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Preface

Portal hypertension is the haemodynamic abnormality associated with
the most severe complications of cirrhosis, including ascites, hepatic
encephalopathy and bleeding from gastroesophageal varices. Since variceal
bleeding is a medical emergency associated with significant morbidity and
mortality, the evaluation of diagnostic tools and the design and conduct of
good clinical trials for the treatment of this condition have always been dif-
ficult. Awareness of these difficulties has led to the organisation of a series
of meetings aimed at reaching consensus on the definitions of some key
events related to portal hypertension and variceal bleeding, and at produc-
ing guidelines for the conduct of trials in this field. Such meetings took place
in Groningen, the Netherlands in 1986, in Baveno, Italy in 1990 (Baveno I)
and in 1995 (Baveno II), in Milan, Italy in 1992, in Reston, United States,
in 1996 and in Stresa, Italy in 2000 (Baveno III). All these meetings were
successful and produced consensus statements on some important points,
although several issues remained unsettled.

Since the Baveno III meeting, new diagnostic tools, new drugs and new
treatment strategies for portal hypertension have been developed, which
might lead to important changes in the management of this condition. We
thus felt that the time had come to evaluate the impact of these novelties on
the diagnostic and therapeutic strategies that we follow in managing patients
with portal hypertension. Therefore, with the help and encouragement of a
group of friends from 16 countries, many of whom had taken part in the
previous three Baveno meetings, we organised a Baveno IV workshop which
took place on 28–29 April 2005.

The aims of the Baveno IV workshop were the same as in Baveno I, II and
III, that is to refine and extend the definitions of key events concerning the
bleeding episode, in the light of the feedback we have received from studies
carried out since Baveno III, and to review and put into perspective the new
diagnostic tools and the new therapeutic strategies that have been proposed

xvii



xviii Preface

in the last five years. In addition, we continued the effort that was begun in
Groningen and continued in the following workshops of producing updated
guidelines aimed at improving the quality of our future studies. We were
very fortunate in being able to bring to this workshop many of the experts
responsible for most of the major achievements of the last five years in this
field.

The structure of the Baveno IV workshop included eight sessions and
seven lectures. The first session was devoted to verifying the appropriate-
ness and practicality of the definitions of key events that had been given in
Baveno I , II and III, and an attempt was made to develop consensus defi-
nitions on points which were not addressed – or not agreed upon – in the
previous workshops. In each of sessions 2 to 6, the chairpersons and the
panellists reviewed an important topic related to the diagnosis or the treat-
ment of portal hypertension. At the end of each session, the chairpersons
proposed a series of statements which were discussed within the panel and
with the other experts on the floor with the aim of reaching consensus on
some important diagnostic or therapeutic issues.

Session 7 focused on an emerging entity, that is non-cirrhotic portal
hypertension, comparing experiences developed in the Eastern and Western
world. Session 8 was devoted to assess ways of evaluating the scientific
evidence above and beyond randomised controlled trials.

The seven lectures were different in scope. The first one summarised the
past history of the Baveno workshops, the impact of publications derived
from those workshops on the medical literature and gave a brief survey
of the new diagnostic tools, new drugs and new therapeutic strategies that
have been recently proposed and will have to be evaluated in the future. The
second lecture analysed the value and limits of evidence-based medicine;
the third, fourth, fifth and sixth lecture addressed important clinical issues,
that is the relationship between coagulation defects, fibrinolysis and portal
hypertensive bleeding, the hepatopulmonary syndrome and portopulmonary
hypertension, hepatorenal syndrome, spontaneous bacterial peritonitis and
infections. The seventh lecture analysed the quality of trials in portal hyper-
tension and other fields of hepatology, and was an update of a lecture on the
same topic that was given at Baveno III.

These proceedings follow closely the structure of the workshop. The
order of lectures and sessions is the same, except for the lectures by
Dr Gluud and of Professor Pagliaro, which were moved close to session 8,
as they are the ideal introductions to the latter. The consensus statements
that were agreed upon at the end of each session are reported at the
end of the pertinent chapters. The levels of available evidence and the



Preface xix

strength of the recommendations are graded according to theOxford System:
(http://www.cebm.net/downloads/Oxford_EBM_Levels_5.rtf).

Our deepest thanks go to all the friends who accepted to give lectures
and to serve as chairpersons and panellists of the sessions, and who helped
us by working hard in the preparation of the workshop and of the chap-
ters. We also wish to thank Sandra Covre and her staff of GPA Net,
who managed brilliantly the organisation of the workshop, Jorge Cubero
Sotela, Alessandra Dell’ Era, Federica Fabris end Emanuele Rondonotti,
who skilfully operated the computer-video projector systems throughout
the workshop. In addition, we are grateful to the European Association for
the Study of the Liver (EASL), the Associazione Italiana per lo Studio del
Fegato (AISF), the Società Italiana di Gastroenterologia (SIGE), the Società
Italiana di Endoscopia Digestiva (SIED) and the Associazione Italiana dei
Gastroenterologi ed endoscopisti Ospedalieri (AIGO) who endorsed the
meeting, to the Companies who sponsored the workshop and especially to
Ferring Pharmaceuticals, who made the publication of this book possible
through a generous grant, to Tim Akroyd for his encouragement and co-
operation in this project, and to Blackwell Publishing for the timely and
excellent production of this volume.

Roberto de Franchis
On behalf of the Baveno IV Scientific Committee





LECTURE

What Have We Accomplished
(and What Lies Ahead)

Roberto de Franchis

INTRODUCTION

The idea of holding consensus meetings on portal hypertension was born
in 1986, when Andrew Burroughs organised the first such meeting in
Groningen, the Netherlands [1]. After Groningen, other meetings followed,
in Baveno, Italy in 1990 (Baveno I) [2] and in 1995 (Baveno II) [3,4], in
Milan, Italy in 1992 [5], in Reston, United States [6] and in Stresa, Italy in
2000 (Baveno III) [7,8]. This is the seventh meeting of this kind.

In this review, I will summarise the work previously done in the Baveno
workshops I to III and outline the new diagnostic and therapeutic modalities
that are emerging and will have to be evaluated in the near future.

What we have done

1 Topics covered at the Baveno I, II and III meetings.
2 Publications derived from the Baveno I, II and III workshops.
3 Quantitative impact of the Baveno I, II and III consensus on the medical
literature.
4 Attendance at the Baveno workshops.

What lies ahead

1 New diagnostic tools.
2 New drugs.
3 New therapeutic strategies.

1



2 R. de Franchis

WHAT WE HAVE DONE

Topics addressed at the Baveno I, II and III workshops

• Definitions of key events.
• Diagnostic evaluation of patients with portal hypertension.
• Prognostic factors for first bleeding, rebleeding and survival.
• Therapeutic strategies in patients with portal hypertension.
• Methodological requirements of future trials.

Publications derived from the Baveno I, II and III workshops

• The Baveno I workshop was reported in the Journal of Hepatology in
1992 [2].
• A report of the Baveno II workshop was published in the Journal of
Hepatology in 1996 [3].
• The proceedings book of the Baveno II workshop was published by
Blackwell Science in 1996 [4].
• The Baveno III workshop was reported in the Journal of Hepatology in
2000 [7].
• The proceedings book of the Baveno III workshop was published by
Blackwell Science in 2001 [8].

Impact of the Baveno consensus on the medical literature

Figure 1 shows the number of citations of the Baveno I–III reports in the
medical literature between January 1993 and January 2005. Overall, the
reports had more than 200 citations.

Attendance at the Baveno workshops

Two hundred and five participants took part in the Baveno I workshop; 81%
of them were from Italy, 19% from other countries. Eighteen countries were
represented.

The Baveno II workshop was attended by 252 participants, of which
74% were from Italy and 26% from other countries. Eighteen countries
were represented.

The attendance of the Baveno III workshop was 385, of which 49%
were from Italy and 51% from other countries. Twenty-nine countries were
represented.
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Four hundred and eighty five participants took part in the Baveno IV
workshop; 38% were from Italy, 62% from 39 other countries. Forty coun-
tries were represented: Argentina, Australia, Austria, Belgium, Bulgaria,
Canada, Chile, Costa Rica, Croatia, Czech Republic, Denmark, Egypt,
Finland, France, Germany, Greece, Hong Kong, Hungary, India, Israel,
Italy, Jordan, Korea, Malaysia, Mexico, Pakistan, Portugal, Romania,
Saudi Arabia, Serbia-Montenegro, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Taiwan, Thailand, The Netherlands, United Kingdom and
United States.

These data are shown graphically in Figs 2 and 3.
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WHAT LIES AHEAD

New diagnostic tools

Oesophageal endoscopic capsule (PillCam Eso)

Traditionally, upper GI endoscopy (EGD) has been the mainstay for the
diagnosis of portal hypertension. Current guidelines [7] recommend that
all cirrhotic patients be screened for oesophageal varices by endoscopy at
the time of the diagnosis of cirrhosis: those with no varices at screen-
ing endoscopy should undergo endoscopic surveillance every 2–3 years;
those with small varices at screening endoscopy should undergo endoscopic
surveillance every 1–2 years.

These recommendations represent a potentially large endoscopic burden.
Their application is hampered by suboptimal patient acceptance of conven-
tional EGD. The availability of a less invasive screening test could improve
patient acceptance and thus adherence to recommendations.

The recently developed oesophageal capsule endoscope (PillCamEso�) is
a new, minimally invasive tool for the study of oesophageal lesions. Plate 1
(facing p. 204) shows the appearance of oesophageal varices on PillCam
Eso� endoscopy. In a pilot study [9], the PillCam Eso� has been compared
with conventional EGD for the diagnosis and surveillance of oesophageal
varices in cirrhotic patients. The study has shown a 96.9% agreement
between PillCam Eso� and EGD for the diagnosis of the presence of
oesophageal varices. The sensitivity, specificity, positive and negative predic-
tive values of PillCam Eso� were 100%, 89%, 96% and 100% respectively
(Fig. 4). If these data are confirmed, the PillCam Eso� could become a first-
line, minimally invasive tool to screen cirrhotic patients for the presence of
varices.
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Fig. 4 Comparison of EGD and PillCam Eso� for the diagnosis of oesophageal
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Fig. 5 Relationship between Fibrotest values and degree of portal hypertension in
patients with normal liver, liver fibrosis and cirrhosis.

Fibrotest and Fibroscan

Attempts at identifying the patients with oesophageal varices by non-invasive
means, in order to restrict the performance of endoscopy to the patients
with a high probability of having varices have been disappointing so far
[10]. It has been suggested that patients with varices could be identified
non-invasively by a combination of biochemical tests [α-2-macroglobulin,
haptoglobin, apolipoprotein A1, gamma-glutamyltranspeptidase and total
bilirubin (Fibrotest)] and/or by transient elastography (Fibroscan). A French
study [11] presented in 2004 at the AASLD meeting has shown that there is
a good correlation between the values of Fibrotest and the presence of severe
portal hypertension (Fig. 5). Another recent study [12] has shown a good
correlation between liver stiffness measured by transient elastography and
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Fig. 6 Relationship between liver stiffness measured by transient elastography and
presence and size of oesophageal varices (left panel). Comparison of the area under
the ROC curve (AUROC) for transient elastography (LSM) and portal pressure
gradient (PG) (right panel).

the presence and size of oesophageal varices (Fig. 6). Further studies with the
above techniques should be carried out to define whether Fibroscan and/or
Fibrotest can be used to identify non-invasively the patients with oesophageal
varices.

New drugs

Interferon in the prevention of the progression of fibrosis

Attempts at preventing the development of oesophageal varices with
β-blockers have given disappointing results [13,14]. The recent demon-
stration that interferon treatment may delay the development of varices
in patients with chronic hepatitis C and hepatitis C virus (HCV)-related
cirrhosis [15] (Fig. 7) suggests that interferon treatment might have a role in
preventing the development of portal hypertension. this hypothesis deserves
to be tested in appropriately designed studies.

Recombinant-activated factor VII (rFVIIa) in the treatment of acute
variceal bleeding

It has recently been shown that the administration of recombinant-activated
factor VII (rFVIIa) normalises prothrombin time in bleeding cirrhotic
patients. The potential role of rFVIIa has been evaluated in a multicentre
European trial [16], including 245 bleeding cirrhotic patients who were



WHAT HAVE WE ACCOMPLISHED 7

Colchicine PEG-Intron Colchicine PEG-Intron

10 10%

0

20

%

20

0

2-year development of varices 2-year variceal bleeding

Fig. 7 Comparison between PEG-Interferon and colchicine in the prevention of the
development of oesophageal varices and of variceal bleeding in patients with
chronic hepatitis C and with HCV-related cirrhosis.
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Fig. 8 Randomised controlled trial of recombinant-activated factor VII (rFVIIa) as
an adjunct to endoscopic and vasoactive treatment for acute variceal bleeding.

randomised to receive eight doses of rFVIIa, 100 μg/kg or placebo in
addition to combined endoscopic + pharmacological treatment. The pri-
mary end point was a composite including failure to control bleeding at
24 h, failure to prevent rebleeding between 24 h and 5 days and death
within 5 days. No significant effect was found when analysing the whole
patients population; however, an exploratory analysis showed that, in Child-
Pugh B and C variceal bleeders, rFVIIa significantly reduced the occurrence
of the primary end point (from 23% in patients receiving placebo to 8%
in patients receiving rFVIIa, p = 0.03), and improved bleeding control at
24 h (from 88% to 100%, p = 0.03) (Fig. 8). These data are encouraging,
but require confirmation by studies specifically targeted on the appropriate
patients.
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Conclusions

All these exciting new developments will have to be carefully evaluated
to see whether they can be incorporated in the diagnostic/therapeutic
armamentarium for portal hypertension.
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SESSION 1

Definition of Key Events – Last
Attempt?

Andrew K. Burroughs, Paul Calès, David Kravetz,
Oliviero Riggio, Dominique Thabut, Henk R. van
Buuren and Patrick S. Kamath

INTRODUCTION

Following Baveno III, there has been further discussion regarding the key
events in variceal bleeding, as these were still unresolved issues. In partic-
ular there has been a formal evaluation of their use based on data from a
randomised clinical trial [1].

Questions related to the definition of key events were formulated by
the panellists and sent out to members of other panels. In total we had 38
respondents and the results are included in the text.

EVENTS RELATED TO FAILURE TO CONTROL ACUTE
VARICEAL BLEEDING

The majority of respondents (n = 24) felt the criteria for failure to control
variceal bleeding needed changing, with only a few in disagreement (n = 6)
and the others who did not know (n = 8). Time zero and death due to
bleeding are not changed, but responses to the questionnaire and polls of the
participating audience have resulted in new proposals for failure to control
bleeding.

The issue of definition is an important one for the evaluation and under-
standing of all clinical studies in this setting whether randomised or not.
A good example is the effect of acute sclerotherapy in various types of trials
such as those comparing it combined with vasoactive drugs/balloon tam-
ponade to the latter alone, or a direct comparison with vasoactive drugs,
or compared to the combination of vasoactive drugs and sclerotherapy,
or to ligation alone. In these four groupings the median efficacy of acute
sclerotherapy (Fig. 9) was only 69% in trials comparing sclerotherapy to

11



12 A.K. Burroughs et al.

M
ed

ia
n 

(%
)

86% 5 trials
413 83% 15 trials

1324

69% 8 trials 
1026

95% 12 trials
1309

50

55

60

65

70

75

80

85

90

95

100

v. drugs v. S + drugs 

* At the end of endoscopy

Control of variceal bleeding with 
emergency sclerotherapy (Triantos 2005)

S+d v.drugs v. ligation*

Fig. 9 The efficacy of emergency sclerotherapy alone in groups of randomised trials
compared to other treatments (column 1 sclerotherapy + vasoactive drugs versus
drugs; column 2 versus vasoactive drugs; column 3 versus sclerotherapy combined
with vasoactive drugs and column 4 versus ligation).

combined vasoactive drugs and sclerotherapy, whereas it was 86% (together
with vasoactive drugs/balloon tamponade) and 83% (direct comparisonwith
vasoactive drugs) and 95% (versus ligation). The last high figure is explained
by the assessment at the end of the endoscopic procedure, and not over sub-
sequent time periods as in the other groups. Moreover if the issue of the
assessment of the efficacy of sclerotherapy is examined further, then it can
be seen that there is no systematic change over time (Fig. 10) in terms of
year of publication of trials, but the discrepancy appears to be related to
the assessment of trials evaluated over a 5-day period, in the group in which
sclerotherapy was compared to combined vasoactive therapy and sclerother-
apy (Fig. 11). This becomes even more of a problem, as it is this group of
trials which suggests that the best acute therapy is a combination of vasoac-
tive drug and sclerotherapy. This could be true, but the evaluation of the
efficacy of sclerotherapy across trials means that some caution must be used
in supporting this interpretation. It is unlikely that the real efficacy of scle-
rotherapy is very different across studies, so that these differences represent
differences in definition – a problem highlighted in the past regarding trials
in acute variceal bleeding [2,3].
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comparing it to other therapies (column 1 sclerotherapy + vasoactive drugs versus
drugs; column 2 versus vasoactive drugs; column 3 versus sclerotherapy combined
with vasoactive drugs and column 4 versus ligation) with respect to the interval
over which the efficacy was evaluated.
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Table 1 Ranking of criteria used to define failure to control bleeding (including
start of very early rebleeding) by 38 respondents to the Baveno IV questionnaire.

Ranking of signs of 38 responders to questionnaire 1st rank 2nd rank

Fresh haematemesis 26 8
Systolic drop > 20 mmHg 4 8
Fresh melaena 2 5
Tachycardia 120 + (on terlipressin) 1 7
Tachycardia 120 + (no terlipressin) 1 1
Haemoglobin drop? 2 g/dL 0 2

NB: Nasogastric tube aspiration was NOT asked – from Baveno 2 + 3−
only 50% units use nasogastric tube aspiration

Table 2 Criteria selected by 38 respondents to the Baveno IV questionnaire in terms
of blood/colloid transfusion equating with failure to control acute variceal bleeding.

Plasma expanders
Transfusion (blood) Yes to be included

2 units 11 yes 7
3 units 2 no 28
4 units 6 don’t know 3
Units transfused corrected 13

by baseline value
None of the above 5

Thus, the definition of failure to control acute variceal bleeding (FCB)
raised the major concern for Baveno IV panellists, but resulted in some fairly
consistent responses to the questionnaire. Thus, ranking of signs to define
such failure showed that fresh haematemesis was either first (n = 26), or
second rank (n = 8) as a criterion, with a systolic blood pressure drop of
20mmHgormore being second as a criterion (first ranking 4, second ranking
8) (Table 1).

As regards blood or colloid requirement, the majority felt that a trans-
fusion index taking into account the baseline value was also a criterion to
define failure (Table 2). Lastly, the use of added procedures (other than first
therapeutic endoscopy) was also felt to constitute failure (Table 3).

The time frame for acute variceal bleeding, which had been agreed upon
at Baveno III, but not applied in many trials since 2000, was confirmed as
lasting 5 days (120 h). This was despite some centres considering the end of
the acute bleeding episode, in terms of the start of secondary prophylaxis,
as being at admission (n = 6), end of 48 h (n = 6), end of 72 h (n = 8) and
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Table 3 Criteria selected by 38 respondents to the Baveno IV questionnaire in
terms of use of alternative procedures equating with failure to control acute variceal
bleeding.

Yes No

2˚ therapeutic endoscopy? 5 days 26 12
Use a balloon tamponade 37 1
Use of Transjugular Intrahepatic 26 12

Porto-systemic Shunt (TIPS) after at least
One therapeutic endoscopy or
as first therapy after diagnostic
endoscopy

Table 4 Simplified criteria defining failure to control bleeding according to
previous Baveno II/III definitions.

Criteria

Period < 6 h > 6 h
Blood units ≥ 4 ≥ 2
Systolic arterial pressure < 70 or ↗ < 20 ↘ > 20
Heart rate ≥ 100 or ↘ ≤ 20 ↗ > 20

Haematemesis –

end of 96 h (n = 1). However, the majority considered it at the end of 120 h
(n = 17). Thus, by definition secondary prophylaxis starts on day 6.

BAVENO III CRITERIA

These criteria about UGI bleeding due to portal hypertension (PHT) were
defined in the Baveno II meeting [4] and validated in the Baveno III meet-
ing [5]. Theymainly described three items: (1) qualitative (active bleeding) or
quantitative (clinically significant) aspects of bleeding, (2) criteria of failure
to control bleeding; (3) time frames.

The criteria defining failure to control bleeding are presented in Table 4.

LIMITATIONS OF BAVENO III CRITERIA

In a previous study (1) based on data of a randomised controlled trial
(RCT) [6], we reported the limitations in using Baveno III and II criteria.
They are summarised as follows:
• Some of the definitions of the Baveno II criteria were either not precise
enough or too impractical to be used in a clinical protocol.
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• The first time point for the control of bleeding is 6 h after admission (t0+6 h,
t0 being the time of admission at the first medical unit). Time zero requires
no change, but the starting point of time zero to assess specific therapy is
impractical, for clinical trials, evaluation of specific therapy may be started
after the 6 h time point.
• Specificity of tachycardia for bleeding is debatable.
• The evaluation of success or failure rates was not clearly defined. Failure
rates can be calculated two ways:
– With raw data either as a yes or no within a particular time frame.
– With life table analysis described by Kaplan–Meier plots, applied to the
time until therapeutic failure or death occurs.
• Evaluation of several potential end points was not defined in the Baveno II
criteria:
– Survival without bleeding at 5 days. This is the main end point in several
recent RCT [6,7,8]
– Transfusion rate,
– Length of hospital stay.

ADDITIONAL LIMITATIONS OF BAVENO III CRITERIA

In a recent unpublished RCT, Calès et al. encountered other limitations of
Baveno III and II criteria:
• Tachycardiamay be ‘non-significant’ due to delayed transfusion secondary
to the unavailability or delay in blood transfusion.
• The volume in each blood unit (BU) is variable among centres and
countries.
• The number of BUs is not adjusted to baseline haemoglobin (Hb) level.
It would be more appropriate to consider relative variation in Hb level
because this takes into account the baseline Hb of the patient, minimising
‘false positive’ failures based on transfusion requirements. For example, in
the Baveno III criteria, pre-existing anaemia is a confounding factor, increas-
ing the probability to declare a patient as a failure since more blood would
be needed to reach the fixed Hb target.
• Another difficulty is to translate time dependent criteria of Baveno (signs
not evaluated at a fixed time) in statistical language when analysing the data.
• A patient with an initial isolated failure is considered as a failure despite
a final control of bleeding. This overall criterion is convenient for a trial but
is debatable whether it reflects ‘clinical’ failure in everyday clinical practice
where the main aim is to obtain final control of bleeding. Thus, the concept
of failure at a single time point should be distinguished from that of final
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failure, unless the initial failure criteria were to reflect a definite change in
therapy in everyday clinical practice.

EXAMPLES OF DIFFICULTIES APPLYING THE PREVIOUS
BAVENO CRITERIA IN ACUTE BLEEDING IN PHT

We present here simulations of different cases according to the course of
variceal bleeding during the first 5 days after hospital admission (time zero).

In order to depict different clinical situations, we used a model of bleed-
ing as a function of time, called the function of bleeding risk. These scenarios
depict the different possible courses, as a function of a simulated bleeding
risk. This bleeding risk is a prediction probability. So, bleeding can be defined
as when the probability is ≥ 0.5. The bleeding becomes clinically signifi-
cant or overt when the probability is ≥ 0.75. Thus, the severity of bleeding
is proportional to that probability. In Figs. 12–16, we describe five main
examples. In certain cases, especially with an early failure, the judgement as
a final failure is debatable in clinical practice. These simulations argue for a
late estimation of control of bleeding reflecting more the reality in day to day
clinical practice. They also suggest that the failure can be defined in different
ways.
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t0 cirrhosis
t0 bleeding

Control @ 120 h

Scenario1: Pt with out failure or 
rebleeding: whole success
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Fig. 12 Simulation of bleeding risk and definition of failure as a function of time.
Scenario 1.



18 A.K. Burroughs et al.

0

1

0.5

0.75

0 1 2 3 4 5t0 cirrhosis

Scenario2: Pt with failures at 6 and 48 h 
with rebleeding: whole failure

t0 bleeding

Bleeding risk
Initial failure Failure@ 48 h Failure@ 120 h

Bleedingrisk: 0: noriskfactor, > 0.5: bleeding, > 0.75: clinicallyovert, 1: exsanguination

Fig. 13 Simulation of bleeding risk and definition of failure as a function of time.
Scenario 2.

0

1

0.5

0.75

0 1 2 3 4 5
t0 cirrhosis

Scenario 3: Pt withfailuresat 6 and 48 h
without rebleeding: the whole failure
is debatable

Bleedingrisk: 0: noriskfactor, > 0.5: bleeding, > 0.75: clinicallyovert, 1: exsanguination

Bleeding risk
Initial failure Failure@ 48 h Control@ 120 h

t0bleeding

Fig. 14 Simulation of bleeding risk and definition of failure as a function of time.
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Fig. 16 Simulation of bleeding risk and definition of failure as a function of time.
Scenario 5.
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Calculation of failure to control bleeding (FCB) at
6h : 1 possibility and at 48 h: 3 possibilities 

0 h 6 h 48 h

FCB6: / FCB481: ( + )/

FCB482: ( + )/

FCB483:  /( - )

included population

FCB6 in 

FCB48 in FCB6( )

FCB48 in SCB6( – ) SCB: success to control bleeding

Fig. 17 Simulations of calculation of failure to control variceal bleeding as a
function of cumulative judgement by clinicians and not at 6 and 48 h.

Calculation of failure to control bleeding
(FCB) at 120 h: 2 possibilities

0 h 6 h 48 h

�

�
�

�

120 h

�

FCB120 1: �–�

FCB120 2: ∑�/�

�
�

�

�

Rebleeding�

� Pt without FCB6 ou 48 or rebled
� – �: seepreviousslide

Fig. 18 Simulations of calculation of failure to control acute variceal bleeding
(FCB) as a function of cumulative judgement of clinicians or not at 120 h.

Indeed, we can simulate different calculations of failure to control bleed-
ing during the first 5 days. The calculation of failure to control bleeding
shows 1 possibility at 6 h, 3 possibilities at 48 h (Fig. 17) and 2 possibilities
at 120 h (Fig. 18) whether the calculation is cumulative or not.
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LIMITATIONS OF BAVENO III CRITERIA: CASE-CONTROL
STUDY

The previous study [1] led us to evaluate the predictors of bleeding in a case-
control study (unpublished): 365 cirrhotic patients admitted in emergency
for a complication of liver cirrhosis – variceal bleeding, ascites, jaundice or
encephalopathy – were prospectively included into three groups:
• Controls without bleeding (n = 163);
• Variceal bleeding treated by endoscopic therapy only (n = 99);
• Early vapreotide followed by endoscopic therapy (n = 103).

Predictors of bleeding

We first evaluated the independent predictors of bleeding. Baseline variables
were compared between the bleeding and control groups: no significant dif-
ferences were observed for arterial pressure and haematocrit (Hct) between
controls and bleeders treated by vapreotide.

We then evaluated the independent predictors of all bleeding episodes.
Eleven variables independently predicted the bleeding group compared to
controls without bleeding with a diagnostic accuracy (DA) = 92.3%
and Area under the Receiver Operating Characteristic Curve (AUROC) =
0.968. No haemodynamic variable was selected, and Hb was selected at
the second step (DA = 68.2%). Finally, we evaluated the independent
predictors of all significant bleeding episodes defined by the transfusion
of at least two BU: nine variables independently predicted significant
bleeding with DA = 95.8% and AUROC = 0.982 compared to con-
trols. No haemodynamic variable was selected, and Hb was selected at
the first step with DA = 83.7% and AUROC = 0.899 compared to
control group.

Evaluation of the specificity of Baveno III criteria

In a first step, the composite variables of Baveno criteria defining the con-
trol of bleeding (as defined in Table 4) were studied as crude (quantitative)
variables at 6 and 48 h by comparing the three groups.

Discriminant variables (in univariate analysis) were:
• At 6 h: heart rate (HR), Hct and BU;
• At 48 h: HR, systolic arterial pressure (SAP), Hct and BU.

In a second step, the overall failure to control bleeding (according
to Baveno definitions) was considered, as well as its composite variables
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together (quantitative variables transformed in binary variables); the signif-
icant differences between the three groups were:
• At 6 h: HR (≥ 100/min) and overall failure;
• From 6 to 48 h: HR (≥ 100/min), BU (≥ 2) and overall failure.

Independent predictors of failure to control bleeding

We evaluated the relative role of composite variables in the definition of
overall failure. In a first step, at 6 h HR ≥ 100/min was the only significant
independent variable predictive of failure with DA = 99%. In a second step,
(after exclusion of the binary composite variables of failure criteria), failure
was independently predicted by HR and BU with DA = 98.7%.

Summary

At baseline, haemodynamic parameters (HR, SAP) are neither specific nor
very discriminant to diagnose bleeding with current recommended treatment
(early vasoactive drug followed by endoscopic treatment). On the contrary,
haematological parameters (BU transfused, Hct) are very specific and dis-
criminant. The only independent predictor of failure, as defined by Baveno
criteria, at 6 and 48 h is HR > 100/min suggesting that other criteria of
Baveno have no role. Since HR is not predictive of bleeding, this suggests
that all the composite variables of Baveno definition of failure have little
interest. The results of this study contribute to the proposal to define new
criteria according to the following assumption: the predictors of failure to
control bleeding should be those which are predictors of bleeding, that is Hb.

PROPOSALS

The previous results and consideration of answers to the questionnaire, as
well as discussion with the panellists, have led us to propose new criteria for
failure to control bleeding and to define the time frames of acute bleeding.
We should keep in mind that the judgement criterion is a composite one and
is a surrogate marker of success, that is prevention of death. We agree and
recommend that failure criteria should reflect a change of therapy, that is the
management of the patient changes, thus, making failure criteria very close
if not the same as in day to day clinical practice.

Definitions of failure to control acute variceal bleeding

We propose two kinds of clinical setting for criteria for failure to control
acute variceal bleeding.
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1 A time dependent variable analysed by Kaplan–Meier plots: the patient
is censored at time of failure. This judgement criterion is sensitive and is
convenient for trials. The new end point is time to failure and is called tf .
Patient is censored at this time (tf) when he or she meets the failure cri-
teria. Death is a failure criterion, and removes the problem of competing
end points.
2 A time fixed variable analysed by simple comparison: the patient is con-
sidered at the end of surveillance, that is at 120 h. This means failure criteria
may have occurred at any time from 6 to 120 h. This judgement criterion is
more convenient for clinical practice.
The sensitivity of the time dependent criterion compared to the time fixed cri-
terion is shown by an example provided by a previous randomised trial [1,6].
Testing with comparison of proportions did not show any significant dif-
ference (p = 0.09) in survival without bleeding for the period from 6
to 48 h, whereas the difference was very significant (p = 0.003) with
life table analysis between treatment groups, taking into account time to
failure.

Criteria for failure to control bleeding

New composite criteria (Table 5)

We propose two kinds of criteria: non-transfusion criteria and transfusion-
related criteria.

Non-transfusion criteria. These criteria are particularly applicable to around
20% of patients who do not need blood transfusion [9].

We propose the following main criteria:
• Fresh haematemesis (≥ 6 h after t0 and ≥ 2 h after diagnostic endoscopy,
or > 2 h after start of specific therapy or therapeutic endoscopy).
• 3 g drop in Hb (≈ 9% Hct), if no blood transfusion is given.
• Death.

Table 5 New Baveno IV criteria defining failure to control bleeding. One criterion
defines failure, which ever occurs first.

• (New) fresh haematemesis ≥ 2 h after start of specific drug
treatment or therapeutic endoscopy.

• 3 g drop in Hb (≈ 9% Hct) in those not transfused.
• Death.
• Index of blood transfusion requirement: ABRI ≥ 0.75.
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One criterion defines failure, whichever occurs first.
Minor criteria could be the following:

• Blood aspiration could be considered equivalent to haematemesis at a
certain threshold (e.g. ≥ 100 ml/h of fresh blood for two consecutive hours)
– this should be used by groups that use nasogastric aspiration.
• Rectorragia (≥ 6 h after t0 and ≥ 2 h after endoscopy).
• Tachycardia ≥ 120 with no other plausible cause.
• SAP ≥ 20 mmHg decrease despite transfusion.

Two minor criteria could define failure. However, a consensus was not
reached among panellists for these minor criteria. Consequently, these were
not part of the final proposals.

Transfusion-related criteria. Transfusion requirement is an independent sur-
rogate marker of mortality in variceal bleeding [10]. This criterion can be
applied in patients requiring transfusion since blood requirement is a quan-
titative and sensitive variable.

The patients that should be transfused are defined by an initialHct≤ 22%
since the target is 24% [11] and one BU usually corresponds to a 2–3% gain
in Hct.

The predictive value of blood transfusion has been already emphasised.
Moreover, blood transfusion reflects the severity of bleeding. However, we
have observed that use of a crude rate of transfusion can be biased since
a patient with an initial dramatic low level in Hb would be automatically
classified as a failure according to transfusion requirement even if initial
controlwas obtained. Finally, it has been shown thatHct levels are significant
predictors of 5-day failure [10].

Thus, failure should be constituted by the number of BU transfused to
achieve target Hb or Hct corrected by baseline Hb or Hct.

So, we propose an adjusted blood requirement index (ABRI):

ABRI = BU/[(final Hct − initial Hct) + 0.01]

with BU: blood units, Hct: haematocrit.
The constant is introduced to discard impossible calculations due to

null denominator and is fixed at 0.01 since it is lower than the sensitiv-
ity of Hct measurement. It also allows exclusion of the influence of this
constant on the result when two decimals are used (Table 6). Hct is sug-
gested instead of Hb since this parameter may be available at bedside
in ICU.

The assumptions are the following:
• 1 BU = 2% Hct.
• The target Hct is 24%.
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• The usual transfusion rate is 1 BU/h in a patient with non-immediate life
threatening-conditions.
• The transfusion rate should be ≤ 1 BU/2 h.

Issues related to ABRI. A normal ABRI is 0.5 based on the assumption that
1 BU induces an increase of 2% in Hct.

Thus over-requirement of transfusion is above 0.5.
Under-requirement is less than 0.5.
Failure is defined by ABRI ≥ 0.75. In calculations, the figure used should

be 0.745 to account for the difference due to the constant, the corresponding
figure for the 0.5 threshold should be 0.495 (see Table 6), since this means
one additional BU compared to the expected requirement without ongoing
bleeding. Case examples are shown in Table 6.

This index has to be validated, especially its threshold. The influence of
haemodilution by plasma substitutes has to be taken into account in trials.
So, this variable should be measured and comparison of ABRI should be
adjusted for this variable, when validating its use.

The count of BU is cumulative from time zero (t0).
The target Hct when transfusion is used is proposed at 24% for the

following reasons. This is the choice of most panellists. This is also suggested
by two RCTs. One large RCT including 418 ICU patients concluded that a
restrictive strategy of red-cell transfusion (7 to 9 g/dL of Hb) is at least as
effective and possibly superior to a liberal transfusion strategy in critically
ill patients, with the possible exception of patients with acute myocardial
infarction and unstable angina [12].

Table 6 Examples of ABRI calculation showing different transfusion requirements.

Requirement Under Normal Over∗ Over

Initial Hct (%) 20 20 20 20
Final Hct (%) 24 24 24 24
Blood units (n) 1 2 3 6
ABRI ≈† 0.25 0.5 0.75 1.5
ABRI =‡ 0.244 0.489 0.732 1.463
ABRI = § 0.249 0.499 0.748 1.496

∗ With 1 additional BU compared to normal or
expected requirement
† Or = without constant or with two decimals
‡ Constant = 0.1
§ Constant = 0.01
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Table 7 Randomised study of transfusion in cirrhotic patients with severe variceal
bleeding (ref 13).

