectomy since its
introduction in the 1980s.23,24

Evidence from four randomized controlled trials
comparing elective laparoscopic cholecystectomy and mini-
laparotomy cholecystectomy is available25–28 (Table 20.1).

There is no statistically significant difference in the
incidence of biliary tract injuries, although in McMahon et
al.’s study,26 the only major biliary injury occurred in the
laparoscopic group. Quality of life data were obtained by
both Barkun et al.25 and McMahon et al.26 The laparoscopic
group experienced a faster improvement in quality of life, but
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the two treatment groups were equal in this respect at 3
months. Similarly, there was better satisfaction with scarring
in the laparoscopic group, but both groups were equally
satisfied with their result at 3 months. The data from Majeed
revealed no difference in time off work or time to return
to full activity.28 A cost minimization economic analysis
was carried out by McMahon.26 Laparoscopic cholecystec-
tomy was more costly after considering both perioperative
and hospitalization costs (£1486 compared with £ 1090,
P < 0·001).

Further data comparing laparoscopic to open
cholecystectomy are available from the meta-analysis of Shea
et al. of the outcomes of 78 747 patients undergoing
laparoscopic cholecystectomy and 12 973 patients undergoing
open cholecystectomy.29 Mortality rates were lower for
laparoscopic cholecystectomy than for open cholecystectomy,
while common bile duct injury was higher for laparoscopic
cholecystectomy than for open cholecystectomy. The data for
common bile duct injury were reanalyzed by group-level
logistic regressions to identify the differences in rates among
the studies. A pattern of infrequent common duct injury in
early studies, an increased incidence in studies initiated in
early 1990, followed by a subsequent decrease in rate was

revealed. However, the data were quite variable in terms of
reporting of results and length of follow up. The authors
conceded, “there are still some considerable uncertainties that
need to be addressed by better-designed studies and more
complete reporting”.

Considering the current evidence, in the elective setting,
laparoscopic cholecystectomy appears to be as safe as open
cholecystectomy and may provide short-term improvement in
quality of life. There is a lack of convincing evidence
of its touted beneficial effects on length of stay, recovery time
or economics (hospital or societal). However, the general
acceptance of laparoscopic cholecystectomy as the standard of
care as well as public demand for minimally invasive surgery
will prevent a future randomized controlled trial that may
definitively answer these questions.

Further issues in elective
laparoscopic cholecystectomy

With the advent of the laparoscopic cholecystectomy,
there has been a move towards ambulatory surgery. Grade A
evidence from two randomized trials which compared
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Table 20.1 Randomized controlled trials of laparoscopic cholecystectomy (LC) and mini-cholecystectomy (MC)

Study

Barkun et al.25 McMahon et al.26 McGinn et al.27

No. of patients LC 37 151 155
MC 25 148 155

Operative time (minutes) LC 85·9 57* 74*
MC 73·1 71* 50*

Conversion to standard open LC 1 (3%) 15 (10%) 20 (13%)
cholecystectomy

MC 0 (0%) 14 (10%) 6 (4%)
Time to oral intake LC 1·1 days* N/A N/A

MC 1·7 days* N/A N/A
Hospital stay (days) LC 3* 2* 2a

MC 4* 4* 3a

Non-biliary complications LC 1 (3%) 30 (20%)b 12 (7·7%)*
MC 1 (4%) 26 (17%)b 2 (1·3%)*

Biliary complications LC 0 (0%) 5 (3%)c 1 (0·6%)
MC 1 (4%) 3 (2%)c 2 (1·3%)

Mortality LC 0 (0%) 0 (0%) 1 (0·6%)
MC 0 (0%) 1 (0·7%) 0 (0%)

N/A, data not available.
*Indicates differences reached statistical significance.
aThis was statistically significant but did not include patients who were converted to standard cholecystectomy. If included, there
was no statistical difference in length of hospital stay.
bTotal complications.
cThis included 1 (0·7%) major biliary injury in the LC group and no major biliary injuries in the MC group.



outpatient to inpatient laparoscopic cholecystectomy are
available.30,31 Exclusion criteria included American Society of
Anesthesiologists (ASA) III/IV, patients less that 18 and more
than 70 years old, lack of a capable caregiver at home and
complicated cholelithiasis (common bile duct stones or
acute cholecystitis). The degree of pain, readmission and
complication rates was the same in both groups. Late
complications such as bile leaks became evident several days
later and there was no benefit from 24-hour admission.
Keulemans et al. found that 92% of the outpatients preferred
outpatient care to clinical observation.31 In summary,
outpatient laparoscopic cholecystectomy is a safe and feasible
option for selected patients (defined by the exclusion criteria
in the randomized trials). 

A newer technique called “mini-laparoscopic chole-
cystectomy” has recently been reported. This technique
entails the use of even smaller diameter instruments
(2–3 mm) and smaller laparoscopic cameras (5 mm) to allow
for a near scar-less operation. Evidence comparing mini-
laparoscopic cholecystectomy and conventional laparoscopic
cholecystectomy is available from four randomized controlled
trials.32–35 Chea et al.32 and Bisgaad et al.33 demonstrated
that mini-laparoscopic cholecystectomy resulted in less pain
(visual analog scale) than was the case for conventional
laparoscopic cholecystectomy. Sarli et al. confirmed this
observation and also showed that the group with mini-
laparoscopy required fewer injections of analgesic.35 Mini-
laparoscopic cholecystectomy was found to result in less scar
when compared to laparoscopic cholecystectomy (total scar
length: 17 mm v 25 mm; P < 0·001)32 and more patients
expressed satisfaction with cosmesis in the mini-laparoscopy
group.34,35 It is noted however, that in all current studies
examining mini-laparoscopy the procedures were carried out
by expert hands and no data that can be generalized to the
whole population of surgeons and patients have yet been
presented. This technique may have a steep learning curve for
some surgeons and is currently carried out predominantly by
experts in laparoscopy.

Acute cholecystitis

Acute cholecystitis, inflammation secondary to obstruction
of the cystic duct, is the most common complication of
cholelithiasis. There is little disagreement that the treatment
of acute cholecystitis should involve cholecystectomy. The
areas of controversy are the timing of cholecystectomy and to
a lesser degree the use of laparoscopic cholecystectomy
versus open cholecystectomy. Acute cholecystitis was
previously considered to be a contraindication to laparoscopic
cholecystectomy. Growing surgeon comfort and expertise
with laparoscopic cholecystectomy has resulted in this
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technique becoming the treatment of choice for acute
cholecystitis.

In the pre-laparoscopic era, the question of early versus
delayed cholecystectomy was heavily debated. Evidence
from five randomized trials carried out in the 1970s and
1980s is available.36–40 These studies demonstrated that
cholecystectomy could be carried out in the acute stage with
shorter hospital stay, decreased mortality and fewer operative
complications (Table 20.2).

The introduction of laparoscopic cholecystectomy caused a
movement to return to delayed cholecystectomy for acute
cholecystitis. This movement arose because laparoscopic
cholecystectomy was considered to be associated with more
complications and an increased risk of common bile duct
injuries than interval laparoscopic cholecystectomy after the
resolution of the acute episode. Grade A evidence from three
randomized controlled trials41–43 on early versus delayed
laparoscopic cholecystectomy is available (Table 20.3). Once
again, the data show that early cholecystectomy, even if
carried out with the laparoscopic approach, is safe and better
for patients in terms of shorter illness and hospital stay
compared with delayed surgery.

Evidence regarding laparoscopic versus open
cholecystectomy for acute cholecystitis is available from two
randomized trials.44,45 The results are summarized in
Table 20.4. The laparoscopic approach did not increase
mortality or morbidity compared with the open approach and
offered the benefit of shorter hospital stay. Both studies found
that the rate of conversion to the open procedure was slightly
higher than the average observed in elective cholecystectomy
series.

Considering the current evidence, acute cholecystitis
should be treated with early (48–72 hours) laparoscopic
cholecystectomy with a reasonable threshold for conversion
to open surgery.

Gallstone pancreatitis

Early endoscopic retrograde
cholangiopancreatography

Evidence from three randomized controlled trials on early
endoscopic retrograde cholangiopancreatography (ERCP)
with stone extraction versus conservative therapy as a
treatment for biliary pancreatitis is available.46–48 In
patients with severe pancreatitis or with evidence of biliary
obstruction or cholangitis, early ERCP within 72 hours of
presentation probably decreases morbidity and mortality
rates. In patients without these criteria, early ERCP has no
benefit and may in fact increase morbidity and mortality.
Therefore, patients must be carefully selected for early ERCP.
(See Chapter 21 for further discussion.)
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Preoperative endoscopic retrograde
cholangiopancreatography versus
cholecystectomy with cholangiogram

Gallstone pancreatitis is considered to be an indication for
imaging the biliary tree with either ERCP or intraoperative
cholangiogram (IOC). Due to the possibility of common bile
duct (CBD) stones, no studies have evaluated cholecystec-
tomy without imaging the biliary tree. Seven observational
studies,49–55 two with controls, have assessed the optimal
approach to imaging the biliary tree following an attack of
gallstone pancreatitis. Gallstone pancreatitis does not appear
to be a strong predictor of CBD stones without evidence of
a dilated CBD, persistently abnormal alkaline phosphatase or
bilirubin, or evidence of cholangitis. Patients with these features
may be considered for preoperative ERCP. In one
retrospective study,49 the incidence of procedure-induced
pancreatitis was 19% in the ERCP group and 6% in the
surgical/IOC group. The other retrospective study demonstrated
similar results with pancreatic-biliary complications in 24% of the
ERCP group and 6% of the surgical/IOC group.55 The data suggest
that preoperative ERCP may in fact increase overall morbidity
compared with cholecystectomy with IOC, further supporting the
approach of selective ERCP in this group of patients.

Timing of surgery

A number of studies have evaluated early versus delayed
cholecystectomy in patients with gallstone pancreatitis. Burch

C5
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et al. evaluated patients who underwent surgery after
recovering from acute pancreatitis either during the same
hospital admission or following discharge and scheduling for
elective surgery.56 Although surgical complication rates were
the same in both groups, total hospital stay was significantly
longer in the delayed surgery group (14 v 17 days, P = 0·01).
Furthermore, in the delayed group only 60% returned for
surgery and 29% of the original cohort required emergency
treatment for recurrent pancreatitis or biliary disease before
elective surgery. Kelly et al. randomized patients to early (less
than 48 hours) and delayed (more than 48 hours) surgery.57

With early surgery the morbidity and mortality rates were
30·1% and 15·1%, as compared with 5·1 and 2·4% in the
delayed group (P < 0·005). When patients were
stratified for disease severity based on Ranson’s criteria, the
differences in morbidity and mortality rates between early
and delayed surgery were not statistically significant in
patients with three or fewer Ranson’s criteria. In patients with
severe pancreatitis (more than three Ranson’s criteria), the
differences remained significant.

Grade B/C evidence has recently been published58,59

examining the issue of whether cholecystectomy is even
necessary after successful ERCP with endoscopic sphinctero-
tomy (ES) and clearance of bile duct stones. Kaw et al. followed
patients prospectively to compare outcome after laparoscopic
cholecystectomy and ERCP with ES or ERCP and ES alone.58

During follow up, there was no significant difference in biliary
complications or procedure-related complications. They
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Table 20.2 Randomized controlled trials comparing early versus delayed open cholecystectomy for acute cholecystitis

Study

McArthur Lahtinen van der Linden Jarvinen and 
et al.36 et al.37a et al.38a Hastbacka39

No. of patients Early 15 47 70 80
Delayed 13 44 58 75

Operative time (minutes) Early N/A 76·7 N/Ab 93
Delayed N/A 98·0 N/Ab 85

Hospital stay (days) Early 13·1 13·0 10·1 10·7
Delayed 24·2 25·0 10·9 + 8c 18·2

Biliary complications Early 1 (6·7%) 1 (2·1%) 0 3 (3·8%)
Delayed 0 3 (6·8%) 0 2 (2·7%)

Non-biliary complications Early 3 (20%) 12 (25·5%) 10 (14·3%) 11 (13·8%)
Delayed 5 (38·4%) 16 (36·4%) 2 (3·4%) 13 (17·3%)

Mortality Early 0 0 0 0
Delayed 0 4 (9·1%) 0 1 (1·3%)

Failure of delayed treatmentd 3 (23·1%) 7 (15·9%) 0 10 (13·3%)

N/A, data not available
aAlso showed decreased insurance payments (for time off work) for the patients treated with early cholecystectomy.
bNo average or mean time for surgery was given but the distributions of operative times were similar.
cThe mean stay for initial conservative management was 10·9 days followed by a mean stay of 8·0 days at the time of the delayed
cholecystectomy.
dPatients randomized to conservative treatment initially who failed and required urgent cholecystectomy.



concluded that laparoscopic cholecystectomy should only be
attempted in patients with overt biliary symptoms and not for
the prevention of gallstone pancreatitis. Kwon et al. found that
only 4.8% of patients required a cholecystectomy for biliary
complications at an average of 18·4 months following ERCP
and ES.59 This issue should be examined further by
randomized controlled trials, but at this point there is no clear
evidence that biliary complications can be completely avoided
by ERCP and ES alone. In addition, these data conflict with
Grade A evidence from studies looking at CBD stones (see
below).

Based on these data, it is recommended that patients with
acute severe gallstone pancreatitis undergo cholecystectomy
following resolution of the acute episode but during the initial
hospital stay. Patients with mild to moderate pancreatitis
(three or fewer Ranson’s criteria) can be considered for early
laparoscopic cholecystectomy. 

Choledocholithiasis

CBD stones may be identified by many different modalities
including laparoscopic and open intraoperative cholangio-
gram, ERCP, laparoscopic ultrasound and magnetic resonance
cholangiopancreatography (MRCP). Once CBD stones are
identified, most surgeons agree that they should be removed,
since stones left in the CBD may cause subsequent biliary
complications including obstructive jaundice, pancreatitis
and cholangitis.

Alc, C5

See Chapter 21 for further discussion.
The surgical method for identifying CBD stones is operative

cholangiography. However, the choice of routine versus
selective cholangiography remains somewhat controversial.60–62

In a review of 2043 patients60 undergoing routine laparoscopic
operative cholangiography, the incidence of unsuspected CBD
stones was 2·8%. On the other hand, a smaller series61

identified a 26% rate of what was felt to be clinically significant
retained or recurrent stones found at operative cholangiography
after a clear preoperative ERCP. The authors argued that
routine operative cholangiography should be performed.
However, on reviewing the literature,60 only 0·30% of patients
not undergoing operative cholangiography will ever become
symptomatic. In order to better use resources, other studies
have attempted to determine criteria for selective operative
cholangiography. Borjeson et al.62 proposed criteria that
included: normal liver function tests, CBD diameter < 10 mm
and no history of gallstone pancreatitis or jaundice.62 One
hundred and fifty-five patients who met these criteria were
followed prospectively after laparoscopic cholecystectomy for a
mean follow up of 26 months. No patients had retained CBD
stones during the follow up period. Although none of these
data provides Grade A evidence, the literature suggests that
selective operative cholangiography is justified.

Once CBD stones are identified, there are three approaches
to the management: open common bile duct exploration
(OCBDE), ERCP and sphincterotomy, and laparoscopic
common bile duct exploration (LCBDE).

Five randomized trials (Grade A) have compared OCBDE
with ERCP in the management of CBD stones.63–67 In the two
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Table 20.3 Randomized controlled trials comparing
early versus delayed laparoscopic cholecystectomy for
acute cholecystitis

Study

Lo et al.41 Lai et al.42

No. of patients Early 45 53
Delayed 41 51

Operative time Early 135 122·8
(minutes) Delayed 105 106·6

Conversion Early 5 (11%) (21%)
Delayed 9 (23%) (24%)

Hospital stay Early 6 7·6
(days) Delayed 11 11·6

Biliary Early 1 (2·2%)
complications Delayed 3 (7·3%)

Non-biliary Early 5 (11·1%)
complications Delayed 9 (22·0%)

Mortality Early 0
Delayed 0

Failure of delayed 8(19·5%)
treatmenta

aPatients randomized to conservative treatment initially who
failed and required urgent cholecystectomy

Table 20.4 Randomized controlled trials comparing
open (OC) versus laparoscopic (LC) cholecystectomy
for acute cholecystitis

Study

Kiviluoto Lujan
et al.44 et al.45

No. of patients OC 31 110
LC 32 114

Operative time OC 99·8 77
(minutes) LC 108·2 88

Conversion LC (only) 5 (16%) 17 (15%)
Hospital stay OC 6 8·1

(days) LC 4 3·3
Biliary OC 0 1 (0·9%)

complications LC 0 4 (3·5%)a

Non-biliary OC 7 (minor) (23%) 28 (25·5%)
complications 6 (major) (19%)

LC 1 (minor) (3%) 14 (12·3%)
Mortality OC 0 0

LC 0 0

aTwo out of four were retained common bileduct stones



smaller trials,64,65 with 52 and 34 patients respectively, no
differences in morbidity or mortality were seen. OCBDE was
more successful at clearing stones than ERCP in one study
(88% v 65%).64 The two larger studies, with 228 and
120 patients respectively,63,66 demonstrated statistically signifi-
cant increases in morbidity with ERCP, with the latter study66

also showing an increase in mortality with ERCP. The
fifth study67 (n = 83) also demonstrated a trend to increased
morbidity with ERCP, but the difference was not statistically
significant.

Evidence from three randomized trials comparing LCBDE
and ERCP showed no difference in morbidity and mortality
between the two approaches.68–70 One trial69 demonstrated
a statistically significant decrease in hospital stay for LCBDE (1
day v 3·5 days) and another demonstrated a similar trend that
was not statistically significant.70 It should be noted that the
rates of complications with ERCP in these studies were
relatively high (11–28%). More recent studies demonstrate a
much lower complication rate. Freeman et al.71 reported a
complication rate of only 4·9% among 2347 ERCPs. Similarly,
Masci et al.72 reported a series of 2444 ERCPs where the rate
of complications was only 4·95% (pancreatitis in 1·8%,
hemorrhage in 1·13%, cholangitis in 0·57%, perforation in
0·57% and death in 0·12%).

Grade A evidence regarding timing of surgery for
choledocholithiasis following ERCP is available in the
randomized trial reported by Boerma et al.73 These authors
randomized patients who underwent ERCP and stone
extraction with proven gallbladder stones to a “wait and see”
policy or to laparoscopic cholecystectomy after ERCP. In the
wait and see group, 47% had recurrent biliary symptoms
compared with 2% of laparoscopic cholecystectomy patients.
The conversion rate to open surgery in patients allocated to
wait and see was 55% compared with 23% in the laparoscopic
group. Also morbidity was increased in the wait and see
group (32% v 14%) as was length of stay (9 v 7 days). 

Conflicting data with respect to the outcomes observed in
these studies may be explained in part by variation in operator
expertise. LCBDE and ERCP are highly operator-dependent
techniques with a steep learning curve. The approach to
CBD stones should be individualized and based on the type
of expertise available at each institution. However, patients
presenting with choledocholithiasis should be expedited to
undergo cholecystectomy to avoid further biliary complica-
tions and potentially increased morbidity at emergent
cholecystectomy.
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Acute pancreatitis
Jonathon Springer, Hillary Steinhart21

Introduction

Acute pancreatitis is a common admission diagnosis on
gastroenterology and general surgical services. It is an
inflammatory condition of the pancreas characterized
clinically by abdominal pain and elevated levels of pancreatic
enzymes in the blood. The incidence of acute pancreatitis
in England, Denmark and the USA varies from 4·8 to 24·2
per 100 000 patients.1 However, estimates of incidence are
inaccurate because the diagnosis of mild disease may be
missed, and death may occur before diagnosis in 10% of
patients with severe disease.2

The term acute pancreatitis encompasses a wide spectrum
of clinical and pathological findings arising from many
different causes. Gallstones and chronic alcohol abuse
account for 75% of cases in the USA. No obvious etiology is
identifiable in approximately 30% of patients with acute
pancreatitis. Uncommon causes include biliary sludge and
microlithiasis, hypertriglyceridemia, hypercalcemia, drugs,
infection and trauma. Despite extensive research in the area,
the underlying pathophysiology of acute pancreatitis still
remains speculative.

Most patients with acute pancreatitis will have a mild form
and ultimately follow a benign clinical course but up to 20%
will develop severe pancreatitis with all its inherent morbidity
and risk of mortality. Despite the many advances in the
treatment and diagnosis of acute pancreatitis, the mortality
rate remains between 5% and 15%.3

Unfortunately, acute pancreatitis generally has an
unpredictable course and prognosis. Most attacks of acute
pancreatitis are mild with recovery occurring within 5–7 days.
In contrast, severe necrotizing pancreatitis is associated with
a high rate of complications and significant mortality. This has
prompted a search for the ideal prognostic tools (single or
multiple laboratory or clinical variables) that might predict
severe disease and morbid complications early in the course
when potential therapeutic interventions may alter the
natural history. However, the variable nature of the disease,
its many different causes, and potential complications make it
a difficult disease to treat and one for which a universally
effective treatment is unlikely to be achievable. At the present

time there is no single, simple, universally accepted
prognostic instrument or treatment protocol for those with
acute pancreatitis.

This chapter will critically review the evidence available
from the literature that examines the use of various
prognostic instruments and the medical, surgical and
endoscopic treatment options available for acute pancreatitis.

A review of the literature was conducted after carrying out
a computerized search of the MEDLINE database for the
years 1974 to 2003. The search included all English language
articles indexed under the MeSH heading “pancreatitis” and
the text words “acute pancreatitis”. Review articles and
articles of special interest in the area were reviewed and their
bibliographies were searched for additional references. The
articles dealing with prognosis or treatment of acute
pancreatitis were then critically reviewed but a formal meta-
analysis was not conducted.

Prognosis

Some patients with acute pancreatitis may go on to
develop life-threatening complications while others will
have a brief illness and recover uneventfully. It is important
to be able to accurately identify which patients are at
greater risk for potential complications including death if an
efficient and effective use of resources is to be achieved.
Most studies have suggested that a basic clinical assessment
at the time of admission is quite poor for identifying these
patients. 4–6 Corfield et al. found in their prospective study
of 418 patients that 60% who went on to develop severe
pancreatitis were not predicted to do so by a basic clinical
assessment at the time of admission.5 With this knowledge
in mind, various methods have been used in an attempt to
predict the severity of acute pancreatitis. This has included
the use of multiple clinical scoring systems, individual
laboratory tests, invasive procedures (peritoneal tap), and
imaging techniques (CT scanning). However, none of these
prognostic tools are both highly sensitive and specific and
therefore have limited application for the individual
patient. We will review some of the variables that have
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been investigated more extensively and shown some
promise.

Multiple variable scoring systems

Ranson’s criteria, the Glasgow score, and the APACHE-II
score are three common clinical scoring systems used to
predict the severity of acute pancreatitis. Ranson’s criteria is
the most widely used clinical scoring system for the
prediction of severity (Table 21.1). Ranson’s initial study was
retrospective, looked at 43 variables in 100 patients and
identified 11 variables with prognostic capabilities.7 The
presence of three or more clinical signs predicted a significant
risk of death or severe illness. These findings were weakened
by the retrospective nature of the study and the
disproportionately large number of variables studied for the
sample size. However, Ranson’s criteria were subsequently
validated by several large studies (Table 21.2).8–14 Drawbacks
associated with the use of Ranson’s criteria include the
48-hour observation period required for a prediction to be
made, the maximum “one time” assessment and its original
derivation from a population of patients with mostly alcoholic
pancreatitis. It is also cumbersome to remember all the
criteria and often some of the laboratory tests required to
establish the score are not done routinely for these patients.

The Glasgow criteria were created because of the concern
that Ranson’s criteria were formulated on a population of
mostly alcoholic pancreatitis and, as a result, might not hold
the same prognostic value in other populations.15 The
Glasgow criteria have subsequently been modified on several
occasions but the comparative studies have shown no added
benefit of one scoring system over the other. The Glasgow
criteria include nine clinical variables but still require 48 hours
of observation and do not allow for continuous monitoring.
The sensitivity and specificity are comparable to Ranson’s
criteria and have been reported to be 55–85% and 75–90%,
respectively.7–9,12,14,16,17

More recently, the APACHE-II scoring system has
been used as a prognostic index in acute pancreatitis because
of the perceived limitations of the Glasgow and Ranson
scoring systems. Unlike the other scoring systems, it allows
early assessment of prognosis and continuous monitoring
and reassessment. Comparative studies have shown that an
APACHE-II score > 5 or a peak score > 9 provides operating
characteristics similar to or slightly better than the other
multiple variable scoring systems.9,12 The operating
characteristics for the APACHE II score are shown in
Table 21.3.

There are several problems with the studies that have
examined the use of scoring systems as a prognostic tool in
acute pancreatitis. The retrospective nature of some studies
or the lack of consecutive accrual of study patients in

prospective trials may lead to selection bias but likely does not
impact the results significantly. However, the lack of complete
data in some studies makes interpretation of the results very
difficult. Finally, the differences in the definition of severe
pancreatitis make comparison between trials questionable.
The definition of severe pancreatitis as major organ failure
biases the prognostic ability of an APACHE-II score and
inflates its accuracy because the calculation of the score is
directly dependent on inclusion of at least part of the
endpoint. Overall, these scoring systems are helpful but only
provide a slight improvement from a basic clinical assessment
at 48 hours. In general, they do not adequately identify
patients at risk of severe pancreatitis (low positive predictive
value) but can identify those patients who experience only
mild pancreatitis (high negative predictive value).17

More recently, the Hong Kong criteria were formulated
in an attempt to simplify the previous prognostic scoring
systems. Fan et al. have shown that a urea level above
7·4 mmol/l and blood glucose level above 11·0 mmol/l
predicted severity of disease with a sensitivity of 79% and a
specificity of 67%.18 However, their results were not
reproduced by Heath and Imrie who compared the Hong
Kong criteria with the Glasgow criteria in 125 European
patients and found a sensitivity of only 33% and a specificity
of 86%, much lower than the operating characteristics for the
Glasgow criteria.19 This discrepancy may be explained by
differences in study populations but this characteristic limits
its general application.
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Table 21.1 Ranson’s criteria for prediction of severity of
acute pancreatitis

Non-gallstone Gallstone 
pancreatitis pancreatitis

On admission
Age (years) > 55 > 70
WBC (per mm3) > 16 000 > 18 000
LDH (IU/l) > 200 > 400
AST (IU/l) > 350 > 250

Within 48 hrs
Hct decreases (%) > 10
BUN increases (mg/dl) > 5 > 2
Calcium (mmol/l) < 2·0 < 2·0
PO2 (mmHg) < 60 –
Base deficit (mmol/l) > 4 > 5
Fluid (l)(I − O) > 6 > 4

WBC, white blood cells; LDH, lactose dehydrogenase;
AST, aspartate aminotransferase; Hct, hematocrit; BUN, blood
urea nitrogen; PO2, partial pressure of oxygen; I − O, in − out



Computed tomography

The limited usefulness of the scoring systems and the
cumbersome nature of calculating them has stimulated
further investigation into other potential tools. Contrast
enhanced computed tomography (CT) scanning has been
investigated extensively because of its ability to identify local
complications (pseudocyst, abscess, phlegmon, peripancreatic
fluid) and necrotizing pancreatitis, both of which are thought
to lead to increased morbidity and mortality.20–26 The
sensitivity and specificity of CT findings for the prediction of
severe pancreatitis from several prospective studies is shown
in Table 21.4. Although the presence of necrosis did correlate
with a more complicated course, the extent of necrosis did
not provide any additional prognostic value. Unfortunately,
comparison between studies is problematic because of the
lack of a standardized CT staging system, variations in the
definitions of clinical disease severity, dissimilar inclusion
criteria and the timing of the CT scan. However, based on the

evidence available, contrast enhanced CT scans which can
detect pancreatic necrosis and local complications, can serve
a valuable role in the management of these patients but the
exact timing of the scan remains controversial. It is probably
best done between 48 and 96 hours after onset of the
symptoms in patients without improvement.

Peritoneal tap

The color and volume of peritoneal fluid obtained by
means of percutaneous drainage from a patient shortly after
diagnosis have been shown to predict the severity of
pancreatitis to the same extent as non-invasive techniques
but also provide information on possible alternative diagnoses
(for example bowel perforation).27 However, the procedure
is invasive and carries a 0·8% risk of complications.27 The
operating characteristics of a peritoneal tap for prognosis in
acute pancreatitis are shown in Table 21.5. The application of
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Table 21.2 Studies validating the prognostic ability of Ranson’s criteria

Reference Sample size Endpoint Sensitivity (%) Specificity (%) Criticisms

Ranson et al.7 100 Death/ICU stay 46 99 See text
> 7 days

Ranson et al.8 200 Death/ICU stay 96 92 Endpoint subjective
> 7 days

Larvin and 290 OF/PC 75 68
McMahon6

McMahon et al.4 79 14-day hospitalization 82 79
OF/PC

Wilson et al.9 160 OF/PC/D 87 71
Gross et al.10 75 D/Comp ≥ 2 PPV 80 NPV 68
Dominguez-Munoz 182 D/OF/PC 77 70

et al.11

Agarwal and 76 OF/PC 40 90 Retrospective, 
Pitchumoni12 Ranson’s > 2

Banks et al.13 75 74 71
Wilson et al.14 72 88 79

D, death; PC, pancreatic collection, OF, organ failure; ICU, intensive care unit; PPV, positive predictive value; NPV, negative
predictive value

Table 21.3 Prognostic ability of APACHE II score for in acute pancreatitis

Reference Sample size Endpoint Sensitivity (%) Specificity (%) Criticisms

Larvin and McMahon6 290 OF/PC 63 (0 hour) 81 (0 hour) Variable dependent
75 (48 hours) 92 (48 hours) on endpoint

Wilson et al.9 160 PC/OF/D 95 ( > 5) 54 ( > 5)
82 ( > 9) 74 ( > 9)

For abbreviations see Table 21.2.



the results of these studies and their interpretation are
hindered by the selection criteria used for inclusion. Patients
selected for the procedure tended to be those with more severe
disease because of the invasive nature of the procedure. Thus,
a broad spectrum of disease severity and presentations were
not assessed.

Individual laboratory tests

In an attempt to simplify the prognostic indices and
provide a non-invasive early assessment of disease severity,
many studies have examined individual laboratory tests. Only
tests that have been studied extensively or shown some
promise in this area will be reviewed below.

C-reactive protein (CRP) is an acute phase reactant that
rises in many inflammatory conditions including acute
pancreatitis. CRP rises steadily in relation to severity, is
inexpensive to measure and testing is readily available.
However, CRP takes 48 hours to become significantly
elevated and it is unclear if it accurately predicts necrosis.
Several studies have measured CRP in acute pancreatitis and
found a correlation between the level of CRP and the
severity.28–37 The operating characteristics are shown in

Table 21.6. Most studies are comparable since the cut-off
level used and study designs were similar. These results
suggest that, as a single test, CRP provides a prognostic
capability equal to or better than all the prognostic tools
previously studied without significant cost or morbidity.

α2Microglobulin, α1antitrypsin, and methemalbumin have
been extensively investigated but have not been found to
confer any additional benefit over clinical assessment or
multiple scoring systems.38,39

More recently, PMN elastase, an acute phase reactant
released by granulocytes during inflammatory processes, has
been explored for its potential to identify those patients at risk of
developing severe pancreatitis. It has shown the most promise
in this regard with sensitivity and specificity in the range of
82–93% and 82–99%, respectively when measured 24 hours
after the onset of the disease. This may provide improved and
earlier prognostic information than multiple scoring systems.
The operating characteristics are shown in Table 21.7.

Several other laboratory tests, including phospholipase A2,
tumor necrosis factor, complement levels, trypsinogen
activated peptide, and pancreatitis-associated protein have
all been investigated but none have provided significant
prognostic ability or adequate reproducibility.
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Table 21.4 Prognostic ability of computed tomography in acute pancreatitis

Reference Sample size Endpoint Sensitivity (%) Specificity (%) Criticisms

Balthazar et al.20 83 PC/D 89 71
Grade D + E

Balthazar et al.21 88 PC/D 90 73
Grade D + E

Hjelmqvist et al.22 47 PC/14-day 71 80
hospitalization

London et al.23 32 D/PC/20-day 83 65 Selection bias, criteria
hospitalization

London et al.24 126 D/PC 71 77
Clavien et al.25 176 D/PC 66 97
Puolakkainen26 88 66 100

For abbreviations see Table 21.2.

Table 21.5 Prognostic ability of peritoneal tap in acute pancreatitis

Reference Sample size Endpoint Sensitivity (%) Specificity (%) Criticisms

McMahon et al.4 79 14-days 72 95 Selection bias, 
(10ml) hospitalization 68 patients excluded

PC/OF/D for mild disease
Corfield et al.5 253 53
Mayer and 231 60 87

McMahon27

For abbreviations see Table 21.2.



Summary

At this point, no single laboratory test can be advocated as
the only method of assessing prognosis in acute pancreatitis.
The two laboratory tests with the greatest promise are CRP
and the PMN elastase but their routine clinical use is still
limited. Based on the available evidence, an assessment of
prognosis tailored to the clinical setting and hospital resources
is suggested. A practical approach would be the use of a
clinical scoring system in conjunction with PMN elastase and
consideration of a contrast enhanced CT scan should the
patient’s condition not improve within 72–96 hours.
However, such a combined approach has not been formally

evaluated relative to the predictive value of single modality
prognostic approaches.

Treatment

The management of acute pancreatitis continues to evolve
as our understanding of the pathophysiology and natural
history becomes more complete. The diversity of clinical
presentations has prevented the establishment of a standard
treatment strategy and hindered the interpretation of clinical
research in the area. The management of acute pancreatitis
has evolved to include medical, endoscopic and surgical
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Table 21.7 Prognostic ability of PMN elastase test in acute pancreatitis

Reference Sample size Endpoint Sensitivity (%) Specificity (%)

Gross et al.10 75 D/C ≥ 2 81 82
Dominguez-Munoz et al.11 182 D/PC/OF 93 (24 hours) 99 (24 hours)
Viedma et al.34 80 D/PC/Systemic complications 84 N/A

N/A, not applicable. For other abbreviations see Table 21.2.

Table 21.6 Prognostic ability of C-reactive protein test in acute pancreatitis

Reference Sample size End point Sensitivity (%) Specificity (%) Criticisms

Buchler et al.28 35 NP 95 No clinical endpoint,
no data shown

Puolakkainen26 88 D/C 100 81
(140 mg/l)

Puolakkainen 53 D/Hemorrhagic 15/17 100
et al.30 pancreatitis

Gross et al.10 75 D/≥ + 2 PPV 73 NPV 73 Endpoint broad
complications

Leser et al.33 50 D/≥ + 2 83 62
complications

Paajanen et al.32 77 D/complication 84 71
Dominguez-Munoz 182 D/PC/OF 63 (24 hours) 65 (24 hours) Cut-off different 

et al.11 73 (48 hours) 71 (48 hours) than most studies
(60, 70mg/l)

Viedma et al.34 80 D/PC/systemic Discrim function Non-consecutive
complications

Kaufman et al.35 25 AP > 25 90 86 Inclusion = ICU
Hedstrom et al.36 110 OF/D/PC 95 11
Wilson et al.14 72 D/C 83 85

(210 mg/l)
Leese et al.29 198 D/C 70 (72 hours) 71 (72 hours)

(150 mg/l)
Kemppainen et al.37 147 PC/OF/RC/AP 60 92
Gudgeon et al.31 55 D/C 60 75

NP, normal protein AP, acute pancreatitis, ICU, intensive care unit; for other abbreviations see Table 21.2.



treatment options. This analysis will be restricted to the
treatments that have been examined more rigorously. These
can be broadly categorized into three main groups according
to their therapeutic objectives. The basic goals of treatment
strategies are to limit the severity of pancreatic inflammation
by inhibiting pancreatic secretion, to interrupt the patho-
genesis of complications and to treat the complications when
they occur. Most of the medical treatments have focused their
effort on limiting the severity of pancreatic inflammation by
either reducing pancreatic secretions or inhibiting pancreatic
enzymes and the inflammatory cascade.

Supportive measures

The use of nasogastric suction and keeping patients nil per
os has been based on the theory of “resting the pancreas” and
thereby reducing pancreatic secretions and inflammation.
Nasogastric suction raises duodenal pH and reduces secretin
release and pancreatic stimulation. However, there has been
little clinical evidence to support this practice. Several
prospective randomized studies have looked at the use of
nasogastric suction and found no significant benefit in
morbidity, mortality or length of hospital stay.40–43

However, most of the studies were very small (< 50 patients)
and restricted to patients with alcoholic pancreatitis. Since
these patients also had mild pancreatitis and low mortality
rates it is unknown whether there might be a benefit in
patients with severe pancreatitis. In addition, the small
sample sizes create the possibility of a type II error. Certainly
those patients with severe nausea or ileus benefit
symptomatically from nasogastric suction but the benefits of
this modality in improving outcomes remain unproved. 

H2-receptor antagonists

Using the same premise, H2 blockers have been
investigated in the treatment of acute pancreatitis. Several
randomized controlled trials have failed to show any clinical
benefit44,45 but once again the patient numbers have generally
been small and entry into the studies was restricted to
patients with mild to moderate disease severity.

Peptide hormone therapy

Glucagon, calcitonin, and somatostatin and its analog
octreotide have also been studied as agents that directly inhibit
pancreatic secretion and, as such, might benefit patients
with acute pancreatitis. Six randomized controlled trials have
examined the use of glucagon and found no significant
reduction in morbidity or mortality.46–51 Although none
of the studies showed even a trend towards improved clinical
status with the use of glucagon, it should be noted that all the
studies were very small (< 30 patients in each arm).

Ald

Ald

Ald

Calcitonin has been examined in two moderate sized
(100 patients) randomized double blind placebo-controlled
studies.52,53 Although there was a significant reduction in
abdominal pain and serum amylase levels with treatment, the
complication and mortality rates were unchanged. 

Somatostatin and octreotide are thought to reduce exocrine
pancreatic secretions and possess cytoprotective effects and
somatostatin has been found to reduce the complications and
mortality of acute pancreatitis in animal studies.54,55

There have been many controlled trials examining the use of
somatostatin or octreotide in the treatment of acute
pancreatitis with varying results (Table 21.8). Only one study
demonstrated a decrease in mortality.56 Three studies56–58

have shown a significant decrease in complications with an
additional two studies59,60 showing a trend toward reduced
complications. In two studies56,61 there was a statistically
significant decrease in the length of hospitalization. One
study62 reported a more pronounced decrease in serum
amylase levels, improvements in pancreatic edema and earlier
return to oral intake in the high dose octreotide group
(octreotide 0·5 microgram/kg per hour continuous intravenous
infusion). However, three of the largest and best designed
studies have failed to show any benefit in mortality or
morbidity.63–65 Therefore, based on the available evidence,
the routine use of somatostatin or octreotide in the treatment
of acute pancreatitis is not recommended.

Protease inhibition

The release of pancreatic enzymes and subsequent
autodigestion is one of the postulated mechanisms for the
development of acute pancreatitis and a modulator of the
severity of the disease. A number of antiprotease agents,
including aprotinin, gabexate (Foy), and fresh frozen plasma
have thus been investigated.

There have been several studies examining the benefit of
aprotinin, a high molecular weight protease inhibitor.
However, only three of these were randomized, controlled
studies published as full articles.66 These relatively large
studies (~200 patients) found no reduction in morbidity or
mortality. An earlier study had suggested a reduction in
mortality, particularly in the elderly, but these results have not
been reproduced.67

Gabexate mesilate, a potent lower molecular weight
protease inhibitor thought to enter pancreatic acinar cells and
inhibit intracellular proteases has been studied in several
randomized controlled trials (Table 21.9).68–74 Only one study
shows a reduction in 7-day and 90-day mortality.73 One
study70 which compared gabexate with aprotinin in patients
with severe pancreatitis (at least two Ranson’s criteria), found
a reduction in systemic and total complications in those
treated with gabexate. However, the study lacked a placebo
arm and the treatment groups differed in some important
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baseline characteristics such as the proportion with
necrotizing pancreatitis. Another study evaluated the effect of
gabexate mesilate on various inflammatory markers.74 The
results of this study suggest that gabexate mesilate given early
in the course of acute pancreatitis lessens the magnitude of
changes of inflammatory mediators. 

The use of fresh frozen plasma (FFP) to replenish the levels
of naturally occurring antiproteases has also been examined.
Leese et al. conducted a randomized controlled trial on 202
patients and found no difference in mortality or morbidity
between those who received FFP and those who received
colloid.75

Anti-inflammatory therapy

More recently, as our knowledge of the pathophysiology
of acute pancreatitis has evolved, the focus of treatment
has changed. Platelet activating factor (PAF), a proinflam-
matory lipid mediator released by macrophages, neutrophils
and endothelial cells, plays a significant role in acute
inflammation. There have been three randomized controlled
trials which have examined the use of lexipafant, a PAF
antagonist, in the treatment of acute pancreatitis.76–78 Two
studies, despite their small size (< 100 patients), found a
significant reduction in organ failure scores. This was seen in
all patients irrespective of the severity of pancreatitis. 
The studies were not designed to detect a change in mortality
or local complications but a trend toward lower mortality was
seen in one of the studies.77 The third study,78 a randomized
double blind study of 290 patients included endpoints such
as pancreatic complications, severity of organ failure, markers
of inflammatory response and mortality rate. The study
findings were complicated by the fact that 44% of patients
had organ failure upon entry into the study. As a result, there
was no difference in the primary outcome of pancreatic
complications. Furthermore, lexipafant had no effect on new
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organ failure. Although there is insufficient evidence
presently available to advocate the use of PAF inhibitors, the
results to date are sufficiently encouraging as to suggest the
importance of further research. If these agents are to have any
role it will likely be in reducing the risk of early systemic
complications in those patients predicted to have severe
disease.

Antibiotics

The close association between infection and increased
morbidity and mortality in severe pancreatitis (particularly
necrotizing pancreatitis) has led to studies of the use of
antibiotic prophylaxis. Initial studies in the early 1970s were
disappointing and the concept was dropped until recently. On
further review, it was recognized that these early studies were
not designed in a manner that could adequately address the
effect of antibiotic prophylaxis. The three randomized trials
had small sample sizes and all compared ampicillin with
placebo.79–81 The mortality in the control groups was zero,
indicating that the study population had mild disease with a
negligible risk of pancreatic infection. Given that the
incidence of infection in the control groups was only 7%, it
would have been virtually impossible to achieve a clinically or
statistically significant result with the sample sizes studied. In
addition, the choice of antibiotic has now been recognized as
inappropriate since ampicillin is not effective against many of
the organisms commonly seen in pancreatic infection and
since it has poor penetration into pancreatic tissue.

With these considerations in mind further studies of
antibiotic therapy have been conducted. Three initial studies
have tested the hypothesis that antibiotics prevent pancreatic
complications.82–84 Pederzoli and colleagues randomized
74 patients with necrotizing pancreatitis to receive a 14-day
course of imipenem, a broad-spectrum antibiotic with good
pancreatic penetration, or placebo within 72 hours of onset.82
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Table 21.9 Clinical trials of treatment of acute pancreatitis with gabexate

Study Study design; intervention No. of patients Conclusion

Yang et al.68 RCT; gabexate v placebo 42 No benefit
Valderrama et al.69 Multicenter RCT; gabexate v placebo 100 No benefit
Pederzoli et al.70 RCT; gabexate v aprotinin 182 Reduction in systemic

complications
Pezzilli et al.72 Prospective open label multicenter; 397 No benefit in 

gabexate v gabexate higher doses
Chen et al.73 RCT; gabexate v placebo 52 Improved short-term survival
Berling et al.66 multicenter; RCT gabexate v placebo 48 No benefit
Chen et al.74 RCT; gabexate v placebo 26 Reduction in inflammatory

mediators
Buchler et al.71 Multicenter RCT gabexate v placebo 223 No benefit

RCT, randomized controlled trial



All pancreatic infections were confirmed microbiologically by
tissue culture from aspiration or surgical debridement. The
unblinded study found that the incidence of both pancreatic
sepsis (30% v 12%, P < 0·01) and non-pancreatic sepsis (49%
v 15%, P < 0·01) were decreased in patients on imipenem.
However, there were no differences in the number of
operations for pancreatic sepsis (33% v 29%), the incidence of
organ failure (39% v 29%) or death (12% v 7%).

Sainio and colleagues conducted a similar randomized study
in Finland comparing cefuroxime (4·5 g/day for 14 days)
versus placebo in 60 patients with alcohol-induced necrotizing
pancreatitis.83 The mean Ranson’s score was 5·5 and the degree
of pancreatic necrosis was over 30% in 80% of the patients.
The total number of infectious complications was higher in
the placebo group (54 v 30, P < 0·01) but this was largely
due to a higher rate of urinary tract infections (17 v 6,
P = 0·0073). The incidence of pancreatic infections was similar
in the two groups (40% v 30%). Although the overall incidence
of infection was lower in the antibiotic-treated group, there
were no differences in length of hospital stay or need for
pancreatic drainage or debridement. However, prophylaxis
with cefuroxime reduced overall mortality (23% v 3%,
P < 0·03, NNT (number needed to treat) 5). Since three
deaths in the placebo group were associated with pancreatic
cultures that were positive for Staphylococcus epidermidis
the authors suggest that cefuroxime may reduce severe
infectious complications and prevent secondary S. epidermidis
infections.

The finding that most bacteria in pancreatic infection
are enteric flora has led to the presumption that most
such organisms migrate from the intestine by bacterial
translocation. Luiten and colleagues84 conducted a
randomized study in 102 patients with severe pancreatitis
(Imrie score > 2 or Balthazar grade D or E on CT scan)
comparing selective bowel decontamination using topical
pharyngeal (paste), rectal (enema) and oral preparations of
colistin sulfate, amphotericin, and norfloxacin with placebo.
The patients in the treatment arm also received cefotaxime
intravenously every 8 hours until cultures of the rectum and
pharynx were free of Gram-negative bacteria. The overall
mortality was similar in the two groups in an intention to
treat analysis (35% v 22%, P = 0·19). When corrected
for disease severity by a multivariate analysis, a modest
survival benefit was evident (P = 0·048) owing to a reduction
in late mortality (> 2 weeks) in the active treatment arm. In
addition, pancreatic infections were significantly reduced
from 38% to 18% (P = 0·03) and Gram-negative infections
were reduced from 33% to 8% (P = 0·003) with selective
decontamination. The results suggest a potential benefit
for selective decontamination but should be interpreted with
a degree of caution because of the lack of clear difference in
mortality in the primary analysis, the unblinded nature of the
study, and the fact that intravenous antibiotics were also
given, albeit for a short time.
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More recently the use of imipenem has been studied in the
management of acute pancreatitis complicated by pancreatic
necrosis. Olah et al. in a two-phase randomized controlled
trial studied the outcomes of 89 patients admitted with acute
pancreatitis (48 patients randomized into a parenteral group,
41 patients into an enteral group).85 They have shown that
the combination of enteral feeding and imipenem can prevent
multiple organ failure in patients with acute pancreatitis.

Nordback et al. in a single center randomized trial
investigated the use of early versus delayed treatment with
imipenem on the prevention of pancreatic infection in
necrotizing pancreatitis.86 They randomized 25 patients to
receive imipenem early (1·0 g plus cilastin intravenously
three times a day within 48 hours of diagnosis) and 33
patients to the control strategy (imipenem when the operative
indication was fulfilled). The main endpoint was the
indication for necrosectomy due to infection. The authors
show a trend towards reduce need for surgery (two (8%)
patients in the imipenem group, five (36%) in the control
group, P = 0·04), and overall major organ failure (seven
(25%) in the imipenem group, 25 (76%) in the control group,
P = 0·0003). Their study is limited because of a low
sample size and high dropout rate.

The success of imipenem in randomized controlled trials
has resulted in the investigation of both novel as well as
older antibiotics. Bassi et al. compare the use of imipenem
to pefloxacin (a broad spectrum antibiotic with proved
pancreatic penetration).87 Imipenem proved to be
significantly more effective in prevention of pancreatic
infection (20% v 44%). There was no difference in
mortality between the two groups. Isenmann et al. reported
on the use of ciprofloxacin and metronidazole in the
management of severe acute pancreatitis.88 They randomized
56 patients to the placebo arm and 58 patients to the
treatment group. Antibiotics were given for at least 11 days.
They concluded that treatment with ciprofloxacin and
metronidazole does not have a positive effect on mortality
(7% treatment, 11% placebo) and infected pancreatic necrosis
(17% treatment, 14% placebo). 

The recent use of probiotics in the management of
various gastrointestinal illnesses prompted Kecskes et al. to
study the effects of Lactobacillus plantarum on patients
with acute pancreatitis (defined as plasma amylase > 200 U/l,
CRP > 150 mg/l and an Imrie-score ≥ 3).89 The authors
reported a reduction in abscesses (4·5% v 30%) in the treated
group. They also showed a decreased length of stay
(13·7 v 21·4 days) in the treated group compared to the group
that received placebo.

At this time, the available evidence suggests a potential
benefit for antibiotic prophylaxis or selective decontamination
in patients with severe pancreatitis and evidence of necrosis.
However, larger studies are needed before this treatment can
be considered to be standard care. Several questions remain
unanswered including the minimum degree of disease

Ald

Ald

Ald

Ald

Ald

Acute pancreatitis

329



severity for which treatment benefit might be expected, and
the duration, dose and type of antibiotic to be used. It seems
reasonable to use an antibiotic that covers the common
enteric flora and penetrates the pancreatic tissue adequately.

Imepenem does appear to produce a reduction in
pancreatic infections and overall infections. At present, there
are not sufficient data to support the use of probiotics in the
management of acute pancreatitis.

Nutritional support

Nutritional support in patients with acute pancreatitis
is a complex and controversial issue. Most (80%) patients
have mild disease and recover over the first 5 days without
requiring nutritional support. However, the remaining
patients with severe disease often have a protracted course
with a combination of decreased oral intake and increased
metabolic demand that often leads to a negative nitrogen and
energy balance. In order to combat these nutritional problems
and to put the pancreas at “rest”, parenteral nutrition has
been the standard of care for patients with severe pancreatitis
despite a paucity of supportive controlled data. Early studies
of total parenteral nutrition (TPN) were poorly controlled,
non-randomized and often retrospective. Several retrospective
studies have suggested that TPN can improve nutritional
status without compromising the patients’ overall condi-
tion.90,91 These early studies, together with several small
case series examining the effect of intravenous nutrients,
particularly lipid components, on pancreatic secretion and
pancreatitis have concluded that TPN is safe to use in patients
with acute pancreatitis.92–95 More recently the use of TPN in
prospective trials in patients with severe acute pancreatitis
have been conducted. Two prospective non-randomized
studies have suggested that early use of TPN can decrease
morbidity and mortality in patients with severe pancrea-
titis.96,97 Sitzman and colleagues96 treated 73 patients
with one of three different TPN preparations and found that
the mortality rate in the 81% of patients who were able to
maintain a positive nitrogen balance was significantly lower
than in the 19% who were not (2·5% v 21·4% (P < 0·01). The
analysis was not controlled for the severity of pancreatitis
and, therefore, the interpretation of these results is difficult.
Kalfarentzos and colleagues97 prospectively studied the
benefit of TPN in 67 patients according to time of initiation.
They found that patients who had TPN started within the first
72 hours had significant reduction in mortality and morbidity
in comparison to those who started later in the course of
their disease (mortality 13% v 38%, P < 0·05, complications
23·6% v 95·6%, P < 0·01).

Sax and colleagues randomized 54 patients with mild
acute pancreatitis to conventional therapy consisting of
intravenous fluids, analgesics, antacids and nasogastric
suction or to conventional therapy with TPN within the first
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24 hours.98 They found no advantage to early TPN as the
number of days to oral intake, duration of hospital stay and
number of pancreatic-related complications were similar in
both groups, while there was an increase in catheter-related
sepsis in the TPN group (10·5% v 1·5%, P < 0·01).
However, the overall mortality was only 1·8%, reflecting the
very mild form of pancreatitis studied. As a result it would
have been unlikely to demonstrate a significant improvement
in morbidity or mortality in this population with the
institution of TPN. Therefore, there remains a paucity of data
with which to evaluate the use of TPN in patients with severe
pancreatitis.

The failure of earlier studies to clearly demonstrate a
clinical benefit with the use of TPN in patients with severe
acute pancreatitis led to the investigation of other techniques
of nutritional support. The recognition that a significant
component of the morbidity and mortality arising from acute
pancreatitis is related to sepsis, which is thought to arise from
bacterial translocation from the bowel, has led researchers to
rethink the dogma of complete bowel rest. One train of
thought is that enteral nutrition may maintain bowel wall
integrity and reduce bacterial translocation without risking
further pancreatic stimulation. The issue of whether or
not the enteral infusion of nutrients can successfully put the
pancreas to rest remains controversial. Various animal and
human studies have shown conflicting results.99–101 However,
pancreatic stimulation appears to be lessened as nutrients are
infused more distally in the intestine. It appears that jejunal
feeds reduce pancreatic secretion to clinically insignificant
levels but do not eliminate pancreatic secretion
completely.100,101 Studies showing that the combination of
TPN and nil per os increases intestinal mucosal permeability
and bacterial translocation and decreases gastrointestinal
immunoglobulin levels have served as further stimulus to re-
evaluate the manner in which nutritional supplementation is
provided to patients with acute pancreatitis.102–104

Until recently, most of the studies in this area have been
limited to case series. Initial studies describe the safe use
of enteral nutrition in acute pancreatitis. In the case series
by Kudst et al. 11 patients underwent laparotomy for
complications from pancreatitis and had jejunostomy tubes
placed at the time.105 All nine patients who had successful
tube placement tolerated feeds without worsening
pancreatitis, thus demonstrating that severely ill patients can
safely be treated with enteral nutrition. More recently, there
have been five randomized controlled studies comparing the
use of TPN with enteral nutrition.106–111 McClave and
colleagues106 conducted the first randomized controlled trial
comparing isocaloric and isonitrogenous TEN (total enteral
nutrition; Peptamen) via a nasojejunal feeding tube and TPN
in 30 patients started within 48 hours of admission. There
were no deaths and no differences between the groups in
serial pain scores, length of hospital or intensive care unit
stay, days to normalization of amylase, days to diet by mouth,
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serum albumin levels or incidence of nosocomial infection.
However, the mean cost of TPN was over four times

greater than that for TEN (US$3294 versus US$761,
P < 0·001). While this study suggested that TEN is safe and
less costly than TPN, it included only patients with mild
pancreatitis, the group in which a change in outcome is least
likely to be appreciated. Kalfarentzos and colleagues107

evaluated 38 patients with severe acute pancreatitis and
randomized them to receive a semi-elemental diet via
nasojejunal tube or TPN within 48 hours after admission.
TEN was well tolerated without adverse effects on the course
of the disease and reduced total and septic complications
compared to TPN (P < 0·05, mean infections per patient
0·56 v 1·35, P < 0·01). The cost of nutritional support
was also three times higher in those who received parenteral
nutrition. This study suggests that early enteral nutrition can
provide a greater clinical benefit than TPN for patients with
severe pancreatitis. The trial by Windsor and colleagues108

supports this contention. They randomized 34 consecutive
patients to a lipid-based TPN solution or TEN (via a
nasojejunal feeding tube in those with severe pancreatitis or
per os in those with mild pancreatitis) within 48 hours of
presentation. Treatment duration was 1 week and the
primary endpoint of the study was the incidence of the
systemic inflammatory response syndrome, with sepsis, organ
failure, hospital stay and mortality as secondary endpoints. All
the patients randomized to the enteral feeding group
tolerated this form of nutritional support. The median amount
of non-protein energy delivered was 5·02< mJ in the enterally
fed patients and 7·52 < mJ in the parenterally fed patients
(P < 0·0004). However, the nitrogen delivery per patient per
day in the two groups was 9·24 g and 9·4 g, respectively and
this was not statistically significant. Clinical outcome
measures all improved in the enterally fed patients when
compared with the parenterally fed patients. However,
only the reduction in systemic inflammatory response
syndrome (SIRS) was statistically significant with 11 patients
in the enterally fed group fulfilling the criteria prior to
nutritional support but only two patients meeting the criteria
after enteral nutrition (P < 0·05). On the other hand, in the
parenterally fed group, there was no significant change (12 v
10) in the incidence of SIRS. Hospital stay and mortality were
not statistically significantly different between the two
groups. Abou-Assi et al. evaluated the cost effectiveness of
nutritional support in patients with acute pancreatitis.109 After
48 hours those patients who were improving were started on
oral feeding. The remaining patients were randomized to
receive nasojejunal or parenteral feeding. Outcomes in the
three groups were compared with respect to length of
hospital stay, duration of feeding, complications and hospital
costs. They concluded that hypocaloric enteral feeding is safer
and less expensive than parenteral feeding and bowel rest in
patients with acute pancreatitis. Duration of feeding was
shorter with enteral feeding (6·7 v 10·8 days, P < 0·05),
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and nutrition costs were lower. Metabolic and septic
complications were lower in the enterally fed group. 
Louie et al. screened 548 patients and conducted a
randomized controlled trial comparing 15 patients on TPN
with 10 patients administered TEN in severe pancreatitis
combining measures of nutritional support and inflammatory
attenuation with a cost effectiveness analysis.110 CRP levels in
TEN patients were reduced by 50% 2·6 days faster than TPN
patients (P = 0·171). Mortality was 8·3% with all deaths in
the TPN group. TEN had an average cost per patient of
US$1207 compared with US$1968 for TPN (P = 0·236).
Their results suggest that TEN is associated with faster
attenuation of inflammation with fewer septic complications
and is the preferred therapy in term of cost effectiveness.

It also appears that the type of formula determines the
degree of pancreatic secretion, with polymeric formula with
intact protein and long chain triglycerides producing more
secretion than low fat elemental formula.112,113 Runzi et al.
have shown that the use of glutamine in a rat model of severe
acute pancreatitis stabilizes the mucosal barrier thus allowing
for less translocation of intestinal bacteria.114 This study
has prompted the use of glutamine in TPN solutions for the
management of acute pancreatitis. Two trials have looked
at the effect of the inclusion of glutamine in conventional
TPN for patients with acute pancreatitis. Ockenga et al.
randomized 28 patients with acute pancreatitis either to a
standard TPN solution with 1·5 g/kg per bodyweight
protein or an isonitrogenous isocaloric TPN which contains
0·3 g/kg/L-alanine-L-glutamine.115 Patients were assessed
for nutritional and inflammatory parameters, infectious
complications, length of TPN, length of hospital stay, and cost
of TPN. Glutamine was associated with a significant increase
of cholinesterase, albumin and lymphocyte count as well as a
decrease of CRP compared with standard TPN at day 14.

There was a reduced length of TPN (10 v 16 days,
P < 0·05), and a trend toward reduced length of hospital stay.
There was no difference in the overall cost of TPN in the two
groups. de Beaux et al. examined the effect of glutamine
administration on lymphocyte proliferation and proinflammatory
cytokine release in patients with severe acute pancreatitis.116

Fourteen patients were randomized to receive either
conventional or isocaloric isonitrogenous glutamine
supplemented TPN for 7 days. They concluded that there is a
trend for the glutamine group to exhibit improved
lymphocyte proliferation and reduced proinflammatory
cytokine release. Their study was limited by a small sample
size that resulted in inadequate power to detect differences
between the treatment arms.

The use of nasogastric feeding compared with nasojejunal
feeding is being investigated by Eatock et al.117 In a preliminary
report these authors have shown that nasogastric feeding is
safe, practical and does not exacerbate pain or the acute phase
response. This trial suggests that the optimal route of feeding
for patients with severe acute pancreatitis is still unclear.
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Collectively, these studies suggest that enteral nutrition is
safe and at least as efficacious as parenteral nutrition in patients
with mild and severe pancreatitis. As the cost is much less and
there is a potential for improved clinical outcome, enteral
nutrition should supplant parenteral nutrition as the standard
of care for patients in whom nutritional support is indicated.
However, large-scale trials examining the role of enteral
nutrition and different formulations for patients with severe
pancreatitis are needed before more specific recommendations
can be made. Certainly, it would be reasonable to attempt to
provide nutritional supplementation enterally in most patients,
using clinical judgment to determine if individual patients are
unable to tolerate this method.

Endoscopic retrograde
cholangiopancreatography

Several studies have examined the benefit of early
endoscopic intervention in patients with pancreatitis of
presumed biliary origin in the belief that endoscopic
sphincterotomy (ES) and removal of stones impacted in the
ampulla of Vater or floating in the common bile duct will
reduce subsequent morbidity and mortality.

The first randomized controlled trial of urgent endoscopic
retrograde cholangiopancreatography (ERCP) for acute biliary
pancreatitis was published in 1988 by Neoptolemos and
colleagues.118 Within 72 hours of presentation they
randomized 121 patients, stratified according to disease
severity, to undergo ERCP (and ES if appropriate) or to receive
conventional treatment. They found a significant reduction in
the complication rate, the primary outcome measure of the
trial, in ERCP-treated patients (ERCP 17% v control 34%,
P = 0·03, NNT = 6). This difference in morbidity appeared
to be accounted for by a difference in the severe disease
stratum (ERCP 24% v control 61%, P < 0·01), while no
benefit from the intervention was demonstrated in the mild
disease stratum. Although not statistically significant, there was
a trend toward reduced mortality in the ERCP group (2% v 8%).

In 1993, Fan and colleagues published the results of a
randomized controlled trial of early ERCP in 195 patients
with acute pancreatitis, approximately two-thirds of whom
were eventually considered to have biliary pancreatitis.
Patients were randomized within 24 hours of presentation to
undergo ERCP (and ES if appropriate) or conventional
therapy. Treatment of the latter group included ERCP
electively after the acute attack subsided or selectively at
an earlier time for those patients whose condition
deteriorated.119 The rate of local or systemic complications
(including sepsis), the primary outcome measure of the trial,
was 18% in the early ERCP group and 29% in the control
group (P = 0·07). The mortality rates were 5% and 9%,
respectively, but this was not statistically significant.
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Subgroup analysis of the results in patients with proved
gallstones also revealed that morbidity was significantly
reduced in the ERCP group (16% v 33%, P = 0·03) and there
was a trend toward lower mortality (2% v 8%, P = 0·09).

Additional subgroup analysis revealed no significant
difference in the local or systemic complications, but the
incidence of subsequent biliary sepsis was significantly lower
in the ERCP group (0% v 13%, P = 0·001). The latter results
should be interpreted with caution, since it appears that no
corrections were applied to the statistical analysis to account
for the use of multiple subgroup analyses.

Folsch and colleagues conducted a multicenter study in
which they randomized 126 patients with biliary pancreatitis
without significant biliary obstruction or cholangitis to early
ERCP (within 72 hours) or conventional therapy.120

Forty-eight percent of the invasive group had biliary stones at
ERCP. Eleven percent in the invasive treatment group and 6%
in the conservative treatment group died (P = 0·10). The
overall rate of complications was similar in the two groups but
patients in the invasive treatment group appeared to have
more severe complications, particularly respiratory failure
(12% v 4%, P = 0·03). These results were not analyzed
according to the severity of pancreatitis in the affected patients.

More recently, two meta-analyses have been conducted
investigating the role of early ERCP as compared to
conservative management in patients with acute biliary
pancreatitis. Sheikh et al. conducted a Medline search from
1985 to1997.121 Five controlled studies were identified. Two
were excluded in their analysis. In the remaining three trials
(n = 470, treated 243, control 227) ERCP and endoscopic
sphincterotomy in acute biliary pancreatitis decreased the risk
of local complications. The authors were unable to conclude
whether there was a mortality benefit. The meta-
analysis of Sharma and colleagues included four randomized
controlled trials.122 In 460 treated patients and 374 controls
they were able to show that complications occurred in
115/460 treated and 143/374 controls (P < 0·001). Death
occurred in 24/460 treated patients compared with 34/374
controls (P < 0·05). They concluded that ERCP + ES in
patients with acute gallstone pancreatitis is safe and reduces
morbidity and mortality. 

Collectively, these studies suggest that early ERCP is
generally a safe procedure in the setting of acute pancreatitis.
Patients with severe biliary pancreatitis appear to be more
likely to benefit from early intervention.

Surgical management

Early versus delayed
surgery for biliary pancreatitis

The surgical management of acute pancreatitis has evolved
considerably over the past 30 years. In the 1960s and 1970s

Ala

Ala

Ala

Ala

Evidence-based Gastroenterology

332



early surgical management was considered for the treatment
of biliary pancreatitis to remove stones impacted in the distal
common bile duct, to remove the gall bladder and stones
contained within it, and to resect, debride or drain a necrotic
pancreas or fluid collection. However, several uncontrolled
retrospective studies123–125 suggested that early intervention is
potentially hazardous and appeared to increase mortality.

The observations led to the recommendation that
definitive biliary surgery should be avoided until the acute
pancreatitis resolves, but done prior to discharge from
hospital.123 Kelly and Wagner confirmed the wisdom of this
approach when they conducted a randomized study in 165
patients comparing early definitive biliary surgery (within 48
hours) to delayed surgery (after the pancreatitis subsided
4–10 days later).126 They found a significant overall reduction
in morbidity and mortality in the group who underwent the
delayed surgery, with most of the observed benefit derived in
those patients with severe pancreatitis, as defined by having
more than three Ranson’s criteria. In the overall population of
patients with mild and severe pancreatitis the morbidity rates
were 30% and 5·1% (P < 0·005) for the early and delayed
surgery groups respectively and the mortality rates were
15·1% and 2·4% (P < 0·005). In patients with severe
pancreatitis the morbidity rates were 82·6% and 17·6%
(P < 0·001) for those with early and delayed surgery and the
mortality rates were 47·8% and 11%, respectively
(P < 0·025). From these data the NNT for early surgery to
cause one additional death, is approximately 8 overall and
approximately 3 for patients with severe pancreatitis. 
Although these data are convincing, the more widespread use
of ERCP since the time that these studies were conducted has
shifted this question to the possible benefits of early ERCP
and has made the question of a role for early definitive biliary
surgery much less relevant. The current recommendation is
for cholecystectomy not to be carried out until the acute
pancreatitis has subsided. This is based on very strong evidence.
It is also recommended that it be done as soon as possible
after the pancreatitis has subsided, although the evidence
supporting this recommendation is somewhat less convincing.

Peritoneal lavage

More recently, early surgical intervention has been limited
to early peritoneal lavage and the treatment of infected
pancreatic necrosis or peritonitis. However, there still remains
considerable controversy as to the method and timing of
surgical intervention in the setting of necrotizing pancreatitis
and the use of peritoneal lavage in the non-operative
setting. Several small controlled studies have examined the
effectiveness of continuous peritoneal lavage. Ranson and
colleagues8 randomized 10 patients with severe pancreatitis
to receive continuous lavage for 48–96 hours or standard
therapy. They found no statistically significant differences
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in the duration of intensive care unit care, rapidity of
resumption of oral intake, or duration of hospitalization,
although there was a trend favoring lavage for each of these
outcomes. Stone and Fabian127 randomized 70 patients with
severe alcoholic pancreatitis to 24 hours of peritoneal lavage
or supportive treatment followed by 24 hours of peritoneal
lavage for those who worsened. They found a “decided
improvement in the over-all condition” in 29/34 patients in
the treatment group compared with 13/36 in the control
group (P = 0·001). However, the method of determining this
improvement was not discussed, and the mortality rate was
not significantly different between the two groups. In
addition, 17/36 patients in the control group were crossed
over to peritoneal lavage after worsening in 24 hours, making
interpretation of the results problematic. Subsequently, two
larger randomized studies by Mayer et al.128 (n = 91) and Ihse
et al.129 (n = 39) have failed to show benefit from peritoneal
lavage. Teerenhovi and colleagues130 randomized 24
patients with necrotizing pancreatitis to undergo lesser sac
lavage for 7 days or drainage, following laparotomy and
choledochostomy or cholecystostomy. They were unable to
identify any benefit for lavage over drainage as the mortality
and morbidity were similar in both groups (36% v 17%
mortality). However, neither group underwent necrosectomy,
and the onset of symptoms until operation was 4·1 ± 3·6 days
for the lavage group, a pretreatment interval which is much
longer than previously advocated for lavage alone. Berling et
al. coupled the effect of protease inhibition and peritoneal
lavage.131 In their study 26 patients received standard
peritoneal lavage while 22 patients received lavage with
aprotinin (20 million KIU given over 30 hours). The endpoint
was the effect of treatment on the balance between proteases
and endogenous antiproteases. They conclude that the
addition of aprotinin offers no advantage over standard
peritoneal lavage. 

All the studies listed above examined short courses of
peritoneal lavage with durations less than four days and may
have overlooked a beneficial time–response relationship.
Therefore, Ranson and Berman132 randomized 29 patients
with severe pancreatitis to long peritoneal lavage (7 days) or
short lavage (2 days). They found no statistically significant
difference between the groups with respect to either
pancreatic sepsis (long lavage 22% v short lavage 40%) or
death from sepsis (long lavage 0% v short lavage 20%).
However in the subgroup of patients with five or more
prognostic signs, pancreatic sepsis occurred in 30% of the
long lavage group versus 57% of the short lavage group and
death from sepsis occurred in 0% and 43%, respectively
(P = 0·05). These promising results must be interpreted
with caution since they are the result of post hoc subgroup
analysis of a rather small trial. However, they suggest that
longer duration of peritoneal lavage might benefit those with
the most severe forms of acute pancreatitis. Larger studies
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would be needed to confirm this result before peritoneal
lavage can be advocated as part of the standard treatment of
severe pancreatitis.

Early pancreatic resection
without documented infection

The management of necrotizing pancreatitis in the absence
of documented infection remains the most controversial
surgical issue in acute pancreatitis. Early pancreatic resection
for severe acute pancreatitis has been examined in small
retrospective studies that have generally shown high
mortality and morbidity.133 Only two studies have
compared resection with alternative forms of management.
Kivilaakso and colleagues134 randomized 35 patients with
severe pancreatitis to subtotal pancreatic resection and T tube
placement or operative peritoneal lavage and T tube
placement for 7–12 days. Twenty-two percent died in the
resection group and 47% in the lavage group but this was not
statistically significant. The septic complication rate and
duration of hospital stay were similar, but 6/14 patients who
underwent resection developed diabetes while none did in
the lavage group. This study suggested that resection might
benefit a select group of patients, but in addition to the lack of
a statistically significant result, the study design, without a
true control group in which patients were not exposed to the
usual surgical risks, prevented any definite conclusions. In
addition, the degree of pancreatitis in the randomized
patients was not severe with a mean number of prognostic
signs of less than four. A second small study by the same
group re-examined this question using an improved study
design.135 They randomized 21 patients with severe
pancreatitis to non-operative peritoneal lavage or pancreatic
resection. There was no statistically significant difference in
mortality (27% for resection and 10% for lavage) or in
morbidity or hospital stay between the groups. These studies
together with the previous retrospective data suggest that
early pancreatic resection offers no benefit over non-operative
management for severe acute pancreatitis. 

Management of infected pancreatic necrosis

While there is considerable controversy regarding the use
of surgical management for severe acute pancreatitis without
sepsis, there is no disagreement about the need for surgical
intervention or drainage for infected necrosis. However,
the timing and surgical method in this setting remain
controversial. Three main patterns of surgical management of
infected necrosis have developed over the past 20 years. They
include: conventional treatment with necrosectomy followed
by simple drainage of the peripancreatic bed, closed
procedures with necrosectomy followed by continuous closed
lavage or open management with necrosectomy, and

Ald

Ald

B4

subsequent scheduled reoperations or continued open
abdominal management. The evidence for or against these
treatment modalities is based on case series either followed
prospectively or retrospectively but there is a paucity of
randomized studies.

Warshaw and Gongliang136 retrospectively reviewed their
experience in 45 patients with pancreatic abscesses. Their
patients had a 24% mortality rate with conventional
treatment and 84% had further complications. Allardyce137

conducted a retrospective review and found that 14/17
patients with infected necrosis or abscess died with the
conventional treatment. Both groups advocated a more
aggressive debridement of necrotic tissue and adequate
drainage.

Wertheimer and Norris138 reported their results in 10
consecutive patients with persistent infected necrosis treated
with necrosectomy and packing with continued open
abdominal management in the intensive care unit. Their 20%
mortality rate was much lower than expected for the patient
population and, as a result, this approach has gained some
popularity. Bradley and Allen139 prospectively followed
27 patients with infected necrosis treated with debridement,
open drainage and scheduled reoperation. Mortality was 15%
in this group, again lower than expected but no concurrent
control group was available for comparison. 

Necrosectomy with continuous closed lavage has also
gained favor over conventional treatment of infected necrosis.
Gebhardt and Gall140 retrospectively reviewed their surgical
results for necrotizing pancreatitis and found a mortality of
37% for those treated with necrosectomy, drainage and lavage
compared with 54% for those treated earlier in their
experience with surgery alone without drainage or lavage.

Larvin and colleagues141 prospectively followed 14
patients with necrotizing pancreatitis who underwent
pancreatic debridement, closed drainage and lavage. Their
mortality rate was 3/14 with only two patients requiring
reoperation. Bassi and colleagues142 retrospectively
reviewed their experience with surgically treated patients
with acute and chronic pancreatitis and intra-abdominal
sepsis. Fifty-five patients had infected necrosis and were
treated with necrosectomy and closed lavage. The mortality
rate in this cohort was 24% but the severity of their
pancreatitis as represented by a conventional multiple scoring
system was not discussed, making interpretation of the results
difficult. Finally, Farkas and colleagues143 retrospectively
reviewed their results with necrosectomy and closed lavage
for infected necrosis in 123 patients with severe pancreatitis
(mean Ranson’s score 6·2). Their mortality rate was only 7%
with a 17% reoperation rate. However, 46% had another
surgical procedures at the time of the necrosecectomy (distal
pancreatectomy, splenectomy, colonic resection, cholecystectomy,
or sphincteroplasty). Nevertheless, the results of this study,
albeit retrospective, suggest a benefit in widespread necrosectomy,
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lavage with multiple drains, and additional surgery when
necessary. Collectively, these studies, although limited by their
retrospective study designs and use of historical controls,
suggest that the treatment of infected necrosis should involve
necrosectomy and long-term lavage or open management
instead of the previous conventional surgical management. It
is unlikely that large randomized studies of this approach will
be undertaken and as a result recommendations are based on
the relatively weak evidence which is available.

The high mortality rate and poor surgical outcome of
patients with infected necrotic tissue has prompted the
investigation of new techniques. Carter et al. studied 14
patients with infected necrosis secondary to acute
pancreatitis.144 Four patients underwent sinus tract endoscopy
along a drainage tract after prior open necrosectomy. Additional
surgery for sepsis was avoided in the four patients managed
by sinus tract endoscopy, and none died. Freeny et al.
carried out percutaneous drainage in 34 patients with acute
necrotizing pancreatitis.145 Sixteen (47%) of the 34 patients
were cured with only percutaneous catheter drainage. Sepsis
was controlled in 74% of patients, permitting elective surgery
for treatment of pancreatic fistula. Gentile et al. reported
on the use of an absorbable mesh in the management of
patients with acute necrotizing pancreatitis.146 Eleven
patients requiring multiple operations had placement of
absorbable polyglycolic acid mesh. The placement of mesh
provided open drainage of the abdominal cavity and simplified
further care by allowing easy abdominal access for repeat
drainage procedures. The patients with mesh had a higher
rate of fistula formation. Horvath et al. carried out laparo-
scopically assisted retroperitoneal debridement as an adjunct
to percutaneous drainage for patients with infected pancreatic
necrosis.147 The study retrospectively analyzed six patients
undergoing laparoscopically assisted debridement of the
infected pancreatic tissue. In four patients laparoscopically
assisted percutaneous drainage was successful. Complications
included self-limited enterocutaneous fistula and a small flank
hernia. Mann et al. described the placement of volumic
catheters for fragmentation and extraction of necrotic
pancreatic tissue in 26 patients.148 Twelve patients were
healed by the minimally invasive radiologically assisted
technique. The advantages of the technique include reduced
trauma, no need for general anesthesia, avoidance of complex
surgery, and reduced damage to neighboring organs. 

Summary

Medical management continues to remain the mainstay of
treatment for patients with acute pancreatitis. Further
research identifying patients at risk for severe pancreatitis at
an earlier stage is needed if a dramatic decrease in the
mortality rate is to be achieved. Early reduction in the
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systemic response to pancreatitis might be achieved with
pharmacotherapy but this has not been proved to be effective
with the agents available to date. Antibiotic prophylaxis is
becoming part of the standard therapy for those with
necrotizing pancreatitis. Early enteral feeding shows promise
and should become the standard method of nutritional
supplementation in these patients. The role of tailored enteral
feeding with glutamine or probiotics is still being investigated.
Early ERCP for those patients with jaundice or cholangitis
has proved to be beneficial when used by experienced
individuals. The role of peritoneal lavage remains contro-
versial and the patient population who may benefit from this
intervention is not well defined. Early pancreatic resection or
necrosectomy with closed drainage appears to contribute to
increased complications without overall benefit. As such,
early surgical management of acute pancreatitis should be
limited to those patients with infected necrosis. The surgical
approach still remains controversial but based on the
evidence available widespread necrosectomy and lavage or
necrosectomy and open management probably results in
better overall outcome than the conventional surgical
approach. Novel, less invasive approaches to the management
of infected necrosis are still in the investigative stage.
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Obesity
Jarol Knowles22

Introduction

Obesity is a worldwide epidemic, and a patient with medical
problems stemming from obesity will be encountered with
increasing frequency in the career of a practicing physician.
Obesity is the result of sustained positive energy balance, and
the current obesity epidemic is the result of interactions
between genes and the environment (i.e. diet and exercise
habits) as well as metabolic, social, behavioral and
psychological factors.

This chapter will focus on obesity as it relates to
gastrointestinal disease. Obesity is associated with metabolic
complications (hypertension, diabetes, hyperlipidemia, etc.),
and those interested in the common comorbidities associated
with obesity are referred to an excellent review by Pi-Sunyer.1

For the gastroenterologist, obesity provides multiple
challenges related to diagnosis and treatment. Obesity is
associated with higher rates of gastroesophageal reflux
symptoms, gallstones, cancer and fatty infiltration of the liver.
There is a high prevalence of gastrointestinal symptoms in
obese patients who indulge in binge eating, and binge eating is
often undisclosed by these patients. The gastroenterologist is
also faced with specific diagnostic challenges in the abdominal
examination of obese patients. Common landmarks in the
abdomen of these patients are not palpable, and proper
examination requires more expensive and invasive testing.

Obesity is a chronic disease and a chronic disease model
should be undertaken in treatment. Since dieting is associated
with a high failure rate, physicians are hesitant to recommend
it as a treatment for improving obesity comorbidities.
However, physicians can effect behavioral change that can
lead to successful weight loss if they maintain an empathetic
attitude. Concerning obese patients, gastroenterologists
would be well-advised to:

● develop techniques to motivate positive health behaviors
● understand the common presenting features of obesity
● know the current medications for obesity 
● know how to refer patients appropriately.

The current obesity epidemic and the problems it can
cause in the diagnosis and treatment of the obese patient
make it essential that today’s gastroenterologist understands

the associations between gastrointestinal disease and obesity
as well as the evidence supporting this association.

Definition

Obesity is defined as an excess of fat in the body, that
increases body weight beyond physical and skeletal
requirements. Because total body fat is difficult to measure
except in research protocols, obesity is determined by the
body mass index (BMI). BMI is defined as weight divided by
height squared (weight/height2) and reflects body fat. A short
person carries weight differently than a tall person making
comparisons of weight between two individuals in a
population difficult. The BMI is a concept of weight that
estimates the degree of body fat independent of height, sex or
ethnicity. Since increasing BMI is associated with increasing
risks for comorbidities, every physician should be familiar with
the common cut-off points. These are presented in Box 22.1.

Epidemiology

Worldwide, around 250 million people are obese, and the
World Health Organization has estimated that 300 million
people will be obese in 2025.2 The prevalence rates for
overweight and obese people are highest in the Middle East,
central and eastern Europe, and North America.3 Special
populations (Native American tribes, American Pacific
Islanders) have obesity rates approaching 80%.4 The US
National Health and Nutrition Examination Surveys, which
survey people across the USA, showed a marked increase in

Box 22.1 Weight classification: body mass
index (BMI)

Underweight < 18·5
Normal 18·5–24·9
Overweight 25·0–29·9
Obesity, class I 30·0–34·9
Obesity, class II 35·0–39·9
Obesity, class III > 40·0
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obesity in the first survey cycle in 1960–1961 and the third
cycle in 1988–1994. Currently, approximately 30% of the US
population has a BMI greater than 30 kg/m2.5

The epidemic of obesity is a worldwide phenomenon
affecting industrialized as well as non-industrialized nations.
Global availability of cheap vegetable oils and fats has resulted
in a greatly increased fat consumption in low-income nations.
Consumption of carbohydrates has also increased worldwide,
with a marked increase in soft drink consumption in the
developing world.6 Recent economic analysis of the obesity
epidemic suggests that industrialization and the conveniences
and inactive lifestyle that come with it play a major role in
promoting obesity.

The rates for obesity are higher for women than for men in
most countries, with a greater BMI distribution being seen in
women. The obesity epidemic is not confined to adults,
children also are affected. Worldwide, 22 million children
under the age of 5 years are overweight. In the USA, the
prevalence of overweight children has doubled in the past
three decades. The prevalence of overweight children is even
higher in African-American and Hispanic communities.
Nearly 22% of children who are African-American or Hispanic
are overweight. The majority of obese adults with class III
obesity (those with a BMI > 40 kg/m2) developed obesity in
childhood or adolescence.

Etiology

Evidence for genetic causes

A role for genetics in the tendency to gain weight is
supported by data from familial studies. Correlations of
obesity among first-degree relatives generally range from 0·20
to 0·30 and studies in identical (monozygotic) twins show a
correlation of 0·60 to 0·70.7 Adoption studies (twins raised
apart) have shown that adoptees tend to resemble their
biological relatives rather than their adopted families in body
composition.

Genetics may also influence the effect of exercise on body
weight. In twin studies, Bouchard et al. showed that the
effect of exercise may be influenced by genetic differences
between individuals.8 In their studies, there was a 6·8-fold
greater change in body weight between pairs than within
pairs of twins who were engaging in the same type and
amount of physical activity.8

With the discovery of the leptin gene in 1994, enthusiasm
abounded for a genetic cause for obesity.9 It is now known
that obesity is controlled by several genes with gene–gene
and gene–environment interactions playing crucial roles. As
of 2002, there have been more than 250 genes, genetic
markers or chromosomal regions identified that are associated
with obesity.10

Evidence for dietary causes

Population-based dietary intake studies showed a decrease
in average daily fat intake from 41% in 1976 to 36·6% in
1991.11 Yet, in this same time period the prevalence of obesity
increased, suggesting that something other than
fat intake has contributed to the rise in obesity. Food
disappearance data (a measure of the flow of raw and
semiprocessed food commodities through the US marketing
system) has shown an increase in consumption. Over the past
30 years, each American consumed, on average:

● 39 kg (86 lbs) more of commercially grown vegetables
● 26·8 kg (59 lbs) more of grain products
● 25·9 kg (57 lbs) more of fruit
● 16·3 kg (36 lbs) more of caloric sweeteners
● 10·9 kg (24 lbs) more of total red meat, poultry and fish

(boneless, trimmed equivalent)
● 8·2 kg (18 lbs) more of cheese
● 7·3 kg (16 lbs) more of added fats and oils
● 15·1 l (4 gallons) more of beer
● 54 fewer eggs
● 30·3 l (8 gallons) less of coffee
● 30·3 l (8 gallons) less of milk.

These data (1970–1999 USDA data)12 are neither a direct
measure of actual consumption nor of the quantity of food
actually ingested, but they have the advantage of avoiding the
problems implicit in consumer survey data. Neilsen and
Popkin examined portion-size changes in consumer surveys
from 1977 to 1996 and found that food portion sizes
increased both inside and outside the home for all categories
except pizza.13 These data have given rise to the concept of a
toxic environment that “pervasively surrounds [Americans]
with inexpensive, convenient foods high in both fat and
calories”.14 In an effort to understand appetite control
mechanisms and food choices, Rolls and colleagues have done
elegant double blind feeding studies in various populations.
These studies revealed that people eat more when they are
served larger portion sizes, choose high fat foods, and are
unaware of the energy density of dietary intake.15 Modern
industrialized society makes eating food practically effortless.
Drive-up windows, 24-hour food service, and increased
portion sizes make spending time and energy preparing food a
thing of the past. Today’s society enables us to eat food that is
easily available, inexpensive and energy dense.

Evidence for sedentary lifestyle

Modern conveniences and energy-saving devices such as
automobiles, washing machines, elevators, computers and
remote controls have all contributed to a decrease in total
energy expenditure. Few studies have quantified sedentary
activities as they relate to obesity making it difficult to assess
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the relationship between sedentary lifestyle and obesity. The
majority of studies measure physical activity levels by self-
report, observation, pedometer or accelerometer. There are
few studies that document the absence of physical activity
and weight changes. Inferences have been made from the
absence of active physical activities (occupational and
recreational) and these show that decreased activity
correlates with time watching television and increased car
ownership. In two evidence-based reviews, DePietro16 and
Jebb and Moore17 report that low levels of activity are
associated with obesity.

Energy expended during physical activity is highly variable,
and it is the component of total energy expenditure over
which an individual has the most control. It may represent
15–50% of the total 24-hour energy expended depending on
the activity of the individual. Increasing intensity and
duration of activity will increase energy expenditure.

Evidence for psychological causes

Obese people are particularly vulnerable to symptoms of
low self-esteem and depression when they fail to measure up
to the thin ideal promoted by the media. Healthcare providers
should be aware of the possibility of depressive symptoms in
obese patients, and they should also be careful to avoid
stereotyping their obese patients with specific personality
disorders that they think may be responsible for their obesity.
More than likely, poor self-esteem and discrimination
influence mood disorders in obese patients. Discrimination
has been reported in employment18,19 housing20 and college
admissions.21 In a 7-year follow up study of the National
Longitudinal Survey of Labor Market Experience, Gortmaker
et al. showed that women who were overweight as
adolescents were 20% less likely to be married and had a 10%
higher rate of poverty than normal weight adolescent girls
who had other chronic illness.22 Men were 11% less likely to
be married when they were overweight as adolescents
compared with normal weight boys who had other chronic
illness.22 It is generally thought that obese individuals suffer
emotionally from cultural bias, negative attitudes, and
discrimination.

In addition to low self-esteem, discrimination, and
depression, obese people have a higher prevalence of two
distinct eating disorders: binge-eating syndrome and night-
eating syndrome. Obesity is associated with a two-fold increase
in the prevalence of binge eating, with similar rates found
among black women, white women and white men.23 The key
features that distinguish binge eating from overeating is a
feeling of loss of control while consuming an amount of food
which is larger than most people would eat. Relative to obese
patients who do not binge eat, binge eaters have higher BMIs
as well as higher rates of comorbid depression and anxiety.
Across three studies, the average depression score among

patients with binge-eating disorder was in the mild depressive
range.24 Among bariatric surgery patients, the prevalence of
preoperative binge eating ranges from 13% to 49%.25

Night-eating syndrome, first recognized by Stunkard in
1955, has not been systematically evaluated until recently. It is
defined by ingestion of 50% of the daily caloric intake after the
evening meal, awakening at least once a night for three nights
a week to eat and morning anorexia. In class III obese
patients, the prevalence of night-eating syndrome may be as
high as 26%.26 Birketvedt et al. conducted two studies that
examined the behavioral and neuroendocrine characteristics
of individuals in this population and compared them with sex,
age and weight-matched controls.27 Participants who had
night-eating syndrome consumed less than control participants
until 11:00 pm, after which their intake exceeded the control
participants’ intake, with a cumulative intake of 4000 KJ
above the control group in a 24-hour period.

Evidence for drug causes

There are numerous medications that contribute to weight
gain as shown in Box 22.2. Change in weight was a major
concern in the Diabetes Control and Complications Trial
(DCCT). In this study, intensive treatment with insulin (three
or more daily injections or continuous subcutaneous infusion)
increased the risk of becoming overweight by 73% when
compared with less intensive diabetic therapy.28 Tricyclic
antidepressants and the selective serotonin reuptake
inhibitors are associated with varying degrees of weight gain;
the type, dose and duration of therapy influence the degree of
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Box 22.2 Selected medications that can cause
weight gain

● Psychotropic medications

Tricyclic antidepressants
Monoamine oxidase inhibitors
Specific selective serotonin reuptake inhibitors
Atypical antidepressants
Lithium
Specific anticonvulsants

● β-adrenergic receptor blockers
● Diabetes medications

Insulin
Sulfonylureas
Thiazolidinediones

● Highly active antiretroviral therapy
● Tamoxifen
● Steroid hormones

Glucocorticoids
Progestational steroids



weight gain. Bupropion, a dopamine agonist, is an atypical
antidepressant that does not appear to induce weight gain.
The lack of stimulation of norepinephrine and serotonin
pathways appear to be responsible for this difference in effect.

Effects of obesity: clinical features

Gastro-esophageal reflux disease

Symptomatic esophagitis is common in obese patients.
Obesity causes an increased incidence of hiatal hernia which
impairs acid clearance from the esophagus and the crural
diaphragm’s function as a sphincter. The increased intra-
abdominal pressure associated with obesity results in
cephalad displacement of the lower esophageal sphincter
(LES).29 One population-based, cross-sectional study of
1524 people in Olmstead County, Minnesota showed a
prevalence of gastro-esophageal reflux disease (GERD) in 69%
of participants with a BMI greater than 30 kg/m2.30 These
findings were replicated by Ruhl and Everhart who showed
that hospitalization rates for any esophageal-related condition
were higher as BMI increased.31 Each 5-unit increase in
BMI was associated with a 1·22-increased hazard of
developing GERD.

The strongest data to suggest a relationship between GERD
and obesity comes from studies using objective measurements
such as manometry and ambulatory pH monitoring. In a
study reported by Fisher et al., 24-hour pH monitoring of
30 class III obese patients with a mean BMI of 51·5 kg/m2

showed that 50% of these subjects complained of GERD
symptoms and 37% had objective evidence of GERD by
pH monitoring.32 Neither BMI nor body weight correlated
with LES pressure or length, upper esophageal sphincter
pressure or length, or esophageal body peristalsis or
maximum pressure. Three observational studies failed to
show a relationship between observed weight or BMI and
abnormal 24-hour pH monitoring values.33–35 The differences
between observational studies and studies using objective
measurements may be a result of the analyses: BMI correlates
with abnormal pH monitoring when subjects are grouped
according to abnormal pH monitoring results. When
researchers tried to model the degree of obesity with the
pH monitoring result, BMI and abnormal pH monitoring did
not correlate. Despite the differences in statistical analyses
in these small prospective studies, it is clear that not all
obese patients with symptoms of reflux have objective
evidence of GERD.

Treatment options for those with GERD include weight
loss, histamine H2-receptor antagonists, proton pump
inhibitors and bariatric surgery. Only two prospective studies
documenting the role of weight loss to improve GERD
symptoms have been published. In one study, weight loss
improved symptoms of GERD.36 In another study, pHB4

monitoring showed that there was no reduction in reflux
despite an average weight loss of 10 kg.37 The histamine
H2-receptor antagonists have been shown to be efficacious in
obese patients. Pharmacokinetic studies in obese patients
using cimetidine and ranitidine demonstrate that dosing
should be calculated according to patients’ ideal body weight
and not their actual weight. The safety and efficacy of the
proton pump inhibitors has not been studied in this
population. The Roux-en-Y gastric bypass has been shown to
be very effective for improving GERD symptoms.38,39

Gallstones

The prevalence of gallstones in patients in the Women’s
Health Study and Health Professionals Study was 7·8% among
women and 3·5% among men over a 10-year period. These
studies showed that the risk of developing gallstones
increased with the severity of obesity.40,41 The risk factors for
symptomatic gallstone disease are female sex (relative risk
(RR) 8·8, P < 0·003), obesity (BMI > 30, RR 3·7, P < 0·001),
age greater than 50 years (RR 2·5, P < 0·001), and a positive
family history of previous cholecystectomy in a first-degree
family member (RR 2·2, P < 0·01). In a family study of 1038
individuals who participated in the MRC-OB genes project,
the additive genetic heritability of symptomatic gallstones was
29% (P < 0·02).42 Additionally, weight loss is a strong
predictor of developing gallstones, especially in women.43 In
several studies, approximately 11–28% of obese patients
who severely restricted their dietary intake44–46 and 27–43%
of patients who underwent bariatric surgery developed
gallstones within a period of 1–5 months after initiating
their treatment.47,48 The relative risk for cholecystectomy
associated with weight cycling is 1·68 and is independent of
attained relative body weight.41

Rate of weight loss influences the development of gallstones.
In a 1995 meta-analysis of published studies evaluating the risk
of gallstone formation during active weight loss, Weinsier et al.
demonstrated an increasing risk of gallstone formation at rates
of weight loss above 1·5 kg per week.49

Irritable bowel syndrome

Obesity is associated with an increased prevalence of
irritable bowel syndrome (IBS) although there has been very
little research done in this area. In a case–control study,
Crowell et al. examined 119 obese binge eaters (BMI
> 30 kg/m2) and 77 normal weight binge eaters. They found
that obesity was associated with more frequent constipation,
diarrhea, straining and flatus.50 Another report demonstrated
that abdominal bloating is more frequent in those with recent
weight gain.51 In a case–control study with co-twin control
design, Svedburg et al. examined the association of IBS with
obesity in 850 Swedish twin pairs and found an association
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(odds ratio (OR) 2·6, CI 1·0 to 6·4).52 Additionally, obese
binge eaters reported two to four times more upper
gastrointestinal symptoms (nausea, vomiting, and bloating)
than normal controls or obese non-binge eaters (P < 0·001).
Obese binge eaters reported more lower gastrointestinal
symptoms (abdominal pain and dyschezia) than normal-
weight controls (P < 0·05).49

Weight reduction appears to improve symptoms of
IBS, especially in morbidly obese persons. In a recent
abstract, morbidly obese patients who underwent Roux-en-Y
gastric bypass had significant improvement according to a
gastrointestinal symptom questionnaire after weight loss.53

Therefore, weight loss may be suggested as a treatment
for obese patients who have IBS, but further studies will be
needed to clarify the relationship between IBS symptoms and
the psychosocial aspects of improved self-esteem associated
with weight loss in this patient population.

Non-alcoholic steatohepatitis

Steatosis is found in 60–70% of obese adults and
progression to liver cell injury on liver biopsy is found in
18·5% of obese individuals and 2·7% of normal weight
individuals on autopsy studies.54 Among 75 patients
undergoing bariatric surgery with a mean BMI 57 kg/m2,
84% of patients had steatosis and 8% had fibrosis or
cirrhosis.55 In 181 patients with a mean BMI 47 kg/m2, 91%
of patients had non-alcoholic fatty infiltration of the liver and
10% had fibrosis.56 The risk of progression to cirrhosis
correlates with the initial histology. In a long-term follow up
study of 132 patients with steatosis on initial biopsy, cirrhosis
developed in only 4%. If there was balloon degeneration and
Mallory’s hyaline bodies on initial biopsy, after 18 years of
follow up 26% of patients had developed cirrhosis.57 In case
series, 10% weight reduction is associated with normalization
of alanine aminotransferase (ALT).58–62 In an obese patient,
liver biopsy is recommended if any of the following is true:

● the AST:ALT ratio is greater than 1
● the ALT is twice normal
● there is evidence of metabolic syndrome
● there is the persistent elevation of liver function test

scores despite weight loss.

Cancer

The risk of cancer is increased in obese individuals, with
33% more cases of cancer seen in the obese population than
the general population.63 Increased cancer rates associated
with obesity have been noted for renal cell, gallbladder, colon,
brain, endometrial, ovarian and cervical cancer, and
lymphoma. Twice as many women with a BMI greater than
29 kg/m2 had distal colon cancer than women with a BMI
less than 21 kg/m2· The causal factors associates with the

B4

increase in gallbladder cancer risk are controversial, but
possibilities that are diet related include caloric intake,
increased fat intake, decreased fiber intake and hormonal
milieu.

Vomiting

Vomiting is not usually considered a comorbidity associated
with obesity, but it deserves mention because it is a symptom
that is sometimes disclosed during the gastrointestinal
evaluation. Bulimia nervosa is common in obese individuals,
and it is often associated with binge eating. Russell
introduced the diagnosis of bulimia nervosa in 1979.64

Bulimia nervosa is characterized by recurrent binge eating
and extreme weight-control behavior such as self-induced
vomiting, strict dieting and the misuse of laxatives. The DSM
IV criteria for bulimia nervosa require that an individual
binges and purges twice a week for 3 months. The prevalence
of bulimia and binge eating varies according to the sample
assessed. In a school-based sample of 4746 boys and girls in
public middle and high schools in Minnesota (Project EAT –
Eating Among Teens), 17·3% of girls and 7·8% of boys
reported objective overeating in the last year before the
survey.65 Overeating was associated with suicide risk; more
than a quarter of girls (28·6%) and boys (27·8%) who had met
the criteria for binge-eating syndrome reported that they had
attempted suicide. Dieting, chronic restrained eating and
excessive exercise may be important triggers for binge eating
and bulimia nervosa. Since bulimia and binge eating are
surreptitious methods to control weight, they are often
undisclosed by patients. In patients who are obese and have a
history of vomiting, the diagnosis of bulimia nervosa should
be considered. Referral to a psychiatric program with
therapists skilled in the therapy of eating disorders is the most
appropriate treatment. 

Patients recovering from Roux-en-Y gastric bypass surgery
often experience vomiting. The prevalence of vomiting after
Roux-en-Y gastric bypass varies between 1% and 68%. In a
review of a long-term (13–15-year) follow up of a cohort of
100 patients who underwent gastric bypass for morbid
obesity, Mitchell et al. found that 68% of the patients
complained of continued vomiting.66 In contrast, Balsiger
et al. reported that only 1% of patients complained of
persistent vomiting 3 years after Roux-en-Y gastric bypass.67 It
appears that preoperative diagnosis of binge-eating disorder
and a multidisciplinary team approach to the postoperative
management of these patients affects the prevalence of
postoperative vomiting. The prevalence of stricture at
the gastrojejunal anastomosis is approximately 2% of cases
after Roux-en-Y gastric bypass. Persistent vomiting should be
evaluated with endoscopy and possible dilatation.

Chronic vomiting and gastroparesis is also seen in some
patients with type 2 diabetes mellitus-associated obesity.
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Gastroparesis is usually seen in severe type 1 diabetic
patients, but it may be seen in up to 30% of patients with type
2 diabetes.68 Chronic hyperglycemia alone has adverse effects
on gastric emptying activity with a prolongation of the lag
phase.69 Although weight loss is the classic presentation of
gastroparesis, obesity and type 2 diabetes without evidence of
weight loss is increasingly common in patients with a
diagnosis of gastroparesis. An improvement in glucose control
combined with a low-fat diet (< 40 g/day) is advised for
treatment since lipids slow gastric emptying rates.70

Depression

Depression is a common diagnosis in obese patients with
unexplained physical symptoms. These patients often
attribute depressed moods to their excess weight rather than
recognizing that depression or anxiety may have triggered
their overeating. (“Doctor, I know my depression is related to
my weight, but I still have this belly pain”). In a systematic
review of the evidence that links obesity with depression, no
clear relationship could be determined. In cross-sectional
studies, depression has been associated with a high BMI.
In face to face interviews with individuals in more than
42 000 households, the 1992 National Longitudinal Alcohol
Epidemiologic Survey (NLAES) showed a U-shaped
relationship between depression and weight, with relatively
high and low BMI values associated with an increased
probability of major depression.71 Prospective longitudinal
studies are required to determine the relative risk (RR) of
depression in obese patients, but these types of studies are
rare. In one prospective study controlling for mental health
problems at baseline, there was an increased RR of depression
in obese patients followed for 5 years.72

Diagnosis

See Table 22.1 which gives an overview of the treatments
suggested for the various categories of BMI in the National
Institutes for Health (NIH) publication A Practical Guide:
Identification, Evaluation, and Treatment of Overweight and
Obesity in Adults.73

Treatment

Controlling intake and increasing activity (dieting and
exercise) are very difficult, and it is important for physicians
to understand that some patients may have to do much more
than others to maintain a healthy weight. There are windows
of opportunity when radical behavior changes seem to be
effective interventions. For example, after a diagnosis of
diabetes or myocardial infarction, patients are often highly

motivated to undertake behavioral changes. Unfortunately,
the amount of weight loss by non-surgical approaches rarely
surpasses 15% from baseline weight. It is important that
physicians not take non-adherence to their suggestions
personally and criticize patients when they don’t achieve
their weight goals. After validating the difficulties that their
patients face, it is important for physicians to focus on
identifying obstacles and help their patients form a plan to
succeed in future attempts at weight loss.

Evidence for dietary treatment

An evidence-based review of the effectiveness of diet
interventions in the treatment of obesity is limited by several
factors. The most important factor is the lack of blinded
studies in diet interventions. It is very difficult to blind
participants in a weight loss trial since changes in diet are
readily noticed. Additionally, it is difficult for the study
investigators to be blinded to the intervention. Randomiza-
tion is another factor that is difficult to achieve in weight loss
studies since the issues of consent and compliance may be
more difficult to achieve than is the case for some
interventions. Since there is no gold standard for comparison
with the intervention, diet interventions tend to compare low
fat, low carbohydrate, low calorie or high protein at different
percentages within the diet.

The evidence-based review of dietary interventions is
severely limited by methodological factors. There is a wide
variety among prescribed diets and true control groups are
often lacking. Dietary interventions often include or are
compared with a combination of exercise and behavior
interventions that vary with respect to intensity and
frequency of follow up visits. Additionally, a change in weight
often results from a change in activity, behavior, or both, and
these may be difficult to measure. The overall attrition rate in
weight loss studies has been estimated to be 50%, severely
limiting analysis of long-term success. The majority of diet
studies do not use intention to treat analysis, and when they
do include this analysis they often employ the last known
weight during participation as the endpoint. This method of
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Table 22.1 Guide for selecting obesity treatment73

BMI category (kg/m2)

Treatment 25–26·9 27–29·9 30–34·9 35–39·9 ≥ 40

Diet, + + + + +
exercise, 
behavior
treatment
Pharmacotherapy With + + +

comorbidities
Surgery With +

comorbidities



analysis overestimates the true long-term weight loss. Despite
the limitations in dietary intervention studies, a recent review
of long-term outcomes of obesity showed a 15% success rate
among 2131 patients followed for 5 years.74 The reported
prevalence of people trying to lose weight in a community-
based survey was 28·8% for men and 43·6% for women.75

Several low cost strategies can be effective in achieving
weight loss. Weight Watchers and TOPS (Take Off Pounds
Sensibly) are usually rated highly by patients because of low
cost and good social support. Meal replacements (liquid
formulations, meal replacement bars) have an advantage in a
busy lifestyle. Because the portions are controlled, the caloric
content is known. Meal replacements are useful for patients
who need structured portion control. In a study that
randomized patients to meal replacements or an energy
restricted diet over a 28-month period, the meal replacement
group had superior weight loss (10% v 4% weight loss).76

In a meta-analysis of 12 controlled trials that evaluated the
effect of an ad libitum low fat diet on daily energy intake,
Astrup et al. found that daily energy intake was decreased by
10·8%.77 The data show that decreasing dietary fat was
directly associated with a decrease in body weight. Changes
in percent dietary fat were also highly correlated with
changes in energy intake. For every 1% decrease in energy
from fat, there was a corresponding 0·28 kg weight loss.78

Despite the strong data to support lowering dietary fat,
recent evidence from a systematic review79 suggests that low
fat diets are no better than other types of weight-reducing
diets in achieving and maintaining weight loss over a
12–18-month period. Over 3000 citations were reviewed and
only six trials were found that met the inclusion criteria for
randomization, blinding, and intention to treat analysis.
Additionally, within the six trials, dropouts and withdrawals

Alc

varied from 11% to 40%. Furthermore, only one study
showed a significant improvement in serum lipids with a low-
fat diet. The authors conclude that fat-restricted diets are no
better than calorie-restricted diets in achieving weight loss in
overweight people. 

The lack of evidence supporting the role of low-fat diets in
achieving weight loss or improvement in co-morbidities
associated with obesity coincides with a shift in philosophy
within the nutrition community. Recent recommendations
from both the US Department of Agriculture (Dietary
Guidelines),80 and the National Heart Lung and Blood
Institute(NHLBI) of the NIH (Clinical Guidelines)81

recommend a decrease in total caloric intake, including
reducing portions sizes, to achieve weight loss. Greater
weight loss and improvement in serum lipids has recently
been reported with a low carbohydrate/high fat diet (Atkins-
type diet), suggesting that the role of dietary fat requires
re-evaluation. Three randomized controlled trials82–84 have been
published (Table 22.2). The only study that followed
patients for 12 months reported no significant difference in
weight loss when compared to a low fat diet.84 It should be
noted that the dropout rate was significant in all the studies,
making it difficult to establish clear recommendations. 

Evidence for exercise treatment

The current public health recommendation for physical
activity is for individuals to participate in 30 minutes of
moderately intense physical activity on most days of the
week.85 Despite the importance of physical activity, there is
little evidence that exercise alone will produce weight loss. A
meta-analysis of weight loss studies found that aerobic
exercise programs produce weight loss of 2·9 kg over

Alc

Ala

Obesity

347

Table 22.2 Summary of studies of low carbohydrate dietary interventions for obesity

Author Diet Length Enrolled Completed Weight loss P Comments

Sondike et al.74 LC v LF 12 weeks 39 30 9·9 ± 9·3 kg v < 0·05 Mean age = 15 years
4·1 ± 4·9 kg Significant reduction of

LDL-cholesterol on LF
diet, no change on LC diet

Samaha et al.83 LC v LF 6 months 132 79 5·8 ± 8·6 kg v < 0·002 Significant reduction of 
1·9 ± 4·2 kg TG on LC diet

Foster et al.84 LC v LF 12 months 63 37 4·4 ± 6·7% v Not Weight loss measured in
2·5 ± 6·3% significant percent of body weight

Subjects on the low
carbohydrate diet lost
significantly more weight
than the subjects on the
conventional diet at 
3 months (P = 0·002) and
6 months (P = 0·03)

LC, low carbohydrate diet; LF, low fat diet; LDL, low density lipoprotein; TG, triglycerides



21 weeks, compared with 11 kg weight loss from 15 weeks of
caloric restriction.86 The reason that people do not lose
weight with increased exercise alone is because they usually
also increase their food intake. Therefore, exercise combined
with energy restriction is recommended based on the
rationale that physical activity will result in an increase in
total energy expenditure. 