Group according to target Hct

1 2 p

Patients (n) 43 47 –
Target Hct (%) 25 ± 2 32 ± 2 –
Blood units (n) 2.6 4.4 0.001
Rebleeding (%) 40 48 NS
Death (%) 14 12 NS

Table 8 Comparison of haematocrit (Hct), blood units and ABRI in an RCT [6].

Treatment

Placebo Vapreotide p

Initial Hct (%) 26.6 ± 6.3 27.9 ± 6.6 0.17
Final Hct (%) 27.9 ± 3.5 29.6 ± 4.4 0.005
Variation in Hct (%) 11 ± 30 11 ± 28 0.98
Blood units (n) 3.0 ± 3.0 1.9 ± 2.2 0.006∗

ABRI score 1.13 ± 4.94 0.46 ± 3.02 0.25
ABRI ≥ 0.5 (%) 37.6 30.0 0.26
ABRI ≥ 0.75 (%) 31.2 16.0 0.02

∗p = 0.04 by log-rank test for Kaplan–Meier estimates

One small RCT was performed in PHT including 90 cirrhotic patients
with severe variceal bleeding defined by initial Hct < 27% [13]. The rebleed-
ing rate and death rate were similar between the twoHct target groups (25%
and 32%) as shown in Table 7.

Finally, a systematic review concluded that the limited published evidence
supports the use of restrictive transfusion triggers in patients who are free of
serious cardiac disease [11].

Application of ABRI in a trial. The specificity of ABRI index was evaluated
in the previous case-control study performed in 365 cirrhotic patients. Fail-
ure defined by ABRI index ≥ 0.75 was observed in 1.9% of controls versus
22.3% of bleeders, p < 10−4.

The sensitivity of ABRI score was evaluated in the RCT (Table 8) cor-
responding to the bleeding group mentioned above [6]. Failure defined by
ABRI index ≥ 0.75 was observed in 31% in the placebo group versus 16%
in the vapreotide group, p = 0.02. This RCT clearly shows that there was
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an imbalance for Hct between treatment groups so that crude comparison
of BU is not appropriate. This RCT also shows that ABRI used as a score is
not sensitive, due to negative values in patients with an under-requirement
for transfusion especially with a final Hct superior to initial Hct. However,
the use of ABRI as a dichotomous (binary) index is sensitive provided the
threshold is fixed at 0.75.

Time frames

Time is divided in periods of 6 h for the first 48 h and 12 h from 48 to
120 h. Blood pressure, HR, Hb or Hct are recorded at the end of each
period (Table 9).

The reference time (tr) for the first period begins with the start of specific
treatment provided it is begun within 4 h after admission (t0). The reference
values (Hb, Hct) have to be recorded at ± 4 hourly intervals based on tr.
These values are called ‘initial’.

Clinical settings of failure

There are two ways to define the failure to control bleeding, which depend
on time (see the section on time frames):

Table 9 Different times used in Baveno IV criteria.

Variable Abbreviation Meaning Conditions

Time zero t0 Admission to Haematemesis
the first medical and/or melaena
unit∗ within previous

24 h
Reference tr Start of specific Within 4 h after t0
time treatment

Time to tf End point From 6 h to 120 h
failure after tr

Periods – Measurement Every 6 h for the
of Hct first 48 h after tr

and every 12 h
from 48 to 120 h
after tr

(New) fresh – Criterion of ≥ 2 h after tr or
haematemesis failure therapeutic

endoscopy

∗ or bleeding start when bleeding occurs in an inpatient
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• a time dependent criterion defining time to failure suitable for trials or
clinical practice;
• a time fixed criterion at 120 h suitable for clinical practice – when there
is a yes/no evaluation for failure.

The failure criteria at 120 h are the same as the previous four major
criteria (Table 5).

Summary

There are two kinds of criteria for failure of control of acute variceal bleed-
ing, each of which is not mutually exclusive.
• Non-transfusion or clinical;
• Transfusion related.

Clinical settings of failure:
• Time dependent criterion defining time to failure suitable for trials and
clinical practice;
• Time fixed criterion at 120 h suitable for clinical practice.

Each setting is not mutually exclusive, and in both the criteria for failure
are the same.

Both time dependent and time fixed criteria should be reported in future
studies in PHT.

Calculation of transfusion rate and length of hospitalisation

The crude comparisons of blood requirements between treatment groups are
biased since these data are apt to be censored earlier in the placebo group (or
group with the worst prognosis) due to a higher failure rate, unless a time
factor is considered.

To compensate for this, life table analysis could be applied to the number
of BU transfused as suggested in an RCT [7]. See an example in Table 8.

The same bias may exist for the length of hospital stay, so that the dura-
tion could be reported in survivors only, or the life-table analysis could be
applied to the number of days in hospital.

However, experts did not reach a consensus so that this issue should be
evaluated in the future.

Clinically significant bleeding (CSB)

A CSB episode is be defined by transfusion ≥ 2 BU as in Baveno II and III
statements.
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Time frames of bleeding events

Onset of bleeding
treatment

D0 D2

Control
of initial 

bleeding

D5

Very early rebleeding

Late rebleeding

D42

Death rate attributed
to bleeding

Early rebleeding

Fig. 19 Time frames for acute variceal bleeding.

Time frames of bleeding events

Rebleeding should be defined as early rebleeding between the 3rd day (from
48 h) and 42nd day, that is the end of the follow-up period after bleeding
where the hazard of death appears to return to baseline. Late rebleeding is
after 42 days.

Early rebleeding should be separated into very early rebleeding between
48 and 120 h when treatment, especially pharmacological, is usually the
same as that for the index bleed. The period between 120 h and 6 weeks is
the first period for secondary prevention (Fig. 19).

On the other hand, it would be simpler to define early rebleeding as
between 3 and 5 days and late rebleeding afterwards. As long as time intervals
are specified, comparison can be made between trials.

The time point of reference for the control of bleeding (t0 in Baveno II cri-
teria) should be fixed, not only to t0 but also to the time when the first specific
treatment is used, especially when treatment is started before admission. This
time point could be called tr. The different times used are listed in Table 9.

Applications

We propose that both time dependent and time fixed criteria should be used
in parallel in trials and that time fixed criteria are sufficient in clinical prac-
tice, although some units may also wish to use time dependent criteria.

In trials there have been frequent debates on the failure criteria as applied
to individual patients. We recommend failure should be classified according
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to the above criteria and independently by a senior clinician during a trial.
In trials, the steering committee should validate all discordant cases of failure.
At least two clinicians with expertise in current practice should be included
in this committee.

FOR THE FUTURE

The above criteria need validation in prospective studies. They need to be
compared to Baveno II/III criteria and also to any independent judgement
of steering committees in randomised therapeutic trials. The latter will be
allocating treatment failures in cases of dispute, and verifying whether failure
criteria were met.

In addition, assessment of failures and successes independent of treatment
allocation will allow an evaluation of whether failure criteria are sufficiently
discriminatory to identify patients who have a poorer outcome following
acute variceal bleeding.

Future studies should address the following:
1 Blood transfusion management in randomised studies.
2 The threshold for the ABRI index.
3 The ABRI index for other sources of upper gastrointestinal bleeding.

SECONDARY PROPHYLAXIS

Variceal rebleeding occurs frequently after controlling acute variceal bleed-
ing in patients with cirrhosis and PHT [14–16]. Thus, prevention of a
rebleeding episode is mandatory [17–19]. However, in clinical trials, due to
the lack of a commonly used definition of failure of secondary prophylaxis,
comparison between studies and/or interpretation of outcomes research is
very difficult.

Time frame for start of secondary prophylaxis

In Baveno III there was no consensus regarding when the secondary pro-
phylaxis of variceal rebleeding should be started, as well as disagreement
concerning the definition of treatment failure. In an attempt to clarify these
issues the first question investigated was:

Q: In your centre when do you consider secondary prophylaxis to start?
R: A total number of 38 responses were obtained, and the results can be

seen in Table 10.
Again no consensus could be reached. For this reason, the results of a

recent randomised, controlled clinical trial [20] comparing the efficacy of
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Table 10 Criteria selected by 38 responders to define the appropriate to start
secondary prophylaxis.

Yes (%) No (%)

At admission 16 84
End day 2 (48 h) 16 84
End day 3 (72 h) 24 76
End day 5 (120 h) 45 55

Table 11 Interval between index bleeding and randomisation in the trial.

Days after
index bleeding Drugs n (%) Banding n (%)

6–15 28 (49) 26 (50)
16–30 14 (25) 14 (27)
> 30 15 (26) 12 (23)

pharmacological treatment against endoscopic band ligation for the pre-
vention of variceal rebleeding were evaluated. The difference between this
clinical trial and similar published trials [21–23], is that the patients included
in the former trial [20] were randomised after a longer period of time from
the acute variceal bleeding episode. Consequently, an analysis of the efficacy
of both treatments, according to intervals to randomisation after admission
for the acute variceal bleeding episode was performed.

There were a total of 109 cirrhotic patients followed for a mean of 18
months. The patients were randomised in two groups: (1) nadolol plus 5
isosorbide mononitrate (57 patients) and (2) endoscopic band ligation plus
one or two sessions of sclerotherapy at the end of the banding ligation
(52 patients).

One of the inclusion criteria was that the index variceal bleeding episode,
demonstrated by emergency endoscopy, was within 3 months of randomisa-
tion and that there was no other evidence of bleedingwithin this time.No sig-
nificant differences in gastrointestinal and variceal rebleeding, treatment fail-
ure, complications and survival were observed between groups. Both treat-
ment groups were similar at the time of inclusion for all the demographic
characteristics, Child–Pugh class and score, interval of follow-up and loss
of follow-up. The interval to randomisation was divided into three different
periods and the results were analysed between groups, as shown in Table 11.

During the three periods of time the proportion of Child A patients were
similar as well as for Child B and Child C patients (Table 12).
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Table 12 Distribution of patients among Child–Pugh classes in relation to the
interval between index bleed and randomisation.

Days Child A (%) Child B (%) Child C (%)

6–15 33.3 55.6 11.1
16–30 39.3 46.4 14.3
> 30 40.7 44.4 14.8

The evaluation of rebleeding from all sources and from varices alone
did not show any significant differences between groups. In addition, the
cumulative probability of being free of gastrointestinal and variceal bleeding
at 2 yearswas also similar.When treatment failurewas analysed in relation to
the time of inclusion, no significant difference was observed between groups
in relation to treatment failure rate and or with respect to the probability
of being free of rebleeding at 2 years. Furthermore, the survival analysis
performed between the three groups demonstrated no significant differences
with a similar cumulative probability of survival at 2 years.

A commonly used definition for failure of secondary prophylaxis and
for a minimum start date would be useful for the analysis of clinical trials,
and for clinical practice. It is important that the definition should have wide
applicability.

Additional issues were considered before the definition was agreed upon,
as follows: (1) the time frame for acute variceal bleeding episode is 5 days
(120 h); (2) the results presented above in relation to different time intervals
for starting the secondary prophylaxis and; (3) the knowledge that many cen-
tres adopt a 2-week interval between therapeutic endoscopic sessions (from
the one or two performed as an emergency to the next elective one), due to the
problem in performing further endoscopic treatment sooner because of the
presence of multiple ulcers [23]. Thus, the consensus definition on when
the secondary prophylaxis should be started is as soon as possible from
day 6 of the index variceal bleeding.

Criteria for failure of secondary prophylaxis

In the Consensus of Baveno III the accepted definitions were [4,24] as fol-
lows.
• Rebleeding: A new haematemesis or new melaena after a period of 24 h
of stable vital signs, Hct/Hb.
• Failure of secondary prophylaxis: a single episode of clinically significant
rebleeding together with a systolic blood pressure < 100 mmHg or postural
change of > 20 mmHg and/or pulse rate of > 100 bpm at time zero.
• CSB: at least 2 U/blood within 24 h of time zero.
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Table 13 Criteria selected by 38 responders to define failure of secondary
prophylaxis.

YES (%) NO (%)

1 CSB 63 37
1 CSB potentially needing 76 24

another therapy
2 CSB 63 37
2 bleeding only 1 CSB 55 45

However, many doubts we raised concerning these definitions. With the
addition of new data the following question was posed:

Q: In your centre what do you consider to be failure of secondary pro-
phylactic therapy?

The answers from 38 respondents can be seen in Table 13.
Again no consensus could be obtained after consulting all the experts of

Baveno IV conference. As previously discussed in this chapter, the haemo-
dynamic parameters do not necessarily define CSB in cirrhotic patients. Fur-
thermore the units of blood (BU) transfused alone do not necessarily identify
the severity of a bleeding episode [3,4,24]. For these reasons the follow-
ing definition for failure of secondary prophylaxis was agreed upon: one
single episode of clinically significant rebleeding from portal hypertensive
sources.

Moreover, a new definition for clinically significant rebleeding was pre-
sented. In addition to the amount of blood transfused a new index was
incorporated.

The new definition is as follows:
New haematemesis and/or new melaena within the previous 24 h of hos-

pital admission that requires ≥ 2 U/blood plus the ABRI ≥ 0.5 or a decrease
of 3 g/dL of Hb if no transfusion is given.

However it is important to observe that the ≥ 2 U/blood transfused is the
main point of the definition, and the ABRI and a fall of 3 g of Hb should be
further validated. For this purpose it was recommended that all the necessary
data should be included in the results of clinical trials in order to be able to
compare this index with the previous parameters defining CSB.

The incidence of complications observed with pharmacological and
endoscopic treatments for secondary prophylaxis of variceal bleeding is vari-
able and in general mild with both treatments. However, although the per-
centage of overall side effects is similar, the rate of severe complications
is usually significantly lower among patients who receive medical therapy,
compared to those treated with endoscopic measures. The overall incidence
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Fig. 20 Complications of therapy and treatment failure.

observed with β-blocker is between 15% and 20%, and this number slightly
increases when nitrates are added. In relation to endoscopic treatment, band
ligation has significantly fewer side effects than sclerotherapy [25]. The over-
all complication rate observed in band ligation groups is between 20%
and 30%.With sclerotherapy the rate and severity of complications increases
up to 40%, with 1–2% resulting in death [26]. However, the distinction
between side effects and severe complications is not well defined. Further-
more, this discordance makes it difficult to compare the results of the dif-
ferent clinical trials in relation to treatment failure. Due to this discrepancy
and in order to clarify this point the following question was posed:

Q: Are therapy complications requiring changes of treatment considered
treatment failure? From only 18 answers, 61% said no and 39% said yes.

Due to the small number of answers and the lack of consensus a proposal
shown in Fig. 20 was put forward.

Examples of severe complications are as follows:
• Endoscopy: perforation, severe bleeding due to treatment, stricture requir-
ing dilation
• β-blockers: heart block, severe hypotension and syncope.

SUMMARY KEY EVENTS BAVENO IV

Acute variceal bleeding

1 The time frame for the acute variceal bleeding episode is 5 days (120 h).
2 Failure to control bleeding signifies change in therapy.
3 Failure to control bleeding is defined by the following whichever occurs
first.

(a) death,
(b) fresh haematemesis 2 h or more after the start of specific drug therapy
or therapeutic endoscopy,
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(c) a drop of Hb from baseline of 3 g/dL (Hct of 9%) or more if no blood
transfusion is given,
(d) index of blood transfusion requirement defined as ABRI > 0.75 at
any time point.
The ABRI is:

Blood units
(final Hct − initial Hct) + 0.01

The Hct or Hb should be measured at least every 6 h during the first 48 h
and 12 hourly from day 3 to day 5.
1 Transfusion target should be a Hct of 24% or Hb of 8 g/dL.
2 For analysis of therapeutic effect during acute bleeding:

(a) The time to failure is the first occurrence of any of the failure criteria
(Kaplan–Meier analysis). Although death is not a competing end point
with these definitions, logistic or Cox modelling should be evaluated with
respect to the end point.
(b) Failure occurring at any time within 120 h is considered as either yes
or no. Again regression modelling should also be evaluated.
(c) All specific therapeutic procedures should be documented with time
points related to their first use.
(d) Intentions to use further specific therapy should be documented even
if not used.
(e) Transfusion requirements should be recorded as a function of time for
the whole interval of acute bleeding if no failure has occurred for example
units transfused/120 h, or units transfused to time of failure if failure has
occurred.

3 The new definitions regarding acute variceal bleeding need to be validated
in appropriate studies. In particular:

(a) the criteria for failure to control variceal bleeding need to be evaluated
as valid surrogate markers of outcome;
(b) the threshold of ABRI defining failure needs validation;
(c) failure and success should be evaluated independently of treatment
allocation to establish that failure criteria do discriminate for those
patients who have a worse outcome.

4 Current and future studies should incorporate both Baveno III and IV
criteria, and evaluate end points using both sets of criteria.

Secondary prophylaxis

1 The start of secondary prophylaxis is from day 6 after day 0, or later, and
the specific time point should be recorded.
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2 Failure of secondary prophylaxis is defined by the occurrence of the first
clinically significant rebleeding episode related to PHT.
3 Clinically significant rebleeding is defined as haematemesis or melaena
with a transfusion requirement of an ABRI > 0.5 and/or decrease of 3 g/dL
Hb (9% Hct) if no blood transfusion is given.
4 Complications and side effects should be documented more accu-
rately:

(a) cumulatively per patient and not per episode of therapy;
(b) to distinguish those complications that do not result in stopping ther-
apy versus those who do.

REFERENCES

1 Cales P, Lacave N, Silvain C et al. Prospective study on the application
of Baveno II criteria in patients with cirrhosis and gastrointestinal bleeding.
J Hepatol 2000;33: 738–741.

2 Burroughs AK, PatchD. Therapeutic benefit of vasoactive drugs for acute variceal
bleeding: a real pharmacological effect or a side effect of definition in trials?
Hepatology 1996;222: 737–739.

3 Burroughs AK ed. Assessment of value of consensus definitions in acute variceal
bleeding. Lancet 2001;357: 1147–1148.

4 de Franchis R. Developing consensus in portal hypertension. J Hepatol 1996;25:
390–394.

5 de Franchis R. Updating consensus in portal hypertension: report of the Baveno
III consensus workshop on definitions, methodology and therapeutic strategies
in portal hypertension. J Hepatol 2000;33: 846–852.

6 Calès P, Masliah C, Bernard B et al. Early administration of vapreotide for
variceal bleeding in patients with cirrhosis. N Engl J Med 2001;344: 23–28.

7 Avgerinos A, Nevens F, Raptis S, Fevery J and the ABOVE Study Group.
Early administration of somatostatin and efficacy of sclerotherapy in acute
esophageal variceal bleeds: the European acute bleeding esophageal variceal
episodes (ABOVE) randomised trial. Lancet 1997;350: 1495–1499.

8 Bosch J, Thabut D, Bendtsen F et al. European Study Group on rFVIIa in
UGI Haemorrhage. Recombinant factor VIIa for upper gastrointestinal bleeding
in patients with cirrhosis: a randomized, double-blind trial. Gastroenterology
2004;127: 1123–1130.

9 Sorbi D, Gostout CJ, Peura D et al. An assessment of the management of acute
bleeding varices: a multicenter prospective member-based study. Am J Gastroen-
terol. 2003;98: 2424–2434.

10 D’Amico G, De Franchis R, Cooperative Study Group. Upper digestive bleed-
ing in cirrhosis. Post-therapeutic outcome and prognostic indicators.Hepatology
2003;38: 599–612.

11 Hill SR, Carless PA, Henry DA et al. Transfusion thresholds and other strategies
for guiding allogeneic red blood cell transfusion. Cochrane Database Syst Rev
2002;2: CD002042.



DEFINITION OF KEY EVENTS 37

12 Hebert PC, Wells G, Blajchman MA et al. A multicenter, randomized, controlled
clinical trial of transfusion requirements in critical care. Transfusion requirements
in Critical Care Investigators, Canadian Critical Care Trials Group.NEngl JMed
1999;340: 409–417.

13 Hochain P, Mele V, Tuil S et al. Transfusion for variceal bleeding in cirrhotic
patients. Gut 1996;38: 154.

14 Graham DY, Smith JL. The course of patients after variceal hemorrhage. Gas-
troenterology 1981;80: 800–809.

15 Pagliaro L, D’Amico G, Pasta L et al. Portal hypertension in cirrhosis: natural
history. In Bosch J Groszmann RJ eds. Portal Hypertension. Pathophysiology
and Treatment. Oxford: Blackwell,1994; 72–92.

16 Lebrec D, StiegmannG. Prevention of recurrent variceal haemorrhage (secondary
prophylaxis). Portal hypertension. Proceedings of the third baveno international
consensus workshop. Oxford, Blackwell Science, 2001.

17 D’Amico G, Pagliaro L, Bosch J. The treatment of portal hypertension: a meta-
analytic review. Hepatology 1995;22: 332–354.

18 Bosch J, Abraldes JG, Groszmann R. Current management of portal hyperten-
sion. J Hepatol 2003;38: 554–558.

19 Bernard B, Lebrec D, Mathurin P, Opolon P, Poynard T. Beta-adrenergic antag-
onists in the prevention of gastrointestinal rebleeding in patients with cirrhosis:
a meta-analysis. Hepatology 1997;25: 63–70.

20 Romero G, Kravetz D, Argonz J et al. Comparative study between nadolol and
5 isosorbide mononitrate vs. endoscopic band ligation plus sclerotherapy in the
prevention of variceal rebleeding in cirrhotic patients. A randomized controlled
trial. Hepatology 2004;40 (suppl 1): 204 A.

21 Villanueva C, Minana J, Ortiz J et al. Endoscopic ligation compared with com-
bined treatment with nadolol and isosorbide mononitrate to prevent recurrent
variceal bleeding. N Engl J Med 2001;345: 647–655.

22 Lo G-H, ChenW-C, ChenM-H et al. Banding ligation versus nadolol and isosor-
bide mononitrate for the prevention of esophageal variceal rebleeding.Gastroen-
terology 2002;123: 728–734.

23 Patch D, Sabin CA, Goulis J et al. A randomized, controlled trial of medical
therapy versus endoscopic ligation for the prevention of variceal rebleeding in
patients with cirrhosis. Gastroenterology 2002;123: 1013–1019.

24 de Franchis R, Primignani M. Endoscopic treatment for portal hypertension. Sem
Liver Dis 1999;19: 439–455

25 Stiegmann GV, Goff JS, Michaletz-Onody PA et al. Endoscopic sclerotherapy as
compared with endoscopic ligation for bleeding esophageal varices.NEng J Med
1992;326: 1527–1532.

26 Infante-Rivard C, Esnaola S, Villeneuve JP. Role of endoscopic variceal scle-
rotherapy in the long-term management of variceal bleeding: a meta-analysis.
Gastroenterology 1989;96: 1087–1092.



38 A.K. Burroughs et al.

Baveno IV Consensus Statements:
Definition of Key Events

Andrew K. Burroughs, Patrick S. Kamath (Chairpersons), Paul Calès,
David Kravetz, Oliviero Riggio, Dominique Thabut and
Henk R. van Buuren

Baveno IV definitions and criteria for failure to control bleeding

1 The time frame for the acute bleeding episode should be 120 h (5 days).
2 Failure signifies need to change therapy: one criterion defines failure,
whichever occurs first:

(a) Fresh haematemesis ≥ 2 h after start of specific drug treatment or
therapeutic endoscopy. In the minority of patients who have a nasogastric
tube in place, aspiration of greater than 100 mL of fresh blood represents
failure;
(b) 3 g drop in Hb (≈ 9% drop in Hct) if no transfusion is administered;
(c) Death;
(d) Adjusted blood transfusion requirement index (ABRI, see Box 1) ≥
0.75 at any time point. (The threshold of ABRI defining failure requires
validation.)

Box 1 ADJUSTED BLOOD REQUIREMENT INDEX (ABRI)

ABRI =
Blood Units transfused

[(final Hct − initial Hct) + 0.01]

• Hct (or Hb) is measured at least every:
– 6 h for the first 2 days
– 12 h for days 3–5
• The transfusion target should be a Hct of 24% or a Hb of 8 g/dL

Notes for the Baveno IV definitions and criteria

For the purposes of analysis the following criteria should be adopted:
• Time to failure – first occurrence of any of the above criteria for failure;
(cumulative hazard plots and Cox regression analysis)
• Failure occurring at 120 h is considered as YES or NO;
• The use of both time to failure and final evaluation at 120 h is encouraged;
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• All specific therapeutic procedures should be documented with time
points;
• Intention to use further specific therapy should be documented even if not
used;
• Transfusion requirements should be recorded as a function of time for the
whole interval of acute bleeding if no failure has occurred for example units
transfused/120 h or units transfused up to time of failure.

Baveno IV definitions and criteria for failure of secondary prophylaxis

Failure to prevent rebleeding is defined as a single episode of clinically sig-
nificant rebleeding from portal hypertensive sources

Clinically significant rebleeding:
1. Haematemesis/melaena. In theminority of patientswho have a nasogastric
tube in place, aspiration of greater than 100 mL of fresh blood represents
failure;

plus
2. ABRI ≥ 0.5 (the threshold of ABRI defining failure requires validation);

or
3. Decrease 3 g of Hb if no transfusion is given.
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Abnormalities of Haemostasis
Tests in Chronic Liver Disease:
Clinically Relevant?

Pier Mannuccio Mannucci

INTRODUCTION

The main components of the haemostatic system are primary haemostasis
(platelet–vessel wall interactions), blood coagulation and fibrinolysis. The
majority of activators and inhibitors of the haemostatic system are proteins
synthesised by the hepatocytes (with the notable exception of factor VIII,
a key component of the intrinsic coagulation system, and von Willebrand
factor, the main determinant of platelet adhesion to the damaged vessel
wall) [1,2]. With this as background, it is not surprising that the major-
ity of the components of the haemostatic system are abnormally reduced in
plasma as soon as the synthetic capacity of the hepatocyte is impaired [1,2].
The epitome of the abnormalities of haemostasis in severe liver disease is
the prolongation of the prothrombin time, which is a key component of the
Child–Pugh score widely used to classify and grade the severity of liver dis-
ease. The other point of the matter is that patients with severe liver disease
bleed frequently from the gastrointestinal tract, mainly but not exclusively
from ruptured oesophageal varices [3]. Accordingly, it has become only too
natural and consequential to link these two abnormalities and to imply that
one (impaired haemostasis) is the cause of the other (abnormal variceal bleed-
ing). The astute hepatologist is aware that the anatomic and haemodynamic
consequences of portal hypertension are the main determinants of variceal
bleeding in severe liver diease [3]. Yet, the impairment of haemostasis has
long been considered an important cofactor, as witnessed by the abundant
literature on the value of haemostasis test in the prediction of bleeding, on
the clinical evaluation of haemostatic drugs as adjuvants in the prevention
and control of bleeding.With this as background, I shall first review critically
the past literature on the relationship between haemostasis abnormalities and
the bleeding tendency in severe liver disease. Then I shall demonstrate how
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the recent adoption of haemostasis tests that are truly more capable than
those available in the past to reflect in vitro what is happening in vivo leads
to the conclusion that in vivo haemostasis is not truly abnormal in patients
with severe liver disease. This reassessment of the problem has implications
on treatment, and particularly on whether or not it is warranted to look for
haemostatic drugs as adjuvants to the treatments currently used to control
portal hypertension and its anatomical consequences.

THE PAST AS A PROLOGUE

In every haematology or haemostasiology textbook, liver disease is listed as
an important cause of acquired bleeding. Liver disease is indeed a cause of
abnormal haemostasis tests, spanning from low count and abnormal func-
tion of blood platelets (some reflected by a prolonged skin bleeding time) to
low coagulation factors (reflected by such prolonged coagulation screening
tests as the prothrombin time and activated partial thromboplastin time)
(Table 14). There is also evidence that the fibrinolytic activity is heightened
in chronic liver disease, with the implication of a contribution of this sys-
tem to the derangement of haemostasis through the increased tendency of
formed clots to lyse (Table 14). Yet, the evidence that the abnormalities of
haemostasis tests are associated with an increased tendency to bleed is mea-
gre. Tomake this point, it is appropriate to distinguish spontaneous bleeding
from oesophageal varices from bleeding provoked by surgical operations or
by such invasive manoeuvres as liver biopsy. Two small but innovative stud-
ies by Ewe [4] and Dillon et al. [5] did observe that an array of haemostasis
tests performed in peripheral blood correlate poorly with the actual duration
of bleeding and the amount of blood loss measured directly at laparoscopy

Table 14 Haemostasis in severe liver disease.

• Multiple coagulation factor deficiencies
• Thrombocytopenia and thrombocytopathy
• Hyperfibrinolysis (tissue plasminogen activator,

thrombin activatable fibrinolysis inhibitor)
BUT

• Deficiency of naturally occurring anticoagulants
(antithrombin, thrombomodulin/protein C/protein
S system, tissue factor pathway inhibitor)

• Deficiency of profibrinolytic factors (plasminogen)
and increase of the principal inhibitor of
plasminogen activation (PAI-1)
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from the biopsy puncture. In an editorial accompanying one of these arti-
cles, MacGill [6] concluded that abnormal bleeding after liver biopsy is a
random event that cannot be predicted by the methods used to explore the
haemostatic system. Other studies indicating little or no association between
the risk of bleeding after liver biopsy and the degree of abnormal haemosta-
sis tests are those of McVay and Toy [7] and Caturelli et al. [8]. The only
significant exception comes from Boberg et al. [9], who showed that among
219 patients undergoing percutaneous liver biopsy those with a prolonged
skin bleeding time carried a five-fold greater risk of significant bleeding,
defined by a decrease in haemoglobin of > 2 g/dL. Moreover, in a study
of patients with ‘decompensated’ liver disease Bok et al. [10] concluded
that while there was an association between the abnormality of coagula-
tion and fibrinolysis tests and the development of soft tissue haematomas,
variceal bleeding was not related to the impairment of coagulation and
fibrinolysis [10].

On the whole, these data indicate that haemostasis tests are not impor-
tant predictors of the tendency to bleed from varices or even after surgical
procedures (including biopsies) in patients with liver disease. However, the
aforementioned data on the skin bleeding time make the clinician uneasy
when there is a prolonged bleeding time during such a blind procedure as
liver biopsy. Therefore, when a bleeding time is longer than 10 min, it is our
practice to avoid biopsy or to attempt a pharmacological correction of the
prolonged bleeding time with a pre-biopsy infusion of 0.3 μg/kg of desmo-
pressin, that helps to shorten the prolonged bleeding time in approximately
40% of patients [11]. Another peculiar situation is orthotopic liver trans-
plantation, which is known to be accompanied by substantial intraoperative
bleeding and that in the past required a huge use of transfusional blood
products [12]. During liver transplantation major changes in the already
disturbed haemostatic system do indeed occur, but it not certain that these
abnormalities play a key role in the determination of excessive bleeding,
because the major improvements that took place in the last few years in sur-
gical techniques have substantially reduced the amount of blood losses in
spite of no significant change in the adoption of medical interventions and,
in particular, of haemostatic drugs.

TESTING HAEMOSTASIS IN LIVER DISEASE WITH NEW
HAEMOSTASIS TESTS

The time honoured paradigm that haemostasis is abnormal in liver disease
has been supported by methods that explore haemostasis functions but have
obvious limits of clinical significance. For instance, such coagulation tests
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as the prothrombin time and the activated partial thromboplastin time (and
other tests specifically designed to evaluate the capacity of liver to synthe-
sise coagulation factors, that is the Normotest, HepatoQuick and Throm-
botest) suffer from the fact that they explore only the early phase of the
formation of thrombin, the final and key enzyme of the coagulation system.
Thrombin formation is a dynamic process in which the forming coagulation
enzyme is continuously neutralised by such naturally occurring anticoag-
ulant proteins as antithrombin, thrombomodulin, activated protein C and
tissue factor pathway inhibitor (Table 14). Standard coagulation tests do
not measure global thrombin as it is formed and then neutralised, but only
the small amounts that are needed to form a first visible clot. In patients
with severe liver disease this process is slowed by the presence of low plasma
levels of coagulation factors, and hence standard coagulation tests are abnor-
mally prolonged. In a recent study, Tripodi et al. [13] have shown that when
thrombin formation is globally measured using a thrombin generation assay,
modified by the addition of thrombomodulin and hence sensitive not only
to the low plasma levels of coagulation factors but also to the reduced levels
of naturally occurring inhibitors [14], patients with liver cirrhosis did form
thrombin in amounts similar to those of healthy individuals taken as con-
trols. The study of Tripodi et al. [13] was designed as a cross-sectional study
of patients presenting with varied degrees of severity of liver cirrhosis, so
that no attempt could be made to correlate their bleeding tendency to the
results of the thrombin generation assay. A prospective study is warranted to
establish whether or not such an association exists. It would be useful also to
evaluate thrombin generation using platelet rich plasma instead of platelet
poor plasma (as it was done by Tripodi et al. [13]), in order to establish
the role of platelets in securing haemostasis in chronic liver disease [15]. On
the whole, Tripodi’s study [13] supports the views that the coagulopathy of
liver cirrhosis is less important than it does appear from the abnormal results
of the prothrombin and partial thromboplastin times, which were indeed
abnormal in these patients [13]. By the same token, it would be of interest
to see whether or not the use of the thrombin generation test is preferable to
that of the traditional coagulation tests and of the skin bleeding time in the
evaluation of the safety of percutaneous liver biopsy in patients with chronic
liver disease.

Another challenge to the concept of an abnormal haemostatic system
is given by the study of Lisman et al. [16] on the behaviour of the fibri-
nolytic system in patients with severe liver disease. Some of the components
of the fibrinolytic system are altered in the direction of hyperfibrinolysis (high
plasma levels of tissue plasminogen activator and low levels of α2-plasmin
inhibitor) but others are altered in the direction of hypofibrinolysis (low
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plasminogen, high plasminogen activation inhibitor type 1), so that it is
possible that a balance does ultimately exist also for this haemostatic sys-
tem [17] (Table 14). Lisman et al. [16] have shown that a recently discov-
ered inhibitor of fibrinolysis, that is the thrombin-activatable fibrinolysis
inhibitor, is reduced in patients with severe liver disease to a degree pro-
portional to the severity of the disease (mean levels were 66% in Child A,
55% in Child B, 47% in Child C cirrhosis and 26% in acute liver fail-
ure). The decrease of this principal fibrinolysis inhibitor should in principle
cause an excess of fibrinolysis. However, when the fibrinolysis potential was
explored with a global test sensitive to both activators and inhibitors of
the system, the results obtained in cirrhotics were no different from those
obtained in healthy controls [16]. Most importantly, an elegant in vitro
experiment included in Lisman’s study showed convincingly that the inter-
play of decreased activators and inhibitors eventually leads to normal fib-
rinolysis in severe liver disease [16]. By artificially reducing to half-normal
the plasma levels of thrombin activatable fibrinolysis inhibitor, lysis of the
clot was as expected more accelerated than in a sample containing normal
plasma levels of the inhibitor. On the other hand, a sample with half-normal
levels of antithrombin made the lysis time slower than normal, but plasma
containing at the same time half-normal levels of fibrinolysis inhibitor and
of antithrombin had a lysis time that was identical to that of normal plasma,
indicating that the two decreases are balanced and eventually yield normal
results [16].

THERAPEUTIC IMPLICATIONS

In the past, and even in more recent years, there have been attempts to
evaluate the role of haemostatic agents in the management of the most fre-
quent bleeding problem of patients with severe liver disease, that is bleed-
ing from oesophageal varices. Several types of haemostatic agents have
been evaluated, spanning from such antifibrinolytic amino acids as epsilon
aminocaproic acid or tranexamic acid to, more recently, potent procoagu-
lant agents such as recombinant activated factor VII [18]. The results of these
trials have been in general negative or inconclusive, and there are perhaps
two possible reasons for this. The first is that the weapons currently used
in the prevention and treatment of variceal bleeding (β-blockers, vasoactive
agents, banding and sclerotherapy) are so effective that little space is left
for adjuvant haemostatic agents that obviously must be evaluated on top
of these effective treatments. As a result of this situation, very large series
of patients need to be included in clinical trials in the attempt to find out a
modest improvement. Second, for all the reasons that were mentioned above
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and that cast serious doubts on the relevance of abnormal haemostasis in the
causation of variceal bleeding, it is at least uncertain that the evaluation of
these haemostatic drugs, some of whom are outrageously expensive, has a
solid rationale.
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BACKGROUND AND DEFINITION OF DIFFERENT
CIRRHOTIC STATUS

Natural history of cirrhosis

The natural history of cirrhosis is characterised by an asymptomatic phase,
designated as ‘compensated’ cirrhosis, followed by a rapidly progressive
phase marked by clinical signs of liver dysfunction designated as ‘decompen-
sated cirrhosis’ (Fig. 21). In the compensated phase, portal pressure may be
normal or below the threshold level identified for the development of varices
or ascites (‘clinically significant portal hypertension’) [1], As the disease pro-
gresses, portal pressure increases and liver function decreases, resulting in
the development of ascites, portal hypertensive gastrointestinal bleeding,
encephalopathy and jaundice. The development of any of these complica-
tions marks the transition from a compensated to a decompensated phase.
Progression may be accelerated by the development of other complications
such as (re)bleeding, renal impairment (refractory ascites, hepatorenal syn-
drome) and sepsis (spontaneous bacterial peritonitis). The development of
hepatocellular carcinoma (HCC) may accelerate the course of the disease in
any stage.

Definition of compensated and decompensated cirrhosis

Ideally, a staging system should be simple and reproducible and should
identify patients with a similar rate of disease progression or survival

∗ The first authorship of this chapter is shared by Dr Garcia-Tsao and Dr D’Amico.
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Fig. 21 The natural history of cirrhosis and components of prognosis. A simplified
view.

expectancy. Classification of cirrhosis into compensated and decompen-
sated stages satisfies this requirement. Decompensated cirrhosis is defined
by the presence of ascites, bleeding, encephalopathy and/or jaundice [2,3].
Moreover, since ascites is most frequently the first of these signs to
appear [4], it is usually considered a landmark sign of decompensated
cirrhosis.

Survival of patients with compensated cirrhosis is significantly longer
than survival of patients with decompensated cirrhosis. In a systematic
review of 93 prognostic studies of cirrhosis, the median 1-year survival for
compensated and decompensated cirrhosis was 98% (range 88–100%) and
71% (range 48–85%), respectively [5]. In a prospective inception cohort
study of 494 patients with cirrhosis followed for 25 years, the median sur-
vival for patients with compensated and decompensated cirrhosis at diag-
nosis is 14 years and 20 months, respectively (p = 0.00001) (Fig. 22)
[6]. Patients with compensated cirrhosis die mostly after transition from
a compensated to a decompensated stage. The rate of transition is ∼5%
per year and ascites represents the most frequent decompensating event.
Survival while in the compensated stage is calculated by censoring data at the
first manifestation of decompensation. This approach allows for the assess-
ment of survival probability while patients remain at a compensated stage
(Fig. 22b). This probability is quite different from the probability of survival
of a given clinical stage at a given point along the course of the disease, for
example at diagnosis (Fig. 22a).
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Clinical states of cirrhosis

By combining data from two large natural history studies including over
1,600 patients, D’Amico identifies four clinical states or status of cirrhosis,
each with distinct clinical features and a markedly different prognosis
(Fig. 23) [4,6].

Status 1 is characterised by the absence of oesophageal varices (OV) and
of ascites. While patients remain in this status, the mortality rate is as low
as 1% per year. Patients exit this status at a cumulative rate of 11.4% per
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year: 7% because of the development of varices and 4.4% because of the
development of ascites (with or without varices).

Status 2 is characterised by the presence of OV without ascites and with-
out bleeding. While patients remain in this status, the mortality rate is 3.4%
per year. Patients leave this status by developing ascites (6.6% per year) or
by developing bleeding before or at the time of development of ascites (rate
4% per year).

Status 3 is characterised by ascites with or without OV in a patient who
has never bled.While patients remain in this status, the mortality rate is 20%
per year, significantly higher than in the two former states. Patients exit this
stage by bleeding (7.6% per year).

Status 4 is characterised by GI bleeding with or without ascites. In this
stage the one-year mortality rate (OYM) is 57% (nearly half of these deaths
occur within 6 weeks from the initial episode of bleeding).

Status 1 and 2 refer to patients with compensated cirrhosis while status 2
and 3 refer to decompensated cirrhosis. HCC develops at a fairly constant
rate of 3% per year and it is associated with worse outcome in whatever
status it develops.

Prognostic indicators

Many prognostic indicators and more than 20 prognostic scores have been
proposed to predict mortality from cirrhosis. In a systematic review of
93 prognostic studies published between 1980 and 2003, 172 candidate
prognostic variables were identified [5]. Those confirmed in at least five
studies within the first five levels of statistical significance are reported in
Table 15. Among the proposed prognostic scores, only the Child–Pugh [7]
and the Model for End-Stage Liver Disease (MELD) scores [8] are currently
used in clinical practice. The only advantage of theMELD score is the appro-
priate selection of liver transplant candidates [9] while the Child–Pugh score
(CPS) is still more useful in clinical practice.

Since different clinical states of cirrhosis are associatedwith very different
survival rates, it is expected that prognostic indicators will differ according
to the clinical state. In fact, in a systematic review of prognostic studies [5],
it was shown that prognostic indicators differ in patients with compensated
and decompensated cirrhosis (Table 16).

Moreover in an ongoing study of the clinical course of cirrhosis, D’Amico
has shown that while the predictive accuracy of both Child–Pugh andMELD
scores is fairly satisfactorywhen validated in thewhole population, it is much
less accurate when separately assessed in compensated and decompensated
patients (Fig. 24).
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Table 15 Significant prognostic indicators in the first five levels of significance in
at least 5 of 93 prognostic studies published between 1980 and 2003 [4].

Variable Significant/assessed

n/N %

HVPG 5/6 83
Pugh 20/29 69
Eps 19/37 51
Bilirubin 25/58 43
Albumin 24/55 43
Ascites 17/41 41
Varices 9/23 39
Bleeding 6/19 32
Creatinine 6/19 32
Age 20/55 36
Prothrombin % 13/54 24

Table 16 Prognostic indicators that have been shown to be significant in at least
5 of 93 studies.

Compensated cirrhosis Decompensated cirrhosis

Age Age
Bilirubin, albumin,

prothrombin
Child–Pugh or components, aminopyrine

breath test, pseudocholinesterase
Varices Varices, bleeding
– BUN or creatinine

Summary

1 Compensated cirrhosis: absence of ascites, portal hypertensive gastro-
intestinal bleeding, encephalopathy and jaundice.
2 Decompensated cirrhosis: presence of any of ascites, bleeding,
encephalopathy or jaundice.
3 Clinical stage (or status): a clinical stage of cirrhosis should be a condition
defined by few, simple and reproducible criteria easy to be verified, allow-
ing to identify patients with a very similar disease progression or survival
probability.
4 Outcome of a clinical stage: the outcome for a given clinical stage is the
transition to a different stage, death or liver transplant.
5 The presence or absence of varices, ascites and bleeding identify four clin-
ical states of cirrhosis characterised by increasing severity from status 1 to
status 4.
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Fig. 24 Child–Pugh and MELD for 1-year mortality prediction in the whole
population and respectively in compensated and decompensated patients in a
prospective study of the natural history of cirrhosis.

6 Status 1 and 2 refer to compensated cirrhosis while status 3 and 4 refer to
decompensated cirrhosis.
7 The development of HCC may accelerate the course of cirrhosis at any of
its states.
8 Prognostic indicators of cirrhosis associate differently with the outcome
depending on the clinical status of the disease, and their predictive accuracy
may vary accordingly.
9 Prognostic indicators of each clinical status of cirrhosis should be assessed
separately.

Conclusions

The clinical course of cirrhosis is largely dependent on the development
of decompensation. Before that time, mortality is low and usually deter-
mined by causes not related to cirrhosis. For this reason, prognostic indica-
tors assessed in the whole patients population may be unsatisfactory when
applied separately in patients with compensated and decompensated cir-
rhosis. Therefore, predictors of the outcome according to clinical stages of
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the disease may allow a more accurate prognostic assessment of patients.
A staging system based on varices, ascites and bleeding is proposed for future
prognostic studies.

WHERE DO WE NEED PROGNOSTIC MODELS? – RESULTS
OF A SURVEY

In order to get a consensus of the experts invited to participate in Baveno IV,
a ‘questionnaire’ was sent to all participants in the form of a table. The
predictors of the development of the following complications of cirrhosis
were evaluated (columns): varices, variceal enlargement, variceal haemor-
rhage (VH), ascites, refractory ascites, spontaneous bacterial peritonitis,
hepatorenal syndrome, survival in compensated cirrhosis and survival in
decompensated cirrhosis. The specific parameters listed (rows) were: CPS,
MELD score,North Italian Endoscopic Club (NIEC) index, alcoholic or viral
aetiology, presence of varices, presence of ascites, presence of encephalopa-
thy, variceal size, red signs on varices, albumin, International Normalised
Ratio (INR), bilirubin, platelet count, ascites protein, Aspartate Amino-
transferase/Alanine Aminotransferase (AST/ALT), creatinine and HVPG.
The responders had the opportunity of adding other (unlisted) parameters.

Responders were asked to check those parameters that they considered
as having been identified as predictive of each of the above-mentioned com-
plications of cirrhosis. At the end of the questionnaire, participants were
asked whether further work was necessary in improving current predictive
models, whether new predictive models were needed, whether they were sat-
isfied with current models or whether models were not really needed for that
specific complication of cirrhosis.

Of the 67 questionnaires that were sent out, 40 responses (60%) were
received. The predictors most frequently identified (i.e. identified by > 50%
of the respondents) are shown in Table 17. As can be seen, almost total
consensus (> 90% of respondents agreed) was achieved on HVPG being a
predictor of the development of varices, on variceal size being a predictor
of VH and on CPS being a predictor of death in decompensated cirrhosis.
HVPG and size of varices were recognised as isolated parameters. Regarding
predictive models, the only one recognised by > 90% of respondents was
the CPS (for survival in decompensated cirrhosis), although both the NIEC
score and the MELD score were recognised by > 75% as being predictive of
variceal bleeding and survival, respectively.

To the provided list of predictors, there were several others that were
added: bacterial infections and variceal pressure (for VH), blood pressure
(for ascites, refractory ascites and survival in decompensated cirrhosis),
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Table 17 Most frequently recognised predictors of the different complications of
cirrhosis by Baveno IV participants.

Predictors of each complication classified by
reported frequency

> 90% 75–90% 50–75%

Varices HVPG Platelet count
Variceal HVPG

enlargement Child–Pugh
score

Variceal Variceal Red signs
haemorrhage size HVPG

NIEC
Ascites
Refractory Child–Pugh

ascites score
SBP
HRS Ascites
Survival Child–Pugh

(compensated) score
HVPG
MELD score

Survival Child–Pugh MELD score HVPG
(decompensated) score

HVPG, hepatic venous pressure gradient; NIEC, North Italian Endoscopic
Club score; MELD,Model for End-Stage Liver Disease; SBP, Spontaneous
bacterial peritonitis; HRS, Hepatorenal syndrome.

plasma renin activity (for refractory ascites and hepatorenal syndrome) and
serum sodium (for refractory ascites, hepatorenal syndrome and survival in
decompensated cirrhosis).

Responses to the questions regarding satisfaction (or not) or need for
models are summarised in Table 18. Although the highest number of respon-
dents who were satisfied with current models were in the area of VH and
survival in decompensated cirrhosis, practically all respondents thought that
models for all parameters were needed, particularly in the areas of develop-
ment of varices and variceal enlargement (i.e. in compensated cirrhosis).

Summary

1 HVPG and variceal size were isolated parameters recognised by the major-
ity of respondents as being predictive of the development of varices and VH,
respectively.
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Table 18 Satisfaction with currently available predictive models in cirrhosis
(number of respondents).

Satisfied Require further Models not
study needed

Varices 5 29 3
Variceal enlargement 2 32 1
Variceal haemorrhage 8 20 3
Ascites 2 25 4
Refractory ascites 2 25 4
SBP 3 27 2
HRS 3 27 2
Survival (compensated) 7 27 2
Survival (decompensated) 9 27 2

2 Of predictive models, only the CPS was identified by the majority as being
predictive of survival in decompensated cirrhosis.
3 Practically everybody identified the need to develop further predictive
models in cirrhosis.

HVPG AS A PREDICTOR OF OUTCOME

Hepatic venous pressure gradient (HVPG) accurately reflects portal pres-
sure gradient in the most common causes of cirrhosis and portal hyperten-
sion (i.e. alcoholic and hepatitis C virus (HCV) related cirrhosis) [10,11].
Technical requirements for reliable measurements have been recently
reviewed [12]. Since most complications of cirrhosis are related to portal
hypertension it would be expected that portal pressure measurements
would be of prognostic value. Indeed, cross-sectional studies show that
portal pressure (estimated by the HVPG) must reach a certain threshold
of 10–12 mmHg for the development of complications of portal hyper-
tension, specifically ascites [13], varices [14] and variceal bleeding [14,15].
However, there are difficulties in interpreting studies evaluating its predic-
tive value. First, since HVPG correlates with the severity of liver disease
[16–19], its independent prognostic value should be assessed in the context
of multivariable analyses. Second, HVPG can decrease spontaneously with
improvements in liver function [20] or it can decrease with pharmacologi-
cal therapy independent of changes in liver function [21], which questions
the prognostic value of a single HVPG measurement and hinders the com-
parison of studies including patients subjected to different therapies. Third,
the relation between HVPG and prognosis might not be linear, for example
a 1 mmHg-difference may not have the same prognostic significance in the
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range of HVPG values. This leads to the question of how this variable should
be used in prognostic models. In many studies it has been analysed as a con-
tinuous variable, without taking into account the linear gradient assumption.
Dichotomisation by the estimated ‘best’ cut-off or by the median value prob-
ably reduces the predictive potential of HVPG. Further, the use of different
cut-offs impairs the comparability of different studies, and it is possible that
different cut-offs might apply for patients at different stages of the disease,
and for the prediction of different outcomes.

Prognostic value of HVPG in patients with compensated cirrhosis
without varices

Only one study evaluated the prognostic value of HVPG in patients without
varices (Table 19) [22]. In this large randomised controlled trial (RCT) eval-
uating the efficacy of β-adrenergic blockers in preventing the development
of varices (status 1 patients), HVPG was measured at baseline and yearly.
A baseline HVPG > 10 mmHg (clinically significant portal hypertension)
is independently associated with an increased risk of developing varices,
and with an increased risk of developing a composite end point (varices,
VH, ascites, encephalopathy, transplant or death). Further analyses includ-
ing information on the individual events of the composite and on the value
of sequential HVPG measurements are expected.

Prognostic value of HVPG in patients with varices without previous
variceal bleeding

Six studies selectively include patients with varices without previous bleeding
(Table 20) [20,21,23–26]. Additional information is drawn from studies
that include patients with and without previous variceal bleeding in which
previous bleeding is analysed as a covariate (Table 21) [17,18,27–34].

Risk of bleeding. A single HVPGmeasurement has been associated with risk
of variceal bleeding in some studies [17,18,27,28], but others show no asso-
ciation. In these, a substantial number of patients received pharmacological
therapy to reduce portal pressure [21,23–25], an intervention to promote
alcohol abstinence [20] or treatment was not reported [34]. In four of these
studies HVPG was repeated after pharmacological treatment [21,23,25] or
after alcohol abstinence [20]. HVPG reduction (either absolute or relative)
is invariably associated with the risk of bleeding. A decrease in HVPG to
less than 12 mmHg is associated with a negligible risk of first variceal bleed-
ing. Further, a 15–20% decrease in HVPG from baseline values markedly
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reduces the risk of bleeding [20,23,25]. In patients treated with β-adrenergic
blockers± nitrates, the 3-year incidence of first variceal bleeding is less than
10% in patients in whomHVPG decreases by more than 20% from baseline
or to less than 12 mmHg (good responders), and between 20% and 40% in
non-responders.

Risk of death. Baseline HVPG has been consistently associated with the risk
of death [17,18,23,27,29]. Most importantly, at multivariable analysis the
influence of HVPG on survival is independent of baseline liver function, indi-
cating that HVPG can potentially classify patients at increased risk within
each Child–Pugh class. There are a number of conflicting studies, mainly in
series including only alcoholic patients without information on abstinence
[26,28,32], reporting unreliable HVPG measurements [26] or with insuffi-
cient information on the baseline characteristics of patients [26,28]. In alco-
holic patients who become abstinent, HVPG is predictive of survival only if
it is measured after alcohol abstinence [20]. In patients on drug therapy, an
HVPG reduction to < 12 mmHg seems to be associated with an improved
survival [21]. However, a good haemodynamic response was not found to
predict survival [25,35].

In most studies HVPG is analysed as a continuous variable, both in the
assessment of the risk of bleeding and the risk of death, but some authors pro-
pose 16 mmHg as the best cut-off to predict survival. This value, originally
derived in a cohort that included both patients with and without previous
bleeding [27], was subsequently validated in a cohort of patients without
variceal bleeding [23], and in a series with a small number of previous bleed-
ers [18]. However, the use of a single cut-off value probably decreases the
potential predictive value of HVPG.

Prognostic value of HVPG in patients with acute variceal bleeding
(Table 22)

An initial study, measuring portal pressure gradient instead of HVPG, sug-
gested that the degree of portal hypertension could influence the short-term
outcome of acute variceal bleeding [36]. Subsequent studies showed that
HVPG measurement within 48 h from admission can predict the short-
term prognosis of these patients [37–40]. Moitinho et al. found that HVPG
(best cut-off of 20 mmHg) is the only independent predictor of 5-day fail-
ure (rebleeding or death) [38]. The 20 mmHg cut-off was validated in two
subsequent studies [39,40], but the initial 80% sensitivity to predict 5-day
failure was reduced to 62%, with a specificity of 75–80% [40]. In this latter
study CPS was also an independent predictor of failure, indicating that the
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predictive value of HVPG can be improved if included in a model together
with liver function. An HVPG decrease of < 10% on somatostatin has also
been reported as a predictor of poor outcome, and the combination of this
criterion with the 20 mmHg cut-off achieved a 90% sensitivity to predict
5-day failure [39]. HVPG is also an independent predictor of 6-week (38%
versus 5% in patients with HVPG < 20 mmHg) [40] and 1-year mortality
(65% versus 20%) [38,40]. AnHVPG> 20mmHgwas used in a single RCT
to select high-risk patients who were subsequently randomised to receive
conventional therapy or aggressive therapy (transjugular intrahepatic por-
tosystemic shunts, TIPS) [40], showing for the first time that tailoring therapy
according to HVPG values can decrease overall mortality of acute variceal
bleeding.

Prognostic value of HVPG in patients who have recovered from
an episode of acute variceal bleeding (Table 23)

Risk of bleeding. It is controversial whether a single HVPG measurement
predicts rebleeding in patients surviving an episode of variceal bleeding.
Merkel et al. reported that an HVPG ≥ 16 mmHg was an independent pre-
dictor of bleeding both in patients with and without previous bleeding [27].
In contrast, in the study by Patch et al. (all previous bleeders) a single HVPG
measurement was not predictive of rebleeding [41]. In this study 63% of the
patients received β-adrenergic blockers, as compared with 11% in the study
by Merkel. This could account for the lack of predictive value since a reduc-
tion in HVPG [42–46] has been shown to be a robust predictor of the risk of
rebleeding. Four studies from two different groups have shown that a good
HVPG response (defined as a decrease of > 20% from baseline values or to
< 12 mmHg) is an independent predictor of rebleeding [43–46]. Two addi-
tional studies including patients with and without previous bleeding validate
these haemodynamic targets [30,31]. Two studies from the same group failed
to find a significant association between good haemodynamic response and
the risk of rebleeding [47;48]. An unpublished meta-analysis by D’Amico
shows that a good haemodynamic response markedly decreases the risk of
bleeding in the follow-up [OR: 0.17 (0.05–0.32)]. Significant heterogene-
ity was found, but was attributable to a single trial [48]. Meta-regression
showed that the time between measurements was the only factor associated
with the reported odds ratios. The longer the time between measurements,
the lower the proportion of poor responders experiencing rebleeding. The
only clear outlier [48] had the longest time between measurements.

Risk of death. HVPG measured within two weeks after variceal bleeding
is controlled has independent prognostic value for survival [41]. Patients
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with HVPG ≤ 16 mmHg have a 35% 2-year survival versus 15% in those
with HVPG > 16 mmHg. In patients receiving vasoactive medication, abso-
lute HVPG values after drug therapy [42] or a good HVPG response (>20%
decrease from baseline or to less than 12 mmHg) are independent predictors
of survival [45,46], while baseline HVPG is not. Further, a good haemo-
dynamic response predicts survival after adjusting for liver function [45,46],
and this survival benefit cannot be attributed to an improvement in liver
function [49]. Additionally, a good haemodynamic response is indepen-
dently associated with a decreased risk of ascites and spontaneous bacte-
rial peritonitis during follow-up [45,46], indicating that overall prognosis in
patients with cirrhosis surviving a variceal bleeding episode can be improved
by decreasing portal pressure.

Prognosis in patients undergoing liver surgery for HCC (Table 24)

In a series of compensated cirrhotic patients (Child A) undergoing liver
surgery for a single HCC, HVPG was the only variable independently
associated with decompensation at 3 months [50]. No patient with an
HVPG < 10 mmHg had liver decompensation. The same group analysed
the long-term outcome of 43 patients with Child A cirrhosis and resectable
HCC. An HVPG ≥ 10 was the only independent predictor of survival [51].

Summary

1 HVPG must increase over 10 mmHg for the development of varices, and
above 12 mmHg for the development of variceal bleeding.
2 HVPG is a prognostic indicator of bleeding in patients with compensated
cirrhosis (status 1), in patients with varices without bleeding (status 2) and
in patients after a variceal bleeding (status 4). In status 3 and 4 patients,
HVPG is a prognostic indicator of death. The predictive value of HVPG is
independent of liver function.
3 In patients receiving drug therapy to reduce portal pressure or in alcoholics
who become abstinent, HVPG must be repeated to maintain its prognostic
value. A decrease in portal pressure of 20% or to < 12 mmHg achieves
effective protection from variceal bleeding, and in stage 4 patients it leads to
a better overall prognosis.

Recommendations

1 Models combining Child–Pugh or MELD with HVPG should be elabo-
rated for the use in centres in which HVPG measurement is available.
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2 Further studies are required to model the relationship between HVPG
and different outcomes within each stage of cirrhosis. HVPG should not be
dichotomised unless clearly justified by the analysis of large samples with a
sufficient number of strata or by clinical usefulness.

NON-INVASIVE INDICATORS OF
OESOPHAGEAL VARICES

The Baveno III consensus conference recommended universal endoscopic
screening for oesophagus varices (OV) in patients with newly diagnosed cir-
rhosis [52]. Furthermore, in patients without varices, it was recommended
that endoscopy be repeated at 2–3 years intervals to evaluate the develop-
ment of OV, and in patients with small varices, yearly endoscopies were
recommended [52]. However, these recommendations imply a considerable
burden of endoscopies and related costs. In particular, they require that
patients undergo repeat unpleasant procedures, even though up to 50% of
them might be free of OV 10 years from diagnosis [53].

A recent analysis of cost-effectiveness [54] suggests that universal treat-
ment of cirrhotics with β-blockers, avoiding any screening procedure
(i.e. both universal endoscopic screening and endoscopy reserved to patients
with the highest likelihood of OV presence), represents the most advanta-
geous strategy in terms of bleeding prevention. However, these conclusions
seem to be merely speculative since the available evidence on the efficacy
of β-blockers in pre-primary prophylaxis does not support yet their use in
patients without varices, even in those with a demonstrated increase of por-
tal pressure [22,55]. In addition, data on the efficacy of β-blockers in delay-
ing variceal enlargement are still conflicting [55,56]. Therefore, since both
β-blockers [57] and endoscopic prophylaxis [58] can be considered effective
in preventing bleeding only in patients with high-risk varices (i.e. patients
with large OV), it would be ideal to confine endoscopic screening programs
to those patients with the highest likelihood of having OV.

Several studies evaluated different clinical, radiological and laboratory
parameters as predictors of the presence of OV (Table 25) and/or large OV
(LOV) (Table 26) in viral or alcoholic cirrhosis [59–69]. However, only
two of them [63,66] attempted to identify indicators of OV in compensated
cirrhotics, which represent the target population of the guidelines and that
would benefit most from a ‘non-invasive’ follow-up. Moreover, two studies
[70,71] assessing non-invasive indicators of OV in patients with primary
sclerosing cholangitis (PSC) and primary biliary cirrhosis (PBC)were recently
published (Tables 25 and 26). Interestingly, the study by Zein et al. [70],
besides providing information on the prevalence of OV in patients with PSC
(Tables 25 and 26), also shows that only 53% of patients with OV had
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cirrhosis on liver biopsy. This finding, whatever the cause (i.e. sampling error
or pre-sinusoidal portal hypertension), underscores the need of non-invasive
indicators of OV in patients with cholestatic liver disease.

Overall, these studies have identified variables related to liver function
(i.e. prothrombin time or PT, albumin, bilirubin, Child–Pugh class), liver
fibrosis (i.e. PT, hyaluronate), clinical stage (i.e. ascites, Child–Pugh class,
cirrhosis on liver biopsy), portal hypertension (i.e. portal vein diameter,
spleen size) and hypersplenism (i.e. low platelet count, platelet count/spleen
diameter ratio) that significantly correlate with the presence or size of OV.
However, a broad range of predictive values of the OV indicators has been
reported (Tables 25 and 26) together with different cut-off values for dis-
criminating low platelet count, which represents the finding most commonly
associatedwithOVpresence in the published studies (Tables 25 and 26) [72].

Quality assessment of these studies (Tables 27 and 28 and Figs 25 and 26)
shows that the majority of them present many sources of bias, which con-
tribute to invalidate the ‘diagnostic’ efficacy of their results. Only one study
[63] presents with a prospective design (i.e. predefined criteria with consec-
utive enrolment of newly diagnosed patients), blinding of disease stage and
results of diagnostic tests to clinicians managing the patients, adequate ref-
erence standard (i.e. use of a definite classification system of OV; recorded
endoscopy performed and revised by the same team), and, finally, an attempt
of external validation of results. Selection bias arises in retrospective studies
[61,64–66,68] and in those with very specific referral pattern (i.e. liver trans-
plant units) [61,64,68]. Another bias, likely explaining the different cut-off
levels of platelets reported in the published studies, is the spectrum bias,
which may occur when the study population has a different clinical spec-
trum than the population in whom the test will be applied [59,61,64–66].
Selection and spectrum bias are likely acting together in the analysed stud-
ies. High interobserver and intraobserver variability in diagnosing the pres-
ence and size of OV or in reporting radiological (i.e. portal vein diameter,
spleen longitudinal axis and Doppler parameters) measurements together
with observer bias (i.e. prior knowledge of the patients clinical status) are
likely to be very common in all the studies without a priori planning design
and without adequate blindness of all the diagnostic procedures [60–62,64–
69,71]. Therefore, no study has reached a high enough level of evidence to
warrant the widespread use of non-invasive markers of OV (Fig. 27).

An additional issue that further explains the inefficiency of the pro-
posed markers is the inclusion of cirrhotic patients at different stages.
There are at least three different populations of cirrhotic patients with
a different prevalence of OV that have been included in an overlapping fash-
ion in these studies. The first is a population of asymptomatic patients with
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Fig. 25 Summary description of quality analysis of studies on non-invasive
indicators of oesophageal varices (OV) (n = 8).
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Fig. 26 Summary description of quality analysis of studies on non-invasive
indicators of large oesophageal varices (LOV) (n = 9).
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Fig. 27 Summary description of the levels of evidence reached by the studies on
non-invasive indicators of oesophageal varices (OV; n = 8) and large oesophageal
varices (LOV; n = 9).

biopsy-proven cirrhosis (i.e. mostly, cohorts of HCV positive patients or
with a history of alcohol abuse) [60,62,67,70,73]. The second population is
that of patients with or without biopsy-proven cirrhosis who have clinical
features diagnostic of cirrhosis (low platelet count, low albumin, prolonged
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PT and/or compatible radiological features) but who do not have ascites or
encephalopathy [60,63,68,70]. These two different populations are usually
joined in a group of Child class A cirrhotics under the statement ‘diag-
nosis of cirrhosis was based on liver biopsy or history, physical exam-
ination, biochemical and radiological parameters’. The third population
is that of patients with decompensated cirrhosis. These patients are usu-
ally classified as belonging to Child–Pugh class B or C depending on liver
function tests [59,61,64–67]. Furthermore, the existence of a pre-cirrhotic
target population of patients at risk of OV could also be postulated (the
fourth population?). This population, which includes both asymptomatic
and symptomatic patients, presents with different degrees and location of
fibrosis [62,70,71,73–75] likely depending on the aetiology and pathogen-
esis of the disease (e.g. PSC/PBC versus alcoholic versus cryptogenic versus
viral) and on the biopsy false negative rate.

Conclusion

There are no satisfactory non-endoscopic indicators of the presence of
varices. While further studies are awaited, endoscopic screening is still the
best practice to detect the presence and size of varices. The design of future
studies assessing non-invasive indicators of OV should:
1 include compensated patients and should be designed as prospective with
blinding of the diagnostic procedures and adequate reference standard –
patients with cholestatic liver disease may require a separate evaluation;
2 be large enough to identify specific indicators or cut-off levels of the same
indicator in different subgroups of patients;
3 evaluate indicators that have already been identified and include others
that take into account the multifactorial origin of OV;
4 includeHVPGmeasurements in order to identify indicators that best relate
to portal pressure levels and OV presence in various subgroups of patients;
5 be presented in a way that allows calculation of the probability of having
OV for each level or combination of the indicators included in the analysis;
6 be externally validated.

PREDICTORS OF VARICEAL DEVELOPMENT,
ENLARGEMENT AND BLEEDING

Oesophageal varices develop in cirrhotic patients when the HVPG threshold
of 10–12 mmHg is reached [14]. Varices increase in size progressively and
large varices are related with an increased bleeding risk. Since prophylactic
therapy is effective in reducing the risk of VH, particularly in those with large
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varices, patients with cirrhosis undergo periodic endoscopic examination to
determine the presence and size of varices [1].

Prospective studies have shown that patients without varices develop
new varices at a rate of 5–10% per year [1,76]. These percentages differ
depending on the severity of liver disease. While the incidence of OV may
be as low as 4% per year in patients with compensated cirrhosis [53], it is
significantly higher in patients with severe PBC [77] (12% per year), in those
with cirrhosis of alcoholic origin [55] (44% in 16 months) and in patients
with decompensated cirrhosis [53] (25% per year).

A low platelet count [78], a prolonged PT [78], worsening liver function
during follow-up [55] or continued alcohol abuse have been shown to be
predictive of the development of new varices. A decreased platelet count
is a good indicator of portal hypertension, while worsening liver function
and alcohol abuse may parallel increases in HVPG in patients with alcoholic
cirrhosis [20].

In the only prospective study of consecutive cirrhotic patients without
varices and portal hypertension (HVPG> 5mmHg), the majority of patients
had hepatitis C (68%) and were Child–Pugh A (88%) with a mean score
of 5.4. The primary end point was the development of varices or VH.Median
follow-up was 4.6 years. Patients developed a primary end point at a rate of
approximately 8% per year. On multivariable analysis (that included treat-
ment group, that is, β-blocker or placebo), the only parameters predictive of
development of a primary end point were AST (p = 0.007) and a baseline
HVPG > 10 mmHg (p = 0.005) [22].

Regarding enlargement of varices, prospective studies have shown a rate
of progression from small to medium or large varices ranging from 5% to
20% per year [1,56,76,79]. Factors influencing the enlargement of OV are
similar to those causing their development. Alcoholic aetiology [76], severity
of liver disease at the time of initial observation [55,76] or a worsening liver
function during follow-up [79] are associated with a more rapid variceal
progression rate. Endoscopic parameters such as the presence of small OV
and red weal marks at initial endoscopy have also been reported as predictive
of variceal enlargement [55,76].

It has been suggested that changes in HVPGmay induce variations in the
size of OV [20]; however extensive data on this topic are lacking. In alco-
holic cirrhotic patients who abstain from alcohol, OV may even disappear
(associated to a reduction in HVPG), however patients achieving a signifi-
cant HVPG reduction with pharmacological treatment with β-blockers may
or, more frequently, may not reduce their variceal size [56]. Other factors
such as variceal wall tension or formation of other portosystemic collaterals
may play a role in determining variceal size progression.
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The probability of bleeding from OV is variable and depends on cirrho-
sis status. In patients with no varices at endoscopy, the risk of bleeding is
as low as 3% in 4.6 years [22] or 2–4% at 2 years [76], while patients with
small varices have a 2 years risk of 12% (CI: 5–19%) [76]. Several predictors
have been proposed to identify patients at higher risk of bleeding. Variceal
size, red weal marks and Child–Pugh class have been combined to obtain a
valid risk score after one screening endoscopy [35,80]. Other authors have
suggested identifying patients at high risk of bleeding by using only endo-
scopic criteria [81]. Whatever the prediction system adopted, it should be
noted that only a relatively small proportion of the patients presenting with
VH have risk factors predictive of bleeding [80]. The continuous changes in
the predictive parameters that cannot be submitted to real time monitoring
may be one of the causes for this low accuracy. To improve prediction of
bleeding it is necessary to add other parameters or information derived from
a dynamic evaluation. In a recent multicentre study including patients with
large oesophageal varices (LOV), the risk of first bleeding was higher when
PT was prolonged and when the percentage of patients receiving β-blockers
was lower, while in a Cox model the presence of tense ascites (RR: 3.4, CI:
2.5–5.9) and prior history of haemorrhage (RR: 4.4, CI: 2.6–7.5) were inde-
pendent predictors of variceal bleeding [82]. Variceal pressure measured at
endoscopy has also been proposed to be an independent predictor of variceal
bleeding at 1 year [83].

As mentioned in the section on ‘HVPG as a Predictor of Outcome’, ther-
apeutic trials have shown that the bleeding risk is abolished when HVPG is
decreased below 12 mmHg by pharmacological treatment or is significantly
reduced when HVPG decreases > 20% from pretreatment values.

Summary

1 HVPG is presently the most reliable predictor of variceal development.
2 Liver dysfunction or a worsening liver function are the most commonly
described predictors of variceal growth.
3 TheNIEC score is presently themost reliable predictor of variceal rupture;
the contribution of HVPG and other predictors should be investigated.

Recommendations

1 Endoscopic surveillance of cirrhotic patients to ascertain the presence of
varices and their size can be considered the first line screening for the risk of
bleeding.
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2 Follow-up endoscopies should be performed every 1–2 years in compen-
sated cirrhosis patients with small varices and at 2–3 year intervals in those
without varices [1]. Severity of liver disease is a predictor of variceal enlarge-
ment and therefore endoscopy should be repeatedmore frequently in patients
who develop decompensation.