Evidence-based analysis of the studies using exercise as an
adjunct to either diet or behavior therapy is limited by the
wide variety of protocols used. These studies use a variety of
parameters to measure the efficacy of exercise treatment
(individual variation in response, exercise duration, exercise
intensity, lifestyle activities, and type of exercise) and this
variability limits comparability. Individual studies provide
the basis for the recommendations for the population,
since combining these heterogeneous studies is difficult.
Documentation of factors such as previous weight loss
attempts, smoking status, change in body composition, and
changes in lifestyle activities is often missing. The
quantification of diet and physical activity is biased in favor of
underreporting dietary intake and overreporting physical
activity.87 Despite the methodological problems that plague
this area of study, Jebb et al. reviewed several studies on the
relationship between physical activity and body weight and
found that there is clear evidence that low levels of physical
activity are associated with an increased risk of weight gain
and obesity.17

The amount of exercise required to improve fitness may be
different from the amount of exercise recommended to
achieve optimal health or prevent death. There is a striking
difference in the relative risk of cardiovascular disease and all-
cause mortality between the fit and unfit. In the Nurses
Health Study, the relative risk of death increased with an
increase in BMI, with a four-fold relative risk of death from
cardiovascular disease in non-smoking women with a BMI
greater than 32 kg/m2·88 In obese individuals with a BMI
greater than 25 kg/m2, the relative risk of death was 1·25 in
the fit and 4·0 in the unfit.89 It appears that exercise intensity
can affect cardiorespiratory fitness but not change body
composition or body weight.90

Exercise has a powerful effect on insulin sensitivity. Obese
individuals with type 2 diabetes mellitus had an increase in
insulin sensitivity following low intensity bicycle riding.91 In
non-obese, insulin-resistant relatives of type 2 diabetic
patients, moderate intensity exercise led to a 40% increase in
insulin sensitivity.92 The Diabetes Prevention Program found
that intensive exercise in combination with a change in diet
could lower the risk of progressing to diabetes by 58% when
compared to metformin or placebo.93

Despite recommendations of exercise for prevention of
weight gain and improvement of cardiovascular fitness and
insulin sensitivity, the major challenge is adoption of a regular
exercise pattern. Recent studies on the effectiveness of
intermittent exercise (multiple 10–15 minute exercise

Ald

B2

C5

Alc
sessions daily) suggest that intermittent exercise is a
successful strategy for increasing the adoption of exercise in
overweight individuals who are sedentary.94 The long-
term cumulative effect of small changes in activity level can
be beneficial. By walking about 2000 extra steps a day, 100
extra calories can be burned a day. It appears that the key
factor that explains the relationship between exercise and
weight is the adoption of an active lifestyle to prevent weight
gain and weight regain. Evidence from the National Weight
Control Registry, which is a collection of data on 1047
individuals who lost at least 30 pounds (13·6 kg) and
maintained that loss for at least 1 year, supports this claim. In
an analysis of successful weight maintainers, 1 hour or more
of moderate to vigorous physical activity per day was the
factor that led to a successfully maintained weight loss over
an average of 6·9 years.95

Evidence for psychological treatment

Behavior therapy in the treatment of obese patients
includes strategies used to modify eating and activity patterns.
Early studies using behavior therapy addressed questions of
types of behavioral treatment, and length of treatment, and
were often compared to conventional low calorie diets. From
these studies, a typical behavioral program, incorporates a
1200 kcal/day diet, includes 6 months of weekly meetings
and key components of self-monitoring (daily records of food
intake and physical activity), stimulus control strategies,
problem solving, preplanning and relapse prevention. On
average, these studies showed that participants in behavior
treatment lost 10% of their body weight after 1 year.96

Weight re-gain has been noted as a problem, and behavior
programs now include a longer follow up period, averaging
18 months. Maintaining contact with participants improves
long-term weight control.97 With longer follow up, weight
maintenance has improved with reported sustained weight
loss of 62% of initial weight loss.98

Table 22.3 lists recent randomized controlled trials of
various therapies (intensive lifestyle counseling, nutrient-
density diet behavioral modification, counseling-based, skill-
building, problem solving, cognitive behavioral body image
therapy, family-based treatment, sibutramine plus family-
based, behavioral weight control, etc).93,99–113 The majority of
these trials focus on children and adolescents, suggesting that
efforts at the prevention of weight gain in childhood are a
priority. The failure of most of these trials to demonstrate
statistically significant benefits from these interventions may
be because they lack statistical power but it is also true that
behavior is complex and difficult to change. The strongest
argument for including behavior therapy in the treatment of
obesity comes from the Diabetes Prevention Program. In this
trial, 3234 non-diabetic persons with elevated fasting and
post-load plasma glucose concentrations were randomized to
metformin or lifestyle intervention or placebo with a follow
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up of 2·8 years.93 Subjects randomized to the lifestyle
intervention underwent 24 weeks of personal counseling
with the goal of decreasing caloric intake by 700 kcal/day
and increasing physical activity to 150 minutes per week,
followed by monthly follow up visits. At 3 years, the lifestyle
intervention had lost 4% of body weight and there was a 58%
risk reduction for the development of diabetes. These
results favored lifestyle intervention so profoundly, that the
trial was discontinued a year earlier than expected. This study
is often quoted as the rationale for including behavior
modification in the treatment of obesity. Further studies are
needed to determine the appropriate style of behavior therapy
for specific subgroups of patients.

Binge eating is often treated with either cognitive
behavior therapy (focusing on treating the eating disorder
and associated cognitive disturbances) or interpersonal
therapy (focusing on achieving interpersonal change). In a
randomized controlled trial of 220 subjects with binge eating
comparing 20 sessions of cognitive behavior therapy versus
interpersonal therapy, 45% of those treated with cognitive
behavior therapy had stopped binging, compared to 8% in the
interpersonal therapy group.114 At 12 months follow up,
both treatments were equally effective in reducing binge
eating due to relapse in the cognitive behavior therapy group
and continued improvement in the interpersonal therapy
group.114 However, despite an improvement in the episodes of
binge eating with both types of behavior therapy, no
significant weight loss was seen.115 Recently, a 14-week,
double blind trial comparing topiramate to placebo, showed
topiramate was associated with a significant reduction in
binge frequency, binge day frequency, BMI and weight.116

Binge eating is a complex psychological illness and further
studies are needed to define appropriate therapy in obesity.

Combining behavioral treatment with antidepressants has
been found to improve symptoms and decrease body
weight.117–119 However, trials with antidepressants have been
short, lasting 6–9 weeks and symptoms have recurred upon

Ald

Ald

Ald

medication withdrawal. Long-term use of antidepressants
for the treatment of binge eating occurs in clinical practice, but
there are no clinical trials to support its use.

Evidence for adjunctive pharmacotherapy

Weight loss medications are indicated for patients with a
BMI greater than 30 kg/m2 (27 kg/m2 with comorbidities)
who have not achieved weight loss with lifestyle changes.
The approved antiobesity medications are listed in Table 22.4.

One study has shown that sibutramine has helped obese
patients on a 4-week very-low-calorie diet maintain their
weight loss for a period of 12 months.120 Predictors of an
effective response with the use of sibutramine include the
following:

● a history of successful weight loss with lifestyle change
alone

● a patient who struggles with recognition of signals for
hunger and fullness

● a patient who admits to feelings of a lack of control over
food intake.

In the STORM trial (Sibutramine Trial in Obesity Reduction
and Maintenance) 605 patients were followed for 24 months.
Eighty-two percent of the patients on sibutramine achieved at
least a 5% weight reduction and were able to maintain it for
18 months compared to 16% of patients on placebo (odds
ratio 4·64, absolute risk reduction 0·66, number needed to
treat 2, P < 0·001).121 Of note, the dropout rate was
similar to other randomized controlled trials in the obesity field –
42% in the sibutramine group, 50% in the placebo group.

The drug orlistat has also been shown to be an effective
obesity medication. Orlistat works by inhibiting absorption of
approximately 30% of dietary fat from the small intestine. The
following group of patients have a superior response to
orlistat:

Ald
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Table 22.4 Anti-obesity agents: how they work

Releasing Reuptake Selective lipase
Agents agent inhibitor inhibitor

5-HT NE DA 5-HT NE DA

Dexamphetamine +++ +++

Phentermine +++ +++

Sibutramine +++ +++ +

Orlistat +++

5-HT = serotonin; NE = noradrenaline; DA = dopamine

Ann Intern Med 1993;119(7 pt 2):707–13 PharmacoEconomics 1994;5(suppl1):181–32 Prog
Neuropsychopharmacol Biol Psychiatry 1988;12:575–84 Int J Obes Relat Metab Disord 1995;19:221
Psychopharmacology (Berl) 1992;107:303



Evidence-based Gastroenterology

352

● those with an inability to identify hidden fat in foods
● those with significant restaurant eating
● those seeking negative reinforcement.

In a double blind randomized controlled trial of obese
patients with orlistat 120 mg (three times a day) or placebo
for 1 year in conjunction with the hypocaloric diet
(600 kcal/day deficit), Sjostrom et al. found the orlistat group
lost a greater proportion of body weight than the placebo
group (10·2% v 6·1%; least squared means (LSM) difference
3·9 kg, P < 0·001).122

The pharmacological treatment of obesity receives
substantial attention from research and development. It is
estimated that the annual market for obesity treatments in the
USA ranges from US$735·5 million to US$1·23 billion. Drugs
presently being evaluated in pre-clinical or unknown stages of
development are presented in Table 22.5.

Evidence for complementary
and alternative medicine

In the USA alone, health clubs, diet centers, low fat, and
low carbohydrate snacks fuel a US$33 billion per year weight
control industry.123 There is no good evidence (well-designed
randomized controlled trials) to support a magic bullet for
weight loss despite the mass marketing of several over-the-
counter complementary and alternative medicine (CAM)
products that claim there is. However, it is not hard to see
why despondent obese patients might grasp at a quick fix for
their weight problems.

Table 22.6 provides a summary of systematic reviews of
some of the most popular CAM products on the market today.
Ephedra (sometimes called Ma Huang) was the active
ingredient in some of the most popular CAM products that
claim to promote weight loss. On 30 December 2003, the US
Food and Drug Administration issued a consumer alert
prohibiting use of Ephedra alkaloids.

Evidence for a surgical approach

Currently surgery is only recommended for obese patients
with a BMI greater than 40 kg/m2 or obese patients with a
BMI greater than 35 kg/m2 with comorbidities. The ability to
comply with long-term lifestyle change is a requirement.
Although there are many surgical procedures available for the
morbidly obese patient, three surgical procedures are used
most commonly: the Roux-en-Y gastric bypass, laparoscopic
gastric banding, and biliopancreatic diversion. The
advantages of carrying out the procedure laparoscopically are
smaller scars, quicker recovery, and fewer wound problems.
The advantage of any gastric surgery procedure is the
sustained weight loss, and the dramatic decrease in
comorbidities associated with obesity.

Roux-en-Y gastric bypass is considered the gold standard
with well reported safety and efficacy.126 Pories et al. have
established the long-term benefits of the Roux-en-Y gastric
bypass with an average, sustained weight loss of 45·4 kg
(100 lb)127,128 This surgical procedure creates a 30 ml
pouch that empties directly into the jejunum by an
anastomosis, thus bypassing the duodenum. This technique
induces weight loss by combining restricted intake and a
moderate degree of malabsorption. The gastric pouch is
separated from the excluded part of the stomach by stapling,
and drained through a relatively large stoma directly into a
jejunal loop in a Roux-en-Y arrangement. Thus, one limb of a
Y-shaped reconstruction of jejunum allows the drainage of the
gastric pouch, while the bile and pancreatic juice are evacuated
by the second limb of the Y structure. Since hypertonic
contents of the stomach rapidly enter the small bowel, patients
frequently experience a dumping syndrome consisting of
weakness and sweating after a carbohydrate-rich meal. This
may obviously discourage them from consuming sweet foods;
hence the opinion that this type of gastrojejunal surgery is
particularly indicated for obese patients considered as “sweet
eaters”. It should be stressed, however, that by bypassing the
duodenum, this kind of surgery may cause malabsorption of
iron and calcium, increasing the risk of anemia, osteoporosis
and hip fracture.129

Roux-en-Y gastric bypass purports low mortality and
morbidity rates for morbidly obese patients. Data from the
International Bariatric Surgery Registry of over 25 000 patients
undergoing bariatric surgery of all types reports a death rate at
0·3% and a total postoperative morbidity of 7%.130 With the
introduction of laparoscopic technique for Roux-en-Y gastric
bypass, risks associated with this surgery decreased dramatically.
In reported series, operative mortality ranges between 0% and
1·5%,131,132 and the overall incidence of major complications,
including anastomotic leaks, pulmonary embolus and bowel
occlusions, is between 0·6%133 and 6%.134

A particular form of gastric bypass, referred to as
biliopancreatic diversion, introduced in 1968 by Scopinaro,
was designed to bypass a large part of the intestine with a

B4
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Table 22.5 Anti-obesity drugs under development

• Phase III drugs

– Ciliary neurotrophic factor (Axokine)
– Cannabinoid CB1 agonist (Rimonabant)

• Various clinical stages

– Topiramate (Topimax)
– Bupropion (Wellbutrin)
– Beta-3 agonists

(plus about 50 other compounds in pre-clinical or unknown
stages of development)
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concomitant resection of the excluded part of the stomach to
decrease the risk of gastric ulcer. While the volume of the
remaining gastric pouch is much larger than in other
procedures, and may vary from 200 ml to 500 ml, the loss of
weight is essentially due to intestinal malabsorption. This
procedure seems very effective in terms of loss of weight, but
it frequently induces protein malnutrition and other metabolic
complications. It is, therefore, not surprising that the extent of
weight loss after this kind of surgery is proportional to the
length of the intestinal bypass and, thus, to the severity of
malabsorption and risks of late complications.

The LapBand is a silastic ring that forms a small gastric pouch
and can be removed when weight loss has been achieved.
LapBand adjustable gastric banding device was approved by the
Food and Drug Administration in 2001.135 The procedure is less
invasive than the Roux-en-Y gastric bypass, and has a lower
postoperative mortality rate. Unfortunately, the morbidity rate is
higher, and the degree of weight loss is less than is observed
with the Roux-en-Y gastric bypass. In a review of 500
cases,136 10·4% had complications requiring an abdominal
reoperation. Forty-nine underwent a reoperation for minor
complications: slippage (n = 43, incisional hernias (n = 3), and
reconnection of the catheter (n = 3). Three patients underwent
a reoperation for major complications: gastroesophageal

B4

perforation (n = 2) and gastric necrosis (n = 1). Seven patients
had pulmonary complications and 36 patients experienced
minor problems related to the access port. Despite its
complication rate, it is a very popular procedure due to its ease
of insertion and its ability to achieve weight loss.
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Hepatitis C
Patrick Marcellin23

Introduction

Hepatitis C is a relatively common disease. An estimated 3%
of the world population is chronically infected with hepatitis
C virus (HCV), and in Western countries HCV accounts for
approximately 20% of cases of acute hepatitis and 70% of
cases of chronic hepatitis.1,2 Chronic hepatitis C is a major
cause of cirrhosis and hepatocellular carcinoma. Moreover,
HCV-related endstage liver disease is the most frequent
indication for liver transplantation.

Hepatitis C is characterized by its propensity to chronicity.
Since chronic hepatitis C is generally silent, its diagnosis
is often fortuitous. Systematic screening should be
recommended in subjects who have a history of blood
transfusion or intravenous drug addiction. The enzyme-linked
immunosorbent assay (ELISA) is the appropriate test for
screening. In ELISA positive subjects, the presence of chronic
infection is established by the detection of serum HCV RNA.
A liver biopsy is recommended in patients who are HCV RNA
positive with increased alanine transaminase (ALT) levels in
order to assess the severity of the liver disease and determine
whether there is an indication for therapy. Combination
with pegylated interferon and ribavirin is now standard,
which results in a sustained response in approximately 45%
(genotype 1) and 80% (genotype 2 and 3) of patients.
Genotyping of the virus is useful to assess the probability of
sustained response and to determine the appropriate duration
of combination therapy.

Acute hepatitis

HCV is mainly transmitted by blood. Post-transfusion acute
hepatitis has almost disappeared and most subjects are now
infected by intravenous drug use. The average incubation
period is 7–8 weeks.3 Prodromic symptoms are rare. Acute
hepatitis C is icteric in a minority of cases (20%) and anicteric
with no or few symptoms in most cases (80%). Symptoms are
non-specific (malaise, nausea, and right upper quadrant pain
followed by dark urine and jaundice) and similar to those in

other types of acute viral hepatitis. Thus, the clinical diagnosis
of acute hepatitis C is rarely made and the diagnosis is based
on the presence of viral markers. Severe acute hepatitis is
rare and whether fulminant hepatitis is caused by HCV is
controversial.4 When it is clinically apparent, the illness
generally lasts for 2–12 weeks.

The first marker of HCV infection is serum HCV RNA
detectable by polymerase chain reaction (PCR), as early
as 1 week after exposure.5–7 Anti-HCV antibodies become
detectable at the acute phase of hepatitis in most cases but in
some cases seroconversion is delayed up to several weeks.
Serum alanine aminotransferase (ALT) levels begin to increase
shortly before clinical symptoms appear. Peak levels are
generally mildly or moderately increased, less than in acute
hepatitis A or B.

In 15% of patients, hepatitis resolves spontaneously, serum
ALT levels return to normal and serum HCV RNA becomes
undetectable; anti-HCV antibodies remain detectable for
many years. In 85% of patients, chronic infection develops
and serum ALT levels can either normalize or remain
elevated.3,8,9 However, serum HCV RNA remains detectable,
with the exception of a transient period of being negative in
some cases.

Chronic hepatitis

There are three patterns of chronic hepatitis C: chronic
hepatitis with normal serum ALT, mild chronic hepatitis and
moderate to severe chronic hepatitis.

Chronic hepatitis with normal ALT level

About 25% of patients with chronic HCV infection have
normal serum ALT levels despite detectable HCV RNA in
serum.10–15 These patients are often identified after donating
blood or by systematic screening. The definition of this
patient population includes presence of anti-HCV antibodies,
HCV RNA, and persistently normal ALT levels (measured
at least three times in 6 months). These patients are usually
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asymptomatic and histological lesions in the liver are
generally mild.2,16 Virological features (genotype and viral
load) do not seem to be different in these patients as
compared with those with increased serum ALT levels.17,18

The long-term outcome of this group of patients is not known.
Monitoring is recommended, but the prognosis is probably
good.19 A liver biopsy is not recommended for these patients.

Mild chronic hepatitis

About 50% of patients have mild liver disease with
detectable serum HCV RNA and mildly elevated or
fluctuating serum ALT levels. These patients are usually
asymptomatic but may complain of fatigue. Liver histology
shows mild necroinflammatory lesions and no or mild
fibrosis. This type of chronic hepatitis C generally progresses
very slowly and the long-term risk of developing cirrhosis is
low. However, a minority of these patients may eventually
develop more progressive liver disease.2

Moderate to severe chronic hepatitis

About 25% of patients have moderate to severe chronic
hepatitis. These patients are difficult to distinguish from
those with mild chronic hepatitis. Clinically, most are
asymptomatic: the intensity of fatigue, if present, is not
correlated with the severity of liver disease. Clinical
examination is generally normal. Although these patients
generally have higher serum ALT levels, the serum ALT level
is not a good prognostic factor on an individual basis.
Increased serum γ-glutamyl-transpeptidase, ferritin or
γ-globulin levels, or thrombocytopenia usually indicate
severe liver disease but are not always present, i.e. they are
fairly specific but not highly specific markers of severity.
Ultrasonographic abnormalities are useful when present.
However, a liver biopsy is the most accurate way to
distinguish mild from moderate or severe chronic hepatitis
and thus assess the prognosis. Liver histology shows marked
necroinflammatory lesions and extensive fibrosis (or
unexpected cirrhosis). This pattern of chronic hepatitis is
more common in older patients and in those with
aggravating factors such as alcohol or immune deficiency.
These patients have a high risk of developing cirrhosis in
5–10 years.2,9

Cirrhosis and hepatocellular carcinoma

HCV-related cirrhosis may be silent for many years. Thus,
asymptomatic cirrhosis is often discovered at liver biopsy.
In other cases, cirrhosis is diagnosed because of a complication
(variceal hemorrhage, ascites, jaundice or hepatocellular
carcinoma). Clinical examination, ultrasonography and
biochemistry may help to predict the presence of cirrhosis.

In patients with HCV-related cirrhosis, mortality related
to portal hypertension, hepatic failure or hepatocellular
carcinoma is 2–5% per year. Endstage HCV-related cirrhosis is
the most common indication for liver transplantation.2 The
incidence of hepatocellular carcinoma is high (3–4% per
year).20 Hepatocellular carcinoma generally occurs in patients
with cirrhosis; it is exceptional in patients without cirrhosis.
Although the rationale for systematic surveillance with
ultrasonography and α-fetoprotein has not been not clearly
demonstrated, it is usually recommended in patients with
cirrhosis.20

Extrahepatic manifestations

Many extrahepatic manifestations have been described
in association with HCV infection.21,22 Some are well
documented, while others may be fortuitous (Box 23.1).

The disorder which is most clearly, and most frequently,
associated with HCV is mixed cryoglobulinemia.23,24

Although detectable cryoglobulinemia is common in chronic
hepatitis C (30–40%), it is usually asymptomatic. The
clinical syndrome of cryoglobulinemia with arthralgias,
Raynaud’s disease, and purpura is rare (less than 1%).
Glomerulonephritis or neuropathy are rare but may be severe.

Treatment

The goal of therapy in patients with chronic hepatitis C is
to inhibit viral replication in order to decrease the activity of
the liver disease. Decreased activity is believed to be
associated with a decreased risk of occurrence of cirrhosis
and therefore the risk of hepatocellular carcinoma.25 In the
past 10 years, efficacy of therapy of chronic hepatitis C has
dramatically improved from less than 10% to more than
50%.
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Box 23.1 Extra-hepatic manifestations of
hepatitis C

Evidence of association
● Mixed cryoglobulinemia + + +
● Glomerulonephritis + + +
● Porphyria cutanea tarda +
● Low grade malignant +

lymphoma
● Autoimmune thyroiditis ±
● Lichen planus ±
● Sjögren’s syndrome −
● Aplastic anemia −
● Polyarteritis nodosa −
● Erythema nodosum −
● Idiopathic pulmonary fibrosis −



Interferon alpha

In chronic hepatitis C, the antiviral effect of interferon
(IFN) has been well demonstrated, with a rapid decrease of
serum HCV RNA within the first weeks of therapy, with a
parallel decrease in serum ALT levels.26 Treatment
efficacy is defined by a sustained virological response
demonstrated by undetectable serum HCV RNA with a
sensitive method, 6 months after treatment is stopped. A
sustained virological response is generally associated with a
sustained biochemical response (sustained normalization of
serum ALT levels).27,28 In more than 95% of cases, this
response lasts with no relapse later on, and it is accompanied
by a gradual improvement in histologic liver lesions that in
certain cases, completely disappear.28 Although some studies
have shown that HCV RNA is undetectable in the liver of
patients with a sustained virological response 2–5 years after
treatment,28 the eradication of the HCV infection has not
been entirely proved and the benefit on survival, although
probable, has not been firmly established.

Since the first study carried out with standard IFN in
1986,29 several controlled studies have provided a reference
treatment protocol of 3 million units (MU), three times a
week for 12 months.25 This protocol resulted in a sustained
virological response in about 15% of cases. The administration
of higher doses of IFN or extending the duration of treatment
did not increase the effectiveness of treatment and was
accompanied by increased intolerance to treatment.30,31

B4

B4

Combination of interferon alpha with ribavirin

A major improvement occurred in 1998 with treatment
combining IFN with ribavirin. Indeed, two large controlled
studies confirmed that this therapeutic protocol administered
for 24 or 48 weeks (according to the HCV genotype and
baseline serum HCV RNA level) resulted in a sustained
virological response rate (around 40%) that was significantly
greater than that with IFN alone32,33 (Table 23.1). As a
result, this combination became the treatment of choice for
chronic hepatitis C, and it was recommended in the
statement of the European Association for the Study of the
Liver (EASL) International Consensus Conference on
Hepatitis C held in Paris in 1999.34

Combination of pegylated
interferon with ribavirin

More recently, the efficacy of treatment has improved even
more with the replacement of standard IFN by IFN
conjugated with polyethylene glycol (PEG IFN). This new
form of IFN reduces elimination of IFN by the kidneys, thus
significantly increasing its half-life and resulting in more
stable plasma concentrations of IFN that last 1 week
(Figure 23.1). Moreover, pegylation reduces the immuno-
genicity of the protein (reduction of the production of
anti-IFN antibodies). Finally the number of injections has
been reduced from thrice weekly to once weekly because of
improved pharmacokinetics, which is obviously more
comfortable for the patient.

Two PEG IFNs which differ in the quality and quantity of
conjugated PEG to IFN have been evaluated in patients with
chronic hepatitis C: 12 kD of linear PEG for IFN alpha-2b and
40 kD ramified PEG for IFN alpha-2a. In both cases PEG IFNs
have been shown to be twice as effective overall than the
corresponding non-pegylated IFNs35,36 (see Table 23.1). Most
importantly, the combination of these agents with ribavirin
increased the efficacy of combination therapy and resulted in a
sustained average virological response rate of 55%, which has been
the best result obtained in the treatment of hepatitis C.37,38

A recent randomized controlled study of the combination
of PEG IFN alpha-2a and ribavirin showed that the optimal
regimens were 24 weeks of therapy with a 800 mg daily dose
of ribavirin in patients with genotype 2 or 3 and 48 weeks
with a 1000 mg or 1200 mg daily dose of ribavirin (according
to weight more or less than 75 kg) in patients with genotype
1 (see Figure 23.2).39 These therapeutic schedules have
been recommended by the French and the US consensus
conferences held in 2002.40–42

Specific subgroups of patients

In the large clinical trials that were described above, the
patients were selected according to strict criteria. As a result,
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Figure 23.1 Plasma concentration of standard interferon
(here interferon alpha-2a) administered by subcutaneous
injections, three times per week, shows peaks followed by
troughs of concentration. Conversely, the concentration
obtained with pegylated interferon (here pegylated interferon
alpha-2a) administered by subcutaneous injections, once a
week, is more stable and prolonged



treatment efficacy has not been clearly established for a
certain number of large, or severely ill patient subgroups who
have not been included in controlled studies.

One important group is patients who did not respond to
initial treatment with interferon alone or with the
combination of standard IFN with ribavirin. Preliminary data
suggest that re-treatment with the combination of PEG IFN
with ribavirin is effective in those who had received IFN
therapy (around 40% sustained virological response) and is
not effective in those who have received combination therapy

(around 10% sustained virological response). Some studies
suggest that the triple therapy combining interferon, ribavirin
and amantadine could be effective in these patients.43

However, these results must be confirmed in larger ongoing
controlled studies.

Another specific group is patients with cirrhosis. In these
patients, combination therapy of PEG IFN with ribavirin gives
a lower but clinically useful rate of sustained virological
response (around 40%). Some studies have suggested that
treatment with IFN nevertheless reduces the risk of the
complications of cirrhosis, in particular, hepatocellular
carcinoma.44 However, this hypothesis is controversial,
and other studies did not show any significant difference
between treated and untreated patients.45 Although
antiviral therapy is probably beneficial in patients who
respond to treatment, the potential benefit in non-responder
patients has not been shown.46 There are ongoing controlled
prospective studies to evaluate the benefits of maintenance
therapy with PEG IFN alone in patients with cirrhosis.

In patients with normal serum ALT levels, the response
rate to IFN monotherapy does not seem to be different from
that observed in other patients. The efficacy of combined
therapy (PEG IFN and ribavirin) is under evaluation.
Currently, in these patients, who generally have mild liver
lesions and a very slow progression of the liver disease,
treatment is generally not recommended.16,40–42
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Table 23.1 Main randomized controlled studies of combinations of standard interferon (IFN) and ribavirin and pegylated
interferon (PEG IFN) with ribavirin in patients with chronic hepatitis C 

Protocol Dose Duration Response % Reference

IFN alpha 2b 3 MU TIW 24 weeks 6 McHutchison et al.33

IFN alpha 2b + ribavirin 3 MU TIW 1000–1200 mg 24 weeks 33 Poynard et al.32

IFN alpha 2b 3 MU TIW 48 weeks 16
IFN alpha 2b + ribavirin 3 MU 1000–1200 mg 48 weeks 41

IFN alpha-2a 6 MU then 3 MU 48 weeks 19 Zeuzem et al.35

PEG IFN alpha-2a 180 micrograms/week 48 weeks 39

IFN alpha-2b 3 MU 48 weeks 12 Lindsay et al.36

PEG IFN alpha-2b 1 kg/week 48 weeks 25
IFN alpha-2b + ribavirin 3 MU 1000–1200 mg 48 weeks 47 Manns et al.37

PEG IFN alpha-2b + ribavirin 1·5 kg/week then 48 weeks 47
0·5 kg/week 
1000–1200 mg/day

PEG IFN alpha-2b 1·5 kg/week 48 weeks 54
+ ribavirin 800 mg/day

IFN alpha-2b + ribavirin 3 MU 1000–1200 mg/day 48 weeks 44 Fried et al.38

PEG IFN alpha-2a 180 micrograms/week 48 weeks 29
PEG IFN alpha-2a + ribavirin 180 micrograms/week 48 weeks 56

1000–1200 mg/day

MU, Million Units; TIW, three times a week

Other genotypes

78% 78%
73% 77%

n = 106 n = 162 n = 111 n = 165
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Figure 23.2 Sustained virological response rates according
to the dose of ribavirin and the duration of treatment in
patients with genotype 1 and in patients with genotype
non-1.39 All patients (four treatment arms) received the same
dose of pegylated interferon alpha-2a (180 micrograms every
week) and 800 mg or 1000/1200 mg ribavirin 



Finally, when the diagnosis of HCV infection is made at the
acute stage, it has been clearly established that treatment
(only IFN alone has been evaluated) reduces the risk of
progression to chronic hepatitis47 (approximately 50% instead
of 80%). An especially high response rate (98%) was reported
in a selected population of patients with a more intensive
treatment regimen with a daily dosing of IFN.48

Combination therapy has not yet been evaluated in this group.
In patients with chronic hepatitis C and human

immunodeficiency virus (HIV) coinfection, the progression to
cirrhosis is more rapid and more frequent.49 Small studies
showed that the response rates to therapy are lower than
those usually observed in HIV negative patients.50 Large
randomized controlled trials of the combination of PEG IFN
with ribavirin are in progress. Serious complications possibly
due to the mitochondrial toxicity of ribavirin have recently
been described. These complications are stimulated by
interactions between ribavirin and certain antiretroviral
agents (zidovudine and stavudine).

Liver transplantation

Chronic hepatitis C is the main indication for (approximately
30%) liver transplantation in the USA and Europe.
Transplantation can be justified by the presence of
decompensated cirrhosis, hepatocellular carcinoma or a
combination of both. The results of transplantation are
basically limited by the nearly constant recurrence of HCV
infection in the graft, as shown by detectable HCV RNA in
serum an average of 2 weeks after transplantation.51 Although
the 5-year survival rate of these patients is comparable to
transplantation for other liver diseases, recent studies have
shown that their long-term prognosis is poorer and that there
is an increased incidence of cirrhosis in these grafts, for
reasons that are not yet clearly understood. At present the
tendency is to reduce immunosuppressive treatments as
quickly as possible, as they may be one of the main factors
associated with progression of chronic hepatitis C in the graft.
Preliminary studies suggest that standard combination
therapy may be effective but is not well tolerated in these
patients.52 Studies on the combination of PEG IFN and
ribavirin are in progress.

Factors predictive of response to treatment

The probability of a sustained virological response to
treatment essentially depends upon the genotype. Younger
age, female sex, the absence of or minimal fibrosis and low
viral load are also associated with a better rate of response but
to a lesser extent. Unfortunately, genotype 1 (1a or 1b) which
is associated with a poor response to treatment is the most
frequent genotype in Europe and the USA and is present in
60–80% of the cases depending on the country. Likewise in
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most Western countries, such as in France this genotype is the
most frequent (57% of cases), while genotypes 2 and 3 which
are associated with a good response to treatment are less
frequent (11% and 22% of patients, respectively).53

Treatment with IFN alone resulted in an overall long-term
response in 30% of patients with genotypes 2 and 3 but in
only 5% of those with genotype 1 (1a or 1b).54 With standard
combination therapy, the sustained virological response rate is
twice as high (60% for genotypes 2 or 3 whatever the viral
load), and increases to 35% in patients with genotype 1 and a
low viral load (defined as less than 2 million RNA viral
copies/ml).32,33 The duration of treatment (12 months)
only affects the sustained virological response in patients with
genotype 1 and a high viral load.34

In patients infected with HCV genotype 1, combination
therapy of PEG IFN alpha-2a or 2b is more effective than the
combination of standard IFN alpha-2a or 2b with ribavirin37,38

(see Table 23.1). In patients with genotype 2 or 3,
results of studies on combination therapy with PEG IFNs are
contradictory: combination therapy with PEG IFN alpha-2b is
not significantly more effective37; combination therapy with
PEG IFN alpha-2a is significantly more effective.37,38

Early virological response defined by the early
disappearance of detectable HCV RNA in serum during
treatment is the best predictive factor of a sustained virological
response. This was shown in early studies with IFN alone,30

then with the combination with standard interferon.34 This
has been confirmed in recent studies with pegylated
combination.37,38 Thus, it would seem that treatment can be
discontinued after 12 weeks of treatment if the serum HCV
RNA level has decreased by less than 2 log since the
probability of a sustained virological response in these cases is
approximately 0–3%.38

Adverse effects

Adverse effects of IFN alpha

During treatment, the quality of life is impaired.55 The
main adverse effects of IFN alpha are flu-like symptoms, that
are usually moderate and can be controlled with
paracetamol.56,57 Nevertheless, these symptoms may be more
severe and require a reduction in the dose and rarely
discontinuation of treatment. Treatment may also be
discontinued in rare cases of severe depression (with risk of
suicide) and thyroid disorders. Treatment needs to be stopped
in less than 10% of cases overall.

Tolerance to treatment with PEG IFN alone is globally
comparable to tolerance to standard IFN.35,36 There is no
difference in the frequency of severe adverse effects, in
particular psychiatric ones. Flu-like symptoms, inflammatory
skin reactions at the injection site and neutropenia are slightly
more frequent. Tolerance to combination therapy with PEG
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IFNs is basically similar to that of standard combination therapy.
Although the dose must be reduced slightly more frequently
(42% of cases compared with 34%), the rates of discontinuation
of treatment are similar (14% and 13%, respectively).37,38

Adverse effects of ribavirin

The main side effect of ribavirin is hemolytic anemia which is
related to direct toxicity on the red cells. It is responsible for a
mean decrease of 3 g/dl occurring usually during the first month
of treatment.32,33,37,38 This anemia may require decreasing
the dose (rarely discontinuation) of ribavirin in approximately
20% of patients. A cardiac assessment is recommended in
patients older than 50 years prior to therapy. Because of the
teratogenic potential, both women of childbearing potential and
their partners must use an effective contraceptive.

Indications for treatment

In patients with acute hepatitis C, treatment is indicated
since it significantly reduces the risk of progression to chronic
hepatitis.

In patients with chronic hepatitis C, the decision to treat
should be based on various parameters including the age of
the patient, the risk of developing cirrhosis, the chances of
response, any other medical circumstances that might reduce
the patient’s life expectancy or contraindications to the use of
interferon or ribavirin. Moreover, the side effects and quality
of life during treatment must be taken into account.

The indications are based mainly on the stage and the risk
of progression of fibrosis which are determined by the results
of a liver biopsy.40–42,58,59 Thus the risk–benefit ratio for
treatment seems to be positive in patients with severe or
moderate chronic hepatitis C, while it has not been proved in
patients with mild chronic hepatitis C. The genotype is very
helpful for evaluating the probability of a sustained virological
response to treatment.

Naive patients (patients who have never been treated)
should be treated with the combination of PEG IFN and
ribavirin. Patients with contraindications or who do not
tolerate ribavirin can be treated with PEG IFN alone.

Recent consensus conferences have recommended
24 weeks of therapy with a 800 mg daily dose of ribavirin
in patients with genotype 2 or 3 and 48 weeks of therapy
with a daily dose of ribavirin of 1000 mg or 1200 mg
according to weight (more or less than 75 kg) in patients with
genotype 1.40–42

New strategies

Despite the major progress made in research on hepatitis C
in the last ten years, numerous questions remain both on the
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understanding of the pathogenesis of the disease and the
treatment of hepatitis C.60,61 First, further knowledge
concerning the natural history of HCV infection is necessary
and the prognostic factors must be precisely defined,
requiring studies with large cohorts. Ideally, procedures that
are less invasive than liver biopsy, such as blood markers of
fibrosis should be developed to evaluate the severity of liver
damage. The influence of factors such as age, sex and alcohol
should be more clearly determined and other as yet unknown
but potentially important factors should be investigated.59

One of the most urgent problems is to understand the
mechanisms that favor the fibrogenesis and carcinogenesis
associated with chronic hepatitis C.

The second problem is to improve treatment efficacy.
Although the combination of PEG IFN with ribavirin is
obviously an important step forward, the results are still
unsatisfactory with roughly 45% of non-responders overall
and 55% non-responders among patients with genotype 1.
Better use of existing drugs will probably not significantly
improve response rates. The development of new molecules
is therefore necessary, such as inhibitors of viral enzyme
(protease, helicase and polymerase).61 Such molecules
are currently in phase I and II studies. However, it will be
many years before these drugs are available for the treatment
of patients with chronic hepatitis C, most probably in
combination as in current antiretroviral therapy.

An innovative therapeutic approach is based on antisense
oligonucleotides developed to specifically hybridize to viral
RNA and thus inhibit HCV replication. Another molecular
approach involves the use of ribozymes (ribonucleic acids
with an enzymatic action).

Finally, the major long-term goal is to develop vaccines, but
there are several major scientific and practical problems that
need to be overcome61,62: (i) the great variability of viral
proteins; (ii) the lack of an animal model of HCV infection
except for the chimpanzee; and (iii) the lack of an effective
in vivo system of replication (the replicon system currently
available is an artificial system the results of which cannot be
extrapolated to clinical effects). The development of animal
models and in vivo cultures are a major challenge. Results
in the chimpanzee have shown that the proteins of the
recombinant envelope may cause an antibody response and a
response of T CD4 cells. Nevertheless, candidates for a
preventive vaccine are still probably far off, while in the nearer
future therapeutic vaccines are probably a more realistic
possibility.

Conclusion

Hepatitis C is a major public health problem. An increase
in the incidence of cirrhosis and hepatocellular carcinoma
linked to HCV is expected in the next 10 years. Large scale

Evidence-based Gastroenterology

364



surveillance and improved treatment are necessary to slow or
stop the progress of liver disease in infected individuals. For
this, major efforts are necessary to improve the efficacy and
reduce the costs of treatment, so that a greater number of
patients can receive better care worldwide.

References

1 Alter MJ. Epidemiology of hepatitis C in the West. Semin
Liver Dis 1995;15:5–14.

2 Marcellin P. Hepatitis C: the clinical spectrum of the
disease. J Hepatol 1999;31(Suppl 1):9–16.

3 Dienstag JL. NANB hepatitis I. Recognition, epidemiology
and clinical features. Gastroenterology 1993;85:439–62.

4 Hoofnagle JH, Carithers RL, Shapiro C et al. Fulminant
hepatic failure: summary of a workshop. Hepatology 1995;
21:240–52.

5 Farci P, Alter HJ, Wong D et al. A long-term study of
hepatitis C virus replication in non-A, non-B hepatitis.
N Engl J Med 1991;325:98–104.

6 Puoti M, Zonaro A, Ravaggi A et al. Hepatitis C virus RNA
and antibody response in the clinical course of acute
hepatitis C infection. Hepatology 1992;16:877–81.

7 Hino K, Sainokami S, Shimoda K et al. Clinical course of
acute hepatitis C and changes in HCV markers. Dig Dis Sci
1994;39:19–27.

8 Alter HJ, Purcell RH, Shih JW et al. Detection of antibody to
hepatitis C virus in prospectively followed transfusion
recipients with acute and chronic non-A, non-B hepatitis.
N Engl J Med 1989;321:1494–500.

9 Mattsson L, Sönnerborg A, Weiland O. Outcome of acute
symptomatic non-A, non-B hepatitis: a 13-year follow-up
study of hepatitis C virus markers. Liver 1993;13:274–8.

10 Esteban JI, Lopez-Talavera JC, Genescà J et al. High rate of
infectivity and liver disease in blood donors with antibodies
to hepatitis C virus. Ann Intern Med 1991;115:443–9.

11 Alberti A, Morsica G, Chemello L et al. Hepatitis C viremia
and liver disease in symptom-free individuals with anti-
HCV. Lancet 1992;340:697–8.

12 Prieto M, Olaso V, Verdu C et al. Does the healthy hepatitis
C virus carriers state really exist? An analysis using
polymerase chain reaction. Hepatology 1995;22:413–17.

13 Shakil AO, Conry-Cantilena C, Alter HJ et al. Volunteer
blood donors with antibody to hepatitis C virus: clinical,
biochemical, virologic and histologic features. Ann Intern
Med 1995:123:330–7.

14 Serfaty L, Nousbaum JB, Elghouzzi MH et al. Prevalence,
severity, and risk factors of liver disease in blood donors
positive in a second-generation anti-hepatitis C virus
screening test. Hepatology 1995;21:725–9.

15 Conry-Cantilena C, Van Raden M, Gibble J et al. Routes of
infection, viremia, and liver disease in blood donors found to
have hepatitis C infection. N Engl J Med 1996;334:1691–6.

16 Marcellin P, Lévy S, Erlinger S. Therapy of hepatitis
C:patients with normal aminotransferase levels. Hepatology
1997;26(Suppl. 1):133S–137S.

17 Martinot-Peignoux M, Marcellin P, Gournay J et al.
Detection and quantitation of serum hepatitis C virus (HCV)
RNA by branched DNA amplification in anti-HCV positive
blood donors. J Hepatol 1994;20:676–8.

18 Silini E, Bono F, Cividini A et al. Differential distribution
of hepatitis C virus genotypes in patients with and
without liver function abnormalities. Hepatology 1995;21:
285–290.

19 Martinot-Peignoux M, Boyer N, Cazals-Hatem D et al.
Prospective study on anti-hepatitis C virus-positive patients
with persistently normal serum alanine transaminase with
or without detectable serum hepatitis C virus RNA.
Hepatology 2001;34:1000–5.

20 Bruix J, Sherman M, Llovet JM et al. Clinical management
of hepatocellular carcinoma: conclusions of the Barcelona-
2000 EASL Conference. J Hepatol 2001;35:421–30.

21 Marcellin P, Benhamou JP. Autoimmune disorders
associated with hepatitis C. In: Boyer JL, Ockner RK (eds).
Progress in Liver Diseases. Volume XIII. Philadelphia: WB
Saunders, 1995.

22 Koff RS, Dienstag JL. Extrahepatic manifestations of
hepatitis C and the association with alcohol liver disease.
Semin Liver Dis 1995;15:101–9.

23 Pawlotsky JM, Ben Hayia M, André C et al. Immunological
disorders in C virus chronic active hepatitis: a prospective
case–control study. Hepatology 1994;19:841–8.

24 Lunel F, Musset L, Franjeul L et al. Cryoglobulinemia in
chronic liver diseases: role of hepatitis C virus and liver
damage. Gastroenterology 1994;106:1291–300.

25 Hoofnagle JH, Di Bisceglie AM. The treatment of chronic
viral hepatitis. N Engl J Med 1997;226:347–56.

26 Neumann AU, Lam NP, Dahari H et al. Hepatitis C viral
dynamics in vivo and the antiviral efficacy of interferon-a
therapy. Science 1998;282:103–7.

27 Chemello L, Cavalletto L, Casarin C et al. Persistent
hepatitis C viremia predicts late relapse after sustained
response to interferon-a in chronic hepatitis C. Ann Intern
Med 1996;124:1058–60.

28 Marcellin P, Boyer N, Gervais A et al. Long term histologic
improvement and disappearance of intra hepatic HCV RNA
after alpha interferon therapy in patients with chronic
hepatitis C. Ann Intern Med 1997;127:875–81.

29 Hoofnagle JH, Mullen KD, Jones DB et al. Treatment of
chronic non-A, non-B hepatitis with recombinant human
alpha interferon: a preliminary report. N Engl J Med 1986;
315:1575–8.

30 Marcellin P, Pouteau M, Martinot-Peignoux M et al. Lack of
benefit of escalating dosage of interferon alpha in patients
with chronic hepatitis C. Gastroenterology 1995;109:
156–65.

31 Shiffman ML. Use of high-dose interferon in the treatment
of chronic hepatitis C. Semin Liver Dis 1999;19(Suppl 1):
25–33.

32 Poynard T, Marcellin P, Lee SS et al. Randomised trial of
interferon a2b plus ribavirin for 48 weeks or for 24 weeks
versus interferon a2b plus placebo for 48 weeks for
treatment of chronic infection with hepatitis C virus. Lancet
1998;352:1426–32.

Hepatitis C

365



33 McHutchison JG, Gordon SC, Schiff ER et al. Interferon alpha-
2b alone or in combination with ribavirin as initial treatment
for chronic hepatitis C. N Engl J Med 1998;339:1485–92.

34 EASL International Consensus Conference on Hepatitis C.
Consensus Statement. J Hepatol 1999;30:956–61.

35 Zeuzem S, Feinman SV, Rasenack J et al. Peginterferon
alpha-2a in patients with chronic hepatitis C. N Engl J Med
2000;343:1666–72.

36 Lindsay KL, Trépo C, Heintges T et al. A randomized,
double-blind trial comparing pegylated interferon alpha-2b
to interferon alpha-2b as initial treatment for chronic
hepatitis C. Hepatology 2001;34:395–403.

37 Manns MP, McHutchison JG, Gordon S et al. Peginterferon
alpha-2b plus ribavirin compared with IFN-2b plus ribavirin
for initial treatment of chronic hepatitis C: a randomised
trial. Lancet 2001;358:958–65.

38 Fried MW, Shiffman ML, Reddy RK et al. Peginterferon
alpha-2a plus ribavirin for chronic hepatitis C virus
infection. N Engl J Med 2002;347:975–82.

39 Hadziyannis SJ, Sette H, Morgan TR et al. Peginterferon
alpha-2a (40 kilodaltons) and ribavirin combination therapy
in chronic hepatitis C: randomized study of the effect of
treatment duration and ribavirin dose. Ann Intern Med
2004 (in press).

40 French Consensus Conference Treatment of Hepatitis C.
Guidelines. Gastroenterol Clin Biol 2002;26:B312–B320.

41 Lerebours E, Marcellin P, Dhumeaux D. Treatment of hepatitis
C: the French Consensus 2002. Gut 2003;52:1784–7.

42 National Institutes of Health Consensus Development
Conference Statement: management of hepatitis C:2002.
Hepatology 2002;36(Suppl 1):S3–S21.

43 Brillanti S, Levantesi F, Masi L et al. Triple antiviral therapy
as a new option for patients with interferon nonresponsive
chronic hepatitis C. Hepatology 2000;32:630–4.

44 Nishiguchi S, Kuroki T, Nakatani S et al. Randomised trial of
effects of interferon-α on incidence of hepatocellular
carcinoma in chronic active hepatitis C with cirrhosis.
Lancet 1995;346:1051–5.

45 Fattovich G, Giustina G, Degos F et al. Morbidity and
mortality in compensated cirrhosis type C: a retrospective
follow-up study of 384 patients. Gastroenterology 1997;
112:463–72.

46 Yoshida H, Shiratori Y, Moriyama M et al. Interferon therapy
reduces the risk for hepatocellular carcinoma: national
surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. Ann Intern Med 1999;
131:174–81.

47 Alberti A, Boccato S, Vario Alessandro et al. Therapy of acute
hepatitis C. Hepatology 2002;36(Suppl 1):S195–S200.

48 Jaeckel E, Cornberg M, Wedemeyer H et al. Treatment of
acute hepatitis C with interferon alpha-2b. N Engl J Med
2001;345:1452–7.

49 Di Martino V, Rufat P, Boyer N et al. The influence of
human immunodeficiency virus coinfection on chronic
hepatitis C in injection drug users: a long-term retrospective
cohort study. Hepatology 2001;34:1193–9.

50 Thomas DL. Hepatitis C and human immunodeficiency virus
infection. Hepatology 2002;36(Suppl 1):S201–S209.

51 Féray C, Caccamo L, Alexander GJM et al. European
collaborative study on factors influencing outcome after
liver transplantation for hepatitis C. Gastroenterology 1999;
11:619–25.

52 Bizollon T, Palazzo U, Ducerf C et al. Pilot study of the
combination of alpha interferon and ribavirin as therapy of
recurrent hepatitis C after liver transplantation. Hepatology
1997;26:500–4.

53 Martinot-Peignoux M, Roudot-Thoraval F, Mendel I et al.
Hepatitis C virus genotypes in France: relationship with
epidemiology, pathogenicity and response to interferon
therapy. J Viral Hepatitis 1999;6:435–43.

54 Martinot-Peignoux M, Boyer N, Pouteau M et al. Predictors
of sustained response to alpha interferon therapy in chronic
hepatitis C. J Hepatol 1998;29:214–23.

55 Foster GR. Hepatitis C virus infection: side effects and
quality of life. J Hepatol 1999;31(Suppl 1):250–4.

56 Dusheiko G. Side effects of alpha interferon in chronic
hepatitis C. Hepatology 1997;26(Suppl 1):112S–121S.

57 Gervais A, Boyer B, Marcellin P. Tolerability of treatments
for viral hepatitis. In: Drug Safety. Auckland: Adis
International Ltd, 2001;24:375–84.

58 Seeff LB. Natural history of chronic hepatitis C. Hepatology
2002;36(Suppl 1):S35–S46.

59 Marcellin P, Asselah T, Boyer N. Fibrosis and disease
progression in hepatitis C. Hepatology 2002;36(Suppl 1):
S47–S56.

60 Boyer N, Marcellin P. Pathogenesis, diagnosis and
management of hepatitis C. J Hepatol 2000;32(Suppl 1):
98–112.

61 McHutchison JG, Patel K. Future therapy of hepatitis C.
Hepatology 2002;36(Suppl 1):S245–S245.

62 Abrignani S, Houghton M, Hsu HH. Perspective for a vaccine
against hepatitis C virus. J Hepatol 1999;31:259–63.

Evidence-based Gastroenterology

366



367

Hepatitis B
Piero Almasio, Calogero Cammà, Vito Di Marco, Antonio Craxì24

Background

Hepatitis B virus (HBV) infection, together with hepatitis C
and alcohol abuse, is among the leading causes of cirrhosis
and hepatocellular carcinoma (HCC) worldwide.1,2 It thus
represents a relevant cause of morbidity and mortality,3–5 and
induces substantial direct and indirect social costs. Effective
treatment of HBV-related conditions would significantly
reduce the global burden of chronic liver disease.

Interferon (IFN) alpha has been the mainstay of therapy for
chronic hepatitis B since the early 1980s. Meta-analyses6–9 of
randomized clinical trials (RCTs) conclusively prove its
effectiveness in normalizing alanine aminotransferases (ALT)
and clearing HBeAg and HBV-DNA from blood in 25–40% of
patients treated. No definite data are available from these
reviews on improvement of liver histology. Standardized
response criteria have been set by the use of these “surrogate”
markers of cure,10,11 on the ground of clinical and biological
plausibility. “True” disease endpoints (i.e. progression to
cirrhosis, to HCC and death) cannot usually be assessed in
short-term trials of IFN due to the slow natural course of
chronic hepatitis B. Since RCTs of IFN for chronic hepatitis B
have been mostly carried out with patients without advanced
fibrosis or cirrhosis, the generalizability of results to the whole
spectrum of individuals with chronic liver disease due to HBV
is questionable. Since IFN is in widespread use as the
first-line therapy for chronic hepatitis B,1,2,10,11 no additional
prospective cohort studies on the course of untreated disease
will be feasible. Long-term retrospective or prospective
studies to evaluate the benefits of IFN therapy on true
endpoints, i.e. prevention of cirrhosis, liver failure, HCC and
death, will also be difficult to carry out due to the prolonged
and slow course of the disease.

Recently, two nucleoside/nucleotide drugs that specifically
block the HBV-DNA polymerase enzyme activity have been
approved for treating patients with chronic HBV infection:
lamivudine and adefovir. Both, when compared to IFN alpha, are
less expensive and better tolerated, but their long-term efficacy is
limited by inability to obtain sustained viral suppression after
withdrawal. Prolonging the administration of lamivudine beyond
1 year of therapy causes the emergence of lamivudine-resistant
HBV mutants at a yearly rate of 15–20%. B4
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Other drugs, such as entecavir, emtricitabine (FTC),
clevudine (L-FMAU) and β-L-nucleosides (LdT) currently
undergoing phase II and III evaluation as potential anti-HBV
treatments have been suggested either for monotherapy or for
combination with IFN. Initial results suggest that these
newest antiviral compounds, even if endowed with a strong
antiviral effect, cannot by themselves eradicate HBV
infection. Phase III studies of combination therapy using IFN
and nucleoside/nucleotide analogs are ongoing.

The aim of this evidence-based review12 is to appraise and
update the evidence available for drugs which are currently
on the market in order to estimate the effectiveness of
antiviral therapy on both “surrogate markers” of response and
long-term benefit.

Evaluation of available evidence

What effects has interferon therapy
of chronic hepatitis B on “surrogate”
markers of response?

HBeAg positive chronic hepatitis B

We have reviewed 24 RCTs13–35 recovered by Medline
search (1985–2002) which compared IFN to no treatment in
adult patients with chronic hepatitis B due to wild type
(HBeAg positive HBV) (Table 24.1). The 24 RCTs included
a total of 1301 patients, 444 not receiving any active
treatment. Overall, IFN treatment had a favorable,
statistically significant effect on all four endpoints in
comparison with no treatment. Meta-analysis showed the
following risk differences, all in favor of IFN: 

● persistent ALT normalization (Figure 24.1): + 26·2%
(95% CI 18·3 to 34·0%, P < 0·00001); NNT (numbers
needed to treat) 4

● clearance of HBeAg (Figure 24.2): + 24·3% (95% CI 8·3
to 30·4%, P < 0·00001); NNT 4

● sustained loss of HBV-DNA (Figure 24.3): + 23·4% (95%
CI 17·9 to 28·8%, P < 0·00001); NNT 4

● clearance of HBsAg (Figure 24.4): + 5·6% (95% CI 3·5 to
7·6%, P < 0·00001); NNT 18.

Ala
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The amount of IFN used was clearly an important factor in
determining effectiveness. Subjects receiving a total dose of
< 200 MU did not show statistically significant benefit (odds
ratio (OR) 1·37, 95% CI 0·95 to 1·98) with respect to HBeAg
clearance compared with controls, while those who
received > 200 MU showed significant benefit (OR 2·05,
95% CI 1·5 to 2·78).36,37

Overall experience suggests that the optimal cost-
effectiveness ratio as judged by surrogate endpoints is reached
by treating HBeAg positive patients with 9–10 MU IFN three
times weekly for 4–6 months. Predictive factors of a favorable
response are8,9,25,28,29,38,39

● low serum HBV-DNA (< 100 pg/ml)
● low amounts of HBcAg in the liver
● high levels of ALT
● high Hepatitis Activity Index (HAI) grade at biopsy
● infection in adult age and/or a history of acute hepatitis
● non-Asian ethnic origin.

An alternative approach to chronic HBV infection is based
on the induction of a brief period of immunosuppression by
steroids,40,41 then a withdrawal to provoke an abrupt ALT
elevation due to the host immune reconstitution, and a
subsequent decline of HBV-DNA. IFN administration is then
started 2–4 weeks after stopping steroids. The sequential
regimen has been studied in some RCTs and the results have
been pooled in a meta-analysis.42 The overall rate of HBeAg
loss in seven RCTs was comparable between the prednisone-
IFN and IFN monotherapy groups (41% v 35%, OR 1·20, 95%
CI 0·8 to 1·7). Similar results were observed for sustained
ALT normalization (44·5% v 38%, OR 1·19, 95% CI 0·6
to 2·0). Analysis of HBeAg clearance stratifying the
patients according to pretreatment ALT levels showed that

Ala

Ala

prednisone-IFN treated cases had a significantly higher
proportion of clearance (47·9% v 18·4%, P < 0·01) only when
ALT levels were low before starting therapy. Even if there may
be an advantage in pretreatment with steroids of this subset of
patients, this potential benefit must be balanced against the
risk of flare of liver disease after steroid withdrawal. A severe,
sometimes fatal “seroconversion hepatitis” has been reported
in subjects with pre-existing cirrhosis.43,44

Few RCTs were planned to assess the effects of IFN on liver
histology. In these RCTs,19,21,22,27 histologic improvement
was observed. However, the histologic approach to the
evaluation of IFN response in chronic hepatitis B has several
important limitations and sources of bias.

● The histological picture of chronic hepatitis B is mild to
moderate in most cases. Therefore, the relatively small
change induced by IFN can be difficult to assess with
accuracy and reliability.

● Many factors might influence the interpretation of
histology: inconsistency in the definition of pathological
features, technical processing of the specimens, sampling
variation.

● None of the trials reported a preliminary assessment of
the intra/interobserver variations inherent to the
semiquantitative evaluation of histological lesions. This
can be a particularly important source of bias in
cooperative studies, or in studies where the biopsy
specimens were observed by different pathologists.

● The biopsy specimens reflect just one timepoint in a long-
term dynamic process, developing at variable speed.

Taking these limitations into account, we regard the
IFN-induced histologic changes reported as an approximate,

Ald
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Favors control Favors treatment

1  Hoofnagle et al.16
Study

2  Brook et al.20

3  Fattovich et al.23

4  Müller et al.32

5  Di Bisceglie et al.30

6  Wong et al.33

1988
Year

1989

1989

1993

1993

1995

45

Risk difference 95% CI

No. of
patients

60

33

55

47

50

Overall

−1·0 −0·8 −0·6 −0·4 −0·2 0·0 0·2 0·4 0·6 0·8 1·0

Z = 6·55 2P < 0·00001

Figure 24.1 Meta-analysis of interferon therapy for HBeAg positive chronic hepatitis B: effect of treatment, measured as risk
difference, on sustained ALT (alanine aminotransferase) normalization
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although important, indication of treatment effect, rather
than a precise quantitative estimate. Significant histological
improvement was usually observed among patients who
normalized ALT and cleared serum HBV-DNA, but complete
healing of liver lesions was only seen among subjects
rebiopsied many years after seroconversion. Many of these
patients had also lost serum HBsAg.

HBeAg negative chronic hepatitis B

Data on the efficacy of IFN therapy in HBeAg negative
chronic hepatitis B are scanty, the results of published RCTs
remain inconsistent and the overall assessment of benefit is
difficult. The drawing of firm conclusions based on the results
of these studies is hampered by the small sample size and by
the heterogeneity in the baseline severity of patients and in
the schedule of treatment. Treatment efficacy on HBV-DNA
clearance and sustained ALT normalization was evaluated in a
second meta-analysis of seven RCTs45–51 enrolling only
patients infected by the HBe minus mutant. Five RCTs
compared IFN regimens with non-active treatment; two trials
compared different doses of IFN. We combined the results of
the IFN arms of these two trials and made a single pair-wise
comparison with the overall control rate of the other five

RCTs. All the RCTs were carried out in centers in the
Mediterranean area, indirectly confirming the high
geographical prevalence of this mutation. Pooled data from
the seven studies (Figure 24.5), totaling 301 patients, showed
a significant effect of IFN therapy on the combined outcome
of suppression of HBV replication and reduction of
necroinflammation (absolute risk difference + 21%, 95% CI
6·8 to 35%, P < 0·003).

What are the long-term benefits of
interferon treatment for chronic hepatitis B?

HBeAg positive chronic hepatitis B

We critically reviewed and combined data from 12 studies
(11 prospective and one retrospective) which included a total
of 1952 patients, 1187 not receiving active treatment
(Table 24.2).52–63 Length of follow-up ranged from 2·1 to 8·9
years (mean 6·1 years).

Meta-analysis showed the following results:

● loss of HBsAg (Figure 24.6): treated 11·4% (95% CI 9·1
to 13·7%), controls 2·6% (95% CI 1·8 to 3·4%), RD 8·8%,
NNT 11 Ala

Ala
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Favors control Favors treatment

 1   Carren~o et al.14

 2   McDonald et al.15

 3   Alexander et al.13

 4   Porres et al.18

 5   Pastore et al.19

 6   Hoofnagle et al.16

 7   Lok et al.17

 8   Saraco et al.22

 9   Brook et al.21

10   Brook et al.20

11   Williams et al.26

12   Waked et al.27

13   Realdi et al.28

14   Müller et al.24

15   Perrillo et al.25

16   Lok et al.29

17   Lok et al.29

18   Di Bisceglie et al.30

19   Bayraktar et al.31

20   Wong et al.33

21   Sarin et al.34

22   Janssen et al.35

23   Janssen et al.35

Study
1987
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1900
1900
1900
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1989
1989
1989
1990
1990
1990
1990
1990
1992
1992
1993
1993
1995
1996
1999
1999

Year
20
41
48
24
28
45
42
64
71
80
90
78
94
69

125
41
34
47
35
60
41

122
324

Risk difference 95% CI

No. of
patients

Overall

−1·0 −0·8 −0·6 −0·4 −0·2 0·0 0·2 0·4 0·6 0·8 1·0

Z = 7·89 2P < 0·00001

Figure 24.2 Meta-analysis of interferon therapy for HBeAg positive chronic hepatitis B: effect of treatment, measured as risk
difference, on HBeAg clearance
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patients

Overall

−1·0 −0·8 −0·6 −0·4 −0·2 0·0 0·2 0·4 0·6 0·8 1·0

Z = 8·38 2P < 0·00001

Figure 24.3 Meta-analysis of interferon therapy for HBeAg positive chronic hepatitis B: effect of treatment, measured as risk
difference, on sustained loss of HBV-DNA
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Z = 5·31 2P < 0·00001

Figure 24.4 Meta-analysis of interferon therapy for HBeAg positive chronic hepatitis B: effect of treatment, measured as risk
difference, on loss of HBsAg



● disease decompensation (Figure 24.7): treated 9·9% (95%
CI 7·7 to 12·1%), controls 13·3% (95% CI 10·1 to 16·4%) 

● development of HCC (Figure 24.8): treated 1·9% (95% CI
0·8 to 3·0%), controls 3·16% (95% CI 1·8 to 4·5%) 

● liver-related death (Figure 24.9): treated 4·9% (95% CI
3·3 to 6·5%), controls 8·7% (95% CI 6·1 to 11·3%). 

The rate of clearance of HBsAg in untreated patients was
generally low, and a statistically significant advantage was
observed for IFN-treated patients. HBsAg clearance was seen
mostly among subjects infected as adults, among those with
more active disease at onset, and on average 2–4 years after
HBeAg/HBV-DNA clearance.

Data on the protective effects of IFN against development
of HCC are less encouraging: studies show a strong
heterogeneity, which makes the reliability of conclusions of
individual studies questionable. Thus, there is no firm basis
on which to recommend IFN to prevent HCC in HBV-related
cirrhosis. It has been suggested from retrospective and
prospective studies that IFN treatment might have a
protective effect against HCC development in patients with
chronic HBV infection independently from viral clearance or
resolution of necroinflammation.64 Obviously, IFN-induced
viral clearance remains a major outcome for patients with
HBV-related chronic liver disease and indirectly reduces the
risk of cancer. Some cases of HBV-associated HCC are
observed in the absence of cirrhosis (mostly young males with
perinatal infection), and have a very aggressive clinical course.
No information on the effectiveness of IFN in preventing this
subtype of HCC is available currently.

All the data on disease events (i.e. liver decompensation
and HCC) and on liver-related mortality coming from studies

B4

Ala

Ala

Ala
with prolonged follow up must be considered with caution,
since possible biases can lead to errors in estimates through:

● data collected from both prospective and retrospective
studies conducted in tertiary care centers with limited
generalizability

● lack of randomization reducing the internal and the
external validity of the studies

● heterogeneity of patients enrolled, both in respect of
clinical and demographic features and of possible cofactors

● slow and prolonged course of the disease not allowing
assembly of an inception cohort

● few clinically relevant events, relatively small numbers of
patients and duration of follow up less than 8–10 years

● high mortality from non-hepatic causes
● selection and increased surveillance for cases with more

severe disease and unfavorable course
● progressive shift over the years of the global spectrum of

the disease due to intervening factors (e.g. new diagnostic
tests and screening programs, new treatments).

Overall, IFN treatment had a favorable, statistically
significant effect only on loss of HBsAg in comparison to no
treatment. In contrast, IFN treatment has failed to show
statistically significant effects on disease decompensation,
development of HCC and liver-related death, although
favorable trends for all these points are observed.

HBeAg negative chronic hepatitis B

There have been controversies about the long-term benefit
of IFN therapy in the HBeAg negative form of chronic
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Favors control Favors treatment

1   Pastore et al.45
Study

2   Hadziyannis et al.46

3   Fattovich et al.47

4   Brunetto et al.84

5   Lopez-Alchorocho et al.51

6   Lampertico et al.49

1992
Year
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18

Risk difference 95% CI

No. of
patients
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60

35

76

42

7   Oliveri et al.50 1999 144

Overall

−1·0 −0·8 −0·6 −0·4 −0·2 0·0 0·2 0·4 0·6 0·8 1·0

Z = 2·91 2P = 0·0036

Figure 24.5 Meta-analysis of IFN therapy for HBeAg negative chronic hepatitis B: effect of treatment, measured as risk
difference, on sustained loss of HBV-DNA
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hepatitis B. Differences in the baseline severity of illness in
the population of the studies, in the length of follow up, in the
type and the frequency of post-treatment monitoring, and in
the treatment regimens limit the assessment of the impact of
IFN therapy on the course of the disease. Overall, the three
cohort studies65–67 with a length of follow up ranging from
2 to 7 years showed that the response appeared to be less
durable at long-term follow up compared to HBeAg positive
cases and that relapse can occur even years after therapy. The
rate of HBsAg loss ranged from 4·5% to 13%. 

Interferon: summary

The available evidence from RCTs or cohort studies of IFN alpha
treatment for chronic hepatitis B is sufficient to conclude that:

B2

● in patients with HBeAg positive chronic hepatitis IFN
therapy significantly improves clearance of HBeAg (NNT 4)
and loss of HBV-DNA (NNT 4) compared with no treatment

● in patients with HBeAg negative chronic hepatitis less
than 20% of subjects who have achieved an end-of-
treatment virological response after a course of IFN,
maintain a sustained virological response

● The rate of clearance of HBsAg is significantly higher in the
IFN-treated than in untreated patients. The magnitude of
the overall effect is small but clinically relevant (NNT 18)

● There is no clear evidence of a protective effect of IFN
against HCC

● IFN treatment may help to delay or prevent disease
decompensation and liver-related deaths, but further
large studies are needed to determine this point.
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Figure 24.6 Probability distribution of the loss of HBsAg
rate in HBeAg positive chronic hepatitis B from interferon-
treated (T) patients and controls (C).  Data from cohort studies
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Figure 24.8 Probability distribution of rate of development
of hepatocellular carcinoma in HBeAg positive chronic
hepatitis B from interferon-treated (T) patients and controls
(C). Data from cohort studies
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Figure 24.7 Probability distribution of disease
decompensation rate in HBeAg positive chronic hepatitis B
from interferon-treated (T) patients and controls (C). Data
from cohort studies
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Figure 24.9 Probability distribution of rate of liver-related
mortality in HBeAg positive chronic hepatitis B from
interferon-treated (T) patients and controls (C). Data from
cohort studies



Effects of nucleoside/nucleotide
analogs on “surrogate” markers of response 

Lamivudine

Evidence of effectiveness from phase II and phase III
randomized trials is now available in the literature for some
of the nucleoside/nucleotide analogs. Most of these drugs
are used by the oral route and display a powerful inhibitory
effect on the HBV-DNA polymerase.68 Their action is often
jeopardized by the appearance of mutations in specific regions
of the polymerase-encoding HBV gene (so-called YMDD
mutant and others).69–71 These mutants, which often display
cross-insensitivity to drugs72 cause reappearance of high level
viral replication but tend to subside after stopping lamivudine.

The original observations on the anti-HBV efficacy of
lamivudine came from the treatment of HIV-infected subjects
who were also HBsAg positive.73–76 Effectiveness of
lamivudine in dramatically reducing HBV replication has
been exploited also in subjects with iatrogenic immune
suppression, mostly recipients of organ transplants77–92 or
patients receiving antineoplastic chemotherapy.93–105

The great majority of published clinical studies of
lamivudine in immunocompetent HBV patients106–133 are pilot
or dose-finding trials, or pharmacokinetic and virological
studies, without appropriate control groups. The optimal
dosage, found by a dose-ranging study115 and confirmed by an
RCT,127 is 100 mg daily. Only a minority, published as full
papers, are clinical trials with an appropriate control
group.114,115,127,134–136 We have analyzed the results of these
RCTs all of which included patients with HBeAg positive
chronic hepatitis but one of which132 employed different
doses (25–300 mg daily) of lamivudine for periods of 4 weeks
to 1 year. At the end of treatment the rate of HBeAg
seroconversion (defined as loss of HBeAg and appearance of
anti-HBe) ranged from 0 to 19%. The probability of
response, in terms of ALT normalization under lamivudine,
was between 41% and 72%; similar rates were observed in
terms of sustained suppression of HBV-DNA after 52 weeks
(range 44–60%). The durability of HBeAg seroconversion
beyond 52 weeks was evaluated in several papers137–140 and
all these studies reporting a sufficient follow up (up to 3 years)
showed a relapse rate ranging from 36% to 57·4% with
highest rates of relapse in Asiatic patients. The identified
predictors of virological relapse were older age, male sex and
low levels of ALT. However, not all virological relapses result
in clinically important hepatitis.

The only published RCT including patients with anti-HBe
positive chronic hepatitis used a regimen of 52 weeks of
therapy with lamivudine.136 At the end of this period 35 of 54
(65%) treated patients had undetectable serum HBV-DNA

This finding was paralleled with histological changes in
paired biopsies that showed improvement in 42% of patients.
However, in this clinical setting there are two major problems
with lamivudine treatment: the occurrence of YMDD
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mutants under therapy and the stability of viral suppression
after drug discontinuation.

In a cumulative analysis of two studies of long-term
lamivudine monotherapy141 32 out of 73 virological
responders (44%) experienced viral breakthroughs within a
median of 15 months, almost always related to YMDD
appearance. Appearance of the YMDD mutant was associated
with an ALT relapse in 30–70% of cases, and usually both the
YMDD mutant and the ALT peak subside rapidly upon
stopping lamivudine. The efficacy of lamivudine to inhibit
HBV replication seems limited only to the period of drug
exposure. In fact one paper132 showed that only two out
of 15 anti-HBe positive patients treated with lamivudine had a
sustained virological and biochemical response after 52 weeks
of treatment.

The inability of lamivudine to induce a sustained
virological and biochemical response has led to evaluation of
combination therapy. The combination with IFN has been
tested only in two RCTs both in patients with HBeAg
positive chronic hepatitis.142,143 Overall 49 out of 151 (32·5%)
patients treated with combination therapy seroconverted after
52 weeks of treatment, a response rate significantly higher
(P < 0·005) than the 29 seroconversions in 157 patients
(18·5%) obtained with lamivudine alone. There are as yet no
firm data available to prove an increase in effectiveness over
treatment with lamivudine alone. Only one non-
randomized study has been done in patients with precore
mutant chronic hepatitis B.144 Twenty-nine patients
were treated with combination therapy for 52 weeks and at
the end of this period 93% of patients showed a biochemical
and virological response. However this effect was not
maintained during follow up since only four subjects did not
relapse. These figures are very similar to those observed in
subjects treated with monotherapy.

There is experimental evidence145,146 to suggest that the
appearance of lamivudine-induced HBV mutants may be
circumvented by the use of other nucleoside analogs. The
potential benefits of this substitution has not yet been
evaluated in clinical trials. Concerns have been raised about
the possibility of enhanced toxicity.

Lamivudine is registered in the USA and in Europe as an
antiviral active against HBV.

Lamivudine: summary

Available evidence is sufficient to draw the following
conclusions.

● HBeAg positive immunocompetent patients with raised
ALT should receive IFN as a first-line drug, and
lamivudine or adefovir as a second-line drug only when
IFN has failed and there is histological evidence of
progressive disease. If the patient has severe
decompensated liver disease, the risk of a sero-conversion
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flare with worsening liver function following IFN needs
to be considered as an indication for lamivudine or
adefovir.

● HBeAg positive patients with normal or mildly raised ALT
should be treated only if there is histological evidence of
progressive disease and should receive lamivudine or
adefovir as a first-line drug, switching from lamivudine to
adefovir if there is an HBV-DNA breakthrough under
therapy.

● HBeAg negative, HBV-DNA positive patients can receive
IFN, lamivudine or adefovir as first-line therapy. IFN
should be given for 24 months. Lamivudine and adefovir
should be continued over an undefined extended period
of time (24 or more months).

● Lamivudine is effective in reducing and sometimes
clearing HBV replication in heavily immunosuppressed
patients and can be safely administered to patients with
advanced liver disease.

● Long-term clinical effectiveness of lamivudine is still
unproved.

Adefovir dipivoxyl

Adefovir dipivoxyl, a nucleotide analog, has been recently
approved in the USA for therapy of chronic hepatitis B. This
agent has a potent in vitro and in vivo effect against herpes
virus, retroviruses and hepadnaviruses. Adefovir dipivoxyl,
given orally at a dose of 10 mg daily, inhibits both the wild
type and lamivudine-resistant HBV strains with an excellent
safety profile. Renal tubular damage has been observed when
prolonged treatment with higher doses has been given. Up to
now, no evidence of HBV resistance to adefovir dipivoxyl has
been detected, and this constitutes one of its main advantages
over lamivudine as it permits longer duration of therapy and
also its use as rescue therapy for lamivudine-resistant HBV
strains. Two phase III multicenter RCTs, one in HBeAg
positive147 and one in HBeAg negative patients148 have
recently been published. In the study by Marcellin et al.,147

1515 patients worldwide with HBeAg positive chronic
hepatitis B (HBV-DNA < 1 × 106 copies/ml) were randomized
to receive 10–30 mg of adefovir or placebo for 48 weeks.
Most of them were treatment naive, since only 123 had been
previously treated with IFN alpha. The observed reduction of
HBV-DNA levels expressed as log copies/ml was 4·76 with
30 mg versus 3·52 with 10 mg of adefovir, in both cases a
significantly greater suppression than was observed with
placebo. The rates of biochemical and histological
improvement were comparable for the two adefovir regimens
(59% v 53% and 55 v 48%, respectively). HBeAg seroconversion,
although significantly more common in patients receiving
adefovir (12% at 30 mg,14% at 10 mg) than in the control
group (6%, P = 0·049 and 0·01, respectively), was relatively
uncommon. No adefovir-associated resistance mutations
were identified in the HBV-DNA polymerase gene. Mild
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nephrotoxicity was observed with the 30 mg regimen, and
thus 10 mg was considered to be the best regimen.

Patients with chronic HBeAg negative, HBV-DNA positive
chronic hepatitis were studied in a multicenter trial by
Hadziyannis et al.,148 comparing the efficacy of 10 mg of
adefovir daily for 48 weeks with placebo. Viral suppression, as
measured by undetectable HBV-DNA levels, was obtained in
51% of patients on adefovir versus none in the placebo group.

The median HBV-DNA level of adefovir-treated patients
at 48 weeks (3·91 log copies/ml) was lower than with placebo
(1·35 log copies/ml, P < 0·001). HBsAg seroconversion was
never achieved. Histology was significantly in the adefovir
group, (adefovir 64%, placebo 33%) and ALT levels
normalized more frequently (adefovir 72%, placebo 29%).

Remarkably, both studies do not give follow up information
beyond the 48 weeks of therapy. Thus the ultimate
effectiveness in terms of stable HBeAg seroconversion (for
HBeAg positive patients), sustained HBV suppression (for
HBeAg negative patients) and more importantly reduction of
progression of HBV-related liver disease in the long term
remain to be assessed.

In both studies, YMDD or other repetitive mutations in the
HBV polymerase region were not observed with either dose of
adefovir during the 48 weeks of treatment. Further follow
up of patients on long-term therapy will assess the actual
safety of adefovir in this respect. No cross-resistance with
lamivudine has been reported to date.

European consensus
conference on Hepatitis B

Detailed reviews on pathogenesis, natural course prognosis,
epidemiology, vaccination, as well as therapeutic strategies in
standard and special patient groups are available from the
September 2002 International Consensus Conference.149

Conclusions

Data from studies of natural history and RCTs or non-
randomized studies of antiviral treatment provide sufficient
evidence to make the following conclusions.

● The natural history of chronic hepatitis B is variable,
according to phenotypic and ethnic background, and is
also influenced by viral coinfections and toxic cofactors.
At least 20% of patients develop clinically significant liver
disease in the long term.

● Presence of markers of HBV replication and of continuing
liver necroinflammation predict an adverse outcome.

● IFN therapy results in stable clearance of HBeAg in 25%
of all patients chronically infected by wild type HBV, but
only rarely results in HBsAg clearance.
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● IFN therapy results in stable clearance of HBV-DNA in 25%
of all patients chronically infected by HBe minus HBV.

● Lamivudine and adefovir are effective in clearing HBV-
DNA and normalizing ALT during therapy in 65% of
patients, but the long-term effectiveness of these agents is
unknown.

● There is no acceptable evidence for a protective effect of
IFN against development of HCC in HBV-related cirrhosis.
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Alcoholic liver disease
Philippe Mathurin, Thierry Poynard25

Screening

In heavy drinkers, liver-related mortality is mainly attributed
to cirrhosis and hepatocellular carcinoma (HCC). Therefore,
the main objectives of the screening are: (i) to identify
patients with significant liver injury, (ii) to characterize the
main risk factors for HCC and (iii) to make an early diagnosis
of HCC.

In the present chapter, we focus on the non-invasive
screening of cirrhosis and on screening of HCC.

Non-invasive screening of cirrhosis

Assessment of the stage and severity of liver injury requires
liver biopsy, an invasive procedure associated with severe
complications leading to death in 0·02% of patients.1 Less
than 30% of heavy drinkers have some features of significant
liver injury such as extensive fibrosis, alcoholic hepatitis or
cirrhosis.2 Routine liver biopsy is non-essential in 70% of
heavy drinkers. Indirect diagnostic tests for cirrhosis are
clearly necessary to avoid screening with routine liver biopsy.

Several serum proteins have been widely evaluated for their
use as a non-invasive test for liver fibrosis: (i) extracellular
matrix proteins (procollagen I, procollagen III propeptide
(PIIIP), laminin, transforming growth factor (TGF)-β1,
hyaluronate); (ii) prothrombin time; (iii) apolipoprotein A-I
(ApoA-I); and (iv) α-2 macroglobulin. The number of studies
evaluating the diagnostic accuracy of procollagen I, laminin
and TGF-β1 is clearly insufficient for reaching a conclusion.
For PIIIP and hyaluronate, previous studies yield interesting
results even though some data are still controversial.

Serum PIIIP did not provide any significant improvement
in assessing the degree of fibrosis in two studies whereas one
study observed that PIIIP could be useful in detecting patients
with underlying cirrhosis.3–5 Recently, two studies observed
the ability of PIIIP to correctly identify patients with fibrosis
or cirrhosis.6,7 In Teare et al.’s study, with the receiver
operating curve it was observed that at a cut-off of 0·7 U/ml,
the sensitivity was 94% and the specificity 81% (positive
predictive value 85%, negative predictive value 92%). A

major problem, beside the wide heterogeneity of the assays
used in the studies, is that even with the same assay the PIIIP
screening cut-off is still unknown.

Hyaluronate, an unbranched polysaccharide, is a
component of extracellular matrix. In one study it was
observed that hyaluronate may be useful for the diagnosis
of cirrhosis.8 Serum hyaluronate concentrations were
significantly higher in alcoholic patients with cirrhosis (467
micrograms/l, range 205–800 micrograms/l) than in
alcoholic patients without cirrhosis (53 micrograms/l, range
14–78 micrograms/l). The diagnostic accuracy of serum
hyaluronate for the evaluation of cirrhosis was confirmed
in patients with primary biliary cirrhosis.9,10 For routine
practice, a unit analyzed the screening cut-off for the
diagnosis of cirrhosis.6 Hyaluronate concentration of ≥ 60
micrograms/l had a sensitivity of 97% and a specificity of 73%
for the diagnosis of cirrhosis. In terms of applicability, the
diagnostic accuracy of this cut-off should be confirmed in
another population by another group.

Prothrombin time was initially designed to assess
hepatocellular dysfunction. However, improvement in the
measurement of this index leads to additional properties.
Indeed, prothrombin time seemed to predict liver fibrosis and
to be inversely correlated with the area of fibrosis measured
by image analysis.6,11,12 A recent study evaluated the
predictive value of the prothrombin index for liver fibrosis in
an initial group of patients with chronic liver disease, and the
results were subsequently validated in another group of
patients.13 The reproducibility of measurement of the
prothrombin index was compared in different laboratories.
Prothrombin index ≤ 80% or ≤ 70% diagnosed severe fibrosis
or cirrhosis, respectively, and prothrombin index ≥ 105% or
≥ 100% excluded a diagnosis of severe fibrosis or cirrhosis,
respectively, at the 95% probability level. The prothrombin
indices measured in different laboratories were similar
(78 ± 18% v 78 ± 14%) and well correlated (r = 0·91). The
authors concluded that prothrombin index had a high
diagnostic accuracy for severe fibrosis or cirrhosis especially
due to alcohol. Moreover, the prothrombin index was highly
reproducible.13
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ApoA-I, the major component of high density lipoprotein
cholesterol, was significantly correlated with liver injury.14 In a
study of 581 alcoholic patients, ApoA-I had an independent
and discriminate value for the diagnosis of fibrosis versus
steatosis (P < 0·001) and for the diagnosis of cirrhosis versus
non-cirrhotic fibrosis (P < 0·001) or versus alcoholic hepatitis
without alcoholic cirrhosis (P < 0·001).15 Conversely, serum
ApoB was not correlated with hepatic fibrosis. We analyzed the
mechanisms involved in the decrease of serum ApoA-I in heavy
drinkers with fibrosis.16–19 Those studies observed that: (i) an
increase of ApoA-I mRNA may explain, at least in part, the
increase of serum ApoA-I in heavy drinkers with steatosis; (ii)
fibrosis is associated with decreased serum ApoA-I, probably
due to post-transcriptional mechanisms; and (iii) severe
alcoholic cirrhosis is associated with a non-specific decrease in
ApoA-I mRNA. However, with regard to the wide overlap of
serum ApoA-I in patients with different stages of liver fibrosis,
the diagnostic accuracy of ApoA-I for the evaluation of cirrhosis
was insufficient. Therefore we analyzed the diagnostic
accuracy of a simple index called PGA that combines
prothrombin index (P), γ-glutamyl transpeptidase (GGT)
concentration (G) and apolipoprotein A-I (A).12 The PGA value
ranged from 0 to 12 (Table 25.1). When the PGA was < 2, the
probability of cirrhosis was 0% and the probability of normal
liver was 83%. Conversely, when the PGA was > 9, the
probability of cirrhosis was 86%. A study observed that the
combination of PGA and PIIIP concentration may be useful to
reduce the need of liver biopsy.7

Serum α-2 macroglobulin, a proteinase inhibitor, has been
evaluated as a marker of cirrhosis. Serum level was higher in
patients with cirrhosis than in patients without cirrhosis.20,21

Based on those results, we assessed whether serum α-2
macroglobulin could improve the diagnostic accuracy of PGA.22

We showed that addition of α-2-macroglobulin to the PGA index
(PGAA index) could be useful in the detection of cirrhosis.

The diagnostic accuracy of non-invasive serum markers
(PIIIP, hyaluronate, laminin, TGF-β1, prothrombin time, α-2
macroglobulin, PGA and PGAA) were compared.6 The
authors observed that hyaluronate concentration and

prothrombin index were the most sensitive variables for
screening.

Recently, a score named Fibrotest was developed to predict
the extent of liver fibrosis in patients with chronic hepatitis C.
Fibrotest combined necroinflammatory factors and serum
markers including total bilirubin, GGT activity, α-2
macroglobulin, γ globulin, haptoglobin and ApoA-1. A high
negative predictive value (100% certainty of absence of F2
(portal fibrosis with few septa), F3 (portal fibrosis with many
septa), or F4 (cirrhosis) was obtained for scores ranging from
zero to 0·10 (12% of all patients), and a high positive predictive
value (> 90% certainty of presence of F2, F3, or F4) for scores
ranging from 0·60 to 1·00 (34% of all patients) was observed.23

This test could be used to reduce substantially the number of
liver biopsies done in patients with chronic HCV infection.
Studies evaluating the diagnosis accuracy of Fibrotest in patients
with alcoholic liver disease are ongoing in French centers.

In summary, controversies surrounding extracellular
matrix serum markers persist. The methods for their
quantification and the units of quantification varied widely.
The discrepancies between assays contributed to the wide
heterogeneity of cut-off levels reported in various studies.
Therefore, in routine practice, additional studies are required
to determine the screening cut-off of PIIIP and hyaluronate.
Conversely, prothrombin index, PGA and PGAA scores, PIIIP
and serum hyaluronate may be used in the screening for
cirrhosis in heavy drinkers. Further studies are required to
evaluate the predictive value of recently available tests such
as Fibrotest in patients with alcoholic liver disease. In the
near future, for the diagnosis of extensive liver fibrosis in
heavy drinkers, the use of serum markers will reduce the
need for liver biopsy.

Screening for hepatocellular carcinoma

In cirrhotic patients, the probability of developing HCC at
5 years is approximately 20%, with a yearly incidence rate of
3%. The identification of the subgroup of patients with higher
risk for HCC, and its early detection constitute two of the

Evidence-based Gastroenterology

384

Table 25.1 PGA index: the scores range from 0 to 12a

Prothrombin time % of normal Apolipoprotein AI 
Score (seconds over control) (P) GGT (IU/l) (G) (mg/dl) (A)

0 ≥ 80% (< 1) < 20 ≥ 200
1 70–79% (1–2) 20–49 175–199
2 60–69% (2–3) 50–99 150–174
3 50–59% (3–4) 100–199 125–149
4 < 50% (≥ 4) ≥ 200 < 125

aEach item of the score (prothombin, GGT and apolipoprotein A1) is scored from 0 to 4. The final score combines the three scores
of each item and ranges from 0 to 12.

GGT, γ-glutmyl transpeptidase



main challenges for hepatologists in the near future. In heavy
drinkers, presence of cirrhosis, age > 50 years, male sex,
serum alpha fetoprotein (AFP) ≥ 15 ng/ml, HBsAg and anti-
HCV antibodies were independently associated with the
occurrence of HCC.24–26 A center developed a clinicobiological
score which identified two groups at low (3-year cumulative
incidence, 0%) and high risk of HCC (3-year cumulative
incidence, 24%).27 Beside these factors, the preneoplastic role
of liver large cell dysplasia has been suggested.28 In a study
the estimated cumulative incidence of HCC at 3 years was
38% and 10% in patients with and without large cell
dysplasia, respectively.27 Another group confirmed that large
cell dysplasia, detected in 24% of patients, was a major risk
factor for HCC.29 Based on those results, liver biopsy would
be necessary for the identification of patients with a higher
risk for HCC.

Screening for HCC is usually done with ultrasonography and
the determination of serum AFP. However, contrasting data
have been reported on the effectiveness of ultrasonography for
early detection of HCC. A French center observed that an initial
diagnosis of tumor less than 3 cm was made in only 21% of
cases.30 Conversely, in two studies, ultrasonography allowed
the detection of small HCC in 76% of cases.31,32 Regardless of
these contrasting data, most liver units recommend regular
ultrasonography in the screening for HCC.

In conclusion, for heavy drinkers in routine practice the
following strategy for screening for HCC is recommended.
Screening for cirrhosis can be done using serum markers such
as PGA, PIIIP or serum hyaluronate. Liver biopsy will be
necessary in patients with a PGA scoreP < ≥ 9, a PIIIP
≥ 0·7 U/ml or serum hyaluronate ≥ 60 micrograms/l to
confirm the diagnosis of cirrhosis and to detect the presence
of large cell dysplasia. However, further studies are required
to validate this strategy. Among the subgroup of patients at
high risk for HCC, further studies will be needed to test the
usefulness of intensive screening and preventive measures.

Treatment

In heavy drinkers, pharmacological treatments and liver
transplantation have been tested to improve survival of heavy
drinkers with severe liver injury such as alcoholic hepatitis or
cirrhosis. However, the usefulness of pharmacological
treatments for controlling the alcohol-induced liver injury is
still unsettled, and controversies persist with regard to the
selection of patients for liver transplantation.33,34

Pharmacological treatments

To identify the pharmacological treatments associated with
efficacy we have used literature-based meta-analysis, a useful
technique for evaluation of treatment effect.35 Meta-analysis
was performed when an intervention was evaluated in two or

more randomized controlled trials (RCTs) published as
complete articles using the same endpoint of survival
(short-term or long-term). 

Colchicine

In the first RCT evaluating effect of colchicine on the
long-term survival of patients with alcoholic cirrhosis, 5- and 10-
year survival rates were significantly higher in the colchicine
group (75 and 56%, respectively) than in the placebo group
(34% and 20%, P < 0·001).36 However in patients with
alcoholic hepatitis, two other studies did not observe any effect
of colchicine on short-term survival.37,38

In a recent randomized placebo-controlled multicenter
Veterans Affairs (VA) trial (CSP 352)39 patients were
randomized to receive colchicine 0·6 mg twice daily (n =
274) or placebo (n = 275) for at least 24 months. The
mortality rates in the colchicine and placebo groups were
similar: 49% versus 45%. In addition the liver-related deaths
were not significantly different: 32% versus 28%. In summary,
this trial does not support the conclusion from Kershenobich
et al.’s36 study. 

Propylthiouracil

In two RCTs there was no observed effect of
propylthiouracil on short-term survival.40,41 Meta-analysis of
these RCTs confirms the lack of benefit on short-term
survival, with a mean difference of 1% (CI − 7 to 9%)
between propylthiouracil-treated and control patients. 

The effect of propylthiouracil on long-term survival was
analyzed in an RCT with 310 alcoholic patients who received
propylthiouracil (n = 157) or a placebo (n = 153) for 2 years.42

The two-year mortality rate was lower in the propylthiouracil
group than in the placebo group: 13% versus 26%, P < 0·05.
Propylthiouracil treatment, prothrombin time, hemoglobin levels
and mean daily urinary alcohol levels were independent
prognostic factors. However, this study has two main limitations:
(i) the statistical analysis was carried out using “per protocol
analysis” and (ii) the cumulative dropout rates in both groups
were approximately 60%. The authors stated that per protocol
analysis was appropriate, since compliance was accurately
quantified using elaborate monitoring with a fluorescent
compound detectable in urine.43 However, in RCTs the
“intention to treat analysis” is usually preferred and the observed
high rates of dropouts have to be taken into account. 

A recent systematic review of six randomized controlled
trials including 710 patients demonstrated no significant
benefit of propylthiouracil compared with placebo on
mortality (odds ratio 0·91, 95% CI 0·59 to 1·4).44 In
addition propylthiouracil was associated with a non-significant
trend towards an increased risk of non-serious events and
the infrequent occurrence of serious adverse events
(leukopenia).44 Taking into account this systematic review
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and the adverse effect profile of propylthiouracil, additional
RCTs evaluating propylthiouracil would be difficult to justify.

Other drugs

D-penicillamine, vitamin E, (+)-cyanidanol-3, thioctic acid,
malotilate and the calcium antagonist amlodipine have been
evaluated in randomized trials, but none has been shown to
decrease mortality.45–51

Silymarin The first RCT suggested that silymarin would
improve long-term survival of patients with cirrhosis.52

However, another RCT did not confirm any effect of silymarin
on survival.53

Insulin and glucagon association The infusion of
insulin–glucagon was tested in five RCTs (three published in
article form and two as abstracts) in patients with alcoholic
hepatitis.54–58 Only one study reported a significant effect on
short-term survival.53 Meta-analysis of these RCTs did not
show any significant survival effect of insulin–glucagon
infusion on short-term survival, with a mean difference of
95% (CI –11 to 23%). 

Anabolic-androgenic steroids Five RCTs evaluating
anabolic steroids reported negative results.59–63 In one study, a
sensitivity analysis suggested that anabolic steroids were
effective in the subgroup of patients with moderate
malnutrition.62 A recent systematic review confirmed that for
alcoholic patients anabolic-androgenic steroids did not have
any significant benefit on mortality (relative risk (RR) 0·83,
95% CI 0·6 to 1·15).64 Moreover, anabolic-androgenic
steroids were associated with the infrequent occurrence of
serious adverse events (RR 4.54).64 Based on these results,
anabolic steroids are not indicated in patients with alcoholic
liver disease. Furthermore, the use of anabolic-androgenic
drugs is questionable when considering the potential risk of
development of HCC associated with these drugs.

Corticosteroids

Thirteen RCTs tested corticosteroids in patients with
alcoholic hepatitis.61,65–76 Only four trials observed a survival
benefit in treated patients.65–68 The wide variability of disease
severity between the studies, the lack of histological analysis
before enrollment of patients, the small sample size, and
confounding factors prior to randomization such as renal
insufficiency or gastrointestinal bleeding explained, at least in
part, these contradictory results.77,78

The Maddrey criterion is now used for identifying a
subgroup of patients with a high risk of mortality.72 In the
most recent RCT, we confirmed Carithers’ original
observation that corticosteroid therapy significantly decreased
short-term mortality in patients with severe alcoholic
hepatitis (spontaneous encephalopathy or a Maddrey function
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≥ 32): 94% versus 65% at 28 days in Carithers et al.’s study
(NNT = 3, P = 0·006) and 88% versus 45% at 66 days in
Ramond et al.’s study (NNT = 2, P = 0·001).65,66

The meta-analysis of the 13 RCTs showed a significant
short-term survival benefit of corticosteroids, with a mean
difference of 15% (CI 6 to 24%, P < 0·01). The effect of
corticosteroids on short-term survival was higher in the
subgroup of patients with encephalopathy, with a mean
difference of 27% (CI 11 to 44%, P < 0·0001).80

In a study of 122 alcoholic patients with severe biopsy
proven alcoholic hepatitis we showed that: (i) corticosteroids
are associated with short-term survival benefit; (ii) young
patients obtained much greater benefit from corticosteroid
treatment; and (iii) survival benefit due to corticosteroid
treatment persisted for at least 1 year and disappeared at
2 years.79

Three meta-analyses provided evidence that corticosteroids
improved short-term survival of patients with a severe form of
alcoholic hepatitis.64,78,81 However, two meta-analyses which
attempted to adjust for prognostic factors, questioned the
efficacy of corticosteroids in alcoholic hepatitis.64,81 These
meta-analyses used a different weighting method than
previous meta-analyses that may give too much weight to the
results of Mendenhall et al.’s61 RCT. The authors encouraged
Mendenhall et al. (the authors of the largest trial61) to make
their data available for analysis of individual patient data, as
this study preceded the use of Maddrey’s criteria for
assessment of disease severity and based severity only on the
serum bilirubin level.82 Therefore, the three investigators of
the three RCTs (Mendenhall, Carithers, Ramond) used the
more accurate approach in the analysis of the individual data
for patients with discriminant function of Maddrey (DF) ≥ 32.83

Data of 102 placebo and 113 corticosteroid patients with
DF ≥ 32 were analyzed. At 28 days, corticosteroid-treated
patients had a significantly better survival: 84·6 ± 3·4%
versus 65·1 ± 4·8%, P = 0·001. In multivariate analysis,
age (P = 0·003), serum creatinine (P = 0·006) and corticosteroid
treatment (P = 0·01) were independent prognostic variables.
The NNT, the number of patients needed to treat with
corticosteroids in order to prevent 1 death was 5.83 Recently,
representatives of the American College of Gastroenterology
recommended the use of glucocorticosteroids for patients with
severe alcoholic hepatitis as defined by the Maddrey criteria.84

More recently, a randomized trial of total enteral nutrition
versus steroids showed similar early mortality with reduced
later mortality in patients who received enteral nutrition: at 1
year mortality was 61% (steroid treatment) and 38% (enteral
nutrition) (P = 0·026). The study is onging.85

Newer drugs

These include pentoxifylline, anti-tumor necrosis
factor (TNF)-α antibodies, phosphatidylcholine and
S-adenosylmethionine.
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In a recent RCT evaluating pentoxifylline in patients with
severe alcoholic hepatitis a significant difference in survival was
observed between pentoxifylline and placebo groups – 24·5%
of patients who received pentoxifylline and 46% of patients
who received placebo died.86 Hepatorenal syndrome was the
cause of death in 50% of pentoxifylline patients and 92% of
placebo patients. Pentoxifylline treatment, age and creatinine
were independently associated with survival. Further trials
evaluating pentoxifylline versus corticosteroids are required.

In animal models administration of anti-TNF-α antibody
attenuated inflammation and necrosis. A double blind,
randomized controlled trial evaluated the safety and tolerance
of anti-TNFα antibody (infliximab) combined with steroids in
patients with severe alcoholic hepatitis.87 The authors
observed that improvement of Maddrey function (39 to 12)
was more pronounced in patients treated with infliximab and
steroids. They concluded that the study lacked the power to
allow comparison between groups, but that the promising
results should encourage a larger trial. In an uncontrolled
pilot study of 12 patients treated with a single infusion of
infliximab, there was a significant modification in biochemical
endpoints between baseline and follow up.88 In October
2002, a multicenter randomized trial of infliximab in severe
alcoholic hepatitis was stopped by the French drug agency
(AFSSAPS).89 There was a two-fold increase in deaths in the
infliximab group versus the corticosteroid group. In both
groups the main cause of death was infection.89 The detailed
analysis is still ongoing. 

The results of a multicenter randomized placebo-controlled
trial (CSP 391) evaluating phosphatidylcholine have been
recently presented. There was no significant effect of
phosphatidylcholine on survival.90

An RCT reported that adenosylmethionine might improve
survival of patients with alcoholic cirrhosis.91 Overall survival
in the adenosylmethionine group (90%) was significantly
better than in the placebo group (73%), P = 0·04. The
authors observed that adenosylmethionine effect is restricted
to the subgroup of patients with moderate liver disease
(Child–Pugh A or B). This promising result will have to be
confirmed in further RCTs. 

Four randomized studies have evaluated a variety of
anti-oxidants, but no survival benefit or histological improvement
was shown92–95 with vitamin E.

In summary, only corticosteroids have been shown to be
associated with a benefit on short-term survival in patients with
severe alcoholic hepatitis (Maddrey discriminant function
≥ 32). The NNT, number of patients needed to treat with
corticosteroids in order to prevent 1 death is 5. Future
studies evaluating the effect of colchicine and propylthiouracil on
long-term survival are not recommended. Recent studies report
interesting data concerning new drugs such as pentoxifylline,
anti-TNF-α antibody and S-adenosylmethionine. Randomized
controlled trials are ongoing for some of these drugs.
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Liver transplantation

Liver transplantation is a highly effective therapeutic
option for endstage liver disease. In patients with alcoholic
cirrhosis, liver transplantation leads to survival rates similar to
those in patients with non-alcoholic cirrhosis.96–98 Due to the
scarcity of donor organs, controversies surrounding liver
transplantation in alcoholic patients have been focused on the
identification of the subgroup with survival benefit, the
validity of the abstinence criterion for patient selection and
the societal issue of using an expensive intervention for the
treatment of a self-inflicted illness.

To assess the efficacy of liver transplantation in patients
with alcoholic cirrhosis, we compared 2-year survival of 169
transplant patients with matched control patients and
simulated control patients.99 The simulated control group
survival was derived from a prognostic model (Beclere model)
using the natural history of alcoholic cirrhosis. The final
Beclere model combined four variables to obtain a risk
score (R) for each patient in the following equation:
R = (0·0484 × (age in years) + 0·469 × (encephalopathy)
+ 0·537 × Loge (bilirubin in µmol/l) − 0·052 × (albumin in
g/l). Encephalopathy was rated 0 if absent and 1 if asterixis,
confusion or coma was present. Survival function for the
Beclere model was S1 at 1 year and S2 at 2 years: S1 =
0·7334

exp. (R–3·058)
and S2 = 0·643

exp. (R–3·058)
. Two-year survival

of transplant patients (73%, 67–79%) was similar to matched
patients (67%, 63–71%) and simulated patients (67%,
63–70%). In a sensitivity analysis of patients with severe liver
disease, 2-year survival of transplant patients was significantly
higher (64%, (42–86%) than matched patients (41%,
23–59%) and simulated patients (23%, 19–27%). We
concluded that: (i) efficacy of liver transplantation is limited
to the subgroup of patients with severe liver disease and
(ii) the Beclere model may be useful in the selection of
alcoholic patients. However, it was observed in another study
that this model may overestimate the risk of death for patients
specifically referred for transplantation.100

A study evaluated 14 transplant centers with regard to
their selection practices.100 Eight of the centers reported that
they would accept candidates with less than 1 year of
alcoholic abstinence, four with less than 6 months of
abstinence and one program would accept candidates who
currently continued to drink alcohol. Most programs reported
recommending a 6-month abstinence criterion for listing
patients with alcoholic liver disease. However, the validity of
the 6-month criterion has been recently called into question.
Yates et al. observed that the use of the 6-month abstinence
criterion forces a significant number of patients with a low
risk of relapse to wait for transplant listing.102 In a study of 84
transplant patients, the receiver operating curve showed that
despite the 6-month criterion being the best cut-off in
predicting subsequent abstinence, this cut-off was a poor

B2

Alcoholic liver disease

387



predictor of post-transplantation abstinence (sensitivity 72%,
specificity 66%).103 Five variables were independently
associated with post-transplant abstinence: the psycho-social
inclusion criteria, absence of previous illicit drug use,
presence of a personal life insurance policy, number of
alcoholic sisters and the length of pre-transplant abstinence.
The pooling of the previous studies observed that the
sensitivity of the 6-month abstinence criterion in predicting
post-transplant abstinence ranged from 28% to 100% and the
specificity from 76% to 92%.103–106

A major objection to liver transplantation in alcoholic
patients was the concern about the risk of alcoholism
recidivism. In previous studies, the risk of recidivism ranged
from 10% to 30%.103,107–109 However, the authors did not
observe any difference between abstinent and non-
abstinent patients for survival and for compliance with
immunosuppressive regimen. Therefore, the reluctance to
accept alcoholic patients because of the risk of recidivism is
no longer relevant.

In conclusion, patients with severe alcoholic cirrhosis
benefit from liver transplantation. Most of the centers
recommend a 6-month abstinence for listing the patients.
However, this sole criterion is insufficient to predict
the abstinence after transplantation. Moreover, after
transplantation, the recidivism of alcoholism seems to have
no effect on patient outcome.
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Non-alcoholic fatty liver disease
Chris P Day26

Introduction

In the past few years an increasing amount of research effort
has been expended on various aspects of non-alcoholic fatty
liver disease (NAFLD) for at least two main reasons. First is
the recognition that NAFLD is extremely common, and
second the accumulating body of evidence that a proportion
of patients with NAFLD can progress to cirrhosis, liver failure
and hepatocellular carcinoma. With respect to prevalence,
although some high profile reviews have suggested that up to
24% of the general population suffer from NAFLD in various
countries,1 a more evidence-based estimate has come from
two analyses of data from the third National Health and
Nutrition Examination Survey (NHANES III) carried out
between 1988 and 1994 in the USA. These reports have
suggested that between 3–6% of the US population have
some degree of NAFLD with the diagnosis based on raised
aminotransferases in the absence of any alternative
etiologies.2,3 Evidence that this diagnostic label is reasonable
has come from a large histological survey of 354 consecutive
patients presenting with abnormal liver function tests of
unknown etiology. “Abnormal” was defined as either an
alanine transaminase (ALT), a γ-glutamyl transferase or an
alkaline phosphatase more than twice the upper limit of
normal for at least 6 months. Two-thirds of the patients
had NAFLD, one-third with simple steatosis and one-third
with more advanced disease – non-alcoholic steatohepatitis
(NASH) either with or without fibrosis.4

Natural history of
non-alcoholic fatty liver disease

In marked contrast to patients with alcoholic
steatohepatitis, the short-term prognosis of patients with
NAFLD is largely excellent. There has been a recent case
report of three patients presenting with subacute liver failure5

and isolated reports of patients developing hepatic failure
following obesity surgery.6,7 However, given the prevalence of
fatty liver, these cases appear to be rare exceptions. Although
information from a large scale, prospective study examining

the natural history of NAFLD in an inception cohort of
patients is currently lacking, the available data suggest that
the long-term prognosis of patients with NAFLD depends
critically on the histological stage of disease at presentation
(Figure 26.1). With respect to clinical follow up studies, the
largest retrospective study thus far reported on 132 patients
with NAFLD of a variety of stages followed up for a median of
almost 9 years. While 25% of patients with NASH (± fibrosis)
on their index biopsy developed “clinical” evidence of
cirrhosis and 11% died a “liver” death, only 3·4% (2/59) with
simple fatty liver developed clinical cirrhosis, one of whom
(1·7%) died from a liver-related cause.8 In another study of
patients with simple non-alcoholic fatty liver followed for a
median 11·5 years, none had clinical evidence of disease
progression.9 With respect to histological follow up studies, to
date six paired liver biopsy studies have been reported.9–14 In
most of the included cases the second biopsy was done for
normal “clinical” indications, rather than as part of a study
protocol and therefore the reported progression rates are
almost certainly an overestimate. However, with this proviso
the evidence is similar to that in the clinical studies, i.e. the
risk of progression differs markedly between patients with
simple steatosis and those with NASH ± fibrosis. Of the 14
patients with simple steatosis,9,14 3 (21%) developed grade 1
(out of 4) fibrosis (follow up 4.5–15·6 years), while 38% of
the 50 patients with NASH10–14 had an increase in their
fibrosis score with 16% progressing to grade 3 (bridging) or
4 (cirrhosis) fibrosis (follow up 1·0–15·7 years).