PROGNOSTIC MODELS FOR SURVIVAL IN PATIENTS
WITHOUT ASCITES OR BLEEDING

The course of disease of cirrhosis is usually one of progression with minor
fluctuations unless the underlying factor(s) such as alcoholism or viral repli-
cation can be successfully controlled. Even though the process of progres-
sion is continuous, various stages have been defined. Thus it is common
to classify patients as being in compensated or decompensated, decompen-
sation being defined by the presence of ascites, jaundice, variceal bleeding
or encephalopathy. Prognostic models particularly useful for decompen-
sated cirrhosis patients such as the Child–Pugh and MELD scores have been
recently reviewed [84]. However, since patients in the decompensated stage
already have advanced disease with a poor prognosis, it is of major interest
to assess the course and outcome or the prognosis prior to this stage, that is
in the compensated stage.

In patients who have no ascites and no varices (status 1), mortality
is low and in a large multicentre study that included 212 patients, death
occurred in 25 patients in a mean follow-up period of 45 months [22]. Of
the 25 patients who died, 64%had developed ascites and/or encephalopathy.
Of the 9 patientswho did not have ascites or encephalopathy at time of death,
the cause of death was bacterial infection in 4 (44%), 4 had a non-hepatic
malignancy and 1 had a cardiac-related death. The probability of survival
in patients who did not develop varices (censored) or who did not develop
decompensation during follow-up was 100% at 1 year and 97% at 3 years.
Therefore, in patients without varices or ascites, predicting survival is not an
issue as survival is directly related to the development of decompensation.
As mentioned previously, in this patient population an HVPG > 10 mmHg
was the most important predictor of the development of a composite end
point (varices, VH, ascites and encephalopathy, transplant or death) [22].

Over the years a number of important prognostic models have been
developed in various groups of patients with compensated cirrhosis (that
encompass status 1 an 2). In a large study including 435 patients with
compensated cirrhosis of various aetiologies D’Amico et al. identified male
gender, HBsAg-positivity, old age, prolonged PT and the presence of OV as
significant predictors of reduced survival [4].
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Ginés studied the prognosis of 293 patients with compensated cirrhosis
of whom 42%were alcoholics and 9%were HBsAg positive [3]. They found
high bilirubin, high gamma globulin, presence of hepatic stigmata, long PT,
male gender, old age and elevated alkaline phosphatase to be significantly
associated with a reduced survival.

In a group of 100 patients with compensated cirrhosis of mixed aetiology
(44% alcoholic, 29% HBsAg positive), Zoli et al. found low albumin, high
bilirubin, low cholesterol and low liver volume to be independent predictors
of reduced survival [85]. In a subsequent study performed in 50 patients
with compensated cirrhosis the prognostic influence of portal haemodynam-
ics measured by pulsed echo-Doppler was also investigated [86]. CPS and
reduced portal blood velocity were found to be independent predictors of
reduced survival.

In a large European study including 366 patients with compensated cir-
rhosis due to hepatitis B followed for up to 17 years, old age, low albumin,
low platelets, splenomegaly, high bilirubin and presence of HBeAg had sig-
nificant, independent association with a reduced survival [87]. In the sub-
group of 200 patients who had information on delta virus infection, old
age, low albumin and high gamma globulins had independent significant
association with a reduced survival but the delta status had no significant
influence [88].

In another large European study including 384 patients with compen-
sated cirrhosis due to hepatitis C followed for up to 13 years, high bilirubin,
the presence of hepatic stigmata, old age and low platelets had indepen-
dent significant association with a reduced survival [89]. In a subgroup of
297 patients with compensated cirrhosis fulfilling stricter inclusion criteria,
the influence of hepatitis B and C virus infections on the natural history
was studied [90]. Age, male gender, low platelets and low albumin were
significantly associated with a reduced survival. After adjusting for these
variables, hepatitis B infection tended to be associated with poorer survival
than hepatitis C infection (p = 0.17).

Conclusion

In various prognostic studies of survival in compensated cirrhosis there is
some overlap in identified prognostic variables with relatively little influ-
ence of the aetiology. From the performed studies it can be concluded that
a reduced survival depends on a combination of host factors (old age, male
gender), viral activity (HBeAg positivity, HBsAg positivity), the degree of
reduced liver function (high bilirubin, low albumin, prolonged PT, high
alkaline phosphatase, low cholesterol, reduced liver volume), the presence



88 G. Garcia-Tsao et al.

of hepatic stigmata, the degree of portal hypertension (OV, low portal blood
velocity, splenomegaly, low platelets) and its effect on the immune system
(high gamma globulins). Another factor, which influences survival signif-
icantly, is the current alcohol consumption, see the time-dependent Cox
model for both compensated and decompensated cirrhosis referred to in
Reference [84].

There is a need for a common prognostic model for survival, which can
obtain general acceptance as the model of reference. Such a model could be
obtained by an analysis based on a combined database comprising all the
data from the various larger studies performed. Importantly, in compensated
patients the development of ascites and portal hypertensive bleeding are the
most relevant outcomes.

PROGNOSTIC MODEL FOR PATIENTS WITH UPPER
GASTROINTESTINAL HAEMORRHAGE

Upper gastrointestinal haemorrhage (UGIH) is an important complication
of cirrhosis. The most common cause of UGIH in this setting is rupture of
oesophageal or gastric varices, directly related to portal hypertension. As
mentioned above, the risk of bleeding correlates with the severity of portal
hypertension assessed by the HVPG [37–40].

The prognosis in patients presenting with UGIH is determined by factors,
namely the severity of liver disease and the magnitude of bleeding. The sever-
ity of liver disease determines long-term prognosis in patients with cirrhosis.
In addition, it affects the integrity of the patient’s overall physiology and thus
the ability to withstand the haemodynamic insults brought on by the acute
haemorrhage. Massive UGIH not only puts the patient at risk of exsanguina-
tions but also causes hypoxic damage to the liver, further compromising the
hepatic functional reserve and, by compromising renal perfusion, may cause
renal dysfunction [91].

Prognostic factors that represent severity of liver disease

It is interesting to remember that both of the well-known disease severity
scales in patients with end-stage liver disease, namely the Child–Turcotte and
the MELD scores were derived from patients who had experienced UGIH.

The purpose of the original Child–Turcotte score was to assess the oper-
ative risk in patients undergoing surgical portosystemic shunt [92]. It was
based on five variables, including ascites, encephalopathy, nutritional status,
and serum bilirubin and albumin. In 1973, Pugh and colleagues used a mod-
ified version of the Child–Turcotte classification in describing the outcome
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Fig. 28 Three conceptual components that determine survival in patients with
end-stage liver disease.

of patients undergoing surgical ligation of OV [7]. Nutritional status in the
Child–Turcotte classification was replaced with PT, this constitutes the CPS
or the Child–Turcotte–Pugh (CTP) score. MELD was originally developed
as a tool to assess the short-term prognosis of patients with liver cirrhosis
undergoing the TIPS procedure [93]. The model incorporated serum creati-
nine, total serum bilirubin, INR for PT and aetiology of cirrhosis.

In examining the variables used in the CTP and MELD systems, one
realises that they may be grouped into three overlapping categories (Fig. 28).
First, a number of biochemical parameters measure the physiologic func-
tional reserve of the liver. These include serum concentrations of albumin
and bilirubin and PT. Second, the severity of portal hypertension that may
not necessarily be measured by these biochemical parameters is likely to be
of importance in determining the prognosis of patients with end-stage liver
disease. The direct measurement, HVPG, may be the most accurate means to
assess this, but may be impractical for repeated measurements. Other indi-
rect measures may include platelet count and grades of hepatic encephalopa-
thy and ascites, although the latter variables also reflect the severity of liver
dysfunction. Third variable is the integrity of extrahepatic organ systems,
namely the renal function in MELD and nutritional status in the original
Child score.

Prognostic factors that represent severity of haemorrhage

The magnitude of bleeding in patients with UGIH obviously has a significant
impact on survival. This may be measured in a variety of ways such as
vital signs (blood pressure and pulse rate) or haemoglobin concentrations at
presentation and transfusion requirement. In addition, if there is sufficient
haemodynamic derangement, the liver may sustain a degree of ischaemic
damage, which may be measured by biochemical parameters such as AST
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Table 29 Post-therapeutic predictors of 5-day failure and 6-week mortality in
cirrhotic patients with upper GI haemorrhage (D’Amico and de Franchis).

5-day failure 6-week mortality

Variable OR 95% CI Variable OR 95% CI

CTP class 2.27 1.22–4.22 Albumin 2.33 1.32–4.00
(per 1 g
decrease)

PV thrombosis 2.75 1.25–6.04 Encephalopathy 2.30 1.39–3.70
AST (per 10 U 1.03 1.01–1.06 Bilirubin 1.23 1.10–1.37

increase) (per 1 mg
increase)

Transfusion in 1.35 1.13–1.61 Transfusion 1.40 1.19–1.66
24 h (units) total (units)

Hepatocellular 3.44 1.64–7.24
carcinoma

immediately, followed in more severe cases by worsening of biochemical
functional parameters such as bilirubin.

A recent study byD’Amico and de Franchis [94] demonstrates the relative
role of these prognostic parameters. In this multicentre, Italian study, a total
of 465 patients with cirrhosis and UGIHwere recruited. Prognostic variables
for 5-day failure (uncontrolled bleeding, rebleeding or death) and 6-week
mortality were sought. The 5-day failure rate was 13%, whereas by 6 weeks
after presentation, rebleeding occurred in 17% and death in 20%.

Table 29 summarises the models to predict 5-day failure and 6-week
mortality. There are three types of variables: (1) severity of underlying liver
disease (CTP and its components); (2) severity of bleeding (AST, transfusion
requirement) and (3) specific features of liver disease (portal vein thrombosis,
HCC).

The last point of discussion is whether there are interactions between
these prognostic factors, for example is the effect of two unit-bleeding the
same for patients with CTP of 6 as for those with CTP of 13?

Prognostic model for patients with ascites

Pathophysiologically, factors that determine the prognosis in patients with
ascites are likely covered by the three components described for VH, namely
biochemical synthetic function (albumin), degree of portal hypertension,
and extra hepatic (renal) function (Fig. 28). Thus, in patients with ascites,
the question is whether there are other variables that may better represent
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these three components. Recently, it has been suggested that serum sodium
may provide prognostic information in addition toMELD [95,96]. Hypona-
traemia has been described in associations with hepatorenal syndrome,
ascites and liver relatedmortality. In 1956, Sheila Sherlockwrote, ‘In patients
with liver diseases serum-sodium levels below 130 meq/L must be regarded
as serious and, if below 125 meq/L, ominous’. Like the components of the
MELD score, sodium is a readily available, reproducible and objective labo-
ratory test that predicts liver related mortality and is therefore a reasonable
candidate for inclusion in a liver allocation model.

In a recent study that included 806 liver transplant candidates at six US
centres, the role of sodium in addition to MELD was evaluated. The mean
MELD score was 11.9 and the mean sodium 136.6 meq/L at the time of
enrolment. The prevalence of ascites was 62%and 12% required therapeutic
paracentesis. Of those who had hyponatraemia (< 130), 90% had ascites,
although only 11% of those with ascites had hyponatraemia. There was a
linear relationship between sodium level and the risk of death, after adjusting
for MELD and centre. Between sodium levels of 120 and 135, each unit
decrease in sodium was associated with 17% increase in 6-month mortality.

Summary

In patients who have experienced hepatic decompensation (UGIH or ascites),
the severity of underlying liver disease as determined by the CTP or MELD
score plays an important part in determining their overall outcome. In
patients with UGIH, the magnitude of bleeding has a profound impact on the
short- and longer-term outcome. Recent data show that the serum sodium
level is an important additional prognostic variable in patients with hypona-
traemia, most of whom have ascites. The additional role of HVPG and other
potential predictors should be assessed.

WHAT ELSE DO WE NEED? PROPOSED CONSENSUS FOR
TODAY’S CLINICAL PRACTICE AND FUTURE RESEARCH

Prognostic models for similar end points include somewhat different predic-
tive variables. The causes for this include: differences between patient groups,
differences in variables recorded, various sample sizes, random factors, sta-
tistical factors. Despite all these differences there tends to be a common
pattern or a core of important variables, which is to some extent indepen-
dent of the particular end point being studied. These common core variables
may best reflect progression of the disease. The same underlying process of
progression seems to be operative throughout the course of the disease.
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Correlations among prognostic variables and their consequence on
prognostic modelling

Frequently many variables from many of the components mentioned above
will be associated with a given end point on univariate analysis. However
in the normally applied multivariate regression models (including the Cox
regression model) variables with insignificant independent association with
the end point will normally not be included. This is a consequence of a strong
intercorrelation among predictive variables, that is they hold partly the same
prognostic information. Only those variables with independent strong asso-
ciation with the end point will be included according to the statistical inclu-
sion rules. This can imply a considerable type 2 error risk for not including
potentially important predictors. To avoid this potential loss in prognostic
information the choice of a variable for inclusion in a model should rely less
on statistical significance and more on its biological relevance.

Challenges in describing the course of disease and in prognostic modelling

Patients are highly different at the time of diagnosis

Because of the insidious onset, the starting point of cirrhosis is not well
defined and patients may be diagnosed at various stages along the course of
disease. The time of diagnosis will depend on characteristics of the disease,
non-disease-specific patient factors (when does he/she feel the necessity to
go to a doctor), factors in the health service (accessibility, experience of the
doctor, time of referral to a hepatologist, etc.). This means that at the time
of diagnosis the patients will be highly different in regard to stage of disease
progression, symptoms, signs and liver functionality (e.g. some patients may
even present with variceal bleeding).

The courses of disease may be more homogeneous if considered
according to status

For decompensated patients, Child–Pugh and MELD scores may be useful
in assessing the risk of mortality. However, it is more important to assess
prognosis in earlier compensated stages, so that therapy can be aimed at
preventing complications and subsequent liver related death.

Based on a large cohort study of patients with cirrhosis by D’Amico et al.,
four status of cirrhosis progression are proposed (Fig. 23): status 1: no varices
and no ascites (OYM1%); status 2: varices and no ascites (OYM3.4%); sta-
tus 3: ascites with or without varices (OYM20%) and status 4: bleedingwith
or without ascites (OYM 57%). This staging is clearly an advance, because
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it defines much earlier stages of disease progression upon which relevant
therapeutic action can be taken. Death is not a useful end point in the early
stages of cirrhosis. For compensated patients time-fixed prognostic mod-
els for survival are not well-suited prognostic tools. Although they include
variables statistically associated with survival, they provide very inaccurate
prognostic estimates, because the status of the patient may change markedly
for better or worse, making the prognosis very different. The outcome of a
clinical status is transition to another status, death or OLT and prognostic
models specific to each clinical status should be developed.

Utilisation of follow-up data in prognostic modelling

Although the assessment of patients at a similar stage of cirrhosis leads
to a larger homogeneity and thereby improved prognostication of relevant
end points, there may still be a considerable variability between individual
courses of disease. Patients in the same stage may not necessarily progress
further with the same speed or show the same sequence of manifestations
along the course. This is due to considerable biological differences (genetic,
environmental) among patients. The inclusion of consecutive patients is also
no guarantee of homogeneity. Even with improved staging we have to accept
considerable heterogeneity in a large number of dimensions as a fundamen-
tal feature of the data available to us. The task is to utilise those data in the
best possible way to extract all the available prognostic information. Ideally,
from the current status of the patient we need to be able to predict the occur-
rence of complications or death within the next few months, so that we can
adjust the therapeutic strategy to prevent such events whenever possible.

Therefore, rather than models that have a long-term predictive value,
models should be designed to predict a limited time-span (e.g. 1, 3, 6,
12 months) with increased accuracy. Because the status of the patient may
rapidly change for better or worse, prognosis needs to be updated with each
change. Time-dependent prognostic models utilising follow-up data are par-
ticularly well-suited prognostic tools in the clinical management of patients.
Such models can be used repetitively during the course of the disease to
update prognosis whenever changes occur in the clinical status of the patient
and will therefore provide more accurate prognostic estimates.

Conclusions

Prognostic modelling is important to better understand the determinants
of the course and outcome of cirrhosis. Over the years a large number of
prognostic models have been developed. However, even the best prognostic
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models have a quite limited predictive ability. They are not sufficiently pre-
cise to be really useful for individual prognostication. The information pro-
vided by prognostic models should only be used as a supplement to any
other relevant clinical information in the decision-making for the patient.
To obtain better prognostic models in the future we need to identify more
informative prognostic variables (molecular biology, genetics) being cen-
tral to the disease process, to utilise follow-up information to a greater extent,
to combine databases and models from different centres and countries and
to directly involve highly qualified statisticians in the modelling process to
ensure maximum validity of analyses and results.
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Baveno IV Consensus Statements:
Predictive Models in Portal
Hypertension

Gennaro D’Amico, Guadalupe Garcia-Tsao (Chairpersons),
Juan G. Abraldes, Erik Christensen, Pere Ginés, W. Ray Kim,
Manuela Merli and Filippo Schepis

Status classification of cirrhosis

• Varices, ascites and bleeding in patients with cirrhosis identify four clinical
status of increasing severity: status 1: no varices, no ascites; status 2: varices,
no ascites; status 3: ascites ± varices; status 4: bleeding ± ascites.
• The outcome of a clinical status is transition to another status, death or
Orthotopic Liver Transplant (OLT). Prognostic models specific to each clin-
ical status should be developed.

Indicators of varices and predictors of their development

• There are no satisfactory non-endoscopic indicators of the presence of
varices.
• While further studies are awaited, endoscopic screening is still the best
practice to detect varices.
• The hepatic vein pressure gradient (HVPG) is presently the most reliable
predictor of variceal development.

Outcome prediction in compensated patients

• In patients with compensated cirrhosis, the development of ascites and
portal hypertensive bleeding are the most relevant outcomes.
• HVPG is the only known predictor of the development of ascites; other
potential predictors should be investigated.
• The North Italian Endoscopic Club (NIEC) score is presently the most
reliable predictor of variceal rupture; the contribution of HVPG and other
predictors should be investigated.
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Outcome prediction in decompensated patients

• Child-Pugh and Model for End-stage Liver Disease (MELD) predict over-
all mortality.
• The additional role of HVPG and other potential predictors (sodium,
spontaneous bacterial peritonitis, hepatorenal syndrome and others) should
be assessed.



SESSION 3
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Annalisa Berzigotti, Julio Vorobioff
and Alberto Morabito

INTRODUCTION

In order to develop the field of pre-primary prophylaxis of gastroesophageal
varices, we believe that a clear understanding of the factors leading to
the development of this complication of portal hypertension is needed.
Therefore, we have organised this chapter in a series of mini-chapters
that hopefully will lead to the definition and present understanding of this
important area.

∗ The first-authorship of this chapter is shared by Dr Groszmann and Dr Merkel.
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Molecular markers in portal
hypertension

Yasuko Iwakiri

Portal pressure plays a key role in development and progression of portal-
systemic collaterals and varices, and is considered a main target for the pre-
vention and treatment of variceal bleeding [1]. In this regard, factors that
increase portal pressure (portal hypertension)may influence the development
of collaterals and severity of variceal haemorrhage. Increased vasodilation
in the arterial splanchnic circulation is one of the important factors that
increases portal pressure [2] (Fig. 29). Nitric oxide (NO) is a key molecular
marker that is involved in vasodilation [3–5] and the formation of collateral
vessels [6,7]. Another important molecular marker is vascular endothelial
growth factor (VEGF), which promotesNOproduction and portal-collateral
vessel formation in portal hypertension [8]. This subchapter focuses on two
important issues: (1) effects of portal pressure on vasodilation and collateral
vessel formation; and (2) the role of NO in vasodilation and collateral vessel
formation.

Hyperdynamic
circulatory
syndrome

⇑NO (⇑ eNOS)

Porto-systemic
collateral circulation

Varices

VEGF

 Cirrhosis

Portal hypertension

Arterial vasodilation
systemic/splanchnic

Fig. 29 Major mechanisms involved in the development of portal hypertension.
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Effect of portal pressure on vasodilation

Vasodilation in arterial splanchnic circulation is the characteristic feature
observed in portal hypertension (i.e. increased portal pressure). Chronic
vasodilation in arterial splanchnic circulation increases blood flow to the
portal venous circulation and enhances the formation of portal-systemic
collateral circulation and varices [2]. NO is the most important vasodila-
tor molecule in portal hypertension [9–11]. It has been demonstrated by
us and other investigators that endothelial NO synthase (eNOS) is up-
regulated in superior mesenteric arterial beds (arterial splanchnic circula-
tion) and produces excessive NO, leading to vasodilation [12,13]. How
does portal pressure induce signals that up-regulate eNOS in the splanchnic
circulation?

An acute increase in portal pressure results in sudden myogenic reflex
vasoconstriction in larger vessels of superior mesenteric arterial beds (artery
of splanchnic circulation), which initiates eNOS activation and NO produc-
tion [14]. This eNOS activation is achieved by the activation of Akt/protein
kinase B, which phosphorylates and directly activates eNOS enzyme to
produce NO [15]. This is an early event observed in the early stage of
acute portal hypertension.

A mild portal pressure increase, on the other hand, does not cause
myogenic reflex vasoconstriction in larger vessels of superior mesen-
teric arteries, but still ends up with the development of the portal-
systemic collaterals and the hyperdynamic circulatory syndrome. Inter-
estingly, this mild increase in portal pressure, which is similar to por-
tal hypertension in cirrhosis, induces VEGF production at the jejunal
microcirculation. This is the early signal that induces eNOS up-regulation
in mild portal hypertension. This was confirmed by the finding that an
inhibitor of VEGF receptor activation normalises eNOS expression to
similar level as the control group, suggesting that the mild increase in
portal pressure is first sensed at the intestinal microcirculation, which
increases local VEGF production with a subsequent increase in eNOS
(unpublished data).

Collectively, changes in portal pressure are sensed by different parts
of mesenteric arterial beds and trigger different signals that induce eNOS
up-regulation and NO production in the splanchnic microcirculation.
In mild increase in portal pressure, similar to what happens in cir-
rhosis, eNOS expression is up-regulated through an increase in local
VEGF production. VEGF-dependent formation of collateral vessels has
also been observed in the splanchnic circulation in portal hypertensive
animals [8].
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Effect of portal pressure on collateral formation

Increased portal pressure is the most important risk factor for the develop-
ment of portal-systemic collateral circulation and varices. In patients, varices
do not develop below the threshold hepatic venous pressure gradient (a sur-
rogate of sinusoidal portal hypertension; HVPG) value of 10–12mmHg [16].
Furthermore, a reduction of the risk of first bleeding in patients is achieved
by a reduction of HVPG, suggesting that portal pressure can be the most
effective therapeutic target to reduce the development of varices [17]. Our
very recent finding in an experimental model of portal hypertension clearly
indicates that the formation of portal-systemic collaterals is proportional
to portal pressure. We also found that the development of the hyperdy-
namic circulatory syndrome is associated with an increase in portal pressure
(unpublished data). It is thought that vasodilation in arteries of systemic
and particularly splanchnic circulation contributes to the development of
the hyperdynamic circulatory syndrome (Fig. 29) [2,13].

The hyperdynamic circulatory syndrome, a hallmark of portal hyperten-
sion, is associated with the development of varices [2]. This syndrome con-
sists of threemain types of haemodynamic abnormalities: (1) decreasedmean
arterial pressure, (2) decreased systemic vascular resistance and (3) increased
cardiac output [18]. Our data clearly indicate that all these features are
exacerbated as portal pressure increases. NO plays a key role in vasodila-
tion and subsequent development of the hyperdynamic circulatory syndrome
that exacerbates portal hypertension [13].

The formation of portal-systemic collateral circulation is achieved by the
opening of pre-existing vessels [19] and angiogenesis [8,20]. A mechanical
force by the increased portal pressure and the dilation of pre-existing ves-
sels results in the opening of pre-existing vessels. Thus, therapeutic strategies
have been aimed at decreasing portal pressure [21]. In recent years, it has
been demonstrated that angiogenesis is another important mechanism that
is involved in the formation of the portal-systemic collateral vessels [8,20]. A
study by Fernandez et al. [8] clearly demonstrated the occurrence of VEGF-
mediated angiogenesis in the formation of portal-systemic collateral vessels
in portal hypertensive animals. The administrations of a monoclonal anti-
body against VEGF receptor-2 and an inhibitor of VEGF receptor-2 acti-
vation both result in a marked decrease in the formation of portal-systemic
collateral vessels.

The role of NO in collateral vessels formation

NO plays a key role in the formation of collateral vessels. NO was orig-
inally discovered as an endothelium-derived relaxing factor and is known
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to be a potent vasodilator [3–5]. In models of tumour angiogenesis, NO
dilates vessels, causing sprout formation, and maintains blood flow in angio-
genic vessels [6,7]. NO in the connecting vessel regulates the vessels diameter
and thus, is also important for angiogenesis and haemodynamics in angio-
genic vessels. Haemodynamics in angiogenic vessels is regulated by both
existing vessels and angiogenic vessels themselves. Increased flow in VEGF-
induced angiogenic vessels is mediated by NO-induced vasodilation [22].
NO plays a critical role in VEGF-induced angiogenesis and vascular perme-
ability (a factor that enhances angiogenic activity). Inhibition of NO pro-
duction results in reduced angiogenesis and vascular permeability induced
by VEGF [23,24]. VEGF promotes NO production and also induces eNOS
expression in vascular endothelial cells [25–27]. Interestingly, eNOS is the
isoform among the three NO producing enzymes that plays a predominant
role in VEGF-induced angiogenesis and vascular permeability [28]. Thus,
besides VEGF, selective modulation of eNOS activity may be a promising
strategy for preventing the development of varices.

Complete deletion of eNOS, however, induces other vasodilator
molecules in portal hypertensive animals and results in the development of
the hyperdynamic circulatory syndrome similar to the control animals [29].
Thus, selective and partial inhibition of eNOS may be a therapeutic strategy
for the treatment of portal hypertension and the prevention of formation of
varices.

Summary

The formation of portal-systemic collaterals and the severity of the
hyperdynamic circulatory syndrome are proportional to portal pressure.
Furthermore, different levels of portal pressure (acute versus mild) trigger
eNOS up-regulation at different locations in the splanchnic circulation with
different mechanisms. eNOS-derived NO plays an important role in the
formation of portal-systemic collateral vessels. Increased VEGF production
mediates angiogenic collateral vessel formation in the splanchnic microcir-
culation in portal hypertensive animals. eNOS plays an important role in
VEGF-induced angiogenesis. eNOS and VEGFmay be potential therapeutic
targets for the treatment of varices.
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Collateral formation: arterial versus
venous

Vijay Shah

Collateral formation: relative role of vasodilation, angiogenesis and
vascular remodelling

A major cause of complications of portal hypertension is the develop-
ment of portal–systemic collateral vessels between the portal hypertensive
vasculature and the lower pressure systemic venous system [30,31]. This
collateral circulatory bed develops through a dynamic interplay of distinct
physiological processes which include vasodilation, vascular remodelling
and angiogenesis.

Vasodilation of pre-existing collateral vessels results in increased collat-
eral blood flow and volume. This mechanism of collateral vessel regulation
has probably received the greatest amount of experimental attention [19,32].
An increase in flow and pressure through pre-existing collateral vessels
has also been demonstrated, and this physiological process has developed
into a direction for therapy of collaterals [19]. For example, non-selective
β-blockers not only reduce portal pressure but also constrict the collateral cir-
culation. This reduction in collateral flow likely contributes to the protective
effects of β-blockers from variceal haemorrhage [33].

Vascular remodelling is an adaptive response of the vessel wall that
occurs in response to chronic changes in blood flow. For example, chronic
increases in flow with dilation of the vascular channel result in endothelial-
based signals that mediate restructuring of the vessel, thereby allowing for
chronic increases in vessel diameter and capacity for high volume flow. This
paradigm has been demonstrated in peripheral vessels and notably also in
models of experimental portal hypertension [33–35].

Angiogenesis is the development of new blood vessels. This occurs
through the traditional paradigm of angiogenesis which is mediated by
proliferation of in situ endothelial and smooth muscle cells, as well as
through a process termed vasculogenesis [36]. Vasculogenesis is mediated
through the recruitment of vascular wall precursor cells from the blood [37].
This includes endothelial progenitor cells and smooth muscle progenitor
cells [38]. Experimental evidence for the role of angiogenesis in collat-
eral development is supported by a study documenting and quantifying
an increase in vascular sprouts in the mesentery of portal hypertensive
rats [39]. More recent studies have documented the importance of VEGF
in portosystemic collaterals as well [8].
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Role of nitric oxide (NO) in collateral vessel formation

Nitric oxide (NO) plays an important role in numerous vascular functions
so it is not surprising that NO is important in the process of collateral ves-
sel formation [40]. In fact, NO is implicated in each of the steps of col-
lateral vessel formation outlined in the previous section (vasodilation, vas-
cular remodelling and angiogenesis). Certainly the role of NO in vasodi-
lation is well established. NO is also important in vascular remodelling
as evidenced by lack of appropriate vascular remodelling in absence of
NO [35]. NO is important to angiogenesis in several ways. First, NO is
an important signal that mediates the endothelial effects of the growth fac-
tor, VEGF, to facilitate endothelial cell proliferation and migration. Inter-
estingly, the effect of NO on non-endothelial, vascular type cells is quite
different from that of endothelial cells, with NO inhibiting migration and
proliferation of hepatic stellate cells [41,42]. Additionally, NO also stim-
ulates the release of endothelial progenitor cells from the bone marrow,
thereby contributing to vasculogenesis [43]. Thus, experimental inhibition
of NO formation appears to antagonise the angiogenic response, reduce
flow and shunting through existing portal–systemic collateral vessels and
also inhibit the process of vascular remodelling [19,32,39,44]. Mechanical
forces, most notably shear stress, stimulateNO generation and are important
in collateral vessel formation. Therefore, it is likely that NO is an important
signal that mediates collateral vessel development that occurs in response
to changes in mechanical forces in the vasculature. These NO-dependent
processes highlight the role of NO not only as a vasodilatory molecule, but
also as a mediator of growth factor-induced angiogenesis, remodelling and
collateralisation [34,45].

Collateral vessel formation: arteriogenesis versus ‘venogenesis’

Physiological and therapeutic collateralisation is most well studied and
understood for arterial vascular beds as opposed to venous systems.
This includes the arterial collateralisation process that occurs in the
coronary circulation and peripheral arterial circulation in response to
vascular obstruction. These collateralisation processes can be termed
arteriogenesis. However, within the realm of liver disease and the portal
circulation, collateralisation within the venous circulation is of great rele-
vance including the development of portosystemic collaterals and ensuing
oesophageal varices as well as the cavernous transformation that occurs in
response to chronic portal venous thrombosis. This process can be termed
‘venogenesis’.
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Fig. 30 Main mechanisms involved in the formation of collateral circulation.

Based on the concept of arterial and venous endothelial cell hetero-
geneity, an emerging concept in the field of collateralisation relates to the
signals which specify arterial endothelial cell angiogenesis as opposed to
venous endothelial cell angiogenesis [46,47]. This concept has received
the greatest attention in the stages of vascular development; however,
the concepts are also likely to be relevant for post-natal angiogene-
sis/vasculogenesis that occurs in response to vascular occlusion and elevated
pressure.

Current concepts suggest that both arterial and venous endothelial cells
probably arise from the same progenitor cell. However, there are key signals
which determine whether a progenitor cell will target and develop towards
an arterial or venous fate. One signalling pathway important in this process is
the Notch-Jagged ligand-receptor pathway, which appears to promote arte-
rial differentiation by repressing venous differentiation [47]. Other relevant
signals include Sonic Hedgehog, VEGF, and angiopoetin, and Gridlock [47].
One major physiological process that is likely to regulate endothelial cell
fate through these signals is mechanical forces, such as shear stress, flow and
intraluminal pressure.

Summary (Fig. 30)

Mechanical forces such as shear stress aswell as growth factors such as VEGF
are critical in the steps of venous and arterial collateral vessel formation
by mediating vasodilation, vascular remodelling and angiogenesis/post-natal
vasculogenesis. The signalling molecules mediating these pathways are an
area of active investigation.

Different experimental models have been used over the years to study the
pathogenesis of portal hypertension and its complications. The bile duct lig-
ated rat is a model of secondary cirrhosis that develops acute abnormalities
very rapidly. The first day after bile duct ligation the rat already develops
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mild portal hypertension (Roberto Groszmann, unpublished observation).
Interestingly the human counterpart is the child with biliary atresia. Proba-
bly, abnormalities that had been characterised in the rat model could well
apply to biliary atresia that is the rapid development of portal hypertension
and the collateralisation of the portal system.



112 R.J. Groszmann et al.

Biliary atresia: a model of paediatric
portal hypertension – opportunities for
investigation and intervention

Benjamin L. Shneider

Portal hypertension and its related complications are major clinical issues
in paediatric hepatology. As with adults, children develop problems as
the sequelae of progressive portal hypertension. Ascites, with or without
spontaneous bacterial peritonitis, and variceal haemorrhage are two of the
more common and significant issues that arise in children with chronic liver
disease. Failure to thrive, hepatopulmonary syndrome and neurocognitive
deficits related to portal hypertension and portosystemic shuntingmay be rel-
atively more important in paediatric populations where growth and develop-
ment issues are so critical. In comparison to adults, there is a remarkable lack
of evidence-based approaches to the management of portal hypertension
in children. There have been no randomised trials of any medical thera-
pies for portal hypertension in paediatrics and only one randomised trial of
endoscopic therapy [48].

The reasons for this dearth of information are multifactorial. First and
foremost is a prevailing reluctance to perform randomised blinded stud-
ies in children. This reluctance exists at the level of the patient’s parents,
human investigation committees, clinical investigators and the pharmaceuti-
cal industry. The second most important reason for the lack of information
is related to limited numbers of patients and the wide range of disorders
that lead to chronic liver disease in children. Overall, children make up less
than 15% of the total number of individuals who undergo liver transplanta-
tion. Thus there are immediate problems with powering any type of clinical
investigation. The spectrum of diseases that lead to chronic liver disease is
broader in children than adults and the distribution amongst these disor-
ders is more heterogeneous. Of adult liver transplants 44% are performed
for either alcohol or hepatitis C related problems, while 40% of paediatric
transplants are performed for biliary atresia (based on UNOS data derived
from http://www.unos.org). Thus identification of relatively homogeneous
and large groups of children for study is difficult. Haemodynamic physiol-
ogy changes during normal development. One important change is the age
dependency of basal heart rate. Normal heart rate in an infant can range
between 110 and 185 beats per min, while the basal rates for an 8–12-year
old range between 60 and 130 beats per min [49]. Thus the investigation of
portal hypertension in children may require stratification by age. Finally, size
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Fig. 31 Histology of the extrahepatic bile duct of a child with biliary atresia.
Fibro-obliteration of the bile duct is observed in this bile duct.

and developmental issues impact on feasibility of certain types of investiga-
tions. Diagnostic and/or investigative procedures in children are associated
with a relatively higher risk and often require significant sedation or anaes-
thesia for execution. Thus the effects of anaesthesia upon the measurement
and the relative risk–benefit ratio of the activity must be taken into consid-
eration. With the exception of studies performed during transjugular intra-
hepatic portosystemic shunting there are no reports of hepatic venous wedge
pressure gradients in children. Thus it is not surprising that there has been
little progress in developing an evidence-based literature that is applicable
to children with portal hypertension.