Further evidence that some patients with NAFLD can
progress to cirrhosis has been provided by a study of patients
with apparently “cryptogenic” (of no known cause)
cirrhosis.15 The prevalence of the most established risk factors
for NAFLD, obesity and diabetes, was over 70% in these
patients, which was identical to that seen in the patients with
NASH. The cryptogenic patients were, on average, 13 years
older than the NASH patients, providing indirect evidence
that at least some cases of cryptogenic cirrhosis result from
longstanding NASH. These results were confirmed by a
subsequent study using a similar strategy to look for NAFLD
risk factors in patients with cirrhosis of different aetiologies
awaiting liver transplantation.16 More recently, Ratziu and

Evidence-based Gastroenterology and Child Health, Second Edition 
Edited by John WD McDonald, Andrew K Burroughs, Brian G Feagan 

Copyright © 2004 Blackwell Publishing Ltd



colleagues have reported on the natural history of patients
with obesity-related cryptogenic cirrhosis.17 They compared
the natural history of 27 patients with obesity-related
cirrhosis with that of 85 patients with chronic hepatitis C-
related cirrhosis matched for age and sex at the time of
diagnosis. Over a median 2·2-year follow up 33% of patients
with cryptogenic cirrhosis died a “liver” death compared with
only 24% of the hepatitis C cases, with mean time to death in
the cryptogenic patients only 9 months compared with over
2 years in the hepatitis C patients. Moreover, the risk of
hepatocellular carcinoma (HCC) – 25% – was similar in the
two groups of patients. This observation is consistent with
several other case reports and series over the past 2 years,18–20

which, taken together, provide strong evidence that the
NAFLD-related cirrhosis is associated with a risk of
developing HCC that appears to be of a similar magnitude to
the risk associated with alcohol and HCV-related cirrhosis,
intermediate between the risks associated with cirrhosis due
to autoimmune diseases and chronic hepatitis B infection.20

This offers at least one plausible explanation for the recently
reported linear association between the risk of liver cancer
and body mass index (BMI).21 The difference between the
prognosis of patients with simple steatosis compared with
those with NASH ± fibrosis has clear implications for both the
investigation and subsequent management of patients with
suspected NAFLD.

Investigation of patients with
suspected non-alcoholic fatty liver disease

The most important issue to consider when devising a
protocol for the investigation of patients with suspected
NAFLD is to consider which (if any) patients warrant a liver

biopsy. This question is best answered by considering the
arguments for and against taking a liver biopsy in the
investigation of patients with suspected liver disease in
general. The first potential justification is that it helps to
establish a diagnosis. In a patient presenting with abnormal
liver function tests (LFTs) in association with the classic risk
factors for NAFLD – obesity, type 2 diabetes mellitus (DM),
hypertension and/or dyslipidemia – and an ultrasound
showing steatosis, the diagnosis of NAFLD can almost
certainly be made with relative confidence without a liver
biopsy after the other common causes of abnormal LFTs have
been excluded by careful history taking (for alcohol intake
and hepatotoxic drugs) and a standard liver “screen”
including serological markers for hepatitis B and C infection,
autoantibodies, serum ferritin, ceruloplasmin and α-1 anti-
trypsin phenotype. As discussed above, several studies have
reported that up to two-thirds of patients presenting with
unexplained abnormal liver blood tests will have NAFLD4,22,23

and it seems likely that this proportion will be even higher in
patients with established risk factors for NAFLD. Much has
been written about how much alcohol intake is “allowed” for
a diagnosis of NAFLD. The only study to have examined this
issue has reported that “light” to “moderate” alcohol intake
reduces the risk of steatosis and NASH in morbidly obese
patients undergoing obesity surgery,24 possibly by reducing
insulin resistance and the risk of type 2 DM.25 In the absence
of strong evidence to the contrary, it therefore appears
reasonable to suggest that a weekly alcohol intake at or below
currently recommended “sensible” limits (21 units for men,
14 units for women) is compatible with a diagnosis of
NAFLD.

The second justification for a liver biopsy in patients with
suspected liver disease is that the histology will provide
prognostic information. As discussed above, this is certainly
the case for patients with suspected NAFLD given the
different prognoses of simple steatosis and more advanced
forms of the disease. Although a number of clinical and
biochemical parameters are undoubtedly associated with an
increased risk of advanced disease, as yet no factor or
combination of factors has been identified that has sufficient
sensitivity and specificity to replace biopsy for reliable disease
staging. With respect to the various imaging modalities, a
recent study comparing ultrasonography, magnetic resonance
imaging (MRI) and computed tomography (CT) in patients
with biopsy-proven NAFLD has shown that all three
modalities are excellent at quantifying the severity of
steatosis, but none can accurately distinguish between
steatosis and NASH ± fibrosis.26

The third reason is that it changes management strategy.
For patients with suspected NAFLD, the observations
indicating different prognoses for the different stages clearly
suggest that different management strategies are appropriate.
For patients with simple steatosis, the commonly associated
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Figure 26.1 Natural history of non-alcoholic fatty liver and
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conditions should be sought and treated appropriately. In
view of their benign prognosis, these patients should probably
be discharged back to their primary care physicians. In
contrast, patients with NASH ± fibrosis, with their increased
propensity for disease progression, require long-term follow
up. Advanced cases (bridging fibrosis or cirrhosis) should be
entered into appropriate screening programs for esophageal
varices and HCC. In a recent case series of patients with
HCC it was reported that patients with NAFLD-related
cirrhosis were less likely to have undergone HCC surveillance
and had larger tumors at diagnosis compared with patients
whose cirrhosis was attributable to other aetiologies.27 Finally,
in the next few years when evidence supporting the use of
newer therapies may be provided by currently ongoing
randomized clinical trials (RCTs), liver biopsy may be required
to determine which patients are suitable candidates for these
“second-line” therapies which will be primarily indicated for
patients with potentially progressive forms of NAFLD.

Risk factors for advanced
non-alcoholic fatty liver disease

If we accept that determining disease severity is critical to
the future management of a patient with probable NAFLD,
and given the large number of such patients currently
presenting to liver outpatient departments, it is important to
consider the clinical and biochemical factors that have been
associated with an increased risk of advanced disease. While
not a replacement for liver biopsy, these factors can help to
identify those patients most likely to have advanced NAFLD
in whom liver biopsy is probably justified. Several studies in
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different groups of patients have identified a number of
independent clinical and laboratory predictors of advanced
fibrosis that can be used to aid the decision of whether or not to
biopsy a patient with suspected NAFLD (Table 26.1).13,24,28,29

Other than the ALT and the aspartate transaminase (AST),
almost all of the predictive factors can essentially be
considered to be part of the metabolic syndrome, with the
presence of the syndrome per se associated with an odds ratio
of 3·5 (CI 1·1 to 11·2) for advanced fibrosis in the most
recent study of 163 patients with biopsy-proven NAFLD.28

Age (greater than 45 or 50 years) has been identified as risk
factor for advanced fibrosis in some,13,29 but not all,24 studies.
This may also be explained, at least in part, by the increased
risk of the metabolic syndrome with increasing age.28 On the
basis of these data, it is reasonable to restrict liver biopsy to
patients with at least some, if not all, of these risk factors. It
has been suggested that biopsy should be reserved for patients
whose abnormal LFTs persist after correction of some of the
predictive factors. However, at present there is no evidence
that patients whose LFTs respond to these maneuvers are less
likely to have advanced disease than patients whose LFTs fail
to improve.

General management strategies

There are no published large RCTs of therapies for NAFLD
on which to base definitive treatment recommendations.
Encouraging results from pilot studies of several treatment
modalities have been reported over the past few years and
many are currently being tested in large RCTs with
histological improvement as their appropriate primary
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Table 26.1 Factors predicting advanced fibrosis (bridging or cirrhosis) in biopsy series of patients with or at risk of
non-alcoholic fatty liver disease 

Factor Predictive cut-off Reference

Age ≥ 45 years 29
≥ 50 years 13

Type 2 diabetes Presence 29
Hypertension ≥ 140/90 mmHg or on treatment 24
Body mass index ≥ 28 kg/m2 13

> 31·1 kg/m2 (men) 32·3 kg/m2 (women) 29
ALT ≥ × 2 upper limit of normal 13

> upper limit of normal 24
AST/ALT ratio > 1 29
Triglycerides ≥ 1·7 mmol/l 13
C-peptide > upper limit of normal 24
Metabolic syndrome Presence of ≥ three features (see Table 26.3) 28

ALT, alanine transaminase; AST, aspartate transaminase



endpoint (Table 26.2). Until results from these trials
become available, it seems sensible to direct management
strategies for patients with NAFLD at the commonly
associated conditions, obesity, type 2 DM, dyslipidemia and
hypertension, now considered to be the main features of the
metabolic syndrome.30 These strategies will undoubtedly
reduce the risk of patients dying from a cardiovascular
cause and may also improve the underlying liver disease. In
addition to managing the metabolic syndrome, since several
drugs have been recognized as causes of NAFLD (for example
amiodarone, tamoxifen),31 these agents should be stopped
if possible, since their withdrawal usually leads to resolution
of the hepatic pathology.31 With respect to alcohol intake,
for reasons outlined above,24 it is reasonable to advise patients
to drink alcohol within currently recommended “sensible”
limits.

Management of the metabolic syndrome

Over the past 4 years several studies have reported that
the majority of patients with NAFLD will have some, if
not all, features of the recently characterized metabolic
syndrome.32–35 The Third Report of the National Cholesterol
Education Expert Panel on Detection, Evaluation and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III (ATPIII)) has recently provided a working
definition of the syndrome based on a combination of five
factors – central obesity, hypertension, abnormal glucose
tolerance, hypertriglyceridemia and low high-density
lipoprotein (HDL) cholesterol (see Table 26.3 for
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definitions).36 Subjects with three or more of these factors are
considered to have the metabolic syndrome. Since patients
with this syndrome have a 30% increased risk of
cardiovascular death in the absence of type 2 DM, and a
40–70% increased risk of cardiovascular death in the
presence of type 2 DM,37 patients with the metabolic
syndrome require treatment of the syndrome regardless of the
severity of any associated NAFLD. First-line management of
patients with the metabolic syndrome consists of lifestyle
interventions with weight loss, increased exercise and
smoking cessation as the primary goals. A large randomized
placebo-controlled trial in over 3000 overweight non-diabetic
individuals showed that intensive dietary and lifestyle
modification directed at achieving modest weight loss (7%)
and including exercise (150 minutes per week) reduced the
incidence of type 2 DM by 58% (95% CI 48% to 66%) over a
mean 2·8 year follow up.38 The incidence of type 2 DM over
100 patient-years was: control 11, lifestyle intervention 4·8
and the NNT (the number of patients needed to be treated
with intensive lifestyle intervention rather than a placebo
for three years to prevent one case of type 2 DM) was 7. 
If the individual components of the syndrome persist despite
these lifestyle modifications they should be treated according
to conventional guidelines, since the treatment of type 2
DM, hypertension and dyslipidemia occurring either in
isolation39–41 or in combination42–44 has been shown in large
RCTs to result in significant reductions in mortality. Recently
evidence has been provided by the Heart Protection Study
Collaborative Group that statin therapy reduces the risk of
major vascular events (major coronary event, stroke or
revascularization) in patients with diabetes irrespective of
their initial cholesterol concentration.44 Patients who have
history of cardiovascular disease or adequately treated
hypertension and are aged 50 years or more, have type 2 DM
or a 10-year coronary heart disease risk of ≥ 5% estimated by
the Joint British Societies Risk Prediction Chart/Programme
and no contraindication, should take aspirin 75 mg daily.45

Although direct evidence from RCTs is currently lacking,
there are good theoretical reasons to believe that treatment
strategies directed at components of the metabolic syndrome
may have beneficial effects on the livers of patients with
NAFLD. As our understanding of the pathogenesis of
NAFLD increases it is likely that the choice of therapy for
hypertension, type 2 DM and dyslipidemia will be influenced
by their perceived or established beneficial hepatic effects.

Treatment directed at achieving
weight reduction

There is a sound theoretical basis for believing that
strategies aimed at achieving and maintaining weight
reduction in patients with NAFLD will improve hepatic
histology. Excessive adipose tissue and the associated insulin
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Table 26.2 Therapeutic strategies for NAFLD/NASH
with evidence of benefit from human studies

Strategy Specific treatment

Weight loss Calorific restriction
Calorific restriction and exercise
Weight-reducing surgery

Insulin sensitization Troglitazone
Pioglitazone (+ vitamin E)
Rosiglitazone
Metformin
Iron depletiona

Lipid lowering Gemfibrozil
Probucola

Antioxidant Betainea

Probucola

Iron depletiona

Hepatoprotection Betainea

aTreatments with more than one potential beneficial effect.
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis



resistance is the primary source of free fatty acids (FFA)
coming into the liver. The combination of an increased hepatic
supply of FFA and hyperinsulinemia leads to the accumulation
of triglyceride and the development of steatosis – the so-called
“first-hit” in NAFLD.46 The increased hepatic FFA oxidation
coupled with the adverse mitochondrial effects of the cytokine
tumor necrosis factor (TNF)-α, also secreted by adipose tissue,
results in oxidative stress – the most likely “second hit”
required for steatosis-related hepatocyte injury and associated
inflammation.46 The hyperinsulinemia associated with obesity
along with several other “adipocytokines” secreted by adipose
tissue including leptin, angiotensinogen and norepinephrine
may also contribute to obesity-related hepatic fibrosis via their
effects on hepatic stellate cells.47

Unfortunately, despite the sound rationale, at present the
evidence that weight loss in patients with NAFLD leads to
improved liver histology, rather than biochemistry, is largely
anecdotal48,49 and, with one exception,50 restricted to
uncontrolled case series. Importantly, several of these series
have demonstrated that too rapid weight loss (usually
following surgery) can lead to an increase in hepatic
necroinflammation and/or portal fibrosis despite a reduction
in steatosis and an improvement in liver blood tests.51,52 The
majority of studies using diet to achieve weight loss relied on
simple calorie restriction with no studies examining the value
of specific diets. This may be an area for future study since
both the saturated fat content of the diet and the fiber intake
are known to influence insulin resistance,53 and a diet high in
saturated fat appears to be a risk factor for NASH in obese
individuals.54 The value of exercise in achieving and
maintaining weight loss is now well established and the
only controlled study of weight loss that has achieved an
improvement in histology in treated patients (only steatosis
was significant) combined 3 months of increased exercise with
moderate calorie restriction.50 The addition of exercise to
calorie restriction makes physiological sense, since exercise

reduces the FFA and triglyceride content of skeletal muscle
cells resulting in a reduction in insulin resistance.

As regards “non-lifestyle” interventions for obesity, there
are currently three drugs available as adjuncts to dietary
therapy in weight reduction: phentermine, sibutramine and
orlistat.53 The National Heart, Lung, and Blood Institutes
(NHLBI) and National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) guidelines for the management of
obesity currently recommend that pharmacotherapy be added
to lifestyle modification for patients with a BMI ≥ 30 kg/m2

and no comorbidity, and ≥ 27 kg/m2 for patients with
obesity-related comorbidity. As yet there is no evidence from
RCTs that any of these agents are beneficial in the
management of NAFLD. However, a recent observational
study of 6 months of orlistat therapy in patients with NASH
has shown improvement in both steatosis and fibrosis,55 and
large RCTs are currently ongoing. In addition patients
with morbid obesity (BMI ≥ 35 kg/m2) may be candidates for
weight-reducing surgery; either proximal gastric bypass or
laparoscopically placed adjustable gastric banding. Jejuno-
ilieal bypass has been abandoned, mainly due to the high
frequency of severe NASH and subsequent liver failure. As
discussed previously, liver failure6,7 and a deterioration in
histology51,52 has been reported to occur in association with
the rapid weight loss that follows gastric bypass surgery and
patients therefore require careful assessment and monitoring
prior to and following this procedure.

In the absence of data from RCTs, at present it seems
appropriate to advise obese patients with NASH to lose
weight by combining moderate calorie restriction with
increased exercise. Based on the NHLBI-NIDDK guidelines
they should aim to lose 10% of their baseline weight at a rate
of 500 g–1 kg/week. Patients should be advised against more
rapid weight loss in view of the risks of exacerbating liver
damage. Diet should be based on a normal “heart-healthy”
diet or a standard diabetic diet where indicated.53 The use of
adjunctive pharmacotherapies should be considered for
markedly obese patients (BMI ≥ 30 kg/m2) who fail to lose
weight despite these measures. For less obese patients with
NASH they should only be used in the context of a clinical
trial. Morbidly obese patients may be considered for surgery
and require careful monitoring in view of the potential risk of
precipitating liver failure.

Treatment directed at associated
diabetes mellitus/insulin resistance

In overweight patients with NAFLD and type 2 DM, tight
glycemic control with metformin is recommended since this
has been shown to reduce the risk of diabetes-related
microvascular complications, diabetes-related death and
all-cause mortality.39 This beneficial effect is greater than
that obtained with either insulin or sulfonylureas.39 There is,
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Table 26.3 Components of the metabolic syndromea

(ATP III recommendations)36

Component Defining level

Glucose intolerance Fasting glucose ≥ 6·1 mmol/l or
known type 2 diabetes mellitus

Central obesity Waist circumference > 102 cm
(men); > 88 cm (women) 

Hypertension ≥ 130/85 mm Hg or on treatment
Hypertriglyceridemia Fasting triglyceride > 1·7 mmol/l

or current use of fibrates
Low HDL-cholesterol < 1·0 mmol/l (men); < 1·3 mmol/l

(women)

aMetabolic syndrome is defined by the presence of three or
more of these features.
HDL, high density lipoprotein; ATP, Adult Treatment Panel



however, currently no evidence that improving glycemic
control with metformin or any other agent leads to an
improvement in hepatic histology in diabetic patients with
NASH. Despite this, recent reports that insulin resistance is a
universal finding in patients with NASH,32,35,56 along with
increasing evidence that insulin resistance and the associated
hyperinsulinemia may play a role in the pathogenesis of
advanced NAFLD47 has led to pilot studies of metformin and
other insulin-sensitizing agents in NAFLD patients with and
without diabetes. A further attraction of these drugs in
NAFLD is that they appear to exert their insulin-sensitizing
effect by reducing hepatic and muscle steatosis.57,58

Whilst there is, as yet, no direct evidence that the use of
insulin or sulfonylureas has any adverse effect on the liver of
diabetic patients, the putative role of insulin in the
pathogenesis of steatosis and fibrosis in NAFLD suggests that
these agents should be avoided if glycemic control can be
achieved with other treatment modalities. 

Metformin

Metformin is a member of the biguanide class of drugs. It
appears to improve insulin resistance by reducing the fat
content of liver and muscle through activation of the enzyme
adenine monophosphate (AMP)-dependent protein kinase
that results in increased mitochondrial FFA oxidation and
decreased FFA and very-low-density lipoprotein (VLDL)
synthesis.57 In the ob/ob mouse, an animal model of fatty
liver, metformin reverses hepatomegaly and steatosis and
improves liver biochemistry.59 Intrahepatic expression of
TNF-α and several TNF-α inducible factors are also reduced
by metformin in this model. In two recent pilot studies,
metformin given for 3–6 months to non-diabetic patients with
NASH was associated with a significant improvement in ALT,
glucose disposal, BMI, and hepatomegaly (assessed by CT)
compared with non-compliant patients.60,61 Large RCTs
of metformin are currently ongoing in Europe and North
America.

Thiazolidinediones

Thiazolidinediones are a new class of anti-diabetic drug
that act as agonists for peroxisome proliferator activated
receptor γ (PPARγ) and improve insulin sensitivity at least in
part via anti-steatotic effects in liver and muscle.58 They also
exert anti-inflammatory effects in vitro62 and antifibrotic
effects in vitro and in vivo.63 Pilot studies have been carried
out with three members of this class of drug in patients with
NAFLD. In the first, troglitazone was given to 10 patients
with NASH for 3–6 months64; one patient had type 2 DM and
three had cirrhosis. ALT levels improved in nine patients and,
although features of NASH remained in the post-treatment
liver biopsies, the grade of necroinflammation improved in
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five patients and deteriorated in only one patient.
Troglitazone has, however, been associated with rare cases of
severe hepatotoxicity and has now been withdrawn from the
market. The second thiazolidinedione, rosiglitazone, does not
appear to be associated with hepatotoxicity. In a recent
uncontrolled pilot study in 22 patients with NASH including
7 with type 2 DM, 48 weeks of therapy led to improved
insulin sensitivity and ALT levels, with the histological fibrosis
score improving in 8 patients, deteriorating in 3 and
remaining unchanged in 11.65 Of some concern was the
observation that 67% of patients gained weight with a mean
increase of 7·3%. Pioglitazone, the third member of this class
of drug, has also been shown to improve steatosis and liver
cell injury (ballooning and Mallory’s hyaline) in non-diabetic
patients with NASH when given for 6 months in combination
with vitamin E.66 In this randomized study no significant
changes were observed with vitamin E alone. In a further
pilot study of 18 non-diabetic NASH patients, pioglitazone,
given for 48 weeks improved histology on two-thirds of
patients.67 Importantly one patient in two of these studies had
therapy withdrawn as a result of a rising ALT. Therefore
concern over the safety of these drugs remains a significant
issue that can only be addressed by currently ongoing large
RCTs. 

IκB kinase inhibitors

Recent evidence from animal models demonstrating a role
for IκB kinase (IKK) in insulin resistance and an improvement
in fat-induced skeletal muscle insulin resistance with
salicylate,68 an IKK inhibitor, suggests that selective IKK
inhibition may be the next therapeutic strategy directed
at improving insulin sensitivity. Since IKK inhibition will
also reduce the expression of several NFκ-B-dependent
proinflammatory cytokines and adhesion molecules, once
developed, these inhibitors may be particularly useful for the
treatment of NASH.

At present there is not enough evidence to support the
routine use of antidiabetic agents in non-diabetic patients
with NASH, although such evidence may be forthcoming
from ongoing RCTs. At present, for patients with NASH and
type 2 DM, it would seem reasonable to suggest that, where
treatment with oral hypoglycemic agents is indicated for
“conventional” reasons, insulin sensitizers such as metformin
are the preferred drugs, particularly in obese patients.

Treatment directed at
associated lipid abnormalities

Dyslipidemia, particularly hypertriglyceridemia is present
in between 20% and 80% of patients with NAFLD. As with
weight loss and insulin sensitizers, there is good scientific
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rationale supporting the use of fibrates – the conventional
triglyceride-lowering agents – in patients with NAFLD. 
Fibrates are agonists for PPAR-α receptors, transcription
factors that upregulate the transcription of genes encoding
a variety of FFA oxidizing enzymes in mitochondria,
peroxisomes and endoplasmic reticulum.69 The use of potent
PPAR-α agonists ameliorates liver injury in the methionine-
choline deficient (MCD) animal model of NASH and PPAR-α
“knockout” mice develop more severe disease.70 Several
observational studies have examined the effect of lipid-
lowering agents on parameters of liver function in patients
with NAFLD. However, in the only small observational study
in which there was histological follow up, 1 year of clofibrate
therapy had no effect on liver biochemistry or histology.71

Combined PPAR-α/PPAR-γ agonists have recently been
developed and have been shown to improve insulin
sensitivity and reduce hepatic steatosis in fat-fed rats.72 These
agents have great potential for the treatment of NAFLD and
the results of clinical trials are awaited with interest. There is
no rationale for the use of HMG CoA reductase inhibitors
(“statins”) in the treatment of NAFLD. However, they should
be prescribed for the “conventional” indications including
type 2 DM regardless of cholesterol concentration.44

Importantly there is no evidence that patients with NAFLD
are more likely to suffer from statin-induced idiosyncratic
hepatotoxicity.

Antihypertensive therapy

Hypertension should be sought and treated appropriately in
patients with NAFLD, particularly those with type 2 DM in
whom tight blood pressure control (< 140/80 mmHg) with
an angiotensin converting enzyme (ACE) inhibitor or a
β-blocker significantly reduces the risk of cardiovascular
morbidity, sudden death, stroke and peripheral vascular
disease.42,43 No studies have specifically examined the effect
of different antihypertensive agents on the livers of
hypertensive patients with NAFLD. However, recent
evidence that angiotensin 2 receptor antagonists and ACE
inhibitors are antifibrotic in animal models of hepatic
fibrosis,73 suggests that these agents are worth examining in
clinical trials. In the meantime, in the absence of
contraindications, these drugs may be considered as the drugs
of choice for hypertensive patients with NAFLD. 

Liver-specific therapies

In view of the difficulties in achieving weight loss in
patients with NASH, the concern over the potential toxicity of
insulin-sensitizing agents, and the apparent lack of efficacy of
hypolipidemic drugs, it is not surprising that investigators have
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begun to examine the effects of alternative forms of therapy
for patients with NASH. The rationale for these studies, most
of which are at the animal model or “pilot” stage, has been
based either on reducing the severity of the putative second
hits – oxidative stress and endotoxin-mediated cytokine
release44 – or on the use of general hepatoprotective agents.

Antioxidants

The accumulating body of evidence supporting a role for
oxidant stress in the pathogenesis of NASH44 has lead to trials
of several agents, whose potential beneficial effects might be
attributed, at least in part, to their antioxidant effects. In a
recent placebo-controlled RCT, probucol, a lipid-lowering
agent with antioxidant properties, led to a significant
reduction in ALT and AST in 30 patients with biopsy-proven
NASH.74 No histological follow up was done. Betaine is
required for the hepatic synthesis of S-adenosylmethionine,
which, in addition to being an important donor of methyl
groups, is a precursor of glutathione (GSH), an important
intracellular antioxidant. Betaine given to seven patients with
NASH for 1 year led to a significant improvement or
normalization of serum ALT levels and to improved or
unchanged histological parameters (steatosis, necroinflamma-
tion and fibrosis).75 Vitamin E, (α-tocopherol), is a lipid-
soluble antioxidant particularly effective against oxidative
attack on membrane phospholipids. Vitamin E (400–1200 IU/
day) given to 11 children with NAFLD for 4–10 months, led
to a significant improvement in liver biochemistry. 
However, in this study there was no pre or post-treatment
histological assessment.76 In adults, two small pilot studies of
oral vitamin E have reported non-significant improvements in
histology after 666 and 1277 months. However, a recent
small RCT of vitamin E combined with vitamin C found no
difference in the proportion of patients with improvement in
their fibrosis score between the drug and placebo groups,
although this study may have lacked power to show a benefit
from this intervention, should it exist.78 Finally, the recently
reported improvement in liver biochemistry in non-iron
overloaded patients with clinical evidence of NASH following
phlebotomy to near iron depletion has been attributed to a
reduction in iron-mediated oxidative stress as well as to
improved insulin sensitivity.79

Anti-endotoxin/cytokine therapy

At present, studies examining therapies for NASH based on
reducing levels of gut-derived endotoxin or on the resulting
release of TNF-α from Kupffer cells have been restricted to
the ob/ob leptin-deficient, murine model of NASH.80 Studies
with probiotics and anti-TNF antibodies have, however, been
encouraging and pilot studies with the anti-TNF-α agent
pentoxifylline are ongoing.

B4

B4

B4

Alc

Non-alcoholic fatty liver disease

399



Ursodeoxycholic acid 

Ursodeoxycholic acid (UCDA) is the epimer of
chenodeoxycholic acid and appears to replace endogenous,
hepatotoxic bile acids. UDCA has membrane stabilizing or
cytoprotective, immunological and anti-apoptotic effects.
Initial observational studies evaluating the therapeutic benefit
of UDCA (10–15 mg/kg per day) in patients with NASH
reported a significant improvement or normalization of liver
test results and a reduction in the degree of steatosis in
the only study with post-treatment histology.71,81 However,
a recent large placebo-controlled randomized trial in
166 patients with NASH has shown no benefit of 2 year
long therapy with UDCA (13–15 mg/kg per day). 82 Weight
was stable in both groups. In 107 paired biopsies, changes in
the degree of steatosis, necroinflammation and fibrosis were
not different between UDCA and placebo. 

Liver transplantation for patients
with non-alcoholic fatty liver disease

Patients with NAFLD that progress to decompensated
cirrhosis or who develop HCC are candidates for liver
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transplantation. Unsurprisingly, steatosis recurs in the majority
of patients by 4 years, with 50% developing recurrent NASH
and fibrosis, and cases of recurrent cirrhosis are also
reported.83,84 Risk factors for recurrence are the presence of
insulin resistance/type 2 DM pre and post-transplantation,
weight gain post-transplantation and cumulative steroid
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Improvement

Improvement in liver
blood tests

“2nd-line therapy”
or entry into RCT

No risk factors
for fibrosis

Risk factors
For fibrosis

Liver biopsy

NAFL NASH

Treat metabolic syndrome:
Lifestyle measures
Metformin for T2DM
Statins/fibrates (if indicated)
? Angiotensin 2 receptor blockers
or ACE inhibitors for hypertension

Treat metabolic syndrome:
(+ varices and HCC screening

if advanced fibrosis)

? discharge

Probable NAFLD

Figure 26.2 Management strategy for patient presenting with suspected non-alcoholic fatty liver disease. It is assumed that these
patients have had other causes of abnormal liver blood tests excluded by history (for alcohol excess and hepatotoxic drugs) and
serology (for autoimmune disease and viral hepatitis) and have steatosis detected on abdominal ultrasound. ACE, angiotensin
converting enzyme; HCC, hepatocellular carcinoma; RCT, randomized controlled trials; T2DM, type 2 diabetes mellitus;
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; HCC, hepatocellular carcinoma

Table 26.4 Minimum requirements for clinical trials of
NASH therapy

Study parameter Requirement

Basic design Double-blind, randomized, controlled 
Entry criteria Recent biopsy evidence of NASH

Drinking within “sensible” alcohol limits
Secondary causes of NASH and other

primary liver diseases excluded
Patient numbers Sufficient for adequate statistical power
Study duration At least a year, preferably 2 years
Stratification For presence of type 2 diabetes mellitus
Primary study Improvement in fibrosis stage

endpoints Improvement in necroinflammation grade
Secondary Quality of life

endpoints Cost benefit



dose.84 These factors clearly suggest several strategies aimed at
reducing the frequency of disease recurrence in a group of
patients that seem likely to contribute increasing numbers to
transplant programs in the future.

Conclusions

At present there is no established therapy for NAFLD based
on evidence from large, RCTs. Treatment for all patients,
whatever the severity of their disease, should therefore be
directed at the associated risk factors: obesity, type 2 DM,
hyperlipidemia and hypertension. This strategy will reduce
morbidity and mortality and may also be beneficial to the liver.
Patients with one or more risk factors for advanced NAFLD
should probably undergo liver biopsy to determine their
disease stage. Patients with advanced fibrotic disease should
be followed up and enter surveillance programs for varices and
HCC. For the future, studies in animal models of NAFLD and
pilot studies in humans have reported encouraging data for a
variety of novel treatment strategies based on our increasing
understanding of disease pathogenesis. It is hoped that within
the next few years results from currently ongoing large clinical
trials of these strategies (Table 26.4) will provide a firm
evidence base for the use of safe, well-tolerated lifestyle
modifications and/or pharmaceutical agents with beneficial
effects on liver histology, currently the best available surrogate
marker for long-term prognosis.77 An overall management
strategy for patients presenting with suspected NAFLD is
suggested in Figure 26.2.
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Introduction

Hemochromatosis is the most common genetic disease in
populations of European ancestry. Despite estimates in
different countries ranging from 1 in 100 to 1 in 300,
hemochromatosis is still considered by many physicians to be a
rare disease. The diagnosis can be difficult because of the
non-specific nature of the symptoms. The discovery of the
hemochromatosis gene in 1996,1 has led to new insights into
the pathogenesis of the disease and new diagnostic strategies.2

Pathogenesis of hemochromatosis

There is increasing evidence that the HFE protein produced
by the hemochromatosis gene interacts with the transferrin
receptor on the cell membrane to control intracellular iron
concentration. The typical C282Y mutation of the HFE gene
seen in hemochromatosis results in a conformational change in
the HFE protein and intracellular iron decreases. As the iron-
depleted cells in the intestinal crypts migrate to the tips of the
villi of the duodenum, another gene is activated, DMT1, which
facilitates increased iron absorption. A new iron transporter
gene, ferroportin 1, which exports iron out of the cells into the
circulation has also been implicated in the pathogenesis of iron
overload. Hepcidin is a regulatory hormone produced in the
liver which may be abnormally regulated in hemochromatosis.3

Experiments in knockout mice models for a variety of iron-
related genes have demonstrated the importance of multiple
genes and proteins in the phenotypic expression of iron
overload.4 Therefore it is likely that the control of iron
absorption is a cascade of events similar conceptually to blood
coagulation or complement activation.5,6

Diagnosis of hemochromatosis

A paradox of genetic hemochromatosis is the observation
that the disease is underdiagnosed in the general population

with hemochromatosis, and overdiagnosed in patients with
secondary iron overload.

Underdiagnosis of hemochromatosis

Population studies using genetic testing in patients of
northern European ancestry have demonstrated a prevalence
of C282Y homozygotes of approximately 1 in 200. The fact
that many physicians consider hemochromatosis to be
rare implies either a lack of penetrance of the gene (non-
expressing homozygote) or a large number of patients that
remain undiagnosed in the community.

A major problem in the diagnosis of hemochromatosis is
the lack of symptoms and the non-specific nature of the
symptoms. An elderly patient who presents with joint
symptoms and diabetes is not often considered to have
genetic hemochromatosis. The presenting features vary
depending on age and sex but fatigue is the most common
complaint. Women are more likely to have fatigue, arthralgia
and pigmentation rather than liver disease.7

Diagnostic tests for hemochromatosis

Serum iron

An elevated serum iron is found in most but not all cases.
Serum iron can vary throughout the day and it has been
estimated that approximately 5–10% of homozygotes have a
normal serum iron.8

Transferrin saturation

The transferrin saturation is the serum iron/total iron
binding capacity. The transferrin saturation has a sensitivity of
greater than 90% for hemochromatosis in referral studies of
iron loaded patiients, however, in population studies the
sensitivity may be as low as 50%.9,10 A fasting value has even
greater predictive value but may not always be practical. The
transferrin saturation is often elevated even in children or
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young adults with hemochromatosis before the development
of iron overload and a rising ferritin. The threshold to pursue
further diagnostic studies has varied from 45% to 62% in
previous studies. A lower threshold picks up more patients
with hemochromatosis but also leads to more investigations
in patients without hemochromatosis. A higher threshold
leads to fewer investigations overall with a greater possibility
of missing some patients. These concepts are most relevant
when considering population screening.11

Serum ferritin

The relationship between serum ferritin and total body iron
stores has been clearly established by strong correlations with
hepatic iron concentration and amount of iron removed by
venesection.12 However, ferritin can be elevated secondary to
chronic inflammation and histiocytic neoplasms. A major
diagnostic dilemma in the past was whether the serum
ferritin was related to hemochromatosis or another
underlying liver disease such as alcoholic liver disease,
chronic viral hepatitis or non-alcoholic steatohepatitis. It is
likely that many of these difficult cases will now be
resolved by genetic testing. Large population studies
have demonstrated that a mild elevation in ferritin
(300–1000 micrograms/l) is very common, and may be
related to obesity with steatohepatitis, regular alcohol
consumption or inflammation.

Iron removed by venesection

Since hemochromatosis has usually been diagnosed when
symptoms developed in the fifth or sixth decade, patients had
significant iron overload at the time of diagnosis. The removal
of 500 ml of blood weekly (0·25 g iron) was well tolerated
often for years without the development of significant
anemia. If a patient became anemic (hemoglobin < 100 g/l)
after only six venesections, it suggested mild iron
overload incompatible with the diagnosis of hereditary hemo-
chromatosis. These guidelines may no longer apply as
population and pedigree studies uncover patients in the
second and third decade.13 At our center, only 71% of
homozygotes would have met the arbitrary criterion that
more than 5 g of iron (20 venesections) were removed
without anemia.14 This is a historical diagnostic criterion for
hemochromatosis which is no longer relevant in the era of
genetic testing.

Liver biopsy

Liver biopsy has been the “gold standard” diagnostic test
for hemochromatosis and has shifted from a diagnostic tool to
a prognostic guide. The need for liver biopsy seems less
apparent in the young asymptomatic patient with a low
clinical suspicion of cirrhosis based on history, physical
examination and iron studies. Clinical guidelines have been

suggested, such as a serum ferritin < 1000 micrograms/l or
age < 40 years to reduce the need for liver biopsy.15 Clinical
judgment and assessment of concomitant risk factors (alcohol,
viral hepatitis) would be a better guide for the need for liver
biopsy rather than an arbitrary threshold. Most non-cirrhotic
patients with hemochromatosis have serum ferritin < 1000
micrograms/l and a normal aspartate transaminase (AST).16

Cirrhosis can be predicted non-invasively in C282Y
homozygotes if the serum ferritin is > 1000 micrograms/l,
the platelet count is less than 200 × 106/l and the AST
is > 40 U/l.17

Patients with cirrhosis have a 5·5-fold relative risk of death
compared with non-cirrhotic hemochromatosis patients.18,19

Cirrhotic patients are also at risk of hepatocellular carcinoma.
The mean age of cirrhotic patients with hepatocellular
carcinoma was 68 years in a Canadian series but was lower in
Italian patients with concomitant viral hepatitis.20 Although
early detection has been clearly demonstrated by serial
ultrasound and α-fetoprotein determination, curative
treatment options remain limited. An elderly cirrhotic patient
may not withstand a major resection and the residual
cirrhotic liver remains a fertile ground for new tumor
development. Organ shortages often preclude the possibility
of immediate liver transplantation although living related
adult liver transplantation may improve this situation in the
future.

Hepatic iron concentration and hepatic iron index

The traditional method of assessing iron status by liver
biopsy uses the semi-quantitative staining method of Perls.
However, when moderate iron overload is present, the
degree of iron overload can be difficult to interpret. Iron
concentration can be measured using atomic absorption
spectrophotometry. This can be done on a piece of paraffin
embedded tissue so special preparation is not required at the
time of the biopsy. An advantage of cutting the tissue from
the block is that one can be more certain that the tissue
assayed is the same as the tissue examined microscopically.
The normal reference range for hepatic iron concentration is
0–35 µmol/g dry weight (< 2000 micrograms/g). The hepatic
iron concentration (µmol/g) divided by age (years) is the
hepatic iron index. Before genetic testing became available,
this was demonstrated by Bassett et al. to be a useful test in
differentiating the patient with genetic hemochromatosis
from the patient with alcoholic siderosis.21 The index remains
a useful test in this clinical setting but has been extrapolated
to be a diagnostic criterion for hemochromatosis. A threshold
of 1·9 for the hepatic iron index had a 91% sensitivity for
hemochromatosis and area under the receiver operating
characteristic curve was 0·94 (95% CI 0·9 to 0·99).22 Early
diagnosis in population screening and pedigree studies have
led to the recognition of many homozygotes with a hepatic
iron index > 1·9.23 Increasing awareness of the concept of
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moderate iron overload in cirrhosis of any etiology has
demonstrated many patients without hemochromatosis who
have a hepatic iron index > 1·9.24 The hepatic iron index has
therefore become less useful with the advent of genetic
testing. The commentary on liver biopsy reports that the
hepatic iron index is > 1·9, confirming a diagnosis of genetic
hemochromatosis should be strongly discouraged.

Imaging studies of the liver

Magnetic resonance imaging (MRI) can demonstrate
moderate to severe iron overload of the liver. The technology
is advancing and it is possible that eventually it may become
as precise as hepatic iron determination.25 Proponents of MRI
have emphasized the non-invasive nature of the test for the
diagnosis and alleviated need for liver biopsy. As previously
discussed, the role of liver biopsy has now shifted from a
diagnostic tool to a prognostic tool. It is likely that the
presence of an elevated ferritin with a positive genetic test
will satisfy the non-invasive clinician more than an MRI study.
MRI can also demonstrate the clinical features of cirrhosis
such as nodularity of the liver, ascites, portal hypertension
and splenomegaly as well as hepatocellular carcinoma.
These features can be more readily assessed by abdominal
ultrasound at a lower cost.

Genetic testing for hemochromatosis

A major advance which stems from the discovery of the
hemochromatosis gene, is the diagnostic genetic test. The
original publication reported that 83% of a group of patients
with suspected hemochromatosis had the characteristic C282Y
mutation of the HFE gene. In this report, the gene was called
HLA-H but this name was later changed to HFE.1 The C282Y
mutation is also reported as 845A in some laboratories
reflecting the base pair change rather than the amino acid
change. Subsequent studies in well defined hemochromatosis
pedigrees reported that 90–100% of typical hemochromatosis
patients had the C282Y mutation.14,22,26–28 (Table 27.1).
The presence of a single mutation in most patients was in
marked contrast to other genetic diseases in which multiple
mutations have been discovered (cystic fibrosis, Wilson disease,

α-1-antitrypsin deficiency). A second minor mutation, H63D,
was also described in the original report.1 This mutation does
not cause the same intracellular trafficking defect of the HFE
protein and many homozygotes for H63D have been found
without iron overload in the general population. Compound
heterozygotes (C282Y/H63D) may resemble homozygotes
with mild to moderate iron overload.32,33

The interpretation of the genetic test in several settings is
shown in Box 27.1. The test may also be performed on DNA
extracted from paraffin embedded tissue such as liver
explants. Studies of explanted livers have demonstrated that
many liver transplant patients classified as hemochromatosis
patients are negative for the C282Y mutation.34 This suggests
that those patients may have had iron overload secondary to
chronic liver disease rather than hemochromatosis. Therefore
any interpretation of iron reaccumulation post liver transplant
for hemochromatosis must be done with caution.

Genetic discrimination is a concern with the widespread
use of genetic testing. A positive genetic test even without
iron overload could disqualify a patient for health or life
insurance. In the case of hemochromatosis, the advantages
of early diagnosis of a treatable disease outweigh the
disadvantages of genetic discrimination.

Genotypic–phenotypic correlation in hemochromatosis If
we define the presence of homozygosity for the C282Y
mutation as the new gold standard for hemochromatosis, it
provides for the first time a benchmark for the assessment of
the phenotypic diagnostic tools that have been used for
decades. In one study transferrin saturation, ferritin, hepatic
iron index and iron removed by venesection were evaluated in
putative homozygotes. Ninety-five percent (122/128) patients
were homozygous for the C282Y mutation. The hepatic iron
index was > 1·9 in 91·3% of these cases, transferrin saturation
> 55% in 90%, serum ferritin > 300 micrograms/l in 96% of
men and > 200 micrograms/l in 97% of women, and iron
removed > 5 g in 70% of men and 73% of women. Four
homozygotes for C282Y had no biochemical evidence of iron
overload. The sensitivity of the phenotypic tests in decreasing
order was: serum ferritin, hepatic iron index, transferrin
saturation and iron removed by venesection. Although the
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Table 27.1 Prevalence of C282Y homozygotes in hemochromatosis studies

Source Population Country C282Y Homozygotes n/N (%)

Adams and Chakrabarti14 Suspected clinical diagnosisa Canada 122/128 (95)
Feder et al.1 Suspected clinical diagnosis USA 148/178 (83)
Beutler et al.30 Suspected clinical diagnosis USA 121/147 (82)
Jouanelle et al.26 Suspected clinical diagnosis France 59/65 (93)
Carella et al.29 Suspected clinical diagnosis Italy 48/75 (64)
UK Haemochromatosis Consortium28 Suspected clinical diagnosis UK 105/115 (91)
Jazwinzka et al.31 Family studies Australia 112/112 (100)

aSuspected clinical diagnosis includes isolated iron loaded probands and probands with discovered relatives.



genetic test is useful in the diagnostic algorithm (Figure 27.1),
this study demonstrated both iron loaded patients without the
mutation and homozygous patients without iron overload.14

Non-expressing homozygotes As genetic testing becomes
more widespread an increasing number of persons have been
found with the hemochromatosis gene without iron
overload.35 Large scale population studies in North America
and northern Europe have demonstrated that approximately
50% of C282Y homozygous women and 86% of homozygous
men will have an elevated ferritin. It is apparent that the
prevalence of HFE mutations far exceeds the prevalence of
biochemical iron overload and clinical symptoms attributable
to hemochromatosis. Patients who are homozygous for the
C282Y mutation should be considered at risk of developing
iron overload but if there are no abnormalities in transferrin
saturation or ferritin in adulthood, it seems more likely that
they are non-expressing homozygotes rather than patients
who will develop iron overload later in life.36

Family studies in hemochromatosis Once the proband
case is identified and confirmed with genetic testing for the
C282Y mutation, family testing is imperative. Siblings have a
one in four chance of carrying the gene and should be
screened with the genetic test and serum ferritin. The risk to
a child is dependent on the prevalence of heterozygotes in the
community and is probably greater than 1 in 20 and much

lower if the spouse is non-Caucasian. A cost effective strategy
now possible with the genetic test is to test the spouse for the
C282Y mutation to assess the risk in the children. If the
spouse is not a heterozygote or homozygote, the children will
be obligate heterozygotes. This assumes paternity and no
other gene or mutation causing hemochromatosis. This
strategy is particularly advantageous where the children
are geographically separated or may be under a different
physician or healthcare system.37 Genetic testing in general
raises many perplexing questions such as premarital testing,
in utero testing, and paternity issues which have not yet been
tested in hemochromatosis.

If an isolated heterozygote is detected by genetic testing, it
is recommended to test siblings. Extended family studies are
less revealing than a family study with a homozygote but
more likely to uncover a homozygote than random population
screening.

It is important to remember that there will be patients
with a clinical picture indistinguishable from genetic
hemochromatosis who will be negative for the C282Y
mutation. Most of these patients will be isolated cases
although a few cases of familial iron overload (ferroportin and
transferrin receptor 2 mutations) have been reported with
negative C282Y testing.29 A negative C282Y test should
alert the physician to question the diagnosis of genetic
hemochromatosis and reconsider secondary iron overload
related to cirrhosis, alcohol, viral hepatitis or iron loading
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Box 27.1 Interpretation of C282Y genetic testing for hemochromatosis

C282Y homozygote: This is the classic genetic pattern that is seen in > 90% of typical cases. Expression of disease ranges
from no evidence of iron overload to massive iron overload with organ dysfunction. Siblings have a 1 in 4 chance of being affected
and should have genetic testing. For children to be affected the other parent must be at least a heterozygote. If iron studies are
normal, false positive genetic testing or a non-expressing homozygote should be considered

C282Y/H63D (compound heterozygote): This patient carries one copy of the major mutation and one copy of the minor
mutation. Most patients with this genetic pattern have normal iron studies. A small percentage of compound heterozygotes have
been found to have mild to moderate iron overload. Severe iron overload is usually seen in the setting of another concomitant risk
factor (alcoholism, viral hepatitis)

C282Y heterozygote: This patient carries one copy of the major mutation. This pattern is seen in about 10% of the Caucasian
population and is usually associated with normal or mildly increased iron studies. In rare cases the iron studies are high in the
range expected in a homozygote rather than a heterozygote. These cases may carry an unknown hemochromatosis mutation and
liver biopsy is helpful to determine the need for venesection therapy

H63D homozyote: This patient carries two copies of the minor mutation. Most patients with this genetic pattern have normal
iron studies. A small percentage of these cases have been found to have mild to moderate iron overload. Severe iron overload is
usually seen in the setting of another concomitant risk factor (alcoholism, viral hepatitis)

H63D heterozygote: This patient carries one copy of the minor mutation. This pattern is seen in about 20% of the Caucasian
population and is usually associated with normal iron studies. This pattern is so common in the general population that the
presence of iron overload may be related to another risk factor. Liver biopsy may be required to determine the cause of the iron
overload and the need for treatment in these cases

No HFE mutations: There are currently some new mutations associated with iron overload that are being studied in research
laboratories (ferroportin, transferrin receptor 2). There will likely be other hemochromatosis mutations discovered in the future. If iron
overload is present without any HFE mutations, a careful history for other risk factors must be reviewed and liver biopsy may be
useful to determine the cause of the iron overload and the need for treatment. Many of these cases are isolated, non-familial cases



anemias. If no other risk factors are found, the patient
should begin venesection treatment similar to any other
hemochromatosis patient.

Population screening

Soon after the development of the genetic test for
hemochromatosis, it seemed that hemochromatosis would be
an ideal disease for population screening. It seemed to have a
high prevalence, could be detected with low cost iron tests,
confirmed by a specific genetic test and easily be treated.38

Hemochromatosis meets many of the guidelines established
by the World Health Organization for screening (Table 27.2).
Large population screening studies have been done in North
America, Europe and Australia using a variety of approaches
and patient populations. Several population studies have
included large control populations with no HFE mutations
(wild type). In one study of 41 038 patients attending a
health appraisal clinic in San Diego there were no apparent
differences in the symptoms of arthritis, fatigue, diabetes,

pigmentation or impotence between C282Y homozygotes
and the control participants. Liver disease appeared to be
slightly more prevalent in the C282Y homozygotes.39,40 In
another large screening study with control wild type
participants, liver disease was more common in male C282Y
homozygotes and arthralgia and infertility in female C282Y
homozygotes.41 The screening of 65 238 patients in Norway
led to 147 liver biopsies and found only four men and
no women with cirrhosis.9,42 A consistent finding has
been a significant percentage of non-expressing C282Y
homozygotes. Iron overload in non-Caucasian populations is
under investigation in the Hemochromatosis and Iron
Overload Screening (HEIRS) study which will screen 100 000
primary care patients in North America. Preliminary results
have confirmed the rarity of the C282Y mutation in African-
Americans, Asians and Hispanics, and Pacific Islanders.
Hyperferritinemia is common in Asian men.43 Universal
screening is unlikely to be widely implemented but selective
screening in high risk populations such as men of northern
European ancestry may be a preferred strategy. Other
strategies include more intense physician and patient
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Patient has clinical features
suggesting hemochromatosis
and elevated transferrin
saturation and/or serum ferritin 

C282Y and H63D genotyping

C282Y homozygote C282Y heterozygote
C282Y/H63D

H63D homozygote
No HFE mutations
H63D heterozygote

Ferritin < 1000 
micrograms/l

AST, ALT normal

Ferritin > 1000 
micrograms/l

AST, ALT elevated

Reassess other causes of
iron overload

Liver biopsy with elevated
liver iron concentration

Weekly phlebotomy until
serum ferritin = 

50 micrograms/l; genetic 
counseling family studies

Figure 27.1 Diagnostic algorithm for a patient suspected of having hemochromatosis. AST, aspartate transaminase; ALT, alanine
transaminase



education about iron overload and extended pedigree
studies.44

Treatment of hemochromatosis

Patients are initially treated by the weekly removal of
500 ml of blood. Patients attend either a blood transfusion
service where red cells and plasma are used for transfusion or
an ambulatory care facility. The venesection is carried out by
a nurse using a kit containing a 16-gauge straight needle and
collection bag (Blood Pack MR6102). Blood is removed with
the patient in the reclining position over 15–30 minutes. A
hemoglobin is done at the time of each venesection. If the
hemoglobin decreases to less than 100 g/l the venesection
schedule is modified to 500 ml every other week. Serum
ferritin is measured periodically (every 3 months in severe
iron overload, monthly in mild iron overload) and weekly
venesections are continued until the serum ferritin is
approximately 50 micrograms/l. Transferrin saturation often
remains elevated despite therapy. Patients may then begin
maintenance venesections three to four times per year.45 Iron
reaccumulation is an inconsistent observation and many
patients will go for years without treatment and without a rise
in serum ferritin.46 Chelation therapy is not used for the
treatment of hereditary hemochromatosis.

There are no randomized trials comparing venesection
therapy to no treatment. Iron depletion before the
development of cirrhosis can prevent cirrhosis and the
development of hepatocellular carcinoma. Patients with
cirrhosis had a 5·5 fold relative risk of death and non-cirrhotic
treated patients had a survival similar to an age and sex
matched control group.18,19 Other disabling diseases
such as arthritis, diabetes and impotence will likely be
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prevented. Therefore the goal is early detection and treatment
before the development of cirrhosis. 

Wilson disease

Clinical features

Wilson disease is an uncommon but important inherited
disorder of copper metabolism that is caused by increased
copper accumulation in the liver, brain, cornea, kidney and
other tissues. It occurs worldwide with a prevalence of 1 in
30 000 and is inherited as an autonomic recessive disorder. If
left untreated the natural history is progressive with 42% of
patients presenting with acute or chronic liver disease, the
majority during childhood or early adolescence, although
rarely patients may present as late as 58 years. As many as
15% of patients also present with hemolysis in this same
young age group. Severe debilitating neurological and
psychiatric symptoms are the presenting feature in 44% of
patients and these symptoms present somewhat later in
adolescence or early adulthood. Prior to the availability of
liver transplantation death commonly resulted from the
complications of liver failure, although others died from
progressive neurological dysfunction or hemolysis. Early
recognition of Wilson disease allows initiation of treatment
that results in the reversal of symptoms and prevents
complications and death.

Genetic analysis

The recent cloning of the Wilson disease gene and the
identification of mutations responsible for this disorder has
resulted in exciting advances in our understanding of the
pathophysiology of this disease.47,48 The gene encodes for a
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Table 27.2 Population screening for hemochromatosis 

Phenotypic testing (serum iron, Genotypic testing 
WHO criteria for screening for medical disease transferrin saturation, UIBC, ferritin) (C282Y mutation)

Is the disease an important health problem? Yes (1 in 300) Yes (1 in 200)
Is there an effective treatment? Yes Yes
Are there facilities for diagnosis and treatment? Yes Yes
Is there a presymptomatic stage? Yes Yes
Is the cost of screening reasonable? Yes If limited to few mutations
Is continuous case finding on an ongoing Yes Yes

basis feasible?
Is there a suitable test? Yes Yes
Is the testing acceptable to the population? Yes Genetic discrimination?
Is the natural history of disease understood? Natural history of untreated disease Uncertain in non-expressing 

has not been studied homozygotes
Is there agreement on whom to treat? Yes, but the impact of treatment is Yes

difficult to assess

WHO, World Health Organization; UIBC, unsaturated iron binding capacity



cation-transporting P-type ATPase that is expressed in the liver
and brain. Within the hepatocyte the protein is found diffusely
throughout the cytoplasm but is also localized to the Golgi.49

Mutations in the gene result in defective biliary excretion of
copper and increased tissue copper levels. A number of
additional proteins are now being recognized as important in
copper transport. Atox 1 is a copper chaperone that binds with
the Wilson disease ATPase and is required for copper excretion
from cells.50 The identification of the Wilson disease gene also
has implications for the genetic diagnosis of this disorder.
Genotype analysis of the Wilson disease gene has found that no
single mutation is responsible for all or even the majority of
patients with the disorder and more than 200 different
mutations have now been reported. The most common
mutation is a His1069Gln substitution, which occurs in
between 20% and 60% of patients depending on the population
studied. Some studies suggest an association between the
His1069Gln mutation and late onset disease and neurological
symptoms, however this has not been confirmed by others.51,52

Diagnosis

The diagnosis of Wilson disease is made on the basis of
clinical and biochemical features with the addition of
haplotype or genotype analysis in family studies (Table 27.3).
The diagnostic utility of individual biochemical abnormalities
depends on the manner in which a patient presents. In most
patients the presence of a serum ceruloplasmin level less than
20 mg/dl and the finding of Kayser–Fleischer rings by slit
lamp examination are diagnostic. In those patients with only
one of these abnormalities an elevated liver copper level
greater than 250 micrograms/g dry weight on liver biopsy
will confirm the diagnosis. If liver biopsy is contraindicated
then an elevated 24-hour urinary copper excretion greater
than 100 micrograms/24 hours, an abnormal radiocopper
scan or increased non-ceruloplasmin bound serum copper
levels greater than 12 micrograms/dl may be confirmatory.

Screening

Screening the general population for Wilson disease is not
presently cost effective given the low prevalence of disease
and the lack of a single accurate diagnostic test (Table 27.3).
Screening should be performed in siblings of patients with
Wilson disease, as one in four of this group will have
homozygous disease. A recent series found that 18% of
patients were diagnosed on the basis of family screening and
that only one (10%) of these patients was symptomatic at the
time of diagnosis.53 It has been recommended that all
psychiatric patients with signs of liver or neurological disease,
or who are refractory to therapy should be screened for
Wilson disease. The cost effectiveness of this strategy has not
yet been analyzed. Screening all patients with liver disease
with a serum ceruloplasmin estimation found that the
positive predictive value of this test was only 5·9%.54

Screening unselected patients with liver disease was therefore
not cost effective and it was recommended that screening
should be restricted to those patients with liver disease
of unknown etiology. The cost effectiveness of this
recommendation needs to be further analyzed.

Management

The key to effective drug therapy for Wilson disease is the
early detection of disease before the onset of structural
neurological abnormalities or cirrhosis. The mainstay of drug
treatment for Wilson disease for the past 40 years has been
penicillamine.55 This drug given at a dose of 1·5–2·0 g/day
has proved to be an effective copper chelating agent and will
reverse or improve the symptoms and signs of Wilson disease.

It also prevents the onset of symptoms in asymptomatic
patients. Side effects occur in 20% of patients within the first
month but most are due to hypersensitivity and respond to
cessation of the drug and reintroduction of penicillamine
in small doses (250 mg/day) with gradual increases and

C3

Hemochromatosis and Wilson disease

411

Table 27.3 Predictive value of diagnostic criteria of Wilson disease

Criterion Abnormality Advantage Disadvantage

Kayser–Fleischer corneal Found on slit lamp Easily assessed physical Normal in 10–45% of 
rings examination finding patients, mainly the young

Serum ceruloplasmin Less than 20 mg/l Decreased in 73–95% Maybe normal, mainly with 
of patients liver disease

24-hour copper excretion More than 100 micrograms/ Increased  in 85% of patients; Copper contamination and 
24 hours useful in acute liver failure incomplete sample

Non-ceruloplasmin More than 12 micrograms/dl Increased when ceruloplasmin Not routinely reported
bound copper levels are normal

Liver copper quantitation More than 250 micrograms/g Increased in 90% or more Elevated in chronic cholestasis
dry weight of patients Sampling errors

Radiocopper scan Lack of copper binding Differentiates homozygotes Blood samples over 48 hours
by ceruloplasmin and heterozygotes



short-term prednisolone. Long term penicillamine needs to be
stopped in only 5% of patients. Pyridoxine deficiency may
rarely be induced by penicillamine and 25 mg daily
supplements are recommended. Unfortunately penicillamine
causes significant symptomatic deterioration in 20% of
those patients presenting with neurological symptoms and
alternative drugs may be required in this situation. 

A small number of alternative agents have been shown to
be effective in the treatment of Wilson disease. Trientine at a
dose of 1–2 g/day is an effective copper chelating agent and
may be used in those patients who suffer severe reactions to
penicillamine or develop deteriorating neurological symptoms
with this drug. Zinc therapy of 75–150 mg/day has
been shown to maintain low copper levels in those patients
already on maintenance therapy by increasing gastrointestinal
copper excretion.56 It may be useful in those patients unable
to tolerate either penicillamine or trientine. Most recently
ammonium thiomolybdate at 60–100 mg/day was shown to
effectively bind copper and block intestinal copper absorption
and was able to decrease hepatic copper levels in a limited
number of patients.57 Only two of 55 patients with
neurological symptoms who were initially treated with this
drug showed neurological deterioration. Trials are presently
examining the effectiveness of combination therapy of trientine
and zinc or thiomolybdate and zinc. Acceptable patient and
newborn outcomes have been achieved with long-term
penicillamine, trientine or zinc therapy during pregnancy.58,59

Liver transplantation is required in those patients with acute
liver failure or those suffering from complications of cirrhosis.
The procedure cures the hepatic copper excretory abnormality,
and survival post-transplantation is similar to patients with
other causes of liver disease undergoing this procedure.60

This procedure is not recommended for those patients with
only extrahepatic manifestations of Wilson disease.
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Primary biliary cirrhosis
Jenny Heathcote28

Introduction

Primary biliary cirrhosis (PBC) is an inflammatory disease of
the interlobular and septal bile ducts within the liver and is
thought to be immune mediated.1 Granulomatous destruction
of these bile ducts leads to ductopenia and hence persistent
cholestasis. Progressive fibrosis and eventually cirrhosis
develop and liver failure is a terminal event unless intervention
occurs with a liver transplant.

This disease predominantly affects middle aged women
from all racial groups,2 but there is considerable geographic
variation in its prevalence.3 It appears to be most common in
women of European ancestry, but by no means is this disease
confined to Caucasians.

Diagnosis

When PBC was first described, patients were noted to be
jaundiced and to have tuberous xanthoma.4 It was recognized
as a primary disease of the liver in 1950.5 Once routine
biochemical screening at annual check-ups became common
practice, patients were diagnosed with PBC in the absence of
jaundice. In the 1960s, serological tests using immuno-
fluorescence techniques indicated that non-organ and non-
species-specific mitochondrial antibodies were very specific
for patients with PBC.6 At much the same time, the
histological characteristics of this disease were first described
and “staging” was introduced.7,8 These studies indicated that
the early bile duct destruction was often secondary to
granulomatous infiltration of the ducts, not dissimilar to that
seen in sarcoidosis. In fact, PBC and sarcoidosis have
frequently been described as being present at the same time
in the same patient.9 In the 1970s, descriptions of the many
autoimmune disorders frequently seen in association with
patients with PBC were reported.10,11

In the late 1980s, it was recognized that the substrates for
anti-mitochondrial antibodies (AMA) were the family of 2-oxo
acid dehydrogenase enzymes located on the inner membrane
of mitochondria.12 The isolation of these substrates led to
the development of more specific and sensitive testing for

AMA using enzyme-linked immunosorbent assay (ELISA) or
immunoblotting, which showed that the AMA test is positive
in 95% of patients with PBC. It is extremely rare to find AMA
in any other clinical situation apart from otherwise clear-cut
autoimmune hepatitis, in which this is still very uncommon.13

AMA are not associated with any other acute or chronic
cholestatic condition.

It has now become recognized that sampling error of liver
tissue using needle biopsies is common in PBC.14 It is not
unusual to see what are described as early stage I or II lesions
in the same sample which, in another area, shows fibrosis and
even cirrhosis. It has recently been suggested that in order to
accurately diagnose ductopenia in a needle biopsy, 20 portal
tracts need to be present for analysis.15 It is rare for 20 portal
tracts to be present in one needle biopsy!

Although asymptomatic individuals with PBC were
reported by Sherlock in 195916 the natural history of such
patients was more fully described by Long et al. in 1977.17

Later it became evident that AMA positive subjects with
normal liver biochemistry, undergoing serological tests
because of the presence of another autoimmune disease,
may also have the histological lesions of PBC on biopsy.18 A
10-year follow up of these individuals has shown that the
majority develop biochemical cholestasis and many have
developed symptomatic disease.19

The many presentations
of primary biliary cirrhosis

PBC may be diagnosed in several situations. The classic
description of the patient with jaundice, xanthoma, pruritus,
cholestatic liver tests, AMA positive serology, with a
diagnostic or confirmatory liver biopsy may still present
de novo on rare occasions. More commonly (60% of the
time), PBC is diagnosed in an individual without symptoms
but with abnormal biochemical tests characteristic of
anicteric cholestasis, with a positive serological test for AMA,
and with a diagnostic or confirmatory histological pattern on
liver biopsy. It has become apparent that some patients may
have the clinical, biochemical, and histological features of
PBC and also have the same associated autoimmune diseases,
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but test negative for serum AMA20–24 (even when highly
sophisticated tests are employed to test for AMA25). These
latter patients tend to test seropositive for antinuclear anti-
bodies (ANA) or smooth muscle antibodies (SMA), often with
high titers. The typical histological findings of PBC described
in a retrospective study of histological tissue and chart review
of 200 patients indicated that 12% had no positive serological
tests.26 Thus the diagnosis of PBC has become much more
diverse. It is unclear whether the same disease process causes
the classic histological lesions of PBC or whether there are
multiple etiological factors which all cause the same
histological response.

Natural history

As the diagnosis of PBC is made at earlier and earlier stages
of the disease, so we learn more about its natural history. It
now seems likely that there is a long preclinical course when
AMA alone are present in the serum. However, the study
that described such patients19 included mostly patients who
were well past middle age, i.e. more than 60 years old. The
diagnosis of asymptomatic PBC tends to be made in patients
who are 2–10 years older than patients with symptomatic
disease.2 This relationship suggests that asymptomatic disease
is not necessarily a precursor of symptomatic disease, and
could a be a form fruste of symptomatic disease. However, the
natural history of the progression of the disease in older
patients seems to be somewhat more rapid than that seen in
younger patients.27

The initial 10-year follow up report of asymptomatic
disease suggested that 50% of asymptomatic patients became
symptomatic over this period of time.17 More recent studies
with longer follow ups indicate that although asymptomatic
disease tends to progress at a much slower rate than
symptomatic disease, survival of both symptomatic and
asymptomatic patients with PBC is significantly less than that
of the general population.28,29 Mean survival for patients with
symptomatic PBC is 8 years whereas that for asymptomatic
disease is closer to 16 years.30

Information from the many randomized controlled trials
(RCTs) of therapy in patients with PBC conducted over the
past 20 years also indicates that the course of PBC is not
the same for all patients. About one-third of asymptomatic
patients develop symptomatic disease within 5 years. The
other two-thirds may not develop symptomatic disease for
much longer. A large study from Newcastle in the north of
England has reported that 54% of patients with asymptomatic
PBC do not die of their liver disease.31 It is crucial that we
identify markers to accurately predict which asymptomatic
subjects will and will not develop progressive disease. Once a
patient develops biochemical hyperbilirubinemia, the natural
history of this disease is much more predictable.

Surrogate markers of outcome

Symptoms typical of PBC, such as fatigue, do not correlate
with the severity of disease as judged by the height of
the serum bilirubin or the Mayo risk score.32 Similarly,
pruritus, the next most common symptom in patients with
PBC is not a marker of disease severity; in fact pruritus
frequently lessens as decompensated disease develops, just as
skin xanthomata diminish with disease progression. Unlike
other chronic liver diseases, variceal hemorrhage is not
necessarily a sign of advanced liver disease, as the portal
hypertension may initially be due to presinusoidal causes,33

that is nodular regenerative hyperplasia, cirrhosis being
absent. In this situation, variceal hemorrhage, as long as liver
ischemia is avoided, does not necessarily indicate a poor
outcome. As PBC is primarily a disease of the biliary system,
when signs of failure of hepatocyte function develops, such
as uncorrectable coagulopathy, these indicate terminal
disease. There are no symptoms present in patients with
purely compensated disease which correlate with outcome.
Some have suggested that the presence of associated
autoimmune diseases is associated with a worse prognosis,
but the data on which this suggestion was based have been
refuted.29,34

The degree of hyperbilirubinemia has been shown to
correlate extremely well with survival.35 This was first
shown prior to the introduction of liver transplantation for
liver failure in PBC and the study indicated that the height of
the bilirubin was a valid marker of final outcome, i.e. death.
Standard liver biochemical tests, namely serum levels of
alkaline phosphatase and the aminotransferases, have never
been shown to correlate with prognosis in patients with
PBC. More sophisticated risk scores designed to predict
prognosis in patients with PBC have been developed by
several different authors.36–38 It is noteworthy that serum
bilirubin features in each of the scores described. The most
widely used composite score, the Mayo risk score,36 is
popular because it does not require any invasive procedures,
i.e. liver biopsy, so is very convenient for everyday use. The
components of the Mayo risk score, age, serum albumin,
coagulation time, and the presence of fluid retention and/or
use of diuretics, seem to be sufficient to accurately predict
outcome in PBC. However, an earlier study (on a relatively
small number of patients) did indicate that patients who have
liver fibrosis or cirrhosis on biopsy had a worse survival than
those without fibrosis or cirrhosis.39 On its own, presence or
absence of cirrhosis is not a highly predictive surrogate
marker for final outcome, i.e. death, presumably because
there are other features which factor into progression of
disease. A recent detailed review of liver histology in
PBC suggests that the presence of a lymphoplasmacytic
interface hepatitis is a marker of more rapidly progressive
disease40 and in another report of four cases, rapidly
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progressive bile duct loss, even in the absence of cirrhosis led
to liver failure.41

The recent introduction of ursodeoxycholic acid (UDCA)
therapy, which markedly reduces the serum bilirubin
concentration, has been shown not to invalidate either the
serum bilirubin or the Mayo risk score as a prognostic marker,
at least within the first 6 months of therapy.42 However, it is
still unknown whether the serum bilirubin in patients treated
with UDCA remains a valid marker of survival in those with
endstage disease. The Mayo risk score was first developed
and validated for patients who were not treated with a liver
transplant for endstage disease. Since liver transplantation has
become the alternative endpoint, the Mayo risk score has
been re-evaluated along with other factors thought to predict
post-transplant survival.43

Only in the context of clinical trials when large numbers of
liver biopsy specimens are available can the effect of sampling
error be minimized, although it is likely that sampling error
will only truly be reduced to an insignificant degree if
many hundreds of paired biopsy samples are evaluated.
Whereas in the past a composite score for inflammation
and fibrosis was developed to stage PBC,8 it may be more
appropriate for the degree of inflammation to be graded
separately from the degree of fibrosis, very much like the
score that has been developed for the assessment of chronic
viral hepatitis. As previously mentioned, the degree of
ductopenia can only be adequately assessed in liver tissue
specimens with a sufficient number of portal tracts present.
Similarly, the degree and pattern of inflammation and fibrosis
can only be adequately assessed when the tissue specimens
are more than a minimum size – generally considered to be
> 1 cm in length.

There is no evidence that the AMA titer in any way
correlates with the course of PBC.44 The only biochemical
marker with prognostic value is the serum bilirubin
concentration. Other factors important in determining
outcome have not as yet been validated. These include
lymphoplasmacytic interface hepatitis,40 vascular supply to
the liver,45 and the presence of various inflammatory
mediators and markers of tissue fibrosis.46

It has now become very difficult to use death as an
endpoint, since most patients with decompensated PBC,
if they have no contraindication, are referred for liver
transplantation. The identification of valid surrogate markers
of outcome is extremely important in evaluating specific
therapies in PBC, particularly as the mean survival time
of this disease, in both symptomatic and asymptomatic
patients, is long (8 and 12 years, respectively). As more
and more asymptomatic patients, (whose survival may be
influenced by factors external to the liver) are included in
drug trials, these trials will need to be very large in size and
of long duration to effectively evaluate the effect of therapy
on survival. Hence the urgent need to establish which

asymptomatic patients are at risk of dying from liver failure.
Large trials are unwieldy, expensive and intolerable for
patients.

Timing for liver transplantation

As liver transplantation has become available for patients
with PBC in liver failure, the need for this procedure has
been used as a final measure of outcome in many therapeutic
trials. However, the validity of this outcome can be
questioned, since liver transplantation is sometimes done for
intolerable symptoms such as uncontrollable pruritus or severe
osteoporosis rather than for liver failure. Even in patients who
undergo liver transplantation for decompensated liver disease,
timing of the transplantion will vary considerably between
patients simply because of their blood type. Variations will also
depend on external forces such as availability of donated
organs, limitations of health insurance, distance from a major
healthcare center, and more recently, whether or not there
is a living donor. Hence, there are many reasons why time to
liver transplantation is a rather variable endpoint and not
necessarily as valid as may appear on the surface.

Therapeutic trial design:
assessment of credibility

RCTs of therapy in PBC have been published for the past
25 years. During this time, many refinements have been
made in trial design to enhance accuracy. For example, the
first trial was not double blind47 and thus several biases which
might have been minimized by blinding were present. In
addition, the sample size needed to ensure that the study has
adequate power was not calculated, and no “stopping rules”
were described.

The more asymptomatic patients recruited the less likely
any of the usual “endpoints” in the control group will be
observed over the 3–5-year funding period for most trials.
Thus the probability of observing an effect of therapy on
endpoints such as death or need for liver transplant is low. The
sample size required in the trials of mainly asymptomatic
patients with early disease is so large that trials would became
impossible to conduct and too expensive to fund. The
compromise has been to conduct meta-analyses of data from
several published series. This generally requires many
assumptions to be made and it is probably preferable to
combine all the raw data for analysis when these are available.

To determine the appropriate sample size for a clinical trial
requires not only a large sample of historical data to establish
the natural history of the disease in a particular population
(event rate in the control group) but also pilot study data,
from which an estimate of the expected therapeutic benefit
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can be made. These two conditions have rarely been met in
the many trials of therapy reported in PBC.

It is important that a valid primary measure of outcome be
established prior to starting a study. This outcome measure
needs to be reliable and easy to quantify and should ideally
have been validated in both the historical sample and pilot
study used to calculate the sample size. The primary measure
of outcome in PBC cannot feasibly be death or even need for
liver transplantation, in view of the sample size that would
be necessary (> 700 patients).48 Hence, surrogate markers
for outcome are often employed. Unfortunately, some trials
have employed surrogate endpoints which have not been
shown to correlate with outcome, for example serum alkaline
phosphatase concentration. Others have failed to address
the issue of sampling error with liver histology.14 Recently,
“composite failure to respond to treatment” scores have been
introduced, but these have not been validated as measures of
outcome.

The intention to treat principle is vital when carrying out
statistical analysis of outcome to avoid as much bias as possible
when interpreting the data. This means that all patients who
are randomized need to be included in the final analysis, even
though they may have been censored at a very early point in
the trial because of untimely death, need to withdraw from
the study, non-compliance, etc. Using the intention to treat
principle allows for only a very conservative analysis of the
effectiveness of therapy, but it permits assessment of the “real
life” situations, i.e. the generalizability of the study.

Just as the sample size needs to be adequate to
demonstrate an effect of therapy, it also should be adequate to
assess the frequency of adverse events. Whereas this may be
obvious with a drug that has a profound systemic effect, that
is chlorambucil,49 it may be less obvious with drugs which
have fewer adverse effects. As patients with PBC, particularly
if they have asymptomatic disease at trial entry, have a quite
long natural survival without any therapeutic intervention, it
is obviously vital to establish whether adverse effects cause
greater morbidity and mortality than if the disease were left
untreated! In addition, the effect of any therapy on enhancing
the rate of progress of various conditions complicating PBC,
such as the effect of prednisolone on osteoporosis, may need
to be monitored.50

In determining the thoroughness and hence accuracy of
any trial report, as much can be learned from what is not
written in the methods section as can be gained from the
results. The discussion is generally the opinion of the author.
For an independent analysis of the validity of the data, a
combination of excellent clinical judgment and under-
standing of the rationale for the intervention, as well as the
basic concepts of trial design, need to be considered. Only
then can a decision be made whether or not the benefit of an
evaluated intervention is generalizable to a specific individual
with PBC.

Randomized controlled trials of
treatment for primary biliary cirrhosis

Immunosuppressives

Once it was recognized that PBC was an autoimmune
disease, the logical approach to therapy was to employ an
immunosuppressive. Because the majority of patients with
PBC are women and osteoporosis complicates PBC (mostly
in those with advanced liver disease)50 regardless of meno-
pausal status,51 corticosteroid therapy has for the most part
been avoided. RCTs of immunosuppressive therapy in PBC
have employed azathioprine, cyclosporin, methotrexate,
prednisolone, chlorambucil, thalidomide and more recently,
budesonide.52–62 Neither of the two trials of azathioprine
showed a beneficial effect of this drug on survival. The first
trial had an inadequate sample size,47 lacked a placebo control
group and predetermined stopping rules, and the results were
not analyzed according to intention to treat. The second trial
of azathioprine53 although much larger (248 patients), did not
include a sample size calculation to assure that it had
adequate power, and the withdrawal rate was greater than
20% in both the azathioprine and placebo groups. Despite
randomization, the two groups were not stratified for factors
known to influence survival and were not comparable at
baseline. Only after employment of the Cox multiple
regression analysis to adjust for these baseline differences
was a benefit of treatment on survival observed. This
difference in survival between the treatment groups could
only be measured in months, which may not be clinically
important. Patients were followed for up to 10 years, but the
number of patients still being followed at that period was only
nine in the azathioprine and none in the placebo group. It
appears that the intention to treat principle was not used in
the analysis, since 32 patients were excluded from the
analysis because of incomplete data. Thus the validity of the
small benefit in survival can be further questioned. 

Several small trials54–55 and one large trial (349 patients)
of cyclosporin therapy have been published.56 This trial ran
into the same problems as had been encountered with the
large azathioprine trial, i.e. lack of comparability of the two
treatment groups at baseline. Even though there was a similar
number of deaths, 30 in the cyclosporin group and 31 in
the placebo group, the authors concluded that survival
was improved in the cyclosporin-treated patients. Renal
impairment was observed in 9% and systemic hypertension in
11% of the cyclosporin-treated patients (1·7% and 1% in
placebo-treated, respectively). These two serious adverse
effects in patients whose disease is relatively slowly
progressive precludes the use of this drug in the long-term
treatment of PBC.

Methotrexate has been claimed to be of value in pilot
studies,57 but only one RCT of therapy has been published.58
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Sixty patients were recruited, 30 randomized to low dose
therapy (2·5 mg three times per week). At the end of 6 years,
the serum bilirubin and Mayo risk score were higher in
those receiving methotrexate, suggesting that the drug may
be toxic in patients with PBC. A large multicenter trial
in the USA comparing UDCA alone with the same
intervention combined with methotrexate has just been
completed and the results reported only in abstract form
indicate no benefit of methotrexate.63

A small, 3-year RCT of prednisolone has been done.52 A
significant reduction in the serum bilirubin level (a valid
surrogate outcome measure) was observed in treated patients,
but osteoporosis in those who received corticosteroids
worsened. However, a trial with a very small sample size
of bisphosphonates in patients with PBC treated with
corticosteroids indicates that etidronate significantly stabilizes
bone mineral density in vertebrae of patients with PBC
receiving corticosteroids.60 Hence, it may be appropriate that
corticosteroids be re-evaluated in the therapy of PBC now
that patients can be given preventive therapies to reduce the
complication of osteoporosis.

Budesonide is an oral corticosteroid which is eliminated on
first pass through the liver. Thus it was hoped that this agent
could benefit patients with PBC without having a deleterious
effect on bone mineral density. In the first small RCT by
Leuschner et al.,61 improvement in liver biochemistry, IgM
values and liver histology was observed in the few patients
studied, most of whom had very early disease. In a second
study by Angulo et al.,62 no benefit was observed and the
Mayo risk score increased significantly in those randomized
to budesonide for a year and bone mineral density
measurements deteriorated in the lumbar spine (P < 0·01) –
it is likely that many of these patients had advanced PBC
so that the benefit of the first pass effect was lost. 
Wolfhagen et al. in another small RCT involving 50 patients
with PBC with suboptimal response to UDCA, treated
patients with additional prednisone (30 mg/day tapered to 10
mg/day) and azathioprine (50 mg/day). There was no
improvement in bilirubin. The trial was too small and of too
short a duration to examine the effect on survival.64

A small study of 13 patients randomized to 0·5–4 mg daily
of chlorambucil (mean 2 mg daily) compared with placebo
has been reported.49 All treated patients developed some
degree of bone marrow suppression and discontinuation of
therapy was required in four. A 30% withdrawal rate due to
drug toxicity indicates that this drug should not undergo
further evaluation in patients with PBC. 

A very small and short (6-month) RCT of 18 PBC patients
taking thalidomide has been reported, showing little benefit
of this treatment. However, this study lacked adequate power
to evaluate this form of therapy in any meaningful way. No
benefit on serum bilirubin was observed during the 6 months
of treatment.59 Ald
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An alternative approach has been to use drugs that may
not interfere with the primary cause, i.e. immune-mediated
bile duct destruction, but interfere with the progression of
the disease, either by reducing fibrogenesis or by reducing
cholestasis.

Two antifibrotic drugs have been assessed: colchicine in
three small RCTs and D-penicillamine in many more. The
studies of colchicine therapy are interesting, but unfortunately,
all three trials recruited fewer than 100 patients each.65–67

They all used approximately the same dose of colchicine and
a meta-analysis of these three studies may prove to be
worthwhile in the future. The first study introduced the
concept of a multiple criteria “treatment failure” composite
index as a measure of outcome. There was no evidence of
the validation of this composite index, but similar treatment
failure composite indices have been employed in several other
clinical trials in PBC. Frequently these indices have included
factors not known to be relevant to PBC survival. The
observation in two of the colchicine studies – that colchicine
had a beneficial effect on liver function, i.e. serum albumin
and bilirubin – was encouraging. None of these three studies
suggested a benefit on symptoms or histology. One study
suggested that there was a survival advantage to receiving
colchicine, even though only 64 patients were recruited and
10 patients withdrew, 8 of whom were randomized to
colchicine. The third study also had a high dropout rate (32%)
among those randomized to colchicine. A long term, i.e. 8-
year follow up of this latter study indicated that there was no
survival advantage in treated patients, although the original
sample size was small.68

While there are eight RCTs of D-penicillamine, the results
are disappointing.48 Unlike patients with Wilson disease,
adverse effects of therapy were common, resulting in a high
withdrawal rate, similar to the experience with rheumatoid
arthritis. This drug is no longer recommended for the
treatment of PBC. 

Reduction of cholestasis

Hydrophilic bile acids

Leuschner, in the early 1980s, reported that administration
of UDCA in patients with gallstones, who coincidentally
also had chronic hepatitis, led to an improvement of liver
biochemistry.69 A 2-year pilot study in 15 patients with PBC
conducted by Poupon et al.70 indicated that treatment with
UDCA in a dose of 13–15 mg/kg daily reduced serum
bilirubin concentration in patients who had elevated levels
prior to the start of therapy. Many RCTs of UDCA
therapy have been conducted subsequently. The mechanisms
of action of UDCA are slowly being identified. The original
premise that the introduction of the less toxic hydrophilic
dihydroxy bile acid UDCA would reduce the exposure of
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hepatocyte membranes to the toxic effects of the retained
hydrophobic endogenous bile acids has now been proved to
be the case.71 In addition, UDCA inhibits the uptake of
endogenous bile acids at the terminal ileum,72 although most
is absorbed passively throughout the small bowel in its
unconjugated state. The marked benefit on serum bilirubin
levels may be due in part to upregulation of the canalicular
transporter Mrp273 by UDCA. In vitro studies of hepatocytes
in culture indicate that the apoptotic effect of hydrophobic
bile acids can be abrogated by the addition of UDCA (in
physiological doses) to the culture medium74 – whether
UDCA has a similar effect on biliary epithelial cells is
unknown.

There have now been two meta-analyses of up to 16
studies of UDCA in PBC.75,76 The more recent was published
in the Cochrane Library in 2003.76 Both Goulis et al.75 and
Gluud and Christensen76 did a detailed analysis of these
rather heterogeneous studies in which treatment periods
ranged from as little as 6 months up to 4 years, the daily dose
of UDCA ranged from 7·7 mg/kg to 15 mg/kg, and there
was a wide range of disease severity. In addition, the Jadad
scores for methodological quality were only ≥ 4 in five of the
16 trials. Sensitivity analyses for dose, length of study, and
quality did not show differences in the first meta-analysis.75

The authors of the more recent review76 also attempted to
take these variations into consideration and concluded that
whereas at 2 years there was no survival advantage, in those
studies where patients had received up to 4 years of UDCA
the need for liver transplantation was marginally but
statistically significantly reduced (P < 0·04) (Figure 28.1).
The absolute risk reduction (ARR) was 3% (NNT, the number
of patients needed to be treated with UDCA for 4 years to
avoid or delay one transplant was 33). Survival without
transplant was not significantly influenced by UDCA therapy.

Since not all placebo or non-intervention patients were
eventually given UDCA, the evaluation of the non-
randomized phases of these trials has intrinsic biases and
lacks the appropriate basis for an intention to treat analysis.
Why patients who were given UDCA 2 years after
randomization worsened progressively compared with those
given UDCA from the start of the study is unclear.77 Some
benefit might have been expected. It could be argued that
the only reason liver transplantation was delayed in those
receiving UDCA was because patients had lower serum
bilirubin levels that those on placebo – serum bilirubin has
been shown to be a valid prognostic marker in PBC – both on
its own and when incorporated into the many risk scores.
However, serum bilirubin levels remain valid prognostic
markers in patients on UDCA.42 Simply delaying liver
transplantation by treating with UDCA could potentially lead
to a worse outcome once transplantation becomes necessary
as patients are likely to be older; however, the outcome
following liver transplantation was found to be no different
despite the older age of the UDCA-treated patients.78 B4
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In all studies, the administration of UDCA was associated
with an improvement of liver biochemistry. The more recent
meta-analysis76 also indicated that overt ascites and obvious
jaundice were less frequent in patients randomized to UDCA
(ARR 5%, NNT 20, P < 0·02 and ARR 10%, NNT 10,
P < 0·001, respectively, Figure 28.2), but there was no
difference in the number of patients with bleeding varices or
hepatic encephalopathy. These data suggest that prolonged
treatment with UDCA may be required to exert a beneficial
effect on the natural history of PBC. Although clinical benefit
appears to be modest, systematic review has not shown an
association of this therapy with adverse events.76

One report suggests that in those individuals with endstage
disease, treatment with UDCA may cause a sudden rise in
bilirubin and hence it is advised that when UDCA is
prescribed to patients with decompensated PBC, they should
be followed very closely.79

Three of the four larger double blind randomized trials80–82

used the same dose of UDCA (13–15 mg/kg per day), and
the results were analyzed according to the intention to treat
principle. In two of these a composite “treatment failure”
outcome measure was used, and in the third the percentage
change in total serum bilirubin over 2 years was used as the
primary outcome measure. Detailed sample size calculations
and clear-cut predetermined definition of study duration were
only described for this latter study. Few adverse effects of
UDCA were reported and the withdrawal rate was less than
20% in all three studies. A combined analysis of the raw data
from these three studies, continued beyond the initial 2 years,
has been published.83 In two of the three trials, some patients
initially randomized to placebo were switched to open label
UDCA after the first 24 months. However, the results were
analyzed according to intention to treat, so that those patients
initially randomized to receive placebo and subsequently
switched to receive UDCA remained in the placebo group for
the purposes of analysis. Intuitively, it seems likely that this
procedure would reduce the probability of demonstrating
benefit with UDCA in the analysis of the longer-term data,
should a true benefit exist. Despite this consideration, the
combined analysis of survival data from the three trials
suggested that UDCA therapy for up to 4 years led to an
increase in time free of liver transplantation in treated
patients.

Subgroup analyses did not show any benefit in patients
who, at baseline, had a total serum bilirubin of less than
1·4 mg/dl and/or stage I/II liver histology. These subgroup
analyses do not prove that UDCA is ineffective in patients
with asymptomatic and/or early disease, but they do suggest
that clinical trials in such patients would require very large
numbers of patients and would be required to be of such long
duration to show any benefit of the treatment that they would
not be feasible.

The fourth large trial (151 patients) employed a smaller
dose (10–12 mg/kg bodyweight daily) and a different
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preparation of UDCA. After 2 years of treatment no difference
in survival was seen, there being eight deaths in those
randomized to UDCA and 12 in those randomized to
placebo.82

It should be pointed out that the pooled analysis of the
three trials is not a systematic review or meta-analysis, but
rather was done by pooling of results from three trials which
were of similar design but which had rather dissimilar
results. This procedure differs from a systematic review or
formal meta-analysis, which attempts to minimize bias by
the consideration and inclusion of all relevant trials, justifies
the exclusion of trials from the analysis, and explores hetero-
geneity between trials and the reasons for variation in results.
A formal meta-analysis which demonstrates benefit from an
intervention may also include a sensitivity analysis to indicate
the number of unpublished or excluded trials of specified size

Alc

with negative results which would be required to negate the
results of the meta-analysis. Meta-analyses may suffer from
the opposite weakness cited for the combined analysis of
similar trials, that is, they may involve pooled analysis of trials
which differ sufficiently in their design that they are not
truly comparable. Accordingly, caution should be exercised
in interpreting both the combined analysis of selected trials83

on one hand as proof of a beneficial effect of UDCA on
mortality in PBC, and the most recent meta-analysis on
the other, as evidence that no such effect on mortality
exists.76

Osteoporosis

No effect of UDCA on bone mineral density was
demonstrated in the RCT of UDCA in PBC published by
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Lindor et al,84 although the study may have lacked power.
A small study assessing bone mineral density and

vertebral fractures in PBC patients randomized to cyclosporin
A or placebo suggested that cyclosporin-treated patients have
less bone loss and better biochemical parameters of bone
remodelling.85

Fatigue and pruritus

Although there are now some very sophisticated methods
to measure these symptoms, none of the RCTs of therapy for
PBC employed such instruments to monitor the effect of
therapy. There are many anecdotal case reports of marked
improvement and marked worsening of both fatigue and
pruritus in patients receiving UDCA. Pilot studies of
methotrexate have reported dramatic improvement in both
fatigue and pruritus, but these uncontrolled studies provide
only weak evidence for benefit. B4

Ald

Ald
Histology

Assessment of the effect of UDCA in liver histology after
2 years of therapy have been conflicting80–82 and thus
inconclusive. However in the study by Pares et al.77 the
apparent benefit of 5 years of UDCA therapy on liver
histology in terms of stage of disease, progression of bile duct
destruction and interface hepatitis was significantly greater
than that observed in those randomized to placebo. The
majority of patients included in this trial had early
asymptomatic disease. Assessment of liver histology from the
French multicenter study using the Markov model indicated
that regression of cirrhosis was never seen but that the
progression to cirrhosis was markedly delayed in those who
received UDCA.86 It must be emphasized that follow up liver
histology was not available in all randomized patients, some
refused to have a second biopsy, and more importantly, no
second biopsy was obtained from those patients who died or
required a liver transplant, i.e. those whose liver disease
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clearly had progressed. Only 44% of patients had second
biopsies available for evaluation. This factor introduces the
potential for significant bias into observations concerning
effect of both UDCA and placebo on histology.

These histological data suggest that if UDCA exerts a long-
term benefit in PBC it may be more likely to do so in
individuals with early asymptomatic disease. However, recent
data indicate that less than 50% of individuals with
asymptomatic PBC die of their liver disease.31 For therapy to
be cost effective, it is important to be able to identify which
asymptomatic patients are most likely to develop progressive
disease. Corpechot et al.40 have suggested that surrogate
markers for disease progression include lymphoplasmacytic
interface hepatitis (as well as serum bilirubin and albumin
values). So, whereas a liver biopsy may not be necessary
for diagnostic purposes, it may be necessary to assess the
likelihood of disease progression in patients with asymptomatic
disease. Other prognostic markers in patients with early disease
(i.e. where the Mayo risk score is not applicable) may be
genetic markers not currently available for widespread use, for
example human leukocyte anti-gen (HLA).87

Assessment of adverse effects in
therapeutic trials of primary biliary cirrhosis

No clear-cut hepatotoxic effect of any of the drugs described
above has been described, although other toxic effects, for
example bone marrow suppression with chlorambucil or
pulmonary toxicity with methotrexate have been well
described. Other drug-related adverse events include the effect
of cyclosporin on renal function and systemic blood pressure
and a neuropathy thought to be induced by colchicine seen in
the two RCTs of this agent. Certainly the safest and apparently
most effective drug to date remains UDCA.

The future for primary biliary cirrhosis

Treatment with UDCA is not curative. It may delay the
progression of disease in some patients, but the evidence
for this benefit is not clear-cut. Several small trials of UDCA
in combination with methotrexate,88–90 colchicine,91–94 and
prednisolone95,96 have been conducted, but no study has been
large enough to adequately assess effectiveness. There have
been small pilot studies employing different classes of drug,
for example silymarin and bezafibrate.97,98 As UDCA is the
current standard of care98 it is very hard for any new agent to
show a benefit using a valid surrogate marker, for example
serum bilirubin, as UDCA has such a profound effect on
bilirubin level. However, these studies are necessary if
only to examine possible agents for larger RCT. One such
agent currently being assessed is the immunosuppressive
mycophenolate motefil.100 It will take many years before we
know the answer. Meanwhile, liver transplantation remains

the last resort when other treatments have failed. Clearly, no
RCT of liver transplantation is feasible. However, when the
assessment of survival following transplantation is compared
with the predicted survival using the Mayo risk score at
the time transplantation is done the evidence is that liver
transplantation leads to a marked survival benefit in patients
with PBC and currently it remains the only curative therapy
for this disease.101,102
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Autoimmune hepatitis
Michael Peter Manns, Andreas Schüler29

Introduction

Autoimmune hepatitis is a self-perpetuating necroinflammatory
disease of unknown etiology, which is characterized by a loss
of tolerance towards the patient’s own liver tissue. If left
untreated the disease leads to cirrhosis and liver failure. Since
the recognition of immunologically based liver disease in the
1950s, efforts have been directed toward the development of
tools for diagnosis, classification according to serological
markers and clinical course, and distinguishing autoimmune
hepatitis from other liver diseases.

In the early years diagnosis of autoimmune hepatitis was
hampered by the lack of knowledge about the etiology of
most acute and chronic liver diseases. The detection of
hepatitis viruses and a better understanding of the etiology
of other forms of liver disease allowed for the exclusion of
patients with these disorders from studies of autoimmune
hepatitis and more accurate determination of prognosis and
effects of immunosuppressive drugs. The characterization
of distinctive autoantibodies and the identification of
autoantigens led to a more specific diagnosis of the disease
and to the ability to characterize distinct subclasses according
to prognosis, treatment response and outcome.

Features of autoimmune hepatitis

Autoimmune hepatitis is a syndrome which is characterized
by a typical constellation of epidemiological, laboratory and
clinical features: female predominance (female:male ratio 4:1),
overrepresentation of the human leukocyte antigen (HLA)
alleles DR3 and DR4, hypergammaglobulinemia, circulating
autoantibodies, response to immunosuppressive therapy and
coexistence of extrahepatic autoimmune diseases.

Epidemiology and genetic predisposition

The incidence of autoimmune hepatitis in western Europe
and ethnically comparable populations is 0·7 cases per 100 000

inhabitants per year.1 Autoimmune hepatitis is recognized
more frequently in geographic areas where the prevalence of
viral hepatitis is low.

It is generally accepted that occurrence and probably
the severity of autoimmune hepatitis is based on an
immunogenetic background. Autoimmune hepatitis is
strongly associated with the HLA haplotype A1, B8, DR3 or
DR4.2–5 In Caucasian patients autoimmune hepatitis type 1 is
strongly associated with the HLA-B8-DR3 haplotype. HLA-B8
is in strong linkage dysequilibrium with HLA-DR3 (94%
co-occurrence), which results in a close association between
autoimmune hepatitis (AIH) type 1 and B8.2,5

HLA-B8 is found in 47%, HLA-A1-B8-DR3 in 37%,
HLA-DR3 in 52%, and HLA-DR4 in 42% of patients.6 Patients
with HLA-DR3 have an early onset and a more severe course
of the disease. Patients with the HLA-DR4 allele are older,
have a more benign disease course, but have extrahepatic
autoimmune diseases more frequently. HLA and HLA-B54 are
common in Japan where AIH type 1 is rare.7

It is unlikely that a single gene determines susceptibility
for autoimmune hepatitis, since HLA-DR3 and DR4 are
independent risk factors for the disease and are associated
with distinct clinical syndromes.3,8

Prognosis

The mortality in untreated autoimmune hepatitis in the
placebo control groups of early clinical trials was greater than
50% within 3–5 years of diagnosis.9–12 However, only cases
with severe inflammatory activity or fibrosis were included in
these early trials. Although the etiology of the chronic hepatitis
was not certain, due to the lack of viral markers, the majority
of patients in these trials appear to have been suffering from
autoimmune hepatitis. However, it was impossible to exclude
hepatitis C infection until the early 1990s.

Verification of these data on naive patients in whom the
diagnosis of hepatitis C has been excluded is not possible, since
studies including untreated control groups or cohort studies of
untreated patients can no longer be justified ethically.
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The poor survival observed in the control group in early
studies may have been influenced also by the late diagnosis of
autoimmune hepatitis, and an overrepresentation of patients
with advanced liver disease. Conversely, the response to
newer therapies may also appear to be better today, since
more patients are diagnosed at early disease stages without
cirrhosis. Nevertheless, it can be concluded that untreated
autoimmune hepatitis is associated with a high risk for the
development of endstage cirrhosis.

Outcome in untreated autoimmune hepatitis depends on
the degree of inflammatory activity and on the stage of fibrosis.
In untreated patients more than 10-fold elevation of aspartate
aminotransferase (AST), or more than five-fold elevation of
AST together with more than two-fold elevation of γ-globulins,
are associated with average 50% 3-year and 90% 10-year
mortality. In contrast, AST elevation less than five-fold
together with γ-globulin elevation less than two-fold are
associated with only an average of 10% 10-year mortality.13

Periportal hepatitis without fibrosis is associated with a
17% incidence of cirrhosis at 5 years, but a normal 5-year
survival.14,15 The presence of bridging necrosis or multilobular
necrosis is associated with an incidence of cirrhosis at 5 years as
high as 82% and with a 5-year survival of only 55%.15 Patients
with cirrhosis at presentation have 58% 5-year mortality.

Patients in whom remission is achieved have a 10-year life
expectancy of 90% which does not differ from that of patients
with cirrhosis at the beginning of treatment (89%).13,16 Thus
the presence of cirrhosis before or after therapy does not
influence survival.13,17

Clinical features

Although autoimmune hepatitis occurs mainly in young
women, the disease may develop at any age and in either
sex.17 There appears to be a bimodal distribution to the peak
incidence of the disease, with the first peak occurring
between the ages of 10 and 30 years and the second over
40 years.17 Data regarding the distribution of cirrhosis at
presentation in these two age groups are not available but
differences were not seen when comparing patients with
HLA-DR3, which predominates in young patients and DR4.18

Forty percent of patients present with acute hepatitis.19

Fulminant liver failure may occur but is rare. In the majority
of patients the disease progresses without major symptoms,
and the diagnosis is not made until symptoms of severe
liver disease are present. Jaundice is present in a large
proportion of patients at diagnosis. Patients’ complaints
include fatigue, anorexia, abdominal pain (10–20%) and fever
(20%). Amenorrhea occurs in women with severe hepatic
inflammation. Hepatomegaly is common and an enlarged
spleen is palpable in 50% of patients. Liver cirrhosis is a
presenting feature in 30–80% of patients and 10–20% exhibit
signs of decompensated liver disease.

Extrahepatic manifestations

Coexisting extrahepatic autoimmune diseases are
frequently found in patients with autoimmune hepatitis.
Whereas arthropathies and periarticular swelling of both large
and small joints occurs in 6–36% of patients, arthritis with
joint erosions is rarely seen. Additional clinical features are
listed in Table 29.1.

Diagnosis

Since autoimmune hepatitis is a syndrome of unknown
etiology, diagnosis requires the assessment of typical clinical
and laboratory features. Histology confirms disease activity
and stage but by itself is not sufficient for diagnosis.

Advances in the characterization of autoantibodies and
their antigens and the exclusion of etiologically distinct liver
diseases facilitate early diagnosis in autoimmune hepatitis.
Since treatment of autoimmune hepatitis in advanced stages
is less effective and is associated with a higher risk of relapse,
early treatment improves outcome.

Definitive diagnosis of autoimmune hepatitis requires the
presence of circulating autoantibodies at titers of at least 1:80
(in children 1:20) for most autoantibodies associated with
autoimmune hepatitis, hypergammaglobulinemia 1–1·5 times
the upper limit of normal, and periportal or lobular hepatitis
on liver biopsy. Other chronic liver diseases must be excluded
by a search for the presence of viral markers, the history of
parenteral blood exposure, alcoholic liver disease, drug-
induced liver disease, other forms of autoimmune liver
disease including primary biliary cirrhosis, and primary
sclerosing cholangitis, and genetically determined diseases
such as Wilson’s disease or hemochromatosis.

The International Autoimmune Hepatitis Group has
proposed a scoring system which may help to verify the
diagnosis of autoimmune hepatitis and to distinguish it as
much as possible from other forms of chronic hepatitis.20,21

The system documents clinical, laboratory and histological
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Table 29.1 Extrahepatic autoimmune syndromes in
autoimmune hepatitis

Frequent symptoms Rare symptoms

Arthritis Mixed connective tissue disease
Vitiligo Lichen planus
Autoimmune thyroid Ulcerative colitis

disease
Insulin dependent diabetes
Hirsutism, cushingoid

features



findings at presentation as well as response to corticosteroid
therapy. The latter response may help to clarify the diagnosis
even in patients who lack other typical features (Table 29.2).
This scoring system has not yet been validated prospectively,
but retrospective validation suggests that it is valuable.22

Serologically defined subtypes

Three groups of autoimmune hepatitis can be divided
serologically according to the presence of distinct auto-
antibodies. Although this division into three subgroups is
regarded as preliminary and is not conclusively validated, it
reflects differences with regard to onset, clinical course,
treatment response, and outcome.23

AIH type 1

Type 1 is characterized by the presence of antinuclear
antibodies (ANA) and/or smooth muscle antibodies (SMA).
Autoantibody titers do not correlate with disease course,
prognosis, progression or disease activity. In pediatric patients
SMA may be the only marker of AIH type 1. This group
accounts for 80% of patients with autoimmune hepatitis.
Although most patients are young at presentation, the disease
may also become manifest in older patients. There is a good
response to immunosuppressive therapy in up to 80% of
patients.24 ANA, and especially the presence of SMA with
anti-actin specificity, are of high diagnostic specificity.25,26
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Table 29.2 Scoring system for diagnosis of autoimmune
hepatitis21

Parameter Score

Sex
Female +2
Male 0

Serum biochemistry
Alkaline phosphatase-to-AST levels (ratio of
elevations above normal)

> 3·0 −2
1·5−2·0 0
< 3·0 +2

Total serum globulin, γ-globulin, or IgG (times 
upper normal limit)

> 2·0 +3
1·5−2·0 +2
1·0−1·5 +1
< l·0 0

Autoantibodies (titers by immunofluorescence 
on rodent tissues)

Adults
ANA, SMA or LKM-1
> 1:80 +3
1:80 +2
1:40 +1
< 1:40 0

Children
ANA or LKM-1
>1:20 +3
1:10 or 1:20 +2
<1:20 0

SMA
> 1:20 +3
1:20 +2
< 1:20 0

Antimitochondrial antibody
Positive −4
Negative 0

Seropositivity for other defined autoantibodies +2
Hepatitis viral markers

Negative +3
Positive −3

Other etiological factors
History of recent hepatotoxic drug usage or
parenteral exposure to blood products

Yes −4
No +1

Alcohol (average consumption)
< 25 g/day +2
> 60 g/day −2

Genetic factors
HLA-DR3 or DR4 +1
Other autoimmune diseases in patient or +2
first degree relatives

(Continued)

Table 29.2 (Continued)

Parameter Score

Liver histology
Lobular hepatitis and bridging necrosis +3
Predominant lymphoplasmocytic infiltrate +1
Rosetting of liver cells +1
None of above −5
Bile duct lesions −3
Other changes indicating different etiology −3

Response to therapy
Complete +2
Relapse +3

Diagnostic aggregate scores
Pretreatment
Definite >15
Probable 10−15
Post-treatment
Definite >17
Probable 12−17

ANA, antinuclear antibodies; SMA, smooth muscle antibodies;
LKM-1, liver kidney microsomal antibodies; AST, aspartate
aminotransferase



Seventy percent of patients are women younger than 40 years
of age.24,27 In 17% of patients concurrent autoimmune
disease, including immune thyroiditis, Graves’ disease,
rheumatoid arthritis or ulcerative colitis, are present.6,27–29

Twenty-five percent of patients with AIH type 1 are found to
have cirrhosis at presentation. Thus the disease may progress
without major symptoms, and some patients who present
with acute onset may have exacerbation of a long-lasting
subclinical disease.16,27,30

AIH type 2

Type 2 is characterized by anti-liver kidney microsomal
(anti-LKM–1) autoantibodies which are targeted against
cytochrome P450 2D6, and is predominantly seen in
children.31,32 In 10%, anti-LKM–3 autoantibodies against
uridine diphosphate glucuronyltransferases are also present.33

Anti-LC–1, directed against formiminotransferase cyclo-
deaminase, is another marker of autoimmune hepatitis
type 2 and appears to correlate with disease activity.34,35

Autoimmune hepatitis type 2 is characterized by a more rapid
progression to cirrhosis, a higher relapse rate, and a
comparatively poorer response to corticosteroid therapy. The
presence of ANA and/or SMA is detected in only 4% of
patients in this group.36 AIH type 2 is a rare disease that
affects up to 20% of patients with autoimmune hepatitis in
Europe but only 4% in the USA.36 At the time of diagnosis
liver cirrhosis is frequently present. Especially in Europe AIH
type 2 may also be observed in adults.

AIH type 3

Type 3 is characterized by autoantibodies against soluble
liver antigen (anti-SLA), which is targeted against a previously
identified amino acid sequence, which presumably encodes a
UGA-suppressor tRNA-associated protein.37,38 As anti-SLA and
anti-liver-pancreas (LP) have been demonstrated to be
identical, the designation anti-SLP/LP has replaced anti-SLA
and anti-LP.37,39 The designation of this as a distinct subtype
may be premature since clinical course and response to
corticosteroid therapy do not differ significantly from AIH
type 1. Anti-SLA/LP may indeed be the only markers of
autoimmune hepatitis in patients who are negative for
ANA, SMA, and anti-LKM–1 autoantibodies.40 About 13% of
patients with autoimmune hepatitis lack classic autoantibodies
but present with typical laboratory and clinical features.

Overlap syndromes

Overlap syndromes between different autoimmune liver
diseases are not uncommon and are present in about 18% of
patients.41 About 5% of patients with primary diagnosis of
autoimmune hepatitis also present with symptoms and
laboratory and histological features of primary biliary cirrhosis

(PBC), whereas 19% of PBC patients also have signs of
autoimmune hepatitis.41 The autoimmune hepatitis scoring
system helps to define the strength of the diagnosis and to
identify patients with possible overlap syndrome. A switch
from PBC to autoimmune hepatitis may occur and require
another treatment regimen.