In spite of these limitations, there is a desperate need to make progress
in understanding paediatric portal hypertension. Perhaps the best oppor-
tunity in paediatrics rests with the analysis of biliary atresia, since it is the
leading cause of significant liver disease in children. At theMount SinaiMed-
ical Center, 38% of 176 liver transplants performed in a recent 80-month
period were for biliary atresia. Similar findings have been described for both
US and European registries. Thus biliary atresia represents the largest sin-
gle category of disease that leads to chronic liver problems in children, and
as such is the best subject for clinical investigation in paediatric hepatol-
ogy. The cause of biliary atresia remains enigmatic; the disease is the result
of complete obliteration of the extrahepatic biliary system (Fig. 31). Thus
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biliary atresia in many ways may be akin to bile duct ligation models of
portal hypertension [50]. Children with biliary atresia typically undergo a
hepatoportoenterostomy (Kasai) procedure as treatment of their disease. In
this procedure a loop of intestine is used as a replacement for the extra-
hepatic biliary system. Prominent portal hypertension is often present at the
time of corrective hepatoportoenterostomy and it progresses over relatively
short periods of time [51]. The rate of progression of the portal hypertension
is related to outcome after hepatoportoenterostomy, with more accelerated
progression in children with failed procedures or with recurrent cholangi-
tis [52]. Response to the procedure falls into three general categories. In
approximately 30% to 50% of children bile flow is restored, as manifested
by bilirubin levels returning to near normal. Even with this ‘good’ outcome,
significant portal hypertension related to the development of biliary cirrhosis
ensues within the first two decades of life. In approximately 35% of children
there is no evidence of bile flow after the procedure and portal hyperten-
sion and its attendant complications develop over a very short time period.
Variceal haemorrhage has been observed in children as young as 1 or 2 years
of age. In the remaining 15% to 35% of children there is some evidence of
bile drainage as bilirubin levels decrease but do not normalise. In these chil-
dren severe liver injury and associated portal hypertension is often observed
during school age.

The biliary injury in this disorder is associated with prominent portal
hypertension at disease stages in which synthetic liver function is typically
intact. Thus the relative contribution of complications of portal hyperten-
sion to morbidity and mortality in liver disease is greater in children than
in adults and it occurs at an earlier stage of their liver disease. The rate of
progression of the portal hypertension is fairly remarkable with complica-
tions often developing in less than 3 years. The rapid progression of disease
makes biliary atresia attractive as a subject for clinical investigation, since
clinical end points can be met in a relatively short period of time.

Complications that are a direct result of this portal hypertension are
common in biliary atresia. Variceal haemorrhage occurs in a large percent-
age of children, often within the first 5 years of life [52–57]. In one cohort
of 134 children with biliary atresia, variceal haemorrhage was observed in
40% of patients within 5 years of hepatoportoenterostomy [56]. In another
cohort of 61 children, who did not require early liver transplantation, varices
developed in 67% at a mean age of 6 years and variceal haemorrhage requir-
ing a blood transfusion was noted in 28% of the children at a mean age of
3 years [55]. Ascites is a frequent problem in children with biliary atresia
and was observed in 25% of children in the first 2 years of life in a mul-
ticentre retrospective analysis of biliary atresia in the United States [58].
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Hepatopulmonary syndrome, rectal varices/colopathy, stomal haemorrhage
and pulmonary hypertension have also been described in children with bil-
iary atresia [59–64]. Bile duct ligation models have been useful as an animal
model of hepatopulmonary syndrome, and intrapulmonic shunting has been
prospectively demonstrated in 64% of transplant candidates with biliary
atresia who underwent screening by contrast echocardiography [60,65].

Evidence-based approaches to the management of portal hypertension
in children do not exist [66]. This is in stark contrast to the extensive
array of randomised trials and meta-analyses that have been performed in
adults [67,68]. The lack of controlled studies in paediatrics is unfortunate,
but also presents ample opportunity for academic advances. The design of
clinical studies in paediatrics will require creative design with somewhat
modified end points due to the nature of investigation in children. It is not
clear if clinicians, parents or institutional review boards will permit inves-
tigative hepatic wedge pressure measurements or surveillance endoscopy in
children. β-blocker therapy is one of the current standards of care for adults
with portal hypertension, yet there is clearly no similar consensus for the use
of these agents in children [69]. The efficacy of β-blocker therapy in adults
is typically seen only if one escalates dosing until one demonstrates ade-
quate reduction in resting heart rate and/or a significant reduction in hepatic
vein wedge pressure gradients measurements. In those patients where there
is a significant drop in portal pressure, β-blocker therapy is highly effica-
cious in preventing recurrent or initial variceal haemorrhage [70]. β-blocker
therapy has been used in children and described in 113 children in four sep-
arate anecdotal reports [71–74]. These reports provide preliminary infor-
mation that this approach is safe and may be efficacious. Major adverse
events were not recorded, although it is not clear that there was comprehen-
sive screening for potential problems. Variceal bleeding episodes while on
propranolol were reported to be tolerated. Typically, attempts were made
to reduce heart rate in children by 25% with the requirement of variable
dosing of propranolol between 1.0 and 8.0 mg/kg/day. Furthermore, high-
dose β-blocker therapy has been safely utilised in children with hypertrophic
cardiomyopathy. The goals of therapy in this disease are to completely elim-
inate variability in heart rate and very large doses of β-blockers have been
well tolerated by children [75]. Doses of between 5 and 23 mg/kg with asso-
ciated serum levels of 200 to 900 μg/L were utilised without significant
problems.

Unfortunately, there have been no randomised trials of β-blocker ther-
apy for either primary or secondary prophylaxis of variceal haemorrhage
in children. Pivotal trials and empiric therapy are dependent upon under-
standing the appropriate dosing of β-blockers in children. Resting heart rate
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Fig. 32 Basal heart rates in children. Range of normal heart rates for different aged
children are shown. Significant normal variability is observed for each age and
there is a pronounced trend of reduction in basal rates as children age (adapted
from Davignon et al. [49]).

can be very difficult to accurately assess in routine clinical practice in chil-
dren. An anxious child will have a significantly elevated resting heart rate.
It is unclear in children if one should seek to assess resting, active, average
or exertional heart rate. In addition, as noted previously, heart rate varies
significantly with age (Fig. 32). The effects of portal hypertension and its
associated hyperdynamic circulation on haemodynamics in children are not
known. Therefore, it is critical that these issues be prospectively addressed
in a cohort of children with portal hypertension. Basic and comprehensive
description of the hyperdynamic circulation in children with biliary atresia
will be a significant first step.

Summary

Portal hypertension is frequently seen in children with biliary atresia. The
nature of this disorder is such that the complications of portal hypertension
often manifest prior to other sequelae of end-stage liver disease. Children
with biliary atresia make up the largest single population of children with
severe liver disease. Their disease is relatively homogeneous and is not typi-
cally impacted by other problems such as alcohol intake, steatosis and/or
haemochromatosis that can complicate the analyses of adults. The rela-
tively homogeneous nature of biliary atresia, its rapid progression and the
lack of scientific information about portal hypertension in children makes
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this an ideal area for clinical investigation. The newly formed NIH-funded
infrastructure of the Biliary Atresia Research Consortium could be an ideal
mechanism for conducting an initial prospective analysis of β-blocker ther-
apy [76]. The results of this study will have important implications not only
for biliary atresia, but also for all children with chronic liver disease.
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Natural history of formation and
growth of oesophageal varices

Marco Zoli and Annalisa Berzigotti

Prevalence of oesophageal varices

Variceal formation is extremely frequent in cirrhosis. In the studies pub-
lished in the last 20 years the prevalence of varices at diagnosis ranges from
0–10% of patients with compensated disease, to 70–80% of patients with
decompensated cirrhosis; the mean figure is 40–55% of patients at diag-
nosis [77,78]. The analysis of the data pooled from 22 prognostic stud-
ies failed to demonstrate a significant relationship between the presence
of varices and that of decompensated disease, but it indicated a statisti-
cal trend towards significance [78]. This suggests that liver failure may
not influence collateral formation directly, but, since portal hypertension
progresses in parallel to parenchymal liver disease, it is likely to be more
severe in decompensated patients, and varices may appear more often in
this group.

Since varices are not found in all patients at diagnosis, some authors
[79–83] performed studies to investigate reliable non-invasive predictors of
the presence of varices. The most frequently identified predictors are the
Child’s class, presence of spider naevi, low platelet count (< 100,000/mm3),
reduced prothrombin time (< 70%), splenomegaly and increased portal vein
diameter (> 13 mm) by ultrasound; anyway the prognostic models including
these variables were not reproducible in independent patients’ series, and
cannot be considered accurate enough [84]. As a consequence, all patients at
the moment of the diagnosis of cirrhosis should undergo an upper digestive
tract endoscopy for the screening of oesophageal varices.

Recently, Giannini et al. [85] proposed a new model based on the ratio
between platelet count and spleen diameter; they found that a ratio below a
cut-off value of 909 had a 100% negative predictive value for the presence
of oesophageal varices. This non-invasive parameter looks promising, since
it showed good results when it was applied in an independent sample of
another centre [86].

Formation of oesophageal varices

Whenever portal pressure rises above normal values, collateral circula-
tion begins to develop in an attempt to decompress the portal system;
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two mechanisms have been demonstrated in the development of portal–
systemic collateral circulation, namely the dilatation of pre-existent embry-
onic channels communicating the portal and the systemic circulation and
neo-angiogenesis [87,88], which recently raised increasing interest [8]. In
man, different anastomotic venous systems between portal and systemic cir-
culation have been described [87]. Varices are a part of cephalad collaterals,
formed through the dilatation of the left gastric (coronary) vein and the short
gastric veins.

From a haemodynamic point of view, varices develop when the HVPG,
which is equivalent to the portocaval gradient in liver cirrhosis, increases
over a threshold value of 10 mmHg [16]. Above this value the median
time observed to the formation of varices, or to the development of other
complications of portal hypertension, is 4 years [89].

From a clinical and endoscopic point of view, most recent studies about
the development of oesophageal varices agree that de novo formation takes
place in 4–6% of patients per year [90–92]. A greater incidence has to be
expected in patients with active alcoholic intake, and in patients with wors-
ening of liver function. Accepting a risk of bleeding of 10%, patients without
varices can be followed-up at 2–3 years intervals.

Growth of oesophageal varices

Once varices form, they increase in size from small to large, and they may
bleed. Prospective studies showed that the progression rate is 5–12% per
year [90,93,94], this variability probably depending on different criteria of
patients’ selection. Several factors may contribute to the dilation of varices;
among them, the chronic increase in portal pressure and portal-collateral
blood flow [95], and the pulses in portal pressure and blood flow associ-
ated with meals [96], ethanol consumption [97] and circadian rhythms [98]
are thought to be central. The risk of bleeding depends on variceal wall
tension, which increases with the increase of variceal radius and variceal
transmural pressure according to Frank’s modification of the Laplace’s
law. This explains why large varices (diameter more than 5 mm) carry a
higher haemorrhagic risk than small varices (in mean 30% versus 10% at
2 years) [99,100]. The prevalence of large varices in unselected compen-
sated cirrhotics is approximately 35% [101]. Some non-invasive predictors
of the presence of large varices have been suggested [102,103]; anyway,
as the detection of large varices indicates the need of a treatment aimed to
reduce the haemorrhagic risk by the reduction of portal pressure, the experts’
consensus is to follow-up the patient by endoscopy at 1–2 years intervals to
recognise the enlargement of varices.
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Fig. 33 Formation of oesophageal varices in patients with and without abdominal
collaterals at ultrasound examination.

The role of non-variceal portal-collateral shunts, such as a patent
paraumbilical vein (PUV) at ultrasound examination, on the natural history
of oesophageal varices is still debated. Some authors [104–106] suggested
that they may play a protective role but the data are not conclusive. In fact,
other authors found that the distribution of varices is similar in patients with
or without PUV [105], that PUV is more frequent in more advanced liver
disease [107] and that patients with PUV bleed as frequently as non-PUV
patients [108,109].

In attempt to better elucidate this issue we conducted a retrospective
study on 107 consecutive cirrhotic patients without oesophageal varices
(n = 33) or with small varices (n = 74) observed at our centre. They
were conventionally followed-up with both endoscopy and abdominal ultra-
sound for 12–96 months. The preliminary results from this study show that
in patients without varices PUV is uncommon (15.1%), as well as other
abdominal collateral vessels (15.1%); in this subgroup PUV is observed in
patients with a more advanced liver disease (Child score 9.0 ± 2.1 in PUV
versus 6.2 ± 1.5, p < 0.0001). In patients with small varices at enrolment
PUV was found in 10.8% of cases, while other abdominal collateral vessels
in 8.1%.

In patients without varices, 39.4% developed small varices with a mean
rate of about 5.9%per year. Patients with PUV or other abdominal collateral
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Fig. 34 Formation of new collaterals at abdominal ultrasound examination and
growth of varices at endoscopy: significance of correlation p = 0.01.

vessels at ultrasound examination showed a trend to a greater rate of for-
mation of varices (Fig. 33; log-rank comparison p = 0.14). In patients with
small varices at entrance, 40.5% showed variceal enlargement with a mean
rate of about 5% per year; patients with a patent PUV showed a trend to
statistical significance for a greater rate of progression of varices (log-rank
comparison p = 0.09).
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During the follow-up, 43.7% of the patients developed one or more
collateral abdominal vessel (Fig. 34). The formation of a new collateral vessel
at abdominal ultrasound correlated with variceal appearance or growth
(Pearson’s coefficient of correlation 0.312, p = 0.001). In conclusion, our
data suggest that abdominal non-variceal collaterals form in response to the
worsening of portal hypertension in parallel with the dilation of varices, and
they do not represent a protective factor on this complication. This obser-
vation should be re-evaluated in a study analysing a larger group of patients
recruited in different centres, which is in progress.

Summary

The progressive and persistent increase of portal pressure in the course of
liver cirrhosis induces the formation of a portal-systemic circulation aimed at
decompressing the portal system. Oesophageal varices are the most impor-
tant portal-systemic collaterals and form in the large majority of patients on
long-term follow-up. Once varices have formed, they tend to enlarge and
eventually rupture, exposing the patient to the risk of death.
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Present knowledge about treatment in
the area of pre-primary prophylaxis

Julio Vorobioff

The problem

Clinical evidence of portal hypertension (oesophageal varices/variceal bleed-
ing, ascites, portal-systemic encephalopathy) is usually present once the por-
tal pressure has reached a threshold value of 10–12 mmHg. For any of these
circumstances, consensus regarding nomenclature, diagnostic approaches
and therapeutic measures has been established [110–112].

Clinically significant portal hypertension [113], although including the
presence of these complications, can also be defined only by means of por-
tal manometry. Therefore, even when varices/variceal haemorrhage and/or
ascites are absent, an increase in the portal pressure gradient to a thresh-
old above approximately 10 mmHg also defines, by itself, the clinically
significant portal hypertensive status.

Nevertheless, an important period of the natural history of chronic liver
disease (in fact the longest) elapses asymptomatic and without major signs.
Meanwhile, portal pressure ranges within 6–10 mmHg. This early stage of
the disease, playing the hidden part of the iceberg, has recently gained the
attention of portal hypertension researchers [114,115]. Then, pre-primary
prophylaxis is aimed at avoiding/delaying the formation (when still non-
existent) and in preventing the growth (when already formed but still small)
of oesophageal varices. The different objectives of pre-primary prophylaxis
and the dual definition of clinically significant portal hypertension allows
to consider different patients population categories. On one side, portal
hypertensive patients without significant portal hypertension (i.e. aHVPG6–
10 mmHg) and, obviously, without varices. On the other side, patients with
significant portal hypertension (i.e. a HVPG > 10 mmHg) who still have
not formed varices. In a third group, patients with small oesophageal varices
and, by definition, with significant portal hypertension. This seemingly arbi-
trary division, correlating portal hypertensive status, endoscopic findings
and treatment objectives is one of the most important emerging concepts
derived from three recent trials [89,94,116] dealingwith this new therapeutic
chapter.
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The screening of patients for pre-primary prophylaxis

Confronted with the evidence of oesophageal varices, variceal bleeding
and/or ascites, the diagnosis of liver cirrhosis with clinically significant portal
hypertension is not a difficult task.On the contrary, earlier diagnosis is not an
easy one. Lack of signs and an almost symptomless coursemakes diagnosis at
this stage a challenging exercise. Nevertheless, as most potential candidates
for pre-primary prophylaxis are within this ‘silent’ stage, efforts must be
addressed in their screening. Obviously, chronic alcohol abusers and morbid
obese patients should be evaluated. Extrahepatic manifestations, not neces-
sarily accompanying advanced stages, could help in the diagnosis of spe-
cific diseases (i.e. Wilson disease, haemochromatosis, chronic autoimmune
hepatitis, PBC, PSC) and also in hepatitis C virus (HCV) chronic infection.
Patient complaints, such us fatigue and/or upper abdominal discomfort and
the presence of hepatosplenomegalymay also be helpful. This ‘first approach’
is completed by adding liver function tests and specific markers detection.
However, in order to confirm diagnosis and establish the degree of portal
hypertension, a second step based on histological evaluation, HVPG mea-
surement and endoscopic examination is necessary. Complementary infor-
mation obtained from Doppler ultrasound, if present, may be qualitatively
helpful [113,117,118].

Performing a liver biopsy should not be a major problem. Coagu-
lation disorders contraindicating the procedure are uncommon at this
stage. However, as diagnosis can result from combining clinical, labora-
tory, endoscopic and manometric data, liver biopsy is not unanimously
necessary. Moreover, in the three already completed pre-primary pro-
phylaxis trials, histological evaluation was available in 95% of included
patients by Calès et al. [116] and in 48% of those included by Merkel
et al. [94] (C Merkel, personal communication). Diagnosis of cirrhosis
was either biopsy-proven or clinically suspected and confirmed by an
HVPG > 10mmHg inGroszmann et al. [89] study (RJ Groszmann, personal
communication).

Endoscopic screening for varices of all of biopsy-proven/clinically sus-
pected cirrhotic patients has been recommended [119]. Patients with no
or small varices may represent 66–75% of cirrhotic patients screened
by endoscopy [120]. Therefore, endoscopically speaking, the majority
of cirrhotic patients are potential candidates for pre-primary prophy-
laxis. Although non-invasive screening of varices has been proposed, sug-
gested parameters seem more accurate in predicting the existence of large
varices than small ones [80,82]. Moreover, although overall interobserver
agreement regarding variceal presence is near 70%, major disagreements
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appear when absence from presence and small from large varices are
been discriminated [121,122]. Consequently, an endoscopic study, lat-
ter submitted for interobserver agreement, must be performed during the
work-up for patient inclusion in pre-primary prophylaxis trials. A con-
ceptual definition regarding small varices with red signs may be pend-
ing: should their pharmacological treatment be considered as pre-primary
prophylaxis?

Pre-primary prophylaxis is a research field and, therefore, HVPG mea-
surements should be included in every future clinical trial. Manometrically
speaking, most cirrhotic patients without varices are located in an area
where HVPG ranges between 6 mmHg and 10 mmHg. In other words,
this is a group of portal hypertensive patients without clinically signifi-
cant portal hypertension. Nevertheless, cirrhotic patients without varices
are already above the threshold value of 10 mmHg; and therefore, con-
sidered as portal hypertensive patients with clinically significant portal
hypertension [16,89,113]. A third group to be considered for pre-primary
prophylaxis are those patients with small varices and, therefore, already
established clinically significant portal hypertension. Although sharing com-
mon therapeutic aims, which look mainly endoscopic (variceal appear-
ance/formation/growth), some characteristics within each of these three
groups (i.e. different prognosis, different degree of drug responsiveness,
development of other portal hypertension related complications regardless
of endoscopic events) [89,94,116] will probably determine the need for tai-
loring pre-primary prophylaxis, according to each group. A more ambi-
tious objective would be to establish clinical-haemodynamic correlations at
this early stage, as has already been demonstrated when treating clinically
significant portal hypertension [70,123].

Therapeutic aspects

Several experimental [124–131] and one clinical [132] study gave rational
and enthusiastic support for clinical trials regarding prevention of formation
and growth of oesophageal varices in cirrhotic patients. Therefore, three
clinical studies dealing with this therapeutic aspect of portal hypertension
have been performed during the last decade.

The first one, by Calès et al. [116], is a double-blind, randomised, mul-
ticentre trial, evaluating propranolol administration for the prevention of
development of large varices in 206 cirrhotic patients, mostly alcoholics. At
inclusion, oesophageal varices were absent in 79 patients and were small in
127 patients. A fixed dose (160 mg/day) of long-acting propranolol was
administered to the 102 patients randomised for drug treatment and all
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patients were followed-up for at least 2 years. Almost one-third of the
patients included in each group were lost to follow-up during the study
period. After 2 years the percentage of patients with large oesophageal
varices was 31% in the propranolol group versus 14% in the placebo group
(p < 0.05), this difference being not significant at the third year (44% versus
34%, respectively). Complete abstinence from alcohol was observed in 66%
of patients in both groups. New, large varices developed in 21 of the 79
(27%) patients while an increase from small to large varices was observed
in 82 of the 127 (65%) patients. Bleeding episodes and death rate did not
differ among both treatment groups.

An elevated patient drop-out rate and the administration of a fixed dose
of propranolol may have influenced Calès et al.’s [116] negative results. Of
note is the remarkably high abstinence rate (66%) observed among alco-
holic cirrhotic patients, which accounted for 86% and 78% in propranolol
and placebo groups, respectively. Alcohol abstinence has been shown to be
beneficial as it not only improved liver function, but also it decreased portal
pressure and variceal size, including making them disappear in some patients
[133–136]. Neither such relationship nor the description of small or medium
size variceal formation, a necessary step in the respective ways from both
non-existent or small to large varices is mentioned by Calès et al. [116]. A
non-stop trip from previously non-existent and/or small varices straight to
large varices, suggests that development of large varices [112] is an ‘all or
none’ phenomenon.

More recently, in a multicentre, randomised, double-blind, placebo-
controlled trial, Groszmann et al. [89] prospectively evaluated 213 cir-
rhotic patients without oesophageal varices in order to investigate (1) the
effects of timolol (a non-selective β-adrenergic blocker) in the prevention
of the development of oesophageal varices and variceal haemorrhage and
(2) the predictive value that sequential measurements of HVPG could have in
the development of primary (development of varices/variceal haemorrhage),
secondary (ascites/encephalopathy) and terminating events (transplant or
death). Only portal hypertensive (i.e. HVPG > 6 mmHg) cirrhotics were
included. HCV-related cirrhosis accounted for 53%, alcohol for 20% and
alcohol + HCV for 15% of included patients, respectively. Yearly endo-
scopies and HVPG measurements were performed, and the median time of
follow-up was 4.2 years. One hundred and eight patients received timolol
and the mean dose was 10.8 mg.

The incidence of primary (n:84) (78 cases of varices formation and
6 of variceal haemorrhage), secondary (n:56) and terminating events (n:34)
was not significantly different between drug and placebo. Simultaneously,
no significant differences in HVPG were detected between both study
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groups. An HVPG > 10 mmHg at baseline and at year 1 after inclusion
in the study was highly predictive of the development of primary, sec-
ondary and terminating events (p < 0.0001). A higher number of adverse
events and serious adverse events (20 versus 6) were reported in the tim-
olol group (p < 0.01). In summary, in cirrhotic patients without varices,
non-selective β-blockers are not useful in the prevention of the develop-
ment of varices/variceal haemorrhage and are associated with a higher pro-
portion of adverse events. Moreover, an HVPG > 10 mmHg is a pow-
erful prognostic predictor of the development of complications of portal
hypertension.

What reason/s account for these ‘negative’ results? Cirrhotic patients
without varices are probably still lacking a well-developed, collateral circula-
tion network. Besides, but theoretically related, the systemic haemodynamic
profile is more likely normal than hyperdynamic in early and compensated
cirrhotics [137] (Vorobioff et al., unpublished data). Therefore, it is possible
that at early stages of the disease, the β-adrenergic receptor population could
be quantitatively and qualitatively different than in advanced disease, result-
ing in low or absent responsiveness to β-blockers. This could also account
for the high incidence of adverse effects observed by Groszmann et al. [89].
An important ‘positive’ result: this study demonstrates that the presence of
‘clinically significant portal hypertension’ [113], even (and only) manomet-
rically defined, given that no patient had oesophageal varices at entry into
the study, is by itself a prognostic indicator in cirrhotic patients.

In the third and most recent study, Merkel et al. [94], in a single blind,
placebo-controlled clinical trial, evaluated nadolol for the prevention of
growth of small varices. Of the 161 cirrhotic patients (57% alcohol-related,
39%of viral aetiology) included in the study, 83were randomised to nadolol.
Other end points were variceal haemorrhage, death, regression of varices
and adverse effects resulting in withdrawal of treatment. HVPG was mea-
sured at baseline and after 2 years of treatment in 19 patients (10 assigned
to nadolol and 9 to placebo). The mean daily dose of nadolol varied from
60 ± 25 mg/day to 64 ± 25 mg/day (according to the year of follow-up).
Mean follow-up was 36 months.

Nine patients in the nadolol group and twenty-nine in the placebo group
had growth (to F2 and F3) of oesophageal varices. The cumulative risk of
growth of varices at 2, 3, 4 and 5 years of follow-up was 7% versus 31%,
13% versus 41%, 20% versus 51% and 20% versus 51% for nadolol and
placebo, respectively (p < 0.001) (Fig. 35). Predictors of variceal growth
were treatment, Child–Pugh score and aggravation of Child–Pugh score.
The cumulative probability of being free of variceal bleeding was signifi-
cantly higher in the nadolol group (88% at the end of follow-up) than in
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Fig. 35 Cumulative probability of remaining free of growth of varices (a) and
survival (b) in the placebo-controlled clinical trial of nadolol in the prophylaxis of
growth of small oesophageal varices [94] (reprinted with permission from
Gastroenterology).

patients randomised to placebo (78%) (p < 0.02). But once the main end
point was reached (and then all patients were pharmacologically treated)
the risk of bleeding was similar for patients initially treated with drug or
placebo. Regression of varices occurred in 15 patients randomised to nadolol
and in 5 randomised to placebo. Among alcoholic cirrhotic patients, regres-
sion (n:11) was more frequent in abstainers. Non-alcoholic cirrhotic patients
(n:9) also showed regression of varices. A high abstinence indexwas observed
(64% and 69% for nadolol and placebo, respectively) (NS). Although the
course of Child–Pugh score during follow-up was very similar in the two
treatment groups, a progression of liver function impairment was observed
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in 19 of the 31 patients reporting incomplete abstinence or continuing alco-
hol abuse. HVPG decreased significantly at 2 years in the 10 patients receiv-
ing nadolol (from 12.2 ± 1.1 mmHg to 11.0 ± 1.5 mmHg) (p < 0.009)
while it showed a slight, non-significant increase in the 9 patients receiving
placebo. After 2 years, the HVPG was lower in the patients randomised to
nadolol than to placebo (11.0±1.5 mmHg versus 12.5±1.1 mmHg, respec-
tively) (p < 0.03). Survival did not differ between both treatment groups
(Fig. 35). A higher number of adverse effects requiring withdrawal of treat-
mentwere observed in the nadolol group (n:9) than in the placebo group (n:1)
(p < 0.01).

According to Merkel et al. [94] pharmacological treatment seems to
be successful not only in preventing variceal growth but also to induce its
regression (only 9 patients had variceal growth but 15 showed regression).
Although no aetiology related in this study, it seems relevant that among
alcoholic patients regression was more prevalent in abstainers (as was the
lack of liver function impairment). Moreover, spontaneous regression (n:5)
was also observed. Another important finding is the modest but significant
decrease in HVPG induced by nadolol, implying that patients with already
developed (although small) varices have a certain degree of responsiveness
to β-adrenergic blockers, still not present in patients without varices [89].

Summary

The unexpected results by Groszmann et al. [89], far from being disap-
pointing, constitute a captivating challenge for hepatologists. Accordingly,
two clearly different stages along the natural history of hepatic cirrhosis
have been delineated. On one side are patients with oesophageal varices,
collateral circulation and hyperdynamic circulation, in whom non-selective
β-adrenergic blockers have shown to be beneficial in both primary pro-
phylaxis and prevention of recurrence of variceal bleeding [100]. And on
the other side, is a group of patients who are already portal hypertensive
(a HVPG > 6 mmHg) without oesophageal varices and who are unrespon-
sive to β-adrenergic blockers. The challenge is to develop new and useful
therapeutic tools for this stage of the disease. Both liver endothelial dys-
function [138–143] and/or the incipient collateral circulation [8] seem to be
the reasonable main targets at this stage. Being effective at this time, treat-
ment could not only delay or avoid variceal formation but also improve liver
function and therefore modify the natural history of liver disease.

Not least challenging are the results of Merkel et al. [94]. Growth of
small varices is significantly delayed by β-adrenergic blockers, but failure
to prevent growth implies so in preventing bleeding. This suggests that an
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earlier switching point to other therapy (then prophylactic) should be con-
sidered once pre-primary prophylaxis fails. Moreover, previously described
regression/disappearance of varices has been firmly established by the Italian
authors. Then, bi-directional end points could be established in the pharma-
cological treatment of patients with small oesophageal varices.

Nevertheless, survival was not improved in any of the three studies
[89,94,116], although most patients were scored as Child–Pugh A. There-
fore, pre-primary prophylaxis should not be exclusively supported by drugs
targeting the portal hypertensive state but also, when feasible, the specific
aetiologic agent/cause of liver disease at early stages [144,145]. A wider and
more accurate conceptual redefinition of pre-primary prophylaxis could then
be established.

In view of recent pharmaco-economical studies suggesting the use of
β-blockers in all cirrhotic patients, the discussion of this issue becomes highly
pertinent.
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Endoscopic screening or empiric
β-blockers for prophylaxis of variceal
bleeding?

Alberto Morabito and Carlo Merkel

In the most recent years we observed a rise in the number of studies dedicated
to the relationships between cost and effects of health interventions. This
has been due to the progressive awareness of the limitations of the resources
dedicated to health, and to the fact that health costs are going to rise without
control, unless a limit to the expansion of health expenses is set.

Among studies directed to define the most appropriate clinical strategies,
the following types of investigations are possible:
• Cost minimisation
• cost–benefit analysis
• cost–effectiveness analysis
• cost–utility analysis
• decision analysis
The simple analyses of cost minimisation are only adequate if the effects of
the strategies to be compared are the same; otherwise they are not suitable
to define which treatment constitutes a rational use of resources. The cost–
benefit analyses are characterised by the fact that they express both costs and
benefits in monetary terms. Since frequently it is difficult for the researchers
to express benefits in monetary units, the use of cost–effectiveness analysis
was developed. In this kind of analysis, the incremental cost for an additional
improvement in health obtained from a treatment compared to another one
is assessed according to the formula:

C/E =
[(Coststrategy B) − (Coststrategy A)]

[(Benefitstrategy B) − (Benefitstrategy A)]

In other words, the analysis assesses the cost for every unit of improve-
ment of outcome (e.g. to prevent a single bleeding). In the case in which the
analysis takes into account the quality of life of the patients, the analysis
is termed cost–utility analysis. Decision analysis is a broader term, which
includes all kinds of analyses assessing, under conditions of uncertainty,
the probability of events together with the consequences of these events.
Generally a decisional tree is built to represent a decisional process.

Most pharmaco-economical analyses dedicated to the problem of pro-
phylaxis of bleeding lie in the area of cost–effectiveness analysis. In 2002,
Arguedas et al. [146] performed a cost–effectiveness analysis comparing
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observation alone, endoscopic screening followed by β-blockers if large
varices were seen, endoscopic screening followed by variceal ligation if large
varices were seen and universal prophylaxis with β-blockers without screen-
ing. Results were separately given for patients with compensated (Child A)
and decompensated (Child B-C) cirrhosis. From the analysis the authors
concluded that in patients with compensated cirrhosis universal treatment
with β-blockers was too costly as compared with the other strategies requir-
ing screening. The preference between β-blockers and variceal ligation was
related to the assumption of the model in terms of risk reduction and side
effects of β-blockers. In patients with decompensated cirrhosis, universal
prophylaxis without screening was preferable to every screening procedure.
Saab et al. [147] made a similar analysis, comparing observation alone, uni-
versal prophylaxis without screening and endoscopic screening followed by
β-blockers if large varices were seen. They did not stratify patients in com-
pensated and decompensated cirrhosis. The main finding of their study was
that the dominant strategy was universal prophylaxis without screening,
although this conclusion was sensitive to changes in compliance to screening
and treatment within very reasonable values. The third paper analysing this
subject was published by Spiegel et al. in 2003 [148]. In this very detailed
study they compared six strategies: observation alone, universal prophy-
laxis without screening, endoscopic screening followed by β-blockers if large
varices were seen, endoscopic screening followed by variceal ligation if large
varices were seen, endoscopic screening in high-risk patients, selected accord-
ing to a prediction rule, followed by β-blockers if large varices were present
and endoscopic screening in high-risk patients, followed by variceal ligation
in large varices. Results were rather complex: first of all, endoscopic screen-
ing in high-risk patients was a strategy dominated by the others, that is was
more costly and less effective than universal screening; furthermore, uni-
versal (or ‘empiric’) β-blockers given without screening was associated to
a reasonable increase in cost compared to observation alone (US$12,000
for every bleeding prevented), while endoscopic screening with β-blockers
or ligation if large varices were seen was extremely more costly (more
than US$170,000 for every bleeding prevented). Taken together, all these
pharmaco-economical studies suggest (or tend to suggest) empiric β-blockers
without screening as a reasonable strategy to make a prophylaxis of first
variceal bleeding in cirrhosis. Despite these promising results, a survey of the
clinical management of experts in portal hypertension specifically address-
ing this point for this consensus conference clearly stated that this strategy
should not be used in clinical practice. The reasons for this disbelief may
be related to a sense of scepticism, which these analyses are prone to, but
more robust reasons may play a role. Indeed, as suggested in an editorial
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on this topic [149], results of pharmaco-economical analyses are severely
dependent on the values of many critical values introduced into the model,
and on the costs, which are largely variable across countries. In addition,
the effectiveness of treatment in community-based conditions is probably
different, and likely to be lower. For these reasons, the authors conclude
that ‘it is premature to adopt the use of empiric β-blocker prophylaxis for
patients with compensated or decompensated cirrhosis’. It appears that most
experts in portal hypertension agree. A more formal analysis of the statisti-
cal issues related to the choice between observing without treating, treating
without screening and screening with treatment in selected cases is reported
in the appendix.
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Appendix: evidence-based medicine
and clinical decision analysis

Alberto Morabito

A treatment should never be administered if its harm is greater than its efficacy, which
is generally expressed as relative risk reduction. Likewise, a diagnostic test should
never be ordered if the therapeutic harm is greater than the therapeutic efficacy [150].
Intervention is always favoured if the number needed to treat to avoid one adverse
outcome (NNT) is smaller than the number needed to treat to harm one individ-
ual (NNH). When faced with a choice between two therapeutic options, the action
threshold above which an intervention is favoured can be expressed in terms of the
harm inflicted (H) as

Pt = H × NNT or Pt = NNT/NNH

If a patient’s preferences are taken into account as relative value judgements (RV) of
adverse events relative to that of therapeutic events, the action threshold is defined
as

Pt = NNT × (RV/NNH)

In the setting of clinical decision-making, EBM summary measures derived from
population studies can be effectively used to define diagnostic and therapeutic action
thresholds that may help in the management of individual patients.