Liver histology

Autoimmune hepatitis cannot be diagnosed by liver
histology alone, since there are no pathognomonic histological
features. Histology can only support the diagnosis and is
used to classify disease activity (grading) and the degree of
fibrosis (staging). There is a general agreement that bridging
necrosis and multilobular necrosis should be regarded as factors
associated with a poor prognosis.14,42

Treatment

Corticosteroids should be administered until remission,
incomplete response, treatment failure or unacceptable
adverse effects occur. Remission is defined by the absence of
symptoms, resolution of hepatic inflammation by liver
histology, and a normalization of liver enzymes with the
exception of AST which may remain up to twice normal.19

Conventional corticosteroids

Three controlled trials10–12 provided evidence that
corticosteroid therapy reduces mortality in autoimmune
hepatitis (Table 29.3), and this benefit was further
substantiated by longer follow up of the patients in one of
these studies9 (Table 29.4). In these studies steroids also
relieved symptoms, improved biochemical abnormalities
including transaminases, bilirubin levels and hypoalbu-
minemia, and improved liver histology. Each of these early
trials enrolled only small numbers of patients. There were also
some design flaws, such as lack of blinding, repeated analyses,
and the exclusion from analysis of patients who were
withdrawn after randomization because of changes in
diagnoses. In one of the trials10 there were five such examples
out of 54 patients who were randomized, and four of these
were in the group receiving steroid treatment. However,
clinical and biochemical responses to steroid treatment
(Figures 29.1–29.3) were sufficiently large, when compared
with placebo or azathioprine, that there is a high level of
confidence that a significant treatment effect exists. The
magnitude of the reduction of mortality produced by steroids
can be estimated from the original analysis of the study of
Cook et al.10 (control 55%, steroid 14%, absolute risk reduction
(ARR) 42%, numbers needed to treat (NNT) = 3) andAld

Ald
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from the analysis conducted after 10 years follow up of the
same patient groups (control 73%, steroid 37%, ARR 36%,
NNT = 3).9

Corticosteroids are now regarded as standard therapy for
patients with moderate to severe autoimmune hepatitis. Data
from the randomized trials and from uncontrolled studies
suggest that the remission rate is approximately 80% with
initial therapy within a time frame of 2–4 years.43 Usually a
significant decrease in transaminases is seen within a few
months. In the Mayo study of 111 patients treated with daily
prednisone alone or prednisone plus azathioprine, 82 (74%)
entered remission, 16 (14%) were treatment failures, and 13
patients (12%) neither relapsed nor experienced treatment
failure. It is important to note that histological remission
may lag behind improvement of symptoms and biochemical
parameters. In the patients treated in the Mayo study
symptoms improved first (87% by 6 months), followed by
biochemical resolution (68% by 6 months), while histological
resolution was seen in only 8% at 6 months and 29% at
12 months.44 Complete remission, including histologic
resolution, was accomplished by 2 years in 61 (74%) of the 82
patients who entered remission, by 3 years in 73 (89%), and
by 4 years in 78 (95%).43 About 10% of patients showed
progressive disease in spite of corticosteroid therapy, 13% had
an incomplete response after at least 3 years of treatment, and
13% of patients developed severe adverse effects of therapy.
Furthermore, the risk of relapse is more than 50% within
6 months and 70% within 3 years after induction therapy or
after treatment cessation.19,45,46 Patients who do not enter

B4

remission have a 40% risk of developing cirrhosis within
10 years.16

The benefits of corticosteroid therapy have been shown
only in a subgroup of patients with severe liver disease,
symptoms, and markedly elevated transaminases and
γ-globulin levels.11,44,47,48 For example, the Mayo
Clinic studies included patients according to pre-set
criteria,11,48 which included hepatitis lasting for at least 10
weeks and AST greater than 10 times normal (or AST greater
than five times normal together with two-fold elevated γ-
globulins). Disease was verified by liver biopsy in all patients
and those with hepatic encephalopathy, malignancy or
massive alcohol intake were excluded.

Ald, B4
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Table 29.3 Effect of prednisone on mortality in randomized controlled trials of chronic autoimmune hepatitis (CAH)

Control Mortality 
Study Patients Steroid regimen intervention Control      Steroid P

Cook et al. (1971)10 49 patients with CAH, 35 Prednisone 15 mg “No specific 3/22         15/27 < 0·01
with cirrhosis; no previous (3–72 months) attempts treatment”
steroids; 5 patients (4 in to withdraw after 
steroid group) excluded 1 month
from analysis because of
change in diagnosis 

Soloway et al. 35a patients with chronic Prednisone 20 mg after Placebo 1/18          7/17 < 0·05
(1972)11 liver disease biochemically 4 weeks tapering course

and histologically, 16 with from 60 mg (3 months
cirrhosis to 3·5 years)

Murray-Lyon 47 patients with chronic 15 mg daily (up to Azathioprine 75 mg 1/22         6/25 N/Ab

et al. (1973)12 aggressive hepatitis, 33 2 years); discontinued in
with cirrhosis; approximately 1 month if no improvement 
half had previous steroid or in liver function
azathioprine

aAdditional patients were randomized to receive prednisone 10 mg plus azathioprine 50 mg (14 patients), or azathioprine 100 mg
(14 patients); see text.
bN/A, not available. Estimated probability of survival at 2 years: steroid 95%, azathioprine 72%.

Table 29.4 Long-term outcome of patients with treated
and untreated autoimmune hepatitisa

Control Prednisolone

Patients treated 22 22
Cirrhosis 15/22 15/21
Alive at 10 years 6 13
Dead at 10 years 16a 8
Deaths 0–5 years 14 4
Deaths 6–10 years 2 4
Lost to follow up 1

aTwo not related to liver disease.



Controlled trials have not been done in patients with mild
asymptomatic autoimmune hepatitis. In these patients, who
numerically far outnumber patients with severe liver disease,
the role for steroid therapy remains unclear.47

Since the average duration of treatment until remission is
achieved is 22 months (range 6 months to 4 years), treatment
withdrawal should not be attempted less than 2 years from
the start of therapy to prevent early relapse. Drug withdrawal
should be preceded by liver biopsy. The rate of relapse
depends on the degree of continuing inflammation and

increases from 20% with complete resolution of hepatic
inflammation to 50% with ongoing portal inflammation, and
100% with progression to cirrhosis or persisting periportal
hepatitis.47 The rate of relapse after treatment withdrawal is as
high as 80%. The remaining 20% patients have to be regularly
assessed by clinical parameters and liver biopsy as the risk of
relapse cannot be predicted reliably. Ongoing inflammation
may exist without significantly elevated transaminases.
Normal liver histology after 2 years of steroid therapy does not
exclude relapse following treatment withdrawal.

The proportion of patients who continue without
inflammatory activity after treatment withdrawal is low. In
some of those patients the initial diagnosis may have been
incorrect. Valid data on the long-term outcome of this patient
group are not available.

Budesonide, a short half-life corticosteroid with 90%
hepatic first pass elimination, was shown to improve liver
inflammation in an uncontrolled study of patients with
acute autoimmune hepatitis.49 Plasma cortisol levels
were suppressed significantly only in cirrhotic patients,
possibly due to a reduced capacity of the cirrhotic liver to
metabolize steroids. Budesonide was not useful in a small
number of patients with treatment failure.50

Azathioprine

In one of the trials11 of prednisone therapy patients
were randomized to receive prednisone, azathioprine, a
combination of azathioprine and prednisone, or a placebo. No
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Figure 29.1 Serum aspartate aminotransferase levels
following treatment with steroids in active chronic hepatitis.
(Reproduced with permission from Cook GC et al. QJM
1971;40:159–8510)
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Figure 29.3 Mean values (± SEM) of serum γ-globulin in the
prednisone and azathioprine groups at 6-month intervals.
(Reproduced with permission from Murray-Lyon IM et al.
Lancet 1973;i:735–712)
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Figure 29.2 The calculated probability of survival in the
prednisone and azathioprine groups over the 2 years of
treatment. (Reproduced with permission from Murray-Lyon
IM et al. Lancet 1973;i:735–712)



differences in outcomes were observed between the
azathioprine and placebo groups, while patients in the
combined therapy group appeared to respond in a fashion
similar to the prednisone-treated patients. In a second study,12

a direct comparison of steroids and azathioprine was made,
and steroids were clearly more effective. 

There is no evidence that azathioprine is more effective
than placebo for induction of remission, but in uncontrolled
studies it was reported to maintain remission induced by
combined therapy with azathioprine and corticosteroids for
periods of 1–10 years in as many as 83% of patients.51,52

Other immunosuppressive drugs

Cyclosporin A has been used successfully in children53 and
adults,54 but has not been compared with conventional
treatment regimen in a randomized fashion. The impact
of other novel immunosuppressive drugs such as tacrolimus,
rapamycin or mycophenolate in the treatment of autoimmune
hepatitis has not yet been established and they cannot be
recommended for general use in patients with intractable
disease.

Liver transplantation

Liver transplantation has resulted in excellent long-term
survival rates that exceed 90% after 5 years.43 Patients
who fail to enter remission after 4 years of conventional
treatment are regarded as potential candidates for liver
transplantation. Autoantibodies and hypergammaglobulinemia
disappear within 2 years after transplantation. However,
recurrence in the graft occurs in 17% patients after 5 ± 1 years
and mostly responds to adjustments in the immunosuppression
regimen.55 Development of de novo autoimmune
hepatitis in patients who undergo transplantation for non-
autoimmune liver disease is rare (2·5–3·4% of allografts) and
predominantly occurs in children.56,57 Treatment with
prednisolone and azathioprine is effective in those patients.58
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Primary sclerosing cholangitis
Roger Chapman, Sue Cullen30

Introduction

Primary sclerosing cholangitis (PSC) is a chronic cholestatic
liver disease in which a progressive obliterating fibrosis of the
intrahepatic and extrahepatic bile ducts leads to biliary
cirrhosis, portal hypertension and eventually hepatic
failure, and in addition 10–30% of patients will develop a
cholangiocarcinoma. In comparison with some of the
conditions discussed in this book, PSC is a rare disease. But
the absence of large randomized clinical trials and meta-
analyses in PSC does not prevent us from gathering
the best evidence with which to attempt to answer the
many questions posed by patients and clinicians about the
etiology, diagnosis, prognosis and management of this
disease. Inevitably, where good external evidence is lacking,
personal clinical expertise may play a greater role in
the decision making process. This integration of clinical
expertise and best available clinical evidence from systematic
research constitutes the practice of “evidence-based
gastroenterology”.

Etiology

A number of causative agents have been implicated in the
pathogenesis of PSC but no single hypothesis has provided a
unifying explanation for all the clinical and pathological
features of this disease. PSC is closely associated with
inflammatory bowel disease (IBD), the majority (65–86%) of
patients with PSC have coexistent ulcerative colitis and the
prevalence of PSC in ulcerative colitis populations is between
2% and 6%.1–3 In a patient with ulcerative colitis, abnormal
liver function tests, particularly an elevated serum alkaline
phosphatase, may be the first indication of this insidious
condition. Endoscopic retrograde cholangiopancreatography
(ERCP) remains the “gold standard” for diagnosis, although
magnetic resonance cholangiography (MRC) a less invasive
technique will probably become the preferred choice in the
next 5 years. The precise etiology and pathogenesis of PSC is
still not completely understood. This chapter sets out the
evidence that immune mechanisms play a key role in the
development of the disease.

Autoimmunity

The 2:1 male to female ratio of patients with PSC and the
relatively poor response of the disease to immunosuppression
suggest that PSC is not a classic autoimmune disease. PSC
patients do have an increased frequency of the HLA B8 DR3
DQ2 haplotype, however, in common with a number of organ-
specific autoimmune diseases such as lupoid chronic active
hepatitis, type 1 diabetes mellitus, myasthenia gravis and
thyrotoxicosis.1–3 PSC is also independently associated with a
range of autoimmune diseases, diabetes mellitus and Graves’
disease being the most common. Saarinen et al. found that
25% of patients with PSC had one or more autoimmune
disease, compared with 9% of patients with IBD alone.4

Autoantibodies

A wide range of autoantibodies can be detected in the serum
of patients with PSC clearly indicating an altered state of
immune responsiveness or immune regulation. Although a few
studies have demonstrated some correlation between particular
clinical parameters and the presence of autoantibodies, there is
presently insufficient evidence to make use of any of them in
determining prognosis. Most are present at low prevalence
rates and at relatively low titers (Table 30.1).

Anti-neutrophil specific antibodies are a fairly consistent
feature of PSC, occurring in up to 88% of patients. The anti-
neutrophil cytoplasmic antibodies (ANCA) associated with PSC
are distinct from cANCA and classic pANCA that are
commonly used as diagnostic and therapeutic seromarkers for
Wegener’s granulomatosis and microscopic polyangiitis
respectively. PSC, ulcerative colitis and autoimmune hepatitis
(AIH) are associated with “atypical pANCA” which has a
distinct staining pattern on indirect immunofluorescence
microscopy. The prevalence of atypical pANCA in PSC,
ulcerative colitis and AIH is 33–88%, 40–87% and
50–96%, respectively.5 Work by Terjung and Worman has
demonstrated that the target antigen for atypical pANCA
appears to be localized to the nuclear periphery, and it has been
suggested that the anti-neutrophil antibody in PSC therefore be
renamed pANNA (anti-neutrophil nuclear antibody).6 The
specific target antigen of this antibody remains to be clarified,
but Terjung’s group has demonstrated that about 90% of
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pANNA from individuals with PSC reacted with a neutrophil-
specific nuclear envelope protein with a molecular mass of
approximately 50 kDa. However, the molecular identity of this
nuclear envelope protein remains unknown.

The importance of autoantibodies in the development of
PSC remains unclear. To date there is no convincing model of
the pathogenesis of PSC, ulcerative colitis or AIH that
implicates anti-neutrophil antibodies, and it may be that these
antibodies are simply a marker for an as yet undetermined
immune dysregulation. There is, however, some evidence
that a monoclonal antibody to a colonic epithelial protein in
patients with ulcerative colitis cross-reacts with epithelial
cells lining the extrahepatic bile ducts of PSC patients with
ulcerative colitis, suggesting that the pathogenesis of these
two conditions might be associated with a common antigen.7

An interesting paper by Xu et al. has demonstrated the
presence of autoantibodies to surface antigens expressed on
biliary epithelial cells in PSC. This study also showed that
these autoantibodies induced increased expression of CD44
on the biliary epithelial cell, demonstrating that the biliary
epithelial cell may be the candidate epithelial cell in PSC.8

More work is needed in this area to clarify if this might be
mechanism of action of autoantibodies in the development of
the clinical disease. It is not yet clear whether there is a single
primary susceptibility allele on each of these haplotypes,
although MICA*008 (mapping to the human leukocyte
antigen (HLA) class I/class III boundary between B8 and
TNFA) occurs on two of the key haplotypes and is therefore a
candidate epithelial cell and production of interleukin (IL)-6
by biliary epithelial cells.9 More work is needed in this area to
clarify if this might be mechanism of action of autoantibodies
in the development of the clinical disease.

Immunogenetics

Studies of genes encoding the key proteins in the immune
system have contributed towards our understanding of the
influence of the immune system on the development and
progression of PSC.

PSC appears to be a “complex” disease in that it is not
attributable to a single gene locus. Susceptibility to PSC is
probably acquired through inheriting one of a number of
patterns of genetic polymorphisms which together cause a
predisposition to development of the disease.

MHC genes

The major histocompatibility complex on the short arm of
chromosome 6 encodes the HLA molecules which have a
central role in T cell response and are highly polymorphic.
The major histocompatibility complex (MHC) class I and
class II regions encode the classical transplantation antigens
of the HLA A, B, Cw, and DR, DQ and DP families. The class
III region encodes a range of immune response genes,
including those encoding tumor necrosis factor-α and β
(TNFα and β), the heat shock protein family (HSP-70),
complement proteins C2, C4A, C4B, Bf, and the genes
encoding the MHC class I chain-related proteins, MICα and
β (MICA and MICB).

Early studies based on HLA serotyping found an increased
frequency of the HLA B8 DR3 haplotype in PSC patients
compared with controls. More recently serotyping has been
replaced by the more detailed technique (Table 30.2).10 The
technique of molecular genotyping has elucidated five key
HLA haplotypes associated with PSC.9 It is not yet clear
whether there is a single primary susceptibility allele on each
of these haplotypes, although MICA*008 (mapping to the
HLA Class I/Class III boundary between B8 and TNFA)
occurs on two of the key haplotypes.

Non-MHC immunoregulatory genes

A range of non-MHC immunoregulatory genes has been
studied in relation to PSC. Cytotoxic lymphocyte antigen-4
(CTLA-4, CD152) is one of the differentiation antigens
exclusively expressed on activated CD4+ and CD8+ T cells. It
acts by binding to B7, the same ligand as CD28, thereby
disrupting the crucial CD28-B7 interaction, one of the key
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Table 30.1 Serum autoantibodies in primary
sclerosing cholangitis

Antibodya Prevalence

Anti-nuclear antibody 7–77%
Anti-smooth muscle antibody 13–20%
Anti-endothelial cell antibody 35%
Anti-cardiolipin antibody 4–66%
Thyroperoxidase 7–16%
Thyroglobulin 4%
Rheumatoid factor 15%

aAntimitochondrial antibody is only rarely detected in PSC
(< 10%). This is  useful in differentiating primary sclerosing
cholangitis from primary biliary cirrhosis.

Table 30.2 Key HLA haplotypes associated with primary
sclerosing cholangitis (PSC)

Haplotype Significance in PSC

B8-TNF*2-DRB3*0101-DRB1* Strong association with
0301-DQA1*0501-DQB1*0201 disease susceptibility

DRB3*0101-DRB1*1301- Strong association with
DQA1*0103-DQB1*0603 disease susceptibility

DRB5*0101-DRB1*1501- Weak association with
DQA1*0102-DQB1*0602 disease susceptibility

DRB4*0103-DRB1*0401- Strong association with
DQA1*03-DQB1*0302 protection against

disease
MICA*008 Strong association with

disease susceptibility



co-stimulatory events in the initiation and progression of the
T cell immune response. An amino acid changing single
nucleotide polymorphism (SNP) in codon 17 of the leader
peptide of CTLA-4 has been associated with susceptibility to
autoimmune thyroid disease, insulin-dependent diabetes
mellitus, AIH and PBC. The role of this polymorphism in PSC,
however, is controversial and to date results have been
conflicting.

After antigen presentation, the next step in the adaptive
immune response is the release of cytokines and chemokines at
the site of inflammation. One polymorphism in TNF-α, as
discussed above, is associated with PSC but this appears to be
related to the extended HLA B8, DR3 DQ2 haplotype rather
than being an independent effect.11,12 Polymorphisms have also
been studied in IL-1 and IL-10, and chemokine CCR-5 to assess
a relationship to PSC.13 So far these studies have been negative
or controversial and no clear association has emerged.

The end result of inflammation in PSC is periductal
fibrosis. Genes involved in the regulation of the production
and destruction of extracellular matrix are therefore also
good candidate genes for study. One such family of genes is
that comprising the matrix metalloproteinases (MMPs). A
functional polymorphism of MMP-3 (stromelysin) has been
shown to be associated with both susceptibility to PSC and
progression to portal hypertension.14

Cellular immune abnormalities

The initiation and maintenance of the immune cascade
is determined not only by MHC recognition but also by
the presence of accessory cells and molecules to provide
co-stimulatory signals and the production of cytokines to
amplify or modify the immune response.

Studies of circulating lymphocyte subsets in PSC have
produced rather conflicting results, although there does seem
to be some consensus on the finding that there is a fall in CD8+
T cells as the disease progresses.15 The fact that this change
occurs only in advanced disease however, means that it is
unlikely to be significant in the pathogenesis of the disease. The
cellular infiltrate at the site of tissue injury is probably more
relevant than the circulating population. Although it is clear
that there is a T cell predominant portal tract infiltrate in PSC,
there is still some uncertainty regarding the relative importance
of CD4+ and CD8+ cells in this infiltrate (Figure 30.1). The
hypothesis that these T lymphocytes are involved in the
pathogenesis of the disease (rather than simply being markers
for its presence) is supported by evidence that these cells are
functional. This evidence comes from studies of surface
markers expressed on activated and memory T cells.

T cell receptor

Most T cells carry a T cell receptor (TCR) consisting of two
disulphide-linked polypeptides, termed α and β. A group of T

cells carrying an alternative receptor, termed γδ, has been
identified over the past 13 years. These cells appear to be
involved in autoimmunity, although their exact function is
not clear.16 An increase in the number of γδ T cells has been
found in the peripheral blood and portal infiltrates of patients
with both PSC and AIH compared with controls.17 There was
no concentration of the γδ cells in the areas of bile ducts or
interface hepatitis however, and the predominant cell type
was still αβ. The significance of γδ cells in the pathogenesis of
PSC is therefore not clear although they might function by
modulating αβ T cell activation or regulating antibody or
autoantibody production from B cells.

Although T cell receptor gene rearrangements serve to
generate genetic diversity, a particular Vαβ gene segment can
play a dominant role in recognition of certain peptide-MHC
complexes. Expanded T cell populations using restricted sets
of T cell receptor V gene segments have been identified in
areas of inflammation in diseases such as rheumatoid arthritis
and Sjögren’s disease. This suggests the presence of a specific
antigen with the capacity of driving the production of T cells
with this restricted Vαβ segment product.18,19 Studies from
Broome et al. indicated that the hepatic, but not peripheral, T
cells in PSC preferentially have Vβ3 T cell repertoires.20 An
oligoclonal expansion was not demonstrated in this study, but
oligoclonal T cells receptors which proliferate in culture with
enterocytes and are cytotoxic to enterocyte cell lines in vitro
have also been reported in PSC.21

Cytokines

Most studies in the context of PSC have looked at
cytokine secretion from peripheral rather than liver-derived
lymphocytes. This work has not been conclusive. There are
some preliminary data (published only in abstract form to
date) that show an increased expression of both T helper
(Th)1 and Th2 cytokines within the liver of PSC patients
compared with healthy controls.22 Downregulation of IL-10
mRNA expression in PSC and PBC was also demonstrated.
These changes were reversed after treatment with
ursodeoxycholic acid (UDCA).23

An abnormal cytokine repertoire and the high expression
of cytokine mRNA in the early stages of PSC suggest that Th1
and Th2 cytokines may play a role in the pathogenesis of the
disease. Cytokines could have an influence on many aspects
of the progression of PSC including the cytotoxic T cell
development, aberrant expression of class II MHC molecules
on biliary epithelial cells, and MMP gene expression in
fibroblasts.24 Their true role in the development and
progression of PSC has yet to be clearly defined.

Biliary epithelial cells

The biliary epithelial cell is the target of immune attack in
PSC, while at the same time appearing to be an active
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Figure 30.1 Comparison of (a) changes in portal inflammatory score, (b) disease progression by staging, and (c) cholangiographic
assessment in patients treated with high dose ursodeoxycholic acid (UDCA) versus placebo over the 2-year trial. (Reproduced
from Mitchell et al. Gastroenterology 2001;121:900–7100)
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participant in the immune response. Aberrant expression
of HLA molecules on target cells is important in the
pathogenesis of autoimmune diseases. Normal biliary
epithelial cells express only HLA class I and not class II
antigens. However, the HLA class II antigens HLA-DR, DQ
and DP have all been found to be expressed by the biliary
epithelial cells of patients with PSC.25,26 These antigens have
the potential to initiate an immune response by binding
autoantigens or exogenous antigens and presenting the
peptides to class II restricted T lymphocytes.

“Professional” antigen-presenting cells (APC) also express
cell surface co-stimulatory molecules such as CD54
(intercellular adhesion molecule-1 (ICAM-1)) and members of
the B7 family (CD80 and CD84) which are required for T cell
activation. These co-stimulatory molecules appear to be
lacking on the biliary epithelial cells in PSC, and this
observation has cast doubt upon the theory that biliary
epithelial cells act as APCs.27 Aberrant expression of CD54
(ICAM-1), however, has recently been demonstrated as
occurring in patients with endstage PSC. This finding could
not be replicated in patients with earlier stage disease.28,29

Recently, Cruickshank et al. has also demonstrated that CD44,
the lymphocyte homing receptor, is highly expressed on biliary
epithelial cells in a range of inflammatory liver diseases
including PSC.30 This phenomenon may occur as a function of
biliary cell response to stress or damage and, through the
ability of CD44 to bind chemokines and growth factors, might
mediate local inflammatory responses. Biliary epithelial cells
therefore, may act as APCs although they seem to be less
active in this role than dendritic cells or macrophages.

Role of bacteria in the etiopathogenesis
of primary sclerosing cholangitis

The coexistence of inflammatory colitis in around 75%
of northern European patients with PSC has led to the
hypothesis that the initiating step in this disease is the access
of intestinal bacteria through an inflamed and leaky bowel
wall, to the portal circulation. An abnormal immune response
to bacterial antigens (possibly acting as molecular mimics for
autoantigens) in an immunogenetically susceptible host might
be sufficient to precipitate the cascade of immune reactions
detailed above.

Investigation of bacterial growth from human tissue is
confounded by the bacterial contamination caused by
intubation of the bile duct at ERCP. Several animal models
however, have been used to investigate this proposal. Wistar
and Sprague-Dawley rats develop a pattern of hepatic injury
somewhat similar to human PSC after artificially induced
small bowel bacterial overgrowth.31 Rat models have also
demonstrated that bacterial peptides instilled into the rectum
of rats with a chemically induced colitis appear very quickly
in the bile and will initiate a small duct cholangitis, although
no extrahepatic strictures are produced.32

Hypotheses for the etiopathogenesis of PSC

A plausible unifying hypothesis for the etiopathogenesis of
PSC has been put forward by Vierling.33 This suggests that the
initial insult is the reaction of an immunogenetically
susceptible host to bacterial cell wall products entering the
portal circulation through a permeable gut wall either due to
colitis or possibly during episodes of intestinal infection. The
resulting Kupffer cell (hepatic macrophage) activation would
result in peribiliary cytokine and chemokine secretion
attracting activated neutrophils, monocyte/macrophages,
lymphocytes and fibroblasts to the site of infection. The
resultant concentric fibrosis around the bile ducts could then
lead to ischemia and then atrophy of the biliary epithelial cell.
The bile duct loss would then lead to progressive cholestasis,
fibrosis and secondary biliary cirrhosis. This hypothesis does
not explain why there is a relative paucity of patients with
PSC and underlying Crohn’s colitis, nor the association of
PSC with stricturing of the pancreatic duct.

More recently, Grant et al. have proposed the existence of
an enterohepatic circulation of lymphocytes, whereby some
mucosal lymphocytes produced in the gut during active
inflammation persist as memory cells capable of recirculation
through the liver.34 Under certain circumstances these gut-
derived lymphocytes might become activated resulting in
hepatic inflammation. This hypothesis is supported by the
finding that some lymphocyte homing receptors are shared by
the liver and gut. This concept of dual homing lymphocytes
helps to explain the observation that PSC runs a course
independent of inflammation in the bowel and indeed can
develop even after proctocolectomy.

In conclusion, current evidence suggests that PSC is an
immune-mediated rather than a classic autoimmune disease.
The association with inflammatory colitis suggests that an
abnormal immune response may be initiated in an
immunogenetically susceptible host by the access of bacterial
antigen, through a permeable gut wall, to the portal circulation.
This bacterial antigen might then act as a molecular mimic of
an autoantigen precipitating an immune cascade which results
in stricturing and scarring of the intrahepatic and extrahepatic
bile ducts, peribiliary fibrosis and ultimately, cirrhosis. There
are difficulties in determining which of the wide range of
immune abnormalities identified in these patients, are causal
and which are the consequences of tissue injury.

Diagnosis

Although ERCP remains the gold standard for the diagnosis
of PSC, it is an invasive technique that carries a small but
significant risk of morbidity and mortality. A non-invasive and
inexpensive test could not only be used for diagnosis but also
for screening an asymptomatic patient population in order to
detect early stage disease. The operating characteristics of
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such a diagnostic test should be compared with the gold
standard and the test should be applied to patients with and
without PSC as diagnosed by the gold standard test (ERCP).

MRC is a new non-invasive technique and increasing data
exists on its performance relative to ERCP. In one recent
study35 the ERCP and MRC of patients with a suspected
diagnosis of PSC were independently evaluated, and MRC was
as sensitive and specific as either ERCP or percutaneous
hepatic cholangiography. Current evidence suggests that MRC
can be used in place of ERCP to exclude the diagnosis of PSC.

Prognosis

The clinical course of PSC is quite variable; the disease is
indolent in some patients and more rapidly progressive in
others. The natural history of PSC is described in a number of
retrospective studies with the median survival time from
diagnosis to death or orthotopic liver transplantation (OLT)
reported between 12 and 21 years.36–39 Differences in survival
estimations may reflect the variation in the definition of onset
and outcome. As there is no reliable marker of early disease in
PSC the onset is difficult to identify clearly. Whether the
onset is defined as the occurrence of the first symptoms
consistent with PSC, as the time of the first abnormal liver
function test, or as the time of diagnosis by ERCP will result
in differences in survival estimates. In retrospective studies
details of distant events may be sparse and there is likely to be
failure to recognize early signs and symptoms. Patients with
late stage disease may predominate, while patients who die
from rapidly progressive disease may be missed.

The ideal study of prognosis is prospective and follows
patients from a defined point in the disease process, usually
diagnosis. There have been no studies using such an inception
cohort in PSC because the disease is rare and its slow
progression makes a prospective study impractical. A large
retrospective study published by Broome et al.36 did include a
high proportion (46%) of patients with early (stage I and II)
disease. Forty-four percent of patients were asymptomatic at
diagnosis, and these patients exhibited longer survival than
symptomatic patients. The estimated median survival for
the whole PSC group was 144 months. For patients with
symptoms at the time of diagnosis the estimated median
survival was significantly less, at 112 months. Over one-fifth
of the asymptomatic patients became symptomatic during the
median follow up period of 63 months. From these studies a
number of prognostic models have been developed, mainly
using parameters defined at diagnosis (Tables 30.3 and 30.4).
Perhaps the most controversial prognostic factor is HLA DR4.
Studies from Oxford41 and the Mayo Clinic43 suggest that
HLA DR4 is associated with poor prognosis, whilst studies
from London44 and Sweden17 were unable to confirm this
association. Although these models successfully predict the
natural history of the disease in a cohort of PSC patients, they

are less successful when applied to individual patients. The
confounding factor is the development of hepatobiliary or
colonic cancer.

Cholangiocarcinoma is difficult to diagnose,45 is associated
with poor prognosis,46 and precludes OLT.47 In Broome et al.’s
study cholangiocarcinoma was found in 8% of patients with
PSC but occurred in 30% of the 79 patients who died or
underwent OLT.36 In this and other studies none of the
investigated clinical or laboratory parameters could identify
those patients who would subsequently develop cholangio-
carcinoma, although PSC patients with coexistent ulcerative
colitis have a three to four-fold higher risk of developing
cholangiocarcinoma. A recent case–control study has
suggested that long duration of ulcerative colitis and smoking
are independent risk factors associated with the development
of hepatobiliary malignancy in PSC.48

Two studies have shown that biliary dysplasia seen on liver
biopsy can antedate the development of cholangiocarcinoma
by at least 2 years, and may be an indication for early liver
transplantation. Patients with ulcerative colitis and PSC are
also considered to be at higher risk of developing colonic
dysplasia and carcinoma.49 Early studies54,51 investigating
this risk gave conflicting results due to the different
methodologies employed, small numbers, design flaws,
and different endpoints.52 However, a recent study of a
retrospectively defined inception cohort53 has shown that the
risk of developing colonic dysplasia or cancer is significantly
increased in ulcerative colitis patients with PSC compared
with patients with ulcerative colitis alone. A high proportion
of right-sided cancers was noted in the PSC patients,
consistent with the hypothesis that these cancers arise due to
exposure to carcinogenic bile acids.54 Consensus has emerged
that PSC definitely predisposes to colonic dysplasia and
cancer. Recent studies have shown that patients treated with
UDCA have a 30% reduction in the incidence of colonic
dysplasia or carcinoma.55 PSC patients with ulcerative colitis
remain at risk of developing colon cancer or dysplasia even
after they have undergone OLT.56

The evidence is that physicians can only provide their PSC
patients with a tentative survival estimate using the variables
derived from prognostic models. The development of
cholangiocarcinoma is often insidious and unpredictable.
Although a significant impact of screening on mortality is
unproved, we recommend that PSC patients with ulcerative
colitis should immediately enter a yearly colonoscopic
surveillance program, in contrast to the 2-yearly surveillance
program after 8 years of colitis that is recommended for
ulcerative colitis patients without PSC.

Management of complications

As PSC slowly progresses to biliary cirrhosis and
portal hypertension, complications may arise from chronic
cholestasis or chronic liver failure (as in PBC and other liver
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diseases) or complications specific to PSC such as biliary
strictures and the development of cholangiocarcinoma. The
general management of the complications of cholestasis is
discussed elsewhere in this book.

Management of the complications of
chronic liver disease

The complications of endstage chronic liver disease, namely
esophageal varices, ascites and portosystemic encephalopathy
are equally observed in the later stages of PSC. The

management of these complications is common to all advanced
liver disease and warrants no further discussion here. Special
mention should be made of the problem of bleeding from
peristomal varices which occur as a consequence of portal
hypertension in PSC patients who have undergone procto-
colectomy for underlying IBD and have an ileal stoma.
Peristomal variceal bleeding can be severe and difficult to treat.
Local measures such as injection of sclerosant, venous ligation
and ileostomy revision are usually unsuccessful and associated
with recurrent bleeding. Portosystemic shunts, i.e. transjugular
intrahepatic portosystemic shunt (TIPS), can control severe
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Table 30.3 Studies of prognosis in primary sclerosing cholangitis: multivariate analysis

Independent prognostic
Study No. of patients % Asymptomatic Median survival (years) factors

Helzberg et al. (1987)39 53 25 a Hepatomegaly
Serum bilirubin > 1·5 mg/dl
at onset of disease

Wiesner et al. (1989)37 174 21 11·9 Age
Serum bilirubin
Blood hemoglobin concentration
Presence of IBD
Histological stage

Farrant et al. (1991)38 126 16 12·0 Hepatomegaly
Splenomegaly
Serum alkaline phosphatase 
Histological stage 
Age
Presence of symptoms not
a significant prognostic factor

Broome et al. (1996)36 305 44 12·0 Age
Serum bilirubin
Histological stage

a5% survival = 9 years.
IBD, inflammatory bowel disease

Table 30.4 Studies of prognosis in primary sclerosing cholangitis (PSC): univariate analysis

Study No. of patients Prognostic indicator Comments 

Craig et al. (1991)40 129 Disease assessment by Intrahepatic disease worse than
cholangiography extrahepatic

Mehal et al. (1994)41 83 HLA DR4 HLA DR4 associated with poor
prognosis

Olsson and Asztely (1995)42 94 Disease assessment by High grade intrahepatic strictures
cholangiography indicate early jaundice and 

short survival
Maloney et al. (1996)44 120 HLA DR4 HLA DR4 not associated with

poor prognosis but confers
resistance to developing PSC



bleeding episodes but such patients may ultimately require
hepatic transplantation. 

Ideally patients with PSC who require a proctocolectomy
for control of their ulcerative colitis should have ileal
pouch–anal anastomosis so as to avoid the formation of an
ileal stoma and the problem of peristomal varices. With the
recognition that PSC patients with ulcerative colitis have a
greater risk of developing colonic dysplasia or DNA
aneuploidy compared with patients with ulcerative colitis
alone57 surveillance of the anastomosis is required. Although
there is no direct evidence, there is consensus that patients
with ulcerative colitis with an intact colon should undergo
annual surveillance colonoscopy with multiple biopsies. 
The incidence of pouchitis is also increased in patients with
an ileal pouch–anal anastomosis and coexistent PSC.58

Management of complications specific to
primary sclerosing cholangitis

PSC is characterized by multiple small annular strictures
in the biliary tree seen at ERCP. Tight biliary strictures,
particularly in the extrahepatic biliary tree, may interrupt the
indolent course of disease and cause deterioration of liver
function with more rapid progression to biliary cirrhosis. Such
benign dominant biliary strictures cannot be reliably
differentiated from cholangiocarcinoma by cholangiographic
appearance. In one study of patients awaiting OLT ultrasound-
guided biopsy of a dominant biliary stricture accurately
demonstrated cholangiocarcinoma complicating PSC in 75%
of cases.59 Exfoliative brush cytology of strictures at ERCP has
a high specificity and positive predictive value for the
diagnosis of cholangiocarcinoma but low sensitivity and
negative predictive value.60 Despite the relatively low
sensitivity endoscopic bile duct brush cytology may be
diagnostic for malignancy or reveal high grade dysplasia.61 No
single serum marker accurately predicts the development of
cholangiocarcinoma but an index combining two serum
markers, CA19–9 and carcinoembryonic antigen (CEA), may
be useful to identify PSC patients with occult tumours.62 This
finding has not been confirmed by other investigators.63

Dominant strictures may be treated endoscopically or
surgically. Endoscopic treatment involves balloon dilatation of
the stricture and/or placement of a biliary stent. Surgical
procedures aim to bypass the obstruction and drain the biliary
system into the gut. Unfortunately there are no controlled
trials which examine the validity of either approach and guide
future management. Since biliary manipulation increases the
risk of stricturing and bacterial cholangitis and may jeopardize
future OLT, endoscopic and surgical intervention in PSC is as
a rule best avoided for as long as possible.

Selected non-cirrhotic PSC patients with dominant
extrahepatic strictures may benefit from a bilioenteric
bypass.64 A non-randomized retrospective study of endoscopic
intervention including dilatation or stenting of strictures,
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placement of nasobiliary drainage and extraction of stones
in PSC suggested that 77% of the patients showed
improvements of their clinical symptoms, liver function tests
or cholangiograms.65 A report from Amsterdam described
32 patients with dominant strictures treated with short-term
endoscopic stenting for a mean of 11 days. Primary endpoints
were improvements in symptoms and cholestasis which
were seen in all patients, and which were maintained for
several years. Seven transient procedure-related complications
occurred in 45 therapeutic procedures.66 Where OLT is
precluded, as in biliary obstruction due to cholangiocarcinoma,
endoscopic stenting is undoubtedly the best option for more
distal lesions. 

Medical therapy – the prevention
of disease progression

In both PBC and PSC the primary site of inflammation and
damage is the biliary epithelium. When severely damaged
or destroyed the bile ducts do not have the capacity to
regenerate like hepatocytes which are the primary target for
injury in various parenchymal liver diseases. Given the finite
number of bile ducts in the liver the natural history of PSC,
like PBC, is that of progressive loss of functioning intrahepatic
bile ducts (ductopenia). This ductopenia leads to a progressive
and irreversible failure of hepatic biliary excretion. To delay
and reverse this process physicians have tried a variety of
agents but in PSC, in contrast to PBC, few randomized
controlled trials have been done.

D-Penicillamine

Increased hepatic copper levels are detected in all patients
with prolonged cholestasis including those with PSC. This
observation provided the rationale for the controlled trial of
the cupruretic, D-pencillamine, performed by the Mayo
Clinic.67 Seventy patients were randomized to either
D-pencillamine or placebo for 36 months. No improvement
was observed on disease progression or overall survival in the
treatment group. Major adverse effects including pancytopenia
and proteinuria led to the permanent discontinuation of
penicillamine in 21% of the treated patients. 

Corticosteroids

It is surprising that there have been no long-term studies of
the effect of corticosteroid therapy on histological progression
and survival in PSC, especially as the disease may be immune
mediated. This may reflect concerns about the long-term
adverse effect profile of corticosteroids. Systemic and topical
corticosteroid therapy has been evaluated in a number
of small often uncontrolled trials.68,69 In one such study
10 patients diagnosed by ERCP and liver biopsy with early
PSC (elevated serum alkaline phosphatase, but none with
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biliary cirrhosis) were treated with prednisone without a
significant response.68 In another uncontrolled pilot study
10 patients with PSC, selected because they had elevated
aminotransferases, were given prednisolone, and the majority
responded with improvement in their biochemistry.69 In a
subsequent study Lindor et al.70 were unable to confirm these
optimistic results. They treated 12 patients with a
combination of low dose prednisone (10 mg daily) and
colchicine (0·6 mg twice daily). The clinical course of the
treated patients was compared with a control group, but the
study was not randomized. After 2 years no significant
differences in the biochemistry and liver histology were
detected between the two groups. In this study treatment did
not alter the rate of disease progression or improve survival.

The absence of a beneficial response, and the suspicion
that corticosteroid therapy enhanced cortical bone loss and
hence the risk of developing compression fractures of the spine
even in young male patients, led the authors to advise against
empirical corticosteroid therapy in these patients. This
conclusion was strengthened by the observation that
spontaneous fractures in patients who have undergone liver
transplantation occur almost exclusively in PSC patients who
are already osteopenic at the time of transplantation.71

Topical corticosteroids are usually administered through a
nasobiliary drain left in situ following ERCP. Three anecdotal
studies,72–74 have reported benefit. The only controlled trial of
nasobiliary lavage with corticosteroids from the Royal Free
Hospital75 showed no benefit when compared with a placebo
group. Although the numbers were small, the bile of all
the treated patients became rapidly colonized with enteric
bacteria and a higher incidence of bacterial cholangitis was
recorded in the treatment group.

More recent clinical trials have studied the possible benefit
of budesonide, a second-generation corticosteroid with a high
first-pass metabolism and minimal systemic availability.
Unfortunately preliminary results both alone76 and in
combination with UDCA77 have been disappointing. 

There is no direct evidence to suggest that either oral or
topical corticosteroids are beneficial in PSC. Indeed when PSC
patients with coexistent ulcerative colitis are given courses of
corticosteroids to treat their ulcerative colitis this treatment
appears to have little influence on the behavior of their liver
disease. It may be difficult to justify a trial using corticosteroids
as monotherapy but a large controlled trial could clarify their
role in combination with a choleretic agent. Potentially serious
adverse effects may be reduced by new agents such as
bisphosphonates which prevent cortical bone loss.

Methotrexate

After demonstrating a promising response to low dose oral
pulse methotrexate in an open study78 involving 10 PSC patients
without evidence of portal hypertension, Knox and Kaplan79

carried out a double blind, randomized placebo-controlled trial
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of oral pulse methotrexate at a dose of 15 mg per week. Twelve
patients with PSC were entered into each group. Although
each patient was monitored with both liver biopsy and ERCP
(at baseline and yearly) and biochemical tests, the only
significant change was a fall in the serum alkaline phosphatase
by 31% in those receiving methotrexate. 

There were no significant improvements in liver histology,
treatment failure or mortality rates. The only toxicity attributed
to methotrexate during the study was a transient decrease in
the white cell count related to a bout of bacterial cholangitis
and Campylobacter enterocolitis in a single patient.

The study was too small in terms of numbers of patients
and of too short duration to have adequate power to detect a
significant benefit in patients with early disease, should such
a benefit exist. Nevertheless, with the negative results of this
controlled trial and more recent reports of the toxicity of
pulse methotrexate in patients with PBC (interstitial
pneumonitis, severe lung damage, hepatotoxicity) it would be
difficult to justify a larger controlled trial of methotrexate
therapy at present. In a pilot study Lindor et al.80 found that
methotrexate given in combination with UDCA to 19 PSC
patients was associated with toxicity (alopecia, pulmonary
complications) but showed no additional improvement in
liver biochemistry compared with a control group of nine
patients treated with UDCA alone. 

Other immunosuppressants

Despite the evidence that PSC may be an immune-mediated
disease, there have been few randomized controlled trials of
immunosuppressive agents containing sufficient numbers of
patients with early disease. Immunosuppression is unlikely to
be effective in patients with advanced liver disease and
irreversible bile duct loss, and this may account for the
disappointing results so far seen in PSC with these agents.
No controlled trials of azathioprine in PSC have been reported.
In one case report81 two patients improved clinically on
azathioprine but in another82 the patient deteriorated. The use
of cyclosporine in PSC has been evaluated in a randomized
controlled trial from the Mayo Clinic85 involving 34 patients
with PSC and, in the majority, coexistent ulcerative colitis.
Treatment with cyclosporine reduced the symptoms of
ulcerative colitis84 but had no effect on the course or prognosis
of PSC. Follow up liver histology after 2 years of treatment
revealed progression in 9/10 of the placebo group but only
11/20 of the cyclosporine-treated group. 

This was not reflected by any beneficial effect on the
biochemical tests. The prevalence of adverse effects was low;
serious renal complications were not reported. A combination
of cyclosporine and prednisolone elicited a beneficial response
in a 65-year-old man with PSC accompanied by pancreatic
duct abnormalities.85

Tacrolimus (FK 506) an immunosuppressive macrolide
antibiotic, has been used to treat 10 patients with PSC in an
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open study.86 After 1 year of treatment with a twice daily oral
regimen all patients experienced an improvement in their
liver biochemical tests. For example the median serum
bilirubin level was reduced by 75% and the serum alkaline
phosphatase was reduced by 70%. No major adverse events
were reported in this initial study in PSC. A randomized
controlled trial is required to confirm these encouraging
preliminary results.

Cladribine, a nucleoside analog with specific
antilymphocyte properties, has been used to treat a variety of
autoimmune disorders. In a recent pilot study in PSC six
patients with early disease were treated for 6 months and
followed for 2 years. Whilst significant decreases were seen in
peripheral and hepatic lymphocyte counts no significant
changes were observed in symptom scores, liver function
tests or cholangiograms.87

The hepatobiliary injury which occurs in rats with
experimental bacterial overgrowth is said to result from
peptidoglycan-polysaccharide-mediated activation of Kupffer
cells, which in turn release cytokines such as TNF-α. In rats
the liver injury can be prevented by pentoxifylline. In an
open pilot study, 20 patients with PSC were treated with
pentoxifylline 400 mg four times daily for 1 year. In this dose
pentoxifylline did not improve symptoms or liver tests.88

Antifibrogenic agents

In the light of initial reports which suggested a positive
trend of the antifibrogenic agent colchicine on survival in
PBC and other types of cirrhosis, a randomized trial from
Sweden89 compared colchicine in a dose of 1 mg daily by
mouth in 44 patients with PSC with a matched placebo group
of 40 patients. At 3-year follow up there were no differences
in clinical symptoms, serum biochemistry, liver histology or
survival between the two groups. The only recorded
adverse effect attributable to colchicine was diarrhea in a
single patient. The absence in this study of any proved effect
of colchicine on disease progression, outcome or survival is in
keeping with more recent long-term studies of colchicine in
PBC and other chronic liver diseases which have failed to
confirm the initial reported survival benefits.

Ursodeoxycholic acid

This hydrophilic bile acid has become widely used in the
treatment of cholestatic liver of all causes. UDCA appears
to exert a number of effects all of which may be beneficial
in chronic cholestasis: a choleretic effect by increasing bile flow;
a direct cytoprotective effect; an indirect cytoprotective effect by
displacement of the more hepatotoxic endogenous hydrophobic
bile acids from the bile acid pool; an immunomodulatory effect;
and finally an inhibitory effect on apoptosis.

Using a labeled bile acid analog Jazrawi et al.90

demonstrated a defect in hepatic bile acid excretion but not in
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uptake in patients with PBC and PSC, resulting in bile acid
retention. They observed an improvement of hepatic
excretory function with UDCA in patients with PBC but only
a trend towards improvement in the small number of patients
with PSC. Not only is hepatic bile acid excretion affected by
UDCA but so is ileal reabsorption of endogenous bile acids.
The net result is enrichment of the bile acid pool with UDCA.
Hydrophobic bile acids are more toxic than UDCA which can
protect and stabilize membranes.

Studies have demonstrated that long-term treatment with
UDCA decreases aberrant expression of HLA class I on
hepatocytes and reduces levels of soluble cell adhesion
molecules (sICAM) in PBC patients. In vitro studies have
shown that UDCA may alter cytokine production by human
peripheral mononuclear cells. In PSC one study has shown
that UDCA has been shown to decrease aberrant HLA DR
expression on bile ducts.91 However, a more recent study
could not demonstrate any alteration in expression of either
HLA class I and II or ICAM-1 on either biliary epithelial cells
or hepatocytes.92 The body of evidence suggests that UDCA
does have some modulatory effects on immune function, but
how important these are remains unclear.

Numerous studies have attempted to address the clinical
efficacy of UDCA treatment in PSC. The majority have been
uncontrolled studies in small numbers of patients. In a pilot
study O’Brien et al.93 treated 12 patients with UDCA on an
open basis over 30 months. They documented improvement
in fatigue, pruritus and diarrhea and significant improvement
of all liver biochemical tests, particularly alkaline phosphatase
during the two UDCA treatment periods. Symptoms and liver
biochemistry relapsed during a 6-month withdrawal period
between treatment phases. During UDCA treatment the
amount of cholic acid declined slightly but the levels of
other relatively hydrophobic bile acids did not change
significantly.

In the first randomized double blind controlled trial of
UDCA in PSC Beuers et al.94 compared over a 12-month
period six patients who received UDCA 13–15 mg/kg
bodyweight with eight patients who received placebo. The
majority of patients had early disease (Ludwig classification
stages I and II). After 6 months a significant reduction in
alkaline phosphatase and aminotransferases was achieved in
the treatment group. A significant fall in bilirubin was only
noted after 12 months. Using a multiparametric score the
UDCA-treated group showed significant improvement in their
liver histology, mainly attributed to decreased portal and
parenchymal inflammation. Unfortunately treatment did not
ameliorate their symptoms. UDCA-induced diarrhea was the
only important side effect requiring a patient to withdraw.

Similar results were obtained by Stiehl et al.95 who
randomized 20 patients to either 750 mg daily of UDCA or
placebo. However in a larger randomized placebo-controlled
trial of UDCA in PSC by Lindor et al.96 no benefit was
demonstrated. In this trial 105 patients were randomized to
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treatment with UDCA in conventional doses (13–15 mg/kg
bodyweight daily) or placebo and followed up for up to 6 years
(mean 2·9 years). Treatment with UDCA had no effect upon
the time until treatment failure defined as death, liver
transplantation, the development of cirrhosis, quadrupling of
bilirubin, marked relapse of symptoms or the development of
signs of chronic liver disease. Furthermore the significant
improvement in liver biochemical tests seen in the treated
group was not reflected by any beneficial changes in liver
histology. On the contrary there was a suggestion that the
liver histology of patients on UDCA showed a greater
tendency to progress towards fibrosis. However, this could
also be explained by sampling variability between serial liver
biopsies.97

The failure of standard doses of UDCA to provide clinical
benefit led our group to consider the use of higher doses. Our
rationale is that with increasing cholestasis there is decreasing
enrichment of the bile acid pool with UDCA and higher doses
are required to achieve the same level of enrichment.98

Furthermore, the in vitro immunomodulatory effects of UDCA
are enhanced with increasing UDCA concentrations.99 In a
pilot study we evaluated 26 patients with PSC who
were randomized to either high dose (20–25 mg/kg) UDCA or
placebo100 for 2 years. High dose UDCA had no effect
on symptoms but as expected there was a significant
improvement in liver biochemistry. More importantly we found
a significant reduction in cholangiographic appearances and
liver fibrosis (Figure 30.1 and Table 30.5). In the treatment
group bile acid saturation with UDCA >70% confirmed patient
compliance. No significant adverse effects were reported, in
particular no worsening of colitis was seen.

Similar encouraging results were obtained in an open study
in 30 patients with PSC treated for 1 year.102 When compared
with historical controls a significant improvement in
projected survival using the Mayo risk score was observed
with high dose but not with the conventional dose
(13–15 mg/kg per day) of UDCA. In the light of these
promising results a large controlled trial of high dose UDCA is
in progress in Scandinavia.

The treatment of PSC with bile acids has been the subject of a
recent Cochrane systematic review by Chen and Gluud.103 They
concluded that treatment with UDCA leads to a significant
improvement in liver biochemistry but that the evidence is
insufficient to either support of refute its clinical effects in
patients with PSC (Figure 30.2). They recommend that large
scale high quality randomized clinical trials should be performed.

Whilst it is established that hydrophilic bile acid UDCA
inhibits injury by hydrophobic bile acids, hepatocyte cell death
from bile acid-induced toxicity occurs more frequently from
apoptosis than from necrosis. It has been demonstrated that
UDCA inhibits deoxycholic acid-induced apoptosis by
modulating mitochondrial transmembrane potential and reactive
oxygen species production.104 Moreover, UDCA inhibited in vitro
deoxycholic acid stimulated growth in several tumor cell lines

including colon cancer.105 This has led to the suggestion that
UDCA may reduce the risk of dysplasia and cancer in the biliary
tree and/or the colon. Tung et al. studied 59 patients with PSC
and ulcerative colitis followed with 3-yearly surveillance
colonoscopy.106 Colonic dysplasia was significantly less common
in those patients treated with UDCA. However, these results
were not confirmed in a study of 120 patients followed with
2-yearly colonoscopic surveillance.107 The recent study of Pardi
et al. has confirmed the chemopreventive effect of UDCA.55 To
date, there is no evidence that the high rate of bile duct cancer is
reduced by UDCA therapy.

Miscellaneous treatments

In keeping with ulcerative colitis, there is a strong inverse
relationship between PSC and cigarette smoking. This led
Angulo et al.108 to test the hypothesis that oral nicotine might
have a beneficial effect in PSC. Eight non-smoking patients
with PSC were treated with nicotine 6 mg four times daily
for up to 1 year. Adverse effects were frequent requiring
cessation in three patients and no beneficial effects were seen.

Combined therapy

In an important pilot study, the potential of combination
therapy was explored by Schramm et al.,109 who treated
15 patients with PSC. All patients received low dose UDCA
(500–750 mg daily), prednisolone 1 mg/kg daily and
azathioprine 1–1·5 mg/kg daily. After a median follow up
period of 41 months, all patients had a significant improvement
in liver function tests. Seven patients had been previously
treated with UDCA but liver enzymes improved only after
immunosuppressive therapy was added. More importantly, six
of 10 with follow up biopsies showed histological improvement
and significant radiological deterioration was only seen in one
of 10 patients who had had ERCP.

In a 13-year prospective study Stiehl et al.110,111 studied the
survival of 106 patients with PSC treated with 750 mg UDCA
daily and by endoscopic balloon dilatation of major dominant
stenoses whenever necessary. Ten patients had a dominant
stricture at entry and over a median follow up of 5 years
another 43 developed a dominant stenosis. This was not
prevented by low dose UDCA treatment but successfully
treated by balloon dilatation in the majority, only five
requiring temporary stenting. This combined approach of
UDCA and endoscopic intervention significantly improved
the survival compared with predicted survival rates. This was
an uncontrolled study provides only relatively weak evidence
that UDCA and/or endoscopic therapy prolonged survival,
although the results are promising.

Orthotopic liver transplantation

For patients with advanced PSC, OLT is the only
therapeutic option. A number of centers report a 5-year
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survival rate in excess of 75%.112 Farges et al.113 advocate
assessment for OLT earlier in the course of the disease to
reduce the operative risk and to prevent the development of
hepatobiliary malignancy. Against this approach is the
recognition that PSC may recur in the graft114 and that colon
cancer is the most frequent cause of death in PSC patients
after OLT.115 A recent study has shown that PSC recurrence is
more common in male IBD patients who have an intact
colon. Five-year survival rates are also improved in
colectomized patients. In the absence of prognostic models
capable of predicting the course of disease or the onset of
complications in individual patients, the timing of OLT
continues to be controversial.112 A recent report suggests that
prior treatment with UDCA is associated with a better
outcome after transplantation.116

Conclusion

There is no established effective medical treatment for PSC.
Recent studies suggest that high dose UDCA may have a role
in at least slowing disease progression, although the results of
larger long-term randomized trials are awaited. Randomized
controlled trials of immunosuppressive agents in early PSC are
needed, possibly in combination with high dose UDCA. With
the identification of T cell subsets involved in PSC and the
cytokines they produce it may be possible to use particular
recombinant cytokines or antibodies to specific cytokines such
as anti-TNF antibody (infliximab) to manipulate the immune
response in PSC and alter disease progression. Greater insight

into the pathogenetic mechanisms involved in PSC would
enable therapy to be targeted more specifically at the area of
initial damage, namely, the biliary epithelium.

Liver transplantation remains the mainstay of treatment for
patients with endstage disease but the disease will recur in at
least 30% of patients.

References

1 Schrumpf E, Fausa O, Forre O, Dobloug JH, Ritland S,
Thorsby E. HLA antigens and immunoregulatory T cells in
ulcerative colitis associated with hepatobiliary disease. Scand
J Gastroenterol 1982;17:187–91.

2 Shepherd HA, Selby WS, Chapman RW et al. Ulcerative colitis
and persistent liver dysfunction. QJM 1983;52:503–13.

3 Chapman RW, Varghese Z, Gaul R, Patel G, Kokinon N,
Sherlock S. Association of primary sclerosing cholangitis with
HLA-B8. Gut 1983;24:38–41.

4 Saarinen S, Olerup O, Broome U. Increased frequency of
autoimmune diseases in patients with primary sclerosing
cholangitis. Am J Gastroenterol 2000;95:3195–9.

5 Terjung B, Worman HJ. Anti-neutrophil antibodies in primary
sclerosing cholangitis. Best Pract Res Clin Gastroenterol
2001;15:629–42.

6 Terjung B, Spengler U, Sauerbruch T, Worman HJ. “Atypical
p-ANCA” in IBD and hepatobiliary disorders react with
a 50-kilodalton nuclear envelope protein of neutrophils and
myeloid cell lines. Gastroenterology 2000;119:310–22.

7 Mandal A, Dasgupta A, Jeffers L et al. Autoantibodies in
sclerosing cholangitis against a shared peptide in biliary and
colon epithelium. Gastroenterology 1994;106:185–92.

Primary sclerosing cholangitis

447

Review:
Comparison:
Outcome:

Study

Beutre 1997

Linder 1997

x  Lo 1992

x  Stiehl 1994

x  de bois 1998

Total (95% CI)
Test for heterogeneity chi squared 0·88 df = 2 P = 0·8442
Test for overall effect = − 0·20 P = 0·8

Michell 2001

UDCA
n/H

0/6 1/8

3/62

0/10

1/13

0/10

0/20

5/1134/110

4/53

0/8

0/13

0/10

0/20

Control
n/H

Relative risk (fixed)
95% CI

Relative risk (fixed)
95% CI

0·47 (0·07, 0·00)

1·31 (0·31, 6·60)

0·33 (0·01, 7·60)

0·88 (0·27, 2·73)

Not estimable

Not estimable

Not estimable

Weight
(%)

22·5

61·8

0·0

0·0

Favors UDCA Favors control
− 01 −1 1 10 100

100·0

26·7

0·0

97% solids for primary sclerosing cholangitis
01 UDCA versus control (placebo or no treatment)
01 Mortality at the end of treatment

Figure 30.2 Meta-analysis of five trials of UDCA versus control (placebo or no treatment). Mortality at the end of treatment.
(From Chen and Gluud103, with permission)



8 Xu B, Broome U, Ericzon BG, Sumitran-Holgersson S. High
frequency of autoantibodies in patients with primary
sclerosing cholangitis that bind biliary epithelial cells and
induce expression of CD44 and production of interleukin 6.
Gut 2002;51:120–7.

9 Spurkland A, Saarinen S, Boberg KM et al. HLA class II
haplotypes in primary sclerosing cholangitis patients from
five European populations. Tissue Antigens 1999;53:459–69.

10 Donaldson PT. Genetics of autoimmune liver disease. In:
Gershwin E, Manns MP (eds). Liver Immunology.
Philadelphia: Hanley and Belfus, Inc, 2003.

11 Bernal W, Moloney M, Underhill J, Donaldson PT.
Association of tumor necrosis factor polymorphism with
primary sclerosing cholangitis. J Hepatol 1999;30:237–41.

12 Mitchell SA, Grove J, Spurkland A et al. Association of the
tumour necrosis factor alpha-308 but not the interleukin 10-
627 promoter polymorphism with genetic susceptibility to
primary sclerosing cholangitis. Gut 2001;49:288–94.

13 Donaldson PT, Norris S, Constantini PK, Bernal W, Harrison
P, Williams R. The interleukin-1 and interleukin-10 gene
polymorphisms in primary sclerosing cholangitis: no
associations with disease susceptibility/resistance. J Hepatol
2000;32:882–6.

14 Satsangi J, Chapman RW, Haldar N et al. A functional
polymorphism of the stromelysin gene (MMP-3) influences
susceptibility to primary sclerosing cholangitis. Gastro-
enterology 2001;121:124–30.

15 Lindor KD, Wiesner RH, Katzmann JA, LaRusso NF, Beaver
SJ. Lymphocyte subsets in primary sclerosing cholangitis.
Dig Dis Sci 1987;32:720–5.

16 Hayday A, Geng L. Gamma delta cells regulate
autoimmunity. Curr Opin Immunol 1997;9:884–9.

17 Martins EB, Graham AK, Chapman RW, Fleming KA.
Elevation of gamma delta T lymphocytes in peripheral blood
and livers of patients with primary sclerosing cholangitis and
other autoimmune liver diseases. Hepatology 1996;23:
988–93.

18 Sumida T, Yonaha F, Maeda T et al. T cell receptor repertoire
of infiltrating T cells in lips of Sjogren’s syndrome patients.
J Clin Invest 1992;89:681–5.

19 Imberti L, Sottini A, Primi D. T cell repertoire and
autoimmune diseases. Immunol Res 1993;12:149–67.

20 Broome U, Grunewald J, Scheynius A, Olerup O, Hultcrantz
R. Preferential V beta3 usage by hepatic T lymphocytes in
patients with primary sclerosing cholangitis. J Hepatol 1997;
26:527–34.

21 Probert CS, Christ AD, Saubermann LJ et al. Analysis of
human common bile duct-associated T cells: evidence for
oligoclonality, T cell clonal persistence, and epithelial cell
recognition. J Immunol 1997;158:1941–8.

22 Mitchell SA Chapman R, Fleming KA. Enhanced cytokine
mRNA expression in primary sclerosing cholangitis and
autoimmune liver disease [Abstract]. Gastroenterology
1997;112:A757.

23 Mitchell SA Chapman R, Fleming KA. Decreased
interleukin-10 mRNA expression in primary sclerosing
cholangitis and primary biliary cirrhosis: A role for IL-10 in
pathogenesis [Abstract]. Hepatology 1997;26:442A.

24 Mitchell SA, Chapman RW. Primary sclerosing cholangitis.
Clin Rev Allergy Immunol 2000;18:185–214.

25 Chapman RW, Kelly PM, Heryet A, Jewell DP, Fleming KA.
Expression of HLA-DR antigens on bile duct epithelium in
primary sclerosing cholangitis. Gut 1988;29:422–7.

26 Broome U, Glaumann H, Hultcrantz R, Forsum U.
Distribution of HLA-DR, HLA-DP, HLA-DQ antigens in liver
tissue from patients with primary sclerosing cholangitis.
Scand J Gastroenterol 1990;25:54–8.

27 Leon MP, Bassendine MF, Wilson JL, Ali S, Thick M, Kirby JA.
Immunogenicity of biliary epithelium: investigation of antigen
presentation to CD4+ T cells. Hepatology 1996;24:561–7.

28 Adams DH, Mainolfi E, Burra P et al. Detection of
circulating intercellular adhesion molecule-1 in chronic liver
diseases. Hepatology 1992;16:810–14.

29 Broome U, Hultcrantz R, Scheynius A. Lack of concomitant
expression of ICAM-1 and HLA-DR on bile duct cells from
patients with primary sclerosing cholangitis and primary
biliary cirrhosis. Scand J Gastroenterol 1993;28:126–30.

30 Cruickshank SM, Southgate J, Wyatt JI, Selby PJ,
Trejdosiewicz LK. Expression of CD44 on bile ducts in
primary sclerosing cholangitis and primary biliary cirrhosis.
J Clin Pathol 1999;52:730–4.

31 Lichtman SN, Sartor RB, Keku J, Schwab JH. Hepatic
inflammation in rats with experimental small intestinal
bacterial overgrowth. Gastroenterology 1990;98:414–23.

32 Yamada S, Ishii M, Liang LS, Yamamoto T, Toyota T.
Small duct cholangitis induced by N-formyl L-methionine
L-leucine L-tyrosine in rats. J Gastroenterol 1994;29:
631–6.

33 Vierling J. Aetiopathogenesis of primary sclerosing
cholangitis. In: Manns PCR, Stieihl A, Wiesner R (eds).
Primary sclerosing cholangitis. London: Kluwer Academic
Publishers, 1998.

34 Grant AJ, Lalor PF, Salmi M, Jalkanen S, Adams DH. Homing
of mucosal lymphocytes to the liver in the pathogenesis of
hepatic complications of inflammatory bowel disease.
Lancet 2002;359:150–7.

35 Angulo P, Pearce DH, Johnson CD, Henry JS, LaRusso NF,
Petersen BT, Lindor KD. Magnetic resonance
cholangiography in patients with biliary disease, its role in
PSC. J Hepatol 2000;33:659–60

36 Broome U, Olsson R, Loof L et al. Natural history of
prognostic factors in 305 Swedish patients with primary
sclerosing cholangitis. Gut 1996;38:610–15.

37 Wiesner RH, Grambsch PM, Dickson ER et al. Primary
sclerosing cholangitis: natural history, prognostic factors and
survival analysis. Hepatology 1989;10:430–6.

38 Farrant JM, Hayllar KM, Wilkinson ML et al. Natural history
and prognostic variables in primary sclerosing cholangitis.
Gastroenterology 1991;100:1710–17.

39 Helzberg JH, Petersen JM, Boyer JL. Improved survival with
primary sclerosing cholangitis. A review of clinicopathologic
features and comparison of symptomatic and asymptomatic
patients. Gastroenterology 1987;92:1869–75.

40 Craig DA, MacCarty RL, Wiesner RH et al. Primary sclerosing
cholangitis: value of cholangiography in determining the
prognosis. Am J Roentgenol 1991;157:959–64.

Evidence-based Gastroenterology

448



41 Mehal WZ, Lo YM, Wordsworth BP, Fleming K, Chapman RW.
HLA DR4 is a marker for rapid disease progression in primary
sclerosing cholangitis. Gastroenterology 1994;106:160–7.

42 Olsson RG, Asztely MS. Prognostic value of cholangiography
in primary sclerosing cholangitis. Eur J Gastroenterol
Hepatol 1995;7:251–4.

43 Aguilar HI, Nuako K, Krom RA et al. Do primary sclerosing
cholangitis (PSC) patients who express HLA-DR4 haplotype
have a more rapidly progressive disease? Hepatology 1994;
20:154A.

44 Maloney MM, Donaldson PT, Thomson LJ, Williams R.
HLA-DR4 and DR4 subtypes confer resistance to primary
sclerosing cholangitis and are not associated with a poor
prognosis. Hepatology 1996;24:169A.

45 Miros M, Kerlin P, Walker N et al. Predicting
cholangiocarcinoma in patients with primary sclerosing
cholangitis before transplantation. Gut 1991;32:1369–73.

46 Kornfield D, Ekbom A, Ihre T. Survival and risk of
cholangiocarcinoma in patients with primary sclerosing
cholangitis. A population-based study. Scand J Gastroenterol
1997;32:1042–5.

47 Herbener T, Zajko AB, Koneru B et al. Recurrent
cholangiocarcinoma in the biliary tree after liver
transplantation. Radiology 1988;169:641–2.

48 Bergquist A, Glaumann H, Persson B et al. Risk factors and
clinical presentation of hepatobiliary carcinoma in patients
with primary sclerosing cholangitis: a case–control study.
Hepatology 1998;27:311–16.

49 D’Haens GR, Lashner BA, Hanauer SB. Pericholangitis and
sclerosing cholangitis are risk factors for dysplasia and
cancer in ulcerative colitis. Am J Gastroenterol 1993;88:
1174–8.

50 Brentnall TA, Haggitt RC, Rabinovitch PS et al. Risk and
natural history of colonic neoplasia in patients with primary
sclerosing cholangitis and ulcerative colitis. Gastroenterology
1996;110:331–8.

51 Loftus EVJ, Sandborn WJ, Tremaine WJ et al. Risk of
colorectal neoplasia in patients with primary sclerosing
cholangitis. Gastroenterology 1996;110:432–40.

52 Ahnen DJ. Controlled clinical trials: the controls are the key.
Gastroenterology 1996;110:628–30.

53 Lashner BA, Shetty B, Rybicki L. Risk factors for cancer or
dysplasia in ulcerative colitis with primary sclerosing
cholangitis [Abstract]. Gastroenterology 1998;114:A1018.

54 Marchesa P, Lashner BA, Lavery IC et al. The risk of cancer
and dysplasia among ulcerative colitis patients with primary
sclerosing cholangitis. Am J Gastroenterol 1997;92:1285–8.

55 Pardi DS, Loftus EV, Kremers WK, Keach J, Lindor KD.
Ursodeoxycholic acid as a chemopreventive agent in
patients with ulcerative colitis and primary sclerosing
cholangitis. Gastroenterology 2003;124:889–893.

56 Bleday R, Lee E, Jessuran J et al. Increased risk of early
colorectal neoplasms after hepatic transplant in patients with
inflammatory bowel disease. Dis Colon Rectum 1993;
36:908–12.

57 Broome U, Loberg R, Veress B, Eriksso LS. Primary sclerosing
cholangitis and ulcerative colitis. Evidence for increased
neoplastic potential. Hepatology 1995;22:1404–8.

58 Penna C, Dubois R, Tremaine WJ et al. Pouchitis after
pouchanal anastomosierative colitis occurs with increased
frequency in patients with associated primary sclerosing
cholangitis. Gut 1996;38:234–239.

59 Mirza DF, Davies M, Olliff S et al. Preoperative diagnosis of
cholangiocarcinoma in primary sclerosing cholangitis in
potential liver tranplantation candidates [Abstract].
Hepatology 1994;20:154A.

60 Ferrunior AP, Lichtenstein DR, Slivka A, Chang C, Carr-
Locke DL. Brush cytology during ERCP for the diagnosis of
biliary and pancreatic malignancies [See comments].
Gastrointest Endosc 1994;40(2 Pt 1):140–8.

61 Lee JG, Leung JW, Baillie J, Layfield LJ, Cotton PB. Benign,
dyplasitic or malignant – making sense of endoscopic bile
duct brush cytology: results in 149 consecutive patients. Am
J Gastroenterol 1995;90:722–6.

62 Ramage JK, Donaghy A, Farrant JM, Iorns R, Williams R.
Serum tumor markers for the diagnosis of
cholangiocarcinoma in primary sclerosing cholangitis.
Gastroenterology 1995;108:865–9.

63 Bjornsson E, Kilander A, Olsson R. CA 19–9 and CEA are
unreliable markers for cholangiocarcinoma in patients with
primary sclerosing cholangitis. Liver 1999;19:501–5.

64 Hepburgh JA. Surgical biliary drainage in primary sclerosing
cholangitis. The role of the Hepp-Couinaud approach. Arch
Surg 1994;129:1057–62.

65 Lee JG, Schutz SM, England RE, Leung JW, Cotton PB.
Endoscopic therapy of sclerosing cholangitis. Hepatology
1995;21:661–7.

66 Ponsioen CY, Lam K, van Milligan de Wit AW, Huibregtse K,
Tytgat GN. Four years experience with short term stenting
in primary sclerosing cholangitis. Am J Gastroenterol 1999;
94:2403–7.

67 LaRusso NF, Wiesner RH, Ludwig J et al. Prospective trial of
penicillamine in primary sclerosing cholangitis. Gastro-
enterology 1988;95:1036–42.

68 Sivak M Jr, Farmer RG, Lalli AF. Sclerosing cholangitis: its
increasing frequency of recognition and association with
inflammatory bowel disease. J Clin Gastroenterol 1981;3:
261–6.

69 Burgert SL, Brown BP, Kirkpatrick RB, LaBrecque DR.
Positive corticosteroid response in early primary sclerosing
cholangitis [Abstract]. Gastroenterology 1984;86:1037.

70 Lindor KD, Wiesner RH, Colwell LJ et al. The combination
of prednisone and colchicine in patients with primary
sclerosing cholangitis. Am J Gastroenterol 1991;86:57–61.

71 Porayko MK, Wiesner RH, Hay JE et al. Bone disease in liver
transplant recipients: incidence, timing and risk factors.
Transplant Proc 1991;23:1462–5.

72 Grijm R, Huibregtse K, Bartelsman J et al. Therapeutic
investigations in primary sclerosing cholangitis. Dig Dis Sci
1986;31:792–8.

73 Jeffrey GP, Reed WD, Laurence BH, Shilkin KB. Primary
sclerosing cholangitis: clinical and immunopathological
review of 21 cases. J Gastroenterol Hepatol 1990;5:135–40.

74 Craig PI, Williams SJ, Hatfield ARW, Ng M, Cotton PB.
Endoscopic management of primary sclerosing cholangitis
[Abstract]. Gut 1990;31:1182a.

Primary sclerosing cholangitis

449



75 Allison MC, Burroughs AK, Noone P, Summerfield JA.
Biliary lavage with corticosteroids in primary sclerosing
cholangitis. A clinical, cholangiographic and bacteriological
study. J Hepatol 1986;3:118–22.

76 Angulo P, Batts KP, Jorgensen A, Lindor KD. Budesonide in
the treatment of primary sclerosing cholangitis: a pilot study
[Abstract]. Hepatology 1999;30:477A.

77 van Hoogstraten HJF, Vieggar FP, Boland GI et al.
Budesonide or prednisone in combination with
ursodeoxycholic acid in primary sclerosing cholangitis. A
randomized double-blind pilot study. Am J Gastroenterol
2000;95:2015–22.

78 Knox TA, Kaplan MM. Treatment of primary sclerosing
cholangitis with oral methotrexate. Am J Gastroenterol
1991;86:546–52.

79 Knox TA, Kaplan MM. A double-blind controlled trial of oral-
pulse methotrexate therapy in the treatment of primary
sclerosing cholangitis. Gastroenterology 1994;106:494–9.

80 Lindor KD, Jorgensen RA, Anderson ML et al. Ursdeoxycholic
acid and methotrexate for primary sclerosing cholangitis: a
pilot study. Am J Gastroenterol 1996;91:511–15.

81 Javett SL. Azathioprine in primary sclerosing cholangitis.
Lancet 1971;i:810–11.

82 Wagner A. Azathioprine treatment in primary sclerosing
cholangitis. Lancet 1971;ii:663–4.

83 Wiesner RH, Steiner B, LaRusso NF, Lindor KD, Baldus WP.
A controlled clinical trial evaluating cyclosporine in the
treatment of primary sclerosing cholangitis [Abstract].
Hepatology 1991;14:63A.

84 Sandborn WJ, Wiesner RH, Tremaine WJ, Larusso NF.
Ulcerative colitis disease activity following treatment of
associated primary sclerosing cholangitis with cyclosporin.
Gut 1993;34:242–6.

85 Kyokane K, Ichihara T, Horisawa M et al. Successful treatment
of primary sclerosing cholangitis with cyclosporine and
corticosteroid. Hepatogastroenterology 1994;41:449–52.

86 Van-Thiel DH, Carroll P, Abu-Elmagd K et al. Tacrolimus (FK
506), a treatment for primary sclerosing cholangitis: results
of an open-label preliminary trial. Am J Gastroenterol 1995;
90:455–9.

87 Duchini A, Younossi ZM, Saven A et al. An open-label pilot
trial of cladibrine (2-cloolordeoxyadenosine) in patients with
primary sclerosing cholangitis. J Clin Gastroenterol 2000;
31:271–3.

88 Bharucha AE, Jorgensen R, Lichtman SN, La Russo NF,
Lindor KD. A pilot study of pentoxifylline for the treatment
of primary sclerosing cholangitis. Am J Gastroenterol 2000;
95:2238–42.

89 Olsson R, Broome U, Danielsson A et al. Colchicine
treatment of primary sclerosing cholangitis. Gastroenterology
1995;108:1199–203.

90 Jazrawi RP, de-Caestecker JS, Goggin PM et al. Kinetics
of hepatic bile acid handling in cholestatic liver disease:
effect of ursodeoxycholic acid. Gastroenterology 1994;
106:134–42.

91 Lo SK, Hermann R, Chapman RW et al. Ursodeoxycholic
acid in primary sclerosing cholangitis; a double blind
controlled trial. Hepatology 1992:16.

92 van Milligen de Wit AW, Kuiper H, Camoglio L, van Bracht
J, Jones EA, Tytgat GN, van Deventer SJ. Does
ursodeoxycholic acid mediate immunomodulatory and
anti-inflammatory effects in patients with primary
sclerosing cholangitis? Eur J Gastroenterol Hepatol 1999;
11:129–36.

93 O’Brien CB, Senior JR, Arora-Mirchandani R, Batta AK,
Salen G. Ursodeoxycholic acid for the treatment of primary
sclerosing cholangitis: a 30-month pilot study. Hepatology
1991;14:838.

94 Beuers U, Spengler U, Kruis W et al. Ursodeoxycholic acid
for treatment of primary sclerosing cholangitis: a placebo-
controlled trial. Hepatology 1992;16:707–14.

95 Stiehl A, Walker S, Stiehl L et al. Effect of ursodeoxycholic
acid on liver and bile duct disease in primary sclerosing
cholangitis. A 3-year pilot study with a placebo-controlled
study period. J Hepatol 1994;20:57–64.

96 Lindor KD, The Mayo PSC/UDCA Study Group. Ursodiol
for primary sclerosing cholangitis. N Engl J Med 1997;
336:691–5.

97 Olsson R, Hagerstrand I, Broome U et al. Sampling
variability of percutaneous liver biopsy in primary
sclerosing cholangitis. J Clin Pathol 1995;48:933–5.

98 Stiehl A, Rudolph G, Sauer P, Theilmann L. Biliary secretion
of bile acids and lipids in primary sclerosing cholangitis.
Influence of cholestasis and effect of ursodeoxycholic acid
treatment. J Hepatol 1995;23:283–9.

99 Hirano F, Tanaka H, Makino Y, Okamoto K, Makino I.
Effects of ursodeoxycholic acid and chenodeoxycholic acid
on major histocompatibility complex class I gene
expression. J Gastroenterol 1996;31:55–60.

100 Mitchell SA, Bansi DS, Hunt N, von Bergmann K, Fleming
KA, Chapman RW. A preliminary trial of high dose
ursodeoxycholic acid in primary sclerosing cholangitis.
Gastroenterology 2001;122:900–7.

101 van Hoogstraten HJ, Wolfhagen FJ, van de Meeberg PC,
van Buren HR, Schaerm S. Ursodeoxycholic acid therapy
for primary sclerosing cholangitis; single versus multiple
doses. J Hepatol 1998;29:417–23.

102 Harnois DM, Angulo P, Jorgensen RA, La Russo NF, Lindor
KD. High-dose ursodeoxycholic acid as a therapy for
patients with primary sclerosing cholangitis. Am J
Gastroenterol 2001;96:1558–66.

103 Chen W, Gluud C. Bile acids for primary sclerosing
cholangitis (Cochrane Review). The Cochrane Library,
Issue 4, 2003. Chichester, UK.

104 Rodrigues CM, Fan G, WongPY, Kren BT, Steer CJ.
Ursodeoxycholic acid may inhibit deoxycholic acid-
induced aopotosis bymodulating mitochondrial trans-
membrane potential and reactive species production. Mol
Med 1998;4:165–78.

105 Martinez JD, Stratagoules ED, La Rue JM et al. Different
bile acids exhibit distinct biological effects. Nutr Cancer
1998;31:111–18.

106 Tung BY, Edmond MJ, Haggitt RC et al. Ursodiol use is
associated with lower prevalence of colonic neoplasia in
patients with ulcerative colitis and primary sclerosing
cholangitis. Ann Intern Med 2001;134:89–95.

Evidence-based Gastroenterology

450



107 Wolf JM, Rybicki L,Lashner BA. Ursodeoxycholic acid is
not chemoprotective for colorectal cancer in ulcerative
colitis patients with primary sclerosing cholangitis
[Abstract]. Gastroenterology 2001;121:2276.

108 Angulo P, Bharucha AE, Jorgensen RA et al. Oral nicotine
in treatment of primary sclerosing cholangitis: a pilot study.
Dig Dis Sci 1999;44:602–7.

109 Schramm C, Schirmacher P, Helmreich-Becker I et al.
Combined therapy with azathioprine prednisolone and
ursodiol in patients with primary sclerosing cholangitis. A
case series. Ann Intern Med 1999;131:943–6.

110 Stiehl A, Rudolph G, Sauer P, Benz C et al. Efficacy of
ursodeoxycholic acid treatment and endoscopic dilatation
of major duct stenoses in primary sclerosing cholangitis. A
8 years prospective study. J Hepatol 1997;26:56–61.

111 Stiehl A, Rudolph G, Kloteis-Plodsky P, Samuel P, Walker S.
Development of dominant bile duct stenoses in patients

treated with ursodeoxycholic acid, outcome after
endoscopic treatment. J Hepatol 2002;36:151–6.

112 Gow PJ, Chapman RW. Liver transplantation for primary
sclerosing cholangitis. Liver 2000;20:97–103.

113 Farges O, Malassagne B, Sebagh M, Bismuth H. Primary
sclerosing cholangitis: liver transplantation or biliary
surgery. Surgery 1995;117:146–55.

114 Graziadei IW, Wiesner RH, Batts KP et al. Recurrence
of primary sclerosing cholangitis following liver
transplantation. Hepatology 1999;29:1050–6.

115 Vera A, Gunson BK, Ussatos V et al. Colorectal cancer in
patients with inflammatory bowel disease after liver
transplantation for primary sclerosing cholangitis.
Transplantation 2003;75:1983–8.

116 Brandseter B, Broome U, Isoniemi H et al. Liver transplantation
for primary sclerosing cholangitis: outcome after acceptance to
the waiting list. Liver Transpl 2003;9:961–9.

Primary sclerosing cholangitis

451



453

Portal hypertensive bleeding
John Goulis, Andrew K Burroughs31

Introduction

Portal hypertension is a major complication of chronic liver
disease, most frequently cirrhosis, leading to the development
of portosystemic collaterals of which the most clinically
significant are those that form gastroesophageal varices.
Variceal hemorrhage is the most serious complication of portal
hypertension and is associated with a high mortality rate.1

In the past two decades several new therapeutic approaches
have been introduced for the prevention and treatment of
variceal bleeding. Currently in addition to sclerotherapy and
surgical shunts, the therapeutic armamentarium for portal
hypertensive bleeding has been considerably expanded by
the introduction of pharmacological therapy with various
vasoactive agents, the endoscopic ligation of esophageal
varices and the transjugular intrahepatic portosystemic
shunt (TIPS).

As a result the number of randomized clinical trials dealing
with the treatment of portal hypertension is ever increasing.
However, making therapeutic decisions is not easy, as most of
the new treatments are inadequately or poorly evaluated in
trials using heterogeneous criteria for the definition of their
main endpoints and usually lacking adequate statistical
power.

We evaluated randomized controlled trials for prevention
of first bleeding, treatment of acute bleeding and prevention
of recurrent bleeding from esophageal varices, using meta-
analysis where applicable. The main endpoints selected for
analysis were the following: (i) first bleeding episode (for
primary prevention trials), or failure to control bleeding
including very early re-bleeding (for trials of acute bleeding)
or re-bleeding (for trials for prevention of re-bleeding) (ii)
mortality (short term or long term) and (iii) incidence of
complications. Pooled estimates of efficacy are presented as
pooled odds ratios (POR), obtained by the Mantel–Haenszel
method (fixed effect model) as modified by Robbins,2

with 95% confidence intervals (CI). We used a statistical
evaluation of heterogeneity by χ2 test to assess whether the
variation in treatment effect within trials of the same group
was greater than might be expected. We considered
heterogeneity to be present if P < 0·05; if so the calculation of
POR was carried out by the DerSimonian and Laird method,3

which is recommended for meta-analysis of studies with
significant heterogeneity.

Natural history: prediction of the risk of bleeding

Development of varices

At the time of diagnosis of cirrhosis, varices are present in
about 60% of decompensated and 30% of compensated
patients.1 The minimal portal pressure gradient or its
equivalent hepatic venous pressure gradient (HVPG)
threshold for the development of varices is 10–12 mmHg.4 In
most patients, esophageal varices enlarge over time, although
regression of varices in a minority of patients has also been
observed.5 The presence and size of esophageal varices is
associated with the severity of liver disease and continued
alcohol abuse.6 Portal hypertensive gastropathy has a
prevalence of 80% in cirrhotic patients, with chronic bleeding
in 11% and acute bleeding in 2·5% with mortality of 12·5%
related to bleeding.7

Risk of first variceal bleeding

The incidence of variceal bleeding in unselected patients
who have never previously bled is low (4·4/100 per year).8

However mortality of the first bleeding episode is high
(25–50%).9 Hence the identification of patients with varices
who will bleed before they do so is clearly important in order
to offer effective prophylactic therapy to those who need it
and avoid it in those who do not, particularly if the therapy is
invasive or costly. The risk factors for the first episode of
variceal bleeding in cirrhotic patients are the severity of liver
dysfunction, large size of varices (increased tension of the
variceal wall), and the presence of endoscopic red color
signs. The combination of these three factors is the basis of
the North Italian Endoscopic Club (NIEC) index for the
prediction of the first variceal bleeding.10 It is important to
realize that patients with small varices and grade C severity
cirrhosis are more at risk of first bleeding than patients with
large varices and grade A severity cirrhosis, emphasizing the
importance of liver dysfunction.11 However, only a third of

Evidence-based Gastroenterology and Child Health, Second Edition 
Edited by John WD McDonald, Andrew K Burroughs, Brian G Feagan 

Copyright © 2004 Blackwell Publishing Ltd



patients who present with variceal hemorrhage have the
above risk factors.12 Hence there is a need to define new
predictive factors that could be combined in the NIEC index
to improve its validity. The main interest has been the
identification of haemodynamic factors that could more
readily reflect the pathophysiological changes that lead to
variceal bleeding. It is now well accepted that no bleeding
occurs if HVPG falls below 12 mmHg13 and the height of
HVPG has been shown to be an independent risk factor of
bleeding.14 Finally variceal pressure has also been shown,
prospectively, to be an independent predictive factor for the
first variceal bleeding, and its addition to NIEC index could
result in a significant gain in prognostic accuracy.15

Randomized controlled trials for
prevention of first variceal bleeding

Shunt surgery versus non-active treatment

There have been four prophylactic shunt trials,16–19

which were the first randomized controlled trials in portal
hypertension, including 302 patients. A meta-analysis of these
trials has been published.1 Variceal bleeding was significantly
reduced (odds ration (OR) 0·31, 95% CI 0·17 to 0·56) in the
treated group but survival was significantly worse (OR 1·6,
95% CI 1·02 to 2·57). In addition the risk of chronic or
recurrent encephalopathy was significantly increased (OR
2·0, 95% CI 1·2 to 3·1) in shunted patients. In view of the
mortality data and the serious adverse effects, prophylactic
shunt surgery has been abandoned worldwide. Moreover the
advent of liver transplantation removes any rationale for
prophylactic surgery of any kind in cirrhotic patients.

Thus the results of Inokuchi et al. from Japan who
compared devascularization procedures or selective shunts
with non-active treatment,20 showing a significant reduction
in bleeding risk and mortality with prophylactic surgery, are
not clinically relevant today. Moreover as the method of
randomization is not clear the validity of the data is in
question.

Sclerotherapy versus non-active treatment

The success of endoscopic sclerotherapy in the treatment
of acute variceal bleeding led to extensive evaluation of
sclerotherapy for the prevention of the first variceal bleed.
There are 21 trials,21–41 of which four were published in
abstract form,36–39 including a total of 1922 patients. The
main characteristic of these trials was the statistically
significant heterogeneity (P < 0·001) in the direction and size
of the treatment effect on bleeding and death, so that meta-
analysis is not justified. The first trials reported promising
results with a reduction in bleeding rate, and in some a
reduction in overall mortality.22,28,29 However they were of
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poor quality.42 Subsequent larger trials did not confirm benefit
and indeed some trials have suggested that prophylactic
sclerotherapy is deleterious.33,35 In evaluating
endoscopic sclerotherapy it must be remembered that it as an
expensive and invasive treatment, which is associated with
potentially serious complications. Hence prophylactic
sclerotherapy would have to be clearly superior to no
prophylactic treatment by a considerable margin before it
could be recommended for widespread use.

Variceal ligation versus non active treatment

In recent years, endoscopic variceal ligation has replaced
endoscopic sclerotherapy as the method of choice for the
prevention of re-bleeding. In randomized trials and a meta-
analysis, ligation was more effective than sclerotherapy in
preventing re-bleeding, in part because it resulted in faster
eradication of varices and had fewer complications.43 Six trials
of variceal ligation against no treatment have been carried out
in patients with esophageal varices who have never bled.
Given the published literature and the consensus on the use
of non-selective β-blockers one would have expected that
banding ligation would have been compared with β-blockade.
Although these studies have been widely considered
unethical they are commented on in this chapter as a
background to the β-blocker versus banding studies.

The six studies included 612 patients with high risk
esophageal varices44–49 (Table 31.1). Variceal ligation signifi-
cantly reduced the risk of first variceal bleeding (POR
4·26, 95% CI 2·85 to 3·37) and mortality (POR 2·44, 95% CI
1·70 to 3·51). Although some adverse effects of variceal
ligation (retrosternal pain, dysphagia, etc.) were transient,
two patients died, one because of esophageal perforation
related to the insertion of the overtube45 and the other after
postligation ulcer bleeding complicated by aspiration
pneumonia.46

β-Blockers versus non-active treatment

The optimal prophylactic treatment should be easy to
administer, have relatively few adverse effects, and be
reasonably effective. Drug therapy potentially fulfills these
criteria best. In addition, drug therapy has the potential to
protect against gastric mucosal bleeding, which accounts for a
sizeable proportion of first bleeding episodes.50

There are nine prophylactic trials using β-receptor blockade
in cirrhotic patients with large varices,31,35,38,51–56 comprising
996 patients; seven trials of propranolol31,35,38,51,54–56 and two
of nadolol52,53 (Table 31.2). Seven trials were published as
peer-reviewed articles31,35,51–55 and two in only abstract
form.38,56 One of the latter trials56 was an outlier reporting a
very low bleeding rate in non-treated patients. This study
caused statistically significant heterogeneity in the evaluation
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of first bleeding in a comprehensive analysis evaluating the
effect of β-blockade therapy in the prevention of variceal
bleeding. The heterogeneity disappeared when this trial56 was
excluded from the analysis. There was a statistically
significant bleeding risk reduction with β-blocker treatment
when the outlier trial was included (OR 0·54, 95% CI 0·39
to 0·74) or excluded (OR 0·48, 95% CI 0·35 to 0·66).56 The
number of patients needed to be treated (NNT) with
β-blockers to prevent one bleeding episode was estimated to
be 11. There was no heterogeneity in the evaluation of

mortality in these trials (P = 0·19). Mortality reduced with
β-blockers but not significantly so (OR 0·75, 95% CI 0·57
to 1·06).

β-Blockers have been shown to be effective independently
of cause and severity of cirrhosis, presence of ascites and
variceal size in an analysis of individual patient data from four
of the above trials.57 However bleeding may occur after
stopping β-blocker therapy, suggesting that therapy should
be maintained lifelong.58 Finally, propranolol has been shown
to prevent both acute and chronic bleeding from portal
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Table 31.1 Randomized controlled trials of variceal ligation versus non-treatment for the primary prophylaxis of variceal
bleeding

Event rate

Study Child C (%) No. of patients Variceal ligation Controls ARR (95% CI)

Outcome: variceal bleeding
Sarin et al.44 31 68 3/35 13/33 0·31 (0·12 to 0·5)
Lay et al.45 38 126 12/62 38/64 0·28 (0·15 to 0·41)
Lo et al.46 28 127 8/64 14/63 0·40 (0·25 to 0·56)
Svoboda et al.48 NR 102 15/52 27/50 0·1 (−0·03 to 0·23)
Chen and Chang47 NR 156 7/80 28/76 0·25 (0·07 to 0·44)
Gameel et al.49 NR 33 0/16 3/17 0·18 (0·05 to 0·36)
Total 612 45/309 123/303 0·24 (0·18 to 0·3)

Outcome: death
Sarin et al.44 31 68 4/35 8/33 0·12 (−0·05 to 0·31)
Lay et al.45 38 126 17/62 37/64 0·22 (0·08 to 0·36)
Lo et al.46 28 127 16/64 23/63 0·30 (0·14 to 0·47)
Svoboda et al.48 NR 102 12/52 19/50 0·11 (−0·04 to 0·27)
Chen and Chang47 NR 156 15/80 31/76 0·15 (−0·03 to 0·33)
Gameel et al.49 NR 33 1/16 0/17 −0·06 (−0·18 to 0·06)
Total 612 65/309 149/303 0·12 (0·06 to 0·18)

NR, not reported; ARR, absolute risk reduction

Table 31.2 Randomized controlled trials of β-blockers versus non-active treatment for the prevention of first variceal
bleeding

Study No. of patients C/T Child C (%) Bleeding C/T Death C/T

Pascal and Cales51 111/116 46 30/20 40/25
ldeo52a 49/30 – 11/1 9/3
Lebrec53a 53/53 – 10/7 10/10
Pasta54 89/85 7 31/18 28/37
Andreani et al.31 41/43 28 13/2 18/13
Conn et al.55 51/51 8 11/2 11/8
PROVA35 51/51 8 13/12 14/7
Strauss et al.38b 16/20 NR 4/4 7/7
Colman et al.56b 25/23 NR 2/8 7/6
POR (95% CI) 0·54 (0·39 to 0·74) 0·75 (0·57 to 1·06)

aNadolol.
bAbstract only.
C, control; T, β-blockers; NR, not reported; POR, pooled odds ratio



hypertensive gastropathy in a single blind randomized study.50

Adverse effects of β-blockers are usually reversible after
discontinuation of the drug, and no fatal complications have
been reported.

β-Blockers versus nitrates

Evidence has been presented from a randomized trial first
published in 199659 and completed by a long-term analysis in
200060 which showed that that the combination of nadolol
and isosorbide dinitrate was more effective than nadolol alone
for prevention of variceal bleeding.

In the latter study 146 patients with cirrhosis and known
esophageal varices, but no bleeding, were treated for
7 years.60 Sixteen in the nadolol group and eight in the
combination group bled (logrank test, P = 0·02). The
cumulative bleeding risk was 29% and 12%, respectively
(95% CI for the difference 1–23%) Addition of isosorbide-
5-mononitrate did not increase the incidence of liver failure,
development of ascites or renal insufficiency; five patients
requested discontinuation of nitrates due to adverse effects.
However, the results of the most recent multicenter and
larger randomized controlled trial are conflicting. In this
study61 a total of 349 cirrhotic patients with gastroesophageal
varices were randomized to receive propranolol + placebo
(n=174) or propranolol + isosorbide mononitrate (ISMN)

Ald
(n = 175). There were no significant differences in the 1 and
2-year actuarial probability of variceal bleeding between
the two groups (propranolol + placebo 8·3% and 10·6%,
respectively; propranolol + ISMN, 5% and 12·5%,
respectively). Survival was also similar. Adverse effects
were significantly more frequent in the propranolol + ISMN
group mainly due to a greater incidence of headache. The
combination was otherwise safe and did not produce any
deleterious effects on renal function.

β-blockers effectively prevent variceal bleeding. Adding
nitrates does not further decrease the low residual risk of
bleeding in patients receiving propranolol. In conclusion
current data do not support a recommendation for alternative
medication to non-selective β-blockers for primary prophylaxis
of variceal bleeding. However the long-term combination drug
therapy is generally safe and may be an alternative in clinical
conditions associated with a greater risk of bleeding. 

Variceal ligation versus β-blockers

Recently, seven randomized trials, involving 475 patients,
compared endoscopic band ligation of high risk esophageal
varices to propranolol62–68 (Table 31.3). In the first trial,
Sarin et al.62 found that ligation was more effective than
propranolol for prevention of bleeding (actuarial survival,
propranolol 43%, ligation 15%, P < 0·05). However, the rate of
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Table 31.3 Randomized controlled trials of variceal ligation versus propranolol for the primary prophylaxis of variceal
bleeding

Event rate

Study Child C (%) No. of patients Variceal ligation Controls ARR (95% CI)

Outcome: variceal bleeding
Sarin et al.62 31 99 4/45 12/44 0·18 (0·03 to 0·34)
De et al.63 13 30 2/15 1/15 −0·07 (−0·28 to 0·15)
de la Mora et al.64 NR 24 1/12 1/12 0·00 (−22 to 22)
Jutabha et al.65 NR 35 0/18 1/17 0·059 (−0·053 to 0·17)
Psilopoulos et al.66 20 35 1/21 1/14 0·024 (−0·043 to 0·18)
Lui et al.67 33 100 3/44 9/66 0·07 (−0·04 to 0·18)
Schepke et al.68 12.5 152 19/75 22/77 0·032 (0·11 to 0·17)
Total 475 30/230 47/245

Outcome: death
Sarin et al.62 31 99 5/45 5/44 0·002 (−0·13 to 0·13)
De et al.63 13 30 NR NR
de la Mora et al.64 NR 24 1/12 1/12 0·00 (−0·22 to 0·22)
Jutabha et al.65 NR 35 NR NR
Psilopoulos et al.66 20 35 1/21 0/14 −0·048 (−0·14 to 0·044)
Lui et al.67 NR 100 11/44 18/66 0·02 (−0·14 to 0·19)
Schepke et al.68 12.5 152 34/75 32/77 −0·038 (−0·195 to 0·12)
Total 229 52/197 56/213

NR, not reported; ARR, absolute risk reduction



bleeding in the propranolol group was higher than has been
observed in some other studies. This may be because of the
lower mean dose of propranolol used (70 mg/day compared
with 123 mg/day in previous studies). Alternatively, the
difference in bleeding rates between groups may have occurred
because of the relatively small number of patients studied and
the resultant rather wide confidence intervals. The rate of
bleeding in the propranolol group was the same as that in the
non-treated group in a previous trial by the same authors in
which the same selection criteria were used.45 In the other six
trials such a marked difference in the incidence of the first
episode of variceal bleeding between the two treatment arms
was not reproduced.63–68 In the meta-analysis of the seven
studies variceal ligation significantly reduced the risk of first
variceal bleeding compared with propranolol (POR 1·61, 95%
CI 0·98 to 2·66). However the same meta-analysis did not find
any difference in terms of mortality, with a trend in a favor of
drug treatment (POR 0·93, 95% CI 0·58 to 1·49). 

The conflicting results of these studies and the small
number of patients randomized and events observed, as well
as the cost of endoscopic variceal ligation, do not provide
sufficient evidence for recommending any change in the
current practice of prescribing propranolol as the treatment of
first choice for the primary prevention of variceal bleeding.

Variceal ligation versus sclerotherapy

Variceal ligation was compared with sclerotherapy for the
primary prevention of variceal bleeding in three small
studies69–71 of which one was published only in abstract
form.70 The results were conflicting. One study indicated that
sclerotherapy was more effective,71 the second that ligation
was more effective69 and the third that the two interventions
are of similar efficacy.70 Thus it is not surprising that there is
significant heterogeneity in the meta-analysis (P = 0·045) for
bleeding, and combining the data in a meta-analysis may not
be justified. There was no significant difference for mortality
(POR 0·84, 95% CI 0·35 to 2·05). 

Conclusion

The data from prophylactic trials suggest that screening for
moderate and large varices in cirrhotic patients should be part
of routine clinical practice, and if these are found, prophylactic
treatment to prevent first variceal bleeding should be offered.
Shunt surgery prevents bleeding but the increase in mortality
and the long-term risk of encephalopathy make this treatment
unacceptable. Prophylactic sclerotherapy should not be used
as it is relatively ineffective, costly and potentially dangerous.
The treatment of choice is prophylactic β-blocker therapy; it is
inexpensive, easy to administer, and effective for prevention of
the first variceal hemorrhage and of bleeding from gastric
mucosa. Primary prophylaxis with variceal ligationAld
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appears to be safe and may be a reasonable alternative for:
(i) patients with contraindications to β-blockers, (ii) patients
who cannot tolerate or have no hemodynamic response to the
drug therapy. However, it is unlikely to be a routine
prophylactic treatment as it is much more expensive and less
available than β-blockers and it will not prevent gastric
mucosal bleeding. The trend towards increased mortality with
banding needs further observation, as increased mortality was
seen with prophylactic sclerotherapy.

Outcome of acute variceal bleeding

Acute variceal bleeding is a life-threatening complication
in patients with cirrhosis and portal hypertension, with
mortality that ranges from 30% to 50%.1 Although overall
survival may be improving, because of new therapeutic
approaches, mortality is still closely related to failure to
control hemorrhage or early re-bleeding, which is a distinct
characteristic of portal hypertensive bleeding and occurs in as
many as 50% of patients in the first days to six weeks after
admission.72,73 Factors that influence this failure in cirrhotic
patients have been little studied. Severity of liver disease
has been recognized as a risk factor for both early re-bleeding
and short-term mortality after an episode of variceal
bleeding.12,73–75 Active bleeding during emergency endoscopy
(for example, oozing or spurting from the ruptured varix) has
been found to be a significant indicator of the risk of early re-
bleeding.74,75 Increased portal pressure (HVPG >16 mmHg)
has been also proposed as a prognostic factor of early
re-bleeding in an elegant study of continuous portal pressure
measurement immediately after the bleeding episode,76 and
another study has shown that increased HVPG was related to
increased failure to control bleeding and mortality.77

There is also a strong association between variceal
hemorrhage and bacterial infection. Eight recent studies
have shown that antibiotic therapy (with oral non-absorbable
antibiotics,78 and more recently with different quinolones
or amoxicillin with clavulanic acid,79–84 imipenem,85

cefotaxime86) prevent bacterial infection in cirrhotic patients
with gastrointestinal bleeding.65–69 This was confirmed in a
meta-analysis of these eight trials (significant beneficial effect
on mortality (RR 0·70, 95% CI 0,56,089) and prevention of
bacterial infections (RR 0·39, 95% CI 0,32,048).87 Finally our
group has recently shown that bacterial infection, diagnosed
on admission, is an independent prognostic factor of failure
to control bleeding or early re-bleeding.74 These data may
support a role of bacterial infection in the initiation of variceal
bleeding.88 A recent randomized trial has shown a reduction
in early re-bleeding after acute bleeding, following
prophylactic antibiotics.82

The clinician should be aware that most clinical trials have
focused on esophageal varices, with very few designed to
evaluate therapy for gastric varices. Gastric varices may lead
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to more severe bleeding initially, and tend to re-bleed
frequently.89 The following sections refer to esophageal
varices unless specified.

Randomized controlled trials for the treatment
of acute variceal bleeding

Pharmacologic treatment

Vasoactive drug treatment is the only treatment that
does not require sophisticated equipment or the skills of a
specialist and is immediately available, even before the
patient is admitted to hospital, as has been shown recently.90

Furthermore, as evidence suggests that those patients with
high variceal or portal pressure are likely to continue to bleed
or re-bleed early,13,77 prolonged drug therapy that lowers
portal pressure over days may be the optimal treatment. The
vasoactive drugs that are currently used in the management
of acute variceal bleeding are vasopressin, glypressin,
somatostatin, octreotide and vapreotide. Vasopressin, which
is a powerful vasoconstrictor lowers portal pressure through
the induction of smooth muscle contraction, particularly in
splanchnic arterioles. However the drug also causes systemic
vasoconstriction which leads to serious side effects such
as cardiac arrhythmias, myocardial ischemia, mesenteric
ischemia and cerebrovascular episodes, resulting in cessation
of therapy in up to 25% of cases.91,92 Terlipressin is a synthetic
analogue of vasopressin (triglycyl lysine vasopressin). It has
an intrinsic effect as well as being converted in vivo into
vasopressin by enzymatic cleavage of the triglycyl residues.
This prolongs its biological half-life, so that a continuous
intravenous infusion is unnecessary. Somatostatin has been
used in the pharmacological treatment of variceal bleeding
because of its reported ability to reduce splanchnic blood
flow,93 portal pressure and azygous blood flow94 in cirrhotic
patients although only the findings regarding the reduction in
azygous flow are consistent. Bolus injections of somatostatin
appear to have greater hemodynamic effects as compared
with continuous infusion.95 Finally octreotide has been
reported to cause a reduction in portal pressure96 and a
transient decrease in azygous blood flow,97 but there are some
studies that did not confirm these data, using similar or even
greater doses of the drug.98

Randomized controlled trials of vasoactive drug
treatment of acute variceal bleeding

Drugs versus placebo (Table 31.4)

Vasopressin versus placebo

Vasopressin was compared with non-active treatment or
placebo in four randomized controlled trials,91,99–101 including

only 157 patients. In two of these trials the intra-arterial route
of administration was used.91,99 There was a significant
heterogeneity in the evaluation of failure to control bleeding.
There was a clear trend in favor of vasopressin but the result
was not statistically significant by the Der Simonian and Laird
method (POR 0·23, 95% CI 0·05 to 1·02). Moreover there
was no difference in mortality (POR 0·98, 95% CI 0·47 to
2·1). Complications were reported in up to 64% of
patients, which led to discontinuation of treatment in 25%
of cases. In order to minimize the systemic complications of
vasopressin, nitroglycerin has been added to the regime. This
drug is a powerful venous dilator and reduces the portal
vascular resistance and improves myocardial performance.
Three randomized controlled trials have compared vasopressin
alone with vasopressin plus nitroglycerin (transdermally,92

sublingually,102 and intravenously103), including 176 patients.
Failure to control bleeding was significantly less common with
vasopressin plus nitroglycerin (POR 0·39, 95% CI 0·21 to
0·72) but there was no difference in mortality (POR 0·94, 95%
CI 0·49 to 1·79). In two of the trials,102,103 adverse effects
were significantly reduced with the combination treatment.
However nitroglycerin because of portocollateral shunting
bypasses the liver, and can cause significant systemic effects.
Hence this combination therapy must be monitored very
closely and is less applicable as an immediate therapy.

Terlipressin versus placebo

The clinical efficacy of terlipressin has been evaluated in
six randomized placebo-controlled studies,90,104–108 including
388 patients. In two of the studies endoscopic sclerotherapy
was employed at the initial diagnostic endoscopy.90,108 In one
of these the drug was given while the patient was transferred
to hospital.90 There was a statistically significant reduction
in failure to control bleeding with terlipressin compared
with placebo (POR 0·49, 95% CI 0·33 to 0·75) and more
importantly the same meta-analysis showed that terlipressin is
the only vasoconstrictor that significantly reduces mortality
(POR 0·51, 95% CI 0·33 to 0·79). However there is
some criticism of these studies. The sample sizes were small,
allowing a large type 2 error in the first three trials,104–106 and
the evidence in the early administration trial90 of the effect of
terlipressin, given only as three doses up to 8 hours, does not
readily explain the apparent benefit on mortality (only in
group C patients) or the control of bleeding.

Somatostatin versus placebo

Three placebo-controlled trials of somatostatin exhibit
divergent results.109–111 The trials by Valenzuela et al.109 and
Gotzsche et al.111 suggested that somatostatin was no more
effective than placebo. Unfortunately both studies had a very
long recruitment period, suggesting marked patient selection.
Moreover, Gotzsche et al.111 did not evaluate the endpoint of
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failure to control bleeding, while Valenzuela et al.109 reported
an extremely high response rate (83%) in the placebo group
(the highest ever reported). In contrast, the study by
Burroughs et al.110 reported a statistically significant benefit
for somatostatin in controlling variceal bleeding over a 5-day
treatment period. These differences in the reported results
caused statistically significant heterogeneity (P = 0·006) in
the meta-analysis of the six studies which compare
somatostatin with placebo109–111 or inactive treatment.112–114

There was a trend in favor of somatostatin but the result was
not statistically significant by the Der Simonian and Laird
method (POR 0·6, 95% CI 0·21 to 1·65). There was no

difference in mortality between the two treatment groups
(POR 1·02, 95% CI 0·64 to 1·61). 

Octreotide versus placebo

There is only one double blind randomized trial of
octreotide versus placebo, the largest ever carried out to
evaluate the efficacy of a vasoactive drug (n = 262)115 in the
management of acute variceal bleeding, currently available
only in abstract form. In this study a continuous 5-day
infusion of 50 micrograms/hour octreotide, started as soon as
possible after admission was not more effective than placebo,
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Table 31.4 Randomized controlled trials of drugs versus placebo for the treatment of the acute bleeding episode

Failure to control
Study No. of patients C/T Child C (%) bleeding (n) C/T Death (n) C/T

Vasopressin v placebo
Merigan et al. (1962)99 24/29 NR 24/13 23/28
Conn et al. (1975)91 16/17 NR 12/5 10/9
Mallory et al. (1980)100 20/18 NR 17/10 9/8
Fogel et al. (1982)101 19/14 NR 12/10 8/7
POR (95% CI) 0·23 (0·05 to 1·02) 0·98 (0·47 to 2·1)

Terlipressin v placebo
Walker et al. (1986)104 25/25 50 12/5 8/3
Freeman et al. (1989)105 16/15 29 10/6 4/3
Soderlund et al. (1990)106 29/31 33 13/5 11/3
Pawels et al. (1994)107 14/17 NR 6/7 5/6
Levacher et al. (1995)90 43/41 81 23/12 20/12
Patch et al. (1999)108 66/66 62 40/37 28/22
POR (95% CI) 0·49 (0·33 to 0·75) 0·51 (0·33 to 0·79)

Somatostatin v placebo or
inactive treatment

Flati et al. (1986)113 16/19 40 9/2 7/4
Testoni et al. (1986)114 14/15 17 1/1 0/1
Loperfido et al. (1987)112 25/22 19 21/17 7/6
Valenzuela et al. (1989)109 36/48 32 9/21 10/15
Burroughs et al. (1990)110 59/61 41 35/22 7/9
Gotzsche (2003)111 44/42 NR NR 16/16
POR (95% CI) 0·6 (0·21 to 1·65)a 1·2 (0·64 to 1·61)

Octreotide v placebo
Burroughs et al. (1996)115a 139/123 40 85/71 37/35
variceal bleeding only 109/88 40 75/56 32/24

Octreotide v placebo for early
re-bleeding

Primignani et al. (1995)116 32/26 10/9b

D’Amico et al. (1998)117 131/131 31 37/31c 20/26

aDerSimonian and Laird method.
bEvaluation at 30 days.
cEvaluation at 15 days.
POR, pooled odds ratio; C, placebo; T, drug; NR, not reported



whether or not injection sclerotherapy was needed for active
bleeding or drug failure. Moreover, two other studies116,117

using octreotide (100 micrograms 8-hourly, subcutaneously)
or placebo after the control of the initial bleeding episode
failed to show any difference in early re-bleeding or mortality
between the two treatment groups. 

Drugs versus balloon tamponade

There have been six trials that compared vasoactive drugs
and balloon tamponade. The drugs used were terlipressin in
three studies,118–120 somatostatin in two studies121,122 and
octreotide in one study.123 Meta-analysis of these six trials
showed that the drugs were as effective as balloon tamponade
for prevention of failure to control bleeding (POR 1·04, 95%
CI 0·63 to 1·72) or death (POR 0·65, 95% CI 0·36 to 1·16).

Sensitivity analysis showed that there was no difference
according to the type of the drug. However, the sample sizes
Alc
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were small and the endpoints not very clear, indicating that
these results should be interpreted with caution. Tamponade
if used properly, provides good control of bleeding. However
the balloons should not be inflated for more than 12 hours
and preferably less, and bleeding frequently recurs when the
balloons are deflated. From the trial reports it is not always
clear when efficacy is being assessed, for example during
therapy or at the end of an interval of 24 hours after
termination of drug therapy or tamponade.

Drugs versus drugs (Table 31.5)

Terlipressin versus vasopressin

Terlipressin was compared with vasopressin in five
small, unblinded studies124–128 involving only 247 patients.
In two of these studies, vasopressin was associated with
nitroglycerin.127–128 Failure to control bleeding was less
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Table 31.5 Randomized controlled trials of comparisons between drugs for the treatment of the acute bleeding episode

No. of Failure to control Death (n) Complications
Study patients C/T Child C (%) bleeding (n) C/T C/T C/T

Vasopressin v vasopressin
plus nitroglycerin

Tsai et al. (1986)102 20/19 34 11/15 11/11
Gimson et al. (1986)103 38/34 61 12/19 9/9
Bosch et al. (1989)92 30/35 51 8/16 9/10

Terlipressin v vasopressin
Freeman et al. (1989)124 11/10 15 10/3 3/2
Desaint et al. (1987)125 6/10 43 1/2 2/3
Lee et al. (1988)126 24/21 27 16/17 8/10
Chiu et al. (1988)127 28/26 60 13/13 10/12
D’Amico et al. (1994)128 55/56 9 13/5 9/14
POR (95% CI) 0·64 (0·36 to 1·14) 1·48 (0·85 to 2·6)

Somatostatin v vasopressin
Kravetz et al. (1984)129 31/30 41 13/14 17/16 22/3
Jenkins et al. (1985)130 12/10 54 8/3 4/2 2/0
Bagarani et al. (1987)131 25/24 69 17/8 10/6 3/1
Cardona et al. (1989)132 18/20 26 8/12 3/6 15/6
Hsia et al. (1990)133 24/22 65 15/10 15/14 11/4
Saari et al. (1990)134 22/32 46 10/11 15/22 11/1
Rodriguez-Moreno (1991)135 16/15 30 6/9 3/3 11/0

Somatostatin v terlipressin
Feu et al. (1996)136 80/81 29 16/13 13/13 31/19
Walker et al. (1996)137 53/53 12 5/10 11/11 0/3

Octreotide v vasopressin
Hwang et al. (1992)138 24/24 44 13/9 12/11 11/3

Octreotide v terlipressin
Silvain et al. (1993)140 41/46 47 17/10 11/10 31/19

C, control; T, treatment; NR, not reported; POR, pooled odds ratio



frequent with terlipressin, but the result was not statistically
significant (POR 0·64, 95% CI 0·36 to 1·14). There was no
difference in mortality between the two treatment arms
(POR 1·48, 95% CI 0·85 to 2·57). More importantly the
complication rate was significantly lower with terlipressin
even when vasopressin was combined with nitroglycerin.

Somatostatin versus vasopressin

Somatostatin was compared with vasopressin in seven
trials including 301 patients.129–135 Although these trials
showed a trend in favor of somatostatin, the difference was
not statistically significant (POR 0·74, 95% CI 0·47 to 1·16).
There was no difference in mortality between the two
vasoactive agents (POR 0·93, 95% CI 0·57 to 1·5). However,
a statistically significant reduction in complications was
observed in the group receiving somatostatin (POR 0·11, 95%
CI 0·07 to 0·19) as the mean complication rate was 51% with
vasopressin and only 10% with somatostatin. 

Somatostatin versus terlipressin

Two studies have compared somatostatin with
terlipressin,136,137 involving 267 patients. Both studies showed
that the two drugs were similarly effective in preventing
failure to control variceal bleeding and death. Moreover, in
the larger of these studies,136 a significantly lower incidence of
complications in the somatostatin group was reported. 

Octreotide versus other drugs

The efficacy of octreotide treatment in comparison to other
vasoactive drugs, for acute variceal bleeding, has not been
adequately evaluated. Octreotide was found to be comparable
to vasopressin in two low quality studies (n = 89 in
total)138,139 and to terlipressin plus nitroglycerin in another
(n = 87 patients).140 However the sample sizes were small
and the trials may have lacked power to show differences,
and the endpoints are not very clear, indicating that these
results should be interpreted with caution. 

Recombinant activated factor VII

In a placebo-controlled double blind randomized trial, the
recombinant factor VIIa was safe but no clearcut benefit in
control of bleeding or mortality was seen.141

Randomized controlled trials of emergency
sclerotherapy in the management of acute
variceal bleeding

Injection sclerotherapy, first introduced in 1939 and
“rediscovered” in the late 1970s, has rapidly become the
endoscopic treatment of choice for the control of acute
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variceal bleeding over the past two decades. Paradoxically the
best evidence for the value of sclerotherapy in the
management of acute variceal bleeding has come from a more
recently published study by the Veterans Affairs Cooperative
Variceal Sclerotherapy Group.142 In this study sclerotherapy,
compared with sham sclerotherapy, stopped hemorrhage from
actively bleeding esophageal varices (91% in sclerotherapy
arm compared with 60% in sham sclerotherapy, P < 0·001,
ARR = 29%, NNT = 3) and significantly increased hospital
survival (75% v 51%, P = 0·04 ARR = 24%, NNT = 3). 

Today it is generally accepted that sclerotherapy should be
carried out at the diagnostic endoscopy, which should take
place as soon as possible, because there is evidence that this is
beneficial compared with delayed injection.143,144 No more
than two injection sessions should be used to arrest variceal
bleeding within a 5-day period.72 Several sclerosing agents
have been used for injection, polidocanol 1–3%, ethano-
lamine oleate 5%, sodium tetradecyl sulfate 1–2% and sodium
morrhuate 5%. There is no evidence that any one sclerosant
can be considered the optimal sclerosant for acute injection.
As it has been shown that a substantial proportion of
intravariceal sclerosant ends up in the paravariceal tissue
and vice-versa there is no evidence that one technique is
better than the other. One of the main shortcomings of
sclerotherapy is the risk of local and systemic complications –
although this varies greatly between trials and may be related
to the experience of the operator.145

Sclerotherapy plus drugs/balloon
tamponade versus drugs/balloon tamponade

Five trials with this clinical design comprised 413 patients:
in three vasopressin was used146–148 and in two octreotide149

and somatostatin150 (Table 31.6). The treatment effect was
evaluated within 24 hours and up to 120 hours.  Failure
to control bleeding was significantly less common with
sclerotherapy plus drugs than with drugs alone (POR 2·75,
95% CI 1·68 to 4·50), without significant heterogeneity
(P = 0·24). The NNT with sclerotherapy to prevent one
re-bleeding episode was 6 (95% CI 4 to 12). Publication
bias assessment showed that 15 null or negative studies
would be needed to render the results of this meta-analysis
non-significant. There was a trend toward fewer deaths in the
sclerotherapy plus drugs arm than in the group treated
with drugs alone but the difference was not significant (POR
1·37, 95% CI 0·85 to 2·20). The incidence of complications,
when reported, varied considerably between trials with two
of them stating that there were more complications in the
sclerotherapy arm and one in the control arm.

Sclerotherapy versus drugs

Fifteen studies are summarized in Table 31.7: vasopressin151

and terlipressin152 were each used in one study, somatostatin
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in four studies153–156 and octreotide in nine studies,157–165

involving 1324 patients. The evaluation of the treatment
effect was done at the end of the infusion of the drug (from
48 hours to 120 hours). The overall efficacy of sclerotherapy
was 85% (range 73–96%) in studies of 12–72 hours drug
infusion151,154–161,163–165 and 74% (68–84%) in studies of 120
hours drug infusion.152,153,162 There was some heterogeneity
[that was not statistically significant (P = 0·067)] in the
evaluation of failure to control bleeding in these studies, that
appeared to be due to differences in observed benefit from
sclerotherapy rather than different outcomes in individual
studies: only three of the 15 studies57,158,163 reported a
nonsignificant trend in favor of drugs over sclerotherapy.
Failure to control bleeding was statistically significantly less
frequent in patients randomized to sclerotherapy
(Mantel–Haenszel method: POR 1·55, 95% CI 1·19 to 2·02).
The NNT with sclerotherapy rather than drugs to avoid one

re-bleeding episode is 15 (95% CI 9 to 40). Publication
bias assessment showed that 15 null or negative studies
would be needed to render the results of this meta-analysis
non-significant. Sensitivity analyses including only (i) peer-
reviewed articles151–154,156–158,162–165 (POR 1·34, 95% CI 1·003
to 1·79), (ii) studies using only somatostatin or
octreotide,153–165 (POR 1·54, 95% CI 1·13 to 2·1), (iii) studies
with 120 hours drug treatment152,153,162 (POR 1·42, 95%
CI 0·95 to 2·12) and (iv) studies with cirrhotic
patients151–159,161–165 (POR 1·27, 95% CI 0·96 to 1·69) always
showed a strong trend in favor of sclerotherapy.

There was no significant heterogeneity in the evaluation of
mortality in these studies: only two studies156–157,159 reported
lower mortality in the drug arm but in neither was
this statistically significant. Overall there were statistically
significantly fewer deaths in patients randomized to
sclerotherapy (POR 1·40, 95% CI 1·05 to 1·86) The NNT to
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Table 31.7 Randomized controlled trials of sclerotherapy versus drugs for the treatment of the acute bleeding episode 

Compared No. of Child C Re-bleeding Death Complications
Study treatment patients S/D n (%) n (S/D) n (S/D) n (S/D)

Westaby et al. (1989)151 Vasopressin 33/31 22 (34) 4/11 9/12 NR
+ nitroglycerin

Di Febo et al. (1990)155a Somatostatin 24/23 19 (40) 2/5 5/6 2/1

Shields et al. (1992)153 Somatostatin 41/39 42 (52·5) 7/9 8/12 12/5

Sung et al. (1993)157 Octreotide 49/49 43 (43) 13/15 20/14 18/5

Planas et al. (1994)154 Somatostatin 35/35 24 (34) 6/7 8/10 10/5

Pooa et al. (1996)159a Octreotide 21/22 20 (47) 2/1 5/3 1/1

Jenkins et al. (1997)158 Octreotide 77/73 80 (53) 14/11 13/22 15/19

El-Jackie et al. (1998)160a

Lopez et al. (1999)161a Octreotide 50/50 NR 3/21 NR NR

Octreotide 33/31 NR 4/5 7/6 NR

Escorsell et al. (2000)152 Terlipressin 114/105 69 (31) 36/35 19/26 34/21

Bildozola et al. (2000)162 Octreotide 25/25 5 (10) 7/10 2/5 8/9

Freitas et al. (2000)163

Sivri et al. (2000)164 Octreotide 53/58 39 (35) 12/12 8/13 NR

Yousuf et al. (2000)165 Octreotide 36/30 35 (53) 9/8 1/1 5/1

Ramires et al. (2000)156 Octreotide 48/48 20 (21) 2/4 5/5 6/8

Somatostatin 19/21 12 (30) 5/5 6/6 NR

POR (95% CI) 1·55 (1·19 1·40 (1·05 0·79 (0·57 
to 2·02) to 1·86) to 1·09)b

aAbstract
bDer Simonian and Laird method
S, sclerotherapy; D, drugs; NR, not reported; POR, pooled odds ratio



avoid one death is 23 (95% CI 12 to 730). Publication
bias assessment showed that four null or negative studies
would be required to render the results of this meta-analysis
non-significant.

Finally the type of complications recorded in 10
studies152–155,157–159,162,164,165 differed considerably, resulting in
a significant heterogeneity (P = 0·05). Five studies reported
more complications in the sclerotherapy arm153–155,157,163 while
four reported more complications152,158,165,166 in the drug arm
and one found equal numbers in both arms.159 The meta-
analysis showed a trend in favor of drug treatment but the
result was not statistically significant (Der Simonian and Laird
method: POR 0·79, 95% CI 0·57 to 1·09).

Sclerotherapy plus drugs
versus sclerotherapy alone

Eight trials163,166–172 comprised this group (Table 31.8). Two
trials, published as abstracts, assigned patients to three
treatment arms169,170 and each comparison with sclerotherapy
was evaluated separately (for Signorelli et al.’s trial the results

Alc 1 year later171 were used for the octreotide comparison).
Hence nine comparisons of sclerotherapy plus drugs (two
somatostatin, five octreotide, one vapreotide and one
terlipressin) versus sclerotherapy alone in eight studies166–173

including 962 patients were analyzed. Five studies were
placebo-controlled166–169,172 while three were not.163,170,171 In
six studies the drug was administered for 120 hours166–169,172

while in two for 48 hours.163,170 The efficacy of sclerotherapy
was only 58% in the 48 hours studies163,170 and 60% (range
35–88%) in the 120 hours studies.166–169,172 Re-bleeding was
statistically significantly less frequent in patients randomized
to sclerotherapy plus drugs (POR 0·42, 95% CI 0·3 to 0·6).
The NNT to avoid one re-bleeding episode was 7 (95% CI 5
to 13). Publication bias assessment showed that 47 null
or negative studies would be needed to render the results of
this meta-analysis statistically non-significant. However, there
were equal number of deaths between the two treatment
arms and the result was not statistically significant (POR 1·0,
95% CI 0·68 to 1·48). Although it is common to find no
survival rate differences between treatments in trials of acute
variceal bleeding, one might have expected a trend for lower
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Table 31.8 Randomized controlled trials of sclerotherapy plus drugs versus sclerotherapy alone for the treatment of the
acute bleeding episode 

Compared No. of Child C Re-bleeding Death n Complications
Study treatment patients S/S+D n (%) n (S/S+D) (S/S+D) n (S/S+D)

Besson et al. (1995)167 Sclerotherapy 101/98 73 (37) 25/11 12/12 33/34
+ octreotide

Signorelli et al. (1996)169a Sclerotherapy 30/33 NR 11/6 NR NR
+ somatostatin

Brunati et al. (1996)170a Sclerotherapy 27/28 NR 11/7 NR NR
+octreotide/

Sclerotherapy 27/28 NR 11/6
+ terlipressin

Signorelli et al. (1997)171a Sclerotherapy 42/44 NR 12/7 NR NR
+ octreotide

ABOVE (1997)168 Sclerotherapy 75/77 NR 48/31 24/27 37/37
+ somatostatin

Zuberi and Balock Sclerotherapy 35/35 0 (0) 13/4 1/1 NR
(2000)172 + octreotide

Freitas et al. (2000)163 Sclerotherapy 42/44 29 (37) 18/9 13/12 NR
+ octreotide

Cales et al. (2001)166 Sclerotherapy 98/98 73 (37) 49/33 7/5 8/6
+ vapreotide

POR (95% CI) 0·42 (0·3 1·0 (0·68
to 0·6) to 1·48)

aAbstract.
S, sclerotherapy; S + D, sclerotherapy plus drugs; NR, not reported; POR, pooled odds ratio



mortality in the combined treatment group, given the strongly
significant reduction in bleeding, a very marked biological
difference.

Only two studies provided data on complications.148,149

There were no significant differences between the two
treatment arms in these studies.

Sclerotherapy versus variceal ligation

Only four studies have been specifically designed to
compare sclerotherapy with variceal ligation for the
management of the acute bleeding episode.173–176 Other data
come from 10 studies of long-term sclerotherapy versus
variceal ligation177–186 (Table 31.9). There was no statistical
heterogeneity (P = 0·26) in the analysis of failure to control
bleeding from the 14 studies,173–186 including a total of 841
patients. Meta-analysis showed that initial failure to control
bleeding was significantly less common with variceal ligation
than with sclerotherapy (POR 0·51, 95% CI 0·34 to
0·79). The NNT with variceal ligation rather than with
sclerotherapy to prevent one episode of failure to control
bleeding was 15 (95% CI 9 to 44). Publication bias
assessment showed that 14 null or negative studies would be
needed to render the results of the meta-analysis statistically
non-significant. Short-term mortality was reported only in
two studies173,174: in both there was a trend in favor of
variceal ligation but the result was not statistically significant.
Finally, only the two studies specifically designed to compare
emergency sclerotherapy with variceal ligation173,174 reported
incidence of complications. Complications were less frequent
in the variceal ligation arm in both studies and the result
reached statistical significance in one.174

Randomized controlled trials of
emergency surgery in the management
of acute variceal bleeding

Four randomized trials, carried out in the 1980s, compared
sclerotherapy to emergency staple transection.187–190 Failure
to control bleeding was reported only in two of these studies,
with divergent results. Teres et al.189 reported that efficacy of
transection in their study was only 71%, the lowest in the
literature, compared with 83% in the sclerotherapy arm. In
contrast, in the largest study by Burroughs et al.,190 a 5-day
bleeding-free interval was achieved in 90% of the patients
who underwent transection (none re-bled from varices)
compared with 80% in those who had two emergency
injection sessions. There was no difference in mortality
between the two treatment modalities. Cello et al. showed
that emergency portacaval shunt was more effective than
emergency sclerotherapy (followed by elective sclerotherapy)
in preventing early re-bleeding (19% v 50%).191 Hospital and
30-day mortality were not significantly different. Finally
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Orloff et al.192 in a small study, reported that portacaval shunt,
carried out in less than 8 hours from admission, was
significantly better than medical treatment (vasopressin/
balloon tamponade) in the control of acute variceal bleeding.
Survival was also better in the patients who had shunts but
the difference was not statistically significant. 

Randomized controlled trials of novel
endoscopic therapies in the management of
acute variceal bleeding

Tissue adhesives

Two types of tissue adhesives (n-butyl-2-cyanoacrylate,
Histoacryl and isobutyl-2-cyanoacrylate, Bucrylate) have been
used for the control of variceal bleeding.193 The adhesives
could offer better immediate control of bleeding because they
harden within seconds upon contact with blood. However
extra care must be taken to ensure that the adhesive does not
come into contact with the endoscope and block the channels
of the instrument. This can be prevented if the adhesive is
mixed with lipiodol to delay hardening. Moreover, the
sclerotherapy needle must be carefully placed within the
varix prior to injection, to avoid leak of the adhesive.193 A
small randomized trial showed that cyanoacrylate was
superior to conventional sclerotherapy with 3% ethanolamine
oleate solution for control of bleeding and reduction of
hospital mortality in Child–Pugh class C patients.194 Two
randomized controlled trials compared sclerotherapy
alone with the combination of sclerotherapy and
n-butyl-2-cyanoacrylate for the control of active variceal
bleeding.195,196 The combined treatment was more effective
than sclerotherapy alone in both studies. Moreover, in two
studies n-butyl-2-cyanoacrylate was compared with variceal
ligation for the control of bleeding from esophageal197 or
esophagogastric varices.198 The overall success rate for initial
hemostasis of both treatment modalities was similar in these
studies. However, n-butyl-2-cyanoacrylate was superior to
variceal ligation for the control of fundal variceal bleeding,
but it was less effective for the prevention of re-bleeding
(67% v 28%). Finally, in a small study,199 a biological fibrin
glue (Tissucol) was more effective than sclerotherapy with
polidocanol in the prevention of early re-bleeding and had a
significantly lower incidence of complications. More studies
are necessary to confirm these data and examine the potential
risks of activation of coagulation, systemic embolism and
transmission of infections with the human plasma-derived
fibrin glue.

An endoscopic detachable snare is another ligation device
which has the advantage of allowing an unlimited number of
ligations by reloading the nylon minisnare while the
endoscope remains in the esophagus. The first prospective
randomized trial showed that the minisnare performed
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equally well when compared with a multiple variceal
ligator.200

Gastric varices

The reported incidence of bleeding from gastric varices varies
between 3% and 30%, but in most series it is less than 10%.201

Patients with gastric variceal hemorrhage bleed more profusely
and require more transfusions than patients with esophageal
variceal bleeding.202 Moreover these patients have a higher risk
of re-bleeding and a decreased survival rate compared with
patients bleeding from esophageal varices.202 The optimal
treatment of gastric variceal bleeding is not known. Limited
information is available on the role of vasoactive drugs in the
control of gastric fundal bleeding and balloon tamponade has
been used with little success. Use of standard sclerosants is
associated with unacceptable re-bleeding, particularly from
necrotic ulceration, as the gastric mucosa appears much more
sensitive to this than the esophagus.

Because of this, alternative sclerosant agents have been
evaluated. The tissue adhesives n-butyl-2-cyanoacrylate and
isobutyl-2-cyanoacrylate, mixed with lipiodol, to delay
premature hardening, have been evaluated, and found to
be efficacious in observational studies.195,203 Isobutyl-2-
cyanoacrylate has been shown to be superior to ethanolamine,
in a non-randomized study,204 achieving hemostasis in 90% of
23 patients, as opposed to 67% of 24 patients (P < 0·005).

In a recent randomized controlled trial of 37 patients with
isolated fundic varices (acute and recent bleeding)205 with
follow up of 15 months, cyanoacrylate glue was shown to be
more effective than alcohol sclerotherapy for variceal
obliteration (100% v 44%, P < 0·005). There was a trend in
favor of cyanoacrylate glue for the control of acute bleeding
(89% v 62%) and the need of surgical intervention (10% v
35%), although both were statistically non-significant.
Mortality was similar in the two groups. 

However, reports of cerebral embolism, with the tissue
adhesives identified in the cerebral circulation at post mortem
as well splenic embolisation and development of retrogastric
abscesses, are worrying, as well splenic embolization and
development of retrogastric abscesses and interest has therefore
focused on thrombin. This is much easier to administer, and
has been shown to provide good early hemostasis.206 However,
in all of these studies, re-bleeding rates have remained high.
Hence in patients with re-bleeding or uncontrolled bleeding
from gastric varices devascularization surgery or portosystemic
shunting has been proposed.207 It has been shown that
“salvage” TIPS is very effective in this situation, with more
than 95% success rate for initial hemostasis and an early
re-bleeding rate of less than 20%.201 TIPS appears to be as
effective for gastric varices as for esophageal varices.

Non-actively bleeding patients with fundal varices
constitute a discrete population. The efficacy of cyanoacrylate

Ald

Ald
in these patients is controversial and bleeding rates in this
group can be relatively high. The Japanese experience with
balloon-occluded transvenous obliteration as a prophylactic
procedure in this patient population appears promising.208

TIPS, shunt surgery, and of course, liver transplantation are
the only other therapeutic options for recurrent bleeding from
gastric varices.

Uncontrolled variceal bleeding

Uncontrolled variceal bleeding despite adequate
endoscopic and pharmacologic therapy represents a difficult
management problem. A large consensus conference failed to
agree on a suitable definition for this condition,209 and this is
further complicated by the different behavior of varices in
different locations (esophageal or gastric varices) and the
varying therapies that are available.

The definition that is commonly used for uncontrolled
esophageal variceal bleeding is continued variceal bleeding
despite two sessions of emergency endoscopic interventions
and vasoactive therapy during a 7-day period, or bleeding past
a Sengstaken-Blakemore tube independent of the number of
sclerotherapy sessions. Bleeding from gastric varices is said to
be uncontrolled when hemorrhage persists despite
vasoconstrictor therapy.209

There are no randomized controlled trials evaluating
different “salvage” therapies in uncontrolled variceal
bleeding. However the advent of TIPS has offered a valuable
option in this condition. TIPS is an interventional radiologic
procedure which involves the creation of a communication
between hepatic vein and an intrahepatic branch of the portal
vein, thus decompressing the portal venous system. Hence
TIPS functions in a similar way to surgical shunts. However,
the morbidity and mortality due to the procedure is much
more favorable. It has been shown in uncontrolled studies
that emergency TIPS is highly effective as salvage therapy in
patients with uncontrolled esophageal or gastric variceal
bleeding.201,210 This treatment is the best option for patients
with poor liver function awaiting liver transplantation. 

Conclusion

The available data suggest that emergency endoscopic
treatment with banding ligation or sclerotherapy, at the time
of the initial diagnostic endoscopy, should be the gold
standard for the management of the acute variceal bleeding
episode. Sclerotherapy may be more applicable in some acute
situations compared with ligation. A diagnostic endoscopy,
with visualization unhindered by the ligation device, should
be done first as varices may not be the source of bleeding.
If a double intubation is considered (placing the ligation
device after diagnosis) then this could increase the risk
of complications and does lengthen the procedure.
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Sclerotherapy is also significantly better than drug treatment
alone and there is no need for further studies directly
comparing sclerotherapy or ligation with one of the currently
available drugs. However, the combination of sclerotherapy
with a drug, given as soon as possible after admission, has
shown promising results and should be further tested in
randomized controlled trials. The drugs of choice for this
combination are terlipressin (as mortality is reduced albeit in
small placebo-controlled studies) and somatostatin (which has
less side effects and has been successfully tested over 5 days).
Further studies are needed to assess the role of tissue adhesives
or fibrin glues in patients unresponsive to vasoactive drugs or
sclerotherapy.

The role of emergency TIPS as “salvage therapy” for
uncontrolled bleeding from esophageal or gastric varices has
been justified, although randomized trials to compare it
with emergency surgical shunts or other therapies are still
required.

Prevention of recurrent variceal bleeding

Patients surviving the first episode of variceal bleeding are
at very high risk of recurrent bleeding (70% or more) and
death (30–50%). There is a general consensus that all
patients who have previously bled from varices should have
secondary therapy to prevent further variceal bleeding.12

There is no role for an observational policy, as all randomized
studies have shown active therapy to be better than
observation alone. Hence, in clinical practice the risk
indicators of long-term re-bleeding are of less clinical value,
than those for first variceal bleeding. However severity of
liver disease,8 continued alcohol abuse6 and variceal size has
been associated with variceal re-bleeding. A recent
development has been the proposed use of hemodynamic
indices to identify patients who are more likely to re-bleed.
Two such indices have been reported, using the technique
of hepatic wedge pressure measurement as an indicator of
portal pressure. From the analysis of the Barcelona-Boston-
New Haven Primary Prophylaxis trial, it was concluded
that variceal bleeding did not occur with an HVPG
< 12 mmHg, in patients with predominantly sinusoidal portal
hypertension.211 However with an HVPG >12 mmHg, the
correlation between portal pressure and bleeding risk is
inconsistent.

An alternative hemodynamic index has been proposed by
Feu et al.212 Patients who had a percentage reduction of
HVPG of 20% or more from baseline had a re-bleeding rate of
15% compared with 50% in those who did not achieve
this hemodynamic target. Unfortunately, these HVPG targets
are achieved in only about a third of patients on β-blockers –
hence the introduction of combined pharmacologic therapy.
Several studies on secondary prevention have used hemodynamic
monitoring during combination pharmacotherapy in their

design. In these studies the target values are reached only in
45–60% of patients subjected to therapy with β-blockers and
nitrates. Moreover, because most re-bleeding episodes occur
within 1 month of the index bleed, early repeat HVPG
measurements are needed in order to identify the non-
responders. However, the above approach, has not been
confirmed in one study213 and has been questioned regarding
its clinical applicability and utility.214

The options facing the clinician are numerous, including
pharmacologic, endoscopic and surgical/radiological therapies.

Randomized controlled trials
for the prevention of variceal re-bleeding

β-blockers versus no treatment

A comprehensive meta-analysis of 12 trials comprising
769 patients56,214–224 has been published.225 The mean follow
up was 21 ± 5 months. There was significant heterogeneity
in the evaluation of re-bleeding (P < 0·01). Treatment with
β-blockers significantly decreased the risk of re-bleeding
(Der Simonian and Laird method: POR 21%, 95% CI 10 to
32%). The NNT with β-blockers to prevent one re-bleeding
episode was 5. Survival was also significantly improved in
patients treated with β-blockers. (Der Simonian and Laird
method: POR 5·4%, 95% CI 0 to 11%) although there was
significant heterogeneity in this analysis (P < 0·01). The
NNT needed to be treated to prevent one death is 14.
Adverse events occurred in 17% of patients and were
generally mild. No fatal complication has been reported with
β-blockers.

The use of the recently proposed hemodynamic targets (for
example 20% reduction of HVPG and/or fall < 12 mmHg) to
identify patients who are “non-responders” to pharmacological
therapy could be a useful tool in the planning of treatment
for secondary prevention of variceal bleeding. These patients
could then be offered alternative therapy such as variceal
ligation, or combination drug therapies, before they have
further bleeding. The applicability of hemodynamic monitoring
has been questioned.214 β-blockers in association with oral
nitrates have been shown to induce a greater drop in portal
pressure than β-blockers alone.226 Other drugs that may
work in combination with β-blockers include angiotensin-
converting enzyme (ACE) inhibitors and angiotenin-II
receptor antagonists,227 α-adrenoreceptor antagonists like
prazosin228 and spironolactone,229 but problems with their
adverse effects particularly hypotension, and lack of efficacy
preclude their use.

β-blockers plus nitrates versus β-blockers alone

The rationale behind the use of combination therapy is that
agents acting through different mechanisms may be additive
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or synergestic in terms of their benefit. In a recent
randomized trial the addition of ISMN significantly improved
the efficacy of propranolol alone in the prevention of variceal
re-bleeding – but only after stratification according to age (i.e.
< 50 years of age v > 50 years of age; P = 0·03), or after
evaluation of prolonged follow up (3 years; P = 0·05).230

However, no significant difference was found in the overall
rate of re-bleeding and survival. Moreover, more patients in
the combination treatment group had to discontinue therapy
due to adverse effects.230 Similarly no additional benefit
from the combination of β-blockers and ISMN was reported
in an abstract.231 Of note is that in this study, a higher
mortality was observed in the combination-therapy group.
Recently, combination therapy and its effectiveness in
preventing re-bleeding was assessed by hemodynamic
monitoring. Although the number of patients studied was
small (n = 34) and the β-blocker dose was fixed (160 mg of
long acting propranolol) the investigators reported that the
addition of ISMN increased the number of responders (HVPG
< 12 mmHg or > 20% from baseline value) from 38% to 59%,
and these patients experienced less bleeding (10% v 64% for
non-responders; P < 0·05).

Sclerotherapy versus no treatment

There are 8 trials including 1111 patients.146,221,232–236 The
re-bleeding rate was reduced in all studies except one.232

Meta-analysis showed that the pooled odds ratio was
significantly reduced (POR 0·63, 95% CI 0·49 to 0·79).
Mortality was also reduced significantly in the sclerotherapy
arm (POR 0·77, 95% CI 0·61 to 0·98). However
complications were frequent and did not differ from those of
prophylactic or emergency sclerotherapy. Ald

Ald

Sclerotherapy versus drugs

Eleven trials, involving 971 patients compared
sclerotherapy with drugs (propranolol in 10 studies221,237–245

and nadolol plus ISMN in one study246) for the prevention
of recurrent bleeding (from any source, for example
varices, portal hypertensive bleeding, or sclerotherapy
ulcers) (Table 31.10). There was a striking heterogeneity
in the evaluation of re-bleeding (P = 0·004): in five
studies221,238,242,243,246 re-bleeding was less frequent in patients
randomized to drugs and in six in patients randomized to
sclerotherapy.237,239–241,244,245 The POR showed that there
was no significant difference between the two treatment
modalities (Der Simonian and Laird method: POR 0·88, 95%
CI 0·72 to 1·25). There was no significant heterogeneity
in the evaluation of survival (P = 0·15). More patients
randomized to sclerotherapy survived but the result was not
statistically significant (POR 0·95, 95% CI 0·58 to 1·32).
Moreover, the number of patients free of adverse events was
significantly higher in the drug group compared with
sclerotherapy group (POR 0·85, 95% CI 0·65 to 1·11). 

Sclerotherapy plus drugs versus sclerotherapy

Twelve trials of sclerotherapy and drugs (eight
propranolol,247–254 three nadolol255–257 and one isosorbide-
5-mononitrate258) versus sclerotherapy alone, comprising
853 patients are summarized in Table 31.11). Theoretically the
drug might prevent re-bleeding before variceal obliteration.
One problem with this group of studies is that in only one study
was the effect of β-blockers evaluated after obliteration.248 In
the others, the drug was stopped at eradication. There was
statistically significant heterogeneity caused by differences
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Table 31.10 Randomized controlled trials of sclerotherapy versus β-blockers for the prevention of re-bleeding

No. of Adverse events
Study patients D/S Child C (%) Bleeding D/S Death D/S D/S

Alexandrino et al.237 34/31 – 25/17 11/9 24/28
Dollet et al.238 27/28 27 11/18 12/15 0/10
Fleig et al.239 57/58 NR 26/26 16/20 NR
Westaby et al.240 52/56 – 29/28 22/21 4/0
Liu et al.241 58/60 NR 33/20 27/17 NR
Martin et al.242 34/42 24 18/23 8/13 0/19
Rossi et al.221 27/26 38 13/13 7/6 3/8
Andreani et al.243 35/40 35 12/17 9/17 ND
Dasarathy et al.244 53/51 34 31/19 19/10 5/9
Teres et al.245 58/58 14 37/26 23/21 10/23
Villanueva et al.246** 43/43 11/23 4/9
POR (95% CI) 0·88 (0·58 to 1·32) 0·95 (0·72 to 1·25)

aAll trails used propranolol except one.
**Nadolol plus isosorbide mononitrate.
D, drug; S, sclerotherapy; NR, not reported; POR, pooled odds ratio



between studies both in the direction and in the size of the
effect of treatment: three studies were in favor of sclerotherapy
alone249,252,257 while nine were in favor of sclerotherapy plus β-
blockers 247,248,250,251,253–256,258 (statistically significant difference
reported in three248,254,258). POR showed that there was
statistically significantly less re-bleeding in the combined
treatment arm (Der Simonian and Laird method: POR
0·54, 95% CI 0·34–0·86). There was no statistically significant
heterogeneity in the evaluation of survival. There were
statistically significantly fewer deaths in the combined
treatment arm (POR 0·65, 95% CI 0·43–0·97). 

Combination sclerotherapy plus subcutaneous octreotide
was also compared with sclerotherapy alone for the
prevention of early re-bleeding, as well as for long-term
management of patients after variceal hemorrhage.259 This
last study showed significantly less re-bleeding and mortality
rates in the combined treatment group. However, the
possibility of a severe selection bias was raised due to the
exceedingly high re-bleeding rates in the sclerotherapy group.
Therefore the clinical efficacy of subcutaneous octreotide
in reducing re-bleeding rates remain uncertain, despite the
post-prandial increase in portal pressure being blunted by
octreotide but not by propranolol.259

Sclerotherapy versus variceal ligation

Sclerotherapy does significantly decrease re-bleeding rates
and mortality, but it has been associated with serious
complications, the most common of which are esophageal
stricture and bleeding from treatment-induced ulcers. Variceal
ligation was developed with the aim to provide an endoscopic
therapy at least as effective as sclerotherapy, but with fewer
complications. There are 20 studies173–186,260–265 (n = 1634)

Ald

comparing sclerotherapy to variceal ligation for the
prevention of recurrent bleeding: 11 were published as
peer-reviewed articles174,175,177–191,184,261,263,265 and nine as
abstracts173,176,182,183,185,186,260,262,264 (see Table 31.9). Thirteen
studies included only cirrhotic patients,173,174,177–181,260–265

six studies patients with cirrhosis or non-cirrhotic portal
hypertension,175,176,182–185 and one study only patients
with hepatic fibrosis due to schistosomiasis.186 The
sclerosing agent used was sodium tetradecyl sulfate (eight
trials173,174,177,178,180,181,261,262), ethanolamine oleate (four
trials179,183,186,265), polidocanol (two trials260,263), absolute
alcohol (one trial184) and was not reported in five
studies.175,176,182,185,264 The same ligation equipment (Bard
Interventional Products, Tewksbury, Massachusetts, USA)
was used in all trials. All treatment sessions were done at
intervals of 1–3 weeks. Meta-analysis showed that re-
bleeding was significantly less common with variceal ligation
than with sclerotherapy (POR 0·53, 95% CI 0·42 to 0·67),
without significant heterogeneity amongst trials. The NNT
with variceal ligation than with sclerotherapy to prevent
one re-bleeding episode is 10 (95% CI 7 to 17). 
Publication bias assessment showed that 121 null or negative
studies would be needed to render the results of the meta-
analysis statistically non-significant. Variceal ligation was also
associated with significantly lower mortality when compared
with sclerotherapy as the result just reached statistical
significance (POR 0·77, 95% CI 0·59 to 0·99, P = 0·048).

Complications were also less common in patients
treated with variceal ligation, in all the studies except one,179

although the size of the difference varied between studies,
causing significant heterogeneity (P = 0·004). Meta-analysis
showed that the difference was statistically significant in
favor of variceal ligation (Der Simonian and Laird method:
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Table 31.11 Randomized controlled trials of sclerotherapy plus drugs versus sclerotherapy for the prevention of
re-bleeding

Study No. of patients S/S + D Child C (%) Bleeding S/S + D Death S/S + D

Westaby et al.247 27/26 41 8/7 7/9
Jensen and Krarup248 26/25 29 12/3 1/1
Lundell et al.249 22/19 51 11/12 NR
Bertoni et al.255 14/14 36 4/1 3/1
Gerunda et al.256 30/30 NR 7/6 3/1
Villaneuva et al.257 35/39 NR 14/7 5/5
Avgerinos et al.251 40/45 7 21/14 9/8
Villanueva et al.257 18/22 NR 7/12 0/2
Acharya et al.253 56/58 NR 12/10 7/5
Vickers et al.252 34/39 34 14/17 9/9
Bertoni et al.258 37/39 15/4 9/2
Elsayed et al.254 87/91 34/13 10/11
POR (95% CI) 0·54 (0·34 to 0·86)a 0·65 (0·43 to 0·97)

aDer Simonian and Laird method
S, sclerotherapy; S + D, sclerotherapy plus drugs; NR, not reported; POR, pooled odds ratio



POR 0·29, 95% CI 0·19 to 0·44). In addition the number of
treatment sessions needed to achieve variceal obliteration
was less with variceal ligation in all the studies (2·7–4·1
sessions with variceal ligation compared with 4–6·5 sessions
with sclerotherapy). However, there was no difference
between the endoscopic modalities in the number of patients
with varices obliterated (POR 1·23, 95% CI 0·93 to 1·61),
while the recurrence of varices was more frequent in patients
treated with variceal ligation (POR 1·36, 95% CI 0·96 to
1·92). However re-bleeding after initial eradication seems
unusual especially if patients are in a regular endoscopic
follow up, and varices that recur are re-obliterated.266

Variceal ligation versus
variceal ligation plus sclerotherapy

In an attempt to further improve the results achieved with
variceal ligation, which requires between three and four
therapeutic sessions for variceal eradication and 25% of
patients would have an episode of recurrent bleeding before
completion of therapy, it has been suggested that variceal
ligation combined with low-volume sclerotherapy could lead
to more rapid eradication of varices than the use of variceal
ligation alone. The use of sclerotherapy along with ligation is
based on the rationale that sclerotherapy obliterates deeper
paraesophageal varices that serve as feeder vessels for the
submucosal vessels, whereas ligation can only be applied
to submucosal varices. Seven studies,267–274 involving 398
patients have tested this hypothesis: five were pulished
as peer-reviewed articles267–271,273 and two as abstracts272,274

(Table 31.12). Meta-analysis showed no significant
differences between the two endoscopic treatments in the

number of patients with varices eradicated (POR 1·55, 95%
CI 0·79 to 3·04), in re-bleeding (POR 0·86, 95% CI 0·52 to
1·4) or deaths (POR 0·90, 95% CI 0·52 to 1·56). 
However complications were significantly higher from the
combined therapy compared with variceal ligation alone
(POR 2·71, 95% CI 1·48 to 4·96). Moreover, the number of
sessions required to achieve eradication was greater in the
combined therapy arm in all the studies, significantly in
one.267 A detailed meta-analysis has been published.268

Two other studies investigated whether there was an
additive effect of sclerotherapy in small varices (inaccessible
to variceal ligation) after the completion of repeated variceal
ligation treatment.275,276 Bhargava and Pokharna275 reported
that the combined treatment eradicated the varices in a
significantly greater number of patients than variceal ligation
alone but they did not find any difference in re-bleeding. In
contrast Lo et al.276 reported that the combined treatment
resulted in significantly less recurrence of esophageal varices
and re-bleeding. 

Finally, three studies of comparison between combined
variceal ligation and sclerotherapy with sclerotherapy alone
have been reported.277–279 There was no difference in
re-bleeding and mortality between the two treatment
modalities in any of these studies. Moreover, this comparison is
not justified since sclerotherapy has been replaced by variceal
ligation for the secondary prevention of variceal bleeding.

Variceal ligation versus drug combination
(β-blockers plus nitrates)

Four randomized controlled trials280–283 (one published in
abstract form280), involving 471 patients, assessed the efficacy
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Table 31.12 Randomized controlled trials of variceal ligation versus variceal ligation plus sclerotherapy for the
prevention of re-bleeding

No. of Variceal
patients Re-bleeding Death eradication Complications

Study L/L + S Child C (%) L/L + S L/L + S L/L + S L/L + S

Combined
Laine et al. (1996)267 20/21 44 6/6 3/3 12/15 2/6
Argonz et al. (2000)269 29/30 NR 11/5 9/4 16/24 1/8
Saeed et al. (1997)270 25/22 28 6/8 4/8 16/12 5/13
Traif et al. (1999)271 31/29 25 7/5 7/3 NR 7/6
El-Khayat et al. (1997)272 30/34 NR 2/2 3/4 NR 4/6
Hou et al. (2001)273 47/47 20 11/13 6/7 40/41 23/31
Bobadilla-Diaz et al. (2002)274 15/18 NR 1/0 NR NR NR
POR (95% CI) 0·86 (0·52 0·90 (0·52 1·55 (0·79 2·71 (1·48

to 1·4) to 1·56) to 3·04) to 4·96)

Sequential
Bhargava and Pokharna (1997)275 25/25 18 4/5 NR 5/20 8/14
Lo et al. (1998)276 35/37 21 11/3 10/7

L, variceal ligation; L + S, variceal ligation plus sclerotherapy; NR, not reported; POR, pooled odds ratio



of variceal ligation versus drug combination of β-blockers
(propranolol or nadolol) and nitrates (ISMN) (Table 31.13). In
one study279 the ligation group experienced significantly less
re-bleeding while in the other three studies there was no
statistically significant difference between the two treatment
arms. Meta-analysis showed no difference in re-bleeding rate
(POR 0·97, 95% CI 0·66 to 1·41) and survival (POR 0·72,
95% CI 0·47 to 1·1) although in the latter endpoint there was
a trend in favor of drug combination. One randomized
trial has compared obliteration of n-butyl-2-cyanoacrylate
versus propranolol, with no difference in re-bleeding rates nor
survival, but with more complications with the adhesive
injection.284

TIPS versus drug therapy

In a recent trial Escorsell et al. compared TIPS with drug
therapy and found that the 2-year re-bleeding rate was
significantly lower in the TIPS group.285 However, patients
who received drug therapy experienced less encephalopathy
and more frequent improvement in the Child–Pugh score,
with lower associated costs. 

TIPS versus sclerotherapy or variceal ligation

Thirteen trials, involving 948 patients, compared TIPS with
endoscopic treatment (with or without the addition
of propranolol): 9 with sclerotherapy286–294 and 4 with variceal
ligation295–298: 12 were published as peer-reviewed articles287–298

and one in abstract form286 (Table 31.14). The median range of
follow up was from 10 to 32 months. Re-bleeding was
significantly less common in patients randomized to TIPS (POR
3·28, 95% CI 2·28 to 4·72). However there was a trend
toward fewer deaths in the endoscopic treatment arm,
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although the difference was not statistically significant (POR
0·87, 95% CI 0·65 to 1·17). In addition hepatic encephalopathy
was statistically significantly more common in patients
randomized to TIPS (POR 0·48, 95% CI 0·34 to 0·67). These
results are a mirror image of the surgical trials for the secondary
prevention of variceal bleeding. However, an important
difference is that the mean follow up was less than 2 years in all
but two of these trials,288,298 whereas the surgical shunt trials
had a much greater average follow up (3–4 years). As TIPS
stenosis occurs in 50–70% of patients within the first year, this
approach involves regular monitoring with Doppler/ultrasound,
and repeat procedures for recanalization,299 and it is not a good
long-term shunt. A similar conclusion was reached in a recent
trial comparing TIPS to propranolol and ISMN in 91 patients
with cirrhosis and a Child–Pugh score >7.300 It was shown
that TIPS, although effective in reducing re-bleeding did
not improve survival, caused hepatic encephalopathy and
had a worse cost–benefit profile than pharmacological
treatment.

Surgical shunts

There is still a role for surgical shunting in the modern
management of portal hypertension. The ideal patients for a
decompressive surgical shunt should be well compensated
cirrhotic patients, who have had troublesome bleeding –
either who have failed at least one other modality of therapy
(drugs or sclerotherapy), have bled from gastric varices
despite medical or endoscopic therapy, or live far from
suitable medical services. These shunts achieve an overall re-
bleeding rate of 14·3% and a survival rate of 86%, but they
may cause encephalopathy in 20·6% of patients (severe
encephalopathy in 3%). The advent of TIPS has had a major
impact on the need for these operations. Today, a common
indication for a surgical shunt is in patients who have had a
TIPS, without major encephalopathy, but have had recurrent
symptomatic TIPS stenosis. In essence, they have had a non-
surgical trial of shunting, and have selected themselves as
good candidates. Small diameter portacaval H-graft or distal
splenorenal shunts are probably the favored surgical option,
as the portal vein is then still available should liver
transplantation be required.

Randomized controlled trials of surgical therapy

Total portacaval shunt versus
selective distal splenorenal shunt 

Selective distal splenorenal shunt (DSRS) was designed to
reduce the incidence of hepatic encephalopathy and liver
failure following total portacaval shunt (PCS) by partially
maintaining portal liver perfusion while decreasing portal
blood flow to varices. Six trials, including 336 patients,
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Table 31.13 Randomized controlled trials of variceal
ligation versus β-blockers plus nitrates

No. of
patients Child C Re-bleeding Death 

Study Lig/D (%) Lig/D Lig/D

Villanueva et al. 72/72 22 35/24 30/23
(2001)280

Agrawall et al. 53/51 NR 10/13 7/7
(2002)281a

Lo et al. 60/61 21 12/26 15/8
(2002)282

Patch et al. 51/51 51 27/19 17/17
(2002)283

POR 0·97 0·72 
(95% CI) (0·66 to 1·41) (0·47 to 1·1)

aAbstract.
Lig, variceal ligation; D, β-blockers + nitrates; NR, not reported;
POR, pooled odds ratio



compared PCS with DSRS.301–306 A meta-analysis of these
trials has been published.1 There was no statistical
significance in re-bleeding between the two surgical
treatments (POR 0·88, 95% CI 0·54 to 1·45). Patients
with DSRS showed a trend toward less hepatic
encephalopathy (POR 1·29, 95% CI 0·76 to 2·17) and better
long-term survival (POR 1·28, 95% CI 0·82 to 2·01), but the
differences were not statistically significant. The calibrated
small-diameter portacaval H-graft shunt (PCHGS) is effective
in the control of variceal hemorrhage and has been associated
with reduced hepatic encephalopathy when compared with
total PCS.291

Surgery versus drugs

A recent randomized controlled trial including 119
patients compared the effectiveness of portal blood flow-
preserving procedures (selective shunts and the Sugiura–
Futagawa operation), β-blockers and sclerotherapy for
secondary prevention of variceal hemorrhage.308 The
re-bleeding rate was significantly lower in the surgical group
compared with patients receiving drugs (16·6% v 77·5%,
P < 0·0001) and survival was better for Child’s A cirrhosis
in all groups, but there was no significant difference between
treatment groups. 

Surgery versus sclerotherapy

DSRS was compared with sclerotherapy in four trials,
involving 292 patients309–312 (Table 31.15). A comprehensive
meta-analysis of these studies, using individual patient data
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provided by the principal authors, has been previously
published.313 Re-bleeding was statistically significantly reduced
by DSRS (pooled relative risk (PRR) 0·16, 95% CI 0·10 to
0·27). There was statistically significant heterogeneity in the
evaluation of mortality, as the risk of death was increased in
one study311 and decreased in the other three.309,310,312 The
pooled relative risk was not statistically significant different
between the treatment modalities (PRR 0·78, 95% CI 0·47 to
1·29). Chronic hepatic encephalopathy was increased
after DSRS but the difference was not statistically significant
(PRR 1·86, 95% CI 0·90 to 3·86). The results of this meta-
analysis are in accordance with the trial discussed above308 in
which significantly lower re-bleeding rates were documented
in the surgical compared with sclerotherapy group (16·7% v
63%, P < 0·0001), but no difference in mortality was observed.
However, this study was heavily criticized for the different
exclusion criteria that were used in different treatment arms,
the lack of information regarding cause of portal hypertension
and differences in the surveillance endoscopy program. Finally
two trials314,315 (one an abstract314) have compared PCS with
sclerotherapy in the elective treatment of variceal hemorrhage.
Re-bleeding was significantly less in the portacaval shunt group.

However the incidence of hepatic encephalopathy was
significantly increased with the surgical treatment and there
was no difference in survival.

Surgery versus TIPS

Recently Rosemurgy et al. extended the follow up (median
4 years) of a previously published randomized trial comparing
8-mm prosthetic H-graft portacaval shunts (HGPCS) with
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Table 31.14 Randomized controlled trials of TIPS versus sclerotherapy/variceal ligation for the prevention of
re-bleeding

No. of patients Re-bleeding Death PSE
Study TIPS/Scl Child C (%) TIPS/Scl TIPS/Scl TIPS/Scl

GEAIH (1995)286 32/33 100 13/20 16/14
Cabrera et al. (1996)287 31/32 10 7/16 6/5 10/4
Sanyal et al. (1997)288 41/39 49 10/9 12/7 12/5
Cello et al. (1997)289 24/25 NR 3/12 8/8 12/11
Rossle et al. (1997)290 61/65 18 9/29 8/8 18/9
Sauer et al. (1997)291 42/41 24 6/21 12/11 14/3
Merli et al. (1998)292 38/43 12 7/17 9/8 21/10
Garcia-Villarreal et al. (1999)293 22/24 32 2/12 1/8 5/6
Jalan et al. (1997)295 31/27 47 3/15 13/10 5/3
Pomier-Layrargues et al. (1997)296 41/39 NR 10/22 17/12 13/10
Narahara et al. (2001)294 38/40 NR 7/13 11/7 13/6
Gulberg et al. (2002)297 28/26 11 7/7 4/4 2/1
Sauer et al. (2002)298 43/42 29 7/10 8/7 17/9
POR (95% CI) 3·28 (2·28 to 4·72) 0·87 (0·65 to 1·17) 0·48 (0·34 to 0·67)

Scl, sclerotherapy; NR, not reported; POR, pooled odds ratio; TIPS, transjugular intrahepatic portosystemic shunt; PSE,
porto–systemic encephalopathy



TIPS as definitive therapy for bleeding varices who failed non-
operative management.316 The trial included 132 patients and
shunting was carried out as an elective, urgent or emergency
procedure. Placement of TIPS resulted in more re-bleeding
(16% v 3%), liver transplantations (7·5% v 0%) and late deaths
(34% v 13·2%). According to a cost–benefit analysis
carried out by the same group of investigators, TIPS was
associated with much higher costs than HGPCS, due to
subsequent occlusion and re-bleeding.317 DSRS has also been
shown to be superior to TIPS in terms of recurrent bleeding
(6·25% v 25·7%), encephalopathy (18·75% v 42·86%) and
shunt occlusion (6·25% v 68·57%) in a comparative study
with 67 patients with Child’s A and B cirrhosis.318 Finally
Zachs et al. recently showed that in a population of Child’s A
cirrhosis DSRS is a more cost-effective treatment than TIPS.319

Whether the recent introduction of lined stents will
significantly improve results of TIPS remains to be proven.

Conclusion

Pharmacological treatment with β-blockers is a safe and
effective long-term treatment for the prevention of recurrence
of variceal bleeding. The combination of β-blockers with
isosorbide-5-mononitrate needs further testing in randomized
controlled trials. The use of hemodynamic targets of HVPG
response should be further evaluated during pharmacologic
therapy for the prevention of re-bleeding. If endoscopic
treatment is chosen, variceal ligation is the modality of
choice. The combination of simultaneous variceal ligation and
sclerotherapy does not offer any benefit. However, the use of
additional sclerotherapy for the complete eradication of small
varices after variceal ligation should be further addressed
in future trials. The results of randomized controlled trials
comparing variceal ligation with pharmacologic treatment
showed that combination treatment with non-selective
β-blockers and nitrates and variceal ligation are equally
effective. Finally the use of TIPS for the secondary prevention
of variceal bleeding is not supported by the current data,
mainly because of its worse cost–benefit profile compared
with other treatments. In contrast there is a role for the
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selective surgical shunts (DSRS or HGPCS) in the modern
management of portal hypertension. The ideal patients should
be well compensated cirrhotic patients, who have had
troublesome bleeding –  who have failed at least one other
modality of therapy (drugs or ligation) or have bled from
gastric varices despite medical or endoscopic therapy or live
far from suitable medical services.

Summary

In conclusion this critical review of the studies of
treatment in portal hypertension has highlighted several
issues with regard to the design of clinical trials and the
analysis of the data that should be addressed in future trials.
The quality of future trials will also be significantly improved
if standardized definitions of critical endpoints (for example
bleeding or re-bleeding episodes, treatment failure, etc.),
agreed upon in consensus conferences,12,210 are applied. This
will aid the reduction of the heterogeneity that is present in
randomized controlled trials in portal hypertension and lead
to better evidence for the optimal treatment options.
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Ascites, hepatorenal syndrome, and
spontaneous bacterial peritonitis
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Introduction

Patients with cirrhosis frequently develop disturbances in body
fluid regulation that result in an increase in the volume of
extracellular fluid, which accumulates in the peritoneal cavity
as ascites and in the interstitial tissue as edema.1,2 Although
the pathogenesis of ascites is incompletely understood, most
available evidence indicates that fluid retention is the
consequence of the homeostatic activation of vasoconstrictor
and sodium-retaining systems triggered by marked arterial
vasodilation mainly in the splanchnic vascular bed. Marked
abnormalities in the splanchnic microcirculation due to portal
hypertension facilitate the accumulation of the retained fluid
in the peritoneal cavity. Ascites is frequently complicated by
abnormalities of renal function such as impaired ability to
eliminate water and vasoconstriction of the renal circulation,
which may lead to development of dilutional hyponatremia
and hepatorenal syndrome, respectively.1,3 Finally, coexistence
of ascites and abnormalities in the host defense mechanisms
against infection, which occur frequently in patients with
advanced cirrhosis, accounts for the spontaneous infection of
ascitic fluid, a condition known as spontaneous bacterial
peritonitis.4,5

The aim of this chapter is to review, on the basis of available
evidence, the efficacy of various therapeutic methods in the
management of ascites, hepatorenal syndrome and spontaneous
bacterial peritonitis in cirrhosis. The pathogenesis of these
complications is briefly discussed to provide the reader with an
understanding of the pathophysiological basis of the different
therapeutic approaches. A comprehensive review of the
pathophysiology of these disorders may be found elsewhere.1,6

Ascites

As previously mentioned, a large body of evidence
indicates that in cirrhosis sodium retention, with subsequent
ascites and edema formation, results from the action of

neurohumoral factors on the kidney, which are activated
during the homeostatic response to a disturbed systemic
circulation (Figure 32.1).1,2,6,7 The initial abnormality is
sinusoidal portal hypertension causing marked arterial
vasodilation mainly in the splanchnic circulation. The
mechanism of this vasodilation is not known, but may involve
the increased synthesis/release of vasodilating substances,
including nitric oxide and/or vasodilator peptides.2,6,8 Arterial
vasodilation results in an abnormal distribution of blood
volume with reduced effective arterial blood volume (the
blood volume in the heart, lungs and central arterial tree)
sensed by the arterial receptors with subsequent renal sodium
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retention due to the activation of vasoconstrictor and sodium-
retaining factors.

Sodium restriction

In all diseases associated with generalized edema
(cirrhosis, heart failure, renal failure), the amount of
exogenous fluid retained depends on the balance between
sodium intake and the renal excretion of sodium. Because
sodium is retained iso-osmotically in the kidney, 1 l of
extracellular fluid is gained for every 130–140 mmol of
sodium that is retained. If sodium excretion remains constant,
the gain in extracellular fluid volume (and the consequent
increase in weight) depends exclusively on sodium intake and
increases proportionally to the amount of sodium in the diet.
Nevertheless, because sodium excretion may be increased
pharmacologically by the administration of diuretics, the
sodium balance depends not only on sodium intake but also
on the natriuretic response to the diuretics.

With this background, it seems reasonable that a reduction in
sodium intake (low salt diet) will favor a negative sodium
balance and the elimination of ascites and edema. This was
demonstrated in earlier studies9,10 and is supported by the
common clinical observation that the management of ascites is
more difficult in patients who do not comply with a low sodium
diet. Non-compliant patients usually require higher
doses of diuretics to achieve resolution of ascites and are
readmitted more frequently to hospital for recurrence of ascites.
Surprisingly, however, an advantage of low sodium diet as
compared with an unrestricted sodium diet in the management
of ascites has not been demonstrated in many randomized
controlled trials.11–13 Nevertheless, it should be pointed out
that in these studies most patients had mild sodium retention
(urine sodium in the absence of diuretic therapy was close to
sodium intake) and showed an excellent response to diuretic
therapy (less than 5% of patients did not respond to diuretics).

Therefore, on the basis of available evidence, it can be
concluded that in patients with mild sodium retention restriction
of dietary sodium is probably not necessary; the hypothetical
benefit of low salt diet in the achievement of a negative sodium
balance is overridden by the marked natriuretic effect of
diuretics. In contrast, in patients with marked sodium retention,
who usually have a less intense natriuretic response to diuretics
compared with patients with moderate sodium retention, dietary
sodium restriction (40–80 mmol of sodium per day) may
facilitate the elimination of ascites and delay the reaccumulation
of fluid. A more severe restriction of sodium (< 40 mmol/day) is
not recommended because it is poorly accepted by patients and
may impair their nutritional status. 

Therapeutic paracentesis

In recent years, therapeutic paracentesis has progressively
replaced diuretics as the treatment of choice in the
management of patients with cirrhosis and large volume
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ascites in many centers.14,15 This change in treatment strategy
is based on the results of several randomized controlled trials
comparing paracentesis (either removal of all ascitic fluid in a
single tap or repeated taps of 4–6 l/day) associated with
plasma volume expansion versus diuretics.16–20 Because
paracentesis does not affect renal sodium retention, patients
should be given diuretics after paracentesis to avoid
reaccumulation of fluid.21

Two aspects concerning the use of therapeutic paracentesis
in patients with cirrhosis and ascites deserve to be specifically
discussed: (i) the population of patients with cirrhosis in
whom therapeutic paracentesis should be used; and (ii) the
use of plasma expanders to prevent disturbances in circulatory
function after paracentesis. While most physicians consider
that therapeutic paracentesis is the treatment of choice for all
patients with large volume ascites,14,15 others believe that
therapeutic paracentesis should be used only in those patients
who show a poor or no response to diuretics.22 Results of
randomized trials indicate that therapeutic paracentesis is
faster and in several trials was associated with lower incidence
of adverse effects compared with diuretics (Table 32.1).16–20

Moreover, therapeutic paracentesis may have a better
cost–effectiveness profile compared with diuretic treatment
that can result in prolonged hospitalization. Therefore, on the
basis of the available evidence, it seems clear that the use of
therapeutic paracentesis should not be restricted to patients
failing to respond to diuretics but should be considered the
treatment of choice for all patients with large volume ascites
(Box 32.1).
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Box 32.1 Recommendations for the management
of patients with cirrhosis and large volume ascites1

1 Total paracentesis plus intravenous albumina (8 g/l of
ascites removed). Patients can be treated as outpatients.
Hospitalization is recommended for patients with
associated complications (i.e. encephalopathy, bacterial
infection, gastrointestinal bleeding)

2 After removal of ascitic fluid, start with moderate
sodium restriction (40–80mmol/day) and diuretics,
either aldosterone antagonists alone (i.e. spironolactone
50–400mg/day) or in combination with loop diuretics
(i.e. furosemide 20–160mg/day). If patients were on
diuretics before the development of large volume ascites,
check compliance with sodium diet and diuretic therapy.
Compliant patients should be given doses of diuretics
higher than those given before paracentesis in order to
prevent the recurrence of ascites. Non-compliant
patients should be instructed to comply with therapy

3 Consider liver transplantation

aAlthough a survival benefit of albumin over other plasma
expanders has not been demonstrated, albumin is more effective
than other plasma expanders in the prevention of paracentesis-
induced circulatory dysfunction when more than 5 l of ascitic fluid
are removed.



The removal of large volumes of ascitic fluid is associated
with circulatory dysfunction characterized by a reduction
of effective blood volume.23–29 Several lines of evidence
indicate that this circulatory dysfunction and/or the
mechanisms activated to maintain circulatory homeostasis
have detrimental effects in cirrhotic patients. First, circulatory
dysfunction is associated with rapid reaccumulation of
ascites.29 Secondly, approximately 20% of these patients
develop hepatorenal syndrome and/or water retention
leading to dilutional hyponatremia.23 Thirdly, portal pressure
increases in patients developing circulatory dysfunction after
paracentesis, probably owing to an increased intrahepatic
resistance due to the action of vasoconstrictor systems on the
hepatic vascular bed.27 Finally, the development of circulatory
dysfunction is associated with shortened survival.29

At present, the only effective method to prevent circulatory
dysfunction is the administration of plasma expanders. A
randomized trial has shown that albumin is more effective
than other plasma expanders (dextran-70, polygeline) for the
prevention of  circulatory dysfunction as estimated by plasma
renin activity, probably owing to its persisting longer in the
intravascular compartment.29 When less than 5 l ofAlc

ascites are removed, dextran-70 or polygeline show efficacy
similar to that of albumin. However, albumin is more effective
than these two artificial plasma expanders when more than
5 l of ascites are removed.29 Despite this greater efficacy,
randomized trials have not shown differences in survival of
patients treated with albumin compared with those treated
with other plasma expanders.29–32 Larger trials would be
required to demonstrate a benefit of albumin on survival as
well as on renal function, should one exist. Table 32.2 shows
the incidence of adverse effects observed in randomized trials
comparing therapeutic paracentesis without plasma volume
expansion or with three different plasma expanders in
patients with cirrhosis and large ascites.

In summary, conclusive results from a randomized
trial with adequate power to demonstrate a benefit of
albumin administration after therapeutic paracentesis on
mortality are not available. However, the currently available
data indicate that circulatory dysfunction after removal of
large amounts of ascitic fluid is potentially harmful for
patients with cirrhosis. Albumin appears to be the plasma
expander of choice when more than 5 l of ascites are
removed.
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Table 32.1 Adverse effects in randomized trials comparing the efficacy and safety of diuretics versus therapeutic
paracentesis and plasma volume expansion in patients with cirrhosis and large volume ascitesa

No. of patients with adverse effects

Type of Paracentesis and
plasma Diuretics plasma volume

Adverse effect expander (%) expansion (%) P

Renal impairment
Ginès et al.16 Albumin 16/59b (27) 3/58 (5) 0·003
Salerno et al.17 Albumin 1/21(5) 1/20 (5) NS
Hagège et al.18 Albumin 1/27 (4) 1/26 (4) NS
Acharya et al.19 Dextran-40 1/20 (5) 0/20 (0) NS
Solà et al.20 Dextran-40 5/40 (12) 1/40 (2) NS

Hyponatremia
Ginès et al.16 Albumin 18/59 (30) 3/58(5) 0·0009
Salerno et al.17 Albumin – – —
Hagège et al.18 Albumin 8/27 (30) 2/26 (8) 0·07
Acharya et al.19 Dextran-40 1/20 (5) 3/20 (15) NS
Solà et al.20 Dextran-40 8/40 (20) 5/40 (12) NS

Encephalopathy
Ginès et al.16 Albumin 17/59 (29) 6/58 (10) 0·02
Salerno et al.17 Albumin 3/21 (14) 2/20 (10) NS
Hagège et al.18 Albumin 4/27 (15) 1/26 (4) NS
Acharya et al.19 Dextran-40 1/20 (5) 0/20 (0) NS
Solà et al.20 Dextran-40 12/40 (30) 1/40 (2) 0·0015

aDifferences in the rate of adverse effects among the studies may be due, at least in part, to differences in the populations of
patients included.
bFigures represent the number of patients developing the adverse effects compared with the total number of patients in each
treatment group.



Diuretics

Diuretics eliminate the excess extracellular fluid presenting
as ascites and edema by increasing renal sodium excretion,
thus achieving a negative sodium balance.33 The diuretics
most frequently used in patients with cirrhosis and ascites are
aldosterone antagonists, mainly spironolactone and potassium
canrenoate, drugs that antagonize selectively the sodium-
retaining effects of aldosterone in the renal collecting tubules,
and loop diuretics, especially furosemide, that inhibit the Na+-
K+-2Cl− cotransporter in the loop of Henle.33,34

Despite the use of diuretics in clinical practice for more
than 30 years, few randomized trials have been reported
comparing the efficacy of different diuretic agents in the
treatment of ascites.34–36 In patients without renal failure, the
aldosterone antagonist spironolactone in a dose of 150
mg/day (increased to 300 mg/day if there was no response)
was shown in one randomized trial to be more effective
than the loop diuretic furosemide in a dose of 80 mg/day
(increased to 160 mg/day if there was no response).35

This increased efficacy of aldosterone antagonists has also
been suggested in several physiological studies and case series
reports.13,37–40 Based on these findings, aldosterone antagonists
are considered the diuretics of choice in the management of
cirrhotic ascites.

In clinical practice, aldosterone antagonists are frequently
given in combination with loop diuretics. Theoretical
advantages of this combination include greater natriuretic
potency, earlier onset of diuresis, and less tendency to
induce hyperkalemia. Two different regimens of diuretic
administration have been proposed. In the first, the dose of

A1

aldosterone antagonists is increased progressively (usually
up to 400 mg/day of spironolactone) and loop diuretics
(furosemide up to 160 mg/day) are added only if no response
is achieved with the highest dose of spironolactone. In the
second, the two drugs are given in combination from the start
of therapy. Both regimens are similar with respect to efficacy
and incidence of complications. The only difference is that
when the combination of spironolactone and furosemide is
used from the beginning of therapy there is a more frequent
need to reduce the dose of the drugs in responsive patients
compared with the other stepwise regimen.41 Diuretic
therapy is effective in the elimination of ascites in 80–90% of
all patients, a percentage that may increase to 95% when only
patients without renal failure are considered.13,16–20,35–40

The remaining patients either do not respond to diuretic
therapy or develop diuretic-induced adverse effects that
prevent the use of high doses of these drugs. This condition is
known as refractory ascites.42 These adverse effects include
hepatic encephalopathy, hyponatremia, renal impairment,
potassium disturbances, gynecomastia, and muscle
cramps.33,34,40–43 The incidence of renal and electrolyte
disorders and encephalopathy vary depending on the population
of patients studied, and is higher in patients with marked
sodium retention and renal failure (who require higher doses
of diuretics) and lower in patients with moderate sodium
retention and without renal failure. Although some of these
complications may be unrelated to diuretic therapy and may
be due to the existence of advanced liver disease,44 there is no
doubt that diuretics are a major cause of these complications
because their frequency is markedly lower if ascites is
removed by therapeutic paracentesis (see Table 32.1).
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Table 32.2 Adverse effects reported in randomized trials assessing the efficacy and safety of therapeutic paracentesis
without plasma volume expansion or with different plasma volume expanders in patients with cirrhosis and large ascites

No. of patients with adverse effects

No plasma Polygeline Dextran-70 Albumin
Adverse effect expander (%) (%) (%) (%) P

Renal impairment
Ginès et al.23 6/53a (11) – – 0/52 (0) 0·03
Ginès et al.29 – 10/100 (10) 8/93 (9) 7/97 (7) NS
Planas et al.30 – – 1/42 (2) 1/43 (2) NS
Salerno et al.31 – 1/27 (4) – 1/27 (4) NS
Fassio et al.32 – – 1/20 (5) 1/21 (5) NS

Hyponatremia
Ginès et al.23 9/53 (17) – – 1/52 (2) 0·02
Ginès et al.29 – 19/100 (19) 23/93 (25) 14/97 (14) NS
Planas et al.30 – – 4/45 (9) 3/43 (7) NS
Salerno et al.31 – 5/27 (18) – 4/27 (15) NS
Fassio et al.32 – – 3/20 (15) 4/21 (19) NS

aFigures represent the number of patients developing the adverse effect compared with the total number of patients in each
treatment group.



Spironolactone-induced gynecomastia is common and may be
important enough to lead to the discontinuation of the drug in
some patients. An alternative treatment for these patients is
amiloride, although its potency is much lower than that of
spironolactone.36 Eplerenone, a new aldosterone antagonist
that will be available soon for use in clinical practice, has
fewer endocrine adverse effects compared with spironolactone
and could be a good alternative to spironolactone in patients
with spironolactone-induced gynecomastia.45 However, its
effectiveness in patients with cirrhosis and ascites has not
been assessed. Finally, muscle cramps of variable intensity,
sometimes severe, may also occur as an adverse effect of
diuretics. Effective therapies for muscle cramps include
quinine (300 mg/day)46 or albumin (25 g/week).43 Zinc
sulfate (440 mg/day) was also effective in an uncontrolled
study including a small number of patients.47

Because therapeutic paracentesis has replaced diuretics as
the treatment of choice for hospitalized cirrhotic patients
with large volume ascites in most centers14,15 at present the
main indications for use of diuretics in cirrhosis are as follows:

● treatment of patients with mild or moderate ascites or
those with large volume ascites in whom paracentesis is
not effective because of compartmentalization of ascitic
fluid due to peritoneal adhesions;

● treatment of patients with edema without ascites;
● prevention of recurrence of ascites after therapeutic

paracentesis.

Peritoneovenous shunt

A peritoneovenous shunt is a device designed to transfer
ascitic fluid from the abdominal cavity to the systemic
circulation via an abdominal tube and a thoracic tube ending
in the superior vena cava connected through a one-way valve.
This device was used extensively in the 1970s and 1980s
for the treatment of refractory ascites in cirrhosis.48 Although
the system was pathophysiologically sound, its use declined
progressively during the 1990s due to a high incidence of
severe adverse effects, a high rate of obstruction, lack of
demonstration of a significant survival benefit, and the
development of new procedures, such as the transjugular
intrahepatic portosystemic shunt (TIPS).48–54 For all these
reasons, this procedure is  rarely used nowadays.

Transjugular intrahepatic portosystemic shunt

TIPS was introduced in clinical practice in the 1990s for
the management of refractory variceal bleeding, with the
objective of creating a portosystemic shunt, without the need
of surgery. The procedure consists of the placement of an
intrahepatic stent between one hepatic vein and the portal
vein using a transjugular approach.55 It soon became evident
that in patients with variceal bleeding and ascites treated with
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TIPS there was an increased natriuretic effect of diuretics,
leading to the reduction or elimination of ascites in most
patients. These beneficial effects of TIPS on ascites are
similar to those reported in earlier studies in patients treated
with surgical portosystemic shunts, especially side-to-side
portacaval shunts.

A large number of uncontrolled studies have shown that
TIPS is effective in preventing recurrence of ascites in patients
with refractory ascites. This effect is due to reduction in the
activity of sodium-retaining mechanisms and amelioration of
renal function, which lead to an improvement of the renal
response to diuretics.56–61 The main disadvantages of
TIPS include shunt stenosis or obstruction (up to 75% of
patients develop stenosis within 6–12 months leading to
reaccumulation of ascites in most cases) and a high rate of
encephalopathy due to the shunting of blood from the
splanchnic to the systemic circulation.62–64 Other adverse
effects include an impairment in liver function, which is
usually transient, hemolytic anemia, and heart failure.65,66

Because of its efficacy and the paucity of good alternative
therapies (except for that of repeated large-volume
paracentesis with concomitant administration of intravenous
albumin), TIPS became a widely used treatment for patients
with refractory ascites during the 1990s despite the lack of
randomized controlled trials comparing it with medical
therapy.

Four randomized trials comparing TIPS and repeated large
volume paracentesis with concomitant intravenous albumin in
patients with cirrhosis and refractory ascites have been
published.67–70 The main results of these trials are summarized
in Table 32.3. Although there are some discrepancies between
the results of the trials and a meta-analysis has not been done,
the following conclusions may be drawn. 

● TIPS is clearly more effective than large volume
paracentesis in the prevention of recurrence of
ascites.67–70 However, renal sodium homeostasis is not
completely achieved and most patients treated with
TIPS still require sodium restriction and diuretics during
follow up.69,70

● TIPS reduces the risk of developing hepatorenal
syndrome type 1.69

● TIPS is associated with an increased risk of severe hepatic
encephalopathy and does not reduce significantly the risk
of other complications of cirrhosis, such as gastrointestinal
bleeding or spontaneous bacterial peritonitis. 69,70

● There is a high rate of TIPS stenosis or obstruction that
requires frequent intervention to maintain shunt
patency.67–70

● Despite better control of ascites and a reduction in the
number of hospitalizations for ascites, TIPS does not
appear to improve the quality of life compared with
repeated large volume paracentesis with concomitant
intravenous albumin.70
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● The cost of TIPS is higher than that of conventional
therapy with repeated large volume paracentesis and
concomitant intravenous albumin.69

● TIPS does not improve either overall or transplant-free
survival compared with therapy with repeated large
volume paracentesis with intravenous albumin.67,69,70

The recommendations for the treatment of refractory
ascites based on these conclusions are summarized in
Box 32.2.

Liver transplantation

Liver transplantation has become a frequent intervention
for patients with advanced cirrhosis. Although randomized
trials comparing liver transplantation with conventional
medical therapy in patients with ascites are not available for

obvious reasons, the 70–80% 5-year probability of survival
obtained in adult cirrhotic patients treated with liver
transplantation in most centers is markedly greater than the
expected 20% in non-transplanted patients with cirrhosis and
ascites.71

Earlier recommendations suggested that ascites per se was
not an indication for liver transplantation, and patients had to
be considered for transplantation only when ascites was
refractory to diuretic therapy or was associated with severe
complications, such as spontaneous bacterial peritonitis or
hepatorenal syndrome. However, with these guidelines a
large proportion of these patients die while registered on the
transplantation waiting list. This is because of the short
survival associated with these conditions. The median
survival time is less than 1 year for patients with refractory
ascites and those recovering from spontaneous bacterial
peritonitis and is even shorter in patients with hepatorenal
syndrome, particularly in those with the progressive form of
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Table 32.3 Complications and survival in randomized trials comparing transjugular intrahepatic portosystemic shunt
(TIPS) and large volume paracentesis in patients with cirrhosis and refractory ascites.

Study TIPS Paracentesisa P

Recurrent ascites
Lebrec et al. 67 5/10 (50)b 12/12 (100) < 0·05
Rössle et al. 68 3/23 (13) 15/22 (68) < 0·04
Ginès et al. 69 17/35 (49) 29/35 (82) < 0·01
Sanyal et al. 70 22/52 (42) 48/57 (84) < 0·001

Severe hepatic encephalopathy
Lebrec et al. 67 2/10 (20) 0/12 (0) NS
Rössle et al. 68 NR NR –
Ginès et al. 69 21/35 (60) 12/34 (35) 0·03
Sanyal et al. 70 20/52 (38) 12/57 (21) 0·058

TIPS stenosis/obstruction
Lebrec et al. 67 3/10 (30) – –
Rössle et al. 68 13/29 (45) – –
Ginès et al. 69 13/35 (37) – –
Sanyal et al. 70 NR – –

Hepatorenal syndrome type 1
Lebrec et al. 67 NR NR –
Rössle et al. 68 NR NR –
Ginès et al. 69 3/35 (9) 11/35 (31) 0·03
Sanyal et al. 70 NR NR –

Mortality during follow up
Lebrec et al. 67 9/10 (90) 4/12 (33) < 0·05
Rössle et al. 68 15/29 (51) 23/31 (74) NS
Ginès et al. 69 20/35 (57) 18/35 (51) NS
Sanyal et al. 70 18/52 (34) 19/57 (33) NS

aIn all studies, except that of Rössle et al.68 IV albumin (6–8 g/l ascites removed) was given routinely to all patients treated with
paracentesis.
b(Patients/total number of patients included).
NR, not reported; IV, intravenous



this syndrome – type 1 – who have a median survival time of
less than 1 month.50,51,72,73

With the growing knowledge of the natural history of
ascites in cirrhosis, it is now known that a number of factors
predictive of survival can be used to identify candidates for
liver transplantation.74–76 The most useful predictive factors
are related to abnormalities in renal function and systemic
hemodynamics and include:

● an impaired ability to excrete a water load (urine volume
< 8 ml/min after a water load of 5% dextrose 20 ml/kg
intravenous (IV));

● spontaneous dilutional hyponatremia (serum sodium
< 130 mmol/l);

● arterial hypotension (mean arterial pressure < 80 mmHg
in the absence of diuretic therapy);

● reduced glomerular filtration rate (even moderate
reductions, as indicated by serum creatinine levels
between 1·2 (106 mmol/l and 1·5 mg/dl (133 mmol/l)
in the absence of diuretic therapy);

● marked sodium retention (urine sodium < 10 mmol/day
under a moderate sodium-restricted diet and in the
absence of diuretic therapy).

Interestingly, in patients with ascites these parameters are
better than liver function tests as predictors of prognosis.74,76

Therefore, patients with one or more of these predictive
factors have a poor survival expectancy and should be
referred to transplant centers for evaluation.

The recently introduced MELD score (Mayo End-stage Liver
Disease score which includes serum bilirubin, international
normalized ratio (INR) and serum creatinine)77 may be suitable

for the evaluation of prognosis of patients with cirrhosis
and ascites, as it includes a variable that estimates the degree
of impairment of renal function. However its accuracy in
assessing prognosis in these patients has not been assessed.

Hepatorenal syndrome

Hepatorenal syndrome is at the most severe end of the
clinical spectrum of abnormalities of renal function in patients
with cirrhosis and ascites.3,6,42,78 It may occur in two different
clinical patterns.42

Type 1 hepatorenal syndrome is characterized by rapid and
progressive impairment of renal function as defined by a
100% increase of the initial serum creatinine to a level greater
than 2·5 mg/dl (221 mmol/l) or a 50% reduction of the
initial 24-hour creatinine clearance to a level lower than
20 ml/min in less than 2 weeks; in some patients, this type of
hepatorenal syndrome develops spontaneously without any
identifiable precipitating factor, while in others it occurs in
close chronological relationship with some complicating
event, particularly after the resolution of spontaneous
bacterial peritonitis.79

Type 2 hepatorenal syndrome is characterized by a
less severe and non-progressive reduction of glomerular
filtration rate (at least in the short term); the main clinical
consequence of this type of hepatorenal syndrome is
refractory ascites.

Because of the lack of specific diagnostic tests, the
diagnosis of hepatorenal syndrome is currently made
according to several criteria, as proposed by the International
Ascites Club, which are based on demonstration of a marked
reduction in glomerular filtration rate (serum creatinine
>1·5 mg/dl in the absence of diuretic therapy) and the
exclusion of other causes of renal failure that may occur in
patients with cirrhosis42 (Box 32.3).

For many years, no effective therapy existed for patients
with hepatorenal syndrome, except for liver transplantation.
Recently, several effective, new interventions have been
introduced.

Vasoconstrictors

A number of observational studies published in the
late 1990s and early 2000s showed that the administration
of vasoconstrictor drugs to patients with cirrhosis and
hepatorenal syndrome causes a marked improvement of renal
function in a large proportion of patients.80–92 The
rationale for the use of vasoconstrictors in patients with
hepatorenal syndrome is to improve effective arterial blood
volume by causing a vasoconstriction of the extremely dilated
splanchnic vascular bed. The improvement in the arterial
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Box 32.2 Recommendations for the management
of patients with cirrhosis and refractory ascites

1 Total paracentesis plus intravenous albumin (8 g/l of
ascites removed). Repeat paracentesis during follow
up whenever needed. Patients can be treated as
outpatients. Consider liver transplantation

2 Patients should be on moderate sodium restriction
(40–80 mmol/day) and maximum tolerated doses of
diuretics (up to spironolactone 400 mg/day and
furosemide 160 mg/day). Check urine sodium under
diuretic therapy. If urine sodium is greater than
30 mmol/day, diuretic therapy may be maintained
because it may help to delay the recurrence of ascites.
If urine sodium is lower than 30 mmol/day or diuretic
treatment induces complications, diuretics should be
withdrawn

3 Consider the use of transjugular intrahepatic
portosystemic shunt (TIPS) in patients with low
acceptance of repeated total paracentesis or in those
in whom paracentesis is not effective because of the
presence of peritoneal adhesions



circulatory function leads to a suppression in the activity of
vasoconstrictor systems and a subsequent increase in renal
perfusion and glomerular filtration rate.93

Two types of vasoconstrictor drugs have been used in
patients with hepatorenal syndrome: vasopressin analogs
(terlipressin and ornipressin) and α-adrenergic agonists
(norepinephrine (noradrenaline) and midodrine), which act
on V1 vasopressin receptors and α1-adrenergic receptors,
respectively, present in the smooth muscle cells of the vessel
wall. The drug most frequently used in published studies is
terlipressin, which is marketed in many countries for the
indication of acute variceal bleeding in cirrhosis.
Ornipressin is no longer available and there is very limited
information on the efficacy of α-adrenergic agonists.85,92

There is only one randomized trial investigating the efficacy
and safety of terlipressin in patients with hepatorenal
syndrome.94 The information currently available can be
summarized as follows:

1 The administration of terlipressin (0·5–2 mg/4–6 hourly
intravenously) is associated with a complete renal
response, as defined by a reduction of serum creatinine
from pretreatment values to a level below 1·5 mg/dl, in
50–75% of patients treated86–91 (Table 32.4). Because of
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the lack of dose-finding studies, the therapeutic schedule
of terlipressin with the best efficacy/safety ratio is
unknown.

2 In most studies, treatment with terlipressin is usually
maintained until serum creatinine decreases below
1·5 mg/dl (responders) or for a maximum of 15 days.
It is unknown whether the continued administration
of the drug after the endpoint of 1·5 mg/dl of serum
creatinine has been reached may cause a further
improvement of renal function.

3 In responding patients, the improvement in urine
volume tends to occur immediately after the first doses
of terlipressin (within 12–24 hours), while that the
improvement of glomerular filtration rate usually occurs
slowly over several days. In some, but not all cases, there
is also an increased sodium excretion and improvement
or normalization of serum sodium concentration.

4 In most studies, intravenous albumin has been given
at variable doses for the duration of therapy with
terlipressin. The suggestion has been made that
intravenous albumin improves the beneficial effects of
terlipressin on renal function.89 However, this remains to
be proved conclusively in a randomized trial.

5 A consistent finding in all studies is that the recurrence
of hepatorenal syndrome after treatment withdrawal is
uncommon (approximately 15% of patients) (Table 32.4).
The explanation for this is unknown. Treatment of
recurrence is usually effective.

6 The incidence of ischemic adverse effects which require
the discontinuation of terlipressin ranges between 5%
and 10% of patients. It has to be taken into account that
most, if not all, studies excluded high risk patients with
ischemic heart disease or other arterial diseases.

7 The possible beneficial effect of terlipressin on survival of
patients with hepatorenal syndrome has not been
proved. However, the observation of several studies and
the single randomized trial that responding patients
had a longer survival compared with non-responders,
together with the well-known fact that the spontaneous
improvement is extremely uncommon, suggests that
terlipressin may actually improve survival of patients
with hepatorenal syndrome.

8 The above observations refer mainly to type 1
hepatorenal syndrome, as the majority of patients
included in the published studies were in this category.
Although some reports suggest that vasoconstrictors
also improve renal function in patients with type 2
hepatorenal syndrome,89 their efficacy in this setting
remains to be confirmed.

Transjugular intrahepatic portosystemic shunt

There is limited information on the effects of TIPS in
patients with type 1 hepatorenal syndrome. Two uncontrolled
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Box 32.3 Diagnostic criteria of hepatorenal
syndromea

Major criteria

● Low glomerular filtration rate, as indicated by serum
creatinine greater than 1·5 mg/dl or 24-hour
creatinine clearance lower than 40 ml/min

● Absence of shock, ongoing bacterial infection, fluid
losses and current treatment with nephrotoxic drugs

● No sustained improvement in renal function (decrease
in serum creatinine to 1·5 mg/dl or less or increase in
creatinine clearance to 40 ml/min or more) following
diuretic withdrawal and expansion of plasma volume
with 1·5 l of a plasma expander

● Proteinuria lower than 500 mg/day and no
ultrasonographic evidence of obstructive uropathy or
parenchymal renal disease

Additional criteria
● Urine volume lower than 500 ml/day
● Urine sodium lower than 10 mmol/l
● Urine osmolality greater than plasma osmolality
● Urine red blood cells less than 50 per high power field
● Serum sodium concentration lower than 130 mmol/l

aAll major criteria must be present for the diagnosis of
hepatorenal syndrome. Additional criteria are not necessary for
the diagnosis, but provide supportive evidence.
Reproduced with permission from Arroyo V et al. Hepatology
1996;23:164–72.42



studies reported that TIPS improves renal function in patients
with this syndrome.95,96 There is an important limitation
to the use of TIPS in this indication that is the high proportion of
patients with very advanced liver disease (Child–Pugh score
greater than 12) and/or severe hepatic encephalopathy. No studies
have been reported that compared TIPS with vasoconstrictor
drugs in patients with type 1 hepatorenal syndrome.

There have been no specific studies assessing the efficacy
of TIPS in type 2 hepatorenal syndrome. However, in a
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subgroup analysis of patients with refractory ascites and type
2 hepatorenal syndrome included in one randomized trial
TIPS reduced the recurrence rate of ascites and the risk of
progression from type 2 to type 1 hepatorenal syndrome but
did not improve survival compared to control patients treated
with repeated therapeutic paracentesis with intravenous
albumin.69

Other therapeutic methods

Hemodialysis is frequently used in the management of
type 1 hepatorenal syndrome in many centers, particularly
in patients who are candidates for liver transplantation,
with the aim of preventing the complications associated with
acute renal failure and maintaining patients alive until
transplantation is done. However, any beneficial effects
of this procedure in type 1 hepatorenal syndrome have not
been convincingly demonstrated.97 Complications during
hemodialysis in these patients are common and include
arterial hypotension, bleeding and infections. On the other
hand, clinical or biochemical features indicating the need for
renal replacement therapy, such as heart or respiratory failure,
severe acidosis or severe hyperkalemia are uncommon, at
least in early stages of type 1 hepatorenal syndrome. In
contrast, these features are usually seen in patients with
cirrhosis and acute renal failure caused by conditions other
than hepatorenal syndrome, especially acute tubular necrosis
due to septic or hemorrhagic shock and acute glomerulo-
nephritis. Considering all these facts and the efficacy of
measures aimed at improving circulatory function (especially
vasoconstrictors), the use of hemodialysis in the management
of patients with hepatorenal syndrome needs to be
re-evaluated and perhaps used as a second-line therapy for
those patients not responding to vasoconstrictors. Recently, a
new method of dialysis, the extracorporeal albumin dialysis or
molecular adsorbent recirculating system (MARS), a system
that uses an albumin-containing dialysate that is used to
remove albumin-bound and water-soluble toxic metabolites,
has been reported to improve renal function and survival
in a small uncontrolled study in patients with hepatorenal
syndrome.98 These promising results, however, require
confirmation.

Drugs other than vasoconstrictors have been used for many
years in the management of hepatorenal syndrome despite
their unproved efficacy. This holds true for drugs with a renal
vasodilator effect, such as dopamine or prostaglandins.99

Several isolated reports suggested a beneficial effect of
octreotide, a drug that inhibits the production of several
vasodilator peptides of splanchnic origin. However, a recent
randomized, controlled trial did not show any benefit.100

Finally, N-acetyl-cysteine was shown to be effective in a small
series of patients, but this result requires confirmation in a
larger controlled trial.101 B4
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Table 32.4 Response rate, recurrence, adverse effects
and survival in patients with cirrhosis and hepatorenal
syndrome treated with terlipressin

No. of patients/total no. of
patients included (%)

Responsea

Uriz et al.86 7/9 (77)
Mulkay et al.87 11/12 (92)
Moreau et al.88 57/99 (58)
Ortega et al.89 12/21 (57)
Halimi et al.90 13/18 (72)
Colle et al.91 11/18 (61)

Recurrenceb

Uriz et al.86 0/7 (0)
Mulkay et al.87 6/11 (55)
Moreau et al.88 NR
Ortega et al.89 2/12 (17)
Halimi et al.90 NR
Colle et al.91 7/11 (64)

Adverse effectsc

Uriz et al.86 0
Mulkay et al.87 0
Moreau et al.88 16/99 (16) (Ischemia in lower limbs,

hypertension, arryhthmia, dyspnea)
Ortega et al.89 1/21 (5) (Finger ischemia)
Halimi et al.90 3/18 (17) (Skin necrosis)
Colle et al.91 1/18 (5) (Finger ischemia)

Mean survival (days)
Uriz et al.86 47
Mulkay et al.87 42
Moreau et al.88 21
Ortega et al.89 32
Halimi et al.90 NR
Colle et al.91 24

aThe definition of response varies among studies.
bRecurrence of hepatorenal syndrome after treatment
withdrawal in responding patients. Definition of recurrence
also varies among studies.
cMost patients presented self-limited abdominal cramps
and/or diarrhea during the administration of the first doses of
terlipressin.
NR, not reported



Liver transplantation

Liver transplantation is the only definitive treatment for
patients with hepatorenal syndrome without contraindi-
cations to the procedure. Even patients showing a complete
response to vasoconstrictors or TIPS with normalization of
serum creatinine have a poor prognosis, with a median
survival time of only 2 months.88,89 Main causes of death
in these patients include liver failure and/or bacterial
infections.88,89 Ideally, patients with hepatorenal syndrome
should be prioritized for liver transplantation due to the high
mortality rate; otherwise, most patients may die while
awaiting liver transplantation. The recently implemented
system of organ allocation in USA based on the MELD score
may be useful in this respect, because it includes serum
creatinine in addition to parameters of liver function
(bilirubin and INR).77,102 Therefore, patients with hepatorenal
syndrome usually achieve high values in the MELD score and
may receive transplants within a short period of time. In
addition to prioritization, these patients should probably be
treated with vasoconstrictors, whenever possible, while
awaiting transplantation in order to improve renal function
and maintain life while they are on the waiting list. A
possible additional advantage of pretransplant treatment of
hepatorenal syndrome is a reduction of the high morbidity
and mortality that has been reported after transplantation
in patients with this syndrome.103,104 A recent study
indicates that patients with hepatorenal syndrome treated
with vasopressin analogs before transplantation have a
complication rate and short-term and long-term survival
which are not different from those observed in transplant
patients without hepatorenal syndrome.105

Dilutional hyponatremia

Patients with advanced cirrhosis often develop
spontaneous dilutional hyponatremia due to impairment
of the renal excretion of free water. This disorder always
occurs in the setting of ascites with severe sodium retention,
and most patients have poor or no response to diuretics.106

The impaired water excretion is due to high circulating
levels of vasopressin (antidiuretic hormone) secondary to a
hypersecretion of the hormone from the neurohypophysis
triggered by a non-osmotic (vasoactive) stimulus.106 The clinical
consequences of dilutional hyponatremia are uncompletely
understood, but it has been linked to some neurological and
non-neurological symptoms seen frequently in patients with
advanced cirrhosis. Dilutional hyponatremia impairs the
quality of life of patients with cirrhosis because it requires
the restriction of fluid intake to a level similar to that of urine
output in order to prevent a positive fluid balance that would
lead to a further increase in total body water and impairment
of hyponatremia.
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There is no effective therapy available in clinical practice
to treat spontaneous dilutional hyponatremia. Fluid
restriction is effective in preventing further reduction of
serum sodium concentration but usually is not followed by
an increase in serum sodium.107 The administration of
hypertonic saline solutions does not make much sense from a
pathophysiological perspective, because total body sodium
and extracellular fluid volume are increased in patients
with dilutional hyponatremia. It invariably leads to marked
increase in ascites and edema and has only modest effects
on serum sodium concentration and therefore is not
recommended. There are anecdotal reports of the efficacy of
albumin infusions, but this remains to be proved in larger
series.108 In recent years, several orally active drugs that
antagonize selectively the vasopressin V2 receptor (the
receptor present in collecting duct cells in the kidney
responsible for water reabsorption in the distal parts of the
nephron), have been developed.109 The rationale behind
the use of these drugs in patients with cirrhosis and dilutional
hyponatremia is to antagonize selectively the effects of
vasopressin in the kidney so that free water excretion is
increased, the abnormal water balance restored, the increased
body water reduced, and serum sodium concentration
normalized. So far, the results of a few phase II studies in
patients with cirrhosis have confirmed the beneficial effects of
these drugs. The oral administration of a single dose of a
vasopressin receptor antagonist causes a marked increase in
urine output and free water clearance, decrease in urine
osmolality, and increase in serum sodium concentration.110–111

These beneficial effects are maintained in patients
receiving multiple doses of the drug.107,112 Normalization of
serum sodium concentration is achieved in up to 50% of
patients after 7 days of therapy compared with 0% of patients
receiving placebo.107 No major adverse effects were
observed in these studies, except for an increase in thirst in
patients treated with the highest doses of the drugs. Although
a number of issues remain to be answered about the efficacy,
clinical usefulness, tolerability, drug interactions (especially
with diuretics), and adverse effects of this new family of
drugs, they represent a powerful pharmacological tool for the
management of patients with advanced cirrhosis and
dilutional hyponatremia.

Spontaneous bacterial peritonitis

Spontaneous bacterial peritonitis is a common and severe
complication in cirrhotic patients with ascites characterized
by infection of ascitic fluid with no apparent intra-abdominal
source of infection.4,5 Spontaneous bacterial peritonitis is
generally caused by Gram-negative bacteria from the
intestinal flora, especially Escherichia coli. However, Gram-
positive cocci, particularly Staphylococcus aureus, are being
isolated with increasing frequency, mainly in hospitalized
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patients.113–115 The diagnosis of spontaneous bacterial
peritonitis is based on the demonstration of an absolute
number of polymorphonuclear cells in ascitic fluid greater
than 250/mm3. In medical settings in which a cell count
of ascitic fluid is not feasible on an emergency basis, the
use of reagent strips for leukocyte esterase may be an easy
and inexpensive way to diagnose spontaneous bacterial
peritonitis.116 The clinical spectrum is very variable and
ranges from complete absence of symptoms to a classic
clinical picture of peritonitis.117 For this reason and because
of its high prevalence, spontaneous bacterial peritonitis
should be ruled out in patients with cirrhosis admitted to
hospital with ascites, outpatients undergoing large volume
paracentesis, and hospitalized patients who develop signs
and/or symptoms suggestive of peritoneal or systemic
infection (i.e. abdominal pain, rebound tenderness, ileus,
fever, leukocytosis, shock), hepatic encephalopathy or
impairment in renal function.117,118 Cirrhotic patients with
hydrothorax may also develop a spontaneous infection of
pleural fluid that is pathogenically similar to spontaneous
bacterial peritonitis and should be managed in a similar
fashion.119

Therapy

Antibiotic therapy should be started whenever the
polymorphonuclear count in ascitic fluid is greater than
250/mm3 and before obtaining microbiological culture
results.117 Third-generation cephalosporins are the antibiotics
of choice as initial empiric treatment for spontaneous
bacterial peritonitis, because of their broad antibacterial
spectrum, high efficacy and safety.117,120–123 Resolution
of infection occurs in up to 90% of patients. Cefotaxime
(2 g/8–12 hours) has been the drug most commonly used in
randomized trials, but other third-generation cephalosporins
have similar efficacy.124 Cefotaxime has been shown to
be more effective than other antibiotics, such as aztreonam or
the combination of aminoglycosides plus ampicillin.120–125

Amoxicillin-clavulinic acid is as effective as third-generation
cephalosporins.126 Quinolones (ofloxacin, ciprofloxacin)
administered orally are also effective and may be an
alternative to third-generation cephalosporins or amoxicillin-
clavulanic acid except in patients who are severely ill (i.e.
septic shock, severe renal failure) or with complications that
may impair the absorption of the drug (gastrointestinal
hemorrhage or ileus).127 Given the increased frequency
of Gram-positive cocci isolates in nosocomial spontaneous
bacterial peritonitis,113–115 the empiric antibiotic treatment for
this condition should probably include an antibiotic active
against these bacteria, particularly S. aureus, until the results
of ascitic fluid or blood cultures are available. Antibiotic
therapy is maintained until the complete disappearance of all
signs of infection and decrease of polymorphonuclear count in
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ascitic fluid below the threshold value of 250/mm3. In most
patients, resolution is achieved in a short period of time,
usually less than 6 days.

The development of renal failure, which is one of the
most common and severe complications of spontaneous
bacterial peritonitis,79 can be effectively prevented by the
administration of albumin together with the antibiotic
therapy.128 The incidence of renal failure is markedly
lower in patients receiving albumin plus antibiotics compared
with patients receiving antibiotics alone. The prevention of
renal failure achieved by administration of albumin improves
survival of these patients.128 This may be particularly
important for liver transplant candidates. The beneficial effect
of albumin is probably related to its capacity to prevent
the reduction in the effective arterial blood volume and
subsequent activation of vasoconstrictor systems that occurs
during the infection.

Recommendations for the management of spontaneous
bacterial peritonitis are summarized in Box 32.4.

Hospital mortality in patients with spontaneous bacterial
peritonitis was around 30% in most series published during
the 1980s and 1990s. In the series that included patients
treated with intravenous albumin, hospital mortality has
decreased to 10–15%.128 Advanced liver failure and associated
complications (i.e. gastrointestinal hemorrhage, renal failure)
are the main causes of death in these patients. As previously
discussed, the most important predictor of survival in patients
with spontaneous bacterial peritonitis is the development of
renal failure during the infection.79 Long-term prognosis of
patients who have recovered from an episode of spontaneous
bacterial peritonitis is poor, and patients should be evaluated
for liver transplantation. Recurrent spontaneous bacterial
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Box 32.4 Recommendations for the
management of spontaneous bacterial peritonitis

1 After diagnosis of peritonitis has been made
(> 250 polymorphonuclear cells/mm3 in ascitic fluid),
start with third-generation cephalosporins (i.e. cefo-
taxime 2 g/8–12 hourly intravenously or ceftriaxone
1 g/24 hours intravenously) or amoxicillin-clavulinic
acid (500 mg/125 mg/8 hourly intravenously). In
patients on antibiotic prophylaxis, third-generation
cephalosporins are the treatment of choice. In
nosocomial spontaneous bacterial peritonitis, consider
the addition of an antibiotic active against Gram-
positive cocci

2 Give albumin 1·5 g/kg intravenously at the time of
diagnosis of the infection and 1 g/kg 48 hours later

3 Maintain antibiotic therapy until disappearance of
signs of infection and reduction of polymorphonuclear
cells in ascitic fluid below 250/mm3

4 After resolution of infection, start long-term norfloxacin
400 mg/day per os (orally)



peritonitis is very common in these patients and constitutes a
major cause of death.72

Prophylaxis

The identification of subsets of patients with an increased
risk of developing spontaneous bacterial peritonitis has
stimulated the search for interventions to prevent the
development of this complication. Conditions associated with
an increased risk of spontaneous bacterial peritonitis include:
gastrointestinal bleeding, low protein concentration in ascitic
fluid, advanced liver failure (high serum bilirubin and/or
markedly prolonged prothrombin time), and past history of
spontaneous bacterial peritonitis.4,5,117 Because most episodes
are caused by Gram-negative bacteria present in the normal
intestinal flora, the rationale for the prophylaxis of
spontaneous bacterial peritonitis has been based mainly on
the administration of antibiotics that produce a selective
decontamination of the gastrointestinal tract, with elimination
of aerobic Gram-negative bacteria without affecting aerobic
Gram-positive bacteria and anaerobes.

The efficacy of this approach has been demonstrated in
patients with gastrointestinal hemorrhage129–133 and in

patients who have recovered from the first spontaneous
bacterial peritonitis episode (Table 32.5).134 In patients with
gastrointestinal hemorrhage, the short-term administration of
norfloxacin reduces markedly the incidence of spontaneous
bacterial peritonitis or bacteremia as compared with patients
not receiving prophylactic antibiotics.130 Other effective
approaches consist of the administration of parenteral
antibiotics, such as ofloxacin or the combination of
ciprofloxacin and amoxicillin-clavulinic acid.131,132 The
absolute risk reduction in four trials of antibiotic prophylaxis
in patients with gastrointestinal hemorrhage ranges from
9% to 23%. The results of a meta-analysis indicate that
antibiotic prophylaxis in patients with gastrointestinal bleeding
not only prevents infection but also improves survival.133

Long-term norfloxacin administration is very effective in
the prevention of spontaneous bacterial peritonitis recurrence
(Table 32.5).134 The occurrence of episodes caused by
Gram-negative bacteria resistant to norfloxacin was very
uncommon in the past 134,135 but is now being reported with
increasing frequency.113 However, long-term norfloxacin
prophylaxis is still quite effective and is recommended to
prevent recurrence in patients who have recovered from an
initial episode).113,117,136–138 Ald
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Table 32.5 Incidence of spontaneous bacterial peritonitis in randomized trials of antibiotic prophylaxis in cirrhosisa

Spontaneous bacterial peritonitis

Antibiotic regimen Control Antibiotic P

Primary prophylaxisb

Gastrointestinal hemorrhage
Rimola et al.129 Non-absorbable antibioticsc po 15/72 (21) 6/68 (9) 0·05
Soriano et al.130 Norfloxacin 400 twice daily po 10/59 (17) 2/60 (3) 0·02
Blaise et al.131 Ofloxacin 400 mg/day IV 7/45 (16) 3/46 (7) NS
Pauwels et al.132 Ciprofloxacin 200 mg IV + amoxicillin 7/34 (21) 1/30 (3) 0·05

and clavulanic acid 1 g/200 mg po 
thrice daily

Ascites
Soriano et al.137 Norfloxacin 400 mg/day po 7/31 (23) 0/32 (0) 0·005
Rolanchon et al. 138 Ciprofloxacin 750 mg weekly po 7/32 (22) 1/28 (4) 0·05
Singh et al.139 Trimethoprim-sulfamethoxazole 8/30 (27) 1/30 (3) 0·03

160 mg/800 mg 5 days a week po
Novella et al.140 Norfloxacin 400 mg/day po 9/53 (17)d 1/56 (2) 0·007
Grange et al.141 Norfloxacin 400 mg/day po 4/54 (7) 0/53 (0) NS

Secondary prophylaxis
Ginès et al.134 Norfloxacin 400 mg/day po 14/40 (35) 5/40 (12) 0·03

aFigures represent the number of patients developing spontaneous bacterial peritonitis during follow up compared with the total
number of patients in each treatment group.
bRefers to antibiotic prophylaxis given to prevent the first episode of spontaneous bacterial peritonitis.
cCombination of gentamicin, vancomycin and nystatin or neomycin, colistin and nystatin.
dThe control group received norfloxacin only during hospitalizations.
po, per os (orally)



Antibiotic prophylaxis (norfloxacin, ciprofloxacin, or
trimethoprim-sulfamethoxazole) also appears to be effective
in the prevention of the first episode of spontaneous
bacterial peritonitis (primary prophylaxis) in patients
with low ascitic fluid protein (< 10–15 g/l), who have a
high risk of developing spontaneous bacterial peritonitis
(Table 32.5).138–142 However, the published studies
summarized in Table 32.5 included only small numbers of
patients and were of short duration or were not placebo
controlled. Additional randomized controlled trials involving
larger numbers of patients with longer periods of followup are
needed before primary prophylaxis can be recommended
routinely for this patient population.143 In the mean time, the
possible benefit of preventing the first spontaneous bacterial
peritonitis episode in these patients has to be weighed against
the risk of occurrence of infections by resistant organisms.
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Hepatic encephalopathy
Peter Ferenci, Christian Müller33

Introduction

Because the pathogenesis of hepatic encephalopathy is
unknown,1 no truly “specific” treatment exists. Nevertheless,
a variety of compounds have been introduced for its
treatment (Table 33.1). Some of these treatments are based
on clinical observations, and some on extrapolation of
experimental data obtained from animal models of hepatic
encephalopathy. Research is hampered by the imprecise
definition of this disabling complication of liver disease. In
this light, the Organisation Mondiale de Gastroentérologie
commissioned a working party to reach a consensus in this
area, which was presented at the 11th World Congress of
Gastroenterology in Vienna (1998). The working party
continued its work thereafter and published its final report
recently.2 In summary, the working party has suggested a
modification of current nomenclature for clinical diagnosis of
hepatic encephalopathy and proposed guidelines for future
clinical trials in hepatic encephalopathy. It indicated also
the need for a large study to redefine neuropsychiatric
abnormalities in liver disease, which would allow the
diagnosis of minimal (i.e. subclinical) encephalopathy to be
made on firm statistical grounds.2 These new definitions will
be the basis to improve the design of clinical studies but
cannot be applied to already published trials. Nevertheless,
the new nomenclature was used in this analysis.