Popular indices of therapeutic benefit include the treatment effect, gener-
ally expressed as either the absolute change or the relative change in the
rate of events, and the number of patients who need to be treated to pre-
vent one bad outcome or attain one good outcome (NNT). Treatment effect
is commonly expressed as the absolute risk difference (ARD) between event
rates: ARD = Risk1 − Risk2, or as the proportional relative risk reduction
(RRR) in event rates: RRR = (Risk1 − Risk2)/Risk1 = 1 − Risk2/Risk1 or as the
reciprocal of the difference in event rates (NNT) between the alternatives:
NNT = 1/(Risk1 − Risk2) = 1/ARD.

The harmful effects of treatment can be presented in a similar way. The common
way to express this is to assess the rates of adverse effects due to treatment or to
calculate the NNH (the number of patients who must be treated for one individual
to experience a harmful event). This can be expressed as the absolute difference
between two harms (AHD) as NNH = 1/(Harm1 − Harm2) = 1/AHD.

Decision analysis

In medical literature, it has become customary to equate the term utility with a
measure of strength of the patient’s preference for outcome. Indeed, the outcomes
expressed as morbidity or mortality can be integrated into a patient’s value judge-
ments to arrive at the optimal clinical decision. Therefore, the preferred management
strategy is the one associated with the optimal expected value of utility and is not
directly dictated by the value of individual strategy outcomes.
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Fig. 36 Clinical setting in which an intervention is compared with no intervention.

If the net harm associated with treatment can be represented in the same units as
the net benefit, the threshold probability of disease (pt) at which the expected value
of treatment is exactly the same as the expected value of no treatment can be shown
by the following:

pt =
NetHarm

NetBenefit + NetHarm

The clinical setting in which an intervention is compared with no intervention is
shown in Fig. 36.

In a clinical setting intervention, the harm associated with treatment isH and the
event rate without and with treatment areM andMRx, respectively, then the absolute
risk difference (ARD = M −MRx), and the relative risk reduction (RRR) or efficacy
(E) is (M − MRx)/M. Consequently, NNT = 1/ARD.

The threshold probability of disease at which the point of indifference is reached
between treatment and no treatment is shown by the following:

pt = H/(E × M) = H/[M − MRx] = H/[SRx − S] = H/ARD = H × NNT

If the control arm is placebo, it follows from the above equation that if the probability
that the patient has the disease is less than pt, treatment is not indicated, and if the
probability is greater than pt, treatment should be given. If we assume that a patient in
the no-treatment arm is actually on placebo, as is commonly the case in randomised
trials, the above relationship can be shown by the following:

pt = (Hactive treatment − Hplacebo) × NNT = NNT/NNH

A recent study randomised patients who already completed a 3-month course of
warfarin to determine whether longer anticoagulation would be beneficial in the
prevention of deep venous thrombosis (DVT) recurrence. The study has determined
that the NNT for the prophylaxis of DVT recurrence is 4. The study concluded that
a considerable risk of DVT recurrence exists beyond the typical 3-month course with
warfarin and that a longer duration of anticoagulation may be necessary.

However, the optimal duration of treatment needs to be interpreted in light of
not only the benefit but also the harm of warfarin treatment. Although many would
argue that the NNT of 4 represents a very effective therapy, this measure alone does
not provide an answer to the question of whether this treatment is better than the
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alternative management strategy of observationwithout active treatment. The crucial
clinical question is: how good is one treatment strategy in comparison with another
when both benefit and harm are taken into consideration? To begin to address the
clinical question of whether to give warfarin or not, we note that the annual risk of
major bleeding in patients given warfarin was 3.8% (compared to 0% in patients
in the placebo arm), representing an NNH of 26. If we assume that the avoidance
of DVT and bleeding complications represents approximately the same value to the
patient, warfarin should be administered if the probability of DVT recurrence is
greater than 15% (4/26).

In this study, the recurrence rate for DVT was 27.4% per year, suggesting that
warfarin treatment should be continued beyond the initial 3 months of treatment in
a typical patient meeting the eligibility criteria.

Now, let us consider a patient at increased risk for bleeding with continued
warfarin use because of heavy alcohol intake. Although such patients were excluded
from the above clinical trial, it is possible to individualise treatment by applying the
above equations to the specific patient. Using published data, we may assume that the
risk of bleeding in the patient under consideration is increased by at least 2.7-fold,
that is, NNH = 10 [= 1/(0.038× 2.7)]. This translates into a new action threshold
of 0.4 (NNT/NNH = 4/10). Thus, the risk of DVT should exceed 40% per year
to justify to continue warfarin. The optimal duration of warfarin could very well
be only a few months for this patient. It is equally important to ask the following:
what is the highest NNT at which treatment is still worth administering? As noted
above, the treatment should be considered only if NNT < NNH. We recommend
that the NNT not be used without concomitant data on treatment harm. In the
example above, warfarin should not be administered if the NNT > 26 (or in the
case of the patient at increased therapeutic harm because of heavy alcohol intake,
warfarin should not be used if the NNT > 10). At or above this NNT, the harm of
treatment would always outweigh the benefit, assuming harm and benefit are valued
equivalently.

This approach enables answering a question posed by Steiner in the recent article:
‘For NNT > 1, what is the minimal therapeutic benefit at which treatment is worth
administering?’ [151]. In addressing the application of population-based therapeutic
measures to the care of individual patients, Steiner lamented that since we cannot
be sure who will benefit from treatment, ‘all you can say is that on the basis of best
available evidence, everything possible is being done to prevent an adverse effect’. As
shown here, treatment is worth considering if NNT < 1/H or if NNT < NNH. On
the other hand, the following question can be asked: ‘How much harm is acceptable,
knowing the efficacy of treatment?’

Comparison of an intervention with no intervention

The analytical solution of the tree in Fig. 36 for the treatment of a single disease
involves multiplication of the outcomes of the tree by its corresponding probabilities
and solving for the probability of a disease atwhich the point of indifference is reached
for treatment and no treatment (pt). This represents a typical clinical situation with
uncertain diagnosis (e.g. whether to administer anticoagulants to a patient suspected
of having pulmonary embolism or whether to administer adjuvant chemotherapy to
a patient who underwent breast cancer surgery).
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The threshold probability of presenting disease (pt) at which the expected value
of treatment equals the expected value of no treatment is the solution to the equation:

p × (1 − MRX − H) + (1 − p) × (1 − H) = p × (1 − M) + (1 − p) × (1),

or

p × ([(1 − MRx − H) − (1 − M)] + [1 − (1 − H)]) = H,

where [(1−MRx −H)−(1−M)] = M−MRx −H is the net benefit from treatment in
patients with disease (outcome in those treated minus outcome in those not treated)
and [1− (1−H)] is the net harm from treatment in those without disease (outcome
in those treated minus outcome in those not treated). Net benefit of treatment is
restricted to patients who have the disease, and net harm applies to those patients
without the disease. H refers to the harm associated with treatment, and M and
MRx refer to morbidity/mortality, without and with treatment, respectively. All of
these parameters need to be expressed as probabilities on a scale of 0 to 1. The
difference between M and MRx is equal to the absolute risk difference in event rates
(ARD), (M − MRx = ARD). The analytical derivation of net benefits shown here is
equivalent toGlasziou and Irwig’s axiomatic definition of net benefits. The solution of
the tree depends on definition of benefits and harms. Our model breaks down utilities
into effects of the disease (with or without treatment) and the effects of treatment.
Therefore, harm [e.g. NNH = 1/(H1 −H2)] will relate only to the adverse effect of
treatment, and benefit (e.g. NNT) will relate only to the effect of the disease that may
or may not be treated (e.g. NNT = 1/[M − MRx] or 1/[MRx2 − MRx1]) (see below
and the text). Our model assumes that MRx (morbidity/mortality with treatment)
and HRx (treatment related morbidity/mortality) are independent events and that
the probability of the two effects occurring simultaneously is negligible and may be
omitted. In most cases, the results under these assumptions do not significantly differ
from the results when these assumptions are not taken into account.

From the equations above, we derive the following:

pt(M − MRx) = H

pt = H/(M − MRx) = H/(E × M) = H/(SRx − S) = H/ARD,

where, in those with disease, SRX is the disease-specific survival in those treated and
S represents disease-specific survival in those not treated.

Finally, since NNT = 1/ARD, we arrive at the following:

pt = H × NNT

Choice between withholding treatment, testing and treating
without testing

The text also provides a solution for a choice between withholding treatment, treat-
ing without testing and performing a test that will determine further action. The
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Fig. 37 Solution of the decision tree.

analytical solution of this tree provides two probabilities: the probability of a disease
at which we should be indifferent between testing and withholding treatment (ptt)
and the probability of a disease at which we should be indifferent between testing
and treatment (pRx).

The solution of the decision tree in Fig. 37 follows the same procedure illustrated
earlier. Alternatively, the formulas shown in the text may be derived by simply replac-
ing the net benefit and net harm in the original Pauker and Kassirer model [152] with
the evidence-based therapeutic summary measures shown earlier.

Integration of patient’s preferences within a threshold model

If we assume that a patient expresses certain value judgements toward target events
(morbidity/mortality without treatment)

qtarget = 1 − value of experiencing target event

= value of avoiding target event

and toward adverse events of the treatments

qadverse event = 1 − value of experiencing adverse event

= value of avoiding adverse event.

When this definition of patient preferences is adopted in our model, we obtain the
following relationships:

pt = NNT × [RV × H] or RV × NNT/NNH

Et = RV × H/(p × M) or Et = RV × H/M if p = 1
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Fig. 39 Calculations related to the six strategies proposed in Fig. 38.

In the case of diagnostic certainty (i.e. p = 1), treatment should be administered
only if NNT < NNH/RV or if efficacy of treatment is greater than Et, as shown
above.

If we apply this model to the problem of prevention of bleeding in patients
with cirrhosis class A or B using the clinical probability estimates reported in the
paper by Spiegel et al. [148], we can calculate the proportion of patients who
take advantage from the treatment administered in the six branches of the tree in
Figs 38 and 39.
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The ratio of NNT/NNH depends on the prevalence of bleeding. Likely the cost to
prevent one episode of bleeding will depend on hypothesised prevalence of the con-
dition. The cost of intervention may enter into the modelling process as the patient’s
preference qtarget with an appropriate economical evaluation of events prevented and
adverse events experienced.

Conclusion

• The utilities of any strategy depend on the bleeding risk.
• The more aggressive strategies are more useful for more severe patients.
• The utilities strongly depend on the following model assumptions:

– sensitivity and specificity of tests
– treatment efficacy in subgroups
– treatment harm in subgroups
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Baveno IV Consensus Statements:
Pre-Primary Prophylaxis

Roberto J. Groszmann, Carlo Merkel (Chairpersons), Yasuko Iwakiri,
Alberto Morabito, Benjamin L. Shneider, Vijay Shah, Julio Vorobioff and
Marco Zoli

Background

• Prevention of the development of complications of portal hypertension is
clearly an important area for future research.
• Portal-systemic collaterals may develop before the appearance of varices,
and can be diagnosed non-invasively. However, their clinical importance is
uncertain. (5;D)
• Hepatic venous pressure gradient (HVPG) is predictive of varices forma-
tion. (1b;A)

Recommendations for management

• All cirrhotic patients should be screened for varices at diagnosis. (5;D)
• Despite some pharmaco-economical analysis, it is not indicated to treat
cirrhotic patients with β-blockers without prior assessment of the presence
of oesophageal varices. (5;D)
• There is no indication, at this time, to treat patients to prevent the forma-
tion of varices. (1b;A)

Areas requiring further study

• Basic mechanisms in the development and progression of portal hyperten-
sion.
• Natural history of low-risk varices (epidemiology and predictive factors
of progression).
• Routine use of HVPG in clinical trials involved in investigating the com-
plications of portal hypertension.
• Treatment to decrease or prevent the progression and/or prevent the devel-
opment of varices.
• Biliary atresia (a very interesting entity of paediatric portal hypertension
with rapid rate of progression).
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Non-invasive tests

• Non-invasive tests might be useful to identify patients at risk of having or
prone to develop varices (HVPG > 12 mmHg), but prospective studies are
required. (4;C)
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OVERVIEW

Respiratory symptoms are common in patients who have chronic liver
disease with estimates ranging as high as 50–70% of patients complaining
of shortness of breath [1]. The differential diagnosis of dyspnoea is broad in
these patients and there are a number of important causes to consider. Over
the last 15 years, two distinct pulmonary vascular disorders have emerged
as important aetiologies of pulmonary dysfunction in patients with liver dis-
ease or portal hypertension. The hepatopulmonary syndrome (HPS) occurs
when intrapulmonary vasodilatation impairs arterial gas exchange and is
found in as many as 15–20% of patients being evaluated for orthotopic liver
transplantation (OLT) [2]. Portopulmonary hypertension (POPH) results
when pulmonary arterial constriction and remodelling lead to increased pul-
monary arterial pressure and is seen in as many as 6% of patients being
evaluated for OLT [3]. The presence of either HPS or POPH increases mor-
bidity and mortality in patients with liver disease. How the pathogenesis
of alterations in the pulmonary vasculature relates to the mechanisms that
trigger and maintain portal hypertension and whether pulmonary vascular
complications influence the outcome and consequences of portal hyperten-
sion have not been carefully studied.

Recently, the results of a task force sponsored by the European Respi-
ratory Society and conceived and led by Dr Roberto Rodriguez-Roisin have
been published [4]. This group of 16 international investigators discussed
and reviewed the salient clinical and pathogenetic features of both HPS and
POPH. This work serves as themost comprehensive review of these disorders
and as a framework for exploring whether HPS and POPH may influence

152



PULMONARY VASCULAR COMPLICATIONS 153

the diagnosis and treatment of portal hypertension. The present review will
focus on (1) the significance of HPS and POPH relative to the clinical out-
come and pathogenesis of portal hypertension and (2) the diagnosis of HPS
and POPH, based on the concept that recognition of these disorders will
influence treatment and outcomes in portal hypertension.

HEPATOPULMONARY SYNDROME

Definition

Hepatopulmonary syndrome (HPS) is defined by a widened alveolar–arterial
oxygen gradient (AaPO2) on room air (> 15 mmHg) with or without
hypoxaemia resulting from intrapulmonary vasodilatation in the presence
of hepatic dysfunction or portal hypertension [4–6]. Early studies empha-
sised that the exclusion of all other causes of cardiopulmonary dysfunction
were required to make the diagnosis of HPS [5]. However, it is now clear
that HPS may co-exist with other cardiopulmonary abnormalities [7,8] and
contribute significantly to gas exchange abnormalities in this setting. In addi-
tion, the AaPO2 normally increases with age. Therefore, age correction using
standard formulae for it is appropriate to avoid over-diagnosis of HPS [9].

Natural history and prognosis

The natural history of HPS is incompletely characterised. Most patients
appear to develop progressive intrapulmonary vasodilatation and worsening
gas exchange [10] over time and spontaneous improvement is rare [11]. A
recent prospective study has evaluated the natural history of HPS in a cohort
of 111 patients with cirrhosis of whom 27 (24%) had HPS [12]. The median
survival among patients with HPS was significantly shorter (10.6 months)
compared with patients without HPS (40.8 months). Mortality remained
higher in those with HPS after adjusting for severity of underlying liver
disease and after excluding patients who underwent liver transplantation
during follow-up. The causes of death in patients with HPS were mainly
due to complications of hepatocellular dysfunction and portal hypertension
and correlated with the severity of hypoxaemia in HPS. This data raises the
possibility that the presence of HPS may be an important factor that influ-
ences the progression of liver disease and the risk of complications related to
portal hypertension. Finally, although speculative, even modest hypoxaemia
related to HPS may worsen during sleep based on the observation that noc-
turnal oxygen saturation decreased in a small cohort of non-HPS cirrhotic
patients [13].
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Mortality after liver transplantation also appears to be higher in patients
with HPS compared with those without HPS. The utility of the severity of
HPS as a predictor of outcome after liver transplantation has been prospec-
tively evaluated in a cohort of 24 patients with cirrhosis and HPS [14].
The authors found that mortality after liver transplantation was markedly
increased in severe HPS, in part due to the development of unique post-
operative complications recognised in HPS patients [15,16]. A preoperative
PaO2 of ≤ 50 mmHg alone or in combination with a macroaggregated albu-
min shunt fraction ≥ 20% were the strongest predictors of post-operative
mortality. These results support that the presence of HPS may adversely
affect survival in patients with cirrhosis and that the outcome of transplan-
tation for HPS worsens as HPS progresses.

The observation that HPS increases mortality and that transplant out-
comes may worsen in more severe HPS has led to the policy in some US
centres of increasing priority for OLT in patients with HPS and significant
hypoxaemia [17]. Since some studies have found HPS to be common in
patients with well-preserved hepatic function, this approach has the poten-
tial to substantially increase the numbers of patients with relatively well-
preserved hepatic function who undergo transplantation for HPS. In turn,
patients without HPS would wait longer and would be expected to have a
greater chance to develop complications of portal hypertension.

Pathophysiology

A fundamental question regarding pathogenesis in HPS is whether the mech-
anisms are similar to those involved in the systemic and splanchnic alter-
ations of the hyperdynamic circulatory state of cirrhosis. HPS is found most
commonly in the setting of cirrhosis and appears to occur across the spec-
trum of aetiologies of liver disease [18–20]. However, whether the presence
or severity of intrapulmonary vasodilatation and HPS correlate with the
severity of underlying liver disease is controversial and studies have found
HPS more commonly in both less- and more-advanced cirrhosis [8,18–22].
Recently, HPS has also been recognised in patients with portal hyperten-
sion in the absence of cirrhosis (portal vein thrombosis, nodular regenerative
hyperplasia, congenital hepatic fibrosis and Budd–Chiari syndrome) [23–26]
and has been reported in the setting of acute and chronic hepatitis in the
absence of portal hypertension [27,28]. These findings support that advanced
liver disease is not required for HPS to develop and raise the possibility that
unique pathophysiological events occur in patients who develop HPS.

The hallmark of HPS is microvascular dilatation occurring within the
pulmonary arterial circulation. This appears to result from decreased tone
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in pre-capillary arterioles. In human HPS, enhanced pulmonary production
of nitric oxide (NO) has been implicated as a vasodilator. ExhaledNO levels,
a measure of pulmonary production, are increased in cirrhotic patients with
HPS and normalise after OLT [29–31], as HPS resolves. In addition, acute
inhibition of NO production or action with NG-nitro-L-arginine methyl
ester (L-NAME) or methylene blue, respectively, transiently improve HPS
[32–34]. However, themechanisms of increased endogenousNOproduction
and its relationship to the presence of portal hypertension, the hyperdynamic
circulation and the degree of liver injury, remain uncertain. In addition,
whether other mediators such as haem oxygenase derived carbon monox-
ide (CO) [35] might contribute to intrapulmonary vasodilatation is not yet
established.

Chronic common bile duct ligation (CBDL) in the rat is the only
established model that reproduces the physiological features of human
HPS [36,37] (Plate 2, facing p. 204). It is unique among rodent models
of cirrhosis and/or portal hypertension in that other commonly used mod-
els such as thioacetamide-induced cirrhosis and partial portal vein liga-
tion do not result in the development of HPS [38]. Early studies in CBDL
animals focussed on the vasoconstrictor role of eicosanoids and on an
increase in intravascular macrophage-like cells [39,40]. Subsequent work
identified increased pulmonary vascular endothelial nitric oxide synthase
(eNOS) as amajor source of pulmonaryNOproduction [41–43] and demon-
strated that the administration of intravenous L-NAME improved hypox-
aemia after CBDL [44]. Further studies have revealed that increased hepatic
production of endothelin-1 (ET-1) with release into the circulation is an
important mechanism for triggering the increase in pulmonary eNOS and
the onset of vasodilatation after CBDL [42,45]. This effect appears to be
driven by a shear stress mediated increase in pulmonary vascular endothelial
endothelin B (ETB) receptor expression which enhances endothelial NO pro-
duction by ET-1 [46]. Accordingly, administration of a selective ETB recep-
tor antagonist to CBDL animals decreases pulmonary endothelial eNOS and
ETB receptor levels and significantly improves HPS [47]. Recent preliminary
data supports that biliary epithelium is an important source of hepatic ET-1
production after CBDL and may explain the unique susceptibility of CBDL
animals to HPS [48].

As experimental HPS progresses, there is a steady accumulation of
intravascular macrophages. These cells transiently produce inducible nitric
oxide synthase (iNOS) [43,44] and progressively produce haem oxygenase 1
(HO-1) [43,49]. These events contribute to further vasodilatation through
production of iNOS derived NO and HO-1 derived CO. Accordingly, HO
inhibition improves experimental HPS. In addition, prolonged treatment of
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CBDL animals beginning at the time of ligation with norfloxacin to inhibit
bacterial translocation and tumour necrosis factor-alpha (TNF-α) produc-
tion, decreases macrophage accumulation and prevents the transient increase
in iNOS [50], supporting that TNF-α contributes to macrophage accumula-
tion. Further, pentoxifylline, a non-specific phosphodiesterase inhibitor that
increases intracellular cAMP levels and also inhibits TNF-α production in
macrophages [51], given over a similar time frame can prevent the onset or
decrease the severity of HPS [52]. Both these agents initiated at the onset of
liver injury influence the development of the hyperdynamic state and may
modify ETB receptor expression and endothelin related signalling events in
the pulmonary microvasculature.

Findings to date in the CBDL model suggest that a sequence of events
related in part to the increased vascular shear stress and to the hepatic ET-
1 production may trigger the onset of experimental HPS. The observation
that hepatic and plasma ET-1 levels increase within 1 week after CBDL [53]
suggest that hepatic ET-1 production and release may occur with relatively
modest degrees of bile duct proliferation. The finding thatmacrophages accu-
mulate in the pulmonary microvasculature and may be influenced by TNF-α
inhibition support that these cells may also contribute to vasodilatation.
Plate 2 (facing p. 204) includes potential therapeutic targets for treatment in
HPS based on experimental data.

Clinical features

The clinical features of HPS typically involve respiratory complaints and
findings associated with chronic liver disease. The insidious onset of dysp-
noea, particularly on exertion, is the most common complaint but is non-
specific. Platypnoea (shortness of breath exacerbated by sitting up and
improved by lying supine) and orthodeoxia (hypoxaemia exacerbated in
the upright position) are classically described and result from a gravita-
tional increase in blood flow through dilated vessels in the lung bases [54].
These findings appear to be relatively specific but are of low sensitivity [55].
Cough is not a common finding inHPS. Spider angiomata are also commonly
reported in HPS but are seen frequently in cirrhotic patients without HPS.
Finally, clubbing and distal cyanosis, when present in the setting of liver
disease or portal hypertension should increase the suspicion for HPS [2].

Diagnosis

The diagnostic features of HPS include evidence of liver disease or
portal hypertension, an elevated age-adjusted alveolar–arterial oxygen
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Normal

No HPS HPS Intracardiac shunt

Delayed shunting
(> 3 heart beats)
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(> 3 heart beats)
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portal hypertension
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Clubbing

Low pulse oximetry / hypoxemia
OLT evaluation

History, exam, CXR, ABG,
other test as appropriate (PFTs, Chest CT)

Elevated A-a gradient (age adjusted)
Hypoxemia
Low DLco

Other studies negative

HPS suspicion high

Studies suggest instrinsic
cardiopulmonary disease

Contrast echocardiogram

MAA if hypoxia and
delayed shunting

HPS suspicion low

Treat as appropriate

Symptoms persist

Contrast echocardiogram

Fig. 40 Diagnosis of HPS.

gradient (AaPO2), and evidence of intrapulmonary shunting. In the presence
of co-existing cardiac or pulmonary disease, establishing a diagnosis of HPS
can be difficult. Figure 40 presents an algorithm for the diagnosis of HPS.
A logical evaluation of dyspnoea in the patient with liver disease or portal
hypertension begins with a careful history and physical examination. Such
an evaluation may lead the clinician to consider alternate, more common
diagnoses such as COPD, CHF or myocardial ischaemia. However, if the
common causes of dyspnoea can be excluded, and particularly if platypnoea
or digital clubbing are present, further evaluation for HPS is warranted.

In patients with liver disease found to have dyspnoea or clubbing, or
in those undergoing transplant evaluation, pulse oxymetry is a simple non-
invasive screening test for hypoxaemia and a decreased SpO2 should lead
to arterial blood gas (ABG) analysis. However, caution must be exercised in
interpreting a ‘normal’ SpO2 as pulse oximetry may overestimate SaO2 in
nearly one-half of patients with cirrhosis [56]. Therefore, to reliably detect
hypoxaemia ABG analysis should be considered when the SpO2 values are
97% or less. In addition, if hypoxaemia or HPS is strongly suspected based
on history and physical exam, ABG analysis should be performed while
breathing room air regardless of pulse oximetry. In HPS, ABG reveals an
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elevated age-adjusted AaPO2 with or without hypoxaemia. The expected
room-air AaPO2 at a given age can be calculated from the following equation:
AaPO2 = 0.26 age − 0.43 [9].

If gas exchange abnormalities are detected, chest radiography and pul-
monary function tests are performed to evaluate for the presence of other
pulmonary abnormalities. Since cardiopulmonary disorders unrelated to
liver disease or those related to ascites are more common than HPS, treat-
ing these abnormalities prior to further evaluation for HPS is reason-
able in the absence of significant hypoxaemia (arterial oxygen pressure
PaO2 < 70 mmHg).

If HPS is suspected, contrast echocardiography is the preferred screen-
ing test for intrapulmonary vasodilatation [19]. Contrast echocardiography
is performed by injecting agitated saline intravenously during normal trans-
thoracic echocardiography, producingmicrobubbles that are visible on sono-
graphy. This bolus opacifies the right ventricle within seconds and in the
absence of right-to-left shunting, bubbles are absorbed in the lungs. If an
intracardiac shunt is present, contrast agent enters the left ventricle within
three heartbeats (early shunting). If intrapulmonary shunting, characteris-
tic of HPS is present, the left ventricle opacifies at least three heartbeats
after the right (delayed shunting). Up to 40% of patients with cirrhosis
have a positive contrast echocardiogram [19] although only a subset of these
patients have sufficient vasodilatation to cause abnormal gas exchange and
fulfil criteria for HPS. If a patient with liver disease or portal hypertension
and hypoxaemia has a positive contrast echocardiogram in the absence of
significant cardiopulmonary disease, a diagnosis of HPS has been made. A
semi-quantitative scoring system for assessing intrapulmonary shunting dur-
ing contrast echocardiography has been developed, although whether the
degree of shunting predicts the degree of gas exchange abnormalities has not
been established [57].

In hypoxaemic patients with both intrapulmonary vasodilatation and
intrinsic cardiopulmonary disease, the technetium-labelled macroaggregated
albumin scan (MAA scan) may be useful in defining the contribution of HPS
to gas exchange abnormalities. In this test, radio-labelled aggregates of albu-
min measuring approximately 20 μm in diameter are infused into the venous
system. Ordinarily, particles of this size become trapped in the pulmonary
microvasculature and scintigraphy reveals nearly complete uptake in the
lungs. In the presence of significant intrapulmonary shunting, a fraction of
the macroaggregated albumin passes through the lungs and into the systemic
circulation. Scintigraphy then also reveals uptake in other organs in addition
to the lung, allowing the calculation of the shunt fraction. In one study, the
MAA scan was positive only in patients with HPS and a PaO2 < 60 mmHg
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and not in COPD patients with a similar degree of hypoxaemia [8]. How-
ever, the MAA scan is less sensitive than contrast echocardiogram and may
be most useful in defining if HPS contributes to hypoxaemia in patients with
concomitant obstructive pulmonary disease.

Pulmonary angiography is expensive and invasive and has a low sensitiv-
ity for detecting intrapulmonary vasodilatation. Therefore, it is not routinely
utilised in the diagnosis of HPS. High-resolution chest computerised tomo-
graphy (CT) and evaluation of pulmonary blood transit time are newer
diagnostic modalities for assessing HPS [58,59]. In one study, the degree of
pulmonary microvascular dilatation observed on chest CT correlated with
the severity of gas exchange abnormalities in a small cohort of patients with
HPS, suggesting that quantitation of intrapulmonary vasodilatationwas pos-
sible. In another study, pulmonary transit time of erythrocytes, measured by
echocardiographic analysis of human serum albumin–air microbubble com-
plexes through the heart, also correlated with gas exchange abnormalities
in a small group of patients with HPS. The utility of these techniques in
evaluating HPS remains to be defined.

Summary

Hepatopulmonary syndrome occurs when pulmonary microvascular dilata-
tion impairs arterial oxygenation in the setting of liver disease or portal
hypertension. The syndrome is found in as many as 20% of cirrhotics and
should be considered in any patient with chronic liver disease who develops
dyspnoea or hypoxaemia. The presence of HPS increases mortality in the
setting of cirrhosis and may influence the frequency and severity of compli-
cations of portal hypertension. The recognition in experimental models that
a unique sequence of molecular alterations leads to ET-1 and TNF-α mod-
ulation of pulmonary microvascular tone may lead to the development of
novel and effective medical therapies. Contrast echocardiography and stan-
dard cardiopulmonary testing are generally sufficient to make the diagnosis
of HPS but further testing may be needed in patients who have both intrin-
sic cardiopulmonary disease and intrapulmonary vasodilatation. Treatment
consists of supplemental oxygen and consideration of OLT if significant
hypoxaemia is present.

PORTOPULMONARY HYPERTENSION

Definition

Portopulmonary hypertension (POPH) is defined as the presence of pul-
monary arterial hypertension occurring in the setting of portal hypertension
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with or without liver disease. Pulmonary arterial hypertension is present
when a mean pulmonary artery (PA) pressure > 25 mmHg and a pulmonary
capillary wedge pressure < 15 mmHg occur in the setting of portal hyperten-
sion [4,60]. An elevated transpulmonary gradient (mean PA pressure − pul-
monary capillary wedge pressure > 10 mmHg) and/or pulmonary vascular
resistance (> 240 dyne/s/cm−5) are additional criteria used in the definition
of this syndrome, particularly when volume overload is present.

Epidemiology and outcome

Portopulmonary hypertension is found most commonly in patients with
cirrhosis and portal hypertension. However, it has also been observed in
disorders characterised by portal hypertension without cirrhosis supporting
that portal hypertension is an important predisposing condition [3]. In an
autopsy series of 17,901 specimens, pathological changes consistent with
pulmonary hypertension were found in 0.73% of patients with cirrhosis
compared to a prevalence of 0.13% in subjects without chronic liver dis-
ease [61]. A subsequent prospective study of 507 patients with portal hyper-
tension who underwent right heart catheterisation revealed a 2% prevalence
of POPH [62]. More recently, studies in patients referred for liver transplan-
tation have found an even higher prevalence of this disorder with reported
values ranging from 3.5% to 16% [63–66]. The prevalence and severity of
POPH do not appear to correlate with the degree of hepatic synthetic dys-
function or the severity of portal hypertension [62]. Together, these findings
support that POPH is a relatively common disorder in patients with cirrhosis.

An important feature of POPH, relevant to portal hypertension, is the
finding that right-sided cardiac pressures are elevated. The consequences of
elevated right-sided pressures in POPH on portal hypertension and varices
have not been directly studied, but it is logical to assume that they would
exacerbate underlying portal hypertension. In addition, β-adrenergic block-
ers are generally avoided to prevent worsening of right heart function. There-
fore, the severity of portal hypertension may be worsened and therapeutic
options altered in the setting of POPH.

Survival in POPH is also not clearly defined, particularly taking into
account medical therapies and OLT. In the pre-OLT era, a mean survival
of 15 months and a 58% mortality at 1 year were found in retrospective
studies [62,67]. In patients not medically treated, a 5-year survival of 30%
was found [68]. When evaluated, mortality appears to be equally related to
complications of pulmonary hypertension and to liver disease. Therefore, the
presence of POPH appears to adversely influence survival in patients with
cirrhosis and may influence the course of portal hypertension.
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Liver transplantation and POPH

The efficacy of liver transplantation as a treatment for POPH is contro-
versial. Based on retrospective data and clinical experience, severe POPH
(mean PA pressure > 50 mmHg) is a contraindication to transplantation
due to perioperative mortality of approximately 40% and lack of reversibil-
ity of pulmonary hypertension [69,70]. Patients with mild POPH (mean
PA pressure < 35 mmHg) appear to have no increase in perioperative car-
diopulmonary mortality after liver transplantation, although the results of
long-term follow-up and documentation of resolution of pulmonary hyper-
tension has not been undertaken [71]. The outcome after liver transplan-
tation in intermediate severity POPH (mean PA pressure 35–50 mmHg)
and in patients who have improvement in PA pressures on long-term
medical therapy is less well defined and requires further evaluation [69].
Although case reports have demonstrated successful outcomes after combi-
nation lung–liver or heart–lung–liver transplantation, limited organ avail-
ability and technical challenges limit the feasibility of such approaches for
POPH [72].

Pathogenesis

The underlying mechanisms in POPH remain incompletely understood and
no animalmodels have been developed. To date, all patients with POPHhave
been found to have portal hypertension, supporting that some consequence
of elevated portal pressures is critical for the development of pulmonary
hypertension [62]. Accordingly, two consequences of portal hypertension,
the hyperdynamic circulatory state, causing increased vascular shear stress
and portosystemic shunting causing altered production or metabolism of
vasoactive substances have been hypothesised to contribute to vascular
changes in POPH [3]. A number of specific endothelial and circulating factors
(prostacyclin, thromboxane, serotonin, ET-1) as well as genetic polymor-
phisms in genes regulating vascular proliferative responses (serotonin, TGF-β
receptor superfamily) might contribute to POPH, but have not been directly
evaluated. In addition, the finding that either HPS or POPH may occur in
the same clinical setting suggest that these two entities may share under-
lying pathogenetic mechanisms. One emerging hypothesis based on data
from experimental HPS and on the recent demonstration that endothelin
receptor antagonists may be useful in POPH, suggests that the degree of
endothelial dysfunction or injury may determine the response to ET-1 over-
expression. Specifically, vasoproliferation and inflammation may develop in
the setting of greater endothelial dysfunction/injury and lead to POPH, or
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vasodilatation may result with less endothelial dysfunction/injury leading to
HPS (Plate 3, facing p. 204).

Diagnosis

Since a number of patients with POPH may be asymptomatic and the
diagnostic utility of various clinical features (systemic hypertension, accen-
tuated P2, electrocardiographic and chest radiographic abnormalities) is
low [64,73], the diagnosis of POPH requires a high index of suspicion. In gen-
eral, in patients not being evaluated for liver transplantation, the presence
of ‘compatible’ symptoms and signs and/or the exclusion of other cardio-
pulmonary diseases signals the need for screening for POPH. In all patients
being evaluated for liver transplantation, regardless of signs or symptoms,
screening is warranted, because the presence of POPH may influence trans-
plant candidacy [71].

Transthoracic Doppler echocardiography is the best non-invasive screen-
ing study to detect POPH. If combined with intravenous contrast injection,
screening forHPS and POPHcan be accomplished at the same time. The pres-
ence of pulmonary hypertension is suggested by an increased estimated PA
systolic pressure (derived from measuring the velocity of the tricuspid regur-
gitant jet) pulmonary valve insufficiency, right atrial enlargement and/or
right ventricular hypertrophy or dilatation. Several recent studies have eval-
uated the utility of estimated PA systolic pressure measurements in the diag-
nosis of POPH [66,73,74]. In these studies, estimated PA systolic pressures
used to define an elevated value ranged from 30–50 mmHg. In each study,
between 10–15% of patients had elevated estimated PA systolic pressures by
echocardiography and roughly half of these patients were confirmed to have
POPH on subsequent testing. In the most recent prospective study, Doppler
echocardiography had positive and negative predictive values of 59% and
100% respectively in detecting POPH [66]. However, the precise methods
for estimating PA systolic pressures have not been standardised between
studies and may have influenced the operating characteristics of echocar-
diographic screening. From a practical perspective, using an estimated PA
systolic pressure of > 40–45 mmHg to trigger further evaluation, particu-
larly if right atrial and/or right ventricular abnormalities are also present is
likely to detect almost all patients with POPH. The false positive rate for
echocardiography most commonly results from elevated pulmonary venous
pressures due to the hyperdynamic circulatory state and volume overload in
cirrhosis [66].