Design of clinical trials in hepatic
encephalopathy

A large spectrum of clinical conditions comes under the
term “hepatic encephalopathy” and includes a variety of
neuropsychiatric symptoms, ranging from minor, not readily
discernible signs of altered brain function, overt psychiatric
and/or neurological symptoms to deep coma.3 Accordingly,
the methods to quantify treatment effects and treatment
endpoints are highly variable. Another variable is the
selection of a control intervention. Most studies compare a
new drug to “standard treatment” (which by itself may be
highly effective) such as oral lactulose, for which efficacy has
not been demonstrated in a randomized controlled trial for

ethical reasons. However, in view of the natural history
of hepatic encephalopathy, the inclusion of a placebo
control group in trials of new agents is highly desirable. In
studies comparing a new drug with effective “standard
treatment” demonstration of effectiveness of the new drug

Table 33.1 Interventions  for hepatic encephalopathy

Controlled studies

v Lactulose v Placebo

Decrease of ammoniagenic
substrates

Enemas with lactulose +
Reduction of dietary protein ?

Inhibition of ammonia
production
Antibiotics

Neomycin = =
Rifaximin = v neomycin =
Vancomycin = / + not done

Disaccharides
Lactulose ? =
Lactitol = not done
Lactose in lactase deficiency +

Modification of colonic flora
Lactobacillus SF 68 = not done

Metabolic ammonia removal
Ornithine aspartate IV +
Benzoate = not done

BCAA supplementation
Modified AA solutions = ±
(“FO80” type)
Dietary BCAA +
supplementation

Neuroactive drugs
Flumazenil IV +
L-Dopa, bromocriptine =

+ Superior to control treatment; = equal to control
treatment; ± conflicting results
BCAA, branched chain amino acids, IV; intravenous
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may require a very large sample size. Table 33.2 summarizes
the appropriate study endpoints in various patient groups.

Natural history of hepatic encephalopathy

The natural history of hepatic encephalopathy is not
well studied. However, examination of the outcomes in
the placebo groups in nine randomized controlled trials
(Table 33.3) reveals that patients with grades III and IV hepatic
encephalopathy may have recovery rates from 22% to greater
than 90%. Therefore, in studies of new agents which lack
controls, high response rates may be anticipated, and trials of
new agents may require quite large numbers of patients to
demonstrate benefits. Short-term mortality of patients with
hepatic encephalopathy appears to be low if unstable patients
are excluded. The course of patients with subclinical hepatic
encephalopathy is unknown, and it is by definition impossible
to detect clinical improvement in such cases. Studies of new
agents with subclinical illness should focus on progression to
more severe levels of hepatic encephalopathy. The grade of
encephalopathy of patients selected for clinical trials may be
expected to have a substantial influence on results.

Methods to quantify hepatic encephalopathy

Clinical assessment

The simplest assessment of hepatic encephalopathy is a
description of the mental state according to Conn and
Lieberthal,4 which grades hepatic encephalopathy in
stages I–IV based on changes in consciousness, intellectual
function and behavior. It does not include neurological
changes or asterixis. The Glasgow Coma scale is useful in
stages III and IV.

Portal–systemic encephalopathy index

In 1977 the portal–systemic encephalopathy (PSE) index5

was introduced in a trial comparing neomycin with lactulose
and has been subsequently used by other investigators. The
main problem with this index is the inclusion of arterial
ammonia estimations. Hyperammonemia is possibly a cause,
but not a symptom or effect of hepatic encephalopathy.
Measurements of arterial ammonia concentration require
serial arterial punctures. The scoring of actual arterial
ammonia concentration is arbitrary and not based on a sound
statistical analysis. Furthermore, the other parameters of the
PSE index – mental state, electroencephalogram (EEG), and
number connection test (NCT) – are also graded by arbitrary
units. No age-dependent normal values are used for NCT.15

Finally, the PSE index does not discriminate between overt,
mild or subclinical hepatic encephalopathy and has not
been validated prospectively. In clinically overt hepatic
encephalopathy the PSE index does not appear to be superior
to simple clinical grading.

Psychometric tests

Grading of hepatic encephalopathy does not allow the
documentation of subtle changes. Several psychometric tests
have been evaluated to quantify the impairment of mental
function in mild stages of hepatic encephalopathy.16–18

Detailed psychometric testing is more sensitive in the
detection of minor deficits of mental function than either
conventional clinical assessment or the EEG.19 However, the
tests are cumbersome, and when applied repeatedly the
reliability of most of them is adversely affected by the learning
effect. Few are useful in routine practice. The most frequently
applied test is the NCT.18 This test is easily administered and
the results can be quickly quantified. One important
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Table 33.2 Methods to assess treatment in various groups of patients with hepatic encephalopathy

Assessment of
Study group Treatment endpoint treatment effects Natural history Problems

Episodic HE type C Clinical improvement Clinical grading, EEG, SEP Well documented High mortality,
precipitating factors

Persistent HE type C Clinical improvement Clinical grading, PSE indexa Well documented

Episodic HE type C, Recurrence PSE index, MDF Variable Compliance
recurrent

TIPS or portocaval Prevention of HE Psychometry, MDF, PSE indexa Well documented
shunts (surgical)

Minimal HE Psychometry EEG Psychometry, MDF, P300 Unknown Clinical meaning of
certain tests

a PSE index according to Conn and Lieberthal.4 (The use of this index was not recommended by the WCOG-working party2).
SEP, somatosensory evoked potentials; MDF, mean dominant frequency; P300, event-related acoustic evoked responses; HE,
hepatic encephalopathy; TIPS, transjugular intrahepatic portosystemic shunt; EEG, electroencephalogram



consequence of the application of psychometric tests in
cirrhotic patients was the finding that even patients with
apparently normal mental status have a measurable deficit in
their intellectual performance.16 These patients are
usually referred to as suffering from “minimal hepatic
encephalopathy” or “stage 0 hepatic encephalopathy”.
However, psychometric tests may overdiagnose minimal
hepatic encephalopathy, because scores are usually not
corrected for age.15,19 Furthermore, it is unknown whether
abnormalities of test results correlate with impaired quality of
life or performance in daily life.20 On the contrary, the driving
ability of patients with test results classifying them as “unable
to drive a car”16 was not different from that of healthy
controls.21 A quality-of-life questionnaire (sickness impact
profile – SIP) detects the extent and frequency of deficits in
daily functioning in patients without clinically apparent
hepatic encephalopathy. From the 136 statements, five were
selected as predictive of minimal hepatic encephalopathy.20

A standardized prospectively developed test battery that
includes the NCT A and B, the line tracing test, the serial
dotting test and the digit symbol test was recommended by
the working party to be used in future studies.2 This test can

be applied at the bedside and performed within 10–20
minutes and examines visual perception, visuospatial
orientation, visual construction, motor speed and accuracy,
and is also sensitive against disturbances of concentration,
attention and working memory. Each individual test and the
whole battery has been standardized on a large group of
healthy controls (including all ages). A composite score of the
single test results was calculated. Each individual test result
was scored 0 points in the ± 1 SD range from the mean.
Thereby, subjects can achieve between +6 and −8 points.
When a cut-off between normal and pathological results was
set at −4 points, only 0·9% (1) of the controls, 25% of
cirrhotic patients without clinical evidence of hepatic
encephalopathy but all patients with grade 1 hepatic
encephalopathy achieved pathological results. The test has a
high specificity for hepatic encephalopathy as compared with
other metabolic encephalopathies.3

Electrophysiological tests

The simplest EEG assessment of hepatic encephalopathy is
to grade the degree of abnormality of the conventional EEG
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Table 33.3 Survival rates and improvement of hepatic encephalopathy in placebo-treated patients in
randomized controlled trials

No. of Observation Exclusion % Survival % HE better
Study Test drug HE grade patients time criteria (on placebo) (on placebo)

Barbaro et al.a Flumazenil III 265 6 days HR, RF, 97·3 > 90
(1998)6 IV 262 acidosis 91·3 > 90

Kircheis et al. Ornithine MHE 27 7 days GI bleed, 100 0
(1997)7 aspartate I 19 HR, RF 100 22

II 27 100 44

Stauch et al. Ornithine MHE 14 days Unstable 100 0
(1998)8 asparate I + II 20 patients 100 40

Marchesini et al. BCAA oral I 34 3 months Unstable 100 38
(1990)9 patients

Michel et al. L-Dopa I–III 38 7 days None 61 37
(1980)10

Michel et al. BCAA IV I–III 24 5 days Unstable 74 26
(1984)11 patients

Wahren et al. BCAA IV II–IV 25 5 days None 80 48
(1983)12

Blanc et al. Neomycin + II–IV 40 5 days ? 85 70
(1994)13 lactulose

Strauss et al. Neomycin II–IV 19 5 days MOF 89·5 89·5
(1992)14

aAll patients were on neomycin.
HR, hepatorenal syndrome; RF, respiratory failure; MOF, multiorgan failure; BCAA, branched chain amino acids; MHE, minimal
hepatic encephalopathy; HE, hepatic encephalopathy, IV, intravenous 



trace. A more refined assessment by computer-assisted
techniques allow variables in the EEG such as the mean
dominant EEG frequency and the power of a particular EEG
rhythm to be quantified. Evoked responses (by visual,
somatosensory, or acoustic stimuli) or event-related
responses, like the P300 peak after auditory stimuli, are
sensitive to detect subtle changes of brain function and can be
used for diagnosis of minimal hepatic encephalopathy.22

Evidence-based medicine and hepatic
encephalopathy

Evidence-based medicine is a process of systematically
finding, appraising and using research findings as the basis for
clinical decisions23 following the formulation of relevant
questions concerning the patient’s problems. 

The answer to the question “Does treatment with specific
drugs, compared with placebo, improve hepatic
encephalopathy?” should be addressed separately for overt
and subclinical hepatic encephalopathy. In the following
sections we have identified the studies that attempt to
answer this question and critically appraised the evidence
for the most important treatment regimens. The magnitude
of the treatment effect of various interventions has been
assessed. This assessment is difficult in hepatic encephalo-
pathy because of the use of different methods which are
not readily comparable for quantifying the severity of this
disease. The question of the clinical applicability and
generalizability of the findings of randomized controlled
studies in hepatic encephalopathy must be addressed in the
context of the treatment and the grade of encephalopathy
studied.

Database

To identify all randomized controlled trials in hepatic
encephalopathy, a Medline search was conducted using
several terms (Table 33.4). Of a total of 1320 papers that dealt
with treatment of hepatic encephalopathy, less than a
hundred were reports of controlled trials. In this group, 34
randomized trials had the endpoint “improvement of hepatic
encephalopathy” and included more than 10 patients per
study group (Table 33.5). In addition, two meta-analyses have
been published.24,25

Treatment of hepatic encephalopathy

Clinically overt hepatic encephalopathy (grades
I–IV) in patients with cirrhosis

Supportive care and treatment of precipitating
causes of hepatic encephalopathy

It is important to recognize that hepatic encephalopathy,
acute and chronic, is reversible and that a precipitating
cause rather than worsening of hepatocellular function can be
identified in the majority of patients.1,4 These causes
include gastrointestinal bleeding, increased protein intake,
hypokalemic alkalosis, infection, and constipation (all of
which increase arterial ammonia levels), hypoxia, and the use
of sedatives and tranquilizers. Patients with advanced
cirrhosis may be particularly sensitive to benzodiazepines.

Treatment of these precipitating events is typically
associated with a prompt and permanent improvement of
hepatic encephalopathy. As a result, every attempt should be
made to identify and to treat such precipitating events. This
approach has never been tested formally but is based on
common clinical experience. As judged from the outcomes
observed in placebo groups of controlled trials (see Table 33.3)
standard medical care is highly effective. 

Enemas

Cleansing of the colon by enemas is a rapid and effective
procedure to remove ammoniagenic substrates. The efficacy
of enemas of 1–3 l of 20% lactulose or lactitol solutions was
proved in randomized controlled trials; a favorable response
was noted in 78–86% of patients (absolute risk reduction
(ARR) 0·4, numbers needed to treat (NNT) = 3).26,27

Interestingly, enemas with tap water were ineffective, raising
the possibility that colonic acidification rather than bowel
cleansing was the effective therapeutic mechanism.

Nutrition

Patients with grades III–IV hepatic encephalopathy usually
do not receive oral nutrition. In general, there is no need for
parenteral nutrition, if patients improve within 2 days.
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Table 33.4 Medline search, 1966–2003

Search parameter No. of articles

Hepatic encephalopathy (HE) 7085

Treatment of HE 4116

Placebo and HE 92

Randomized controlled trial and HE 223

Double blind and HE 90

HE and publication type = RCT 203

HE and treatment and 198
publication type = RCT

RCTs with the endpoint “improvement 41
of HE” and more than 10 patients
per study group

RCT, randomized controlled trial



Based on the “false neurotransmitter hypothesis”, total
parenteral nutrition with specific amino acid solutions has
been proposed. A number of randomized controlled
studies have evaluated the use of solutions with a high
content of branched chain amino acids (BCAA) and a low
content of aromatic amino acids (AAA). These studies differ
with respect to the amino acid solutions used, the study
protocols, patient selection, and the duration of treatment,
and are difficult to compare. The results have been
conflicting, but most studies did not find any improvement in
hepatic encephalopathy or any reduction in mortality in patients
treated with BCAA.28,29 Although a meta-analysis revealed
a significant trend toward improvement in these outcomes, it
was concluded that further randomized controlled trials are
needed.24 At present, infusions of modified amino acid
solutions should not be used in the standard treatment of
patients with hepatic encephalopathy.

There is no proven need for a specific diet for patients with
hepatic encephalopathy. Although mentioned in all textbooks,
the recommendation of a low protein diet in patients with
advanced liver disease is not supported by good clinical or
experimental evidence. On the contrary, in patients with
alcoholic hepatitis, low protein intake is associated with
worsening hepatic encephalopathy while a higher protein intake
correlates with improvement in hepatic encephalopathy.30 The
recommendations of the European Society of Parenteral and
Enteral Nutrition (ESPEN) are that oral protein intake should
not exceed 70 g/day in a patient with a history of hepatic
encephalopathy; a level below 70 g/day is rarely necessary and
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minimum intake should not be lower than 40 g/day to avoid
negative nitrogen balance.31

Pharmacotherapy

Flumazenil

Based upon the GABA-benzodiazepine hypothesis of the
pathogenesis of hepatic encephalopathy, the benzodiazepine
receptor antagonist flumazenil has been tested for treatment
of hepatic encephalopathy in five randomized placebo
controlled trials involving over 600 patients. Four were
crossover trials, and one used a parallel group design.
Flumazenil was superior to placebo in four of these studies
(Table 33.6). In the only large double blind, placebo-
controlled crossover trial6 527 cirrhotic patients with grade III
(265 patients) or IVa (262 patients) hepatic encephalopathy
were randomized to receive intravenous flumazenil or a
placebo over a 3–5-minute period. Patients subsequently
received the other study medication if they were still in grade
III or IVa encephalopathy after the first study period.
Treatment was begun within 15 minutes of randomization.
Outcome measures included both a neurological score and a
grading derived from continuous EEG recordings. Table 33.6
shows the results obtained by combining the scores from the
initial and crossover period. Improvement of the neurological
score was documented in 46 of grade III and in 39 of grade
IVa patients during the combined flumazenil treatment
periods and in 10 (Grade III) and 3 (Grade IVa) of the patients
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Table 33.5 Randomized trials with endpoint “improvement of HE”

Control

Test drug Placebo Standard therapya Lactulose/lactitol Neomycin Total

Flumazenil 7 7
BCAA IV 4 2 6
BCAA oral 2 2
Lactulose 5 3 8
Lactitol 3 3
Neomycin 1 1
Lactulose + neomycin 1 1
Lactulose/lactose enemas 1 1 2
Zinc 2 2
Benzoate 1 1
L-Dopa 1 1
Rifaximine 2 2 4 + 1 dose

finding study
SF-68 1 1
AO 128 1 1
Total 23 4 4 9 40 + 1

aUsually includes lactulose or neomycin.



during placebo treatment periods. Improvement of the EEG
score occurred in 73 (Grade III) and 57 (Grade IVa) patients
during flumazenil treatment and 13 (Grade III) and 9 (Grade
IVa) patients during placebo treatment. The effects of
flumazenil were statistically significant (P < 0·01). In
the second study,32 24 of 49 randomized patients were
excluded from the final analysis, mainly due to inadequate
benzodiazepine screening. However, flumazenil was superior
to placebo even when the data were evaluated by intention to
treat analysis; among the 25 patients who were not excluded,
clinically relevant improvement was seen in 35% compared
with 0% in patients given placebo. In the Canadian
trial,33 very strict exclusion criteria resulted in the rejection of
56 of 77 potential patients. Improvement in neurological
symptoms was observed in six of 11 flumazenil treatment
periods compared with zero of 10 placebo periods; a few
patients showed improvement in the EEG during both
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treatments. The beneficial effect of flumazenil was not related
to the presence of identifiable benzodiazepines in the blood.

In the fourth positive study,34 drug effects were
evaluated on continuous EEG recordings obtained before,
during, and 10 minutes after a bolus dose of the drug. No patient
improved on placebo; on flumazenil the EEG recording
improved in 12 out of 18 cases (66%) and was associated with a
shortlasting modest clinical improvement. In the fifth study
the response rate with flumazenil was greater than that observed
with placebo, but the result was not statistically significant.35

A recent meta-analysis of all published trials involving a
total of 641 patients showed that flumazenil induces clinical
and electroencephalographic improvement of hepatic
encephalopathy in patients with cirrhosis.37 Taken
together, these studies suggest that some patients with severe
hepatic encephalopathy will experience clinical improvement
when flumazenil is added to standard treatment.
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Table 33.6 Randomized controlled trials of flumazenil for hepatic encephalopathy

No. improved/No. of
treatment periods (%)

Flumazenil Placebo
Study No. of Dose Outcome HE

Study design patients (mg) measure grade Clinical EEG Clinical EEG

Barbaro et al. (1998)6 Crossover 527 1 Neurological III 46/262* 73/262* 10/262 13/262
RCT EEG and (17·6) (27·9) (3·8) (5)

score 39/265* 57/265* 3/265 9/265
IV (14·7) (21·5) (1·1) (3·4)

Gyr et al. (1996)32 RCT 49a 1/hour PSE score II–IV 5/14* 0/11
× 3hour dependent (35) (0)

on neurologic (28)b* (0)
symptoms

Pomier-Layrargues Crossover 21 2 HE grade EEG II–IV 6/13* 4/12 0/15 2/13
et al. (1994)33 RCT (46) (33) (0) (15)

Cadranel (1995)34 Crossover 14c 1 HE grade EEG II–IV d 12/18* 0/8
RCT (67) (17)

Van der Rijt Crossover 18 0·25/hour HE grade EEG 0–IV 6/18** 0/18 2/18 0/18
et al. (1995)35 RCT for 3 days (34) (12)

Lacetti et al. RCTe 54 2 Glasgow coma III–IV 22/28* 16/26
(2000)36 scale (79) (61)

a24 patients excluded from analysis (see text).
bIntent to treat analysis.
c18 episodes of HE in 14 patients.
d“Modest improvement”.
eAll patients received BCAA, IV fluids and lactulose.
*P < 0·05.
**P = 0·06.
See Tables 33.1–33.5 for abbreviations



Antibiotics

Neomycin has been used as standard treatment of hepatic
encephalopathy for almost 40 years. Surprisingly, there is no
evidence that neomycin is effective. The only randomized
placebo-controlled trial found no benefit of neomycin
compared to standard treatment alone.14 Based on this
negative study and the potential for serious adverse
effects of this drug, neomycin should not be prescribed
for this condition. The combination of neomycin with
lactulose was not superior to placebo.25 Other antibiotics
including paromomycin, metronidazole, vancomycin38 and
rifaximin39,40 are better tolerated, but there is no evidence
supporting their efficacy. Two doses of rifaximin were
compared for treatment of hepatic encephalopathy, but this
prospective trial unfortunately did not include a control
group. A dose of 1200 mg/day appeared to be most
effective.41 Rifaximin was then compared with lactitol in
a prospective randomized double blind, “double-dummy”,
controlled trial. The overall efficacy of both drugs in episodic
hepatic encephalopathy type was similar (81·6% and 80·4%
improved on rifaximin and lactitol, respectively) but rifaximin
was associated with a more profound decrease of serum
ammonia levels.42 Rifaximin was well tolerated but
further placebo-controlled studies are needed to determine its
efficacy.

Disaccharides

Synthetic disaccharides (lactulose, lactitol, lactose in
lactase deficiency) are currently the mainstay of therapy of
hepatic encephalopathy. The dose of lactulose (45–90 g/day)
should be titrated in every patient to achieve two to three soft
stools with a pH below 6 per day. Lactitol has been evaluated
in a number of clinical trials. It appears to be as effective as
lactulose, is more palatable, and may have fewer adverse
effects.25,43 In patients with lactase deficiency, lactose
has most of the same effects as the synthetic disaccharides in
the colon.44

Although a properly conducted placebo-controlled trial has
not been done, the efficacy of these disaccharides is
considered to be beyond doubt.43 Approximately
70–80% of patients with hepatic encephalopathy improve on
lactulose treatment, a response rate comparable with that
observed in patients treated with neomycin.5,45 Treatment is
usually well tolerated, and the principal toxicity is abdominal
cramping, diarrhea and flatulence. Nevertheless, in view of
the questionable efficacy of neomycin, the efficacy of oral
lactulose or lactitol for treatment of clinically overt hepatic
encephalopathy has to be questioned. Since most new
treatments are considered to be effective if improvement rates
are not different from a group treated with lactulose, a
randomized placebo-controlled study of lactulose for
treatment of overt hepatic encephalopathy would be
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Ald

Ald

B4

Ald

Ald

desirable. The first placebo-controlled trial (with a crossover
design) involved just seven patients, of whom46 only two had
clinical symptoms. One patient improved on lactulose. This
result is clearly not significant, and the trial lacked adequate
power. The second trial reported only the outcome of 14 of
the 26 randomized patients.47 The interpretation of three
studies48–50 is difficult due to the definitions used to document
the effect of therapy. In contrast with oral lactulose
administration, the efficacy of lactulose or lactose enemas is
beyond any doubt (see above).

Theoretically, the inhibition of intestinal disaccharidases
should induce malabsorption of disaccharides and increase
delivery of undigested carbohydrates to the colon. AO-128 is
an N-substituted derivative of valiolamine, an aminocyclitol
that selectively inhibits intestinal disaccharidases. A double
blind randomized controlled trial was carried out in 35
cirrhotic patients with PSE. Patients were given a 2-week
treatment of AO-128 (2 mg three times daily) or an identical
placebo. Efficacy of treatment was assessed by the PSE index
at weekly intervals. More patients receiving AO-128 than
patients receiving placebo showed > 40% improvement in
the PSE index (83% v 35%; P < 0·05). The mean stool
pH decreased from 5·8 ± 0·3 to 5·5 ± 0·3 (P < 0·004) after
AO-128 treatment, whereas no changes were observed in
the placebo group. The EEG and nitrogen balance did not
change in either group. Improvement in the NCT
performance was seen after AO-128 treatment (from grade
2·0 ± 1·04 to grade 1·25 ± 0·87; P < 0·05). Seven
patients treated with AO-128 developed diarrhea compared
with none in the placebo group (P < 0·05).51

Ornithine aspartate

Ornithine and aspartate increase ammonia removal. In
cirrhotic patients, ornithine aspartate infusions prevented
hyperammonemia after an oral protein load in a dose-
dependent fashion.52 In a randomized placebo-controlled trial
in patients with hepatic encephalopathy, ornithine aspartate
(20 g/day given intravenously over 4 hours for 7 days)
improved fasting and postprandial blood ammonia levels
compared with placebo-treated patients.7 There was also
symptomatic improvement (assessed by psychometric tests
and the PSE index) in patients with grade I or II hepatic
encephalopathy, but no effect was observed in those with
minimal hepatic encephalopathy. The results of this study are
encouraging, and a confirmatory trial is needed.

Benzoate

A different approach to elimination of ammonia is the use
of benzoate. Benzoate reacts with glycine to form hippurate.
For each mole of benzoate, one mole of waste nitrogen is
excreted into the urine. Sodium benzoate (5 g twice daily)
was compared with lactulose in a randomized double blind
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trial in 74 patients with acute hepatic encephalopathy.53

Outcome measures included the PSE index, visual, auditory
and somatosensory evoked potentials, and a battery of
psychometric tests. The improvement in encephalopathic
parameters and the incidence of adverse effects were similar in
the two treatment groups. In view of the unknown efficacy
of lactulose, a confirmatory placebo-controlled trial is needed.

Persistent hepatic encephalopathy type C

Patients with hepatic encephalopathy that is refractory to
standard therapy are rare. Most have surgical shunts or a
large diameter transjugular intrahepatic portosystemic shunt
(TIPS). Due to the small number of such patients, there are no
controlled trials. Case reports on individual patients describe
successful approaches by narrowing or closure of the shunt,
protein restriction together with BCAA supplementation,
supplementation of zinc and thiamin, and the use of
bromocriptin and oral flumazenil. The only controlled study
was carried out in 37 hospitalized patients with documented
severe protein intolerance.54 Addition of BCAA to the diet
enabled the daily protein intake to be increased to up to 80 g
without worsening of cerebral function. Many control
patients who received casein as a protein source deteriorated
after increasing dietary protein intake. No benefit of BCAA-
supplementation was observed in protein-tolerant patients.

In protein-intolerant patients vegetable proteins appear to
be better tolerated than proteins derived from fish, milk or
meat. In three controlled trials a vegetable diet was better
tolerated then a diet that also included meat.55,56 OtherAld
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studies did not show these favorable effects.57 The beneficial
effects of a vegetable diet on the protein tolerance of patients
with hepatic encephalopathy cannot be explained by the
amino acid compositions of the proteins alone.58

Minimal hepatic encephalopathy

Although the number of patients with minimal hepatic
encephalopathy is large, good clinical studies are rare. Even
among experts, there is no agreement on how to define
minimal hepatic encephalopathy or whether minimal
hepatic encephalopathy even exists. Efficacy of treatment is
judged by the improvement of psychometric tests or of
electrophysiological measurements (see Table 33.7). The clinical
relevance of these outcomes is uncertain. Substances that
improved responses in psychometric tests in randomized trials
include lactulose49,50 modification of colonic flora to increase
lactobacilli,59 ornithine aspartate,7 and oral BCAA.8,60,61

Prevention of hepatic encephalopathy

The occurrence of hepatic encephalopathy is a problem
after TIPS insertion.62 Although most clinicians administer
prophylactic treatments after TIPS placement, the frequency
of episodes of overt hepatic encephalopathy is about 10% per
month. The manifestation of hepatic encephalopathy before
TIPS and/or reduced liver function were identified as
independent risk factors. Refractory encephalopathy can be
managed with a reduced size shunt.63 B4
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Table 33.7 Randomized controlled trials (RCT) of lactulose (L) for hepatic encephalopathy (HE)

No. of Lactulose Standard Outcome Baseline 
Study patients Design (g/day) Control treatment measures characteristics Result

Elkington et al. 7 Crossover 67 Sorbitol 40 g protein NH3, PSE, Not given, No difference
(1969)46 EEG 2 patients

overt HE 

Simmons et al. 26 RCT 60 Glucose 40 g protein HE grade Not given, all ? No difference,
(1970)47 overt HE data for 12 patients

not given

Dhiman et al. 26 RCT 30–60 – No. of abnormal Only MHE L Better than
(2000)48 psychometric control group control, but no

tests worse difference from
baseline

Watanabe et al. 36 RCT 27 – 40 g protein No. of abnormal Only MHE ?
(1997)49 psychometric

tests

Horsmans et al. 14 RCT 60 Lactose 60 g protein No. of abnormal Only MHE L better than
(1997)50 psychometric control group control, but no

tests worse difference from
baseline

MHE, minimal HE; PSE, portal–systemic encephalopathy index; NH3 ammonia; EEG, electoencephalogram



Summary of recommended treatment of hepatic
encephalopathy in clinical practice

Treatment of episodic hepatic
encephalopathy type C

Treatment of episodic hepatic encephalopathy type C
involves two steps. The first is to identify and correct
precipitating causes:

● gastrointestinal bleeding
● sedatives or tranquilizers
● infections
● hypovolemia, hypoxia, electrolyte imbalance,

hypoglycemia.

The second step is initiation of measures to lower blood
ammonia concentrations with:

● lactulose enemas
● intravenous ornithine aspartate
● parenteral or enteral nutrition, if patient is unable to eat
● flumazenil if the patient has been given benzodiazepines.

Chronic therapy

Chronic management of the patient with recurrent
episodic hepatic encephalopathy type C requires individual
adjustment of treatment. The titration of protein tolerance
after an episode of hepatic encephalopathy should permit the
design of an individual diet for each patient. Limitation of
protein intake is reasonable in some patients, but protein
restriction should be avoided if possible, since it will lead to
negative nitrogen balance. In protein-intolerant patients,
vegetable proteins are better tolerated than proteins derived
from fish, milk, or meat. The supplementation of a low
protein diet with BCAA should be considered. Additionally,
patients may benefit from zinc and thiamin supplementation.
The long term benefit of all other treatments (including
lactulose and neomycin) is uncertain. The need for treatment
of minimal hepatic encephalopathy is not established, and
unproved therapy should be administered in the context of
randomized controlled clinical trials.
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Hepatocellular carcinoma
Massimo Colombo34

Introduction

Since the widespread adoption of ultrasound (US) scan for
screening high risk patients, the number of patients identified
with a small, potentially treatable hepatocellular carcinoma
(HCC) has more than doubled.1,2 However, due to the lack of
randomized controlled trials, it is not clear whether mortality
for HCC has reduced in parallel. Features of the natural
history of HCC such as the long-lasting subclinical period
observed in many patients, as well as the large number of
tumors that grow as a solitary mass to a size which can be
detected by US, seem to favor screening programs.
Conversely, in many patients aspects of HCC such as
multinodal onset of the tumor and great variations in the
growth rates of single nodes, with doubling volume times
from 1 to 20 months, may hinder the effectiveness of
screening.3

Target population

HCC is linked to environmental, dietary and lifestyle
factors. Not surprisingly, therefore, epidemiological surveys
were instrumental in identifying groups of individuals who
are at risk for HCC. In two consensus conferences, held in
Milan (Italy),4 and Barcelona (Spain)5 patients with cirrhosis,
chronic carriers of HBsAg, and patients with rare metabolic
liver diseases were identified as populations at risk for HCC.
The cost effectiveness of screening would certainly be
improved if we could assess an individual’s cancer risk.
However, this assessment is difficult because of individual
variations in the metabolism of carcinogens, DNA repair
capacities, genomic stability and inherited cancer
predisposition.

Patients with cirrhosis

Three to four percent of all patients with cirrhosis due to
chronic viral hepatitis or alcohol abuse develop HCC each

year.6–8 Patients with chronic viral hepatitis without
histological evidence of cirrhosis also develop HCC, but at a
lower incidence rate (1%).9 HCC risk is particularly high in
patients with cirrhosis and histological markers of increased
liver cell proliferation. In a cohort study of 307 Italian
patients with viral cirrhosis followed up for 4 years, HCC
developed in 60% of 27 patients with liver cell dysplasia
compared with 18% of 40 patients without it.10 HCC risk was
also high in cirrhotic patients with either fluctuating or
persistently elevated serum levels of α-fetoprotein (AFP)7,11 as
well as in cirrhotic patients presenting with more than one
risk factor for liver cell damage and regeneration (for example
hepatitis B and C).12 Liver cell regeneration is thought to be
the crucial oncogenic event promoting selection and clonal
expansion of committed hepatocytes after damage caused by
genotoxic agents.

Chronic carriers of HBsAg

More than 250 million persons worldwide are persistently
infected with HBV.13 Epidemiological, clinical and
experimental studies have established a strong link between
chronic infection with this virus and HCC. HBV is responsible
for both genotoxic lesions of the liver cells and tumor
promotion through increased liver cell proliferation associated
with persisting hepatitis. HBV does not necessarily require the
step to cirrhosis to be oncogenic.14 In a prospective cohort
study in Taiwan, the risk of HCC in 3454 HBsAg carriers was
102 times greater than in 19 253 non-carriers.15 However,
the carriers at especially high risk for developing HCC were
those with actively replicating HBV (HBeAg+/HBV-DNA+) and
those with cirrhosis. Healthy carriers may develop HCC,
but are at substantially lower risk.16 Often, distinguishing
between clinical subsets of HBsAg carriers may be difficult,
unless the patients are periodically assessed with laboratory or
histological investigations. The strong link between HBV and
HCC has been further confirmed by the decrease of HCC that
has been observed among Taiwanese children since the start
of mass vaccination of all newborns against HBV.17 B2
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Patients with rare metabolic diseases

Patients with porphyria cutanea tarda, genetic
hemochromatosis, α-1-antitrypsin deficiency, tyrosinemia,
and hypercitrullinemia are also at high risk for HCC. Patients
with glycogenosis types I and III, Wilson disease and
hereditary fructose intolerance may also develop HCC, but
are at substantially lower risk.3 HCC has developed also in
patients with primary biliary cirrhosis, probably reflecting
treatment-related improvement in patient survival. HCC was
also found in 64% of 160 Japanese patients and in 48% of 101
South African blacks with Budd–Chiari syndrome.18,19

However, in these studies the possible role of other
unidentified carcinogens could not be excluded.

Screening tests

Serum AFP

AFP is a normal serum protein synthesized by fetal liver
cells and by yolk sac cells. The normal range for serum AFP is
0–20 ng/ml (< 7 µg/l) in healthy adults. Serum levels of
400 ng/ml are very suggestive of HCC. However, two-thirds
of patients with small HCCs have less than 200 ng/ml and
more than 30% of patients with HCC do not have abnormal
circulating levels of AFP, even in advanced stages.6–8,20

Moreover, in the range of 20–200 ng/ml, patients with
chronic liver disease and false positive results due to hepatitis
flares outnumber those with HCC.

In patients with borderline elevations of serum AFP, the
microheterogeneity of the sugar component of AFP can be
assessed by lectin affinity electrophoresis coupled with
antibody affinity blotting. Serum AFP in patients with HCC
has greater proportions of this atypical AFP than serum AFP of
patients with cirrhosis. In a prospective study of 361 cirrhotic
patients, 33 showed elevated atypical AFP 3–18 months
before HCC was detected by imaging techniques.11

Abdominal ultrasound

To minimize the false results of AFP determinations,
cirrhotic patients are undergoing surveillance by means of

real-time US. As a general rule, a lesion seen as a discrete
node in the liver should be presumed to be a preneoplastic
lesion or HCC, and should be investigated accordingly. Most
HCCs can be detected as a hypodysechoic mass.21 Tumors
may escape detection when located in the upper and
posterior portion of the right lobe, an area that is technically
difficult to assess by US, or because HCC nodes are present
as isoechoic masses or are too small to be detected. One
major problem in US screening of cirrhotic patients is false
diagnosis due to regenerative macronodules smaller than
2 cm and small hyperechoic hemangiomas. In a 12-year
prospective cohort study of 447 cirrhotic patients, we found
that 83 had had an initial diagnosis of benign node that later
turned out to be HCC in seven patients (8%) (Colombo et al
unpublished data).

Screening strategies

In population-based studies, most individuals are
asymptomatic, and therefore the screening intervals can be
easily standardized. Serum AFP is the method of choice for
screening in such studies because these include thousands of
healthy persons and relatively few patients with liver disease
who are at risk of false positive results with AFP. Between
1982 and 1992, 18 299 AFP determinations were carried out
on 2230 symptomless Alaskan Natives who were HBsAg
carriers.22 At least one AFP determination was elevated (> 25
ng/ml or < 7 µg/l) for 371 persons, including 292 pregnant
women, 24 patients with hepatitis-related events, and 16
patients with HCC. Because of the high risk of false results,
AFP is not appropriate for screening cirrhotic patients.
Abdominal US is the method of choice for screening and
surveillance. In fact, in 25–60% of the cirrhotic patients
studied by US, HCC would have gone undetected if the
patients had been screened by AFP only (Table 34.1).7,8,11 In a
prospective cohort study of 447 cirrhotic patients in Milan,
the negative predictive value of US was 92% and the positive
predictive value was 66%.7 At the Milan Conference,5 it was
recommended that patients with cirrhosis or with certain
congenital conditions known to be risk factors for HCC
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Table 34.1 Prospective cohort studies of patients with compensated cirrhosis undergoing surveillance by
ultrasound examination

Screening No. of
Hepatocellular carcinoma

interval patients with Annual Single < 3 cm AFP(–)
Study (month) cirrhosis No. rate (%) node (%) (%) (%)

Sato et al. (1993)11 3 361 33 3·0 88 64 41
Cottone et al. (1994)8 6 157 30 4·4 87 53 60
Colombo et al. (2004)73 12 417 88 3·4 54 27 38



should be screened by US and AFP twice a year,
whereas HBsAg carriers should be screened for HCC by
determinations of serum AFP levels once a year.

Recently prospective surveillance studies23,24 have
suggested that the proportion of cirrhotic patients diagnosed
with HCC who fulfill liver transplantation criteria is
increased, and thus survival is increased through this route.25

Treatment

Treatment options are selected according to the presence
or absence of cirrhosis, number and size of tumors, and
degree of hepatic deterioration. Staging is a crucial variable in
treatment outcome, since many therapeutic failures have
resulted from incorrect patient selection. When patients are
scanned by biphasic spiral computed tomography (CT) during
the arterial phase (about 20 seconds after the start of
injection), highly vascularized tumors appear against a
background of relatively unenhanced liver that is primarily
enhanced during the late portal vein phase.26 However, most
tumors smaller than 2 cm are hypovascular and therefore
escape detection with such gold standard staging techniques
as biphasic spiral CT.27 For staging clinical status, the
Child–Pugh scoring system provides accurate estimates of
patient survival. The 3-year survival of untreated patients
with a small tumor and well compensated cirrhosis was
approximately 25%.28

A review of treatments offered for this disease encounters a
number of difficulties. First, few controlled trials have been
done comparing the efficacy of the available surgical or
locoregional ablative treatments. Secondly, there is substantial
heterogeneity of survival between control groups in various
trials, making it even riskier than usual to compare the results
of small individual trials.29 Some trials have not been analyzed
on the basis of intention to treat and probably yield
exaggerated estimates of treatment effects.

Patients with normal livers

Hepatic resection is the primary option for the few patients
with HCC who present with normal livers and well preserved
hepatic function. In two case series,30,31 the cumulative
5-year survival for 128 such patients in two centers treated
with hepatic resection was approximately 45%, compared
with 12–26% for the 51 treated with orthotopic liver
transplantation (OLT). The good results with hepatic
resection probably depended on the absence of cirrhosis,
which allowed for extensive resection of the liver without
affecting survival. The poor results with OLT probably
reflected bias in patient selection, for example transplantation
may have been done in patients with advanced HCC who
were judged to be unsuitable candidates for resection.
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Patients with cirrhosis and a small tumor

The functional capacity of the liver not involved by HCC is
the major factor in these patients’ prognosis. Thus, starting in
1950, surgical resection of the tumor for treating HCC in
cirrhotic livers was frequently done in China and Japan, with
substantial benefit for patients with small tumors and well
preserved hepatic function. More recently, in the wake of
substantial improvements in transplantation technology and
better understanding of the natural history of HCC, liver
transplantation has gained further popularity as curative
treatment for patients with HCC and cirrhosis.

Orthotopic liver transplantation

Transplants eliminate both detectable and undetectable
tumor nodes and all the preneoplastic lesions in the cirrhotic
liver. Removal of the diseased liver also reduces the risk of
morbidity and mortality from portal hypertension. Opposing
these “pros” for OLT are several important “cons” – for
example, shortage of donated organs, high costs of the
procedure, the need for stringent criteria for selection of
patients, high risk of early tumor recurrence due to faulty
staging of the disease and immunosuppression, and
recurrence of hepatitis.

Overall survival after OLT has improved markedly since the
introduction of cyclosporine and more accurate criteria for
patient selection. One major obstacle to the interpretation of
OLT results is the large differences between transplantation
centers in terms of time lag between candidacy and
operation. The best long-term survivors (90% at 5 years) were
patients for whom HCC was not the primary indication for
OLT but was discovered by chance as a minute nodule during
examination of the explanted liver.31 Between January
1988 and June 1994, the 5-year survival of 834 patients with
HCC (7% of total) who were given transplants in 82
European Centers was 39%. This included the 54·5%
survival of 176 patients in whom cirrhosis was the primary
indication for OLT and 45·5% of 361 cirrhotic patients in
whom HCC was the primary indication. Transplantation of
accurately selected patients with a single, less than 5-cm
tumor or with a maximum of three less than 3 cm nodes,
resulted in significantly extended survival (Table 34.2).

Although survival of transplant patients seems to be largely
influenced by tumor size and number, there is no general
agreement on the ideal tumor size that entails the least risk of
recurrence, mostly because small tumor volume does not
mean an early biological stage for all cases. Indeed, vascular
invasion by the tumor and perihepatic lymph nodes can occur
even in patients with small HCCs.30,31 Unfortunately, vascular
invasion can be assessed only during the operation and lymph
nodes can be precisely assessed only during laparoscopy or
laparotomy. The most common cause of early death, within
3 months of OLT, was graft failure. In all studies, the most

B4

B4

Hepatocellular carcinoma

519



common cause of late death, from 3 months after OLT, was
recurrence of the original tumor. The outcome of OLT may
be influenced by recurrence of viral hepatitis, since infection
of the graft may facilitate rejection and re-establish the
oncogenic potential of the liver. The efficacy of interferon and
the nucleoside analog ribavirin against hepatitis C is under
evaluation. For hepatitis B, hyperimmune γ-globulins and the
nucleoside analog lamivudine are protective but costly.36,37

There has been an evolution of selection criteria over
the years, which has generated renewed interest with the
possibility of live related donors to optimize timing and
maybe extend the criteria for transplantation.

Hepatic resection

Liver transplantation cannot be offered to all patients with
cirrhosis who are found to harbor a small HCC. Thus, in
many countries, hepatic resection remains the primary
therapeutic option for these patients. Since the functional
capacity of the remaining liver is a major factor affecting
prognosis for patients undergoing hepatic resection, limited
hepatic resection (segmentectomy and subsegmentectomy)
is the technical procedure of choice. Since 1983 the
widespread adoption of intraoperative US has changed the
outlook of this treatment. The best results in terms of both
short-term and long-term survival were for patients with
single tumors less than 2 cm in diameter and well preserved
hepatic function. In 347 Japanese patients, the 5-year
survival rate was as high as 60·5%,39 with very low mortality
(0–5%). Considering all patients in Japan treated with
hepatic resection, the most powerful predictor of survival
was a combination of the three factors: AFP, tumor size, and
number of tumors.40 Portal invasion by the tumor and
metachronous multifocal tumorigenesis are the mechanisms
by which HCC may recur after resection. In a series of 102
patients with tumors smaller than 3 cm, without portal vein
invasion or intrahepatic metastases, recurrence 5 years
after resection was recorded as 68%,41 with the highest
recurrence rates being observed in patients with more

B4

compromised hepatic function, for example high ALT and
low albumin values. In fact, survival of patients undergoing
hepatic resection is influenced not only by the tumor size
and invasiveness, but also by the functional status of the liver
expressed as the Child–Pugh score and degree of portal
hypertension. The 3-year cumulative survival was 50% for
78 Japanese patients with single tumors and Child’s A status,
35% for 26 with Child’s B status and 0 for three with Child’s
C status.42 For 72 patients in Paris, these figures were
51% for Child’s A and 12% for Child’s B–C.43 In
patients with Child–Pugh A cirrhosis, portal hypertension is
the most reliable predictor of survival after resection. In
Barcelona none of the 14 operated patients with less than 10
mmHg hepatic venous pressure gradient had had unresolved
hepatic decompensation, compared with 11 of the 15
patients with higher gradients (Table 34.3).44 Thus, resection
is definitely contraindicated for patients with deteriorated
cirrhosis or severe portal hypertension in view of the high
operative risk and short life expectancy. There are no
controlled data demonstrating that chemotherapy improves
the survival of resected patients by eradicating occult nests of
tumor cells.45 Also, there are no controlled trials comparing
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Table 34.2 Outcomes of liver transplantation in cirrhotic patients with a single small tumor or less than three
small tumors

Survival (%)

Center Selection Cases 1-year 5-year Reference

Milan Single ≤ 5 cm 48 84 74 Mazzaferro et al. (1996)32

≤ three ≤ 3 cm
Barcelona Single ≤ 5 cm 58 84 74 Llovet et al. (1998)33

Paris three ≤ 3 cm 28 82 74 Bismuth et al. (1999)34

Berlin Single ≤ 5 cm 120 90 71 Jonas et al. (2001)35

three ≤ 3 cm

Table 34.3 Five-year survival of 77 Spanish patients
with Child–Pugh A cirrhosis and a less than 5-cm tumor
treated by resection

Overall 5-year survival 50%
Median survival (a) 91 < 1 mg bilirubin P = 0·03
(months) (b) 30 ≥ 1 mg

(c) 80 < 10 mmHg HVPG P = 0·02
(d) 69 ≥ 10

5-year survival 74% a + c
50% a + d
15% b + d

From Bruix J et al. Gastroenterology 1996;111:1018–23.44

HVPG, hepatic venous pressure gradient



OLT and resection. In Barcelona, the 5-year “intention to
treat” survival was greater for transplant patients than for
resected patients (69% v 51%).46 However, after stratification
for liver impairment and portal hypertension, the 5-year
survival of the best candidates treated by resection was 74%
compared with the 54% 2-year survival after OLT for the
worst candidates. The shortened survival of the latter
patients related to the excess risk of dropout while waiting
for a liver donation.

Patients with cirrhosis not eligible for surgery

Patients may be refused surgery because of advanced age,
deteriorated liver function, large tumors, tumors localized in
strategic positions or associated clinical conditions that
contraindicate surgery.

Percutaneous interstitial treatments

US-guided interstitial treatments include tumor injection
with absolute ethanol, 50% acetic acid or hot saline, or tumor
thermoablation with radiofrequency, microwaves or laser.
Most treatments were carried out with intratumor
percutaneous ethanol injection (PEI), which causes extensive
coagulative necrosis of the tumor cells, and thrombosis of the
tumor vessels, and is well tolerated. Up to 73% of the lesions
treated with PEI underwent complete coagulative necrosis.
Once more, survival was largely influenced by liver function,
size, and number of tumors.47–50 The 5-year survival
of 293 Italian patients with Child’s A cirrhosis was
47%, compared with 29% for 149 with Child’s B cirrhosis
(Table 34.4).47 Life expectancy of Child’s A patients with a
small tumor treated by PEI appeared to be as good as that of
similar patients treated with hepatic resection, and associated
with a low risk of severe complications (1·7%) and mortality
(0·1%). In the Italian multicenter PEI study, the 5-year survival
of 28 patients with larger than 5 cm HCC was 30% compared
with 47% for the 392 patients with smaller than 5 cm tumors
and compensated cirrhosis. The 5-year survival of 121
patients with two or three tumor nodes and compensated
cirrhosis was 36%. PEI is thought to be successful for small
HCCs because these tumors are often hypovascular, and
therefore trap the injected ethanol better. In fact, patients with
smaller than 2-cm tumors that were hypovascular by US–CO2
scan survived longer than similar patients with hypervascular
tumors (5-year survival rate: 86% v 37%, P = 0·02).27

Tumor disease recurred in virtually all treated patients,
more often in those with high levels of serum AFP and those
without peritumoral capsule or with cirrhosis.48,49 Up to 26%
of the patients had locoregional metastases of HCC; in the
remaining cases, recurrence was due to development of
second primary HCCs.30,50 In 60 randomly selected patients
with tumors smaller than 3 cm and compensated cirrhosis,
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injection with 50% acetic acid was superior to ethanol in
terms of 2-year cancer-free survival (acetic acid 92%, alcohol
63%, P = 0·02, number needed to treat (NNT) = 3). The
benefits of acetic acid injection appeared to be most marked
in patients with hypervascular tumors.51 However, this study
may have a problem of patient selection, since the 3-year
survival of patients treated with PEI was half that reported in
previous studies of patients who appeared to be comparable
with respect to tumor size and liver function. Re-treatment of
patients with tumor recurrence is thought to prolong patient
survival.

Radiofrequency thermoablation is safe and convenient in
patients with compensated cirrhosis and a small HCC. An
8-minute course of thermoablation results in complete
necrosis of a 3-cm tumor. However, radiofrequency may cause
complications in patients with strategically located tumors
and usually requires general anesthesia.52 In a randomized
trial of 86 patients with compensated cirrhosis and small
HCC, radiofrequency thermoablation was superior to PEI in
terms of complete tumor necrosis (90% v 80%), and numbers
of treatments (1·2 v 4·8), but it caused more complications
(9·5% v 0).53

There are no guidelines on how to prevent tumor recurrence
after percutaneous interstitial therapy. In a single randomized
trial, the risk of second primary tumors in 44 patients who were
successfully treated with hepatic resection or PEI was reduced
by 12 months administration of polyprenoic acid.54 The
incidence of recurrent or new hepatomas at 38 months of
follow up was 49% in the placebo group and 22% in the
treatment group (P = 0·04, NNT = 5).

Transcatheter arterial chemoembolization

Transcatheter arterial chemoembolization (TACE) of HCC
is possible because the liver has a dual blood supply, while
HCC is supplied virtually only from the hepatic artery. TACE
through the femoral artery leads to ischemic necrosis of the
tumor and makes hepatic arterial injection of antitumor
agents possible, giving higher local concentrations of drugs
with fewer systemic adverse effects. TACE of the proximal
hepatic artery (conventional TACE) has been widely
employed in Eastern and Western countries as an alternative

Ald

Alc

Ald

Hepatocellular carcinoma

521

Table 34.4 Five-year survival of patients with cirrhosis
and tumors smaller than 5 cm treated by percutaneous
ethanol injection

Liver stage No. of 
(Child–Pugh) patients % alive

A 293 47
B 149 29
C 20 0

From Livraghi T et al. Radiology 1995;197:101–8.47



to hepatic resection and has now been improved, as
segmental or subsegmental TACE. The procedure is
contraindicated for patients with venous tumor supply
(hypovascular tumors), advanced liver deterioration,
complete thrombosis of the portal vein trunk, renal failure or
extrahepatic metastases. In the past decade, three
randomized controlled trials of TACE and one randomized
controlled trial of transarterial embolization (TAE, without
chemotherapy) treatment of patients with unresectable HCC
have been conducted.55–58 One trial56 showed a significant
reduction of tumor growth in the treated patients. A meta-
analysis of 18 randomized controlled trials carried out
between 1988 and 2000 to assess the anti-HCC effectiveness
of TAE and TACE, indicates that chemoembolization
significantly reduces the overall 2-year mortality rate (odds
ratio (OR) 0·54, 95% CI 0·33 to 0·89, P = 0·015) compared
with inactive treatment59 and that the two treatments were of
comparable activity. Recently, two randomized controlled
trials in Hong Kong60 and in Barcelona61 demonstrated that
chemoembolization significantly improved survival of
selected patients with unresectable HCC (Table 34.5). 
Uncontrolled studies of segmental TACE in 63 Japanese
patients with Child–Pugh A cirrhosis and a small HCC
reported 4-year survival comparable with that for similar
patients treated with resection or PEI.62 Thus, TACE
should be compared with these interventions in a randomized
trial in patients with compensated cirrhosis and a small
vascularized HCC.

Other treatments

Systemic chemotherapy has been widely used to treat
inoperable HCC, but the response rate is very low (20%). In
the only randomized controlled trial63 doxorubicin not only
failed to prolong survival of 60 patients with inoperable HCC
but also caused fatal complications in 15 (25%) due to
cardiotoxicity. The possible sex hormone dependence of
HCC and the presence of tumor hormone receptors have
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suggested a potential for hormonal manipulation of tumor
growth, particularly using anti-estrogens. Initially, three small
randomized controlled trials in patients considered to be
unsuitable for any treatment because of advanced tumors or
impaired hepatic function showed improved survival.64–66

However, in two large randomized trials of 120 and 477
patients with inoperable HCC, but less deteriorated liver
function, treatment with the anti-estrogen tamoxifen did not
improve survival or quality of life, compared with
controls.67,68 Differences in patient selection reflected in
large differences in survival between control groups may
explain the contrasting results. The 1-year survival of control
groups in the two studies which showed a benefit with
tamoxifen was 5% and 9% compared with 43% and 56% for
the two studies with negative results. A meta-analysis68 of the
five randomized studies comparing tamoxifen alone versus no
active treatment yielded a pooled odds ratio of being alive at
1 year of 1·19 (95% CI 0·88 to 1·61). 

Perhaps hormonal treatment of patients with inoperable
HCC could be refined on the basis of the type of estrogen
receptor expressed by tumor cells as indicated by the high
response rate in patients with the wild-type estrogen
receptor.69 In a randomized trial of 58 patients with advanced
HCC, treatment with subcutaneous octreotide 250
micrograms twice daily increased survival from 13% to 56%
at 12 months.70

The conventional method of external irradiation is not
effective against HCC. Using three-dimensional radiation
planning (conformal radiotherapy) the beam scatter can be
minimized to deliver the therapeutic dose, making selective
irradiation of the liver possible. Local radiation was carried
out safely in patients with Child A cirrhosis and smaller than
8-cm tumor, with a partial response rate of 64%.71 With
proton radiation therapy, a large amount of radiation is
focused only on the lesion, and the exposure of surrounding
non-tumoral liver can be limited. Of 83 patients thus treated
only 19% had a complete response without any appreciable
effect on survival.72 B4
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Table 34.5 Outcomes of randomized controlled studies of transarterial embolization therapy in patients with
inoperable HCC

2-year survival

Authors Treatment No. of patients Treated (%) Controls (%) P value

Trinchet et al. (1995)56 TACE 96 38 26 NS
Bruix et al. (1998)57 TAE 80 49 50 NS
Pelletier et al. (1998)58 TACE 73 24 25 NS
Lo et al. (2002)60 TACE 80 31 11 0·002
Llovet et al. (2002)61 TACE 75 63 27 0·009

TACE, transcatheter arterial chemoembolization; TAE, transarterial embolization (without chemotherapy); NS not significant



The maxim in therapy for HCC is ‘the smaller the HCC the
more effective the treatment.’ Recently a surveillance study
for HCC in cirrhotics has shown increased patient survival.
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Fulminant hepatic failure
Nick Murphy, Julia Wendon35

Introduction

Intensive care medicine has developed over the past 40 years
in response to the need to support failing organ systems in
critically ill patients. The majority of methods used have been
introduced without the prior benefit of controlled clinical
trials.

The small numbers of patients and their heterogeneity
within general intensive care units (ICUs) have hampered the
search for proved remedies. This lack of evidence of benefit in
intensive care medicine is also present in the treatment of
patients with fulminant hepatic failure (FHF) who require the
full spectrum of organ support in the ICU.

The management of FHF can be considered in two
divisions: (i) general supportive care and (ii) therapies aimed
at managing the failing liver and its complications.

Definition

In 1970 Trey and Davidson1 introduced the term
“fulminant hepatic failure” to describe a syndrome of rapidly
progressing liver failure in which encephalopathy follows the
onset of symptoms within 8 weeks in someone without
previous liver disease. This definition is still used today;
however, it has become clear that this definition is too broad
and that subgroups exist. Both etiology and speed of
progression to encephalopathy from the onset of jaundice can
be used to define subgroups. This is important, as both factors
have been shown to be independent predictors of prognosis
(Figure 35.1).2 Interestingly, it is the hyperacute group that
has the best chance for spontaneous recovery, although it also
carries the highest risk of cerebral edema.2,3

Etiology

FHF has many causes. Worldwide, viral hepatitis is by far
the most common cause. Within the UK, acetaminophen
(paracetamol) self-poisoning has been the most frequent
cause of FHF over the past 15 years, however recent
epidemiological data from the major UK liver units suggest
that the incidence of acetaminophen-induced FHF is falling.
In 1998 legislation was introduced in the UK limiting the

amount of acetaminophen that could be sold over the
counter. This appears to have reduced the morbidity and
mortality associated with acetaminophen self-poisoning in
some parts of the UK.4 However, the effect has not been
shown across the whole country and there appears to be
regional variation.5

The fall in numbers presenting with acetaminophen
hepatotoxicity in the UK is at odds with recent data from
the USA, which show that there has been an increase in
the presentation of acute liver failure secondary to
acetaminophen poisoning. The authors suggest that the
majority are due to therapeutic misadventure rather than
suicidal intent.6

In both the UK and the USA the second most common
cause of FHF is seronegative or FHF of indeterminate cause.
Despite intensive research in this area the cause or causes in
this group, as the name suggests, remain elusive.

Pathogenesis

FHF is not a disease but a syndrome whose severity is
proportional to the degree of hepatic necrosis. FHF causes
profound physiological derangement characterized by
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Figure 35.1 Speed of onset according to etiology. (Note
that the majority of acetaminophen (paracetamol) poisonings
would appear in the hyperacute group2)
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encephalopathy, vasoparesis,7 and coagulopathy. As the
syndrome progresses, cerebral edema8 and renal failure are
prominent and there is impaired immunity with increased
susceptibility to infection.9

The rate of progression of FHF can be unpredictable in
the hyperacute group. The syndrome typically evolves over
several days, but deep coma can occur within hours. The
mainstay of treatment in FHF is supportive management
while the decision to proceed to hepatic transplantation is
being considered.

The causes of death in FHF can split the patients with FHF
into two main groups: those with cerebral edema who die of
brain ischemia or brain stem compression, and those who
succumb to sepsis and multiple organ failure.10

Intensive care management
versus ward management

There have been no controlled clinical trials comparing
intensive care with ward management, but considering the
almost 100% mortality before the adoption of modern ICUs11

it seems likely that intensive care management improves
survival. Patients with grades III and IV encephalopathy
should be intubated, ventilated and managed within an ICU.
High dependency areas for patients with liver failure and
lower levels of coma are to be encouraged.12

Management in a liver unit

Again, management of FHF in a liver unit has not been
subjected to a controlled clinical trial but the access to a
liver transplant program has obvious advantages. Survival
rates for FHF with medical therapy alone in cases that
progress to grade III or IV encephalopathy are poor, varying
between 10% and 40%. With the introduction of orthotopic
liver transplantation (OLT) as a therapeutic option for
patients with FHF, survival rates have increased to 60–80%
(Figure 35.2).13

Criteria have been developed to help advise peripheral
hospitals when patients should be transferred to a liver unit
(Box 35.1).14 These criteria are based on clinical judgment
and have not been subjected to a controlled clinical trial.

General supportive management

Fluid resuscitation and circulatory
management

Patients with FHF develop marked hemodynamic changes.
Vasodilatation can be profound and is invariably accompanied
by a compensatory increase in cardiac output.15 This
distributive shock, with relative hypovolemia, causes
hypotension despite the increased cardiac output. Prognostic
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criteria such as acidosis and renal function should only be
assessed following adequate resuscitation, as there can be
marked improvement in these following fluid intake.

The choice of resuscitation fluid in FHF is not clear. Despite
30 years of investigation in various patient groups the optimal
fluid is unknown. There have not been any controlled clinical
trials comparing fluid regimens in FHF. Recent systematic
reviews comparing the use of crystalloids and colloids in fluid
resuscitation16,17 have not produced clarity. The choice of
colloid solution is as unclear as the comparison of crystalloid
and colloid. The most recent systemic review from the
Cochrane Injury Group concluded that there is no evidence
that one colloid solution is more effective or safer than any
other.18 The authors go on to state that the confidence
intervals are wide and do not rule out clinically significant
differences between the colloids that a sufficiently large and
well run trial may find.18

The hemodynamic changes associated with FHF are fairly
predictable. As stated above, profound systemic vasodilatation
is followed by a compensatory increase in cardiac output.
Blood pressure is often low despite aggressive fluid
resuscitation. Endpoints in resuscitation are difficult to define
and so the use of some sort of monitor of both cardiac preload
and cardiac output can be used to observe response to
interventions. There is little evidence to suggest any
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Figure 35.2 Improving survival in FHF

Box 35.1 Criteria for when patients should be
transferred to liver unit

● International normalized ratio (INR) > 3·0
● Prothrombin time in seconds greater than the time in

hours since the overdose (for acetaminophen (parace-
tamol) poisoning)

● Any evidence of encephalopathy
● Hypotension following fluid resuscitation
● Evidence of a metabolic acidosis



technique is superior to any other and so local experience
should dictate which techniques are used. Central venous
pressure (CVP) and pulmonary artery occlusion pressure
(PAOP) are often used to assess preload and the adequacy of
resuscitation but the correlation between CVP, PAOP and
blood volume is poor.19 The use of trends in preload and
cardiac output and the response to a series of fluid challenges
improve their usefulness. 

There remains some controversy about the use of invasive
monitoring in general and the use of pulmonary artery (PA)
catheters in particular. The observational study by Conners
and colleagues demonstrated an increased mortality
associated with the use of the pulmonary artery catheter in
critically ill patients during the first 24 hours of intensive care
compared with case-matched control individuals.20 The
calls for a moratorium on the use of PA catheters following
publication of this paper have not stopped their use. The
results of current ongoing prospective trials into the
therapeutic use of PA catheter-directed therapy are eagerly
awaited.

During the early 1970s it was first suggested that during
critical illness a pathological supply–dependency line is seen
(See Figure 35.2).21 This was proposed because of markedly
increased resting oxygen consumption noted in critical illness
associated with systemic inflammation. Oxygen delivery
increases to meet the demand. It was noted that survivors
had higher oxygen transport parameters than non-survivors.
It was also noted that if oxygen delivery was increased,
by fluid resuscitation and or inotropic drugs, oxygen
consumption increased, suggesting that there was covert
tissue hypoxia and that this may be the cause of multiple
organ failure.

Work by Bihari et al. in the 1980s suggested the presence
of a pathological supply–dependency for oxygen in patients
with FHF. The patients with FHF who failed to survive
had both a lower baseline VO2 than survivors and greater
increases in VO2 following infusion of epoprostenol,
suggesting a greater oxygen debt.22 However, since then the
whole premise of this argument – that there exists a
pathological supply–dependency in critical illness – has been
questioned because of the inevitable increase in calculated
oxygen consumption when delivery is increased due to
mathematical coupling.23

Patients who fail to achieve normal or supra-normal
oxygen transport parameters despite fluid resuscitation in the
face of critical illness have a poor prognosis. Investigators
have proposed that the targeting of survivor parameters may
improve outcome in critically ill patients. However studies
investigating the augmentation of oxygen delivery have not
shown any advantage when applied indiscriminately to all
patients. In fact, an increase in mortality was shown in a
group of patients achieving supra-normal goals with the aid
of inotropes.24 A European consensus conference concluded
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that the continued aggressive attempts to increase oxygen
transport in all critically ill patients is unwarranted, although
timely resuscitation and achievement of normal
hemodynamics is essential.25

Epinephrine and norepinephrine are effective agents
and are frequently employed to improve MAP in FHF,
commencing at 0·1 micrograms/kg per minute. Both of
these agents have been shown to improve MAP; the
addition of epoprostenol (a microcirculatory vasodilator) to
norepinephrine increases oxygen delivery while maintaining
MAP.26 Epinephrine, like other β-agonists has deleterious
effects on intermediary metabolism if used over an extended
period of time. These effects include hyperlactemia and
hyperglycemia and are related partly to the effect of
epinephrine on glycolysis within skeletal muscles.27

Norepinephrine does not have these effects and so is
recommended on the basis of current evidence. 

Blood pressure is important in maintaining flow to essential
organs but what value or threshold pressure is acceptable
in FHF is unknown. However, cerebral autoregulation is
disturbed in FHF making cerebral blood flow directly
proportional to cerebral perfusion pressure (CPP).28 This
implies that hypotension will result in cerebral ischemia,
which may be a factor precipitating brain swelling in FHF,29

and that hypertension will result in cerebral hyperemia and
increased intracranial pressure (ICP). However, as discussed
later, targeting a specific blood pressure to maintain cerebral
perfusion in the face of cerebral edema is often futile and
probably unnecessary.30

Mechanical ventilation

Intubation of the trachea and mechanical ventilation is
indicated for several reasons in FHF but not usually for
hypoxemia.15 As patients progress from grade II to grade III
encephalopathy, decreasing consciousness can lead to
compromising the airway with the risk of aspiration. Grade III
encephalopathy is often characterized by agitation and
aggressive behavior. Sedation in these patients is required to
allow appropriate monitoring and treatment but requires
intubation and ventilation.

As opposed to other causes of systemic inflammatory
response syndrome, the lungs are relatively spared early in
the course of FHF. However, a proportion of patients progress
to multiple organ dysfunction in which lung disease is
prominent.31

The normal lung can tolerate “conventional” ventilation
with physiological tidal volumes and low levels of positive end
expiratory pressure (PEEP) for extended periods without
apparent harm. The situation is different for damaged lungs and
particularly so in patients with acute respiratory distress
syndrome (ARDS). There is increasing evidence that
mechanical ventilation in the setting of ARDS can increase lung
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injury and negatively impact on outcome. Ventilator-induced
lung injury (VILI) encompasses a wide spectrum of damage,
consisting of conventional barotrauma, pneumothorax,
pneumomediastinum, and alveolar damage increasing pulmonary
edema.32 Recent controlled clinical trials have shown improve-
ments in mortality with a protective ventilatory strategy33,34 and a
consensus conference has recommended certain steps to minimize
damage to the lungs during mechanical ventilation.35

1 Minimize the inspired oxygen level and take aggres-
sive steps to do this if the inspired fraction is greater
than 0·65.

2 Recruit alveoli by increasing PEEP. The amount of PEEP
necessary to prevent cyclic opening and closure of alveoli
is approximately 7·4–11 mmHg (10–15 cmH2O).

3 Minimize high airway pressures. Transalveolar pressures
should not exceed 18·4–22 mmHg (25–30 cmH2O). This
corresponds to an end inspiratory static (plateau) pressure
of 22–29·4 mmHg (30–40 cmH2O).

4 Prevent atelectasis by employing larger breaths
periodically to re-expand collapsed units during tidal
ventilation with small tidal volumes.

Sedation and paralysis

Patients with acute hepatic failure requiring mechanical
ventilation are deeply encephalopathic. The need for sedation
varies between patients and should be tailored individually.
Sedation scoring with, for example, the six-point Ramsay
scale36 have not been validated in FHF and are difficult to
interpret in the setting of hepatic encephalopathy. Mechanical
ventilation is usually tolerated with minimum amounts of
opiate and little if any hypnotic agent. Deep sedation is
unnecessary and will only add to cardiovascular depression
and prolong recovery in patients with impaired liver function.
These considerations, however, have to be contrasted with
the need to prevent surges in ICP during routine nursing
care and supplemental sedation or small doses of a non-
depolarizing neuromuscular blocker may be useful during
suctioning of the patient’s trachea. The issue of paralysis in
FHF should be considered. It had been common practice to
paralyze all ventilated patients with FHF whilst at risk from
cerebral edema. However, there have not been any controlled
clinical trials comparing paralysis or not in FHF in any other
branch of intensive care medicine. A retrospective review of
1030 patients with acute traumatic brain injury showed that
ICU stay and infectious complications were higher in the
group who received routine paralysis.37 Anecdotal
reports have also suggested an association between long-term
paralysis and a necrotizing myopathy, in patients with asthma,
that may prolong ICU stay and impinge adversely on
outcome.38,39 Thus, there is no indication for routine paralysis
in FHF.
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Nutrition in fulminant hepatic failure:
enteral versus parenteral nutrition

It seems obvious that nutrition is of benefit in critically ill
patients but proving it with controlled clinical trials is more
difficult. Starvation is not an option! Data from the hunger
strikes in Northern Ireland and from Nazi Germany confirm
death is inevitable within 60–80 days without nutrition when
fluids and electrolytes are given. 

There are few data in the literature from which to draw
conclusions regarding feeding in FHF but in common with
other forms of critical illness, FHF is associated with an
increased metabolic rate and catabolism.40 Depending on the
severity of the injury and the duration of the disease, weight
loss associated with the loss of body fat and skeletal muscle
mass may vary from being relatively insignificant to being
life-threatening, primarily through the development of
immunosuppression and a reduction or delay in wound
healing and tissue repair.41,42 The loss of body protein cannot
be prevented by nutrition but the rate of loss can be slowed. It
is the treatment of the underlying problem that eventually
reverses the catabolic phase of the illness and it is at that time
that anabolism can be promoted by nutrition.43

The route used in supplying nutrition is more easily
compared and, where possible, enteral nutrition is the
preferred method. Intestinal stimulation from enteral nutrition
tract helps to maintain the gastrointestinal integrity and results
in reduced infection rates when compared with total parenteral
nutrition (TPN).44 Recent interest has been shown in the
supplementation of both enteral nutrition and TPN. Immuno-
enhanced enteral feeds containing arginine, purine nucleotides
and ω-3 fatty acids have been compared with standard enteral
nutrition in ICUs. There appears to be a reduction in the
number of infectious complications and other adverse events
including length of hospital stay and the number of days on
ventilation.45 This reduction in morbidity has not yet
translated into a decrease in mortality.45,46

TPN when given to well nourished elective surgical
patients preoperatively results in an increase in postoperative
infectious complications.47 The risk of coagulase negative
staphylococcal bacteremia in neonates is increased six times
by the administration of lipid emulsions. The question is
which patients, if any, should receive TPN. The Veterans
Affairs group found that a group of severely malnourished
patients benefited from 10 days perioperative TPN.47

However, TPN has not been shown to benefit patients with
FHF or other critically ill patients.

Glutamine is a non-essential amino acid in health.
However, during critical illness, because of its central role in
protein metabolism, glutamine deficiency is common.
Original TPN formulations did not contain glutamine because
of problems with its stability in solution and standard enteral
feed preparations contain minimal amounts. There is
evidence that glutamine-enriched TPN can reduce gut
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atrophy, infectious complications and 6-month mortality in
critically ill patients.48 Meta-analysis of controlled trials
suggests that glutamine supplementation in critical illness
results in a reduction in infectious complications.49

Stress ulcer prophylaxis

Many small randomized controlled clinical trials over the
past 20 years have looked at the prevention of stress
ulceration. While the incidence of stress ulcer has fallen over
this period, the cause of this decline is unclear. It is probably
the result of both improved resuscitation and the widespread
use of stress ulcer prophylaxis.

H2-blockers are effective in the prevention of stress
ulceration in FHF. Macdougall et al.50 investigated the effects
of H2-blockers and antacid solutions in two small controlled
trials. They found a significant decrease in the incidence of
stress ulceration and blood transfusions with the use of
H2-blockers, but not with antacids. There was a trend toward
an improved survival in the treated patients but this was not
statistically significant.50

Stress ulceration is probably the result of ischemic injury to
the gastric mucosa, and adequate resuscitation is the single
most important factor in its prevention. Apart from good
general ICU care there have been two broad approaches to
reducing the incidence of stress ulceration: decreasing the
acidity of the stomach with the use of antacids, H2-blockers,
or proton pump inhibitors, and the use of sucralfate, a
cytoprotective agent. The role of acid suppression in
encouraging an increase in bacterial overgrowth and the
ensuing microaspiration of colonized pharyngeal fluid thus
promoting the development of hospital-acquired pneumonia,
has led to the comparison of the ulcer and pneumonia rates,
and mortality between the two methods.

Several meta-analyses have attempted to resolve the
uncertainty regarding the efficacy on the one hand and
adverse effects of the drugs on the other.51,52 After combining
their efforts, the two main groups of investigators published a
meta-analysis which included all relevant published and
unpublished randomized clinical trials.52 The meta-analysis
demonstrated similar efficacy for H2-blockers and sucralfate
for the outcome of reduction in stress ulceration bleeding,
but an increase in the incidence of pneumonia and an excess
mortality in the H2-blocker group. A more recent trial
conducted by some of the same authors suggests a
significantly higher rate of stress ulceration with sucralfate
compared to ranitidine without any difference in pneumonia
rates or mortality.53

FHF was excluded in most of the trials comparing
sucralfate to pH-altering drugs and was not included in the
meta-analysis. It is therefore difficult to draw firm
conclusions. Patients with FHF tend to fall into the high
risk group by virtue of both being ventilated and having a
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coagulopathy. The balance of evidence suggests that
pH-altering drugs such as H2-blockers or proton pump
inhibitors provide the best defense against stress ulceration, but
that this may be offset by an increased incidence of pneumonia.

Prophylactic antibiotics and selective
decontamination of the digestive tract

Patients with acute liver failure have increased
susceptibility to infections, principally as a result of impaired
phagocytic function, reduced complement levels, and the
need for invasive procedures.54 Bacteriologically proved
infection is recorded in up to 80% of patients with FHF, and
fungal infection (predominantly candidiasis) in 32%. Clinical
signs such as fever and elevated white blood cell count are
absent in 30% of the cases. Pneumonia accounts for 50% of
infective episodes.9 Risk factors for infection that have been
identified are a high peak international normalized ratio
(INR), grade III or IV encephalopathy, and intubation of the
trachea.54,55

Because of the high incidence of infection the use of
prophylactic anti-microbial agents has been investigated. Both
parenteral antibiotics and the use of selective decontamina-
tion of the digestive tract (SDD), in combination and
individually, have been studied.

Intravenous antibiotics if given prophylactically will
reduce the incidence of infection in patients with FHF to
approximately 20%.54,55 However, prophylactic anti-
biotics have not been shown to improve outcome or reduce
the length of stay in patients with FHF.54 The role of
SDD is less clear and has not been evaluated in controlled
trials compared with placebo or intravenous antibiotics
alone in FHF. Rolando et al. reported that SDD used in
combination with intravenous antibiotics provided no
additional benefit.54–56

The most recent systematic review of randomized
controlled trials of antibiotic prophylaxis in ICUs was
published in the Cochrane database of systematic reviews.57

This systematic review evaluated 32 randomized controlled
trials, which included 5639 unselected general ICU patients.
Selected groups, for example patients with FHF, were
excluded from the review. Pooled estimates of the 16
randomized controlled trials testing the effect of the SDD
and systemic antibiotic combination indicate a significant
reduction of both respiratory tract infections (odds ratio (OR)
0·35, 95% (confidence interval) CI 0·29 to 0·41) and total
mortality (OR 0·80, 95% CI 0·68 to 0·93) (Figure 35.3). The
number of patients needed to treat (NNT) to prevent one
infection is 5, and the NNT to prevent one death is 23. 
When the data on the effect of SDD alone compared with the
control groups were pooled from the 16 available trials a
marked reduction in respiratory tract infections was
demonstrated (OR 0·56, 95% CI 0·46 to 0·68) but no
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Aerdts
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Boland
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Verwaest b
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26/57
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40/185
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493/1446

0·2
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n/N
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0·1

0·11 (0·04 to 0·27)
0·14 (0·05 to 0·36)
0·31 (0·17 to 0·57)
0·69 (0·26 to 1·83)
0·33 (0·12 to 0·92)
0·62 (0·16 to 2·40)
0·13 (0·02 to 0·95)
0·09 (0·04 to 0·22)
0·26 (0·11 to 0·59)
0·24 (0·10 to 0·55)
0·44 (0·27 to 0·73)
0·45 (0·30 to 0·67)
0·21 (0·09 to 0·47)
0·48 (0·28 to 0·82)
0·67 (0·40 to 1·12)
0·21 (0·08 to 0·54)

0·35 (0·29 to 0·41)
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0·2
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0·48 (0·09 to 2·57)
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0·97 (0·41 to 2·32)
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0·74 (0·46 to 1·19)
0·94 (0·58 to 1·51)
0·49 (0·24 to 1·03)
1·22 (0·76 to 1·95)
1·16 (0·72 to 1·86)
0·74 (0·41 to 1·34)
0·86 (0·72 to 1·02)

0·46 (0·20 to 1·06)
0·85 (0·36 to 2·03)
0·61 (0·41 to 0·91)
0·61 (0·44 to 0·86)

0·80 (0·68 to 0·93)

RCTs with individual patient data available
   Aerdts
   Blair
   Boland
   Cockerill
   Finch
   Palomar
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Subtotal (95% CI)
Chi-square 13·41 (df = 12) Z = 1·75

RCTs with individual patient data not available
   Jacobs 1
   Kerver
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Subtotal (95% CI)
Chi-square 1·02 (df = 2) Z = 2·87
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Chi-square 17·41 (df = 15) Z = 2·88
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4/32
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14/49
40/77
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40/220
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23/46
15/47
75/262
113/355
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4/28
24/161
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11/75
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51/131
42/201
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47/220
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14/49
52/265
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417/1721
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3·5
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10·4
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4·4
10·9
10·7

6·9
78·3

3·5
3·2

15·1
21·7

100·0

Total (95% CI)
Chi-square 37·10 (df = 15) Z = 11·88

Review: Antibiotics for preventing respiratory tract infection in adults receiving intensive care
Comparison: topical plus systemic vs no prophylaxis
Outcome: RTIs

Review: Antibiotics for preventing respiratory tract infection in adults receiving intensive care
Comparison: Topical plus systemic vs no prophylaxis 
Outcome: Overall mortality
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Peto OR
(95% CI Fixed)

Figure 35.3 (a, b) Antibiotic prophylaxis in intensive care units. (Source: Cochrane Library, issue 2. Oxford: Update
Software, 1999)



corresponding effect on overall mortality (OR 1·01, 95% CI
0·84 to 1·22) was found (Figure 35.4). A recent study58

in a low prevalence setting for vancomycin-resistant
enterococci and methicillin-resistant staphylococci has shown
reduced mortality, but the applicability to all types of ICU
patients is still questioned.59

Although prophylactic intravenous antibiotics have been
shown to reduce the number of proved infections in FHF,
improvements in outcome have not been demonstrated. SDD
on its own has not been shown to reduce infection or
improve outcome in FHF. There is also a risk of promoting
the emergence of multiply resistant organisms within ICUs
by the blanket use of broad-spectrum antimicrobials. SDD
selects for an increase in Gram-positive organisms, especially
methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant Enterococcus (VRE). Future research
should be aimed at determining the cost-effectiveness of
SDD, with inclusion of estimates of the effects of the
emergence of resistant microorganisms. However, for the
individual patient the evidence in favor of the use of
prophylactic anti-microbials is compelling.59

Management of cerebral edema

The etiology of cerebral edema in acute liver failure is an
area of active research. The link with increasing grade of
encephalopathy, the relative absence of cerebral edema in
encephalopathic patients with chronic liver disease and the
increased incidence in those with hyperacute FHF, continue
to be debated.

Although not completely understood two main
pathological processes are thought to contribute to
intracranial hypertension in acute liver failure. These are
brain swelling due to water influx into astrocytes down an
osmotic gradient and cerebrovascular vasodilation resulting
in an increase in cerebral blood volume.60 Under normal
conditions, ammonia produced mainly in the gut, kidney
and pancreas, is metabolized in the liver to both urea and
glutamine. When the liver fails there is an increase in
circulating ammonia. Both skeletal muscle and brain are
alternative sites for metabolism and their activity is increased
in liver failure.61 Within the brain ammonia is detoxified to
produce glutamine within astrocytes. The ammonium load
associated with liver failure fuels this reaction and the
glutamine produced increases the osmotic potential in the
cells. Indeed inhibition of glutamine synthetase ameliorates
brain edema and improves the survival in animal models of
acute liver failure.62 The rapid onset of acute liver failure
reduces the time for cellular adaptation. This is in contrast to
chronic liver disease where there is time for the astrocytes to
adapt to the increase in circulating ammonia.63 A partial
breakdown of the blood–brain barrier has been demonstrated
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in experimental animals, although it has never been proved to
occur in humans.64 Osmotherapy plays a large part in the
treatment of intracranial hypertension in FHF, and it appears
that the blood–brain barrier is not damaged to a great extent,
at least in the initial stages of brain swelling.

As well as the accumulation of water, changes in cerebral
hemodynamics may lead to an increase in cerebral blood
volume. Vascular autoregulation within the brain is defective
in patients with acute liver failure, with uncoupling of blood
flow and cerebral metabolic rate.28,65 Cerebral hyperemia has
been shown to contribute to an increase in ICP in animal
models based on portocaval anastomosis and ammonia
infusions66 and an increase in cerebral blood flow has been
shown in some human studies in acute liver failure65 but not
in others.29,68 Indeed, studies have shown a wide variation in
cerebral blood flow in patients with acute liver failure, but
also an increase in cerebral lactate production has been
shown suggesting the possibility that ischemia may induce
cerebral swelling.29 These conflicting results could be
reconciled because of the observation that cerebral blood flow
in acute liver failure is not uniform, with areas of decreased
blood flow and areas of hyperemia.69

Intracranial pressure monitoring

The use of ICP monitors in FHF has not been subjected to
a randomized controlled trial. As with any monitor used in
critical illness, finding a positive outcome related to their use
is difficult. At best, studies have suggested they may help with
the management of patients with raised ICP. One study using
historical controls suggested greater interventions associated
with their use, and assuming the interventions were
appropriate, this may be of benefit. The duration of survival
from the onset of grade IV encephalopathy was significantly
greater in the ICP monitored group (median 60 v 10 hours,
P < 0·01), although overall survival was unchanged.70

Blei et al. carried out a postal survey of complications in 262
patients from liver transplant centers across the USA.71

Epidural transducers were the most commonly used devices
and had the lowest complication rate (3·8%); subdural bolts
and parenchymal monitors (fiberoptic pressure transducers in
direct contact with brain parenchyma and intraventricular
catheters) were associated with complication rates of 20%
and 22%, respectively. Fatal hemorrhage occurred in 1%
of patients undergoing epidural ICP monitoring, whereas
subdural and intraparenchymal devices had fatal hemorrhage
rates of 5% and 4%, respectively. They concluded that
epidural transducers were the safest form of monitoring even
if not the most accurate.71

Their use may help in the decision as whether to list
a patient for transplantation or not. A CCP (mean arterial
pressure minus ICP) of less than 50 mmHg has in the past
been considered a contraindication for OLT.72 This was
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topical plus systemic vs. systemic
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1·9
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60·4
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Review: Antibiotics for preventing respiratory tract infection in adults receiving intensive care
Comparison: topical vs. control 
Outcome: RTIs

Review: Antibiotics for preventing respiratory tract infection in adults receiving intensive care
Comparison: topical vs. control 
Outcome: overall mortality
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Figure 35.4 (a, b) Antibiotic prophylaxis in intensive care units (topical versus control). (Source: Cochrane Library, issue 2.
Oxford: Update Software, 1999)



because of concern regarding cerebral ischemia resulting in
poor neurological outcome. Recent reports of patients with
CCPs of less than 50 mmHg in which full neurological
recovery has taken place have called this practice into
question. Davies et al.30 reported four patients with FHF who
developed prolonged intracranial hypertension (> 35 mmHg
for 24–38 hours) that was refractory to standard therapy and
associated with impaired CCP (< 50 mmHg for 2–72 hours).
All survived with complete neurological recovery.

Radiological assessment

Computed tomography (CT) scanning, since its
introduction into routine clinical practice, has become a
standard investigation in any patient with suspected
intracranial pathology. In FHF correlation between ICP
measurements and pressures predicted by CT imaging have
been generally poor.73 As little information is gained in
relation to the difficulty associated with transporting these
very sick patients to the CT scanner, a decision regarding the
need for a CT must be carefully considered. CT may be of
help if there is any diagnostic difficulty as to the cause of the
coma or if a complication of ICP bolt insertion is suspected.

Functional radiology – single photon emission tomography
(SPECT) scanning – has been used to assess regional cerebral
blood flow in patients with FHF but it is difficult to see this
being used clinically.69

Monitoring of cerebral oxygenation

ICP and CCP monitoring are used to infer the adequacy of
cerebral perfusion and oxygenation. The direct monitoring
of cerebral oxygenation and blood flow are appealing. Instead
of inferring the adequacy of cerebral perfusion and oxygenation
from clinical signs and pressure measurements they provide
direct evidence for the ongoing viability of the brain.

Methods used for the estimation of cerebral oxygenation
include the sampling of jugular venous blood for oxygen
saturation and products of metabolism such as lactate. A brain
that is affected by limitation of supply will extract more
oxygen from the arterial blood. This will result in a reduction
in venous oxygen saturation. Jugular venous saturation of less
than 55% suggests an ischemic brain and steps can be made to
improve the blood flow to the brain, either by increasing blood
flow, decreasing ICP or reducing the metabolic demands of the
brain. High jugular venous saturation, > 85%, may represent
a hyperemic brain and steps can be made to reduce cerebral
blood volume if ICP is raised. Very high jugular venous
saturation is often seen as a terminal event and may represent
a complete loss of oxygen extraction by the brain.

Direct estimates of cerebral oxygenation can be achieved
by the insertion of a probe into the brain parenchyma to
either measure the partial pressure of oxygen or if a
microdialysis is used, to measure extracellular metabolic

products.74 Non-invasive methods of measuring cerebral
oxygenation and blood flow include near infrared spectroscopy,
transcranial Doppler and SPECT scanning. All of these
techniques are being evaluated in the investigation of cerebral
pathophysiology in FHF.

Validation of non-invasive methods of monitoring cerebral
function are ongoing but there is a lack of controlled trials
showing improvement in outcome.

Treatment of intracranial hypertension

Osmotherapy initially with urea and then mannitol has
been used for many years to treat cerebral edema associated
with traumatic brain injury. Canalase et al.75 showed that
1 g/kg of mannitol was an effective treatment for established
intracranial hypertension in FHF and that dexamethasone
was ineffective for prevention. Since then, the same workers
have shown that 0·5 g/kg of mannitol is as effective.76

They suggest that boluses should be delivered rapidly to
achieve maximum effect.

Hyperventilation decreases ICP by inducing cerebro-
vascular vasoconstriction – this reduces cerebral blood
volume. It has not been shown to be of any advantage in the
long term in controlling ICP in FHF.77 A short-term period of
hyperventilation in patients with raised ICP unresponsive to
osmotherapy may be tried while monitoring jugular venous
saturation to assess cerebral oxygenation.

Barbiturates decrease cerebral metabolic rate via their
anesthetic action and cause cerebral vasoconstriction. They
have been used as agents to prevent secondary brain damage
in traumatic brain injury. However, myocardial depression
and hypotension with a possible compromise in CCP have
limited the enthusiasm for routine use. There have not
been any randomized controlled clinical trials evaluating
barbiturate infusions in FHF. Forbes et al.78 investigated
the role of thiopentone infusions in 13 patients with FHF in
an uncontrolled study. The overall survival rate of five out of
13 was claimed to be better than expected, but it is difficult
to come to any conclusions from these data.78 Prolonged
recovery and hypotension limit the use of thiopentone in
FHF, although it may be tried when all else fails. A study in
traumatic brain injury found barbiturate infusion to be of no
additional benefit to acute hyperventilation.79

Hypothermia has been investigated extensively in patients
with traumatic brain injury. Initial enthusiasm for the
technique in small trials were tempered with the publication
of a large multicenter trial that failed to show an improved
outcome but also demonstrated an increase in complications
including bleeding and infections.80 This is in contrast to
ischemic injury following cardiac arrest where improved
survival has been shown.81,82 In FHF small case series have
suggested a reduction in ICP and an improvement in systemic
hemodynamics but as yet there are no controlled data to base
a change in management.83 B4
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N-acetylcysteine (NAC) has been shown to reduce clinical
signs of intracranial hypertension in patients with FHF
following acetaminophen hepatotoxicity.84 NAC-treated
patients had a lower incidence of cerebral edema (10/25,
40%) than that observed in control patients (17/25, 68%;
P = 0·047; 95% CI for difference in incidence 2 to 54).84

Anticonvulsant therapy

The incidence of clinical seizure activity in FHF has not
been reported but it is likely that sedative and paralyzing
agents mask it during mechanical ventilation. Ellis and
colleagues recently reported the incidence of subclinical
seizure activity and the effect of the anticonvulsant
phenytoin in FHF.85 With a cerebral function monitor they
found an incidence of 32% in the control group. The
occurrence of seizure activity likely increases the risk of
developing cerebral edema. The use of phenytoin reduced the
incidence of subclinical seizure activity although not
significantly. The incidence of cerebral edema, in the patients
that received an autopsy was significantly higher in the
control group.85

Renal failure

The incidence of acute renal failure associated with FHF is
high; up to 70% of all patients develop renal failure (defined
as urine output of less than 300 ml/24 hours and a serum
creatinine of greater than 300 µmol/l in the presence of
adequate intravascular filling).8 The etiology of renal failure
in FHF is multifactorial with both prerenal and renal
components. Relative hypovolemia and hypotension
contribute to prerenal causes. Disordered renal vascular
autoregulation, present in sepsis, may also exist in the
hyperdynamic circulatory failure of FHF, making renal blood
flow directly dependent on blood pressure. Direct renal
toxicity in patients with FHF secondary to acetaminophen
poisoning contributes to the very high incidence of renal
failure in this group of patients.8 The contribution of the
hepatorenal syndrome, or functional renal failure in the
presence of FHF, is difficult to quantify and it probably
represents one end of a continuum of disordered renal
function from the hepatorenal syndrome to acute tubular
necrosis.86

Renal protection

There is no proved preventive strategy against the
development of renal failure, or treatment that will shorten
the duration of established renal dysfunction in FHF.

Dopamine has agonist activity at all adrenergic receptors
depending on concentration. Dopamine at a so-called “renal
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dose” (< 5 µg/kg per minute) augments renal blood flow and
increases urine volume and sodium excretion in animals and
healthy humans. In FHF and other forms of distributive
circulatory failure an increase in renal blood flow has been
difficult to show.87 There is now good evidence that
dopamine does not prevent renal failure in critically ill
patients88 and it has been suggested that dopamine may
exacerbate renal dysfunction by delivering a sodium load to
an already ischemic renal medulla.89 The term “low
dose” dopamine has been questioned because of the wide
variation in plasma concentration in critically ill patients90 and
because of significant effects on other organ systems,
specifically anterior pituitary and immune function.91

Other strategies including furosemide, aminophylline and
fenoldopam infusions have not been shown to prevent renal
failure in the critically ill. Atrial natriuretic peptide showed
promise in animal models but early human trials have not
been shown to be useful in the clinical setting.92

The magic bullet for preventing renal failure in FHF
remains elusive and so therapy is directed at the maintenance
of intravascular volume and an adequate perfusion pressure.
Despite this the need for extracorporeal support is common.

Renal replacement therapy

While the incidence of renal failure in FHF remains high
and attempts to prevent or treat it remain poor, renal
replacement therapy has become a major part of the routine
management. Proving that renal replacement therapy
improves outcome is difficult as no randomized controlled
trials have been done, but it can be assumed that it has
contributed in part to the improvement in mortality figures
over the past 30 years.

The type of renal replacement has been investigated in
critically ill patients. Intermittent forms of therapy cause
more hemodynamic compromise than continuous forms of
therapy. This has been examined in FHF. Davenport et al.93

investigated the effect of various modes of renal replacement
therapy in 30 consecutive patients referred with both FHF
and acute renal failure. Continuous forms of therapy were
associated with more hemodynamic stability during the
first hour of treatment and ICP remained stable during
the continuous modes, but increased significantly during
intermittent hemofiltration.93 The adequacy of renal
replacement must be considered. Patients with FHF often
have severe metabolic acidosis and rapidly progress to anuria.
They are markedly catabolic and serum concentrations of
creatinine rise rapidly. Urea is notably low in FHF. The rate of
ultrafiltration in critically ill patients has been investigated
recently. It has been shown that in general modest increases
in ultrafiltration rates are associated with an improved
outcome overall.94 B4
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Adrenal function

The hemodynamic changes associated with FHF have been
mentioned previously. Cardiovascular collapse is characterized
by systemic vasoparesis with vasopressor-resistant hypotension
prominent in severe cases. In many ways these changes
are similar to those seen in septic shock and other forms
of systemic inflammatory response syndrome. Patients with
inadequate adrenal function can develop similar cardiovascular
changes. Inadequate adrenal function, as defined by response
to the short synacthen test (SST), can worsen the severity of the
cardiovascular collapse and response to vasopressors in septic
shock.95 Recently Harry and colleagues96 investigated the
serum cortisol levels and the response to SST in 45 patients
with acute hepatic dysfunction. Abnormal tests were common,
occurring in 62% of patients. Those who required norepi-
nephrine for blood pressure support had a significantly lower
increment (median 161 v 540 nmol/l; P < 0·001) following
synacthen compared with patients who did not. Increment
was significantly lower in those who fulfilled liver transplant
criteria compared with those who did not. There was an
inverse correlation between increment and severity of illness
(Sequential Organ Failure Assessment, r = 0·63; P < 0·01).96

In patients with septic shock who fail to mount a response to
synacthen, the replacement of supra-physiological doses of
steroids (50 mg hydrocortisone 6 hourly and 50 micrograms
fludrocortisone once daily) is associated with a reduction in
mortality and duration of vasopressor therapy.95 It
remains to be seen if there will be any benefit from the
replacement of steroids in patients with FHF.

Specific therapies

N-acetylcysteine in acetaminophen
poisoning and other etiologies

Acetaminophen poisoning is the single largest cause of
FHF in the UK, accounting for between 50% and 60% of
cases seen.97 NAC can prevent hepatic damage following
acetaminophen poisoning. Smilkstein et al.98 evaluated the
time interval from poisoning to treatment with NAC in
relation to the incidence of hepatic damage as defined by
increased transaminase values. NAC was found to be most
effective when given during the first 8 hours following
ingestion.98 More recent data suggest that NAC is effective
when given up to 72 hours after ingestion with a decrease
in the occurrence of grade III/IV encephalopathy, cerebral
edema, hypotension requiring inotropic support, and mortality
when compared with untreated controls.84,99

The mechanism of action of NAC in patients with
established hepatic necrosis is unclear. Improvements in
oxygen transport parameters have been shown with NAC use
in patients with FHF due to acetaminophen poisoning and FHF

B4

Ala

due to other causes.100 This, however, has been questioned.101

Although NAC has not been shown to reduce mortality with
FHF due to causes other than acetaminophen, a hemodynamic
effect of this agent is seen when it is used in conjunction
with epoprostenol. The beneficial effects may be attributable
to a repletion of glutathione status and/or the antioxidant
properties of NAC. NAC is also a sulfhydryl donor and this
may be beneficial in patients in whom sulfhydryl groups may
be oxidized, impairing microcirculatory function. Infusion of
NAC has been shown to increase serum cGMP with no
change in atrial natriuretic peptide, suggesting it may indeed
have a role in the nitric oxide pathway in patients with acute
liver failure.102

Blood purification: dialysis,
plasmapheresis, hemofiltration, sorbant
hemoperfusion and artificial hepatic support

To effectively support the acutely failing liver there needs
to be a thorough understanding of the functional role of the
liver in whole body homeostasis. The liver is a complex organ
with many functions in addition to the metabolic functions
of the hepatocyte which make up two-thirds of its mass. The
remaining third is made up of other cell types including
the Kupffer cells and endothelial cells. These other cells
are important in many of its functions including the
immunological activity of the liver.

There are two main components to the pathophysiology of
FHF. The metabolic mass theory, which states that there is a
decrease in the functioning mass of hepatocytes leading to
end-organ dysfunction and the manifestations of FHF and
ultimately death. The toxic liver hypothesis states that it is the
toxins produced by the failing liver itself that are the cause of
the syndrome of FHF. The truth probably lies somewhere in
between and so any extracorporeal system has to both clear
the serum of any toxins produced by the failing liver and to
maintain the metabolic and, if possible, the other functions
of the native liver. Established FHF will lead inexorably to
multiple organ failure and ultimately death in the majority
of patients managed with medical therapy alone, and so some
kind of liver support, to maintain organ function, is very
attractive while waiting for definitive surgical treatment or
regeneration and recovery. There are two main types of blood
purification system available: biological or non-biological.

Experience with extracorporeal systems designed to clear
the blood through physiochemical means alone consist of
dialysis, sorbant hemoperfusion, hemofiltration and plasma-
pheresis and combinations of the above. More recently,
extracorporeal dialysis against 20% albumin has been employed
with the commercially available MARS (molecular adsorbent
recirculation system).103

Early work with hemodialysis showed improved coma
scores in patients with chronic liver disease. With increasing
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pore size and improving biocompatibility with polyacrylonitrile
(PAN) membranes the hope was to improve middle-molecule
clearance. No improvement in mortality in FHF was shown.104

Hemoperfusion involves the adsorption of lipophilic
chemicals onto activated charcoal or synthetic resins. Again
early studies suggested an improvement in coma scores,105

but controlled studies failed to show an improved outcome
with treatment.8 Plasmapheresis or the exchange
of plasma by fresh frozen plasma (FFP) has theoretical
advantages over other forms of blood cleansing regimens in
that it removes both low molecular weight molecules and the
higher molecular weight middle-molecules whether bound or
unbound. The Copenhagen group have been studying high
volume plasmapheresis with exchanges of 1 l/hour for
3 consecutive days.106 Their studies suggest an improvement
in hemodynamics and improved CPP but no reduction in
ICP. They also noted a decrease in Glasgow coma score, INR
and serum bilirubin.106 Improvement in mortality has yet to
be shown with the technique. 

The MARS system is an extracorporeal circuit in which
20% human albumin solution is dialyzed against the patient’s
blood. The albumin within the circuit binds protein-bound
molecules, including bilirubin and bile acids, from the
patient.103 MARS therapy has been proposed as a liver support
device in the management of FHF. The evidence for effect is
limited to case reports and small case series with hetero-
geneous patients but some success has been reported including
the improvement of coma scores.107

Bioreactors containing hepatocytes have been the basis for
biological extracorporeal support systems. These remain
experimental and confined to clinical trials. Experience with
the systems so far suggest few problems with biocompatibility
but there are few data to suggest an improvement in
clearance or synthesis by the artificial liver. The systems at the
present time are divided into those using porcine hepatocytes
or immortalized hepatoblastoma cell lines. The ELAD system
comprises a continuous system using a hepatoblastoma
cell line. A randomized study using this system, assessing
biocompatibility, showed an improvement in galactose
clearance at 6 hours, but no other measured variables were
significantly different between the treatment and control
groups.108 The system of Demetriou uses plasma separation
and passage of the plasma over charcoal and thence over pig
hepatocytes on a daily basis for 6 hours. The system has not
been subjected to a randomized controlled trial but has been
reported to demonstrate improved level of consciousness and
improvements in mean arterial pressure, ICP and CCP. A
systematic review could find no evidence of benefit of
artificial or bio-artificial devices in FHF.109

Temporizing hepatectomy

The toxic liver theory of FHF has led to the introduction
of temporizing hepatectomy in an attempt to regain
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haemodynamic control or a reduction in ICP in patients on
the super-urgent transplant list. There have been several
published case reports of successful liver transplantation
following a prolonged anhepatic state. Ringe et al.110

presented the results of 30 patients who underwent
hepatectomy (and temporary portacaval shunting to provide
an outflow of the transected portal vein) between 1986 and
1993. Improvement in hemodynamic parameters was seen
in 17 of the 30 patients following hepatectomy, with liver
transplantation occurring 6–41 hours later (the effect on ICP
was not stated). It is impossible to draw conclusions from
these anecdotal data. Temporizing hepatectomy has been
criticized because of removing the option to perform an
auxiliary transplant. Temporizing hepatectomy may have a
role in severe liver trauma, with uncontrollable bleeding
and primary graft non-function where there is no hope of
recovery. 

Liver transplantation

Prognostic factors in fulminant hepatic
failure and orthotopic liver transplantation

Hepatic transplantation in FHF has not been and never will
be subjected to a controlled clinical trial. However, patients
with FHF due to causes other than acetaminophen poisoning
who undergo transplantation have a 65% 2-month survival
rate13 compared with 20–25% for patients managed with
maximal medical therapy alone.111 The survival without
transplantation after acetaminophen poisoning is higher than
with FHF from other causes.

The task for the medical staff looking after patients with FHF
is to decide which of these patients will not survive without
liver transplantation. The decision needs to be made as early as
possible because there is a “window” during which a successful
outcome can be expected.112 Following acetaminophen
poisoning, time from ingestion to transplant was significantly
longer in non-survivors following transplantation.13

In order to make an informed decision regarding the
likelihood of spontaneous recovery from FHF an understanding
of the natural history of the disease is necessary. Because FHF
is a rare syndrome these data have only become available over
the past 20 years, since the introduction of liver failure units
around the world.

Poor prognostic markers developed from analysis of large
databases from these liver units have been refined into
clinically usable indications for transplantation. O’Grady et al.
developed criteria from a database of 588 patients presenting
to King’s College Hospital liver unit (see Box 35.2).97 The
time course of the illness is important. It has been known for
many years that the time to encephalopathy from the onset
of symptoms is important prognostically, the “hyperacute”
patients having a better prognosis than the “sub-acute”.
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Etiology and age are important in that different criteria were
developed for FHF caused by acetaminophen poisoning. The
extremes of age are associated with a poor prognosis. A high
serum creatinine and bilirubin were associated with a poor
prognosis, as was prolongation of coagulation parameters.97

Following acetaminophen poisoning no particular prognostic
cut-off level of INR has been found, but it has been noted that
a rise of the INR from day 3 to day 4 is associated with a
7% survival as compared to a 79% survival in those whose
INR fell from day 3 to 4.99 Metabolic acidosis following
fluid resuscitation was found to be highly specific for a
poor outcome in acetaminophen poisoning. A serum pH
persistently less than 7·3 has become an independent
transplant criterion regardless of grade of encephalopathy.97

The metabolic acidosis seen in FHF is often associated
with a raised whole blood lactate concentration. This
hyperlactatemia is caused by both an increased production
but also by decreased clearance by the liver.113,114 Prolonged
high blood lactate concentration in critical illness other than
FHF is associated with poor prognosis. The relationship
between whole blood lactate and prognosis in FHF has been
investigated recently. Bernal and colleagues115 showed that
a post-resuscitation lactate concentration of greater than
3·0 mmol/l can predict death with similar accuracy to
the King’s criteria but earlier in the course of the illness. The
addition of post-resuscitation lactate concentration to the
King’s criteria increased sensitivity from 76% to 91% and
lowered the negative likelihood ratio from 0·25 to 0·10.115

A French group carried out multivariate analysis of data from
115 patients with fulminant hepatitis B and found that a low
factor V following the onset of grade III encephalopathy was
the strongest predictor of a poor outcome (see Box 35.3).116

Both the King’s and the Clichy criteria are in common
use around the world. Following the publication of the
King’s College Hospital data the criteria were evaluated
retrospectively in a French liver unit. Eighty-one non-
transplant patients with non-acetaminophen-induced acute
liver failure were studied. The mortality rate was 0·81. The
predictive accuracies, respectively on admission and 48 hours
before death, were 0·80 and 0·79 for the King’s criteria and
0·60 and 0·73 for the Clichy criteria. The positive and
negative predictive values, 48 hours before death, were 0·89
and 0·47 for the King’s criteria and 0·89 and 0·36 for the
Clichy criteria, respectively. The low negative predictive
values (0·36 and 0·47) indicated that neither of these could
identify a subgroup with a low risk of death.117 The additions
to the King’s criteria have yet to be subjected to external
validation but studies are ongoing.

While the above study compared prognostic criteria in
non-acetaminophen-induced FHF, two studies compared
general ICU scoring systems, the Acute Physiology and Chronic
Health Evaluation (APACHE) scores, and the King’s criteria for
urgent liver transplantation.13,118 Mitchell et al. prospectively
evaluated the APACHE II system in patients with FHF due to

acetaminophen poisoning. The aim of the study was to see
whether the APACHE system is able to provide an accurate risk
of hospital death in patients with acetaminophen-induced FHF
or identify those patients needing transfer for possible hepatic
transplantation and compared this with the King’s College
Hospital transplant criteria. A total of 102 patients were studied.
An APACHE II score of > 15 had the ability to predict death
which was similar to that of the King’s criteria (sensitivity 82%
and 65%, respectively; specificity 98% and 99%, respectively)
when evaluating those patients who were transplanted as
“deaths”. An APACHE II score of > 15 was able to identify four
more patients than the King’s criteria on the first day of
admission. The calculated risk of death according to the
APACHE II score, using the original drug overdose coefficient,
was poorly calibrated. This is probably due to the lower
incidence of potentially life-threatening drug overdoses in the
original calibration population. From these data the crude
APACHE II score may be able to identify non-survivors at an
earlier stage than the King’s College Hospital criteria.118
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Box 35.2 King’s College Hospital prognostic criteria
for fulminant hepatic failure

In non-acetaminophen (paracetamol)-induced liver failure
● Prothombin time > 100 seconds (international

normalized ratio (INR) > 6·5)
or

● pH < 7·3

or any three of the following:

● age < 10 years
● age > 40 years
● Seronegative hepatitis (non-A,B,C,E,F), halothane or

other drug reaction
● Duration of jaundice > 7 days before encephalopathy
● Prothrombin time > 50 seconds (INR > 3·5)
● Bilirubin > 300 µmol/l

In acetaminophen (paracetamol)-induced fulminant hepatic
failure
● pH < 7·3 (following fluid resuscitation)

or the coexistence of:

● prothrombin time > 100 (INR > 6·5), creatinine
> 300 µmol/l and grade III or worse encephalopathy

Box 35.3 The Clichy criteria for prognosis of viral
fulminant hepatic failure

● Coma or confusion

and

● Factor V < 20% if under 30 years of age

or

● Factor V < 30% if over 30 years of age



Delays in listing patients for transplantation and in organ
procurement result in further patient deterioration. This
altered status results in the withdrawal of patients from the
urgent list. Withdrawal of patients is based on clinical
experience. However, several authors have analyzed the
outcome from transplantation in FHF to help define
contraindications to transplantation on the basis of poor
outcome after transplantation. Devlin et al.13 used APACHE III
data to look at 100 patients transplanted for FHF. They found
that in the acetaminophen group at the time of transplantation
APACHE III scores and serum bilirubin were significantly
higher in the non-survivors. In the non-acetaminophen group
serum creatinine, organ system failure scores, and APACHE III
scores were significantly higher in the non-survivors.13 Bernal
et al.119 studied liver transplantation and the application of
King’s College Hospital transplant criteria in 548 patients
presenting to the liver failure unit with severe acetaminophen
poisoning. Of 424 patients who did not fulfill the criteria,
28 (7%) died. Of 124 who fulfilled the criteria, 68 (55%) were
listed for transplantation and 44 underwent transplantation.
Thirty-three of the transplanted patients left hospital. Of the
80 patients who satisfied the criteria but did not undergo
transplantation, nine survived to leave hospital. The reasons
why patients who satisfied criteria were not listed were
multiple organ failure and cerebral edema.119 These reasons
also applied to the patients listed but withdrawn before a graft
was available. In contrast to the report of Devlin et al.13 the
authors were unable to identify any preoperative factors
predictive of death in the transplant group. This suggests that
patients unlikely to survive with a transplant are recognized
and subsequently removed from the list. However, graft factors
(identified by early markers of graft function, INR and
aspartate aminotransferase) were also significantly worse in
the non-survivors.

Auxiliary orthotopic liver
transplantation and regeneration

Auxiliary partial OLT holds potential advantages over
conventional OLT in the setting of FHF. It has been known for
many years that survivors from FHF often return to full health
with normal or only slightly abnormal livers. The liver has
great powers of regeneration and this has led to the
introduction of partial liver transplantation in the hope of
native liver regeneration and the eventual withdrawal of
immunosuppression. A multicenter European observational
study reported the results of 30 patients who underwent
auxiliary transplantation for FHF.120 After 3 months, 19 of the
30 patients survived; 13 had resumed normal native liver
function with interruption of immunosuppression. The
indications are not well defined, but the survivors off
immunosuppression were aged less than 40 years and had FHF
secondary to viral hepatitis and acetaminophen poisoning.120
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Introduction

Liver transplantation has been one of the most rapidly
evolving clinical specialties in medicine over the past three
decades. It may seem logical to consider liver transplant
recipients as a homogeneous group of patients who should
be managed using universally applicable protocols, but they
are a heterogeneous group of individuals, with different
predisposing factors and co-factors for the development of
rejection.1 However, appropriate therapeutic approaches
should be generated on the basis of evidence. In this chapter
we attempt to elucidate the following:

● Do the severity, timing and number of episodes of acute
cellular rejection affect prognosis?

● Is it possible to predict which patients will develop
clinically significant acute rejection?

● Can immunosuppression be tailored to the individual
patient?

● What is the evidence from randomized controlled trials
that supports the choice of an immunosuppressive agent?

● Is it possible to withdraw immunosuppression or to
change to less toxic immunosuppression?

● What is the influence of immunosuppression on HCV
(hepatitis C virus) recurrence after transplantation?

During the past two decades orthotopic liver
transplantation has become the standard therapy for acute
and chronic liver failure of all etiologies. Nowadays most
patients and liver grafts survive beyond the perioperative
period, achieving 1-year and 10-year survival rates of 62%
and 70–90%, respectively.2 In addition to longer survival,
many liver transplant recipients are now experiencing
improved quality of life, including resumption of active
employment and reproductive capacity.3–6 Despite these
advances, liver transplantation faces several major challenges.
Long-term outcome of patients is becoming the main concern
for clinicians who have to deal with the side effects of
immunosuppressant drugs in the long term. These include
opportunistic infections that affect up to 50% of recipients,

contributing to mortality in approximately 10%, and an
increased incidence of de novo malignancy as a consequence
of immunosuppression. In addition, complications arise from
direct drug toxicity such as nodular regenerative hyperplasia
in the liver, which is a rare complication in patients receiving
azathioprine7 and hypertension, renal dysfunction, induction
of diabetes and dyslipidemias.8–11 The most dramatic example
is the development of nephrotoxicity due to cyclosporin.
In a series reported from Birmingham 4% of patients surviving
1 year or more developed severe chronic renal failure, with a
mortality of 44% in this group.12 Moreover, the nephrotoxic
effects, hypertension and hyperlipidemia of some immuno-
suppressive agents have been implicated in the pathogenesis
of chronic allograft loss.13 These problems have stimulated the
re-evaluation of the ability of some patients to tolerate their
liver graft without the need for long-term immuno-
suppression, or with greatly reduced immunosuppression
with the benefits derived from the return of natural immunity
and reduction in drug-related toxicity.14–16

However, at present the “manipulation” of the immune
system to induce tolerance and thus significantly reduce or
eliminate immunosuppression is yet not clinically viable.17

Therefore, the vast majority of liver transplant recipients need
to take lifelong immunosuppressive therapy and this situation
will not change until more reliable methods for predicting
tolerance in individual patients are developed.

Definition of rejection

Viewed from a biological perspective, the recipient’s
immune system is activated after transplantation18 but,
because of the baseline immunosuppressive therapy, only
some recipients will have clinical manifestations of this. An
important distinction has to be made between histological
changes of cellular rejection, which are seen in the absence of
any significant clinical or biochemical abnormalities (biological
rejection), and those accompanied by clinical signs of graft
dysfunction (clinical rejection). However, abnormalities of
liver function tests are almost universally present, and
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symptoms absent, so in the vast majority of the cases, the
distinction between clinical and biological rejection, as
defined above, can rarely be made in clinical practice.

Acute cellular rejection

Cellular rejection was defined in 1995, by an international
panel of experts, as “inflammation of the allograft elicited by
genetic disparity between the donor and recipient, primarily
affecting interlobular bile ducts and vascular endothelia,
including portal veins and hepatic venules and occasionally
the hepatic artery and its branches”.18

Clinical and laboratory findings

Most cases occur in the early postoperative period within
30 days. Late cases are usually associated with non-compliance
of immunosuppressive therapy. A major problem is that the
incidence varies according to whether rejection is defined on
the basis of clinically significant rejection or simply on the basis
of histological abnormalities or a combination of the two.

Clinically significant rejection occurs in approximately 50%
of patients, whereas histological abnormalities can be seen in
up to 80% of protocol biopsies performed at the end of the
first week following transplantation.19

Several reports have clearly indicated that standard liver
tests, when elevated, have a low sensitivity and specificity for
rejection and show only a weak correlation with the severity
of histopathological findings.20,21 Various markers have been
studied in an attempt to seek a specific indicator of graft
rejection.22 Although markers of immune activation, such
as peripheral eosinophilia, serum intercellular adhesion
molecule (ICAM)-1 and interleukin (IL)-2 receptor are
elevated, there is considerable overlap with other conditions
(including sepsis and reperfusion injury) and none of these
markers has been adopted into routine clinical practice.

Graft eosinophilia has been identified as an independently
associated feature of acute cellular rejection in liver
transplantation.23 The absence of peripheral eosinophilia
predicted the absence of moderate/severe histological rejection
in one study.24 However, as yet this has not been validated in
other centers. Eosinophilia cannot be used to predict or to
assess the response to corticosteroids for the treatment of acute
rejection.24 Therefore, liver histology remains the gold standard
for the diagnosis of acute rejection.25–27

Histopathological features

The three main histopathological features are:

● a predominantly mononuclear but mixed portal
inflammation, containing blast-like or activated
lymphocytes, neutrophils and eosinophils (graded 1 to 3)

● subendothelial inflammation of portal or terminal hepatic
veins (or both) (graded 1 to 3)

● bile duct inflammation and damage (graded 1 to 3).

In general, at least two of the above histopathological
findings and biochemical evidence of liver damage constitutes
the minimal diagnostic criterion for hepatic rejection. The
diagnosis is strengthened if > 50% of the ducts are damaged
or if unequivocal endothelitis of the portal vein branches or
terminal hepatic venules can be identified.

Grading and staging

In 1997, a worldwide consensus on a common grading
system for acute allograft rejection was achieved and
subsequently it has been prospectively tested and proved to
be simple, reliable, and clinically relevant.28–30

According to this Banff schema, which represents a merger
and simplification of many previously published studies
(Table 36.1), there are two main components: the first is a
global assessment of the overall rejection grade (indeterminate,
mild, moderate, severe), the second involves scoring the three
specific features of rejection semiquantitatively to produce an
overall Rejection Activity Index (RAI).31

Datta-Gupta et al. from our center23 showed that graft
eosinophilia was an independent diagnostic marker of acute
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Table 36.1 Banff schema for grading of acute liver
allograft rejection31

Overall gradea Criterion

Indeterminate Portal inflammatory infiltrate that fails to
meet the criteria for the diagnosis of
acute rejection

Mild Rejection infiltrate in a minority of the
triads that is generally mild and
confined within the portal spaces

Moderate Rejection infiltrate that expands most or
all of the triads

Severe As for “moderate” but with spillover into
periportal areas and moderate to severe
perivenular inflammation that extends
into the hepatic parenchyma and is
associated with perivenular hepatocyte
necrosis

aVerbal descriptions of mild, moderate and severe acute
rejection could also be labeled as grades 1, 2 and 3
respectively.



cellular rejection and it was included in the scoring system
developed at the Royal Free Hospital.

Role of liver biopsy and indication for treatment

The use of liver biopsy in the early post-transplant setting
depends on each center’s policy. Nowadays there is less
uniformity regarding the use of protocol liver biopsies. This is
mainly for two reasons: risks associated with the procedure32

and doubts about the usefulness of these biopsies to guide
therapy, particularly amongst patients with normalizing
transaminase values and other biochemical values. However,
to date, no large series has described a substantial risk
associated with percutaneous liver biopsies in transplant
recipients,32–34 and greater use of transjugular liver biopsies
will lessen the small complication rate of percutaneous
biopsies.35

Whereas most transplant centers agree that liver histology
is the gold standard and is essential for the diagnosis of acute
cellular rejection, controversy continues to arise over the
indications for treatment of rejection. The implication of this
is that if treatment is not going to be given, why do a liver
biopsy? Specifically there is the question of the patient who
has histological features of acute cellular rejection on protocol
liver biopsy, with static or improving graft dysfunction. Some
studies suggest that there is spontaneous resolution of mild
rejection without biochemical dysfunction.36,37 However
abnormal liver function is usually the norm, and normal liver
function tests are rare at 5–7 days post-transplantation when
protocol biopsies are usually done.

Recently, Bartlett et al. presented a review of the literature
of the natural history of acute cellular rejection.38 They
included 1566 patients, all of whom had protocol biopsies:
331 (21%) patients had evidence of acute histologic rejection
with “normal or normalizing liver function tests”. The
majority (91%) of these patients did not receive adjuvant
immunosuppression, and only 4% developed chronic
rejection. Given these results, the authors concluded
that withholding adjuvant immunosuppression from patients
with histologic acute cellular rejection with “normal or
normalizing liver function tests” is safe, thus not supporting
the practice of protocol liver biopsies. However, the study has
some limitations: the retrospective nature of the analysis of a
heterogeneous group of studies, the lack of definition of
“normal or normalizing liver function tests” and the lack of
evaluation of histological severity of acute cellular rejection in
patients without “biochemical graft dysfunction”. Before
abandoning protocol biopsies, a hard look needs to be given
to the evidence supporting this approach, and well designed
prospective studies are necessary.39

A further issue is that even severe histological rejection,
and not only mild rejection, may resolve spontaneously40 and

B

only on occasion this leads to graft loss.1 There is now
evidence that the development of early rejection which
responds to treatment has no negative long-term effects
and may even be associated with lower risk for later
immunological complications.41

Prognostic factors

Do the severity, timing and number of episodes of acute
cellular rejection affect prognosis?

Number of episodes

In an abstract, Wiesner et al. evaluating a liver transplant
database with 870 patients followed for a median of 3 years,
showed that the number of episodes of acute rejection
and the histological severity were significantly associated
with chronic rejection (P < 0·001).42 Dousset et al.,43 in a
prospective study with 170 liver transplant patients, showed
that there was no difference in graft function between
patients with a single episode of acute rejection (n = 56) and
those without rejection (n = 84). Among patients treated for a
single episode of acute rejection, late hepatic function was
not influenced by the severity of acute rejection, and the
response to corticosteroids. In contrast, patients with more
than one acute rejection episode (n = 30) had significant
impairment of liver function tests (aspartate aminotransferase
(AST) P < 0·05; alanine aminotransferase, P < 0·001;
alkaline phosphatase, P < 0·01), lower dye clearances (P
< 0·01), and more severe histological damage (P < 0·001).
The authors concluded that a single episode of acute rejection
does not impair long-term hepatic function, whereas
recurrent episodes can lead to damage to the liver allograft.

Severity

McVicar et al. describe a group of patients who had focal
rejection in the hepatic allograft biopsy defined as lymphocytic
infiltration involving less than 20% of portal tracts.44 In the
follow up of patients showing focal or mild rejection, only
six (15%) patients subsequently developed abnormal liver
function tests and required treatment with additional
immunosuppression for acute cellular rejection. 41 The authors
concluded that patients showing focal or mild rejection do not
necessarily need additional immunosuppression and can be
followed closely without immediate treatment.

In Birmingham, during follow up of 151 patients to assess
the effect of not treating mild acute rejection (protocol
7-day biopsies), 97 had histologically mild rejection: 50 had
biochemical dysfunction and received prednisone for 3 days,
while the remaining 47 cases with stable biochemistry had no
additional treatment. Fifty-four patients with no rejection
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were included for comparison. The outcome at 3 months in
all three groups was similar.19

Wiesner et al. using the Liver Transplantation Database in
a cohort study of 762 consecutive adult liver transplant
recipients, examined the association of histological severity of
acute rejection and overall patient outcome.30 They showed,
using univariate analysis, that acute rejection overall,
including mostly the milder grades, was significantly
associated with an increased patient survival (relative risk
(RR) 0·71, P = 0·05) and a trend toward improved graft
survival. Moreover, adjusting for other risk factors such as age
and renal insufficiency revealed no significant decrease in
survival among patients who had rejection. These findings
were similar to those of Fisher et al. who analyzed nine
studies (comprising a total of 1473 patients), and found that
there was no correlation between mortality and incidence of
treated acute cellular rejection.45

These findings in liver transplantation are in contrast to
renal transplantation in which acute rejection is significantly
associated with decreased patient and graft survival. Why
acute cellular rejection in liver transplant recipients is not
associated with decreased patient and graft survival remains
unexplained. It is possible that acute rejection in the setting of
controlled alloreactivity exerts a tolerizing effect, making the
graft less susceptible to further immunological attack.
However, it should be noted that successful treatment for
cellular rejection occurs in nearly all cases. Thus the correct
interpretation of the finding reported above is that the
occurrence and successful treatment of acute cellular
rejection does not influence survival in liver transplant
patients, but it does imply that abolishing early cellular
rejection need not, and indeed, should not be a goal of initial
immunosuppression.

Timing

As regards timing of acute cellular rejection, there is no
firm consensus to define what is early or late rejection. In
three different studies the timing and the outcome vary
according to the definition of each center.

In a retrospective multicenter analysis42 of 623 liver
transplants, the cumulative incidence of biopsy proved
rejection was 59% for early episodes (< 6 months) and 21%
for late episodes (≥ 6 months). Patient and graft survival did
not differ significantly between those who experienced
an early acute rejection episode and those who did not
(P = 0·49 and P = 0·13, respectively). Furthermore, these
parameters did not differ significantly between recipients
who experienced a late acute rejection episode and those
who did not (patient survival P = 0·18 and graft survival
P = 0·20).

Wiesner et al. analyzed 762 consecutive adult liver
transplant recipients (Liver Transplantation Database) and
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found 367 (48%) who developed at least one acute cellular
rejection episode within the first 6 weeks post-
transplantation (occurring at a median time of 8 days).30

Multivariate analysis indicated that acute cellular rejection
was not significantly associated with survival although there
was a trend to better survival (RR 0·78, P = 0·25) and re-
transplantation free survival (RR 0·86, P = 0·44). However,
severe rejection doubled the risk of death or re-
transplantation compared to mild rejection. Using
proportional hazards modeling, in the same study, seven
factors were identified that were independently associated
with an increased incidence of early acute hepatic allograft
rejection: younger recipient age, lack of renal impairment,
lack of edema, higher AST levels, fewer human leukocyte
antigen (HLA) DR matches, longer cold ischemic times and
older donors.

Mor et al. retrospectively reviewed 375 liver transplants,
and defined late onset acute cellular rejection as that which
occurred after 6 months.46 There were 315 episodes of early
acute cellular rejection in 226 patients and 31 episodes of late
acute cellular rejection in 26 patients. Low cyclosporin levels
appeared to account for 58% of these late episodes. Most
episodes of rejection responded to pulse corticosteroids, and
chronic ductopenic rejection arose in only two patients.
There was no difference in survival between patients
experiencing early and late rejection.

Anand et al. reviewed late onset acute cellular rejection,
defining it as rejection recognized after the first 30 days
post-transplantation.47 They evaluated 717 patients who had
undergone transplantation in Birmingham between 1982 and
1994: 59 (8%) patients had 71 episodes of late rejection. They
too found that the most common precipitating event was low
levels of calcineurin antagonists, and that most acute episodes
of rejection in this timeframe were responsive to standard
therapy. However, in contrast to Mor et al.46 Anand found
that 16 (27%) of 59 patients developing late onset rejection
progressed to chronic ductopenic rejection and graft loss.
Delayed response to an earlier episode of acute rejection, and
centrilobular necrosis or bile duct loss at the time of diagnosis
of late rejection, were associated with high risk of progression
to chronic rejection and graft loss.

These results regarding timing, severity and number of
episodes of early acute cellular rejection lead one to question
whether an attempt to further reduce the incidence of early
acute rejection in liver transplantation is either necessary
or appropriate. This is especially questionable because
increased immunosuppression theoretically could inhibit
the development of donor-specific tolerance, increase the
incidence of immunosuppressive-related complications, and
result in poorer outcome. Indeed, it may be better not to treat
certain mild acute or other rejection episodes. However,
randomized controlled trials are needed to provide evidence
supporting the latter approach.
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Prediction of acute rejection

Is it possible to predict which patients will develop
clinically significant acute rejection?

Data from Birmingham1,48 suggest that there is a lower
incidence of acute rejection when there is no evidence of
immune involvement in the pathogenesis of the original liver
disease, for example fulminant hepatic failure from
paracetamol. In contrast, in patients transplanted for primary
biliary cirrhosis and sclerosing cholangitis, in which immune-
mediated damage of bile ducts is a feature of the original
disease, acute rejection occurs more frequently and there is
more frequent progression to ductopenic rejection. Wiesner
et al. in a study of 870 consecutive primary liver transplant
recipients found that autoimmune liver disease was an
independent risk factor for developing chronic rejection.49 A
similar conclusion was obtained in a second small series
of 63 patients reported by Hayashi et al.50; patients
with autoimmune hepatitis had a higher incidence of
acute rejection than patients with alcoholic cirrhosis
(81% v 46·8%, P < 0·001) regardless of the type of
immunosuppression. In addition, steroid-resistant rejection
occurred slightly more frequently in patients transplanted for
autoimmune liver disease (13·1% v 12·8%; P = 0·003).
There was also a trend toward a higher incidence of chronic
rejection. However, there was no difference in allograft or
patient survival at 1 and 3 years. Berlakovich et al. reported
data from a group of 252 liver transplant patients that
showed that patients who had undergone transplantation for
alcoholic cirrhosis (n = 60), hepatoma (n = 91) and post-
hepatitic cirrhosis (n = 59) had a lower risk for acute
rejection and the need to receive rescue therapy than
patients who had received transplants for cholestatic disease
(n = 42).51 The cumulative rates of acute rejection episodes
per patient per month at 6 months, when 94% of all acute
rejection episodes occurred, were: 0·45 for alcoholic
cirrhosis, 0·55 for post-hepatitic cirrhosis, 0·65 for hepatoma
and 1·0 for cholestatic disease.

The group which has been consistently shown to have a
lower incidence of acute and chronic rejection is chronic
hepatitis B. It has been proposed that the reduced incidence
of rejection in these patients might reflect the underlying
defect in cell-mediated immunity, which allowed the patients
to become chronically infected with the virus in the first
place.52,53

Farges et al.52 in a retrospective analysis of the data
obtained from 330 patients who were transplant recipients
for chronic liver disease, found that the incidence of acute
rejection (48% at 1 year) and chronic rejection (10% at
3 years) was comparable in patients who had undergone
transplantation for primary biliary cirrhosis, sclerosing
cholangitis, autoimmune cirrhosis and hepatitis C cirrhosis.
However, the incidence of acute (but not chronic) rejection

was significantly lower in patients who had undergone
transplantation or alcoholic cirrhosis (29% at 1 year). In
patients who had undergone transplantation for hepatitis B
virus (HBV) cirrhosis, the incidence of both acute (21% at
1 year) and chronic (0% at 3 years) rejection was significantly
lower. They suggest that patients who undergo
transplantation for alcoholic liver cirrhosis, because they are
at high risk of sepsis and low risk of acute rejection, would
probably benefit from a reduction in the level of
immunosuppression. Because HBV replication is potentiated
by immunosuppression, it could also prove beneficial to
reduce the level of immunosuppression in these patients.
However, Wiesner et al., using multivariate analysis, showed
that the 6-week incidence of acute rejection in a cohort of
762 consecutive adult liver transplant recipients was not
dependent on the underlying disease.30

Although it is difficult to draw firm recommendations
from these studies, it should be possible to test the
hypothesis that patients undergoing transplantation for
HBV, HCV cirrhosis, alcoholic liver disease or hepatoma
can be treated safely with early steroid withdrawal, or less
intense immunosuppression, such as monotherapy, from
the outset. Conversely, patients with autoimmune hepatitis,
primary biliary cirrhosis, or primary sclerosing cholangitis
may need steroid maintenance and heavier initial
immunosuppression.

Gomez-Manero et al. reviewed 133 transplanted
recipients to identify predisposing factors for early
acute rejection (within the first 45 days post-liver
transplantation).54 No protocol liver biopsies were
performed. They found that the younger recipient, those
with a better hepatocellular liver function (Child A) and
those who underwent transplantation for liver disease other
than alcoholic cirrhosis, had a greater risk for early acute
rejection. Combining these three variables, they developed a
mathematical model to allow prediction of the individual
risk of each patient. In our center we have recently
retrospectively analyzed a cohort of 470 transplant patients
who received protocol biopsies, looking at the presence of
predictive factors for the absence of acute cellular rejection,
during the first three months after transplantation. We
found that the absence of rejection was associated with
pretransplant need of renal support, higher INR
(International Normalized Ratio) level and a “healthy”
appearance of the graft.55

In summary, different studies have aimed to identify
patients with a greater risk for developing acute rejection, but
with some exceptions, they have been limited to a small
number of patients and focused on a limited number of risk
factors, and the results have been frequently contradictory.
For this reason there is no consensus about the majority of
factors predisposing to the occurrence of acute rejection after
liver transplantation.
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Weaning immunosuppression

Steroid withdrawal

In the past decade there has been an evolution of
immunosuppressive protocols driven by a deeper understanding
of immunological events after transplantation, and due to the
necessity to reduce long-term drug-related morbidity and
mortality.

The first step has been a change in the use of steroids. The
use of long-term corticosteroids has been questioned because
of their adverse effect profile. The trend during the past
15 years has been to use fewer steroids for maintenance
therapy. In 1988, 20 mg of prednisone per day was
suggested56 and by 1995, this recommendation had decreased
to 5–10 mg daily.57 The first report of steroid
withdrawal in liver transplantation was published in 1989 by
Margarit et al. in which 73% of 18 children were successfully
withdrawn from steroids.58 In the first years after the
development of liver transplantation, steroids were withdrawn
only when the risk of further rejection was considered less.
Following this, studies documented withdrawal in two
different settings: early withdrawal (3 months)59–61 and late
withdrawal (> 1 year).62–66

The bulk of evidence in studies with more than 10 patients
(Table 36.2) shows that steroid withdrawal does not increase
patient or graft loss, but on the other hand reduces the
rates of long-term complications including hypertension,
development of diabetes and hypercholesterolemia. 

Long-term steroid-free regimens are therefore now widely
used.40,60,67–69 Recently the safety and efficacy of early steroid
withdrawal (at 3 months) were determined in a multicenter
prospective trial70 in which 143 patients were randomized to
tacrolimus (target levels 10–20 ng/ml first month then
5–15 ng/ml) or microemulsion cyclosporin (microCyA,
adjusted according to therapeutic levels changing over time),
together with azathioprine (1 mg/kg per day) and
corticosteroids (tapering dose from 20 mg/day to 10 mg/day
for the first 3 months, then discontinued). No protocol
biopsies were done. The incidence of biopsy-proven rejection
within the first 3 months and during the first year after
transplantation was: 30% and 35% in the tacrolimus group
and 40% and 43% in the microCyA group, respectively. 
Steroid-resistant rejection occurred in 5·6% of the tacrolimus
and 9·7% of the microCyA group. Chronic rejection was not
observed in either group during the first follow up year and
the incidence of adverse events was similar between
the two groups. Following the introduction of new
immunosuppressive drugs, several centers have developed
new “steroid-free” protocols, but have substituted steroids for
the new agents (for example mycophenolate mofetil,
antithymocyte globulin or anti-IL-2 agents) so that overall
immunosuppressive potency is not necessarily reduced.

Ald
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Samuel et al. had reported the result of 1-year comparative,
double blind, placebo-controlled study to evaluate the efficacy
and safety of early steroid withdrawal (fourteenth day post-
liver transplantation).71 Peritransplant immunosuppression in
the 174 randomized patients consisted of basiliximab (two
doses of 20 mg day 0–day 4), cyclosporin (trough levels
of 200–400 ng/ml day 0–month 3, and 150–300 ng/ml
thereafter) and intravenous methylprednisolone. Early steroid
withdrawal strategy at day 14 was associated with higher
incidence of acute rejection – biopsy proven (but not protocol
biopsies) and a trend to more severe rejection, only balanced
by a trend of needing less antidiabetic treatment. 
However an opposite conclusion comes from the study by
Llado et al., in which 72 patients were randomized to
immunosuppression with basiliximab and cyclosporin, with or
without prednisone, and protocol biopsies were done.72 The
rate of acute rejection was similar between the groups, with less
infectious and metabolic complications without steroids. 

Results from a multicenter randomized trial of 708
recipients, comparing a tacrolimus plus steroids regimen with
tacrolimus plus daclizumab (Tac/Dac), showed no difference
in acute rejection rates, with a lower incidence of steroid-
resistant acute rejection, diabetes and viral infections in the
Tac/Dac regimen.73

The divergent results of these new “steroid-free” trials
could be in part explained by the lack of uniformity in
performing biopsies, with a higher incidence of acute
rejection and complications when protocol biopsies are done.
Moreover, the real benefit of steroid withdrawal cannot be
evaluated if new and potent immunosuppressants agents are
substituted as replacement therapy.

The only deleterious effect of steroid withdrawal reported
to date is a possible worsening of the recurrence of primary
biliary cirrhosis,74 although Levitsky75 had recently reported
no difference in frequency of rejection episodes or duration of
corticosteroid therapy between those who did and did not
have recurrent primary biliary cirrhosis. 

However, it is difficult to establish the real impact of an ab
initio steroid-free protocol on chronic rejection, graft and
patient survival, mainly due to the short-term follow up
period and the use of steroid boluses during surgery in many
of the reported trials.

Pirenne et al. conducted a prospective single-center pilot
study to determine the influence of a completely steroid-free
tacrolimus-based immunosuppression on early and late graft
function and rejection.76 Induction and maintenance
immunosuppression of the 21 liver recipients consisted of
tacrolimus (trough level 8–10 ng/ml) and azathioprine
(1–2 mg/kg), and 52% of recipients never received steroids
throughout the whole study period. Steroids were transiently
needed to treat biopsy proven acute rejection in 23·5% of
recipients and for tacrolimus or azathioprine toxicity or other
reasons in 28% of patients. Of those who received steroids,
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the majority (70%) was eventually taken off steroids. No
patients developed chronic rejection. The 3-year graft and patient
survival was 95% and 100%, respectively. Conclusions
from the study were that steroids are not necessary in more than
50% of liver transplantations and result in no changes in acute
and chronic rejection, graft and patient survival rates.

Total withdrawal and “subtherapeutic
doses” of immunosuppression

Today the main aspiration of transplant clinicians is the
acceptance of the graft by the recipient without any
long-term pharmacological help. Long-term surviving liver
transplant recipients are often systematically and excessively
immunosuppressed. Consequently, drug weaning is an
important management strategy providing it is done gradually
under careful physician surveillance.

Although there have been small series of human liver grafts
not requiring lifelong immunosuppression14,15 it is impossible
to predict who these individuals will be and the consequences
of late rejection are more serious than those of early cellular
rejection, including reports of fatalities.

Takatsuki et al. described a cohort of 63 living donor liver
transplant recipients receiving tacrolimus77: 26 of them were
entered in a elective program of withdrawal, while in the
remaining 37 the choice was mainly due to serious
complications of immunosuppression (mostly Epstein-Barr-
associated post-transplant lymphoproliferative disease in
30 patients). Criteria for elective withdrawal were an interval
of more than 2 years after the transplant with good graft
function and no episodes of rejection in the previous
12 months. Tacrolimus was gradually weaned. In 24 patients
(38·1%, six of them from the elective cohort) tacrolimus could
be stopped with a median drug-free period of 23·5 months; 23
patients (36·5%) were still undergoing the weaning process.
Rejection occurred in 16 patients (25·4%) after a median
interval of 9·5 months (with a range of 1–63 months), but all
the episodes could be treated by reintroducing tacrolimus or
with short courses of steroids. 

Devlin et al., in 18 patients, showed that it was possible
to either completely withdraw (five of 18 patients) or
significantly reduce (nine of 18 patients) maintenance
immunosuppression to levels previously considered subthera-
peutic.14 Parameters associated with successful drug
withdrawal were transplantation for non-immune-mediated
liver disorders, fewer donor–recipient HLA A, B and DR
mismatches, and low incidence of early rejection. 

In a series of 95 patients from the University of
Pittsburgh,14–16 there were 18 (19%) patients who had been
drug free from 10 months to 4·8 years. Thirty-seven (39%)
patients were in an uninterrupted process of drug weaning,
28 (29%) patients had weaning interrupted because of
rejection, and 12 (13%) were withdrawn from the protocol,
eight of them because of non-compliance, two because of
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recurrent primary biliary cirrhosis, one for pregnancy, and one
for renal failure necessitating kidney transplant. There were
also five patients who had “self weaned” and three of the five
remained well after a drug-free interval of 14–17 years. A
fourth patient died in a road traffic accident after 11 years
off immunosuppression, and the fifth underwent re-
transplantation because of hepatitis C infection after 9 drug-
free years. Although recurrence of autoimmune hepatitis has
not yet been observed, two (15%) of 13 patients with primary
biliary cirrhosis developed recurrence. In this study no
patients were diagnosed with chronic rejection. 

Taking all reports into account the data on empirical
withdrawal does not make this a current nor viable
management strategy, as individual response cannot be
predicted. No data are available as to whether HLA matching
or lymphotoxicity assays might help in identifying those who
remain well without immunosuppression.

The optimal regimen of drug withdrawal is unknown.
Criteria that can be used to select appropriate patients are
required. Disorders with a well characterized immunological
or viral basis appear to experience graft dysfunction after
withdrawal.78,79

Single drug therapy

Further improvement in clinical transplantation might
be obtained by modification of the timing, dosage, and type
of immunosuppression to achieve tolerogenic immuno-
suppression using the minimal effective level of therapy to
allow or induce tolerance, and to reduce long-term
complications. This means trying to find the lowest effective
dose and safest combination of drugs, and to develop agents
that are more specific to the prevention of organ rejection and
less likely to cause global immunosuppression.

The potential advantages of less potent but still “safe”
immunosuppressive regimens has led several transplant
centers worldwide, to use regimens which end up using a
single drug, usually reported in carefully studied cohorts of
patients in whom steroids were withdrawn some months
after transplantation. Patients with stable graft function can
be easily maintained using a single drug (usually calcineurin
inhibitor) after 6 or 12 months. The more evolved step of
using monotherapy ab initio has also proved to be effective in
a few studies. There is only one prospective randomized
trial from our center69 which included 64 recipients,
reporting the safe use of monotherapy with either cyclosporin
or tacrolimus ab initio, avoiding steroids and other
immunosuppressive agents for induction or maintenance.
With both drugs, there was adequate immunosuppression,
no increased risk of biopsy proven severe rejection (17%
tacrolimus v 11% cyclosporin) and no chronic rejection
episodes were seen. 

Further evidence supporting the safe use of monotherapy
comes from trials of steroid withdrawal in which the
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comparison group was on a single drug, usually a standard
dose of a calcineurin inhibitor. In the largest study, Belli
et al. described the long-term follow up of a cohort of
104 patients, 54 of whom were randomized 6 months after
transplantation to CyA monotherapy, while the remaining
50 were maintained on CyA + steroids.59 Only two
patients in the CyA group experienced acute rejection (due
to drug malabsorption) resolved with steroid boluses but
without the need for long-term treatment. At 5 years
patient survival rates did not significantly differ between
the two groups (77% CyA v 82% CyA + steroids) while the
prevalence of hypertension and diabetes at 12 months was
significantly reduced in the monotherapy group. Gomez
et al. described steroid withdrawal in 86 recipients with
stable graft function and no rejection 1 year after the
transplant62: 72 patients were maintained on CyA
monotherapy and 14 required azathioprine to allow
calcineurin inhibitor dose reduction due to nephrotoxicity.
After a mean follow up of 23 months there had been
no episode of rejection or need to resume steroid
treatment.

In a Canadian cohort66 of patients with a mean follow up of
12 months, 39 of 42 patients could be maintained on CyA
monotherapy, stopping azathioprine and steroids; only
three of 33 patients with a follow up > 3 months and
subtherapeutic CyA levels experienced an episode of acute
rejection, which was successfully treated. 

Another small report includes 28 patients on CyA
monotherapy after steroid withdrawal with a mean follow up
of 12 months: four (14.2%) were treated with steroid boluses
for rejection (biopsy proven in two cases) and three (10·7%)
needed to resume long-term steroid treatment because of
generalized symptoms and colitis. A series from Denver
(which was reported within another study) included patients
treated with steroids only within the first 14 days after
orthotopic liver transplantation and left on calcineurin
inhibitor monotherapy (CyA or tacrolimus) from that point
onward. One-year patient and graft survival were80 94% and
89%, respectively.81

Long-term follow up of patients treated with tacrolimus-
based protocols in Pittsburgh showed that nearly 70% of liver
recipients were stable on monotherapy, while 26% needed
steroids or azathioprine (8/82 patients, 9·7%) at 84 months
after orthotopic liver transplantation.82 Similarly, in a
clinical trial83 in 84 patients of low dose tacrolimus (0·1
mg/kg per day) which is now the dose commonly used, 74%
remained on tacrolimus monotherapy without the need for
steroids at 1 year. 

Choice of an immunosuppressive agent

What evidence is there from randomized controlled trials
to support the choice of an immunosuppressive agent?
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Calcineurin inhibitors

Calcineurin inhibitors are still the keystones of most
immunosuppressive regimens used in clinical organ
transplantation. Both cyclosporin and tacrolimus bind to
cytoplasmic receptors (cyclophilin and FK-binding protein
(FK BP-12), respectively) and resulting complexes inactivate
calcineurin, a pivotal enzyme in T cell receptor signaling.
Calcineurin inhibition prevents IL-2 gene transcription,
thereby inhibiting T cell IL production.84

Three separate randomized trials have been conducted
to compare the efficacy of tacrolimus and cyclosporin
(Sandimmune) in primary liver transplant patients (Table 36.3).

1 European Multicentre Tacrolimus Trial (8 centers, 545
patients)85

2 US Multicenter Tacrolimus Liver Study Group
(12 centers, 529 patients)86

3 University of Pittsburgh (single center, 154 patients)87

In all these trials tacrolimus was administered with
corticosteroids, but no azathioprine. However, in the two
large trials, the cyclosporin group received corticosteroids and
azathioprine and, in some cases, antilymphocyte globulin.
Moreover, the adjunctive immunosuppression was not the
same in all centers that participated in the studies. These
protocols of double therapy with tacrolimus versus triple or
quadruple therapy with cyclosporin have been noted as being
unbalanced and therefore not representing a comparison of
tacrolimus versus cyclosporin.88 However, the net non-
specific immunosuppression in both arms seems to have been
similar, since the frequency of cytomegalovirus infection in
both arms did not differ.89 Interpretation of the relative benefit
of tacrolimus and cyclosporin is difficult in the framework of
these studies.

Patient and graft survival

In the multicenter studies the tacrolimus-based regimen
produced 1-year graft and patient survival rates similar to the
cyclosporin-based regimen. In the Pittsburgh trial, the 1-
year patient and graft survival were not different when data
were analyzed on an intention to treat basis, although as in
the other two studies a trend was shown for a better survival
in the tacrolimus group. Moreover, a recent long-term follow
up of the US tacrolimus study group90 has shown that
cumulative 5-year patient and graft survival were comparable
for the tacrolimus-based regimen (79%, 71·8%) and
cyclosporin based regimens (73·1%, 66·4%) but median
patient survival was longer for tacrolimus-treated patients
(tacrolimus 25·1 ± 5·1 years, cyclosporin 15·2 ± 2·5 years).

In the 3-year follow up of the European multicenter
trial89,91 the analysis according to intention to treat at 3 years
showed a significant difference in patient survival in favor of
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the tacrolimus-based regimen91 (tacrolimus 75·7%,
cyclosporin 67·5%, P = 0·036).

Rejection

In the randomized trials a notable difference between
tacrolimus and cyclosporin-based regimens was the
lower incidence of acute rejection with tacrolimus. In
the European study acute rejection was less frequent in the
tacrolimus-based group (tacrolimus 40·5%, cyclosporin 49·8%
P = 0·004). Refractory rejection (tacrolimus 0·8%, cyclosporin
5·6%, P = 0·005) and chronic rejection (tacrolimus 1·5%,
cyclosporin 5·3%, P = 0·032) were also less common with
the tacrolimus regimen. These differences were observed
despite higher concomitant use of corticosteroids or
azathioprine in the cyclosporin group. 

Data from the US multicenter study also showed less
frequent rejection with tacrolimus – acute rejection:
tacrolimus 154 (68%), cyclosporin 173 (76%), P < 0·002;
corticosteroid-resistant rejection: tacrolimus 42 (16·3%) and
cyclosporin 82 (30·8%), P < 0·001; refractory rejection:
tacrolimus 6 (3%), cyclosporin 32 (15%), P < 0·001.
The Pittsburgh group obtained similar results. In all three
trials a large percentage of patients (see Table 36.3) were
switched from cyclosporin to tacrolimus, mainly because of
persistent rejection (European n = 14, US n = 22, Pittsburgh
n = 47).

Ninety-one patients with chronic rejection that developed
during cyclosporin-based immunosuppression were converted
to tacrolimus in an open label multicenter study92 involving
17 liver transplant centers in the USA. Sixty-four (70·3%)
were alive with their initial hepatic allograft after a mean
follow up of 251 days. In this study patients with total
bilirubin of ≤ 10 mg/dl at the time of conversion had a
significantly better graft and patient survival than patients
with total bilirubin > 10 mg/dl. The time between liver
transplantation and conversion to tacrolimus therapy also
affected graft and patient survival. Patients who converted to
tacrolimus ≤ 90 days after transplantation had 1-year actuarial
graft and patient survival of 51·9% and 65·9% respectively,
compared with 73·2% (P = 0·002) and 87·7% (P = 0·02) for
those who converted > 90 days after transplantation. 

Steroid-sparing effect

In the US trial the cumulative dose of steroids for both
prophylaxis and rejection was significantly less with
tacrolimus than with the cyclosporin-based regimen
(90 mg/kg v 131 mg/kg, P < 0·001).86 Similarly, lower
intravenous (but not oral) corticosteroid doses were required
during maintenance therapy with tacrolimus versus
cyclosporin in the European study at 1 year, and both oral and
intravenous doses were lower with tacrolimus after 3 years
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(P < 0·05). At 3 years steroid therapy had been successfully
withdrawn in 80% of tacrolimus and 68% of cyclosporin-
treated patients (P = 0·025).

Microemulsified cyclosporin

Microemulsified formulation of cyclosporin (Neoral) has
addressed the major limitation of the previous oil-based
drug preparations, i.e. the highly variable partial and bile-
dependent gastrointestinal absorption process.93–98 In two
randomized controlled trials comparing Neoral with
Sandimmune,99,100 the Neoral group experienced less
rejection, fewer episodes of steroid-resistant rejection, and a
lower incidence of moderate/severe histological rejection.

Indeed the microemulsion formulation may remove or
reduce the discrepancy in outcomes between cyclosporin and
tacrolimus-based regimens seen in the randomized trials
described above. In a randomized trial involving 71 patients,
Stegall observed a similar incidence of acute rejection episodes
whether mycophenolate mofetil was combined with Neoral
or with tacrolimus.101 Fisher et al.102 in a similar trial of
mycophenolate mofetil combined with Neoral or tacrolimus,
also found similar rates of acute rejection (Neoral 46%,
tacrolimus 42·3%), and there were no differences observed
between treatment groups with respect to the incidence of
diabetes mellitus, hypertension or hyperglycemia. 

However, the superiority of tacrolimus versus cyclosporin
has been strengthened by the results of a large recent trial in
the UK103 in which 606 transplant recipients were randomly
assigned to receive open-label tacrolimus or microemulsified
cyclosporin. Of the tacrolimus-treated patients 52% were
alive with their original graft and free of rejection at 12
months compared with 41% of the cyclosporin-treated group
(monitored with trough levels). The incidence at 12 months
of more than two episodes of acute rejection and chronic
rejection in the tacrolimus-group was 3% and 0·3%
respectively compared to the 8% and 2% of the cyclosporin
group. On the basis of these data, tacrolimus should be the
first choice of calcineurin inhibitors for patients receiving
their first liver graft.103

Therapeutic drug monitoring of cyclosporin

Therapeutic monitoring of calcineurin inhibitors is
recommended. Cyclosporin has a narrow therapeutic index,
and an extremely variable pharmacokinetic profile and a
strong pharmacodynamic linkage between desired and
adverse effects. There is currently some debate as to whether
the dose of cyclosporin should be monitored by the trough or
2-hour post-dose levels.

A multicenter prospective study involving 307 de novo
liver transplant recipients,104 compared the clinical usefulness
of monitoring 2-hour post-dose cyclosporin levels (C2) with
conventional trough cyclosporin blood levels (pre-dose) (C0).
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No protocol biopsies were done. The overall incidence of
acute cellular rejection was lower (23·6% v 31·6%) and the
histological severity was significantly milder for the C2 group.

Villamil et al. have recently reported the results of the
planned 3 month interim analysis of the first 300 de novo
liver transplant patients,105 randomized to either cyclosporin
(target C-2-hour levels 800–1200 ng/ml) or tacrolimus
(target C-0-hour levels 5–15 ng/ml) in addition to steroids
with or without azathioprine. Although protocol biopsies
were not done, the incidence and severity of biopsy proven
episodes of acute cellular rejection were similar and
infrequent, regardless of whether patients received dual or
triple immunosuppressive therapy. 

Conversion from twice to once daily dosing of cyclosporin
(100 ± 25 ng/ml, C2 level 748 ± 105 ng/ml) utilizing C2
monitoring in maintenance of 68 liver transplant patients
with abnormal renal function, at 4 ± 1·3 year after
transplantation, has been reported to be safe, with no
rejection episodes noted (although protocol biopsies were not
done) and with improvement in renal function. The
Consensus on Neoral C2: Expert Review in Transplantation
(CONCERT) Conference106 suggested that C2 monitoring is
the optimal method to monitor cyclosporin both in adults de
novo and in maintenance liver transplant patients, but no
controlled trials comparing C2 with C0 monitoring have been
carried out.

The possible, but as yet unproved, benefit of C2 monitoring
must be weighed against its practical disadvantages. Once a
day dosing of cyclosporin is already current practice in many
centers.

Tacrolimus rescue for acute cellular rejection

Several studies107,108 have demonstrated that tacrolimus (at
blood levels of 15–20 mg/dl) is effective as rescue therapy for
steroid-resistant acute rejection in patients on cyclosporin-
based therapy. Moreover, a pilot study suggested that
increasing tacrolimus dosage (increments of 1–2 mg every
1 or 2 days with trough tacrolimus blood levels of
15–20 ng/ml), and continued low doses of steroids could be
considered as treatment for early acute rejection episodes
(biopsy proven) including severe grades of rejection.109

Therapeutic drug monitoring of tacrolimus

Trough whole blood concentration monitoring is the
common method used to monitor tacrolimus therapy.
The relationships between the dose of tacrolimus, trough
tacrolimus blood concentration (enzyme linked immuno-
sorbent assay, ELISA) and selected clinical endpoints (acute
rejection, nephrotoxicity and other toxicities) were examined
in a prospective multicenter study. The study confirmed the
poor correlation between the daily dose (mg/kg per day) and
the steady-state whole-blood concentration achieved and
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showed that to minimize nephrotoxicity without increasing
the risk of rejection, it is necessary to maintain trough
tacrolimus blood concentration below 15 ng/ml.110 Recently
it has been reported that HCV transplant recipients require
significantly lower oral doses of tacrolimus to achieve
the same trough blood levels compared with non-HCV
patients, probably due to a decreased hepatic clearance
of tacrolimus caused by mild hepatic injury from recurrent
HCV.111

Mycophenolate mofetil

In many centers, mycophenolate mofetil is now replacing
azathioprine in standard immunosuppression protocols. The
rationale for this switch is that mycophenolate mofetil is a
selective inhibitor of the de novo pathway of purine
biosynthesis, thereby providing more specific and potent
inhibition of T cell and B cell proliferation. It has been
used for both treatment and prevention of rejection in
combination with calcineurin inhibitors.112 Compared with
azathioprine, mycophenolate mofetil appears to have fewer
myelotoxic and hepatotoxic adverse effects.113

The most common adverse effects at the standard dose of
2 g/day are nausea, abdominal pain, anorexia, gastritis and
diarrhea. The latter affects 30% of patients but usually
responds to a decreased dose. Neutropenia affects 3% of
patients and usually requires dose reduction. This effect is
potentiated by azathioprine, and the two agents should never
be used together. Opportunistic infections do not appear to be
significantly increased in comparison to azathioprine
treatment. Blood levels are not clinically monitored with
mycophenolate mofetil. An enteric-coated formulation of
mycophenolate sodium (EC-MPS) has been developed to
reduce the gastrointestinal side effects. Single dose
pharmacokinetic studies have revealed bioequivalent
exposure when compared with orally administered
conventional mycophenolate mofetil and clinical trials are
underway with this agent.114

Mycophenolate mofetil may be a safe and potentially
adjuvant immunosuppressive agent for initiation and
maintenance therapy, but to date there is no evidence that
combined with calcineurin inhibitor, it is superior to
tacrolimus and steroid immunosuppression.

However its role may be more as a renal-sparing agent.
Mycophenolate mofetil has been administered to reduce the
calcineurin inhibitor dose in patients with impaired renal
function, and rarely also as monotherapy. Two recent
randomized trials of mycophenolate mofetil monotherapy
(started at 1 year115 and at 6 months116 after transplantation)
in patients with chronic renal dysfunction due to calcineurin
inhibitor nephrotoxicity recorded an increased risk of
rejection, both acute and chronic, (60% in the first study115

and 50% in the second116) but only 11 patients received
monotherapy and all for less than 1 year. Alc

B4

C5

Evidence-based Gastroenterology

556



We reported a retrospective review117 of 45 patients with
renal dysfunction who were treated at a median of 45 months
after transplantation, either with mycophenolate mofetil as
monotherapy (n = 16), or in combination with low dose of
calcineurin inhibitor, i.e. deliberately kept below therapeutic
trough levels < 5 ng/ml or cyclosporin < 50 ng/ml. The
incidence of acute cellular rejection in the mycophenolate
mofetil monotherapy group was only 6%, and the serum
creatinine values decreased, more so in the monotherapy
group compared with the low dose calcineurin inhibitor
group. Mycophenolate mofetil can help reduce the dose
of calcineurin inhibitor and decrease nephrotoxicity, but a
randomized trial is needed to provide stronger evidence,
particularly given the high rate of discontinuation due to side
effects.

Sirolimus

Sirolimus (rapamycin) is a macrocyclic lactone with a
structure similar to tacrolimus. However, the mechanism and
adverse effect profiles of the two drugs are quite different.
Sirolimus blocks signal transduction in T lymphocytes and
inhibits cell-cycle progression from G1 to S phase.118,119 The
adverse effect profile of sirolimus includes dose-dependent
hyperlipidemia, thrombocytopenia, anemia, leukopenia,
with the absence of neurotoxicity, nephrotoxicity and
diabetogenesis, but it has adverse effects on wound
healing.120 Recently, the risk of oligospermia in young male
patients has been reported.121

Randomized controlled trials comparing sirolimus with
conventional immunosuppression have not been completed.
Currently the published data are derived from four open-label
studies (Table 36.4).

The first report to demonstrate the safety of sirolimus as
primary immunosuppression was published by Watson
et al.122 Fifteen patients were treated with sirolimus in three
different regimens and by 3 months after transplantation were
maintained on sirolimus monotherapy. None of the patients
on triple therapy experienced rejection, while 28% and 75%

B4

of patients had rejection with dual and monotherapy,
respectively. 

Trotter et al.81 reported that low dose sirolimus with
minimal corticosteroids (3-day taper), with either tacrolimus
or cyclosporin, (compared with cyclosporin or tacrolimus plus
14-day tapered dose of prednisone) was associated with 30%
incidence of acute rejection, which was significantly less than
historical controls (70%; P < 0·01) and 90% decreased
incidence of steroid-resistant rejection. No protocol biopsies
were done. Similar efficacy was reported by McAlister et
al.123 in a open label report of 56 patients who received low-dose
tacrolimus and sirolimus (target trough levels, ng/ml and 7
ng/ml, respectively) with prednisone up to 6 months after
transplantation. The acute cellular rejection rate was 14%, which
was approximately 50% lower than the historical rejection rate,
and no patients had steroid-resistant rejection. 

Other studies have suggested that the best use of sirolimus
should be in combination with low dose tacrolimus in order to
minimize adverse effects from either drug.124,125 In the study by
Pridohl et al., patients undergoing transplantation for acute liver
failure received triple immunosuppression.124 The rate of acute
rejection and steroid-resistant rejection were 14% and 0%,
respectively. Dunkelberg et al. have recently reported the largest
series of liver transplant recipients treated with sirolimus
(2 mg/day) as part of primary immunosuppression.126 One-year
patient (93%) and graft survival rates (92%) in sirolimus-treated
patients were not different from those for historical controls
(95% and 89%, respectively) and the incidence of acute
rejection and use of OKT3 (monoclonal antibody against CD3,
muromonabCD3) was significantly lower in sirolimus-treated
patients (14%) versus controls (39%) as reported previously.81

However, the percentage needing OKT3 is high, both in
the controls and sirolimus-treated groups. Importantly, the
prevalence of hepatic artery and wound complications in
sirolimus-treated patients was similar to that in historic controls.
These results are in contrast with a recent international trial
studying sirolimus in liver transplantation, which was halted
because of a greater incidence of hepatic artery thrombosis in
patients given tacrolimus with sirolimus.127 B4
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SRR (%)

0
0
0
0

0

3

ACR (%)

0
28
75
14

14

36

SRL level

–
–
–

6·5–8·5 ng/ml

6–8 ng/ml

5–8 ng/ml

Regimen

SRL (3·5–7 mg/day) + CyA + S
SRL (7–21 mg/day) + S
SRL (7–21 mg/day) + S
SRL (mean, 3·5 mg/day) + TAC + S

SRL (6 mg/day loading dose,
2 mg/day maintenance) + TAC + S
SRL (6 mg loading dose, 2mg/day
maintenance) + TAC or CyA + S

No.

15

56

22

39

Author

Watson, et al.
(1999)122

McAlister, et al.
(2001)123

Pridohl, et al.
(2001)124

Trotter, et al.
(2001)81

Patient/graft survival (%)

Overall 66

93/91

91/78

92/89

Table 36.4 Sirolimus primary immunosuppression liver transplantation protocols

SRL, sirolimus; S, steroids; SRR, steroid-resistant rejection; ACR, acute cellular rejection



Further studies are needed to assess the value of sirolimus,
as a single agent or in combination with other agents.

Sirolimus conversion therapy in liver transplantation

A number of centers have reported outcomes in patients
converted from calcineurin inhibitor to sirolimus following
liver transplantation. The indications for conversion or
addition of sirolimus to the immunosuppressive regimen
(with reduction of calcineurin inhibitor) include:
nephrotoxicity or neurotoxicity of the calcineurin inhibitor
and severe chronic rejection.

One small study reported the addition of sirolimus
(4 mg/day) to maintenance immunosuppression with
tacrolimus after 3·3 years from transplantation, in 27 patients
with chronic renal insufficiency (creatinine > 1·5 mg/dl).128

Rejection occurred in 29% of patients and in 37% sirolimus
had to be discontinued, with minimal improvement in renal
function. Chang et al.129 reported the use of sirolimus
either as a primary immunosuppressive agent (3·1 days after
transplantation) or as conversion therapy for renal
dysfunction, with improvement of serum creatinine in all
patients and normalization in most. Nishida et al. reported
the introduction of sirolimus after 995 days from liver
transplantation in a diverse group of 16 recipients with severe
chronic rejection.130 The authors concluded that sirolimus
may be successfully used as a “rescue treatment” for these
patients.

Nair et al. retrospectively reviewed 16 transplant patients
who were more than 3 years post-transplantation, who
had chronic renal dysfunction (creatinine clearance
< 70 ml/min).131 The conversion to sirolimus (2 mg/day)
allowed safe cyclosporin withdrawal and a significant
recovery of renal function, without developing cellular
rejection or other graft-related complications. 

Fairbanks et al. reported the safety of the use of sirolimus
monotherapy in transplant patients with renal insufficiency
caused by calcineurin inhibitors.132 Eighteen patients were
converted to sirolimus monotherapy and three patients were
switched to sirolimus and low dose steroid therapy after 310
weeks from transplantation. Renal function improved
significantly in the majority of recipients (15/21, 71%), and
only one patients developed biopsy proven acute cellular
rejection, which was treated with sirolimus and
mycophenolate mofetil. Adverse events were mostly mild and
self-limited.

In summary, the current published data on the outcomes in
recipients converted from calcineurin inhibitor to sirolimus
following liver transplantation are on small numbers of
patients, with conversion occurring at disparate intervals and
different dosages and immunosuppression regimens. Thus,
the data are insufficient to permit specific recommendations
for patient selection and dosing regimens for sirolimus
conversion to be made.
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Antithymocyte and antilymphocyte globulins

Another advance has been the introduction and
incorporation of antilymphocyte and antithymocyte
globulins into cyclosporin-based immunosuppressive protocols,
used for both prophylaxis and treatment of acute cellular
rejection. Thymoglobulin is a polyclonal rabbit antithymocyte
globulin (RATG) previously shown to be an effective
immunosuppressive agent in liver transplantation.44,133

In conjunction with steroids, it has been shown to effectively
reduce the incidence of rejection without an increased
incidence of infectious complications or malignancy.133,134

Eason and colleagues135 reported the first study of 71
transplant patients, treated with two doses of RATG as
induction therapy in conjunction with tacrolimus on its own
at 3 months from transplantation, in a completely steroid-free
regimen. The rate of biopsy proven rejection was similar to
standard triple-drug regimens that included steroids (20·5% v
32%), without an increased incidence of complications, in
particular cytomegalovirus infection, diabetes and HCV
recurrence. Recently, the same authors have published the
follow up on these patients and also data on additional
patients who were randomized to receive RATG in a
regimen of tacrolimus monotherapy at 2 weeks from
transplantation.136 Steroid-free liver transplantation with
two doses of RATG induction and early tacrolimus monotherapy
is achievable in most of the transplant patients, with effective
prevention and therapy for rejection. However the
preliminary data of tacrolimus monotherapy versus triple
therapy in HCV patients137 and the previous experience of
calcineurin inhibitor monotherapy69 suggest that added
antithymocyte regimens may increase immunosuppression,
suppressing the possibility of tolerance. Long-term follow up
is needed.

Recently Starzl et al. have reported the use of RATG (5
mg/kg) as pre-treatment therapy in 82 solid organ transplant
recipients (17 with liver transplantation) followed by
minimum use of post-transplant immunosuppression
(tacrolimus monotherapy during the first 4 months, then
spaced tacrolimus therapy).138 No liver grafts were lost to
biopsy proven rejection, and from the fourth month
onward, between 10 and 12 recipients needed only spaced
monotherapy. 

Interleukin-2 receptor blockers

T lymphocytes play a central role in the initiation and
progression of the rejection response. Activated T
lymphocytes secrete IL-2 that acts in an autocrine and
paracrine fashion to drive the response forward, and produces
more IL-2 receptors (IL-2R). As only activated T lymphocytes
express IL-2R, it was suggested that blocking this receptor
with a monoclonal antibody could allow for an even more
highly selective approach to prevent rejection.139
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IL-2R blockers, for example daclizumab and basiliximab
are chimeric and humanized antibodies that act on a
receptorial subunit which is expressed only on activated T
lymphocytes, thus selectively inhibiting their proliferation.
Considering the sequence of events in graft rejection in liver
transplantation, immunosuppression with IL-2R blockers
could play a role at the very beginning, leaving the
introduction of calcineurin inhibitor when these agents can
be introduced without excessive risk of infection or renal
dysfunction, i.e. monotherapy with IL-2R blockade for the
first to second week and then monotherapy with calcineurin
inhibitors.

Daclizumab has been reported only in a few small
uncontrolled studies of induction therapy particularly in
patients with pre-operative renal failure or at risk of
developing postoperative renal dysfunction, but always in
combination with other immunosuppressants. There are
contrasting results.140–144 These pilot studies all suggest that
induction therapy with daclizumab in combination with non-
calcineurin inhibitor drugs followed by calcineurin inhibitor
administration was safe . However one study143 was
stopped because of a very high rate of acute cellular rejection
(7/7 enrolled patients, with 4 of 7 patients experiencing
steroid-resistant rejection requiring OKT3 treatment). 
Nelson et al. used adjuvant daclizumab (three doses of 1
mg/kg, days 0, 4, 21) in combination with mycophenolate
mofetil (1 g twice daily) in the early post-transplantation
period in HCV transplant recipients.145 They found early onset
of hepatitis, greater histological activity and more rapid
progression to advanced recurrent HCV disease (by 1 year,
45% v 26%). The incidence of biopsy-proven acute rejection
was similar between HCV positive and negative group. 

Calmus et al.146 evaluated a single-arm, open label,
multicenter trial, with historical control data (derived from
Multicentre International Study in Liver Transplantation of
Neoral (MILTON) study147), in which 101 patients were given
basiliximab (two 20 mg doses day 0 and 4) in conjunction
with cyclosporin (adjusted according to therapeutic levels
changing over time), azathioprine (1·5 mg/kg per day), and
corticosteroids (tapering dose from 200 mg/day to 5 mg/day
until the end of the study). One-year patient and graft survival
rates were 90·1% and 88·1% with a reduction of the overall
biopsy-proven rejection rate compared with historic controls
(22·8% at 6 months v 49·9% at 1 year), without increased
incidence of malignancies, infections or other adverse effects.
Rejection episodes were more frequent in the HCV positive
than HCV negative subgroup (29% v 20%) but this was not
statistically significant. 

Neuhaus et al. reported a large, multicenter randomized
trial of 381 patients (placebo or basiliximab 20 mg on day 0
and 4 in addition to cyclosporin and corticosteroids).148

Primary outcomes were acute rejection and a composite
endpoint, including death or graft loss, assessed at 6 and
12 months and by HCV cohort. There were no protocol
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biopsies, and clinically suspected rejection episodes were
confirmed by liver biopsy. The biopsy proven rejection rates
after 6 months from transplantation were 35·1% in the
basiliximab-treated group and 43·5% in the placebo group but
this was not statistically significant. Rejection rates for the
HCV positive patients were slightly greater in the basiliximab
versus the placebo arm (39·1% v 36·2%) and again this was
not statistically significant. The incidence of complications,
including infections, was similar in the two groups. 

In both studies, the slightly greater rejection rates in the
HCV positive group might result from false positive reporting
linked to histological similarities between recurrent hepatitis
C and acute rejection.149 However, caution may be needed in
HCV infection as suggested by the report of Nelson et al.145 in
which the use of adjuvant IL-2R antibodies in combination
with mycophenolate mofetil in the early peritransplantation
period was associated with early recurrence of hepatitis C and
more rapid histological progression of disease.

Data from Garcia-Retordillo et al.150 provide a strong
indication that the use of induction anti-IL-2R monoclonals
combined in a protocol without steroids, might avoid the early
expansion of circulating HCV RNA. However, at present,
the published data from seven studies140,143,146,148,147,151–153 do not
allow a consensus on the impact of induction monoclonals or
polyclonals on HCV (Table 36.5). Limitations of these studies
include small numbers, use of a variety of induction agents, lack
of controls in the study design and variable endpoints. 

Recently, Yan et al.151 have reported that induction therapy
with single dose of daclizumab is safe and effective and
appears to reduce the rate of acute rejection. 

Use of anti-IL-2R monoclonal antibodies in liver
transplantation, suggests that the drugs have good early
safety, at least in patients with non-HCV cirrhosis and are well
tolerated, but more randomized trials are needed to better
elucidate the ideal regimens and indications for these
promising drugs. Long-term studies are needed to assess
potential effects on de novo malignancies as well as
progression of HCV.

New protocols of tolerogenic preconditioning have been
developed using alentuzumab (Campath-1H) and low doses
of calcineurin inhibitors. Alentuzumab is a humanized
monoclonal antibody directed against the CD52 antigen, a pan
T, B, and natural killer cell, and monocyte markers. It rapidly
depletes lymphocytes, monocytes, and other cells without
affecting neutrophils and hematopoietic stem cells. The
depleted cells begin to re-emerge gradually during a period of
6 months without returning to baseline levels. This activity is
believed to prevent an aggressive lymphocytic immune
response after transplantation and allow a more gradual
engagement of the host immune system under low
conventional immunosuppression. This regimen of host
conditioning prior to transplantation followed by minimum
post-transplant immunosuppression could increase the
chance of developing tolerance.154 Encouraging results have
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been reported in 31 kidney recipients treated with
alentuzumab and half dose cyclosporin,155 and in 14 intestinal
and nine multivisceral transplantations treated with
Campath-1H and low dose of tacrolimus.156 Tzakis et al.
reported their experience of 19 liver transplant patients (HCV
patients were excluded) treated with Campath-1H and half
the usual dose of tacrolimus in a steroid-free maintenance
regimen.157 Over a follow up period of 4 months,
opportunistic infections were not frequent and only four
patients presented clinical evidence of mild acute rejection.
These are preliminary results and larger series and longer
follow up are needed. 

In summary, available data on the use of anti-IL-2R
monoclonal antibodies in liver transplantation suggest that
the drugs have good early safety, at least in patients with non-
HCV cirrhosis and are well tolerated, but more randomized
trials are needed to elucidate the ideal dose and indications
for these promising drugs. Then long-term studies are needed
to assess potential effects on de novo malignancies.

Trials of ursodeoxycholic acid

Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid
that has been shown to protect the liver parenchyma
in cholestatic states and possibly to slow the progression
of primary biliary cirrhosis.158,159 Additionally, UDCA
has been shown to reduce the expression of major
histocompatibility complex (MHC) class I antigens in
patients with primary biliary cirrhosis and therefore may
have immunomodulatory effects on T cell-dependent liver
damage.158–160 During acute cellular rejection, there is an
expression of MHC class I and II antigens on hepatocytes,
although these are not primary target cells. Cholestasis
itself may induce an increased expression of MHC class I
antigens on hepatocytes, which can lead to lymphocyte
CD8 + -dependent cytotoxicity.161 Based on these theoretical
considerations, UDCA could be used as adjuvant therapy to
decrease acute cellular rejection episodes in liver transplant
patients. C5

B4

There are five randomized controlled trials evaluating
UDCA (10–15 mg/kg) for prevention of acute allograft
rejection in liver transplant patients.

1 The Nordic Multicenter double blind randomized
controlled trial of prophylactic UDCA in liver transplant
patients (54 UDCA, 48 placebo)162

2 Fleckenstein et al. (14 UDCA, 16 placebo)163

3 Pageaux et al. (26 UDCA, 24 placebo)164

4 Barnes et al. (28 UDCA, 24 placebo)165

5 Angelico et al. (16 UDCA, 17 placebo)166

Four randomized controlled trials162–164,166 showed that
UDCA was not effective for prevention of acute rejection in
liver transplant patients. Although Barnes et al.165 found that
there were significantly fewer patients in the UDCA
treatment group who had multiple episodes of acute rejection
(0 v 6), the severity of rejection was not described. There is
no good evidence to recommend UDCA as therapy to prevent
rejection (Table 36.6). 

Granulocyte-colony stimulating factor

Studies in animal models as well as clinical trials have
demonstrated significant benefits of human recombinant
granulocyte-colony stimulating factor (G-CSF) for the
treatment of infections in bone marrow recipients, while the
experience in solid organ transplantation is more limited.
However G-CSF is useful in reversing leukopenia in solid
organ transplant recipients and is safe. Only one study has
suggested an association with a worsening of renal graft
function,167 but in most series renal function was not affected
and no increase in rejection episodes was seen. Indeed in one
study, G-CSF used for the first 7–10 days was associated
with a lower incidence of acute rejection in 37 liver
transplant recipients, as compared with historical controls
(n = 49) receiving the same immunosuppressive protocol
(22% v 51%).168 A proposed mechanism to account for a
lower rate of rejection with G-CSF, is the significant reduction
in serum TNF levels, which may be a key factor in
allograft rejection.169,170 However, a subsequentC5
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Table 36.5 Studies of induction therapy in liver transplantation

Authors Monoclonal Immunosuppression Patients Impact on HCV

Yan et al.151 Daclizumab CyA, S, MMF 23 (31 controls) Possible benefit
Neuhaus et al.148 Basiliximab CyA, S 381 Possible benefit
Calmus et al.146 Basiliximab CyA, S, AZA 101 (31 HCV+) No obvious harm
Eckhoff et al.140 Daclizumab CyA, S, MMF 39 (58 controls) Not specifically examined
Hirose et al.143 Daclizumab MMF, S 32 Not specifically examined
Washburn et al.152 Daclizumab TAC, MMF, S 30 No obvious harm
Eason et al.136 RATG TAC, MMF, S 35 (35 controls) No obvious harm

RATG, rabbit antithymocyte globulin; CyA, cyclosporin; MMF, mycophenolate mofetil; TAC, tacrolimus; HCV, hepatitis C virus;
AZA, azathioprine; S, steroid



multicenter randomized placebo-controlled trial comprising
194 patients171 did not confirm the previous report, showing
that the prophylactic administration of G-CSF (100 or 300
micrograms/day for a maximum of 21 days) had no beneficial
effects on infection rates. Moreover the incidence of
biopsy proven rejection was more common in the G-CSF
treated group compared with placebo (30% v 19%).
Additional studies are needed to determine the optimal use of
G-CSF to prevent or treat acute rejection.

Future immunosuppressive drugs:
non-biological agents in preclinical and
clinical studies

The future immunosuppressive strategies will be designed
to help the development of tolerance of the allograft,
selectively stimulating instead of suppressing the recipient’s
immune reaction. Studies of the current immunosuppressive
agents suggest two ways in which this goal might be attained:
first, the use of calcineurin inhibitors could be avoided in the
first few days after transplantation, allowing initial
allorecognition and potential tolerizing interactions to take
place; or second, newer immunosuppressive agents that do
not block tolerance induction in experimental models could
be used instead.172,173

Everolimus is a rapamycin derivate with improved
bioavailability, currently in multiple phase III clinical
trials. Everolimus has been studied in large randomized
trials designed to evaluate efficacy equivalency with
mycophenolate mofetil. These ongoing studies show that
everolimus (1·5 mg and 3 mg/day) and mycophenolate
mofetil (2 mg/day) produce similar low rates of acute renal
rejection in renal transplant recipients receiving triple
immunosuppression therapy with cyclosporin and
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corticosteroids. Lower incidence of cytomegalovirus infection
was also reported.174

It has been reported that it inhibits the growth of human
Epstein-Barr virus-transformed B lymphocytes in vitro and in
vivo, suggesting that it may be effective in prevention and
treatment of post-transplant lymphoproliferative diseases.175

Studies of everolimus in liver transplantation are currently
being carried out.

Leflunomide, a member of malononitrilamide family,
targets the de novo pathway of pyrimidine biosynthesis and
thus inhibits T and B cell proliferation. It has been approved
for use in patients with active rheumatoid arthritis. A
retrospective review of the use of leflunomide was carried out
in 53 liver and kidney transplant recipients. In 12 of 18 renal
patients treated with leflunomide for 200 days or more the
dose of calcineurin inhibitors was reduced by a mean of
38·5%, and stopped in one patient. The prednisone dose was
reduced by a mean of 25% in these same 13 patients.
Calcineurin inhibitors were stopped completely in four liver
recipients and reduced by 65% in another patient. No
evidence of acute rejection developed in any of these liver or
kidney transplant patients.176

FK778, a synthetic derived of leflunomide, has been
developed to reduce the extended half-life of leflunomide,
while maintaining similar therapeutic efficacy and with a
more favorable pharmacokinetic profile.177

FTY 720 is a unique immunosuppressive agent that not
only inhibits lymphocyte proliferation, but also results in a
redistribution of lymphocytes into lymph nodes and out of
circulation. This ability of FTY 720 to impair effector T cell
homing is achieved without affecting induction or expansion
of memory responses, suggesting that it may leave tolerizing
interactions intact.178 In animal models its use
prolonged allograft survival with remarkable potency.179
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Table 36.6 Randomized controlled trials of ursodeoxycholic acid (UDCA) for prevention of liver transplant rejection

Study Dose (duration) Days after transplant Acute rejection (%)

Pageaux et al. (1995)164

26 UDCA 600 mg/day 3–5 34
24 placebo (2 months) 37
Nordic Multicentre (1997)162 1 65
58 UDCA 15 mg/kg per day 68
48 placebo (3 months)
Barnes et al. (1997)165

28 UDCA 10–15 mg/kg per day 3–5 61
24 placebo (3 months) 71
Fleckenstein et al. (1998)163

14 UDCA 15 mg/kg per day 1 79
Angelico et al. (1999)166

16 UDCA 250 mg twice daily 5 57
17 placebo (12 months) 67



In stable renal transplanted recipients, a single oral dose
of FTY 720 (0·25–3·5 mg) was well tolerated and caused
reversible selective lymphopenia within 6 hours.180

Immunosuppression in HCV recipients

HCV reinfection after liver transplantation seems to have
a much more rapid and aggressive course. Thus, modulation
of immunosuppression may be a clinical approach to prevent
rapid progression of HCV infection after liver transplanta-
tion. The exact role of the immune system in the
pathogenesis of HCV-related chronic liver injury and
progression of fibrosis has not been clarified.181 Collier and
Heathcote182 reviewed the behavior of HCV infection in
patients with impaired B cell or CD4 T helper 1 cell
immunity, confirming that in these patients, HCV-related
disease has a more rapid progression than in immuno-
competent patients and the rate of progression seems to
correlate with the degree of immunosuppression. The
association between HCV recurrence and immunosuppres-
sion, as cause and effect seems logical, but as yet has not
been clearly defined.183 Global immunosuppression, and not
a single immunosuppressive agent, influences the severity of
recurrence of HCV.

Steroids massively increase serum HCV-RNA levels and
high total cumulative dose and/or high number of steroid
boluses have been associated with worse outcome.184

The link of steroid treatment and anti-rejection therapy to the
worsening of hepatitis C recurrence has prompted many
centers to advocate steroid therapy withdrawal.59,185–187

Despite widespread acceptance of the principle of steroid
withdrawal in patients with chronic hepatitis C, data are
limited on the efficacy of this approach. Rapid withdrawal of
steroids,188 or even no steroids at all,80 and also a slow
tapering of steroids over a prolonged period189 have all been
suggested to prevent aggressive post-orthotopic liver
transplantation HCV recurrence. Recently, Fasola et al.190

have retrospectively evaluated the effect of steroids on HCV
recurrence (assessed by the degree of fibrosis) at 24 months
from transplantation, during recent years. The authors
concluded that the shorter intervals and reduced doses of
steroids used in recent years, could explain the more
aggressive HCV recurrence after transplantation. Our
experience is completely the opposite. Randomized
controlled trials of steroid withdrawal or of steroid avoidance
in HCV-positive transplanted recipients, are needed to fully
address these issues.

Existing data show no consistent differences between
cyclosporin and tacrolimus-based immunosuppressive
regimens in the incidence and severity of post-orthotopic liver
transplantation recurrent hepatitis C.191,192 There does not
seem to be any association between the type of triple or
double immunosuppressive therapy and the outcome of post-
transplant HCV infection. In one study, however, azathioprine
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C5 containing regimens were suggested to reduce histological
HCV recurrence and delay post-transplant hepatitis C
progression.191 Moreover, in a retrospective analysis of 59
HCV transplant patients who survived at least 12 months,
single immunosuppressive therapy ab initio (cyclosporin or
tacrolimus) was found to be associated with less fibrosis
compared with triple or double immunosuppressive regimens.80

In particular, severe fibrosis or cirrhosis at a median
follow up of 24–36 months developed in 17 (37%) of 46
patients treated with triple or double immunosuppressive
regimens and in only 1 (6%) of 17 patients treated with a
single agent (P = 0·01).80 In an ongoing randomized trial in
our center patients transplanted for HCV-related cirrhosis are
being treated with tacrolimus monotherapy ab initio with no
increase in the frequency or severity of histological or
treated rejection compared with a triple regimen of
tacrolimus azathioprine and prednisolone.137 Single-agent
immunosuppression is possible in liver transplantation.193

The influence of azathioprine on the recurrence of
hepatitis C has been reported in a few studies. In a
retrospective review194 histological hepatitis C recurrence
was seen in 43 of 65 patients, with progression in 19
(fibrosis, = grade 2 at last follow up). Those patients who
received azathioprine-containing immunosuppressive
regimens experienced less frequent recurrence (6/17
v 37/48, P < 0·005) and progression (1/17 v 18/48,
P = 0·014) than those who did not receive azathioprine. 

In a recent review of current advances and potential future
therapies for hepatitis C, mycophenolate mofetil was
mentioned as a possible antiviral agent because of its
ribavirin-like effects.195

Yet, the impact of mycophenolate mofetil therapy in HCV-
positive transplant recipients remains unclear. Jain et al.196 in
a randomized controlled trial of 106 HCV-positive patients,
using mycophenolate mofetil in conjunction with tacrolimus
plus prednisolone found no benefit in term of HCV
recurrence rates, graft loss and death. A large controlled trial
comparing mycophenolate mofetil with azathioprine in
patients given cyclosporin plus prednisolone found a lower
prevalence of clinical and histological recurrence of chronic
hepatitis C at 6 and 12 months after transplantation (18·5%
with mycophenolate mofetil v 29·1% with azathioprine).112

However, another report suggested that mycophenolate
mofetil was detrimental, resulting in greater than a three-fold
increase in risk of graft failure.197 Reasons for the potential
beneficial effect of mycophenolate mofetil could include a
direct effect on HCV versus better suppression of rejection
and reduced need of anti-rejection treatment. To evaluate
the antiviral effect of mycophenolate mofetil on HCV
replication, 30 patients with chronic hepatitis C who had not
undergone transplantation, were randomized to treatment
with mycophenolate mofetil (2 g/day, 1 g/day, 0·5 g/day
or placebo) for 8 weeks. HCV RNA levels and serum
transaminase did not change during the study.198 Ald
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Recently, Berenguer et al.,199 in a retrospective evaluation
of 554 liver recipients in more than one center, had
developed a model based on pre and/or early post-
transplantation variables, which may predict severe HCV
recurrence. Amongst the evaluated variables, they found that
use of OKT3, induction with mycophenolate mofetil and
short duration of prednisone (12 months) and azathioprine
(< 6 months) therapy had an adverse effect on HCV-related
disease progression. 

Induction immunosuppression (with monoclonal or
polyclonal antibody) is not a common practice in liver
transplantation, except in recipients with compromised renal
function. This therapy given in the perioperative period,
allows depletion of circulating lymphocytes and permits the
withholding of calcineurin inhibitors. Data from Garcia-
Retordillo et al.150 suggest that the use of induction with anti
IL-2R monoclonals combined in a protocol without steroids,
avoids the early expansion of circulating HCV RNA.

However, at present, the published data from seven
studies140,143,146,148,151–153 do not allow a consensus on the impact
of induction monoclonals or polyclonals on HCV recurrence or
its severity (see Table 36.5). Limitations of these studies include
small numbers, use of a variety of induction agents, lack of
comparative study design and variable endpoints.

Thus, further data are needed before definite conclusions
for the role of induction on post-transplant HCV recurrence
can be drawn. Given that increased immunosuppression is
associated with more severe recurrent hepatitis C, and
rejection may not need to be treated as aggressively as once
believed, the inverse maxim of “less is more” should be
followed.

There is no conclusive evidence, but less intense
immunosuppression in general appears to be beneficial to
patients. This probably applies even more to transplanted
HCV-cirrhotic patients than transplanted non-HCV cirrhotic
patients.

Chronic ductopenic rejection 

Definition

Chronic or ductopenic rejection is mainly an immunologic
injury to the allograft and can result in irreversible damage to
the bile ducts, arteries and veins. The pathogenetic
mechanism is obscure and the role of histocompatibility and
viral agents is unclear. Mast cells seem to be important
effector cells.200

Its incidence at 5 years after transplantation has decreased
from 10–15% in the 1980s to 3–5% in current recipients.201

This may be due to a better recognition and control of acute
and early phases of chronic rejection, 202,203 but there may
be other reasons such as improvements in preservation
solutions.

B4

Clinical and laboratory findings

The natural history is poorly understood. Many cases occur
following unresolved acute cellular rejection episodes.
Chronic rejection in liver allografts shares risk factors and
morphological characteristics with chronic rejection seen in
other solid organ transplants but there are also substantial
differences. It has a relatively rapid onset, usually within
several months, but it can be weeks after transplantation,
often following a progressive course. The peak incidence of
graft failure from chronic rejection is 2–6 months post-
transplantation204 and it progressively decreases with time.
Most cases require re-transplantation within the first year.
Chronic rejection presenting after 1 year post-transplantation
is “late onset chronic rejection” which presents more
insidiously and may have different histological features.205

However, despite its progressive course, in most cases it is
potentially reversible, a quality that has been attributed to
apparently unique immunologic properties and remarkable
regenerative capabilities of the liver.206

The diagnosis is clinically suspected when a patient
develops progressive cholestasis and an increase in canalicular
enzymes.18 The early transition from acute to chronic
rejection may be associated with an elevation in AST levels,
which along with bilirubin concentrations, are associated
with graft failure from chronic rejection. As with acute
rejection, the clinical and biochemical manifestations of
chronic rejection are non-specific and therefore the diagnosis
also requires histological confirmation.

In the study by Theruvath et al., evaluating 924 liver
transplants with a median follow up of 66 months, the overall
incidence of histologically proved chronic rejection was 2·1%.
Primary sclerosing cholangitis and a history of acute rejection
were variables associated with an increased risk for development
of chronic rejection.207

Histopathological features

Two main histologic features are considered diagnostic:
damage or loss of small ducts (less than 60 < µm in diameter)
in more than 50% of the portal tracts, and foam cell
obliterative arteriopathy of large and medium sized arteries.18

Recently it as been recognized that distinct early
histopathological changes presage disappearance of bile ducts
in the form of a parenchymal inflammatory reaction. The early
recognition of this “hepatitic” phase208 may be of fundamental
importance. It could indicate the need for increased or altered
immunosuppressive therapy. In the past it may have been
mistakenly diagnosed as superimposed hepatitis leading to an
inappropriate reduction of immunosuppression, which could
exacerbate the chronic rejection.

Bile duct loss in more than 50% of portal tracts and
absence of necroinflammatory activity, represent late
histopathologic changes, the classic textbook description, but
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these changes are late in the evolution of the process and are
likely to be irreversible. Diagnosis at this stage may be useful
in deciding when to list a patient for re-transplantation;
additional immunosuppressive therapy is unlikely to be of any
benefit and may do harm by increasing the risk of infection
prior to transplantation.

Grading and staging

There is a tentative scheme for grading chronic rejection
proposed by the National Institute of Diabetes, Digestive, and
Kidney disease209 (Box 36.1).

Treatment

Treatment is dependent on the stage at which the process
is diagnosed. Cases of early chronic rejection may respond to
increased dosage of tacrolimus which is the only effective
rescue therapy, documented by different centers, resulting in
a 70% graft survival at 1-year follow up. Patients who have a
serum bilirubin level less than 10 mg/dl at the time of
conversion to tacrolimus and who develop chronic rejection
more than 90 days after transplantation, have the best
response.94 The combination of mycophenolate mofetil
with sirolimus has also been reported in an animal model to
be effective in chronic rejection. Sirolimus may help to reduce
arterial intimal thickening which is believed to be a
pathophysiological root cause of chronic rejection.210

However, the safety and benefit of sirolimus alone for chronic
rejection is currently unknown.
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Neff et al. in a retrospective review of 21 transplant
recipients with clinical and histological diagnosis of chronic
rejection treated with sirolimus (0·07 mg/kg) and tacrolimus
(serum level 8–10 ng/dl), showed an improvement in the
bile duct to hepatic artery ratio and total bilirubin levels.
However, a large number of patients experienced drug-related
side effects and were unable to tolerate therapy.211

Re-transplantation remains the best treatment for chronic
rejection associated with severe biochemical cholestasis and
advanced bile duct loss which is usually unresponsive to
immunosuppression. The recurrence rate of chronic rejection
is as high as 90%,212 although it is not clear if some
characteristics, for example early re-transplantation are
predictive factors for recurrence.

Recently it has been recognized that some cases of
advanced chronic rejection have recovered spontaneously, or
with the use of additional immunosuppression. In some of
these cases, follow up liver biopsies have shown a persistent
paucity of bile ducts without other histological features of
chronic rejection. Ductopenia has also been noted as an
incidental finding in protocol biopsies taken at annual review
from patients who are clinically well, with no previous
biopsies suggesting chronic rejection. These findings suggest
that some patients may suffer permanent duct loss as a result
of rejection, but that sufficient ducts remain to allow the graft
to function normally. Because of these observations and the
risks associated and logistical difficulties with a second
transplantation, the decision to re-transplant should only be
made when a confident diagnosis of irreversible and
progressive graft damage is established.
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Introduction

Rejection and infection – including post-transplant
lymphoproliferative disease – are now the major barriers to
successful orthotopic liver transplantation (OLT). The
interplay of rejection and infection is complex.1 Infection
dominates the early postoperative period with bacterial sepsis
the leading cause of death in several series,2–4 and an
independent risk factor for mortality5; increasingly these
infections are due to multiply resistant bacteria, some of
which have become significant pathogens in liver transplant
centers. These “hospital pathogens” include glycopeptide-
resistant enterococci, methicillin-resistant Staphylococcus
aureus (MRSA), extended-spectrum β-lactamase (ESBL)
producing “coliforms” and non-fermentative bacteria such
as Stenotrophomonas maltophilia and Acinetobacter
baumannii.6 There is evidence that bacterial infection is a risk
factor for fungal infection7–9; that cytomegalovirus (CMV)
exerts an immunomodulatory effect, and that CMV and
hepatitis C virus are risk factors for fungal10 and bacterial
infection, respectively.11

Bacterial infection

The overall rate of bacterial infections following OLT is
between 5% and 60%,2,4,12–21 and related mortality between
4.6% and 81%.3,13 Comparing infection rates from different
centers is hindered by variable duration of follow up,22–25

inconsistent inclusion or exclusion of second or subsequent
OLTs,21,22,25 and the use of a variety of regimens for
immunosuppression.11,27–29 Some OLT series include data from
both adult and pediatric patients16,26,30,31 and from living
related donors.19,32 Further, lack of definitions of infection
sometimes makes meaningful interpretation difficult.2,14,25,33–36

This variability also complicates interpretation of the efficacy
of different regimens for prophylaxis.

Risk factors for bacterial infection

Identifying those patients most at risk for infection should
allow more rational decisions concerning prophylaxis and
treatment. Multivariate analysis has identified risk factors for
bacterial infection (Table 37.1). These include elevated serum
bilirubin pre-OLT, although the reported cut-off values
differ.2,37 In the perioperative period the only surgical variable
identified in more than one study as a risk factor is prolonged
duration of surgery.31,37 Following OLT, one or more episodes
of cellular rejection21,24 and additional immunosuppression24,38

are interrelated risk factors for bacterial infection demon-
strated in more than one study.24,38 Other risk factors include
acute renal failure.39

Perioperative antibacterial prophylaxis

Based on local experience and observational studies, there
is a consensus that antibacterial prophylaxis should be used in
the perioperative period. For a long surgical procedure
requiring an extensive incision and both biliary and vascular
anastomoses, this approach seems reasonable. However,
there are no randomized controlled trials of perioperative
prophylaxis. Most OLT centers use a regimen comprising
a cephalosporin (cefotaxime, cefoxitin, ceftriaxone or
ceftazidime) with either ampicillin or tobramycin, with
various combinations advocated for penicillin-allergic
patients.2,4,14,22,23,25,27,34,35,40,41 Cefotaxime has been described
as “the antibiotic of choice”, as its spectrum of activity
encompasses many of the Gram-negative and Gram-positive
bacteria implicated, without affecting the anaerobic intestinal
flora. Cefotaxime is also used in centers employing selective
bowel decontamination (SBD). Some centers use the
extremely broad spectrum carbapenem, imipenem.42,43 Gaps
in the spectrum of the carbapenems may encourage
superinfection with enterococci (including glycopeptide-
resistant Enterococcus faecium), or the intrinsically
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carbapenem-resistant S. maltophilia. Similarly, third-
generation cephalosporin use can select for multiply resistant
Gram-negative bacilli such as Acinetobacter spp. and ESBL-
producing Enterobacter spp. Generally, the choice of regimen
for perioperative antibacterial prophylaxis does not appear to
determine subsequent infection rates. Local experience and
microbiology results should dictate the agents used. It may be
appropriate to use a narrow spectrum agent for elective OLTs
whilst reserving broader spectrum regimens for re-transplants
or for patients with complex pre-OLT hospital admissions.

Depending on the local incidence of infection, consideration
should be given to the use of nasal mupirocin ointment pre-
OLT to eradicate carriage of methicillin-sensitive S. aureus or
MRSA; for the latter preoperative skin decontamination may
be appropriate, though there are no controlled trials in OLT to
support either approach.44–47 No interventions are
available for eradicating other multiply resistant bacteria.
Isoniazid chemoprophylaxis to prevent reactivation of
Mycobacterium tuberculosis may be warranted for OLT
patients with a previous history, a family history or tuberculin
skin test reactivity, though in an endemic area the latter may
not be a sensitive indicator of those most at risk.48–50

Prophylaxis in the post-transplant period

For post-OLT prophylaxis of bacterial infection, the major
difference between centers is in the use of SBD. The concept
of SBD evolved from data suggesting that elimination of
enteric aerobic Gram negatives, whilst preserving the gut
anaerobic flora, limits colonization or overgrowth by aerobic

C5

Gram-negative bacilli,51–53 which are major nosocomial
pathogens. The topical, non-absorbable antibiotics of SBD
regimens usually eradicate aerobic Gram-negative bacilli from
the mouth in 2–3 days, but eradication from the gut may
take from 7 to 10 days54; intravenous antibacterials may be
used to cover this period. The rationale for SBD in OLT is
the predominance of infections caused by Gram-negative
bacilli,4,34,37 and yeasts,55 both of which are “targeted” by SBD.
Gram-negative bacillus infections may follow enterotomy,33

or occur via translocation from the gut,56 or aspiration of
pharyngeal secretions as a prelude to pneumonia.57

The Mayo Clinic group were the first to adopt SBD
routinely for all OLT patients. The regimen is administered
from 2 to 3 days pretransplant and continued until discharge
(21 days); a topical antibacterial paste is applied while the
patient is ventilated.9,14,58 Although the uncontrolled Mayo
Clinic data consistently suggest that SBD reduces peri-
operative Gram-negative infections,9,14,22,23 not all centers
using this regimen (Table 37.2) have achieved similarly low
infection rates.40,59,60 The optimal timing,9,14,23,26,58 duration,
and composition of the SBD regimen have not been
established. A regimen of gentamicin, nystatin, and
polymyxin E is used at the Mayo Clinic,9,14,22 while
tobramycin replaces gentamicin at other centers. At the Mayo
Clinic the SBD is initiated 3 days before transplantation.
Initiating SBD in patients on a waiting list, when the time to
transplantation is unknown, is difficult. Adverse effects on the
gastrointestinal tract, especially diarrhea, have been reported
in up to a third of patients,26,30,58 and poor compliance has
been reported in up to 18% of patients.30 The economic
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Study

Cuervas-Mons et al., Pittsburgh (1986)2

Murcia et al., Madrid (1990)31

George et al., Chicago (1991)37

Wade et al., London (1994)21

Saliba et al., Paris (1994)39

Arnow et al., Chicago (1996)30

Gotzinger et al., Vienna (1996)24

Singh et al., Pittsburgh (1997)11

Whiting et al., Cincinnati (1997)28

Gayowski et al., Pittsburgh (1998)38

No. of patients

93

30
79

284

304

69
248

130

102
130

Risk factors

Pre-creatinine ≥ 1·52 mg/%; pre-PMN ≥ 4847 cell/mm;
pre-IgG ≥ 1546 mg/dl; pre-bilirubin ≥ 18·28 mg/dl;
pre-WBC ≥ 7211 cell/mm3

Previous surgery; prolonged surgery; arterial thrombosis
Pre-OLT bilirubin ≥ 12·28 mg/dl; duration of surgery ≥ 8 hours
One or more episodes of acute cellular rejection; prolonged hospital

admission
Pre-transplant thrombocytopenia; post-OLT acute renal failure;

diabetes mellitus
Pediatric; surgical complications
Increased immunosuppression; prolonged cold ischemia time, one or

more rejection episodes; high blood replacement
Early infections; portal vein thrombosis (100 days); late infections;

hepatitis C virus recurrence
Re-transplantation
Length of ICU stay; additional immunosuppression

Table 37.1 Risk factors for bacterial infection following orthotopic liver transplantation (OLT) determined
by multivariate analyses

PMN  ; ICU, intensive care unit



implications of SBD have been evaluated; regimens
containing amphotericin B are the most expensive.30

Results from six randomized controlled trials of SBD are
given in Table 37.3. An initial report from Birmingham25

demonstrated a significant reduction in episodes of infection
during an observation period of 15 days, but the final report
did not show a significant effect on the incidence of infection,
the occurrence of endotoxemia, the development of organ
system failure, or mortality.61 A study from Chicago showed
no statistically significant benefit of SBD on infection rates
during a 28-day period of observation.30 This study also
highlighted the practical problems associated with the
administration of SBD: adverse effects, poor compliance and
the difficulty of predicting the time of transplantation if SBD is
initiated whilst the patient is on a waiting list. A study of 36
pediatric patients in Pittsburgh which used a short period of
SBD did not show a statistically significant reduction in either
the number of total episodes of infection or mortality,26

although it did show a significant reduction in the number of
patients experiencing Gram-negative infections. Two recent
studies62,63 reported that SBD did not affect the incidences of
total infections, or any specific infection (though there was a
reduction in pneumonia in the Mayo Clinic study63); that the
infection-related mortality was not reduced, and that SBD
was not cost-effective. In the Mayo Clinic study the SBD was
microbiologically monitored and the authors did not
encounter an increase in resistant bacteria. The study from
Rotterdam62 revealed a reduction in the proportion of infections
due to Gram-negative yeasts, an effect of SBD described
elsewhere.60,64 Other studies from Rotterdam conclude that
SBD does not prevent endotoxemia in OLT65 and is not a cost
effective intervention for this group.66 A meta-analysis of
22 randomized controlled trials involving 4142 patients in
intensive care units showed that SBD reduces infection-
related morbidity (number needed to treat (NNT) to avoid
one respiratory tract infection = 6; range 6–9).67 However, no

significant effect on mortality was demonstrated, except by
subgroup analysis of those trials that employed combined
topical and systemic antibiotics. 

An alternative approach employed by some centers in
the USA is the use of oral quinolones to eliminate
the gut “pool” of aerobic Gram-negative bacilli.60,68 The
Cleveland group used quinolones in the interval between
listing for transplantation and 28 days post transplant and
reported a decrease in infection rates compared with
historical controls.68

Although some centers consider SBD to be of benefit,69

available data from controlled trials is insufficient to
recommend SBD for all OLT patients: prophylactic regimens
should target those patients identified as being at high risk of
infection (see Table 37.1). Administration of SBD for 3 or
more days before transplantation may be beneficial but there
is only comparatively weak evidence to support this view.

Treatment of bacterial infections

The global increase in multiply resistant bacteria6 dictates
that bacterial infections should be treated not only according
to the site of infection and the confirmed or most likely
pathogen, but also taking in to account local susceptibility
patterns and antimicrobial policy.

Fungal infection

The incidence of systemic fungal infection in OLT patients
varies from 2·9% to 31%, and fungal infection has a major
impact on morbidity and mortality.9,10,21,42,43,55,64,70–74 Diffi-
culties in the clinical or laboratory confirmation of fungal
infection make comparisons of infection rates problematical.
Reports that only include cases confirmed by isolation of the
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Study

Wiesner et al., Mayo Clinic (1987)58

Busuttil et al., UCLA (1987)40

Paya et al., Mayo Clinic (1989)14

Rosman et al., Groningen, the
Netherlands (1990)59

Kuo et al., Baltimore (1997)60

No. of patients

145

100

100

39

18

Antibiotic regimen

Polymyxin E, gentamicin,
and nystatin

Neomycin, erythromycin,
and nystatin

Polymyxin E, gentamicin,
and nystatin

Polymyxin E, tobramycin,
amphotericin B

Ciprofloxacin, nystatin

Timing of SBD

− 3 → 21 days

Not stated

− 3 → 21 days

− 6 hours →
~36 days

High risk patients,
admission to
OLT ~23 days

Total % infections

24·1 early

51

25·5

45

55

Table 37.2 Infection rate in centers employing selective bowel decontamination (SBD) in orthotopic liver
transplantation (OLT)



organism, or serological detection of antigens or antibodies,
without histopathological confirmation of invasion, may
overestimate the true incidence of fungal infection. In
addition, as the diversity of interventions for prophylaxis
increases, so does the difficulty in making meaningful
comparisons between centers.

Fungal infections in OLT usually occur within the first
month after transplantation, and are associated with mortality
rates between 5·3% and 80%.29,34,42,43,64,75,76 There is some
evidence that invasive aspergillosis is occurring later in the
post-transplant course with a lower mortality (60%).77 The
majority of fungal infections in OLT recipients are caused by
Candida spp.; mold infections, including Aspergillus spp.,
may be encountered in patients receiving transplants for
fulminant hepatic failure, severely immunosuppressed
patients or those with CMV infection. The proportion caused
by Candida spp. was reported to be 87% in Boston,10 78% in
Pittsburgh,78 and approximately 50% in other centers.9,21,74

Aspergillus spp. and the agents of mucormycosis are far less
often implicated, but these infections are associated with
mortality ranging from 60% to 100%.5,55,78–80

Risk factors for fungal infection

Problems with diagnosing and attributing mortality to
fungal infection have prompted attempts to identify those
patients most at risk.9,10,14,21,29,43,75,76 Multivariate analyses
have identified risk factors related to the severity or
complexity of the patient’s pretransplant status (Table 37.4).
Prolonged duration of surgery and an increase in transfusion

requirements have been identified as risk factors by two or
more centers.10,14,29,55,76 It is impossible to ascertain whether
these associations reflect severity of underlying illness,
complexity of surgery or are markers for other unidentified
variables. In the post-transplant period, re-transplantation,10,75

bacterial infection,14,75 and return to the operating room10,21

have been identified as risk factors (see Table 37.4). Other
risk factors associated with enhanced immunosuppression
identified by multivariate analysis include corticosteroid use
and CMV infection.10,29,75,81–83 An association between CMV
infection and fungal infection has also been reported82,84

(see below).

Prophylaxis against fungal infection

Due to the potentially high mortality of fungal infection, all
liver transplant centers employ some form of antifungal
prophylaxis, often empirical use of the oral non-absorbable
polyenes, nystatin and amphotericin B, or clotrimazole. A
total of 1233 patients from six case series (Table 37.5)
received nystatin. The average incidence of fungal infection
with this intervention ranges from 11% to 34%,7,8,19,54,55–58,68

and appears not to correlate with duration of antifungal
prophylaxis.9,10,21,85 When oral amphotericin B was used for
prophylaxis in two case series, the observed incidence of
fungal infection was 7%21 and 16·5%.43 The combination
of low dose intravenous amphotericin B with nystatin did
not prevent disseminated fungal infections in high risk
patients.11,86 The value of topical polyenes for preventing
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Study

aBadger et al.,
Birmingham, UK (1991)25

aBion et al.,
Birmingham, UK (1994)61

Arnow et al.,
Chicago (1996)30

Smith et al., Pittsburgh
(1993)26 (pediatrics)

Zwavelling et al.,
Rotterdam (2002)62

Hellinger et al.,
Jacksonville (2002)63

No. of
patients

30

52

69

36

53

80

Control

Nystatin

Nystatin

Nystatin

Perioperative
parenteral
antibiotics only

Placebo
Drugs

Nystatin

SBD antibiotic regimen

Polymyxin E, tobramycin,
amphotericin B5 → 15 days

Polymyxin E, tobramycin,
amphotericin B5 → 15 days

Polymyxin E, gentamicin,
nystatin, − 3 → 21 days

Polymyxin E, tobramycin,
amphotericin B6 ± 4 days

Colistin, tobramycin
Amphotericin B → 30 days

Polymyxin E, gentamicin
Nystatin − 3 to 21 days

Infection
rate controls

8/16

12/31

14/33

19 episodes
in 18 patients

25/29

12/43

Infection
rate SBD

2/14

3/21

14/36

32 episodes
in 18 patients

22/26

12/37

P

< 0·05

NS

NS

NS

NS

NS

Table 37.3 Randomized controlled trials of elective bowel decontamination (SBD) in orthotopic liver transplantation

aInterim and final analyses of this series.
NS, not significant



fungal infection is unproved, although the use of these non-
toxic agents to prevent oropharyngeal or esophageal
candidiasis seems logical. 

A randomized controlled trial compared the safety
and efficacy of fluconazole (100 mg/day) and nystatin73

(Table 37.6). Fluconazole was safe in OLT patients and
there was no evidence of interaction with cyclosporin.
Fluconazole resulted in fewer superficial fungal infections
(fluconazole 13%, nystatin 34%, P = 0·022, absolute risk
reduction (ARR) = 21%, NNT = 5). However, no statistically
significant difference in systemic infection (fluconazole 2·6%,
nystatin 9·0%, P = 0·12) or mortality was demonstrated. 
However, in a study using a higher dose of fluconazole
(400 mg daily) there was a reduction in superficial and
invasive fungal infection, as well as infection-related
mortality.88 In a randomized controlled trial, the incidence of
fungal infections in patients receiving fluconazole (400 mg
twice daily) or itraconazole solution (200 mg twice daily) –
from day of OLT to 10 weeks – was comparable.89 The
emergence of azole-resistant yeasts has been reported in
patients undergoing bone marrow transplantation,90 and in
AIDS patients, this was not a significant problem in these
trials, although as expected, Candida glabrata infections were

Alc

Alc

C5B4

not prevented. Fluconazole resistance has not been a problem
in other studies where this agent has been used as short-term
prophylaxis.91

The randomized trial reported by Tollemar et al.92 in
86 OLT patients (Table 37.6) demonstrated that liposomal
amphotericin B (1 mg/kg per day for 5 days) significantly
decreased early invasive fungal infections (amphotericin
0%, nystatin 16%, ARR = 16%, NNT = 6), but not invasive
Aspergillus spp. infections. Although liposomal
amphotericin B is expensive, this approach to prophylaxis may
still be cost effective given the cost of treating fungal infection.
There are no controlled trials identifying interventions to
reduce Aspergillus infections in OLT recipients, presumably
because of the low incidence. In a retrospective study, Singh et
al., showed that prophylaxis with a lipid preparation of ampho-
tericin B in patients requiring renal replacement therapy post-
OLT reduced the incidence of invasive fungal infections.93

Further trials of pre-emptive prophylaxis with standard
(for example amphotericin B, itraconazole) and novel (for
example voriconazole, caspofungin) anti-fungals in OLT
patients at high risk of Aspergillus spp. are needed. Recent
data suggest that prophylaxis for CMV infection may also
reduce the incidence of fungal infections (see below).84
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aInvasive aspergillosis only.
OLT, orthotopic liver transplantation; CMV, cytomegalovirus; HLA, human leukocyte antigen; ICU, intensive care unit; 
FFP, fresh frozen plasma.

Study

Tollemar et al.,
Sweden (1990)70

Castaldo et al.,
Omaha (1991)75

Collins et al., NEDH,
Boston (1994)10

Briegel et al., Munich
(1995)43

Hadley et al., Boston
(1995)29

Wade et al., London
(1994)21

Patel et al., Mayo
Clinic (1996)9

Fortun et al., Madrid
(2002)83a

No. of patients

29

303

158

152

118

284

405

260

Pre-OLT variables

Sex: male

Urgent status, RISK
score

CMV infection

↑ Hemoglobin ↑ Bilirubin

Class II HLA partial or
complete match

OLT variables

Prolonged surgery;
↑ transfusions

↑ Transfusions

↑ Operative time; renal
failure

Choledochojejunostomy; 
↑ transfusions

↑ Cryoprecipitates

Post-OLT variables

Re-transplantation; reintubation;
bacterial infection; 
↑ steroids; vascular complications; 
↑ antibiotic use

Re-transplantation; reoperation;
CMV infection

Hemofiltration or hemodialysis; 
↑ FFP transfusion

CMV infection ICU duration

Return to surgery; prolonged
therapy with ciprofloxacin

Bacterial infection

Dialysis
re-transplantation
CMV

Table 37.4 Risk factors for fungal infection following OLT – multivariate analyses



The value of routine prophylaxis for Pneumocystis jiroveci
(formerly Pneumocystis carinii) has not been proved. In the
absence of prophylaxis, the incidence of pneumocystis
pneumonia (PCP) has been reported to be between 3% and
11%.5,14,42,94,95 Low dose co-trimoxazole appeared to be
effective in reducing the incidence of PCP in a center with an
incidence of 30% prior to its introduction, but the evidence
for this benefit rests only on case series before and after the
intervention.96 B4

Treatment of fungal infection

There are no controlled trials of therapy for fungal infection
in OLT patients. Although superficial yeast infections may
respond to topical agents (nystatin, amphotericin B) or azoles,
resistance is a possibility and may take time to confirm. At
most centers the standard therapy for proved or suspected
invasive fungal infection is amphotericin B – or a lipid
preparation of amphotericin B – sometimes in low dose
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Study

Mora et al., Dallas (1992)42

Collins et al., Boston (1994)10

Castaldo et al., Omaha (1991)55

Steffen et al., Germany (1994)64

Briegel et al., Munich (1995)43

Wade et al., London (1995)21

Patel et al., Mayo Clinic (1996)9

Rabkin et al., Portland (2000)87

No. of patients

150

158

307

206

152

33
198
36

405
96

Antifungal prophylaxis regimen

In high risk patients: oral nystatin
plus IV amphotericin
B → 10–14 days

Nystatin oral → 3–6 months

Nystatin oral → 3 months

Nystatin, SBD

Amphotericin B SBD

No prophylaxis
Amphotericin B oral
Nystatin
Nystatin, SBD
Clotrimazole

Fungal infection (%)

7·5

21

23·8

27·8

16·5

12
7

19
11
38

SBD, selective bowel decontamination

Table 37.5 Incidence of fungal infection following orthotopic liver transplantation in case series employing antifungal
prophylaxis

Study

Tollemar et al.,
Sweden (1995)92

Lumbreras et al.,
Madrid (1996)73

Winston et al., Los
Angeles (1999)88

Winston and Busuttil,
Los Angeles

(2002)89

No. of
patients

86

143

212

188

Control
antifungal therapy

Nystatin

Nystatin

Placebo

Fluconazole
(400 mg once
daily)

Experimental

0/40 (0)

2/76 (3)

10/108 (9)

9/97 (9)

Control

6/37 (16)

6/67 (9)

45/104 (43)

4/91 (4)

P

< 0·01

0·12

< 0·001

NS

Table 37.6 Randomized trials of interventions for prophylaxis against invasive fungal infection in orthotopic liver
transplant patients

Experimental
antifungal therapy

Liposomal amphotericin B
and nystatin until
discharge

Fluconazole → 28 days

Fluconazole 400 mg/day
→ 10 weeks

Itraconazole solution (200 mg
twice daily) → 10 weeks

NS, not significant

Fungal infection/total (%)



combined with 5-flucytosine.76 Some retrospective studies
suggest that lipid preparations of amphotericin B may be more
effective than amphotericin B deoxycholate.97,98

However, the major benefits of the three lipid preparations of
amphotericin B are reduced allergic reactions and, more
importantly, reduced nephrotoxicity allowing administration of
considerably larger doses. Early diagnosis of Aspergillus spp.
infection is essential and currently depends heavily on clinical
acumen and high-resolution radiology; eventually molecular
diagnostics will improve early diagnosis reliably. Other
potential but unproved interventions include the use of
granulocyte-colony stimulating factor (G-CSF) or granulocyte
macrophage-colony stimulating factor (GM-CSF); interferon-γ;
surgical excision,99 and reducing immunosuppression.85

Novel agents (for example voriconazole, caspofungin,
micafungin) require evaluation in randomized controlled
trials. It is hoped that regimens combining polymerase chain
reaction (PCR)-based diagnostics with prompt, appropriate
and non-toxic anti-fungals – perhaps reflecting the “pre-
emptive therapy” approaches evaluated for CMV disease (see
below) – will result in optimum care.

Viral infection

Cytomegalovirus (CMV) is the most important and most
studied opportunist infection following OLT. Infection may
manifest as a syndrome of fever, leukopenia and thrombo-
cytopenia, and result in disseminated infection with hepatitis,
pneumonitis or gastrointestinal tract infection, usually within
3 months of transplantation. CMV infection is also implicated
in acute and chronic rejection and, via its immunosuppressive
effect, is a risk factor for bacterial and fungal infection. The
serological status of donor and recipient are important factors:
post-transplant CMV infection may be acquired from the graft
or, less often, blood products, or result from reactivation of
latent virus or superinfection with a new strain. Primary
infections are more severe than reactivation infection or
superinfection. Seronegative recipients of seropositive grafts
(D+/R−) are at highest risk of CMV infection. Up to 80%
of these graft recipients become infected and 60% develop
CMV disease. Protective matching of the graft reduces the
risk of CMV infection for seronegative recipients but the
scarcity of donor organs makes this approach impractical.
Re-transplantation and the use of antilymphocyte globulin or
OKT3 are also risk factors for CMV disease. Preventing
CMV disease, especially in D+/R− patients, would be a major
advance in liver transplantation.100–102 The value of active
immunization against CMV is being evaluated in various
clinical settings.