Patients with suggestive echocardiographic findings should undergo
right heart catheterisation to confirm elevated mean PA pressure and to
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exclude pulmonary venous hypertension. Direct measurement of PA pres-
sures, pulmonary capillary wedge pressure, cardiac output and calculation
of systemic and pulmonary vascular resistance are included. Vasodila-
tor responsiveness with a number of agents, most frequently NO and/or
epoprostenol, is often undertaken in those with confirmed POPH in an effort
to predict a favourable response to long-term vasodilator therapy [3]. How-
ever, the utility of vasodilator testing in the management of POPH has not
been studied.

Summary

Portopulmonary hypertension results when pulmonary arterial hypertension
develops in the setting of portal hypertension. This process occurs in up to
6%of patients being evaluated forOLT.Mortality appears to be increased in
patients with POPH, and its presencemay specifically influence the treatment
and outcomes related to portal hypertension. The use of OLT in moderate
to severe POPH is controversial as perioperative mortality is significantly
increased. The pathogenesis of POPH is not well understood, although pul-
monary endothelial dysfunction/injury may play a key role. Echocardiog-
raphy is the best screening test for POPH and should be performed in all
patients undergoingOLT evaluation because a significant number of patients
with POPH are asymptomatic.
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Primary Prophylaxis for Variceal
Bleeding

Norman D. Grace, Juan Carlos Garcia-Pagan,
Mario Angelico, Richard Moreau, Agustin Albillos,
Michael Schepke, Thomas D. Boyer and Naga Chalasani

INTRODUCTION

Over the past two decades, considerable progress has been made in the pri-
mary prophylaxis of variceal bleeding. With the widespread use of non-
selective β-blockers, and more recently, variceal ligation, the risk of first
variceal haemorrhage has been reduced by 50% to about 15% for large
oesophageal varices [1]. The morbidity for a variceal haemorrhage has been
dramatically reduced to 15% [2–4]. Nevertheless, variceal haemorrhage
remains a very serious complication of cirrhosis and portal hypertension.

Five years ago, the Baveno III and Reston consensus conferences reached
several conclusions relative to primary prophylaxis for oesophageal varices
[5,6]. They recommended that all patients with cirrhosis and large varices
(greater than 5 mm in diameter) who were compliant and had no contraindi-
cations to treatment, be offered non-selective β-blockers. Measurements of
the hepatic venous pressure gradient (HVPG) at baseline and 3 months
were felt to be helpful in assessing efficacy of treatment but not manda-
tory because of the relatively low risk of bleeding in patients not reaching
the desired end points of a 20% reduction in HVPG or an HVPG below
12 mmHg. Concerns were expressed about the use of long acting nitrates
as monotherapy for patients intolerant of or having contraindications to
non-selective β-blockers. Studies supporting the use of endoscopic variceal
ligation for high-risk patients were encouraging but it was felt that more
data were needed before this technique could be generally recommended
as an alternative to non-selective β-blockers. Finally, there was insufficient
data to support the use of combination therapy, either pharmacological or
combined with endoscopic therapy.
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It was felt that patients with small varices should be monitored but data
was insufficient to support initiating treatment at that stage. There was no
benefit derived from follow-up endoscopy to monitor β-blocker therapy.
Studies to evaluate the use of β-blockers in patients with gastric varices were
needed. In the intervening five years, considerable progress has been achieved
in some areas whereas little new information is available in others. This
charge for Baveno IV is to evaluate new data generated over the last 5 years
and to revise the prior recommendations as indicated.
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Prophylaxis in patients with small
oesophageal varices

M. Angelico

At the Baveno III conference it was agreed that the risk of bleeding in patients
with small oesophageal varices is low. Also recognised was the low repro-
ducibility in the diagnosis of small varices. In addition, it was noted that
small varices may regress in alcoholic cirrhotics who are long-term abstain-
ers. Based on these considerations and the limited and contradictory data
on prophylactic treatment, it was concluded that there was no indication
to treat patients with small varices and that more data were needed before
a conclusion could be drawn about the usefulness of prophylaxis in these
patients.

New data

A recent paper byMerli et al. [7] reported in a group of 93 patients with small
varices prospectively followed with yearly upper endoscopy exams showed
that the probability of variceal growth from small to medium or large is 12%
at 1 year and 31% at 3 years. Independent predictors of variceal growthwere
alcoholic aetiology, Child–Pugh B or C score and presence of red wale marks
at first examination. The authors confirmed that the risk of bleeding from
small oesophageal varices is low (12% after 2 years) and is predicted by the
presence of red wale markings.

In agreement with this finding, approximately one-third of the panel of
experts in the current survey have indicated that they usually treat only
patients with small varices who display red signs. In contrast, a small number
of experts (13%) reported that they treat all patients with small varices
whereas more than half do not treat these patients at all. However, the
experts continue to use different methods to classify variceal size, making it
quite difficult to compare different studies.

Theoretically, the end point of treating patients with small oesophageal
varices is two-fold: first to avoid or delay the progression of small to large
varices; second, to reduce the bleeding risk. Since small varices have a
low rate of bleeding and bleeding occurs more frequently when varices are
medium or large sized, one may assume that decreasing the rate of progres-
sion of small varices to larger sizes will ultimately result in a reduced bleeding
rate. However, this assumption has not been demonstrated until recently [8].

To date, few data have been generated on the prophylactic treatment
of patients with small varices. These include only the following: (1) one
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randomised study on prophylactic sclerotherapy versus no treatment which
resulted in a disappointingly greater number of bleedings in the treated
arms [9]; (2) the treated and untreated arms of previous randomised tri-
als on the use of non-selective β-blockers, isosorbide mononitrate (ISMN)
or their combination (Table 30) [10–15]; (3) two more recent randomised
controlled trials (RCTs) specifically aimed at addressing this issue [8,16].

Previous trials reporting on the pharmacological prophylaxis of
oesophageal varices which comprised a sizeable number of patients with
small varices have included collectively a total of 179 patients in the treated
arms and 177 untreated controls [10–15]. Yet, a number of problems make
it difficult to evaluate the combined analysis of these studies. First, different
treatment modalities have been used in the various studies and there is a wide
variation in the methods used to classify variceal size and to define small
varices; second, individual patient data are seldom reported; most impor-
tantly, there are a limited number of patients in individual trials who had
small varices. In addition, the number of bleeding episodes in this subgroup
is remarkably small (usually no more than two patients in each study). The
small sample size does not achieve enough statistical power to make firm
conclusions and also precludes the possibility of performing an adequate
meta-analysis of the data.

Table 30 Previous RCTs reporting data on primary prophylaxis in patients with
small varices.

Treated with Treated with Definition of Mean
BB and/or IMN placebo small varices follow-up

Conn et al. 1991 26 (prop) 29 Up to 3 mm 17 months
USA, Spain 2 (8%) bled 2 (7%) bled

PROVA, 1991 27 (prop) 28 Grade 1 15 months
Denmark, Bleeds unknw Bleeds unknw

Norway

Merkel, 2000 2 (nad + IMN) 4 F1 with red 55 months
Italy Bleeds unknw Bleeds unknw weal marks

Angelico, 1997 14 (prop) 13 (IMN) F1 46 months
Italy Bleeds unknw Bleeds unknw

Garcia-Pagan, 28 (IMN) 32 ≤ 5 mm 24 months
2001

Spain Bleeds unknw Bleeds unknw

Garcia-Pagan, 82 (prop) 71 (prop + IMN) ≤ 5 mm 24 months
2003

Spain 2 (1.6%) bled 1 (0.7%) bled
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The only two available studies specifically addressing the issue give more
precise information; yet their results are divergent. Calés et al. [16] performed
a double-blind trial including 206 cirrhotic patients, 80% of whom were
of alcoholic aetiology, who were randomised to receive either 160 mg of
propranolol or placebo. Patients were included in the study if they had no
varices (n = 79) or varices less than 5 mm (n = 127) and if the Child–
Pugh score was less than 13. Almost two-thirds of potential candidates were
excluded from this study, mostly due to expected poor compliance, previ-
ous use of β-blockers or other vasoactive drugs. The 2-year results showed
that the progression from small to large varices occurred in 31% of patients
treated with propranolol and in only 14% of those receiving placebo, the
difference being statistically significant (p < 0.05). Only three and four
patients respectively in the two groups eventually bled during this period
and nine and ten, respectively, died. Extending the follow-up to 3 years
showed the same unfavourable trend in the propranolol treated group. These
data strongly discouraged the prophylactic use of propranolol in this set-
ting. It is interesting to note that the progression rate of varices from small
to medium/large sized in the placebo arm in this study was close to that
observed by Merli et al. [7] in their prospective evaluation of untreated
patients.

Opposite resultswere recently obtained byMerkel et al. [8], who included
161 cirrhotics with small varices in a single-blinded RTC, where patients
were randomised to receive nadolol or placebo. Patients were included if
they had F1 varices according to Beppu et al. [17], and if the Child–Pugh
score was < 12. In contrast to Calés’ paper, a smaller though consistent pro-
portion of these patients were of alcoholic aetiology. The cumulative risk of
variceal growth up to 5 years was significantly lower (p < 0.005) in patients
receiving nadolol, than in those receiving placebo, with a bleeding risk at
the end of follow-up of 12% in the nadolol group compared to 22% in the
placebo group. Notably, only two patients in the placebo group bled before
variceal progression from small to large size. The cumulative probability of
dying from hepatic causes did not differ between the two groups (50% ver-
sus 47%, respectively). These encouraging results are in clear contrast with
those of Calés, for unexplained reasons. Differences between the two studies
are shown in Table 31. The aetiology of the patients enrolled differed, as
there were more alcoholics and less alcohol abstainers in the Calés’ study
[16]. In addition, the type of β-blocker also differed, as well as the mean
daily dose (which in the French study was more than twice that in the Italian
study). Finally, Calés’ patients were more often males, were slightly younger
and less compliant to treatment than those in the Merkel study [8]. Thus, it
seems possible that a greater adherence to treatment combinedwith the use of
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Table 31 Differences between Cales’ and Merkel’s study.

Cales et al. Merkel et al.

Number of patients 206 161
Males 66% 51%
Patients with small varices 62% (< 5 mm) 100% (F1)
Lost to follow-up 33% 13%
Mean age 52 56
Child–Pugh score 6.8 6.9
Alcoholic aetiology 80% 57%
Abstinence from alcohol 66% 81%
Type β-blocker Propranolol Nadolol
Daily β-blocker dose (mg) 160 62

a low-to-medium dose of a non-selective β-blocker may be necessary to delay
the progression of variceal size, and that achievement of this result depends
critically on abstinence from alcohol. An indirect argument in favour of the
usefulness of prophylactic β-blockade in this setting is given by the observa-
tion of Escorsell et al. [18] who showed that the response to a single dose of
β-blockers is considerably greater in compensated cirrhotics without varices
than in those with varices, particularly in those with an HVPG > 11 mmHg.
Unfortunately, there are no data available on this issue in patients with small
varices after prolonged administration of β-blockers.

Based on these data we conclude that prophylactic treatment with non-
selective β-blockers can be considered in patients with small oesophageal
varices with the primary intent to reduce variceal growth, thus delaying
bleeding, which is an uncommon event in the presence of small varices.
Yet, more data are required before this suggestion can be accepted as a
formal recommendation. Further data are also required to explore whether
the benefit of non-selective β-blockade is restricted to patients with small
varices with specific HVPG values (e.g. > 10–12 mmHg) or to those with
good liver function or applies also to patients with decompensated liver
disease.

Gastric varices

Almost all the experts involved in the current survey stated that they usually
perform some sort of treatment in patients with gastric varices. Of these,
55% declare that they treat prophylactically only patients with evidence of
large gastric varices. This indication, however, is not currently supported by
any evidence, but is based only on common sense. For example, one reason
to treat these patients prophylactically with β-blockers is that most patients
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with gastric varices also have oesophageal varices. Another reason is that
there is often a direct connection between gastric and oesophageal varices.
A third reason is that patients to be treated could be selected on the basis of
HVPG measurements.

However, based on the currently available data no recommendation
about prophylaxis of gastric varices can be made until results of RCTs
become available.
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Is there a rationale outside research
to monitor HVPG in
primary prophylaxis?

R. Moreau

Four studies performed in patients with cirrhosis have monitored HVPG in
the context of primary prophylaxis [19–22]. The pioneer study by Grosz-
mann et al. was a double-blind randomised trial comparing propranolol to
placebo in 102 patients with cirrhosis [19]. In this study, there was no pre-
specified haemodynamic end point butHVPGwasmeasured at different time
points during a follow-up (1 year). Thirteen patients had an initial bleeding
episode. Interestingly, all bleeders had an HVPG of more than 12 mmHg.
A study by Merkel et al. enrolled 49 patients treated with nadolol alone or
nadolol plus isosorbide-5-mononitrate (ISMN) [20]. Patients were followed-
up for 5 years. This was the first study to use the concept of haemodynamic
responder defined by a decrease in HVPG below the value of 12 mmHg
or of at least 20% from the baseline value. There were 30 haemodynamic
responders (61%) and 9 first bleeders (18%). The proportion of bleeders was
80% in haemodynamic non-responders and only 20% in haemodynamic
responders [20]. Two other studies [21,22] used the same haemodynamic
end points as that used in the Merkel’s study. A study by Bureau et al.
enrolled 20 patients treated with propranolol alone or propranolol plus
ISMN [21]. Follow-up lasted 28 months. There were 14 haemodynamic
responders (70%) and 2 first bleeders (10%). The proportion of bleeders
was 100% in haemodynamic non-responders and 0% in responders [21].
Finally, a study by Turnes et al. enrolled 91 patients treated with propra-
nolol alone or propranolol plus ISMN [22]. Patients were followed for up to
8 years. There were 25 haemodynamic responders (35%) and 16 first bleed-
ers (23%). The proportion of bleeders was 87.5% in haemodynamic non-
responders and 12.5% in responders [22]. In summary, when the results of
the four studies are pooled, it appears that among 100 patients with cirrhosis
and oesophageal varices, there are 45 haemodynamic non-responders and
15 first bleeders. Among these first bleeders there are 13 haemodynamic non-
responders. In other words, the proportion of bleeders was 29% in haemo-
dynamic non-responders and only 2% in responders. It is important to note
that the mean frequency of first bleeding measured in patients treated with
endoscopic band ligation is only 14%, a figure that is lower than the 29%
incidence of bleeding in haemodynamic non-responders. Further studies are
needed in this field.
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From a clinical viewpoint, it would be useful to have non-invasive meth-
ods able to predict the severity of portal hypertension, for example in patients
with compensated hepatitis C-related virus (HCV)-induced cirrhosis. Before
commenting on this, it should be kept inmind that, in the cirrhotic liver, mor-
phological changes (including fibrosis) play an important role in the increase
in the intrahepatic vascular resistance and thus in the pathogenesis of por-
tal hypertension [23]. It is reasonable to speculate that the degree of liver
fibrosis and that of portal hypertension are positively correlated. Therefore,
surrogate markers assessing the degree of liver fibrosis might also be used
as surrogate markers of the degree of portal hypertension. Fibrotest which
takes into account changes in five biological variables (α2-macroglobulin,
total bilirubin, gamma-GT, haptoglobin and apolipoprotein A1) has been
proposed to assess liver fibrosis in HCV-positive patients [24]. Fibrotest and
HVPGhave beenmeasured in 95 patientswith histologically proven cirrhosis
due to alcohol, HCV or other causes [25]. Fibrotest was significantly lower in
patientswithHVPG≤ 12mmHg than in thosewithHVPG> 12mmHg [25].
These findings suggest that, in patients with cirrhosis, markers of fibrosis
may be useful to predict the degree of portal hypertension. Markers other
than Fibrotest have been proposed to assess liver fibrosis in HCV-positive
patients. These include other biomarkers [26–31] and the FibroScan [32].
It would be interesting to evaluate the performance of all these markers of
fibrosis in predicting the degree of portal hypertension.
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Pharmacological alternatives to
β-blockers in primary prophylaxis

A. Albillos

Alternatives to β-blockers for primary prophylaxis against variceal bleeding
are required in two possible settings: (1) to treat patients with contraindica-
tion or intolerance to β-blockers or (2) to reduce the residual risk of bleeding
in a patient on β-blockers.

Prophylaxis for first variceal bleeding using β-blockers is not feasible
in 20% of cirrhotic patients because of contraindications or intolerance to
these agents [1,14]. The administration of ISMN alone reduces portal pres-
sure by 7.5% [33] and has been proposed as a pharmacological alternative to
β-blockers. However, a double-blind RCT comparing ISMN and placebo in
patients with contraindication or intolerance to β-blockers has indicated that
ISMN is ineffective at preventing first variceal bleeding [14]. In this study,
there was a trend towards a higher 1-year actuarial probability of first bleed-
ing in patients on ISMN compared to those on placebo (29% versus 16%,
respectively). The number of patients bleeding while on ISMN is in keeping
with the results of ameta-analysis comparing the use of ISMNand β-blockers
for the primary prophylaxis of variceal bleeding (Table 32) [13,34,35]. In
this meta-analysis, the bleeding rate was found to be significantly lower
in patients on β-blockers (16%) than in those on ISMN (27%) (RR: 0.63,
95% CI: 0.40–0.98); the two groups show no difference in mortality. Thus,
the available evidence does not support ISMNmonotherapy for primary pro-
phylaxis, even in patients with contraindication or intolerance to β-blockers.

Table 32 RCTs of β-blockers compared with isosorbide-5-mononitrate for primary
prophylaxis of variceal bleeding.

Bleeding Mortality

Author, year Patients BB ISMN BB ISMN

Angelico, 1997 118 23% 28% 39% 49%
Borroni, 2002 52∗ 8% 37% 32% 26%
Lui, 2002 128 14% 23% 17% 29%

Total 298 16% 27% 28% 36%
RR (95% CI) 0.63 (0.40–0.98) 0.78 (0.57–1.08)

BB, β-blockers; ISMN, Isosorbide-5-mononitrate; RR, relative risk; CI, confidence
interval
∗ Only patients with ascites
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The residual risk of first bleeding in patients with varices of any size on
β-blockers is 10%, and increases to 15% if only patientswith large varices are
considered [1]. Adding to β-blockers, drugs such as vasodilators or diuret-
ics can improve the HVPG drop achieved and increase the proportion of
patients with a clinically significant reduction in HVPG (to ≤ 12 mmHg
or > 20% responders). β-blockers provide a significant HVPG reduction in
about 60% of patients without previous variceal bleeding [20]. Addition
of ISMN enhances the fall in HVPG produced by β-blockers alone, and
increases the rate of responders by about one-third [36,37]. Based on this
rationale, the efficacy of β-blockers + ISMN and of β-blockers alone was
compared in three RCTs totalling 552 patients [12,15,38]. Meta-analysis
of these studies revealed a non-significantly lower bleeding rate and greater
occurrence of side effects in the combination therapy group, along with simi-
lar mortality (Table 33). The bleeding rate in the combination therapy group
was also similar to that for β-blockers alone, when only patients with large
varices in the trial by Garcia-Pagán et al. were analysed (20% versus 17%,
respectively) [15]. Thus, contrary to the secondary prophylaxis setting in
which ISMN improves the efficacy of β-blockers [39], the available evidence
does not support the use of β-blockers + ISMN for primary prophylaxis. A
plausible explanation for these findings could depend on two facts: (1) con-
trary to patients with previous bleeding, most of those without episodes of
previous bleeding respond to β-blockers [19,20], and (2) the addition of
ISMN to the treatment regime further reduces HVPG in non-responders to
β-blockers, but not in responders [37].

Spironolactone and a low-sodium diet lower portal pressure in patients
with cirrhosis by diminishing the increased plasma volume and splanchnic
blood flow [40]. Hence, in a trial comparing the efficacy of nadolol and

Table 33 RCTs of β-blockers compared with β-blockers plus
isosorbide-5-mononitrate for primary prophylaxis of variceal bleeding.

Bleeding Mortality Side effects

Author, year Patients BB BB + ISMN BB BB + ISMN BB BB + ISMN

Pietrosi, 1999 57 37% 17% 18% 10%
Merkel, 2000 146 22% 11% 40% 35% 5.4% 11%
Garcia-Pagán, 349 8.6% 8.6% 6.3% 8.0% 5.7% 13%
2000

Total 552 15% 10% 17% 15% 5.6% 12%
RR (95% CI) 1.50 (0.95–2.36) 1.10 (0.77–1.58) 0.86 (0.58–1.27)

BB, β-blockers; ISMN, Isosorbide-5-mononitrate; RR, relative risk; CI, confidence
interval
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spironolactone with that of nadolol alone for the primary prophylaxis of
variceal bleeding [41], similar HVPG reductions (−16± 12% versus −11±
14%), bleeding rates (17% versus 14%) and 2-year mortality rates (2%
versus 6%) were achieved.

Other drugs and combinations have been tested. Of these, the most
promising is carvedilol, a non-selective β-blocker with intrinsic anti-α1-
adrenergic activity, and as such, its haemodynamic effects mimic those of
the β-blockers + prazosin combination [37], but it has not yet been tested
in RCTs with clinical end points. Table 34 describes the three studies that
have addressed the haemodynamic effects of this drug [42–44]. When com-
pared with propranolol in a randomised trial performed on patients without
previous bleeding, carvedilol achieved a greater rate of responders in terms
of a target reduction in HVPG (54% versus 23%, p < 0.05) [44]. In this
study, mean arterial pressure decreased by 11% despite careful titration of
the carvedilol dose against the degree of β-1 blockade, which was associated
with increases in plasma volume and diuretic dose in about one-third of the
patients. Thus, it would be worthwhile testing carvedilol in an RCT limited
to patients with compensated cirrhosis, and titrating the drug against the
heart rate response.

Angiotensin-II (AT-II) receptor blockers are another class of drugs that
have been studied in recent years for the treatment of portal hypertension.
A first non-randomised trial reported a dramatic portal pressure lowering
effect of long-term administration of losartan in cirrhotic patients [45].
These results were not confirmed in three randomised trials comparing
losartan or irbesartan (another AT-II receptor blocker) with propranolol
or placebo [46–48]. Losartan and irbesartan caused null or slight decreases
in portal pressure in the three trials, but caused marked arterial hypotension
and renal function impairment. In a fourth trial, including a large num-
ber of alcoholic patients, the lowering effect on portal pressure by losartan

Table 34 Studies that have evaluated the haemodynamic effects of carvedilol in
patients with cirrhosis and portal hypertension.

HVPG HVPG MAP
Author, year Dose reduction responders reduction

Stanley, 1997 25 mg (fixed) −16 ± 3% 4/13 (40%) −8.8 ± 3%
Tripathy, 2002 12.5 mg (fixed) −24 ± 3% 8/9 (80%) −4.4 ± 2%
Bañares, 2002 31 ± 4 mg (titrated) −19 ± 2% 14/26 (54%) −11 ± 1%∗

HVPG, hepatic venous pressure gradient; MAP, mean arterial pressure
∗ Significant increases in plasma volume and in the dose of diuretics
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was similar to that shown by propranolol [49]. In view of all these data,
AT-II receptor blockers are not recommended for the treatment of portal
hypertension.

Current research into the pharmacological treatment of portal hyperten-
sion focuses on drugs that reduce the vascular resistance of the cirrhotic liver
by restoring the low capacity of the hepatic microcirculation to release nitric
oxide – such as simvastatin – or by selectively donating nitric oxide to the
liver microvessels. The role of these new agents in the prophylaxis of first
variceal bleeding is yet to be established.

Statins have the potential to increase intrahepatic nitric oxide bioavail-
ability in cirrhosis, since they are known to up-regulate endothelial nitric
oxide synthase (eNOS) expression, to increase eNOS activity at a post-
translational level and to decrease superoxide production. A single oral dose
of simvastatin given to cirrhotic patients was observed to reduce hepatic
vascular resistance without modifying the HVPG, to attenuate the postpran-
dial increase in HVPG and to increase the hepatosplanchnic output of nitric
oxide products [50].

Highly selective hepatic nitric oxide donors could be used as single drugs
at doses high enough to effectively reduce portal pressure without lowering
arterial pressure. For the time being, these drugs have been developed only
in the experimental setting. NCX-1000 is a stable compound obtained by
adding a nitric oxide releasing moiety to ursodeoxycholic acid [51]. Two
recently published studies have tested the haemodynamic effects of the long-
term administration of NCX-1000 in rats with established cirrhosis and
portal hypertension [52,53]. One study uses the CCl4 cirrhotic rat model
(considered as the model that best mimics the disease in humans), and the
other uses the bile duct ligated model. In both studies, NCX-1000 attenuated
the hyper-response to α1-adrenergic stimulation of the perfused cirrhotic
rat liver. In bile duct ligated rats, NCX-1000 markedly reduced baseline
portal pressure [52], while in CCl4 cirrhotic rats the compound failed to
modify portal pressure, and only blunted the portal pressure increase induced
by blood volume expansion [53]. The published results are promising, but
preliminary. They show that it is possible to selectively deliver nitric oxide
to the liver and modify hepatic, but not systemic haemodynamics.
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Prevention of the first bleeding episode:
endoscopic band ligation versus no
treatment

M. Schepke

Especially due to its lower complication rate, endoscopic banding ligation
(EBL) has replaced sclerotherapy for the elective endoscopic treatment of
bleeding oesophageal varices.

With respect to the prevention of a first bleeding episode, band ligation
has been compared to non-active treatment in six trials published during the
late 1990s [54–59]. Three of these trials have been published as full papers
[54–56] and three only in abstract form [4–6]. Data from five of these tri-
als [54–58] have been included in a meta-analysis published in 2001 [60].
Since unselective β-blockers (i.e. propranolol, nadolol) effectively reduce
the risk of first bleeding [61], nowadays primary prevention trials without
an effective treatment in the control group are considered to be unethical.
Thus, with respect to patients without contraindications to β-blockers, it is
unlikely that additional data on that issue will be available in the near future.
One more recent trial compared band ligation with non-active treatment
for primary prophylaxis in patients with contraindications or intolerance to
β-blockers [62].

Data derived from a total of 601 patients were included into the meta-
analysis of five trials comparing EBL to non-active treatment [60]. This
meta-analysis demonstrated that ligation significantly reduced the risk of
first bleeding by 64% (relative risk, RR [95% CI]: 0.36 [0.26–0.5], num-
ber needed to treat, NNT [95% CI]: 4 [3–6]), the bleeding related mortality
by 80% (RR [95% CI]: 0.20 [0.11–0.39], NNT [95% CI]: 7 [5–11]), and
also had a significant beneficial effect on the overall mortality (RR [95%
CI]: 0.55 [0.43–0.71], NNT [95% CI]: 5 [4–9]). There was no statisti-
cally significant heterogeneity among these five trials, neither was there a
significant difference between the results from full published papers and
those published only in abstract form. Recalculation of the meta-analysis
after inclusion of the sixth trial [59] did not substantially alter the results
[60]. Thus, it can be concluded that endoscopic band ligation is effective
for the primary prevention of variceal bleeding in patients with high-risk
varices.

Although there was no significant heterogeneity, some important details
of the three fully published trials should be discussed: in all three studies
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varices could successfully be eradicated (Sarin et al. [54] and Lay et al. [55]
100% and Lo et al. [56] 86%, respectively). On average, this required
between 2.9 [56] and 3.6 [55] therapeutic endoscopies. The trial showing the
greatest difference of bleeding incidence between the treatment arm (EBL)
and control group, published by Lay and co-workers [55], only included
highly selected patients with a very high baseline bleeding risk (Beppu score
< −0.38). Conceivably, the bleeding incidence in the control group reached
60% in that study (EBL: 19%) which is much higher than in most trials
on primary prophylaxis of variceal bleeding published to date. The trial by
Lo et al. [56] included patients with F2 and F3 varices and red colour signs.
This study has by far the longest follow-up period among the three fully pub-
lished trials and reports a bleeding incidence of 35% in the control group
and of 22% in the ligation arm. Interestingly, a statistically significant ben-
efit of EBL could be shown only for the subgroup of patients belonging to
the Child–Pugh class B.

Major complications of EBL have not been reported in the study by
Lay et al. [55]. In the trial by Sarin et al. [54] which recruited 68 patients,
three ligation-induced bleeding episodes and one oesophageal perforation
occurred. In the third trial (Lo et al., n = 127) [56], EBL-induced bleeding
was observed in three patients, one patient developed aspiration pneumonia.
It should, however, be noted that all of these three studies utilised single-band
ligation devices which were usually used in combination with an overtube.
At present, however, modern multiband ligation devices are used almost
exclusively and therefore, the risk of oesophageal perforation, and possibly
also the risk of aspiration pneumonia is presumably lower.

A very recent study by Triantos et al. specifically addressed the issue of
prophylactic band ligation in patients who cannot be treated with unselec-
tive β-blockers due to contraindications or intolerance [62]. These investi-
gators randomised 52 patients with all size varices (40% of patients had
large varices) to receive either endoscopic ligation (n = 25) or non-active
treatment (n = 27). After a follow-up period of 19 months, three patients
in the EBL group and two patients in the control group bled from varices,
respectively. Two additional patients in the EBL arm bled from portal hyper-
tensive gastropathy. Seven patients in the EBL group and eleven patients in
the control group died during follow-up. Thus, probably due to the small
number of patients with high baseline bleeding risk, this trial failed to show a
beneficial effect of prophylactic band ligation in patients who cannot tolerate
β-blockers.

In summary, the meta-analysis of five statistically homogeneous RCTs
showed that endoscopic band ligation is an effective treatment for the pri-
mary prevention of variceal bleeding in patients with high-risk varices.
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In those patients, when compared to non-active treatment, it reduces the
bleeding incidence and also the bleeding related mortality and overall mor-
tality [60]. However, in a small percentage of patients this treatment may be
associated with serious complications (i.e. bleeding from ligation ulcers).
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β-blockers versus variceal band
ligation (VBL)

T.D. Boyer

Gastrooesophageal varices are present in approximately 50% of patients
with cirrhosis and bleeding from varices is one of the complications of portal
hypertension that leads to significant morbidity and mortality. Although
survival has improved over the past two decades in patients who have bled
from varices, still 15% to 20% of patients die within the first 3 months
of the index bleed [63,64]. Given the persistently high rates of morbidity
and mortality following a variceal bleed, most feel primary prophylaxis is
warranted for this group of patients.

Most experts agree that β-blockers are the preferred therapy for preven-
tion of the first bleed from oesophageal varices [5]. Unfortunately, either
many patients have a contraindication to the use of β-blockers or they are
intolerant of the drugs thus limiting their usefulness [15]. Endoscopic therapy
has been proposed as an excellent way to prevent bleeding in patients with
varices. Although sclerotherapy was effective in some studies, the high inci-
dence of side effects, cost and lack of uniformity of the results in the different
studies limited enthusiasm for this approach [1,65]. The advent of VBL and
demonstration that it is superior to sclerotherapy [66], has again raised the
issue of whether endoscopic therapy is better than pharmacological therapy
in the prevention of the initial bleed from varices.

A meta-analysis of studies published before 2001 suggested that VBL
was superior to β-blocker therapy [67]. In a recently published second meta-
analysis of eight trials (five published as full papers), there was a significant
reduction in the risk of the first bleed with VBL as compared to β-blocker
therapy with no difference in survival between the two groups [68]. Since
the last meta-analysis two more studies comparing VBL to β-blockers have
been published as complete reports bringing the total number of the com-
plete published papers to seven [69–75]. A meta-analysis of all seven trials
is shown in Fig. 41. The studies were relatively uniform as to size of varices
and use of β-blockers. In all but one study [71] the goal was to reduce the
heart rate by more than 25% or to 50 beats/min. Obvious differences in
these studies are the number of patients enrolled (62–152), length of follow-
up (11 to 34 months), percentage of patients with Child’s C cirrhosis (13%
to 33%), numbers of patients with alcoholic cirrhosis (10–70%) and length
of time between banding sessions (1 to 6 weeks) (Table 35). Two of the
six studies showed a significantly reduced risk of bleeding in those receiving
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VBL [69,73] and in one, mortality was less in those receiving VBL as com-
pared to β-blockers [69]. In the other studies no significant differences in
the primary end points of variceal bleeding or death were observed. Severe
side effects of treatment were more common in those receiving β-blockers.
However, two deaths from bleeding following treatment with VBL have
been reported [68,70]. Lastly, impact of treatment on quality of life and cost
cannot be determined from these trials.

In the study of Sarin et al. [73] cumulative rate of variceal bleeding was
9% in those who received VBLwhereas 27%bled in the β-blocker group, the
latter beingmuch higher than expected [1]. In the report of Jutabha et al. [69]
the rate of variceal bleeding with β-blockers was 13% (about the expected
rate) but the rate of bleeding with VBL was 0%, much below the rates
observed in previous studies (Table 35) [66].

There are a number of concerns about the results of the only two studies
[69,74] that found an advantage for VBL as compared to β-blockers. First,
bleeding rates with β-blockers were unusually high in one [73] and bleeding
rates with VBL were too low in the second [69]. Both studies enrolled small
numbers of patients and had short periods of follow-up relative tomost of the
other published series (Fig. 42). One study [69] was terminated early by the
investigators because of significant differences in both rates of bleeding and
mortality between the VBL and β-blocker treated patients. In well-designed
clinical trials, the investigators are blinded to the results of the study and a
Data Safety Monitoring Board follows the results of the trial, thus prevent-
ing either premature stopping of the study or prolonging a study that has
shown no or a significant difference between the groups of subjects. In the
report of Jutabha et al. [69] there was no Data Safety Monitoring Board and
the decision to stop was made by the investigators. With early termination
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and a short period of follow-up the number of patients enrolled was small as
were the number of end points, four episodes of variceal bleeding and four
deaths, leading this author to be concerned about the value of the statisti-
cal difference found by the investigators. Using a Chi-Square analysis with
Yates’ correction, the difference in failure rate between the two groups was
found to be marginally significant (p = 0.03) and the difference in rates of
variceal bleeding and death not to be significant (p = 0.12). If there was
one episode of variceal bleeding or death in the band-ligation group, then
statistical significance would not be achieved by any test (p = 0.35).

The other concern about all of the studies is the power analysis (or
lack thereof) that was used to determine sample size. The power analysis
performed for one study [69] estimated that a total 104 patients would
be required to achieve a statistically significant difference between the two
groups with expected rates of bleeding in the VBL group of 4% and 19% in
those receiving β-blockers. This is an overly optimistic estimate of the risk
of variceal bleeding following VBL as in the previously published studies the
lowest risk observed with VBL was 7%with an average risk of at least 10%.
If a 10% failure rate for VBL and 24% for β-blocker therapy had been used,
then approximately 200 patients in each group would be required to achieve
a statistically significant difference. In support of this suggestion is that in
the study with the largest number of patients and longest follow-up, the risk
of bleeding with either therapy was virtually the same [70].