Interpretation of trials that compare different interventions
for CMV prevention (Table 37.7) is complicated by variation
with respect to patient population, immunosuppressive

C5

B4

regimens, outcome measures, and even by variability among
batches in human normal immunoglobulin (HN Ig) and CMV
hyperimmune globulins (CMV Ig). Some studies evaluated
interventions in all OLT recipients, while others studied pre-
emptive therapy for those with known risk factors for disease
such as use of OKT3, D+/R− status or evidence of CMV
shedding or viremia.

Passive immunization: immunoglobulin

HN Ig was shown to be ineffective for preventing CMV
disease in a randomized double blind trial comparing HN Ig
with albumen in 50 patients.103 In contrast, the small
randomized trial of CMV Ig conducted by Saliba et al.,104

found that 4 of 15 (26·6%) D+/R– patients receiving CMV Ig
post-OLT developed severe CMV disease, compared to 6 of
7 (85·7%) D+/R– control patients (P = 0·01). In a subsequent
randomized, double-blind, placebo controlled trial Snydman
et al. showed that CMV Ig decreased the incidence of severe
CMV-associated disease (including invasive fungal disease
with CMV infection) following OLT. Although subgroup
analysis did not show a reduction in CMV disease or severe
CMV-associated disease in D+/R− patients, there were only
19 such patients in each treatment arm and OKT3 was used
more often in the CMV Ig arm.82 In a further post hoc
analysis of this trial, which also included patients from a
further open label trial who received less OKT3, it appeared
that the same CMV Ig regimen reduced severe CMV disease
in the D+/R− subgroup.105 A meta-analysis of 18 studies of
HN Ig or CMV Ig prophylaxis in transplantation did not show
benefit of CMV Ig over HN Ig. However, this analysis
included patients with various solid organ transplants, as well
as bone marrow transplants.106 In summary there is
evidence that CMV Ig but not HN Ig can prevent CMV disease
in OLT patients other than in the high risk (D+/R−) group.

Antiviral prophylaxis: acyclovir and ganciclovir

Saliba et al.,107 in a randomized controlled trial which
included 120 CMV seropositive OLT recipients, showed that
acyclovir was well tolerated and was effective for prophylaxis
against CMV reactivation, reinfection, and CMV disease. No
differences in acute rejection, chronic rejection or mortality
were demonstrated.107 The randomized trial of Green et
al.108 in 29 children undergoing OLT did not show any
reduction in CMV infection from 1 year of acyclovir therapy
following an initial 2 weeks of ganciclovir post-OLT. 

Nakazato et al.,109 randomized 104 patients to receive HN Ig
plus either acyclovir or ganciclovir whilst hospitalized. After
discharge all patients received oral acyclovir. Ganciclovir reduced
the incidence of CMV disease (ganciclovir 3·8%, acyclovir 15%,
P < 0·05) and rejection and the duration of hospitalization after
OLT. Subgroup analysis of 16 D+/R− patients did not showAla
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any benefit of ganciclovir.109 In a randomized trial in which
sequential ganciclovir (14 days) and high dose acyclovir
(10 weeks) was compared with high dose acyclovir alone for
12 weeks,110 ganciclovir delayed the onset and decreased the
incidence of overall CMV infection, but neither regimen was
shown to prevent primary CMV infection. Cohen et al.111

randomized 65 patients to receive ganciclovir prophylaxis
given during weeks 3 and 4 post-transplant or ganciclovir
only as a therapeutic intervention. They did not find a
difference in the incidence of CMV disease, although
ganciclovir prophylaxis was associated with a lower incidence
of serologically diagnosed secondary infection.111 Winston et
al.112 compared 100 days of therapy with ganciclovir and
acyclovir for prophylaxis and reported that ganciclovir
produced a highly significant reduction in CMV infection
(ganciclovir 5%, acyclovir 38%, P < 0·0001, ARR = 33%,
NNT = 3) and disease (ganciclovir 0·8%, acyclovir 10%,
P = 0·002, ARR = 9·2%, NNT = 11). Subgroup analysis
suggested that the benefit of ganciclovir over acyclovir was
observed in the R− patients (ganciclovir 42%, acyclovir 11%,
P = 0·06, ARR = 31 % NNT = 3), although not in the D+/R−
patients.112 In a subsequent uncontrolled study, the same
group later followed 37 D+/R− OLT patients following
administration of intravenous ganciclovir for a mean of 15
months (range 5–38 months). None of these high risk
patients developed CMV disease, while four of 10 D+/R−
patients who received less than 7 weeks of ganciclovir (mean
duration 3 weeks) developed disease.113 King et al.114

randomized 56 D+/R− children to receive ganciclovir plus
HN Ig or placebo plus HN Ig and found a delay in the onset of
CMV disease in the ganciclovir group, but did not show a
statistically significant decrease in incidence (ganciclovir 17%,
placebo 26%, P = 0·429).

Badley et al.115 randomized 167 OLT patients to receive either
acyclovir for 120 days or ganciclovir followed by oral acyclovir
for 106 days. Ganciclovir was effective for reducing CMV
infection (acyclovir 57%, ganciclovir 37%, P = 0·001) and CMV
disease (acyclovir 23%, ganciclovir 11%, P = 0·03). The NNT –
the number of patients needed to be treated with ganciclovir
rather than acyclovir to prevent one infection – was 5 and to
prevent one occurrence of CMV disease, 8. The ganciclovir
regimen was effective even in D+/R− patients.87

Barkholt et al.116 randomized 55 OLT patients to receive
either placebo or high dose acyclovir prophylaxis, 800 mg
four times a day for 12 weeks. Although there was no
difference in the incidence of CMV infection, acyclovir
reduced the incidence of CMV disease (7/28 v 14/27;
P = 0·013) and the time to CMV disease from the start of
“prophylaxis” was longer for acyclovir recipients than
recipients of placebo (P = 0·013). Acyclovir delayed
approximately 32% of CMV infections that would have
occurred in the placebo group, and prevented or delayed 59%
of cases of CMV disease.

Ala

Ala

Winston et al.117 randomized 219 CMV seropositive
patients to receive prophylaxis with either ganciclovir
(n = 110) or acyclovir (n = 109), after an initial period of
prophylaxis with intravenous ganciclovir through a central
venous catheter at 6 mg/kg once daily for the first 14 days.
After this period patients received oral ganciclovir (1 g every
8 hours), or oral acyclovir (800 mg every 6 hours) until day
100 after OLT. The authors reported the development of
CMV disease in 8/109 (7·3%) in the acyclovir group
compared with only 1/110 (0·9%) in the ganciclovir group,
and concluded that ganciclovir is superior to acyclovir for
CMV prophylaxis, after an initial period of intravenous
ganciclovir. The main adverse effect of the use of
ganciclovir was myelosuppression.

Pre-emptive therapy for cytomegalovirus disease

The purpose of pre-emptive therapy is to prevent disease in
those patients with known risk factors, viral shedding,
viremia or antigenemia which place them at risk of
subsequent CMV disease (Table 37.8). This approach avoids
administration of a prophylactic regimen to all OLT patients.
It is recognized that some patients develop CMV disease
without preceding detectable viremia or CMV shedding.
More sensitive methods of CMV detection, such as PCR, will
improve the identification of patients at risk and the
effectiveness of pre-emptive therapy.

Stratta et al. randomized 100 patients receiving OKT3 to
receive HN Ig plus oral acyclovir for 3 months after OKT3
therapy or no intervention and did not demonstrate any
reduction in incidence or severity of CMV infections.118

Lumbreras et al. found that CMV disease occurred less
frequently in a group of patients who received ganciclovir
prophylaxis than in a historical control group.119 In a
randomized controlled trial of 47 patients, Singh et al.
showed that short course ganciclovir therapy, administered
only if CMV shedding occurred, was more effective than a
prophylactic regimen of high dose acyclovir for the
prevention of CMV disease.120 This approach has been
adopted in several transplant centers. 

Paya et al.121 conducted a placebo-controlled randomized
trial to assess the role of pre-emptive therapy with oral
ganciclovir for preventing CMV infection and disease after the
detection of CMV by PCR in the first 8 weeks after OLT. In
this study 69/168 OLT patients became CMV positive by
PCR (with no concomitant CMV disease) and were
randomized to placebo (n = 34) or ganciclovir (n = 35). CMV
infection developed in 21% in the placebo group versus 3% in
the ganciclovir group (P = 0·02), and CMV disease in 12% of
the placebo group versus none in the ganciclovir group
(P = 0·03). This study addressed the clinical usefulness
of PCR for guiding pre-emptive therapy with ganciclovir:
when given at the first PCR positive test, oral ganciclovir
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effectively reduced both CMV infection and disease. This was
true for both low (R+) and high (D+/R−) risk patients (R+).121

Torre-Cisneros et al.122 conducted a small non-randomized
sequential study of pre-emptive ganciclovir in patients
monitored by qualitative PCR; 25 patients received no
prophylaxis and the subsequent 40 consecutive patients
received pre-emptive oral ganciclovir (1 g three times a day) if
D+/R− or PCR positive in 2 consecutive weeks (n = 11 high
risk patients). The overall rate of CMV disease at 6 months
was 20% in the no prophylaxis group and 2·5% in the high
risk pre-emptive ganciclovir group (P = 0·04). Singh et
al.123 compared the efficacy of pre-emptive oral ganciclovir
with that of intravenous ganciclovir for prevention of CMV
disease in patients with CMV pp65 antigenemia, and sought
to determine whether withholding prophylaxis in the absence
of CMV antigenemia could reliably identify those in whom
prophylaxis is not required. Seventy-two OLT patients were
enrolled in this randomized controlled trial, and CMV anti-
genemia developed in 22 (31%). Of these 22, one group
(n = 11) received oral ganciclovir for 6 weeks (2 g three times
daily for 2 weeks, then 1 g three times daily for 4 weeks) and
the second group (n = 11) received intravenous ganciclovir
(5 mg/kg twice daily) for 7 days. CMV disease occurred in
1/11 in the oral group and none in the intravenous group.
None of the study patients (including the 50 without
antigenemia) developed CMV disease. Both regimens – and
this approach to pre-emptive therapy for CMV – appeared
effective for preventing CMV disease. Rayes et al.,124

randomized 60 asymptomatic pp65 anti-gen positive patients
to receive pre-emptive therapy with oral ganciclovir (1 g three
times daily, or adjusted for creatinine clearance) for 14 days
(n = 30) or no pre-emptive therapy (n = 30). Patients who
subsequently developed CMV disease received intravenous

B4

ganciclovir for 14 days or until recovery. CMV disease
developed in 3/30 (10%) receiving oral ganciclovir pre-
emptive therapy, compared with 6/30 (20%) of those with no
antiviral therapy. The authors concluded that the
positive predictive value of pp65 antigenemia for CMV
disease was low, and that the pre-emptive strategy was not
superior to conventional treatment. Daly et al.,125 conducted
a study evaluating the efficacy, including cost efficacy, of a
strategy of pre-emptive ganciclovir therapy for OLT patients
with “CMV activity”: CMV antigenemia, or serological or
PCR positivity. They found that their strategy resulted in a
low incidence of symptomatic CMV disease, with no organ-
invasive disease, whilst minimizing ganciclovir use and,
presumably, the potential for resistance, toxicity and costs.

Some benefits of pre-emptive strategies for preventing
CMV disease are clear. Targeted antiviral therapy can avoid
toxicity, may reduce the emergence of resistance and can be
more cost effective. Further studies are required to identify
the optimum combination of: high risk patient subgroups,
markers of CMV activity (for example CMV copy number),
sampling schedules and timing of antiviral intervention. The
role of the novel oral antiviral, valacyclovir, for CMV in OLT
patients requires evaluation.
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7/24

1/11

CMV disease
in 12%

6/30

Experimental

1/23

0/11

0% CMV
disease

3/30

Control
intervention

Oral ACV
4 × 800/d

GCV IV
2 × 5 mg/kg ×
7 days

Placebo ×
8 weeks
n = 34

Nil

Experimental
intervention

GCV 2 × 5 mg/kg
per day × 7 days

GCV oral
3 × 2 g × 6 weeks
+ 3 × 1 g ×
4 weeks

Oral GCV ×
8 weeks n = 35

Oral GCV
3 × 1 g/day ×
14 days

Patient selection

CMV antigenemia

CMV antigenemia 

CMV PCR positive
but no disease

No. of
patients

47

72

69

60

Study

Singh et al., Pittsburgh
(1994)120

Singh et al., Pittsburgh
(2000)123

Paya et al., Mayo Clinic
(2002)121

Rayes et al., Berlin,
Germany (2001)124

P

P = 0·05

NS

P = 0·003

P = NS

Table 37.8 Randomized trials of pre-emptive antiviral therapy for prevention of CMV disease in OLT patients

CMV disease

PCR, polymerase chain reaction. For other abbreviations see Table 37.7
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Introduction

Hepatitis C virus (HCV)-related chronic liver disease represents
the most common indication for orthotopic liver transplantation
(OLT) worldwide, while hepatitis B virus (HBV)-related chronic
liver disease is a frequent indication for OLT in the Far East and
the Mediterranean countries. Post-transplant HBV recurrence,
which was almost universal in the era of no or short-term
immunoprophylaxis, usually has an aggressive course resulting
in graft loss, if left untreated.1–3 Recurrence of HCV infection
after OLT is still universal and is associated with a more rapid
progression of liver disease than has been observed in
immunocompetent patients.4 Therefore, the management of
both hepatitis B and C is crucial for a satisfactory long-term
outcome of HBV or HCV transplant patients.

Management of hepatitis B
in transplant patients

HBV-related liver disease was considered to be a relative or
even absolute contraindication to OLT in many centers, until
the introduction of long-term hepatitis B immune globulin
(HBIG) use in the early nineties, which significantly
decreased the post-transplant HBV recurrence rate and
improved the prognosis in this setting.5 During the last
4–5 years, new antiviral agents, mainly nucleos(t)ide analogs,
have been used or evaluated, either as monotherapy or in
combination with HBIG, in an effort to further improve the
outcome, treat HBIG failures, and/or reduce the need
for the use of the expensive HBIG preparations.6 The manage-
ment of hepatitis B in HBV transplant patients can be divided
into the pretransplant, the prophylactic post-transplant and
the therapeutic post-transplant approaches.6

Pretransplant approach

The pretransplant approach consists of antiviral therapy
during the pretransplant period to lower or clear the viral load
at the time of OLT and thus prevent post-transplant HBV

recurrence.6 The pretransplant approach is usually combined
with prophylactic post-transplant therapy.6

Lamivudine, a cytosine analog with quite potent anti-HBV
activity, was the first therapeutic agent that could be widely
used in the pretransplant period. It is generally well tolerated
even in severely ill cirrhotic patients and has an extremely
good safety profile with rare and generally mild adverse
effects. In contrast, interferon-alpha (IFN-α), which was the
only available anti-HBV therapeutic option until the late
nineties, is usually contraindicated or poorly tolerated and
therefore could not be used in patients with decompensated
cirrhosis.7 Lamivudine monotherapy, at a daily dose of
100 mg, has been shown to stabilize or even improve liver
function8–10 sometimes resulting in withdrawal of the patients
from transplant lists. Unfortunately, the improvement or
stabilization of liver function is not often sustained, since the
prolongation of lamivudine therapy is associated with
progressively increasing rates of virologic and biochemical
breakthroughs due to selection of lamivudine-resistant YMDD
mutant HBV strains8,9,11,12 (common YMDD mutations:
rtM204V or rtM204I and rtL180M13,14).

Breakthroughs during lamivudine therapy are associated
with a risk of severe exacerbation of liver disease12,15 and
perhaps with an increased probability of post-transplant HBV
recurrence.16 In fact, the post-transplant outcome of patients
with pretransplant HBV viremia due to YMDD mutants is
currently unclear. Post-transplant HBV recurrence was not
observed during the first 32–35 months post-transplantation
in 10 patients with pretransplant YMDD mutants, who
received high dose HBIG and lamivudine.17,18 However,
two patients with pretransplant YMDD mutants were
reported to rapidly develop post-transplant HBV recurrence
despite combined prophylaxis with low dose HBIG and
lamivudine.19 Whether the dose of HBIG is an important
factor determining post-transplant HBV recurrence in patients
with resistance to lamivudine pretransplantation, and the
precise risk of HBV recurrence in such patients is currently
unknown. However, transplant centers may be reluctant to
perform OLT in patients with HBV cirrhosis and detectable
serum HBV-DNA irrespective of the type of HBV strains.20
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The recent availability of adefovir dipivoxil, a nucleotide
analog of adenosine esterified with two pivalic acid molecules,
which is effective against both wild and lamivudine-resistant
HBV strains,21,22 is expected to ameliorate the consequences of
lamivudine resistance. In fact, the addition of adefovir
dipivoxil, at a daily dose of 10 mg, has been shown to result
in biochemical, virologic and liver function improvement in
HBV patients with decompensated cirrhosis and resistance to
lamivudine.23 Thus, it seems reasonable to suggest that
all HBV transplant candidates with detectable serum HBV-
DNA should be treated with lamivudine and followed up
closely for viral resistance. Adefovir dipivoxil should be
started immediately if evidence of viral resistance develops.
The long-term safety and efficacy of adefovir therapy, the
need for continuing lamivudine after development of
resistance, and the cost effectiveness of ab initio use of
adefovir alone or in combination of lamivudine are unknown.

Prophylactic post-transplant approach

Passive immunoprophylaxis alone

The efficacy of HBIG is related to the pretransplant type
of liver disease and viremic status as well as to the dose of
HBIG and duration of the treatment, while the most widely
accepted recommendations for HBIG prophylaxis depend
mainly on the pretransplant viremic status.24 Patients with
detectable serum HBV-DNA by conventional hybridization
assays, who may be transplanted only after clearance of HBV-
DNA by lamivudine, are treated with more aggressive HBIG
protocols compared with non-viremic patients.24 However,
several practical questions, mainly about the ideal duration of
therapy, and also about dosage, frequency and mode of HBIG
administration remain to be answered.6

HBIG may only rarely lead to eradication of HBV and
therefore is needed for indefinite HBIG prophylaxis, which
is an extremely expensive approach. The most cost effective
approach seems to be the individual tailoring of HBIG
administration according to serum anti-HBs levels.6,24

Cheaper HBIG preparations for intramuscular administration
have also been tried,25–27 but no evidence from long-term
studies of such an approach is currently available. Another
reported strategy to reduce cost is the substitution of HBIG
by anti-HBV vaccination.28,29 However, data on the
efficacy of vaccination are rather conflicting28–30 and therefore
greater numbers of patients and longer follow up periods are
required before the long-term efficacy of this strategy can be
determined.

Besides the high cost, long-term HBIG administration has
also been associated with emergence of escape mutant HBV
strains, which seem to progressively accumulate over time and
to be associated with increasing rates of graft failure.14,24,31–33

Since the clinical significance of such HBV escape mutants
has not been clarified, there is no consensus about whether
B4

C5

B4

HBIG therapy should be continued after their emergence.24

Most centers probably stop HBIG administration.6

Prophylactic post-transplant
monotherapy with lamivudine

Lamivudine was first tried as monotherapy administered
before and prophylactically after OLT and had promising
short-term results in initial reports.34 However, it was
subsequently shown that the efficacy of such a strategy
declines over time with very frequent development of
virologic breakthroughs and HBV recurrence in 40–50% of
cases at 2 years post transplantation, and serious adverse
clinical outcomes in some patients.35–39 This approach
should be abandoned.

Prophylactic post-transplant combined approach

Post-transplant prophylactic combined administration of
HBIG and lamivudine was tried in HBV transplant patients in
an effort to improve the efficacy of post-transplant prophylaxis
and/or reduce cost. The overall efficacy of such a combined
regimen appears to be superior to the efficacy of either of
the two agents alone. In particular, in 17 recent studies
of prophylactic therapy with HBIG and lamivudine, post-
transplant HBV recurrence was observed in only 20 (4%)
of 481 patients during a mean follow up of 13–30 months
(Table 38.1).19,25,26,40–53 This combined prophylactic
therapy post-transplantation is usually preceded by
pretransplant lamivudine monotherapy in pretransplant
viremic patients.19,25,26,40–42,44,45,47,48,51–53 It should be also
noted that five of the 20 patients with post-transplant HBV
recurrence had developed YMDD mutants during the
pretransplant lamivudine therapy,19,42,52 while HBIG had been
discontinued when HBV recurrence occurred in another two
patients,52. However, a potentially important finding in one
study was that serum HBV-DNA could be detected by
polymerase chain reaction (PCR) in 16 of 26 (61·5%) cases.48

Thus, longer follow up is required before definite conclusions
can be drawn about the efficacy of the prophylactic
combination of HBIG and lamivudine.

One particularly important aspect in favor of the
combination of HBIG and lamivudine for prophylaxis is that
this approach was used in patients with high pretransplant
serum HBV-DNA levels (> 50% of cases had HBV-DNA
detectable by hybridization assays) and achieved low HBV
reinfection rates at a reduced cost. A relatively low HBIG
dosage,19,25,26,40,43,48,50 similar to that currently recommended
for non-viremic HBV transplant patients24 and/or intramuscular
HBIG preparations were usually used.25,26,43,50,51 HBIG was
even discontinued after a certain period.52,53 Moreover,
conversion from intravenous to low dose intramuscular HBIG
administration in combination with lamivudine has been
suggested to be a safe, effective, and cost effective approach

B4

B4
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for the prevention of post-OLT HBV recurrence.44,54 Thus, the
prophylactic post-transplant combination of HBIG and
lamivudine preceded by short-term pretransplant lamivudine
therapy appears to be the current strategy of choice in high
risk viremic HBV transplant patients, since it is associated
with the lowest post-transplant HBV recurrence rate and
probably has reduced costs due to low HBIG dosage.6

Another strategy using combination therapy for
prophylaxis has been the withdrawal of HBIG administration
after a certain period, followed by maintenance lamivudine
alone,55 but good evidence supporting this approach is still
lacking. In a recent small randomized trial in 24 HBV
transplant patients with low risk of recurrence (no
pretransplant viremia and no HBV recurrence on ≥ 6 months
of post-transplant HBIG prophylaxis), there was no difference
in the 12-month recurrence rates between patients remaining
on HBIG and those receiving lamivudine alone.56

Similarly, HBV recurrence was not observed in any of 16 HBV
transplant patients who continuously received HBIG for
2 years and then switched over to lamivudine monotherapy
for an additional period of up to 27 months.57 Thus, it
seems that post-transplant HBIG prophylaxis might be replaced
by lamivudine after ≥ 6 months post-transplant in selected HBV
transplant patients with low risk of HBV recurrence, but data
on the long-term efficacy of such a strategy are still needed.

Therapeutic post-transplant approach

Therapeutic post-transplant approach in
patients without resistance to lamivudine

The therapeutic post-transplant approach is usually used
in cases with HBV recurrence despite previous post-transplant
prophylaxis. The primary targets of treatment of post-
transplant HBV recurrence are the control of liver disease and
stabilization of graft function.6 Lamivudine is currently the
most frequently used agent in patients with recurrence in
spite of HBIG prophylaxis (Table 38.2), but it may be inactive
in patients receiving lamivudine-based prophylactic regimens
who may exhibit resistance to lamivudine. In eight studies
including about 200 patients with post-transplant HBV
infection despite HBIG prophylaxis, a 12–25 month course
of lamivudine resulted in significant reduction of serum
HBV-DNA levels and no significant clinical manifestations
developed.37,58–64 Lamivudine has also shown promising
results in the treatment of fibrosing cholestatic hepatitis.65,66

Similarly to the results described in the pre-transplant
approach, the main disadvantage of long-term lamivudine
monotherapy is the progressively increasing rates of viral
resistance, exceeding 50% at 3 years of therapy in the
transplant setting.60,64,67–69 The clinical significance of
resistance to lamivudine is not clear. In both transplant
and non-transplant patients and lamivudine-resistant post-
transplant reinfection cases it appears that the clinical course

B4

B4

Ald

B4

is relatively milder than is observed in cases with wild HBV
recurrence.70 However, the emergence of such HBV mutants
has been associated with rapid development of advanced
histologic lesions and even liver failure and death in some
HBV transplant patients.68,71,72 Thus, all HBV transplant
patients with resistance to lamivudine are candidates for
treatment with new antiviral agents effective against such
mutant HBV strains.

Besides lamivudine, several other nucleos(t)ide analogs
have been tried or are currently being evaluated for the
treatment of subgroups of patients with HBV infection,
including those with post-transplant HBV recurrence.
Adefovir dipivoxil has now been approved in several
countries for the treatment of HBV-related chronic liver
disease. It is well tolerated without evidence of
nephrotoxicity in the currently recommended daily dose of
10 mg.22,73,74 Relatively higher doses (30–120 mg daily) have
been associated with an increased risk of nephrotoxicity after
≥ 20 weeks of therapy75 and the dose should be reduced to
5 mg daily if creatinine clearance is < 50 ml/min. A significant
advantage of adefovir is that it seems to be associated with
rather rare and slow development of viral resistance (< 2% of
cases treated for 96-weeks developed N236T mutation76).

Entecavir, a carboxylic analog of guanosine, has been found
to suppress HBV replication satisfactorily in chronic hepatitis
B patients.77 Famciclovir, a guanosine analog with cross
resistance with lamivudine,78,79 was inferior to lamivudine
and has never been used widely.67,69,80 Ganciclovir, another
guanosine analog, was found to have some biochemical,
virologic and histological benefit,81,82 but the need for
intravenous use restricts its use. The safety and
effectiveness of adefovir and entecavir as well as of other
newer nucleos(t)ide analogues are currently under evaluation
in clinical trials in transplant or non-transplant patients
infected with wild or lamivudine resistant HBV strains.

In the pre-lamivudine era, IFN-α was a common
therapeutic option for patients with post-transplant HBV
recurrence. The role of IFN-α as first line treatment in this
setting has currently almost disappeared due to both its low
efficacy83,84 and a low but possible theoretical risk of graft
rejection.83,84

Therapeutic post-transplant approach
in patients with resistance to lamivudine

Since lamivudine is currently widely used in HBV
transplant patients as pretransplant or prophylactic post-
transplant therapy or as treatment for HBV recurrence, the
number of transplant patients with HBV strains resistant to
lamivudine is expected to increase.6 Several antiviral agents
are currently being evaluated as candidates for the treatment
of patients with such HBV strains.

Adefovir dipivoxil has been shown to be effective in HBV
transplant patients with resistance to lamivudine for

B4, C5
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improving serum HBV-DNA and transaminase levels.22,73,74,85

In addition to clinical trials, protocols of compassionate
use of adefovir dipivoxil in HBV transplant or pretransplant
patients are currently running in many centers. Recent case
reports suggested that adefovir dipivoxil is effective against
lamivudine-resistant HBV strains and for prevention of HBV
recurrence after OLT for fulminant liver failure in a renal
transplant recipient,72 for treatment of post-transplant
fibrosing cholestatic hepatitis,86,87 and for treatment of acute
liver graft failure.88

Entecavir appears also to be effective against lamivudine-
resistant HBV strains in non-transplant89,90 and transplant
patients.91 Although IFN-α has been almost abandoned
as first line therapy for post-transplant HBV recurrence, it may
still have a role, alone or in combination with other antiviral
agents, as a second choice therapeutic option for patients
who develop resistance to lamivudine or other nucleoside
analogs.92 The addition of IFN-α to lamivudine therapy has
been used for the treatment of a few transplant and non-
transplant patients with lamivudine-resistant HBV mutant
strains with promising initial results.93 However, more studies

B4

B4
with greater patient numbers are needed before any
conclusion can be drawn about the effectiveness of IFN-α for
lamivudine-resistant HBV strains.

Management of hepatitis C
in transplant patients

The course of post-transplant hepatitis C appears to be
accelerated compared with that seen in non-transplant
immunocompetent patients with chronic hepatitis C.4 It is
estimated that histological recurrence occurs in the majority
of patients within the first year after OLT94,95 and that
approximately 15–30% develop cirrhosis within the first 5
years with subsequent reduced graft and patient survival.95–98

Although 2–5% of HCV transplant patients may develop
severe cholestatic hepatitis and early graft failure,99 a large
proportion of them may have a rather benign course with
mild to moderate histological lesions.95,96 Since not all HCV
transplant patients progress to advanced fibrosis, at least in the
medium term, many studies have tried to identify significant
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Clearance
of HBeAg:

n (%)

2/2 (100)

NA

14/45 (31)

3/10 (30)

NA

NA

NA

3/23 (13)

1/5 (20)

Clearance
of HBsAg:

n (%)

5 (45)

NA

3 (6)

3 (19)

NA

4 (27)

9 (22)

0

0

Clearance of serum
HBV-DNA. n (%)

(Hybridization-PCR)

8 (73)–5 (45) 

8 (73)–NA

31 (60)–NA

7 (44)–NA

9 (37)

13 (87)–NA

31 (76)–NA

11 (36)–NA

3 (38)–NA

Mean duration
of LAM

(months)

16

25

12

16

25

23

≥ 12

20

36

Baseline
HBeAg

(+): n (%)

2 (18)

NA

45 (87)

10 (63)

NA

6 (40)

NA

23 (74)

5 (63)

Baseline
serum HBV-

DNA (+)a: n (%)

11 (100)

10 (91)

52 (100)

16 (100)

NA

14 (93)

41 (100)

29 (94)

8 (100)

No.

11b

11c

52

16

24

15d

41e

31

8f

Study

Andreone et al.
(1998)58

Nery et al.
(1998)59

Perrillo et al.
(1999)60

Roche et al.
(1999)61

Balan et al.
(1999)62

Malkan et al.
(2000)37

Seehofer et al.
(2000)63

Fontana et al.
(2001)64

Ben-Ari et al.
(2001)68

YMDD
mutants:

n (%)

3 (27)

2 (18)

14 (27)

6/12
(50)

15 (63)

2 (13)

14 (34)

13/29
(45)

5 (63)

Table 38.2 Published studies of lamivudine (LAM) therapy for hepatitis B virus (HBV) recurrence or de novo HBV
infection after orthotopic liver transplantation (OLT) 

aSerum HBV-DNA detectable by hybridization assays. 
bAll patients had acute HBV recurrence.
cThree patients had de novo HBV recurrence and another two patients had been treated with famciclovir before start of LAM.
dFour patients had de novo HBV recurrence.
eTwenty-two patients had been treated with famciclovir therapy before start of LAM.
fTwo patients had de novo HBV recurrence.
Reproduced with permission from Papatheodoridis GV et al. Am J Transplant 2003;3:250–8.6

NA, not available; PCR, polymerase chain reaction



factors associated with rapid progression of disease. Several
viral, host, donor and transplant-related factors have been
suggested to be associated with the severity of HCV
recurrence (Table 38.3),97,98,100–112 but as yet no factor has
been repeatedly shown to be a strong predictor of the outcome
of these patients.113–116 Recently, several centers have reported
worsening progression of recurrent HCV disease with more
recently transplanted patients.98,108,114,115 It is unclear,
however, if this is due to changes in immunosuppression with
time, increasing donor age or other factors.

The management of hepatitis C in transplant patients can
be based on two distinct therapeutic strategies: antiviral
therapy and/or modification of immunosuppression. Antiviral
therapy may be tried before OLT in an effort to lower
HCV-RNA levels. Both antiviral therapy and modification
of immunosuppression may be applied separately or in
combination after OLT in two situations (i) pre-emptively in
the early post-transplant phase, or (ii) if and when moderate
or severe HCV recurrence develops. The primary targets of
any therapeutic strategy in HCV transplant patients should be
eradication or permanent suppression of HCV or at least
prevention of liver disease progression.113,114,117

Antiviral therapy

IFN-α, and recently, pegylated IFN-α (PEG-IFN-α) and
ribavirin are the currently available agents for the treatment
of HCV.118 Recent large randomized trials have shown that
the combination of PEG-IFN-α and ribavirin is the most
potent therapeutic option for non-transplant chronic hepatitis
C patients.119,120 In the HCV transplant setting, however,
information on the safety and efficacy of most antiviral
regimens is based on limited data from relatively small,
usually uncontrolled studies. Moreover, data from the
non-transplant setting cannot be extrapolated to the HCV
transplant setting, since HCV transplant patients are difficult
to treat effectively, and the therapy is less applicable. In

particular, they often have several factors that reduce the
probability of response to therapy, such as high proportion of
HCV genotype 1b, extremely high serum HCV-RNA levels
(10 to 100-fold higher after OLT102,103), and failure to respond
to previous therapies,118 treatment with immunosuppressive
drugs and contraindications to the use of full doses or even
any dose of the antiviral agents that include low hemoglobin,
platelet and/or neutrophil counts early after transplant and
renal failure.

Pre-transplant antiviral therapy

On the basis of some reports – that high pre-transplant
HCV-RNA levels are strongly associated with significantly
worse 5-year survival104 – it might be anticipated that a
decrease of pretransplant viremia may improve the course of
recurrent disease after transplantation. In patients with
decompensated cirrhosis, however, IFN-α is associated with
frequent and potentially severe adverse events and is often
limited by thrombocytopenia and/or neutropenia and thus its
applicability is rather limited. Thus, IFN-α as pretransplant
treatment may only be appropriate for patients with Child’s
class A and perhaps early B cirrhosis who may be listed
because of hepatocellular carcinoma.121 If new antiviral
agents effective for inhibiting HCV replication, which are safe
and well tolerated even in patients with decompensated
cirrhosis become available, they will be a major advance in the
treatment of such patients and pretransplant antiviral therapy
may be widely applied to all HCV-RNA positive patients.122

Pre-emptive post-transplant antiviral therapy

The aim of antiviral therapy starting soon after OLT is to
prevent significant HCV-related liver disease by rendering
patients HCV-RNA negative or sufficiently reducing HCV
replication. This time may be “optimal” because: (i) the
antiviral therapy will start before the peak of viremia and the
acute HCV reinfection; (ii) immunosuppression has just
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Table 38.3 Parameters suggested to be associated with the outcome of hepatitis C virus (HCV) recurrence after liver
transplantation.97,98,100–112

Peritransplantation

Time of surgery
Number of blood transfusions
Time of cold ischemia
Time of ischemic rewarming
Histocompatibility
Year of transplant
Donor age

Pretransplantation

Sex and race
Age at HCV infection
Route of infection
Concomitant hepatocellular carcinoma
Child’s class at transplantation
Alcohol disease
HCV-RNA viral load pretransplant
HCV genotype 
Coinfection with HBV or HDV
Iron overload 
Steatosis

Post-transplantation

Type and doses of immunosuppressive drugs
Use of monoclonal antibodies
Number of acute rejection episodes
Number of prednisolone bolus
Duration of steroids 
Time of acute hepatitis C
HCV RNA viral load post-transplant
Evolution of HCV quasi-species
Antiviral therapy
Immune response
CMV hepatitis



started; and (iii) cellular rejection occurs more frequently in
this period, necessitating large bolus doses of corticosteroids,
that will increase viremia.117 However, anti-viral therapy
should not start until about 10–14 days post-OLT because
of frequent thrombocytopenia and intercurrent bacterial
infections in this period.117 The safety and efficacy of
pre-emptive post-transplant therapy with IFN-α monotherapy
or combination therapy with IFN-α and ribavirin have been
evaluated in only a few, relatively small, studies.

In an initial uncontrolled trial, only four of 48 patients had
no hepatitis at 1-year liver biopsy after 1-year therapy with
IFN-α started within 1 week post OLT.123 Subsequently, three
controlled trials evaluated pre-emptive 6 and 12-month
courses of IFN-α monotherapy starting within the first
4 weeks post OLT.124–126 Acute hepatitis C was delayed in one
(408 and 188 days in the treated and untreated group),124

but not in the other (194 and 220 days in the treated and
untreated group),125 while sustained virologic responses were
observed in 33% of patients treated with the combination of
IFN-α and ribavirin and in only 13% of those treated with
either IFN-α monotherapy or untreated controls.126 There
was no difference in graft and patient survival or cellular
rejection rate between treated and untreated patients in any
of these trials. 

PEG-IFN-α monotherapy has also begun to be evaluated
in this setting. Preliminary results at 24 weeks from a recent
randomized trial127 showed that PEG-IFNa-2α (180 micrograms
once weekly), starting after 2 weeks post-OLT, achieved a
2-log decrease in viremia levels in 57% and clearance of
serum HCV-RNA in 29% of treated patients compared with
none from the untreated controls. PEG-IFN-2α was well
tolerated and it was associated with a lower incidence of
adverse effects compared with controls and no increase in the
incidence of rejection.127

In a pilot study,128 a 12-month course of combination
therapy with IFN-α (3 MU thrice weekly) and ribavirin
(10 mg/kg daily), starting at a median of 18 days post-OLT,
achieved sustained virologic response in 12 (33%) of
36 patients. Moreover, histological chronic hepatitis
developed in only 7 (19%) and chronic graft damage in only
4 (11%) patients during a median follow up of 4.5 years
without any adjustment in immunosuppression. No patient
experienced chronic rejection or cholestatic hepatitis.128

However, in a subsequent randomized, placebo-controlled
trial of IFN-α plus ribavirin sustained virologic response was
observed in only 3/21 (14%) treated patients compared with
0/11 controls (P = 0·53).129

Although several preliminary results may appear to be
encouraging, well-designed randomized trials are needed to
provide definitive evidence for the safety and efficacy of
PEG-IFN-α-based regimens as HCV pre-emptive post-
transplant therapy. The key question is whether pre-emptive
antiviral therapy can improve the long-term outcome of HCV
transplant patients, since causing a delay of an inevitable HCV
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recurrence with similar severity and progression of liver
disease may not be cost effective.117

Anti-HCV immunoglobulin has also been tried as an
alternative pre-emptive approach. Repeated doses of
immunoglobulin have been found to reduce viremia levels in
chimpanzees with chronic HCV infection.130 However,
in a small pilot randomized controlled trial, high or low
doses of anti-HCV human immunoglobulins (prepared by
fractionation of solvent/detergent-treated plasma pools
from anti-HCV positive plasma donors), administered intra-
venously during the anhepatic phase and every 2 weeks for
48 weeks after OLT, had no benefit on clinical or virologic
HCV recurrence in 16 patients transplanted for HCV
cirrhosis.131 Thus, to date, there are no data to support
the efficacy of immunoglobulins for the prevention of post-
OLT HCV recurrence.

Post-transplant antiviral therapy

In HCV transplant patients with established histological
recurrence of chronic hepatitis C, the targets of therapy are to
achieve clearance of serum HCV-RNA, or, alternatively, to
prevent or even delay progression of fibrosis and liver disease.
Persistently elevated serum transaminases and at least
moderate graft fibrosis during the first 12 months after OLT
are associated with an increased risk of progression to
cirrhosis and have been adopted as indications for therapy.121

IFN-α, or recently PEG-IFN-α, based regimens are usually
tried in this setting.

IFN-α monotherapy is less effective in transplant than
non-transplant HCV patients and therefore it probably should
be abandoned. Short (6-month) courses of IFN-α are rather
ineffective,83,132–134 while long (12-month) courses of IFN-α
have been reported to achieve conflicting results.135–137 IFN-α
therapy in post-transplant patients has also been associated
with possible increased risk of graft rejection. In HCV liver
transplant patients, however an increase in the incidence
of rejection was only observed in one133 of several
studies.83,124,125,132,134–137

PEG-IFN-α monotherapy has also been used in HCV
transplant patients. In a preliminary randomized trial, PEG-
IFN-2-α achieved virologic response at 24-weeks in 31%
of 16 treated compared with none of 11 untreated patients
with post-OLT recurrent hepatitis C. The therapy was well
tolerated with only 7% withdrawals.138 In another recent
study in post-OLT recurrent hepatitis C, daily IFN-α therapy
was well tolerated and was associated with histological
benefit,128 thus providing a rationale for investigation of the
potential efficacy of maintenance therapy with low doses of
daily standard IFN-α or, more likely, of PEG-IFN-α.

Ribavirin monotherapy may transiently reduce the
aminotransferase activity in HCV transplant patients, but has
no effect on viremia,139–141 and therefore it should not be used
for the treatment of post-OLT recurrent hepatitis C. AsC5
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occurs in the non-transplant setting, ribavirin may be
associated with dose-related hemolytic anemia. Moreover, as
ribavirin undergoes renal clearance and is generally
contraindicated in patients with renal failure, dose adjustment
or even discontinuation may be required in transplant patients
who frequently have reduced glomerular filtration rate usually
due to nephrotoxic immunosuppressive agents.142

There are several studies on the safety and efficacy of IFN-α
plus ribavirin therapy in patients with post-OLT recurrent
hepatitis C (Table 38.4).143 However, patient numbers are
always rather small, the inclusion criteria and the design differ
from study to study, and response rates are reported only for
the end-of-therapy and not for the longer term in some of these
studies. Thus, end-of-therapy virologic response rates have
been reported to range widely from 0% to 66% and sustained
response rates from 0% to 50%.143–161 Therefore, no
reliable estimate of the probability of sustained virologic
response in patients with post-transplant hepatitis C treated
with IFN-α and ribavirin can be made. Moreover, the
combination of IFN-α and ribavirin is associated with frequent
and potentially severe adverse effects, which may often require
reduction of drug dosage or even withdrawal of therapy.

The effect of IFN-α and ribavirin therapy on liver histology
in HCV transplant patients has not been clarified. Marked
histologic improvement was reported in 86% of 14 patients
in one study,162 but little or no impact on fibrosis progression
was reported by others.161 Moreover, the addition of an
anti-interleukin (IL)-2 receptor anti-body to the combination
of IFN-α and ribavirin was reported to improve lobular
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inflammation and reduce HCV viremia, but to have no effect
on liver fibrosis.163

The combination of PEG-IFN-α and ribavirin is the
treatment of choice for non-transplant patients with chronic
hepatitis C, particularly those infected with genotype 1.118

However, there are very few preliminary data, and only
in abstract form, for transplant patients.164–172 Given the
superiority of this combination in non-transplant patients, the
guidelines for treatment of non-transplant patients may also be
used for patients with post-OLT recurrent hepatitis C, at least
until data from appropriate studies in this population
become available.121 However, the safety and efficacy of
the combination of PEG-IFN-α and ribavirin as well as the
optimal dose and duration of therapy have not been established
in the transplant population, and increased toxicity is recognized.

Modification of immunosuppression

The exact role of the immune system in the pathogenesis of
HCV-related chronic liver injury and progression of fibrosis
remains unclarified.113 However, it is well accepted that
immunosuppressive therapy favors HCV replication and is
associated with a more accelerated course of HCV-related liver
disease.4 Calcineurin inhibitors, tacrolimus or cyclosporin,
which inhibit early T-cell signal pathways and IL-2 production
and release, are the mainstays of current immunosuppressive
regimens. Azathioprine and mycophenolate mofetil may be
used to enhance immunosuppression or allow dose reductions
of cyclosporin or tacrolimus, while corticosteroids are usually
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Table 38.4 Efficacy of the combination of interferon-alpha (IFNα) and ribavirin (RIB) in the treatment of post-transplant
recurrent hepatitis C

Study Duration of therapy (months) No. ETR (%) SVR (%)

Bizollon et al. (1997)143 6a 21 48 24
Gotz et al. (1998)144 12 10 10 –
Bellati et al. (1999)147 12 122 35 18
Wietzke et al. (2000)148 6a 7 – 29
Ben-Ari et al. (2000)149 6 5 0 0
Alberti et al. (2001)146 12 18 44 27
Ahmad et al. (2001)151 12 20 40 20
de Vera et al. (2001)153 12 32 9 9
Gopal et al. (2001)152 12 12 50 8
Andreone et al. (2001)150b 12 9 – 11
Lavezzo et al. (2002)156 12 30 23 17
Shakil et al. (2002)157 12 22 13 5
Menon et al. (2002)158 12 26 35 31
Kornberg et al. (2001)154 12 20 66 50
Firpi et al. (2002)159 12 54 38 30
Bizollon et al. (2003)160 12 54 – 26
Samuel et al. (2003)161 12 28 32 21

aFollowed by 6 months of RIB monotherapy
bIFNα + RIB + Amantadine
ETR, end-of-therapy virologic response; SVR, sustained virologic response



used only during the first post-transplant period and to treat
acute cellular rejection.

Existing data show no consistent difference between
cyclosporin and tacrolimus-based immunosuppressive regimens
in the incidence and severity of post-OLT recurrent hepatitis
C.173,174 There does not seem to be any association between
the type of triple or double maintenance immunosuppressive
therapy and the outcome of post-transplant HCV infection. In
one study, however, azathioprine-containing regimens appeared
to reduce histological HCV recurrence and delay post-transplant
hepatitis C progression.175 Moreover, in a retrospective analysis of
59 HCV transplant patients who survived at least 12 months,
single immunosuppressive therapy ab initio (cyclosporin or
tacrolimus) was found to be associated with histological benefit
compared with triple or double immunosuppressive regimens.106

In particular, severe fibrosis or cirrhosis at a median follow
up of 24–36 months developed in 37% (17/46) of patients
treated with triple or double immunosuppressive regimens and
in only 8% (1/13) of patients treated with a single agent
(P = 0·01).106 Thus, further data are needed before any definite
conclusion can be drawn concerning the role of immunosuppression
in post-transplant HCV recurrence. 

Steroids are usually withdrawn within the first 3–6 months
after OLT, but doses and duration of steroid therapy may vary
considerably between transplant centers. Steroids massively
increase serum HCV-RNA levels and high total cumulative dose
and/or high number of steroid boluses have been associated
with worse outcomes.176 However, data on the effect of steroids
appear also to be conflicting. Rapid withdrawal of steroids,177

complete avoidance of steroids106 and a slow tapering of
steroids over a prolonged period178 have all been suggested to
prevent aggressive post-OLT HCV recurrence. 

Mycophenolate mofetil was suggested to have a beneficial
effect on HCV recurrence, since it appeared to have some
antiviral activity. However, data from preliminary studies did
not show any beneficial effect of mycophenolate mofetil on
serum HCV-RNA levels,179,180 the timing of HCV recurrence,
or the response rate to therapy with IFN-α and ribavirin,181

although a delay of hepatitis C recurrence in HCV transplant
patients treated with mycophenolate mofetil was reported in
one study.182 In a recent randomized trial, mycophenolate
mofetil therapy was not found to have any effect on patient
and graft survival, rejection or HCV recurrence rate.183

Thus, no benefit of mycophenolate mofetil on post-OLT
recurrent hepatitis C has been shown. Therefore, its use
should be based on the usual indications for mycophenolate
mofetil in HCV transplanted patients.
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symptoms  69
treatment  69–74

algorithm 76
acid suppression

gastric ulcer  90
GERD therapy  23–24
therapeutic trial  22–23

Acinetobacter 574
Acinetobacter baumannii 573
actuarial risk  7
acute colonic pseudo-obstruction (ACPO)  303–308

clinical features  304
clinical guidelines  308
diagnosis  304
endoscopic decompression  307
management  304–305
medical therapy  305–308
mortality ratio  305
patient outcome  305
predisposing factors/conditions  303–304
supportive therapy  304–305
surgical therapy  307–308

acyclovir  579, 580, 581
adefovir dipivoxil

HBV post-transplant infection  588, 590–591
hepatitis B  367, 375, 376

S-adenosylmethionine  386, 387
adipocytokines  397
adrenal function in fulminant hepatic failure  537
alpha-adrenergic agonists, hepatorenal syndrome  494
adult respiratory distress syndrome (ARDS)  529–530
alanine aminotransferase (ALT)  345

hepatitis B virus  367, 370
hepatitis C virus  359, 360
non-alcoholic fatty liver disease  393

albumin
dilutional hyponatremia  496
extracorporeal dialysis in hepatorenal syndrome  495
fulminant hepatic failure  538
paracentesis for ascites  489
spontaneous bacterial peritonitis  497

alcohol
percutaneous intratumor ethanol injection  521
sclerotherapy  149, 470

alcohol abuse
acute pancreatitis  321, 326, 329
hepatocellular carcinoma  517
necrotizing pancreatitis  329

alcoholic liver disease  232, 383–388
abstinence criterion  387
alcoholism recidivism  388
cirrhosis  383–384

graft rejection prediction  549
hepatocellular carcinoma  383, 384–385

screening  384–385
non-alcoholic fatty liver disease  394
post-transplant abstinence  388
treatment  385–388

pharmacological  385–387
alcoholism recidivism  388
alendronate  237
alentuzumab, liver transplantation  559–560
alginate, GERD therapy  25
alkaline phosphatase  393
allopurinol, pouchitis  215
alosetron hydrochloride  274–275
alpha-fetoprotein (AFP)  517

hepatitis C surveillance  360
hepatocellular carcinoma screening  385, 518–519

alternative medicine in obesity  352, 353
amino acids

aromatic  509
branched chain  509, 512, 513

5-aminolevulinic acid  60
aminophylline in renal failure  536
5-aminosalicylate  117

Barrett’s esophagus  60
Crohn’s disease  5–10, 179–180

remission maintenance  185–186
meta-analysis  8–9
ulcerative colitis  200, 201–202, 202, 204

amiodarone  396
amlopidine  386
ammonia

arterial concentration  506, 513
circulating in cerebral edema  533
removal  511, 513

ammonium thiomolybdate  412
amoxicillin

allergy  93
bismuth therapy combination  95, 97
portal hypertensive bleeding  457
PPI

dual therapy  91
triple therapy  92, 93, 94

amoxicillin–clavulanic acid  497, 498
amphoterocin B

acute pancreatitis  329
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fungal infection in liver transplantation  576, 577, 578, 579
selective bowel decontamination 575

ampicillin
acute pancreatitis  328
perioperative prophylaxis  573

anabolic–androgenic steroids in alcoholic liver disease  386
analgesia, cholecystectomy  315
anemia, malabsorption following surgery  352
angiotensin  397
angiotensin 2 receptor antagonists  399
angiotensin converting enzyme (ACE) inhibitors  399
anion binding medication in Clostridium difficile-associated

disease  290, 293
anorectal manometry  270
antacids

duodenal ulcers  89–90
dyspepsia  164
GERD therapy  25

anti-endomysial antibody (EMA) tests  3–4, 170, 171,
172, 268, 269

anti-endotoxin therapy in non-alcoholic fatty liver disease  399
anti-HCV antibodies  385
anti-HCV immunoglobulin  593
anti-inflammatory agents

acute pancreatitis  328
pouchitis  214

anti-interleukin 2 receptor (IL-2R) antibody  594
anti-liver kidney microsomal autoantibodies  430
anti-mitochondrial antibodies (AMA)  415
anti-neutrophil-specific antibodies  435
anti-tissue transglutaminase (anti-tTG)  170, 172
anti-tumor necrosis factor (TNF) alpha  386, 387
antibacterial prophylaxis, perioperative in liver

transplantation  573–574
antibiotics

acute pancreatitis  328–330
Clostridium difficile-associated disease  286, 288–292, 293
control policies  295–296
H. pylori eradication regimens  91–95, 96, 97, 98, 99,

100, 101–104
hepatic encephalopathy  511
portal hypertensive bleeding  457
pouchitis  212–213
prophylactic in fulminant hepatic failure  531, 532, 533, 534
resistance  93–94, 99
restriction  295
selective decontamination of digestive tract  531, 533, 573
sequential therapy  99, 100
spontaneous bacterial peritonitis  497–498

prophylaxis  499
anticholinergic agents, irritable bowel syndrome  273
anticonvulsants in fulminant hepatic failure  536
antidepressants

with behavioral therapy in obesity  351
irritable bowel syndrome  276–277
tricyclic  272, 276–277, 277

obesity  343–344
antifibrogenic agents in primary sclerosing cholangitis  444
antigen presenting cells, primary sclerosing cholangitis  439
antigliadin antibodies  171, 268, 269
antihypertensive therapy, non-alcoholic fatty liver disease  399
antilymphocyte globulins in liver transplantation  553, 558
antimuscarinic agents  24
antineutrophil cytoplasmic antibodies (ANCA)

pouchitis  214
primary sclerosing cholangitis  435–436

antinuclear antibodies (ANA)  416, 429
antioxidants, non-alcoholic fatty liver disease  399

antireflux surgery  40
Barrett’s esophagus  59–60

antireticulin antibodies  171
antiretroviral agents  363
antisense oligonucleotides  364
antithymocyte globulins  558
alpha-1-antitrypsin deficiency  518
antituberculous therapy in Crohn’s disease  187
anxiolytics in irritable bowel syndrome  276
AO-128  511
APACHE-II score  322, 323, 539
APACHE-III score  540
apheresis in ulcerative colitis  205
apolipoprotein A-I  383, 384
appetite control mechanisms  342
aprotinin in acute pancreatitis  326
argon plasma coagulation  147
arthritis, Clostridium difficile-associated disease  285, 286
ascites  487–493

management  488–493
prognosis  493
sodium restriction  488

aspartate aminotransferase  428
Aspergillus 576, 577, 579
aspirin see 5-aminosalicylate
Atox 1  410–411
autoantibodies in primary sclerosing cholangitis  435–436
autoimmune disorders

celiac disease association  176
collagenous colitis  223, 224
microscopic colitis  223, 224
non-alcoholic fatty liver disease  394

autoimmunity in primary sclerosing cholangitis  435
avenin  170, 173
azapirones in irritable bowel syndrome  276
azathioprine  173

autoimmune hepatitis  432–433
Crohn’s disease  182, 183

maintenance therapy  187–188
liver nodular regenerative hyperplasia  545
liver transplantation

hepatitis C  594
hepatitis reinfection  562, 563

microscopic colitis  226
primary biliary cirrhosis  418
side effects  188
ulcerative colitis  203–204

azithromycin  101

bacitracin in Clostridium difficile-associated disease  289
bacteria

liver transplant infections  573–575
overgrowth  270
portal hypertensive bleeding  457
primary sclerosing cholangitis  439

balloon expulsion test  270
balloon tamponade in portal hypertensive bleeding  460, 461
balsalazide in ulcerative colitis  200
Banff schema for allograft rejection  546
barbiturates, intracranial hypertension treatment  535
bariatric surgery

gastroesophageal reflux disease  344
steatohepatitis  345

barium enema, double contrast  258, 259
barium small bowel series  270
Barrett’s esophagus  16, 55–64

ablative therapies  60
acid control  58–60
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anti-inflammatory agents  60
antireflux surgery  59–60
biopsy  63
cancer surveillance  61–63
definition  55
diagnosis  57–58
dysplasia  57, 58

grade  62–63
endoscopy  63

mucosal resection  60
epidemiology  55–56
esophageal carcinoma  40, 56–57, 61–63
flow cytometry  57
GERD association  57
H2-receptor antagonists  58–59
hiatus hernia association  57
incidence  55
intestinal metaplasia  57–58

residual  60
natural history  56–57
pathogenesis  57
photodynamic therapy  60
practice guidelines  63–64
prevalence  55, 61
proton pump inhibitors  58–59
randomized controlled trials 59
risk factors  56
screening  60–63
surveillance  60–63
thermal ablation  60
treatment  58–60

basiliximab 560
liver transplantation  559

Bazzoli regimen  92
behavior therapy in obesity  348, 349–350, 351
benzoate, hepatic encephalopathy  511–512
benzodiazepines

irritable bowel syndrome  276
receptor antagonists  509

Bernstein test, GERD diagnosis 18, 19
beta-blockers in portal hypertensive bleeding  454–457

variceal re-bleeding prevention  468–469,
471–472, 473

bias  174
Bifidobacterium 101

Clostridium difficile-associated disease  290
pouchitis  213

bile acids
binding treatment  224
hydrophilic  419–421
microscopic colitis  223–224

bile duct, common
laparoscopic exploration  317, 318
open exploration  317–318
stones  316

clearance  316
diagnosis  317
management  317–318

bile duct loss
liver transplantation  563–564
progressive  417

biliary cirrhosis, primary  232, 415–423
adverse events  418
autoimmune hepatitis overlap  430
diagnosis  415–416
graft rejection prediction  549
hepatocellular carcinoma  518
histology  422–423

intention to treat  418
liver transplantation

immunosuppression withdrawal  552
steroid withdrawal  550

natural history  416
osteoporosis  418
presentations  415–416
surrogate markers of outcome  416–417
therapeutic trials  417–418
treatment  418–423

biliary dysplasia  440
biliary epithelial cells  437, 439
biliary sludge  321
biliary tree

annular strictures  442
imaging  316

biliopancreatic diversion  352–353
bilirubin, serum levels in primary biliary

cirrhosis  416, 417
binge eating  341, 344–345

psychological treatments  351
syndrome  343

biofeedback in irritable bowel syndrome  275
bioreactors, fulminant hepatic failure  538
bipolar electrocoagulation (BICAP)  147, 151, 152–153
bismuth carbomer  215–216
bismuth quadruple therapies  95, 96, 97
bismuth subcitrate, colloidal  89–90
bismuth subsalicylate  95

microscopic colitis  225, 226
pouchitis  216

bismuth sulfate  97
bismuth triple therapies  91, 95, 96, 97
bisphosphonates

corticosteroid-induced bone loss  241
gastric ulcer  85
hepatic osteodystrophy  235

blinding  7
blood removal

hemochromatosis  410
see also venesection

blood–brain barrier breakdown  533
body mass index (BMI)

binge eaters  343
death risk  348
liver cancer  394
obesity  341, 342, 344

bone disease, metabolic  231–242
celiac disease  237–238
Crohn’s disease  235, 236
glucocorticoid-induced loss  238–239, 240, 241–242
hepatic osteodystrophy  232–235
inflammatory bowel disease  235–237

treatment  237
remodeling imbalance  239
ulcerative colitis  235, 236

bone formation agents  241–242
bone mass assessment  231–232
bone mineral content (BMC)  231–232
bone mineral density (BMD)  231–232

celiac disease  238
Crohn’s disease  236, 237
inflammatory bowel disease  235, 237
ulcerative colitis  236

Boswella serrata gum resin  215–216
botulinum toxin

achalasia  70–71, 74
spastic motility disorders  77
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bowel
irrigation in Clostridium difficile-associated

disease  292
retraining  275

bowel decontamination, selective
acute pancreatitis  329–330
antibiotics  521, 533, 573
post-transplant prophylaxis  574–575

bradykinin in irritable bowel syndrome  273
brain cancer  345
bromocriptine in hepatic encephalopathy  512
Budd–Chiari syndrome  518
budesonide

autoimmune hepatitis  432
Crohn’s disease  180, 181, 182

maintenance therapy  186–187
microscopic colitis 225, 226
pouchitis  214
primary biliary cirrhosis  418, 419
primary sclerosing cholangitis  443
ulcerative colitis  203

bulimia nervosa  345
bupropion  344

C-reactive protein  324, 325
C282Y mutation  405, 406, 407

liver disease  409
testing  408–409

CA19–9  442
cagA protein  86
calcineurin inhibitor

conversion therapy to sirolimus  558
liver transplantation  552, 553, 554, 555–556

hepatitis C  594
therapeutic monitoring  555–556

calcitonin  235
acute pancreatitis  326
corticosteroid-induced bone loss  241

calcitonin gene-related peptide  273
calcitriol  234
calcium

absorption inhibition by glucocorticoids  239
celiac disease  238
corticosteroid-induced osteoporosis  241
hepatic osteodystrophy  232, 233, 234–235
malabsorption  235–236, 352
supplementation  233, 234–235, 241

calcium carbonate gum  25
calcium channel blockers

achalasia  69, 70
spastic motility disorders  76–77

calories
food content  342
intake reduction  347
restriction  397

calprotectin, fecal  269–270
Campath-1H in liver transplantation  560
Campylobacter jejuni microscopic colitis  222
cancer

celiac disease  4–5
colon  345
hepatitis C virus  364
obesity  341, 345
surveillance in Barrett’s esophagus  61–63

Candida 576
carbohydrate consumption  342

low  347
carcinoembryonic antigen  442

cardiac disease
acute colonic pseudo-obstruction  303
NSAID toxicity risk  118

Carlsson–Dent questionnaire  21–22, 36
case–control studies  2

celiac disease  174
caspofungin  577, 579
causation studies  2
cecostomy  308
cefotaxime

perioperative prophylaxis  573
portal hypertensive bleeding  457
spontaneous bacterial peritonitis  497

cefuroxime  296
acute pancreatitis  329

celecoxib  128, 129
cost-effectiveness  131

celiac disease  3–4, 169–176
adolescents  175–176
atypical presentations  169
autoimmune disorder association  176
bone mineral density  238
case-control studies  174
children  175–176
clinical manifestations  169–170
diabetes mellitus association  170
diagnosis  170–172
dietary therapy  170, 175–176
Down’s syndrome association  170
epidemiology  169
fractures  238
genetic factors  170

prognostic  175
gluten-free diet  170, 172–174, 175–176

bone mineral density  238
HLA predisposition  170
lymphocytic infiltration of colon  170
metabolic bone disease  237–238
non-response to therapy  175
oats consumption  170, 173–174
pathology  170
prevalence  169
prognosis  4–5, 174–176
serological testing  170–172
small bowel mucosal biopsy  170
therapy  172–174
vitamin deficiencies  173

celiac sprue  268, 269
central venous pressure  529
cephalosporins

perioperative prophylaxis  573
spontaneous bacterial peritonitis  497
third-generation  296

cerebral edema
fulminant hepatic failure  533, 535–536
seizures  536

cerebral hyperemia  533
cerebral oxygenation  535
cerebral perfusion pressure  529
ceruloplasmin  411
cervical cancer  345
cesarean section, acute colonic pseudo-obstruction  303
Chalmers, Thomas  2
chenodiol  313
Child–Pugh scoring system  519, 520
chitosan 353
chlorambucil in primary biliary cirrhosis  418, 419
chlorhexidine gluconate  294
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cholangiocarcinoma  440
cholangiography  317
cholecystectomy  333

ambulatory surgery  314–315
with cholangiogram  316
cholestyramine therapeutic trial  270
elective  311–313
gallstone pancreatitis  316–317
laparoscopic  311–312, 313–314, 317
open  313–315, 316
prophylactic  311, 312
timing  316–317

cholecystitis, acute  315, 316
choledocholithiasis  317–318
choledochostomy  333
cholelithiasis

asymptomatic  311–312
symptomatic  313

cholestasis reduction in primary biliary cirrhosis  419–421
cholestyramine

Clostridium difficile-associated disease  290, 293
microscopic colitis  225
therapeutic trial  270

chromium 353
chromoendoscopy  58
cilansetron  275
cimetidine

dyspepsia  164
erosive esophagitis/non-erosive reflux disease mixed patient groups  36
gastric ulcer therapy  90
gastroesophageal reflux disease  344
GERD therapy  25
non-variceal gastrointestinal hemorrhage  143
symptom relief  38

cimetropium bromide in irritable bowel syndrome  273
ciprofloxacin

acute pancreatitis  329
Crohn’s disease  181–182
pouchitis  213
selective bowel decontamination 575
spontaneous bacterial peritonitis  497, 498, 499

circulatory management in fulminant hepatic failure  528–529
cirrhosis

alcoholic liver disease  383–384
ascites  493
clinically overt hepatic encephalopathy  508–509
cryptogenic  393
dilutional hyponatremia  496
hemochromatosis  406
hepatitis B virus  367
hepatitis C-related  360, 362

HIV coinfection  363
hepatocellular carcinoma  517, 518, 519
iron overload  407
non-alcoholic fatty liver disease  393, 394
non-alcoholic steatohepatitis  345
non-invasive screening  383–384
portal hypertensive bleeding  457
post-transplant hepatitis C  591
primary biliary cirrhosis  416
spontaneous bacterial peritonitis  497
viral  232
Wilson disease  412

cisapride
acute colonic pseudo-obstruction  307
contraindications  26
dyspepsia  165
GERD therapy  25–26

Citrucel in pouchitis  215
cladribine in primary sclerosing cholangitis  444
clarithromycin

bismuth therapy combination  97
PPI

dual therapy  91, 94
triple therapy  92

ranitidine bismuth citrate combination  97, 99
resistance  93–94, 97, 99
triple therapy  93

clavulanic acid, portal hypertensive bleeding  457
clevudine, hepatitis B  367
Clichy criteria  539
clindamycin in Clostridium difficile-associated disease  295
clinical decision making  2–6
clips in non-variceal bleeding  153–154
clofibrate  399
Clostridium difficile

microscopic colitis  222
overgrowth  291
residual spores  291

Clostridium difficile-associated disease  285–296
antibiotics  288–292, 293
arthritis  285, 286
asymptomatic carriers  287, 294
Clearview test  287
clinical presentation  287
cohort practice  294
colonic flora  286
colonization resistance  286
ColorPactest  287
complications  285–286
costs  286
diagnosis  287–288
disinfectants  293–294
enzyme immunoassays  287
epidemiology  285–287
fecal enemas  292
handwashing  294
hospitalization  286
host factors  286
incidence  285
incubation period  287
infection control  293
isolation  294, 295
management of initial episode 295
multiple interventions  294–295
nasograstric tube feeding  286
nosocomial outbreaks/transmission  285, 295–296
organism exposure  286
presence  287
prevalence  285
prevention  293–296
readmission policy  294
recurrence rate  294
recurrent  285, 286–287

management 296
treatment  290–293

risk factors  286
septicemia  285, 286
stool culture  287
surgery  286
surveillance  295
toxin B cytotoxin assays  287, 288
toxins  287
treatment  288
Triage test  287
window of susceptibility  291
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co-trimoxazole  578
coagulopathy, primary biliary cirrhosis  416
Cochrane, Archie  1
Cochrane Collaboration  1
Cochrane Library 1
cognitive behavioral therapy (CBT)  351

irritable bowel syndrome  275, 276
cohort practice  294
colchicine

alcoholic liver disease  385
primary biliary cirrhosis  419
primary sclerosing cholangitis  444

colectomy, prophylactic  248
colestipol in Clostridium difficile-associated disease  290
colistin sulfate in acute pancreatitis  329
colitis

collagenous  221–226
see also microscopic colitis; ulcerative colitis

colloids, fulminant hepatic failure  528
colon

cancer  345
decompression  305–308
dilation  304
distension  305
gas evacuation  305
perforation  305
resection  308
see also acute colonic pseudo-obstruction (ACPO)

colonization resistance  286
colonoscopy

colorectal cancer screening  258–259, 261
decompression  307
polyps  258
virtual  259

colorectal cancer
adenoma–carcinoma sequence  255
biology  255
colonoscopy  258–259, 261
digital rectal examination  259
double contrast barium enema  258
fecal occult blood test  255–257, 259
flexible sigmoidoscopy  257–258, 259, 261
polyp dwell time  255
population screening/surveillance  255–259, 260, 261–262
risk stratification  259, 261
screening  255–259

cost-effectiveness  261–262
recommendations  259, 260, 261

surveillance in ulcerative colitis  247–252
colorectal polyps

colonoscopy  258
detection  255
flexible sigmoidoscopy  258
screening 260

complementary medicine in obesity  352, 353
computed tomography (CT)

acute pancreatitis  323, 324
hepatocellular carcinoma  519
intracranial pressure  535
non-alcoholic fatty liver disease  394
quantitative (QCT)  231, 232

confounding  174
constipation in irritable bowel syndrome  270, 272, 275
copper metabolism  410
corticosteroids  173

alcoholic liver disease  386, 387
autoimmune hepatitis  430–432
bone mass in inflammatory bowel disease  235

liver transplantation  553
hepatitis C  594–595
hepatitis C reinfection  562
monotherapy  553
withdrawal after  550, 551, 552

pouchitis  214
primary biliary cirrhosis  418, 419
primary sclerosing cholangitis  442–443
ulcerative colitis  202–203, 204

cortisone in ulcerative colitis  202–203
cost effectiveness

COX-2 inhibitors  130–131
misoprostol ulcer prophylaxis  124

cost-effectiveness
Barrett’s esophagus surveillance  62
colorectal cancer screening  261–262
GERD maintenance therapy  33–34
PPI triple therapy  93

Crohn’s disease  5–10, 179–192
bone mineral density  236, 237
colorectal cancer risk  259, 261
dysplasia detection  261
fracture prevalence  236–237
management 191
metabolic bone disease  235, 236
omega-3 fatty acid dietary therapy  190
osteoporosis  236
remission

induction  179–182
maintenance  185–190

steroid-dependent patients  182–185
therapy-resistant patients  182–185
vitamin D levels  235–236

Crohn’s Disease Activity Index  179
cryoglobulinemia, mixed  360
cryptitis  221
crystalloids in fulminant hepatic failure  528
(+) cyanidanol-3  386
cyanoacrylate adhesives  465, 467
Cyclo 3 Fort  223
cyclo-oxygenase 1 (COX-1)  118
cyclo-oxygenase 2 (COX-2)  118
cyclo-oxygenase 2 (COX-2) inhibitors  60, 117,

118, 127–131
clinical ulcer complications  129
comparison

with NSAIDs  128, 129–130
with placebo  128

cost effectiveness  130–131
endoscopic ulcer studies  128
misoprostol prophylaxis  120
peptic ulcer disease efficacy 131

cyclosporin  173
autoimmune hepatitis  433
Crohn’s disease  183, 184
liver transplantation  553, 554, 555

hepatitis C  594, 595
hepatitis C reinfection  562
hepatocellular carcinoma  519
rejection  555
renal failure  545
single drug therapy  552
steroid-sparing effect  555
therapeutic monitoring  555–556

microemulsified  555
pouchitis  214
primary biliary cirrhosis  418
primary sclerosing cholangitis  443
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topical  204
ulcerative colitis  204

cytokines
non-alcoholic fatty liver disease  399
primary sclerosing cholangitis  437

cytomegalovirus (CMV)  573, 576, 577, 579,
580, 581–582

hyperimmune globulins (CMV Ig)  579, 580
passive immunization  579, 580
pre-emptive therapy  581–582
prophylaxis  579, 581

daclizumab 560
liver transplantation  559

defecography  270
depression  343

obesity  346
dermatitis herpetiformis  169–170

malignancy risk  175
oats consumption  173

desipramine  276
dextran-70, paracentesis for ascites  489
diabetes mellitus

asymptomatic cholelithiasis  312
celiac disease association  170
gastroparesis  345–346
non-alcoholic fatty liver disease  397–398
obesity  348
type 2  348

non-alcoholic fatty liver disease  396
diagnostic tests  3–4
dialysis in fulminant hepatic failure  537–538
diaphragm, crural  15
diarrhea

Clostridium difficile-associated disease  287
collagenous colitis  224
irritable bowel syndrome  268–270, 272, 275

diet
calorie-restricted  347
fat-restricted  347
irritable bowel syndrome  272–273
obesity  346–347

dietary fiber in irritable bowel syndrome  273
dietary habits, GERD therapy  24
dieting, strict  345
digital rectal examination  259
dihydroepiandrosterone 353
1,25-dihydroxyvitamin D in celiac disease  238
dilators

achalasia  71–72, 74
spastic motility disorders  77–78

diltiazem, spastic motility disorders  76
diphenoxylate in irritable bowel syndrome  275
disaccharides in hepatic encephalopathy  511
discrimination  343
disinfectants

environmental  293, 295
medical equipment  293–294

diuretics in ascites  488, 490–491
Doll, Richard  1
domperidone

dyspepsia  165
GERD therapy  25

dopamine
hepatorenal syndrome  495
renal failure  536

Down’s syndrome, celiac disease association  170
doxorubicin in hepatocellular carcinoma  522

drugs
acute pancreatitis  321
non-alcoholic fatty liver disease  396
obesity  343–344

dual energy x-ray absorptiometry (DXA)  231, 232
ducosate sodium  275
ductopenic rejection, chronic  563–564
duodenal ulcer  83, 86

acid suppressive therapy  87, 88
bleeding  88–90
complications  88–90
COX-2 inhibitors  128
H. pylori

association  83–84
eradication  86–87, 88–90
temporal relationship  85

healing  87
H. pylori eradication  88

misoprostol prophylaxis  122, 123
non-Helicobacter pylori associated  84–85
non-NSAIDs related  84–85
NSAIDs  83, 126
obstruction  90
omeprazole healing with continued NSAID use  126
perforation  90
rebleeding risk  88–90
recurrence

maintenance therapy for prevention  87
rate after H. pylori eradication  86–87

treatment  87–90
dyschezia  270
dyslipidemia in non-alcoholic fatty liver disease  396, 398–399
dyspepsia, functional  161–168

definition  161
diagnosis  161–162, 163
diagnostic investigations  162
drug treatment  164–166
endoscopy  162, 163
H. pylori treatment  165–166
meta-analyses  164
methodological problems in trials  162–163
outcome measures  163
overlap with GERD  162
placebo response rate  163
radiography  162
subgroups  162
treatment duration  163
versus uninvestigated  163–164

eating disorders  343, 345
eicosapen  101
elderly patients, proton pump inhibitors  31–32
electrocoagulation  147
electroencephalogram (EEG) in hepatic encephalopathy  506
electrophysiological tests in hepatic encephalopathy  507–508, 512
emotional reactions in irritable bowel syndrome  267
emtricitabine in hepatitis B  367
encephalopathy in fulminant hepatic failure  528, 538–539
endometrial cancer  345
endoscopic balloon dilatation in primary sclerosing cholangitis  445
endoscopic ligation, esophageal varices  453
endoscopic mucosal resection in Barrett’s esophagus  60
endoscopic retrograde cholangiopancreatography (ERCP)

acute pancreatitis  332
common bile duct stones  317–318
gallstone pancreatitis  315–317
primary sclerosing cholangitis  435, 439–440

endoscopic sphincterotomy  316, 332
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endoscopic stenting in primary sclerosing cholangitis  442
endoscopic suturing  39
endoscopic therapy

coaptive coagulation  146
elective repeat  154
failure  154–155
GERD  39
injection therapy  147–153
mechanical clips  153–154
non-variceal gastrointestinal hemorrhage  145–155

omeprazole following  142–143
thermal methods  145–147, 152–153
ulcers with adherent blood clot  154

endoscopy
decompression  307
dyspepsia  162
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gastroesophageal reflux disease diagnosis  17–19
placebo effect  163
sinus tract  335

endoscopy-negative reflux disease (ENRD)  13
enemas

contrast  304
hepatic encephalopathy  508

enkephalins in irritable bowel syndrome  273
entecavir

HBV post-transplant infection  590, 591
hepatitis B  367

enteral feeding
acute pancreatitis  330–332
fulminant hepatic failure  530
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Enterococcus
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Enterococcus faecium 290
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eosinophilia  546
Ephedra  352
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thermal treatment combination  155
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error rate  7
errors, types 1 and 2  7
erythromycin
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selective bowel decontamination 575

Escherichia coli, spontaneous bacterial peritonitis  496
Escherichia coli strain Nissle 1917

pouchitis  214
ulcerative colitis  206

esomeprazole  23, 27, 28
continuous maintenance therapy  29, 31
cost-effectiveness  35
erosive esophagitis/non-erosive reflux disease mixed

patient groups  36
GERD therapy  37
low-dose  32
non-erosive reflux disease  35
on-demand treatment  35
relapse rate  31

symptom relief  38
triple therapy  93

esophageal acid
exposure  21
sensitivity in GERD diagnosis 18, 19

esophageal carcinoma  40
Barrett’s esophagus  56–57, 61–63
surveillance  61–63

esophageal peptic stricture  38–39
esophageal peristalsis, absent  69
esophageal pH monitoring, 24-hour ambulatory in GERD diagnosis

18, 19–21
esophageal resection in achalasia  74, 75
esophageal spasm, diffuse  75
esophageal sphincter, lower  15
esophageal varices

endoscopic ligation  453
screening  395

esophagectomy in achalasia  74, 75
esophagitis

endoscopic  14, 16
erosive  13, 16, 21

acid suppression  24
H2-receptor antagonists  25
healing rate  24
mixed patient groups  36
relapse  29

grading systems  19
healed  29, 30–31, 31–32
healing  27

prediction  38
maintenance therapy  29, 30–31, 31–32
obesity  344
severity  16

esophagogastroduodenoscopy  270
esophagus, hypersensitivity  15
ethanol injection (PEI), percutaneous intratumor  521
ethanolamine oleate  148

portal hypertensive bleeding  461, 470
etidronate, hepatic osteodystrophy  234–235
everolimus  561
evidence

evaluation 9
ranking of strength  2, 3

exercise in obesity  342, 347–348, 397
extracellular matrix proteins  383
extracorporeal albumin dialysis in hepatorenal syndrome  495
extracorporeal support systems  538

factor VIIa, recombinant  461
false neurotransmitter hypothesis  509
familial adenomatous polyposis (FAP)  259, 261
famotidine

esophageal peptic stricture  38
gastric ulcer therapy  90
GERD therapy  25
low-dose  32
NSAID-induced ulcers  125
symptom relief  38

fat consumption  342, 347
saturated  397

fatigue
autoimmune hepatitis  428
primary biliary cirrhosis  422

fatty acids
free  397, 398
short chain  214–215
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Feinstein, Alvin  2
fenoldopam in renal failure  536
ferritin  360

serum levels in hemochromatosis  406, 407, 408, 410
ferroportin 1  405
fever in Clostridium difficile-associated disease  287
fibrates in non-alcoholic fatty liver disease  399
fibrin glue injection therapy  150–151
fibroblast growth factor in ulcerative colitis  206
fibrogenesis, hepatitis C virus  364
Fibrotest score  384
fish oils  101

Crohn’s disease  190
FK778  561
flexible sigmoidoscopy  257–258

colorectal cancer  259, 261
flow cytometry in Barrett’s esophagus  57
floxuridine in gastric ulcer  85
fluconazole  577
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fluid resuscitation in fulminant hepatic failure  528–529
flumazenil in hepatic encephalopathy  509–510, 512, 513
fluoroquinolones  99, 100
food choices  342
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inflammatory bowel disease  236–237
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management  528
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expectant management  312
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therapeutic trial of acid suppression  22–23
treatment  23–26, 344

Index

611



gastrointestinal hemorrhage, non-variceal  139–155
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cost-effectiveness  33–34
duodenal ulcer treatment  87
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non-variceal gastrointestinal hemorrhage  141
NSAID-induced ulcers  125
peptic ulcer disease efficacy 131
symptom relief  38
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NSAID toxicity risk  118
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H2-receptor antagonists  25
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temporal relationship  85
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H2-receptor antagonists  94–95
NSAID ulcer risk reduction  121
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imaging  407
inflammation  417
large cell dysplasia  385
nodular regenerative hyperplasia with azathioprine  545
see also hepatic entries

liver cell regeneration  517
liver disease, chronic

complications  441–442
fibrosis  395
graft rejection prediction  549
metabolic bone disease  232–235
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Los Angeles (LA) classification of esophagitis  19
lower esophageal pressure measurement, GERD diagnosis  17, 18
lower esophageal sphincter, abnormal relaxation  69
lung injury, ventilator-induced  530
lymphocytes, primary sclerosing cholangitis  437
lymphocytic colitis  221–226
lymphoma  345

Ma Huang  352
alpha-2 macroglobulin  383, 384
Maddrey criterion  386, 387
magnetic resonance cholangiography (MRC)  435, 440
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medical equipment, disinfectants  293–294
MELD score  493, 496
meloxicam  130
mental state in hepatic encephalopathy  506
6-mercaptopurine

Crohn’s disease  183, 187–188
side effects  188
ulcerative colitis  203–204
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mesalamine
enemas  200, 202
microscopic colitis  226
pouchitis  214
topical therapy  200, 202, 214
ulcerative colitis  200, 201–202

meta-analysis of 5-aminosalicylate  8–9
metabolic syndrome, non-alcoholic fatty liver disease  395, 396
metformin  348, 351

insulin resistance  398
non-alcoholic fatty liver disease  397–398

methicillin-resistant Staphylococcus aureus (MRSA)  533, 573
prophylaxis  574

methotrexate
adverse effects  189
Crohn’s disease  183, 188–189
microscopic colitis  226
primary biliary cirrhosis  418–419
primary sclerosing cholangitis  443
ulcerative colitis  204

metoclopramide, GERD therapy  25
metronidazole

acute pancreatitis  329
bismuth therapy combination  95, 96, 97
Clostridium difficile-associated disease  288, 289, 290–291, 293, 294, 295

taper/pulse regimen  292
Crohn’s disease  181–182

maintenance therapy  187
H. pylori eradication  91
hepatic encephalopathy  511
pouchitis  213
PPI triple therapy  92, 94
ranitidine bismuth citrate combination  97, 99
resistance  93, 97, 99, 104
triple therapy  93

micafungin  579
microlithiasis  321
microscopic colitis  221–226

autoimmune disorders  223, 224
autoimmunity  223
bile acids  223–224
clinical features  224
collagenous  221–226
colonic biopsy  268
concomitant disease  224
diagnosis  224
diarrhea  224
drug-induced  223
epidemiology  221
etiology  222–224
genetics  222
histopathology  221–222, 223
infectious agents  222–223
luminal agent reaction  222
lymphocytic  221–226
mucosal biopsy  224
nitric oxide  224
pancolonoscopy  224
pathophysiology  222–224
prognosis  224
surgical treatment  226
treatment  225–226

midodrine in hepatorenal syndrome  494
mini-cholecystectomy 314, 315
minisnare  465, 467
misoprostol  119, 120

adverse effects  124
cost effectiveness  124

NSAID-induced ulcer healing  126
PPI ulcer prophylaxis comparison  123
proton pump inhibitor-induced healing  126
ulcer prophylaxis  122–124

molecular adsorbent recirculating system (MARS)  495, 537, 538
monoclonal antibodies

Crohn’s disease maintenance  189–190
ulcerative colitis  205

monosodium fluoride  241
moxifloxacin  99, 100
mucosa-associated lymphoid tissue (MALT) lymphoma  86
mupirocin 574
MUSE classification  19
Mycobacterium tuberculosis 574
mycophenolate mofetil

autoimmune hepatitis  433
liver transplantation  556–557

ductopenic rejection  564
HCV reinfection  562, 563
hepatitis C  594, 595

myotomy, surgical
achalasia  72–73, 74
spastic motility disorders  77–78

nadolol, portal hypertensive bleeding  469
variceal re-bleeding prevention  472

naprosyn, gastric ulcer  85
nasograstric suction in acute pancreatitis  326
nasograstric tube feeding, Clostridium difficile

associated disease  286
nasojejunal feeding, acute pancreatitis  330–331
natalizumab in Crohn’s disease  184–185
nausea

acute colonic pseudo-obstruction  304
Clostridium difficile-associated disease  287

Nd:YAG laser treatment  145, 146, 152
near infrared spectroscopy  535
necrosectomy  333, 334–335
neomycin

hepatic encephalopathy  506, 511, 513
selective bowel decontamination 575

neostigmine in acute colonic pseudo-obstruction  305–306, 308
neurokinins in irritable bowel syndrome  273
neuropathy, hepatitis C-associated  360
neurotransmitter-acting drugs in irritable bowel syndrome  273–275
nicotine

primary sclerosing cholangitis  445
transdermal  205
ulcerative colitis  204–205

nifedipine, spastic motility disorders  76–77
night-eating syndrome  343
nitrates

achalasia  69–70
portal hypertensive bleeding  456

variceal re-bleeding prevention  468–469, 471–472
spastic motility disorders  76

nitric oxide in microscopic colitis  224
nitroglycerin

achalasia  70
spastic motility disorders  76

nitroimidazoles  92, 93
Crohn’s disease  187
resistance  97

nizatidine
dyspepsia  164
erosive esophagitis/non-erosive reflux disease mixed

patient groups  36
gastric ulcer therapy  90
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non-erosive reflux disease (NERD)  13
cost-effectiveness of treatment  35
long-term treatment  35
mixed patient groups  36
pathophysiology  15
quality of life  16–17
symptom relief  34
treatment  34–36

non-steroidal anti-inflammatory drugs (NSAIDs)
Barrett’s esophagus  60
compliance  119
death  117
drug combinations  118
duodenal ulcers  83
duration of use  119
endoscopically diagnosed ulcers  119–120
gastric ulcer  2, 85
gastroduodenal toxicity  117–132

risk factors  118–119
gastrointestinal hemorrhage  117
gastrointestinal perforation  117
H. pylori role  118, 119, 120–122
H2-receptor antagonists in treatment/prevention of ulcers  125
high dose  118
lymphocytic colitis association  223
misoprostol prophylaxis  119, 120, 122–124

clinical events  123–124
endoscopic ulcers  122–123
long-term efficacy  122

multiple use  118
proton pump inhibitors in ulcer prevention/treatment  125–127
ulcers

healing  121
healing phase with proton pump inhibitors  126
non-related duodenal  84–85
prevention in NSAID-naive patients  121
prevention of secondary  121–122

norepinephrine  397
fulminant hepatic failure  529
hepatorenal syndrome  494

norfloxacin
acute pancreatitis  329
spontaneous bacterial peritonitis  498, 499

nucleoside/nucleotide drugs in hepatitis B  367, 375–376
beta-L-nucleosides in hepatitis B  367
number connection test (NCT) in hepatic encephalopathy  506, 507
number needed to treat (NTT)  7, 9
nutcracker esophagus  75
nutrition in hepatic encephalopathy  508–509, 512, 513
nutritional agents, pouchitis  214–215
nystatin  576, 577, 578

selective bowel decontamination  574, 575

oats, consumption  170, 173–174
obesity  341–353

adjunctive pharmacotherapy  351–352
body mass index  341, 342, 344
clinical features  344–346
definition  341
diagnosis  346
dietary causes  342
epidemiology  341–342
etiology  342–344
exercise  342, 347–348
genetic causes  342
hyperinsulinemia  397
lifestyle  342–343
non-alcoholic fatty liver disease  396

psychological causes  343
psychological treatment  348, 349–350, 351
rates  342
surgery  352–353
treatment  346–348, 349–350, 351–353

observational data  2
octilium bromide, irritable bowel syndrome  273
octreotide

acute pancreatitis  326, 327
non-variceal gastrointestinal hemorrhage  143–144
portal hypertensive bleeding  459–460, 461, 463, 464

re-bleeding prevention  470
ofloxacin, spontaneous bacterial peritonitis  497, 498
Ogilvie’s syndrome see acute colonic pseudo-obstruction (ACPO)
OKT3 in liver transplantation  557

CMV
prevention  579
therapy  581

hepatitis C reinfection  563
olsalazine in ulcerative colitis  200
omega-3 fatty acids in Crohn’s disease  190
omeprazole  27–28

antireflux surgery comparison  40
bismuth therapy combination  95, 96, 97
cost-effectiveness  34, 35
dyspepsia  164–165
erosive esophagitis/non-erosive reflux disease mixed patient groups  36
erosive esophagitis relapse  29
esophageal peptic stricture  38–39
gastric ulcer treatment  90
GERD therapy  26

empirical  37
high dose  29
intermittent therapy  33
low-dose  32
misoprostol ulcer prophylaxis comparison  123
non-erosive reflux disease  34–35
non-variceal gastrointestinal hemorrhage  141–143
NSAID-induced ulcer

healing  126
prevention  126
secondary prophylaxis  126–127
symptom reduction  127

on-demand treatment  33, 35
proton pump inhibitor-induced healing  126
quadruple therapy  101
relapse rate  31, 32
symptom relief  21, 38
therapeutic trial  22–23
triple therapy  92, 93, 94
ulcers

healing with continued NSAID use  126
prevention in NSAID-naive patients  121

orlistat  351–352, 397
ornidazole  187
ornipressin in hepatorenal syndrome  494
ornithine aspartate in hepatic encephalopathy 511, 512, 513
osmotherapy  533

intracranial hypertension treatment  535
osteocalcin  235
osteodystrophy, hepatic  232–235
osteomalacia  231

celiac disease  238
vitamin D deficiency  232–233

osteopenia  232, 235, 237
osteoporosis  231

celiac disease  237–238
chronic liver disease  232, 233–235
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corticosteroid-induced  239
prevention/treatment  239, 240, 241–242

Crohn’s disease  236
inflammatory bowel disease  236
malabsorption following surgery  352
primary biliary cirrhosis  418, 421–422

osteoprotegerin  239
ovarian cancer  345
overeating  343
oxidative stress, iron-mediated  399
2-oxo acid dehydrogenase  415
oxygen delivery in fulminant hepatic failure  529

pancolonoscopy in microscopic colitis  224
pancreas

abscess  334
autodigestion  326
fistula  335
necrosectomy  333, 334–335
resection  334
resting  326
stimulation  326

pancreatitis
acute  321–335

laboratory tests  324, 325
nutritional support  330–332
prognosis  321–325
scoring systems  322, 323
surgery  332–335
treatment  325–326, 327, 328–330

alcoholic  326
biliary  332–333
gallstone  315–317
necrotizing  328–329

infected  334–335
polyglycolic absorbable mesh  335
surgical management  334
volumic catheters for fragmentation/extraction  335

supportive measures  326
pantoprazole  27, 28

bismuth therapy combination  97
elderly patients  31–32
erosive esophagitis/non-erosive reflux disease

mixed patient groups  36
gastric ulcer treatment  90
GERD therapy  37
high dose  28–29
maintenance therapy  32
non-erosive reflux disease  35
NSAID-induced ulcer prevention  126
triple therapy  92

paracentesis, therapeutic in ascites  488–489, 491
paralysis, fulminant hepatic failure  530
parathyroid hormone (PTH)

celiac disease  238
glucocorticoid-induced bone loss  239
supplementation  241

parenteral feeding, fulminant hepatic failure  530–531
paromomycin, hepatic encephalopathy  511
paroxetine  276
pectin in pouchitis  215
pelvic floor electromyography  270
D-penicillamine

alcoholic liver disease  386
primary biliary cirrhosis  419
primary sclerosing cholangitis  442
Wilson disease  411–412

penicillin, Clostridium difficile-associated disease  296

Pentasa  179, 180
pentoxifylline

alcoholic liver disease  386, 387
non-alcoholic fatty liver disease  399
primary sclerosing cholangitis  444

peptic ulcer disease  83–104
adherent blood clot  154
biological gradient for bacterial load  85
COX-2 inhibitors  128

clinical ulcer complications  129
drug efficacy 131
endoscopically diagnosed  119–120
epidemiological information coherence  87
Helicobacter pylori

association  83–85
biological plausibility  86
temporal relationship  85

hemorrhage  140
non-variceal bleeding  139
NSAID toxicity risk  118
obstruction  90
perforation  90
rebleeding risk  140, 144

peptide hormone therapy in acute pancreatitis  326
percutaneous ethanol injection (PEI), intratumor  521
periductal fibrosis  437
peritoneal lavage in acute pancreatitis  333–334
peritoneal tap in acute pancreatitis  323–324
peritoneovenous shunt in ascites  491
peritonitis, spontaneous bacterial  492, 496–499

diagnosis  497
mortality  497
prognosis  497–498
prophylaxis  498–499

peroxisome proliferator activated receptor gamma
(PPARgamma)  398

peroxisome proliferator activated receptor gamma (PPARgamma)
agonists  399

pH monitoring, 24-hour ambulatory  344
phenytoin, fulminant hepatic failure  536
phlebotomy, non-alcoholic fatty liver disease  399
phosphatidylcholine  386, 387
photodynamic therapy, Barrett’s esophagus  60
physical abuse, irritable bowel syndrome  268
pinaverium bromide, irritable bowel syndrome  273
placebo in GERD therapy  25
plasma expanders, paracentesis for ascites  488, 489
plasmapheresis, fulminant hepatic failure  538
platelet activating factor (PAF) in acute pancreatitis  328
PMN elastase  324, 325
pneumatic dilatation

achalasia  71–72, 74
spastic motility disorders  77–78

Pneumocystis jiroveci (formerly carinii)  578
polidocanol  148, 150, 151

mechanical clips comparison  154
portal hypertensive bleeding  461, 470

polyenes  576–577
polyethylene glycol

colonic lavage  275
interferon conjugation  361
oral isotonic solution  275

polygeline, paracentesis for ascites  489
polyglycolic absorbable mesh  335
polymyxin E, selective bowel decontamination  574, 575
polyp dwell time  255
polyvinyl alcohol with tantalum  39
porfimer sodium  60
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porphyria cutanea tarda  518
portacaval shunt

H-graft  473–474
portal hypertensive bleeding  465, 472–474

portal hypertension
HCV-related cirrhosis  360
hepatocellular carcinoma  520, 521
pathogenesis  487–488
sinusoidal  487

portal hypertensive bleeding  453–474
emergency sclerotherapy  461, 462, 463–465
gastric varices  457–458, 467
risk prediction  453–454
variceal

emergency surgery  465
outcome  457–458
prevention of first  454–457
recurrence prevention  468–472
risk of first  453–454
treatment  458–468
uncontrolled  467–468

varices development  453
portal–systemic encephalopathy (PSE) index  506, 511
portosystemic shunts  441–442
potassium canrenoate  490
potassium supplements for gastric ulcer  85
pouchitis

chronic  217
classification  212
clinical outcome  217
diagnosis  211–212
disease activity measurement  211–212
restorative colectomy  211–217
surgical exclusion/excision  217
treatment  212–217

prednisolone
Crohn’s disease  180–181
microscopic colitis  226
primary biliary cirrhosis  418, 419
Wilson disease  412

prednisone
autoimmune hepatitis  431, 432–433
Crohn’s disease  180–181, 182, 183, 184

withdrawal  187, 188
liver transplantation hepatitis C reinfection  563
primary sclerosing cholangitis  443
ulcerative colitis  203

probiotics  101
acute pancreatitis  329
Clostridium difficile-associated disease 290, 291, 292, 293
pouchitis  212, 213–214
ulcerative colitis  206

procollagen I  383
procollagen III propeptide  383, 384
proctitis, ulcerative  202, 204
proctocolectomy  442

prophylactic  248, 251
restorative

metabolic bone disease  236
pouchitis  211–217

prognosis  4–5
prokinetic drugs

acute colonic pseudo-obstruction  306–307
GERD therapy  25–26

prolamins  170, 173
pronase  101
propranolol in portal hypertensive bleeding  456, 457, 469

variceal re-bleeding prevention  472

propylthiouracil in alcoholic liver disease  385–386
prostaglandins in hepatorenal syndrome  495
protease inhibition in acute pancreatitis  326, 328
protein, dietary  512

hepatic encephalopathy  509, 513
protein intolerance  512

hepatic encephalopathy  513
prothrombin index  383, 384
prothrombin time  383, 384
proton pump inhibitors (PPIs)  13

antibiotic combination  99, 101
antireflux surgery comparison  40
Barrett’s esophagus  58–59
bismuth triple therapies  95, 96, 97

treatment failures  97, 98
continuous maintenance therapy  29, 31
cost-effectiveness  33–34
dosage regime  29
dual therapies  91–92
duodenal ulcer treatment  87
dyspepsia  164–165
effectiveness  27–28
erosive esophagitis/non-erosive reflux disease mixed

patient groups  36
esophageal peptic stricture  38–39
fulminant hepatic failure  531
gastroesophageal reflux disease  344
GERD therapy  24

empirical  37
erosive  26–34

H. pylori eradication combination therapies
91–95, 96, 97

heartburn treatment  26–27
high dose  28–29
intermittent therapy  33
maintenance therapy  29, 30–31, 31–32

low-dose continuous  32–33
misoprostol prophylaxis comparison  123
non-erosive reflux disease  34–35
non-variceal gastrointestinal hemorrhage  141–143
NSAID-induced ulcers  125–127

healing phase  126
secondary prophylaxis  126–127
symptom reduction  127

on-demand therapy  33
peptic ulcer disease efficacy 131
plus amoxicillin  91
plus clarithromycin  91
relapse rate  31
symptom relief  38
test 18
therapeutic trial  22–23
therapy response questionnaire  21
triple therapies  92–94

antibiotic resistance  93–94
compliance  95, 97
dosing regimen  94
effectiveness  94–95
optimum duration  93
studies  95, 96, 97

pruritis in primary biliary cirrhosis  422
psychodynamic therapy  275
psychometric tests, hepatic encephalopathy  506–507, 512
psychosocial stresses in irritable bowel syndrome  267
psychotropic drugs, spastic motility disorders  77
pulmonary artery catheters, fulminant hepatic failure  529
pulmonary artery occlusion pressure (PAOP)  529
purine antimetabolites in Crohn’s disease  182, 183
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quality of health index in Clostridium difficile-associated disease  287
quality of life

cholecystectomy  313–314
Crohn’s disease  185
gallstone disease  311–3112
gastroesophageal reflux disease  13, 14, 16–17
hepatic encephalopathy  507
irritable bowel syndrome  271–272

quantitative computed tomography (QCT)  231, 232
questionnaires for GERD diagnosis  21–22
quinolones  575

rabeprazole  27, 28
gastric ulcer treatment  90
high dose  29
levofloxacin dual therapy  91–92
low-dose  32
non-erosive reflux disease  35
quadruple therapy  103
relapse rate  31, 32
triple therapy  92, 102, 103

sequential  99, 100
radiofrequency energy  39
radiofrequency thermoablation  521
radiography

dyspepsia  162
GERD diagnosis  17, 18

radiotherapy, conformal in hepatocellular carcinoma  522
randomization methods  6–7
randomized controlled trial (RCT)  1, 2

meta-analysis  8–9
ranitidine  24

bismuth therapy combination  97, 99
dyspepsia  164
erosive esophagitis/non-erosive reflux disease mixed patient groups  36
esophageal peptic stricture  38–39
fulminant hepatic failure  531
gastric ulcer treatment  90
gastroesophageal reflux disease  344
GERD therapy  25

empirical  37
intermittent therapy  33
low-dose  32
misoprostol ulcer prophylaxis comparison  123
non-erosive reflux disease  35
NSAID-induced ulcers  125

healing  126
ranitidine bismuth citrate  97, 99

antibiotic combination  99, 101
RANKL  239
Ranson’s criteria  316, 322, 323, 326, 329, 333
rapamycin see sirolimus
RATG (rabbit antithymocyte globulin)  558, 560
re-reflux phenomenon  24
receiver-operating characteristic (ROC) analysis  19
reflux esophagitis  163
reflux symptoms  19–20
Rejection Activity Index (RAI)  546
relapse rate  7, 9
relaxation therapy in irritable bowel syndrome  275
renal cell cancer  345
renal failure

cyclosporin after liver transplantation  545
fulminant hepatic failure  536–537
spontaneous bacterial peritonitis  497

renal replacement therapy in fulminant
hepatic failure  536

repifermin in ulcerative colitis  206
ribavirin

averse effects  364
hepatitis C  359, 364, 520, 593–594
interferon alpha combination  361
mitochondrial toxicity  363
pegylated interferon combination  361

ribozymes  364
rifabutin  101–102
rifaximin, hepatic encephalopathy  511
Rigiflex polyethylene balloon in achalasia  71
risk reduction

absolute  122
relative  7, 122

risks, relative  8
Rockall scoring system  139, 140
rofecoxib  128, 129, 130

cost-effectiveness  131
Rome criteria for irritable bowel syndrome  265–266, 268
rosiglitazone  398
Roux-en-Y gastric bypass surgery  344, 345

obesity  352
vomiting  345

roxithromycin  101

Saccharomyces boulardii 101
Clostridium difficile-associated disease  290, 292, 293

Sackett, David  1
Savary–Miller classification  19
scientific method  2
scintigraphy, gastroesophageal reflux disease diagnosis  17, 18
sclerosants  147–148, 461

portal hypertensive bleeding  470
gastric varices  467

sclerosing cholangitis, primary  214, 232, 435–477
associated disorders  435
bacteria  439
biliary tree annular strictures  442
cellular immune abnormalities  437
complications  440–442
diagnosis  435, 439–440
disease progression 438

prevention  442–445, 446, 447
endoscopic balloon dilatation  445
endoscopic stenting  442
endstage chronic liver disease  441–442
etiology  435–437, 438, 439
etiopathogenesis  439
graft rejection prediction  549
HLA types  439, 440
immunogenetics  436
inflammation  437
MHC genes  436
non-MHC immunoregulatory genes  436–437
occult tumor identification  442
prognosis  440–445, 446, 447
recurrence  447
strictures  442
treatment  442–445, 446, 447

combined  445
sclerotherapy

emergency  461, 462, 463–465
endoscopic  147–153
GERD  39
plus drugs/balloon tamponade  461
portal hypertensive bleeding  453, 454, 457

complications  464
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rebleeding prevention 466, 469–471, 472
variceal re-bleeding prevention  473

secretin release reduction  326
sedation in fulminant hepatic failure  530
seizures in cerebral edema  536
selection bias  174
selective bowel decontamination

acute pancreatitis  329–330
antibiotics  531, 533, 573
post-transplant prophylaxis  574–575

selective serotonin reuptake inhibitors (SSRIs)
irritable bowel syndrome  276–277
obesity  343–344

self-esteem, low  343
sensitivity analysis  8
septicemia in Clostridium difficile-associated disease  285, 286
sexual abuse in irritable bowel syndrome  268
short synacthen test  537
shunt surgery

hepatic encephalopathy  512
portal hypertensive bleeding  453, 454, 465

rebleeding prevention  472
sibutramine  351
sickness impact profile (SIP)  507
sigmoidoscopy, flexible  257–258

colorectal cancer  259, 261
sildenafil

achalasia  69, 70
spastic motility disorders  77

silymarin  386
single photon emission computed tomography (SPECT),

intracranial pressure  535
sinus tract endoscopy  335
sirolimus

autoimmune hepatitis  433
conversion therapy  557
liver transplantation  557–558

ductopenic rejection  564
small intestine

adenocarcinoma  173, 174, 175
lymphoma  173, 174
motility study  270

smoking
pouchitis  214
primary sclerosing cholangitis  445
ulcerative colitis  204–205

smooth muscle antibodies (SMA)  416, 429
sodium benzoate in hepatic encephalopathy  511–512
sodium fluoride  237, 241
sodium morrhuate in portal hypertensive bleeding  461
sodium restriction in ascites  488
sodium tetradecyl sulfate  148

portal hypertensive bleeding  461, 470
soft drinks  342
soluble liver antigen (anti-SLA) autoantibodies  430
somatostatin

acute pancreatitis  326, 327
non-variceal gastrointestinal hemorrhage  143–144
portal hypertensive bleeding  458–459, 460, 461, 463, 464

sorbitol  275
spastic motility disorders  75–78

diagnosis  75–76
symptoms  75
treatment  76–78

sphincterotomy  317
spironolactone in ascites  490, 491
splenorenal shunt, selective distal  472–473, 474
sprue  269

collagenous  176
refractory  176
small bowel biopsy  268

Staphylococcus aureus
spontaneous bacterial peritonitis  496
see also methicillin-resistant Staphylococcus aureus (MRSA)

Staphylococcus epidermidis 329
statins  396, 399
stavudine  363
steatohepatitis, non-alcoholic  345, 393
steatosis

non-alcoholic fatty liver disease  393, 394, 397
recurrence  400

Stenotrophomonas maltophilia 573, 574
steroids see corticosteroids
Streptococcus salivarius sp. thermophilus 213–214
stress, irritable bowel syndrome  267
stress ulceration prophylaxis  531
Stretta procedure  39
strictures, primary sclerosing cholangitis  442
stromelysin  437
strontium ranelate  241
sucralfate

fulminant hepatic failure  531
GERD therapy  26

suicide risk  345
sulfasalazine

Crohn’s disease  179, 180
microscopic colitis  226

sulfonylureas, non-alcoholic fatty liver disease  398
surfactants, irritable bowel syndrome  275
surgery

acute pancreatitis  332–335
antireflux  40–41, 59–60
bariatric

gastroesophageal reflux disease  344
steatohepatitis  345

Barrett’s esophagus  59–60
cholecystectomy  314–315
Clostridium difficile-associated disease  286
obesity  352–353, 397
pancreatitis acute  332–335
portal hypertensive bleeding  465, 472–474
see also liver transplantation; shunt surgery

suturing, endoscopic  39
symptom association probability (SAP) in GERD  22
symptom index in GERD  22
symptomatic recurrence rate  7
symptoms, diagnostic predictors in GERD  21–22
systematic reviews, updating  9
systemic inflammatory response syndrome (SIRS)  331

fulminant hepatic failure  529

T cell receptors, primary sclerosing cholangitis  437
T-helper 1 (Th1) cytokine response  86
T tube placement  334
tachykinin in irritable bowel syndrome  273
tacrolimus

autoimmune hepatitis  433
liver transplantation  550, 552, 553, 554, 555, 560

ductopenic rejection  564
graft survival  553, 555
hepatitis C  594, 595
hepatitis C reinfection  562
patient survival  553, 555
rejection  555
rescue for acute cellular rejection  556
single drug therapy  552, 553
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steroid-sparing effect  555
therapeutic monitoring  556

primary sclerosing cholangitis  443–444
tamoxifen

hepatocellular carcinoma  522
non-alcoholic fatty liver disease  396

tegaserod  275
acute colonic pseudo-obstruction  307

teicoplanin, Clostridium difficile-associated disease  289–290
terlipressin

hepatorenal syndrome  494, 495
portal hypertensive bleeding  458, 460–461, 464

tetracycline
bismuth therapy combination  95, 97
H. pylori eradication  91

thalidomide, primary biliary cirrhosis  418, 419
therapy recommendations  5–6
thermoablation

Barrett’s esophagus  60
radiofrequency  521

thiamin supplementation  512, 513
thiazolidinediones  398
thioctic acid  386
thiomolybdate in Wilson disease  412
thiopentone in intracranial hypertension  535
thrombin injection therapy  149–150
thrombocytopenia  360
thymoglobulin  558
ticlopidine, lymphocytic colitis association  223
tinidazole

bismuth therapy combination  95, 97
PPI triple therapy  92, 94
ranitidine bismuth citrate combination  97, 99
resistance  93

tissue adhesives in portal hypertensive bleeding  465, 467
tissue transgultaminase (tTG)  170, 172
tobramycin

perioperative prophylaxis  573
selective bowel decontamination  574, 575

topiramate  351
total enteral nutrition, acute pancreatitis  330–331, 332
total parenteral nutrition (TPN)

acute pancreatitis  330–331, 332
fulminant hepatic failure  530–531

toxic megacolon  285, 286
tranexamic acid, non-variceal gastrointestinal hemorrhage  143
transcatheter arterial chemoembolization  521–522
transcranial Doppler for intracranial pressure  535
transferrin saturation  405–406, 407, 410
transforming growth factor (TGF) beta1  383, 384
transient lower esophageal sphincter relaxations (TLESRs)  15
transjugular intrahepatic portosystemic shunt

(TIPS)  441–442, 512
ascites  491–492
hepatorenal syndrome  494–495
portal hypertensive bleeding  453

variceal re-bleeding prevention  472, 473–474
uncontrolled variceal bleeding  467–468

trauma
acute colonic pseudo-obstruction  303
acute pancreatitis  321

trazodone in spastic motility disorders  77
trientine, Wilson disease  412
triglycerides  397
trimebutine in irritable bowel syndrome  273
trimethoprim–sulfamethoxazole in spontaneous bacterial
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