If β-blockers and VBL are equivalent therapies, then is it possible to
improve on the effectiveness of either? Recently Sarin and colleagues per-
formed an RCT comparing VBL with and without β-blockers in the primary
prevention of variceal bleeding [76]. The actuarial probability of bleeding
at 20 months in the VBL plus β-blockers versus VBL alone groups was 7%
versus 11% respectively (difference not significant). The addition of scle-
rotherapy to VBL also does not appear to improve efficacy [77]. It may
be possible to improve the efficacy of β-blocker therapy by monitoring the
response of the HVPG. The risk of bleeding in patients whose HVPG falls to
below 12 mmHg or by at least 20% with β-blocker therapy is significantly
less than in those who fail to achieve this response [20]. Thus, it is possible
that monitoring β-blocker therapy by measuring the patients’ HVPG before
and after treatment and using VBL in those who fail to respond may be an
effective way to prevent variceal bleeding. However, controlled trials are
needed before we embrace this approach.
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Markov models for primary
prophylaxis

N. Chalasani

Markov models are simulation techniques that predict outcomes of a disease
state and the costs of various treatment strategies over a time horizon, and
these models take transition probabilities into account. With this technique,
information about the natural history of a disease and its response to ther-
apeutic manoeuvres can be obtained. This is particularly useful for diseases
involving several stages and several treatment possibilities that require very
large clinical trials for appropriate subgroup analyses. Some advantages of
Markov models include the following: (1) they compare strategies where
clinical trials are not possible (e.g. a clinical trial of endoscopic variceal
band ligation (EVL) versus placebo in patients with high-risk varices will
not be possible due to ethical reasons); (2) they provide data on the cost-
effectiveness of various treatment strategies (most RCTs do not provide cost-
effectiveness data) and (3) they have the ability to do sensitivity analyses and
to combine data. Although the Markov models are attractive, they carry
several disadvantages such as the following: (1) they are not clinical trials
and thus the results should not be viewed as confirmatory; (2) their results
depend on the strategies constructed and the probabilities and assumptions
taken into account and (3) their acceptability will depend on whether or not
a strategy has been proven in clinical trials (e.g. interferon for HCV infection
versus haemodynamic monitoring (HDM) for primary prophylaxis).

As patients with cirrhosis and varices have various disease stages and as
there are different treatment options available to prevent the first variceal
bleeding, Markov technique has been applied to assess the cost-effectiveness
of different treatment strategies. Table 36 depicts various published studies
that employed Markov modelling for primary prophylaxis [65,78–83].

Noteworthy is the study by Spiegel and colleagues which compared five
strategies for primary prophylaxis to ‘do nothing’ strategy over a 36-month
time horizon [81]. These strategies included (1) screening upper endoscopy
followed by β-blockers for those with high-risk oesophageal varices, (2)
screening upper endoscopy followed by prophylactic banding for those with
high-risk oesophageal varices, (3) selective endoscopy (endoscopy is offered
based on clinical prediction rules) followed by β-blockers for those with
high-risk oesophageal varices, (4) selective endoscopy (endoscopy is offered
based on clinical prediction rules) followed by β-blockers for thosewith high-
risk oesophageal varices and (5) universal β-blocker therapy to all cirrhotics.
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Compared to ‘do nothing strategy’, empiric β-blockers to all cirrhotics cost
an incremental US $12,408 per additional variceal bleeding prevented. Com-
pared to empiric β-blockers, all other strategies were substantially more
expensive and less effective. This study concluded that empiric β-blockers
to all cirrhotics without subjecting them to screening endoscopy is the most
effective form of therapy for primary prophylaxis against variceal bleeding,
as the use of screening endoscopy to guide therapy adds significant costs with
only marginal increase in effectiveness.

Two recent studies that examined the cost-effectiveness of HDM in pro-
viding the primary prophylaxis have arrived at different conclusions [82,83].
In the study byHickens and colleagues, two different strategies ofHDMwere
compared to current standard of providing β-blocker therapy without HDM
[82]. In the first strategy, β-blocker therapy alone was compared to single
HDM 4 weeks after initiating the β-blocker therapy. Patients who are intol-
erant to β-blockers and those in the HDM group with HVPG > 12 mmHg
at 4 weeks underwent variceal ligation to eradicate the varices. In the sec-
ond strategy, β-blocker therapy alone was compared to HDM prior to and
4 weeks after initiating the β-blocker therapy. Patients who are intolerant to
β-blockers and the haemodynamic non-responders (≤ 20% drop in HVPG
or HVPG > 12 mmHg at 4 weeks) underwent variceal ligation to eradicate
the varices. The total expected costs, variceal bleeding episodes and deaths
were calculated over a 1-year time horizon. Compared to β-blocker therapy
alone, the incremental cost per variceal bleeding episode prevented and death
averted were, respectively, US $108,185 and US $355,100 (one HDM strat-
egy) and US $202,796 and US $719,300 (for twoHDM strategics) indicating
that HDM to guide primary prophylaxis is an expensive strategy for reduc-
ing variceal bleeding or death. The results in these analyses were sensitive to
the time horizon of the analysis, the probability of bleeding while receiving
β-blockers and the cost of HDM. In another study, Imperiale and colleagues
constructed a Markov model to compare HDM with no HDM in cirrhotic
patients with moderate-to-large oesophageal varices [83]. Patients intoler-
ant to β-blocker therapy would undergo endoscopic variceal ligation; those
with an inadequate haemodynamic response (HDR) to β-blocker therapy
could have nitrates added before ligation was considered. Only direct costs
were considered during the 5-year time horizon. In the base-case analysis,
either HDMwas cost saving (US $2,523 per life year gained) or cost-effective
(incremental cost-effectiveness ratio of US $5,200 per life year saved) com-
pared with no HDM, depending on whether nitrates are added to β-blocker
therapy. HDM reduced variceal bleeding by nearly 60% and had a small
effect on all-cause mortality. In sensitivity analysis, HDM was sensitive to
time horizon, as it was not cost-effective for a time horizon of less than
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22 months, and was not cost saving prior to 49 months. The difference in
the results of these two decision analyses is likely due to the time horizon
of analyses (1 year for Hickens et al. versus 5 years for Imperiale et al.) and
due to the assumed cost of each HDM (US $4,000 [range 0–US $20,000] for
Hickens et al. versus US $450 [range US $300–US $900] for Imperiale et al.).
Further clinical studies as well as decision analyses are needed to clarify the
utility of HDM in providing primary prophylaxis for those with high-risk
oesophageal varices.
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Baveno IV Consensus Statements:
Prevention of the First Bleeding Episode

Norman D. Grace, Juan Carlos Garcia-Pagàn (Chairpersons),
Agustin Albillos, Mario Angelico, Thomas D. Boyer, Naga Chalasani
and Michael Schepke

Use of HVPG measurements

• Hepatic venous pressure gradient (HVPG) monitoring identifies patients
with cirrhosis who will benefit from non-selective β-blocker therapy in pri-
mary prophylaxis. (1b;A)
• ‘A LaCarte’ treatment usingHVPG response in primary prophylaxis needs
to be evaluated, especially in high-risk patients. Until then, routine use of
HVPG cannot be recommended. (5;D)

Patients with small varices

• Patients with small varices could be treated with non-selective β-blockers
to prevent progression of varices and bleeding, but further studies, especially
as relates to prevention of bleeding, are required before a formal recommen-
dation on their use can be made. (5;D)
• Patients with small varices with red weal signs or of Child C class have an
increased risk of bleeding and may benefit from treatment. (5;D)

Pharmacological treatments

• Non-selective β-blockers reduce the risk of first variceal bleeding. (1a;A)
• Isosorbide mononitrate (ISMN) administered alone must not be used.
(1a;A)
• There is not enough data to recommend the use of the combination of
β-blockers plus ISMN or spironolactone plus β-blockers for primary pro-
phylaxis. (1b;A)
• Other pharmacological agents able to reduce portal pressure must be ade-
quately tested before their clinical use. (5;D)

Endoscopic treatment

• Prophylactic endoscopic band ligation (EBL) is useful in preventing
variceal bleeding in patients with medium and large oesophageal varices.
(1a;A)
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• EBL is more effective than non-selective β-blockers in preventing first
variceal bleeding but does not improve survival. However the long-term
benefits of EBL are uncertain because of the short duration of follow-up.
(1a;A)
• EBL should be offered to patients with medium/large varices and with
contraindications or intolerance to β-blockers. (5;D)

Gastric varices

• In the absence of specific data on prophylactic studies, randomised con-
trolled trials (RCTs) should be performed in patients with gastric varices.

Cost-effectiveness analysis

• Markov models are not a substitute for well-designed clinical trials. How-
ever, well-designed Markov models are complementary to clinical studies
and should be pursued for exploratory purposes and to establish the cost-
effectiveness of various strategies. Markov models may fill in a void where
clinical trials are simply not feasible.

Areas requiring further study (5;D)

• Comparison of EBL and β-blockers with respect to cost-effectiveness and
quality of life to determine the treatment of choice.
• Studies to clarify whether the use of EBL + β-blockers is better than each
treatment alone.
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Hepatorenal Syndrome: Current
Concepts

Andrés Cárdenas and Pere Ginés

INTRODUCTION

Renal failure commonly complicates the clinical course of patients with
advanced cirrhosis. Although there are several causes of renal failure in the
setting of advanced liver disease, renal dysfunction in cirrhosis most com-
monly occurs in the absence of histological abnormalities in the kidney.
This type of renal dysfunction is known as hepatorenal syndrome (HRS),
a unique form of functional renal failure that develops in patients with cir-
rhosis. Although HRS occurs predominantly in advanced cirrhosis, it may
also develop in other chronic liver diseases associated with severe liver fail-
ure and portal hypertension, such as alcoholic hepatitis, or in acute liver
failure [1–4].

Hepatorenal syndrome occurs in less than 10% of hospitalised patients
with cirrhosis and ascites. The probability of developing HRS in patients
with cirrhosis and ascites is near 20% at 1 year and increases to 40% at
5 years [5]. Patients with ascites and marked sodium and solute-free water
retentionwith dilutional hyponatraemia aswell as thosewithmarked arterial
hypotension have a high risk of developing HRS [5]. Two types of HRS are
observed in clinical practice [1]. Type 1 HRS is characterised by an acute
and severe renal failure with a very poor prognosis while type 2 HRS is less
severe and progressive compared to type 1; these patients usually do not
respond well to diuretics and have a better prognosis compared with those
with type 1 HRS.

There are several mechanisms that play a contributory role in patho-
genesis of HRS, including extrarenal and intrarenal factors, abnormalities
in systemic haemodynamics, and the diseased liver causing portal hyper-
tension and hepatic failure. This review will describe the pathogenesis,
clinical features, diagnostic approach and current treatment of HRS in
cirrhosis.

201
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Table 37 Vasoactive factors involved in the regulation of renal perfusion in
cirrhosis and the pathogenesis of hepatorenal syndrome.

Vasodilators
Prostacyclin
Prostaglandin E2
Nitric oxide
Atrial natriuretic peptide
Kallikrein-kinin system

Vasoconstrictors
Angiotensin II
Norepinephrine
Neuropeptide Y
Endothelin-1
Adenosine
Thromboxane A2
Cysteinyl leukotrienes
F2-isoprostanes

Pathophysiology

The pathophysiological hallmark of HRS is severe vasoconstriction of the
renal circulation [6,7]. The underlying mechanisms are complex and include
interactions between changes in the systemic arterial circulation, increased
portal pressure, activation of vasoconstrictor factors and suppression of
vasodilator factors acting on the renal circulation (Table 37). A com-
mon pathway for these derangements is the development of an intense
splanchnic arterial vasodilation, mainly due to an increased production of
local vasodilators substances (mainly nitric oxide), which causes arterial
underfilling and triggers an important compensatory response by activating
vasoconstrictor and antinatriuretic systems such as the renin–angiotensin–
aldosterone system (RAAS), the sympathetic nervous system (SNS) and
arginine vasopressin (AVP) accounting for sodium and solute-free water
retention as well as renal vasoconstriction [7–10] (Fig. 43).

In early or moderately advanced stages of cirrhosis, renal blood flow
is kept within normal limits due to the effect of local vasodilators that
antagonise the renal vascular effect of the systemic vasoconstrictors. When
there is stimulation of the endogenous vasoconstrictors, there is also activa-
tion of renal vasodilators (prostaglandins, nitric oxide and natriuretic pep-
tides) in order to maintain renal perfusion and glomerular filtration rate
(GFR) [11]. Although the renal production of prostaglandins and circulat-
ing levels of natriuretic peptides are increased in patients with cirrhosis and
ascites without HRS, with disease progression circulating vasoconstrictors
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Cirrhosis

Portal hypertension

Splanchnic arterial vasodilation
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Stimulation of systemic vasoconstrictors*

Renal vasoconstriction

Decrease in intrarenal vasodilators with
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Fig. 43 Pathogenesis of hepatorenal syndrome as proposed by the peripheral
arterial vasodilation theory. * Renin-angiotensin-aldosterone system (RAAS),
sympathetic nervous system (SNS), endothelin and arginine vasopressin (AVP).

overcome the effect of renal vasodilators, leading to severe renal vaso-
constriction and reduction in GFR [12]. In some patients a precipitating
cause of circulatory dysfunction such as spontaneous bacterial peritonitis
(SBP) leads to worsening of renal vasoconstriction [13]. Once vasocon-
striction develops, intrarenal mechanisms probably perpetuate HRS due to
the development of intrarenal vicious cycles in which hypoperfusion leads
to an imbalance in intrarenal vasoactive systems that in turn cause more
vasoconstriction.

Clinical and laboratory findings

Although there are no specific clinical findings in HRS, the majority of
patients have features of advanced liver disease with jaundice, prolonged
prothrombin time, thrombocytopenia, hepatic encephalopathy, hypoalbu-
minaemia and ascites. In addition, patients have a low arterial blood
pressure and reduced systemic vascular resistance as well as tachycardia and
increased cardiac output. Some patients may also have cirrhotic cardiomy-
opathy, a condition characterised mainly by diastolic dysfunction which
may contribute to haemodynamic changes occurring in HRS, particularly
when precipitated by SBP [14,15]. Renal failure in HRS is frequently asso-
ciated with oliguria (urine volume < 500 ml/24 h), although some patients
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Table 38 Clinical types of hepatorenal syndrome.

Type 1. Rapid and progressive impairment of renal function as defined
by a doubling of the initial serum creatinine to a level higher
than 2.5 mg/dL or a 50% reduction of the initial 24-h creatinine
clearance to a level lower than 20 mL/min in less than 2 weeks.

Type 2. Impairment in renal function (serum creatinine > 1.5 mg/dL)
that does not meet the criteria of type 1.

may have preserved urine volume, intense urinary sodium retention (urine
sodium < 10 meq/L) and spontaneous dilutional hyponatraemia (serum
sodium < 130 meq/L).

As described earlier, there are two types of HRS [1] (Table 38). Type 1
HRS is characterised by a rapid and progressive impairment of renal function
as defined by a doubling of the initial serum creatinine to a level higher than
2.5 mg/dL in less than 2 weeks. Serum creatinine levels in HRS are usually
lower than values observed in patients with acute renal failure without liver
disease, due to a reduced muscle mass and low endogenous production of
creatinine in cirrhosis [16]. Nonetheless, there are no other reliable non-
invasive methods of assessing renal function in cirrhosis and therefore the
diagnosis of HRS is still based on the level of serum creatinine. In contrast to
type 1 HRS, type 2 HRS is characterised by a more subtle course with serum
creatinine levels around 1.5–2.5 mg/dL [1]. The main clinical consequence
of type 2 HRS is diuretic-resistant ascites. As expected, survival is longer in
this group of patients than in those with type 1 HRS, but is shorter than that
of patients with ascites without renal failure.

In some patients, type 1 HRS develops spontaneously without any identi-
fiable precipitating factor, whereas in others it can occur in close association
with systemic bacterial infections in particular SBP, acute alcoholic hepatitis
and large-volume paracentesis without albumin infusion. SBP precipitates
type 1 HRS in approximately 30% of cases despite appropriate treatment
and resolution of the infection [13]. This proportion is reduced to 10%
when albumin infusion is given in association with antibiotic therapy (see
later). Large-volume paracentesis (> 5 L) without albumin expansion may
precipitate type 1 HRS in up to 20% of cases [17]. This complication is
one of the reasons why intravenous albumin should be administered after
large-volume paracentesis in patients with cirrhosis and ascites. Renal fail-
ure occurs in approximately 10% of cirrhotic patients with gastrointestinal
bleeding [18]. The development of renal failure occursmainly in patientswho
develop hypovolaemic shock, and in most cases is associated with ischaemic
hepatitis, which suggests that renal failure in patients with gastrointestinal
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Fig. 44 Survival of patients with cirrhosis and type 1 and 2 hepatorenal syndrome.
(From Ginés P et al. Hepatorenal syndrome. Lancet 2003;362: 1819–1827, with
permission.)

bleeding is probably related to the development of acute tubular necrosis
and not HRS [18].

Prognosis

Hepatorenal syndrome carries the worst prognosis of all the complications
of cirrhosis. Without treatment, the median survival time of patients with
type 1 HRS is less than 2 weeks and practically all patients die within 8–10
weeks after the onset of renal failure [5,19]. On the other hand patients with
type 2 HRS have a longer median survival time of approximately 6 months
(Fig. 44) [5,19].

Diagnosis

The diagnosis of HRS is one of exclusion that depends mainly on the level
of serum creatinine. Unfortunately serum creatinine does not provide an
exact estimation of GFR in cirrhosis, since its level is lower than expected
due to a low endogenous production of creatinine which frequently occurs in
advanced cirrhosis [16]. Creatinine clearance usually overestimates GFR and
in addition is difficult to perform because it depends on the adequate collec-
tion of urine volume over 24 h, which in many cases is inadequate, especially
in oliguric patients unless they have bladder catheterisation [16,20]. Since
the use inulin clearance for estimation of GFR is expensive and cumbersome,
the serum creatinine concentration is currently used to estimate GFR in cir-
rhosis. In fact the diagnosis of HRS is made when serum creatinine is greater
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Table 39 Diagnostic criteria of hepatorenal syndrome.

Major criteria∗

1 Low glomerular filtration rate, as indicated by serum creatinine greater
than 1.5 mg/dL.
2 Exclusion of shock, ongoing bacterial infection, volume depletion and
use of nephrotoxic drugs.
3 No improvement in renal function despite stopping diuretics and volume
repletion with 1.5 L of saline.
4 No proteinuria or ultrasonographic evidence of obstructive uropathy or
parenchymal renal disease.

Minor criteria
1 Urine volume lower than 500 mL/day.
2 Urine sodium lower than 10 meq/L.
3 Urine osmolality greater than plasma osmolality.
4 Urine red blood cells less than 50 per high power field.
5 Serum sodium concentration lower than 130 meq/L.

∗ Only major criteria are necessary for the diagnosis of hepatorenal
syndrome

than 1.5 mg/dL [1], and there are no identifiable causes of renal failure (see
below).

Due to the lack of specific diagnostic tests to distinguish betweenHRS and
other causes of renal failure that may occur in cirrhosis, the diagnosis of HRS
is based on several criteria described in Table 39 [1]. Serum creatinine should
be assessed without diuretic therapy for at least 5 days. Other criteria include
the absence of clinical conditions that predispose to the development of acute
renal failure (i.e. volume depletion, shock, bacterial infections or nephrotoxic
drugs), no improvement of renal function following diuretic withdrawal and
plasma expansion, no proteinuria and a normal renal ultrasound.Most cases
of HRS have urine sodium below 10 meq/L and urine osmolality above
plasma osmolality because of a preserved tubular function. Nevertheless, a
minority of patients may have higher urine sodium and low urine osmolality,
similar to values found in acute tubular necrosis [1,21]. Conversely, some
cirrhotic patients with acute tubular necrosis may have low urine sodium and
high urine osmolality. For these reasons, urinary indices are not considered
major criteria for diagnosis of HRS [1,19].

As indicated above, causes of renal failure common in cirrhosis such as
prerenal failure secondary to volume depletion, acute tubular necrosis, drug-
induced nephrotoxicity (mainly fromnon-steroidal anti-inflammatory agents
or aminoglycosides) and glomerulonephritis should be excluded before the
diagnosis of HRS is made. Causes that may predispose to prerenal failure
such as volume depletion due to vomiting or diarrhoea, or renal fluid losses
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due to excessive diuretic therapy are common in cirrhotic patients and should
be sought after. In prerenal failure due to volume depletion, renal function
improves after the intravenous administration of fluids, whereas no improve-
ment occurs in patients with HRS. Shock before the development of renal
failure in a cirrhotic patient precludes the diagnosis of HRS, and usually indi-
cates acute tubular necrosis. In regard to bacterial infections, the diagnosis of
HRS should be made if renal failure persists after complete resolution of the
infection. Proteinuria (> 500 mg/dL) and/or ultrasonographic abnormalities
in the kidneys are indicative of parenchymal renal disease.

Management

General measures

Type 1 HRS develops in the setting of advanced liver disease in most cases
but in some others it occurs in the setting of acute liver failure. In either it
is recommended that patients be hospitalised and closely monitored in an
intensive care setting, if possible. Central line access with central venous pres-
sure measurement is helpful in assessing volume status, particularly when
intravenous fluid challenge of a plasma expander is administered to rule out
renal failure due to intravascular volume depletion. Adequate measures to
ensure proper nutrition are very important since these patients are frequently
malnourished. In patients with dilutional hyponatraemia, fluid restriction of
1 L/day is recommended [22]. Since the majority of patients have ascites,
diagnostic paracentesis must be performed to rule out SBP. Diuretics must
be stopped as they can cause worsening of renal failure and severe hyper-
kalaemia (in the case of spironolactone). In patients with tense ascites, a
therapeutic tap associated with albumin infusion (6–8 g/L tapped) may aid
in providing comfort. The most important aspect of management is to assess
the patient for candidacy for liver transplantation. In order to better prepare
patients for liver transplantation, renal functionmust be reversed, if possible,
in order to obtain a better outcome after transplantation. Available thera-
pies for type 1 HRS include the use splanchnic vasoconstrictors and tran-
sjugular portosystemic shunts (TIPS) [23,24] (Fig. 45). Patients with type 2
HRS are less sick and for the most part have refractory ascites that can be
managed on outpatient basis with large-volume paracentesis and albumin
expansion [2].

Vasoconstrictor therapy

A variety of pharmacological interventions has been used to treat HRS. The
use of renal vasodilators such as dopamine and prostaglandin analogues was
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Fig. 45 Proposed therapies for hepatorenal syndrome in relation to the
pathophysiological events leading to its development. TIPS: transjugular
intrahepatic portosystemic shunt. Vasoconstrictors*: terlipressin, midodrine,
octreotide and noradrenaline.

abandoned due to side effects and lack of benefits [25]. Other drugs such
as endothelin blockers (BQ123) and N-acetylcysteine are promising, but
information available is extremely limited [26,27]. Systemic vasoconstric-
tors with plasma expansion are the best therapy at present, because several
uncontrolled studies have confirmed a beneficial role in HRS [28–39]. Vaso-
constrictors with plasma expansion are used because the initial event in the
pathogenesis of HRS is arterial splanchnic vasodilation causing a decrease
in effective arterial blood volume with activation of endogenous vasocon-
strictors systems; this approach suppresses these systems and reverses renal
vasoconstriction with improvement of renal function [28].

Vasoconstrictors used for HRS include vasopressin analogues (ornipres-
sin and terlipressin), somatostatin analogues (octreotide) and α-adrenergic
agonists (midodrine and noradrenaline). In most studies vasoconstrictors
were given in combination with albumin, with the aim of improving the
efficacy of treatment. Vasopressin analogues have a marked vasoconstrictor
effect in the splanchnic circulation and have been used for several years in
the management of acute variceal bleeding in cirrhotic patients. Ornipressin,
although effective in HRS, caused significant ischaemic side effects and was
abandoned [28]. The most studied vasopressin analogue in HRS is terli-
pressin. The administration of terlipressin and albumin is associated with
a significant improvement of GFR and reduction of serum creatinine below
1.5mg/dL in approximately 40–90%of patients with type 1HRS [23,30–36]



HEPATORENAL SYNDROME 209

Table 40 Treatment of patients with type 1 hepatorenal syndrome with terlipressin.
Data on response rate, side effects and survival in different series of patients.

Median
Response∗ Recurrence† Side effects‡ survival

Author/year (ref) (%) (%) (%) (days)

Uriz et al. 2000 [30] 7/9 (77) 0/7 (0) 1/9 (11) 39
Mulkay et al. 2001 [33] 11/12 (92) 6/11 (55) 0/12 (0) 42
Moreau et al. 2002 [31] 53/91 (58) NR 18/99 (18) 43
Colle et al. 2002 [35] 11/18 (61) 7/11 (64) 0/18 (0) 24
Halimi et al. 2002 [34] 13/18 (72) NR 4/18 (22) NR
Ortega et al. 2002 [32] 14/21 (66) 2/12 (17) 1/21 (5) 40
Solanki et al. 2003 [36] 5/12 (42) NR 3/12 (25) NR

∗ The definition of response varies between studies
† Recurrence of hepatorenal syndrome after treatment withdrawal in responder
patients, definition of recurrence also varies between studies
‡ Most patients presented self-limited abdominal cramps and/or diarrhoea dur-
ing the administration of the first doses of terlipressin, which were not counted
as severe side effects; NR, not reported
Source: Modified from Gines P et al. Aliment Pharmacol Ther. Sep 2004;
20(suppl. 3): 57–62

(Table 40). In most cases improvement in urine volume occurs within the
first 24 h, but significant improvement in GFR happens over several days.
Although one of the initial concerns about using terlipressin was the develop-
ment of ischaemia (heart and/or extremities), the occurrence of this compli-
cation has been reported infrequently. There is a low incidence of ischaemic
side effects (∼ 10%), as demonstrated by several studies [30–36]. Patients
with Child–Pugh scores greater than 13 and those who do not receive albu-
min expansion did not seem to respond well to this treatment [31,32]. Rever-
sal of HRS occurs over several days but despite reduction of serum creatinine
to normal or near-normal levels, GFR remains below normal values in most
patients who respond [30,32]. Recurrence of HRS after stopping treatment
is variable (Table 40) and a repeat course of terlipressin with albumin is
usually effective [30,32].

A drawback of terlipressin is that it is not available in many countries,
including the United States, and therefore α-adrenergic agonists are a reason-
able alternative given that they are widely available. Administration of mido-
drine in association with octreotide (an inhibitor of the release of glucagon
and other vasodilator peptides) and albumin also improves renal function
in cirrhotic patients with HRS although information about this therapeutic
approach is limited to only two studies with a total of 17 patients [37,38].
In a recent study of 14 patients with type 1 HRS treated with midodrine,
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octreotide and albumin, 10 had a good response (serum creatinine remained
stable at < 1.5 mg/dL for 3 days) and were subsequently treated with TIPS if
not contraindicated by INR > 2.0, serum bilirubin > 5 mg/dL and a Child–
Pugh score > 12 [38]. Five patients underwent TIPS with excellent outcome
and one of them received living donor liver transplantation. Interestingly,
renal function continued to improve and completely normalised in these five
patients. Of the five who responded to vasoconstrictors and albumin but did
not get TIPS, two underwent successful liver transplantation, but three died
as a consequence of liver failure, sepsis and arrhythmia. There was improved
survival in all responders, but the real impact of TIPS in improving survival
is difficult to assess, given the low number of patients treated. The find-
ings of this study indicate that reversal of HRS achieved by pharmacological
treatment is further enhanced by TIPS placement in appropriate candidates,
leading to complete normalisation of renal function. Finally, the administra-
tion of noradrenaline in association with intravenous albumin resulted in a
significant improvement of renal function in a small group of 12 cirrhotic
patients with type 1 HRS [39].

One of the primary goals of pharmacological therapy is that of suc-
cessfully reversing renal failure, so that suitable liver transplant candidates
can undergo transplantation without renal failure, which is a well-known
risk factor of poor outcome after transplantation. A recent study revealed
that patients treated successfully with vasopressin analogues and albumin
before liver transplantation had a post-transplantation outcome and sur-
vival similar to that of patients transplanted without HRS [40]. This study
supports the concept that HRS should be treated before liver transplanta-
tion because improvements in renal function are probably associated with
better outcomes. In three studies, patients who responded to therapy of
HRS (decrease of creatinine to < 1.5 mg/dL) with terlipressin and albumin
and octreotide, midodrine and albumin had an increased survival com-
pared to those who did not respond to this therapy [31,32,38]. The recom-
mended doses and duration of vasoconstrictor therapy are summarised in
Table 41.

Transjugular intrahepatic portosystemic shunt (TIPS)

Transjugular intrahepatic portosystemic shunt is a non-surgical method of
portal decompression used as an alternative therapy for cirrhotic patients
bleeding from oesophageal or gastric varices who are refractory to endo-
scopic andmedical treatment. TIPS reduces portal pressure and returns some
of the volume of blood pooled in the splanchnic circulation to the systemic
circulation. This event suppresses RAAS and SNS activity and reduces the
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Table 41 Recommendations for using vasoconstrictors in type 1 hepatorenal
syndrome.

1 Goal of treatment: reduction of serum creatinine below 1.5 mg/dL.
2 Recommended drugs and doses:

(a) Terlipressin 0.5 mg intravenously every 4 h; can increase dose in a stepwise
fashion (i.e. every 2–3 days) to 1 mg/4 h and then up to 2 mg/4 h in cases
showing no decrease in creatinine [30–36].
(b) Midodrine 2.5–7.5 mg orally three times daily with an increase to 12.5 mg
three times daily if needed and octreotide 100 μg subcutaneously three times
daily with an increase to 200 μg three times daily if needed [37,38].
(c) Noradrenaline 0.5–3 mg/h continuous intravenous infusion [39].

3 Concomitant intravenous albumin infusion (1 g/kg on the first day, followed by
20–50 g/day)∗ should be considered in all patients.
4 Avoid in patients with cardiac diseases, peripheral vascular disease and/or
cerebrovascular disease due to the potential risk of ischaemic events.
5 Duration of therapy: 1–2 weeks

∗ This dose of albumin has been arbitrarily proposed. It is not known if smaller
doses of albumin or use of other plasma expanders are beneficial in HRS

vasoconstriction in the renal circulation [38,41]. Small uncontrolled studies
indicate that TIPS may improve renal function and GFR as well as reduce
the activity of RAAS and SNS in cirrhotics with type 1 HRS [24,38,42].
Improvement in renal function after TIPS placement alone is generally slow
with success in approximately 60% of patients [24,42]. One problem with
the studies assessing TIPS for type 1HRS is that patients includedwere highly
selected and those with advanced Child–Pugh score > 12 were excluded due
to the risk of worsening liver failure and/or hepatic encephalopathy.

In patients with type 2 HRS, TIPS improves renal function, prevents
the development of type 1 HRS and reduces ascites formation [24,43–46].
However, despite these beneficial effects, survival is not significantly
improved [43].

Dialysis

Small uncontrolled studies using haemodialysis and peritoneal dialysis sug-
gest that both are ineffective, mainly due to a high incidence of severe
side effects, including arterial hypotension, coagulopathy, gastrointestinal
bleeding and increased mortality. Continuous arterovenous or venovenous
haemofiltration have also been used but their efficacy remains to be deter-
mined. Although haemodialysis is not routinely recommended in HRS, it
may be a reasonable option in suitable liver transplant candidates as a bridge
to transplantation when there is no response to vasoconstrictors or TIPS or
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patients develop severe volume overload, metabolic acidosis or refractory
hyperkalaemia.

The beneficial effect of an extracorporeal albumin dialysis system
(MARS) was reported in 13 patients with Child C cirrhosis and type 1
HRS [47]. This system is a modified dialysis method that enables the selec-
tive removal of albumin-bound substances that accumulate in liver failure
by the use of an albumin containing dialysate. In this study, five patients
were treated with haemodialysis and standard medical therapy (low-dose
dopamine and albumin) and eight patients were treated with the same plus
MARS. The authors reported a significant decrease in bilirubin and creati-
nine, an improvement in serum sodium, urine volume, mean arterial blood
pressure and decreased mortality in the MARS group. The procedure was
well tolerated in all patients. Unfortunately, no other systemic haemodynam-
ics parameters such as cardiac output or peripheral vascular resistance were
assessed. In addition there were no measurements of renal functions such
as renal blood flow and GFR. A shortcoming of this study is that improve-
ment in serum values of bilirubin, creatinine and sodium could represent the
effect of the dialysis and not a significant change in hepatic and renal func-
tion. Although promising, these results require further evaluation in order
to consider dialysis as a therapy, or more importantly as a bridge to liver
transplantation in patients with HRS.

Liver transplantation

Liver transplantation is the best treatment for suitable candidates with HRS,
as it offers a cure to both the diseased liver and the circulatory and renal
dysfunction. Unfortunately transplantation for type 1 HRS is limited by the
fact that a significant proportion of patients die before the operation because
they have a short survival and there is a prolonged waiting time in most cen-
tres. Priority for liver transplantation in the United States is based on the
Model for End-stage Liver Disease (MELD) score which includes three vari-
ables; bilirubin, serum creatinine and international normalised ratio (INR)
[48]. A recent study showed that patients with type 1 HRS with a MELD
score equal to or greater than 20 showed an extremely poor outcome with a
median survival of 1month and thosewith type 2HRS and a score lower than
20 showed a slightly better outcome with a median survival of 11 months.
The majority of patients with type 1 HRS will have a high MELD score and
hence a higher possibility of getting a liver transplant. Other countries have
different allocation systems that give higher priority to patients with type 1
HRS. Regardless of the system used for organ allocation, patients with type 1
HRS need to be appropriately treated before transplantation. As mentioned
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previously, patients with HRS treated with vasopressin analogues and albu-
min before transplantation have a good outcome, similar to that of non-HRS
patients [40].

Because cyclosporin and tacrolimus treatment may contribute to renal
impairment post-operatively, other drugs such as azathioprine, steroids,
IL-2 receptor antagonists or anti-lymphocyte agents should preferably be
used in patients transplanted with renal failure until diuresis and improve-
ment of renal function is observed, usually in 2–4 days after transplantation.

Prevention

HRS can be prevented in two clinical settings. First, in patients with SBP, a
condition which entails high risk of development of HRS, the administration
of albumin (1.5 g/kg at diagnosis of infection and 1 g/kg 48 h later) pre-
vents the circulatory dysfunction and subsequent development of HRS [49].
Since it appears that SBP may trigger HRS by decreasing effective arterial
blood volume, the rationale for albumin administration is to prevent arterial
underfilling and subsequent activation of vasoconstrictor systems during the
infection [49]. The incidence of HRS in patients with SBP receiving albu-
min together with antibiotic therapy is of 10% compared with an incidence
of 33% in patients not receiving albumin [49]. Most importantly, hospital
mortality was lower in patients receiving albumin (10%) versus those not
receiving plasma expansion (29%) [49]. Second, in patients with acute alco-
holic hepatitis, the administration of pentoxifylline, an inhibitor of tumour
necrosis factor (400 mg t.i.d. orally for 28 days) reduces the incidence of
HRS and mortality (8% and 24%, respectively) with respect to a control
group (35% and 46%, respectively) [3]. Although there are no follow-up
studies confirming these results, these two approaches are widely used in the
clinical setting due to the high efficacy reported in the two studies and lack
of alternative treatments.
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Treatment of the Acute Bleeding
Episode
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PRESENTATION AND DIAGNOSIS

Ruptured oesophageal varices cause approximately 70% of all upper gas-
trointestinal bleeding episodes in cirrhosis [1]. Although overall survival has
improved in recent years [2], mortality is still closely related to failure to
control haemorrhage or early rebleeding, which occurs in as many as 40%
of patients within the first 5 days after the initial bleeding episode [1,3]. Ide-
ally, all variceal bleeders should be managed in an intensive care setting by
a team of experienced medical staff, including well-trained nurses, hepatol-
ogists, endoscopists, surgeons and interventional radiologists. The manage-
ment of variceal bleeding requires simultaneous and coordinated attention
to (1) correct hypovolaemia; (2) prevent and treat complications associated
with bleeding and (3) control of active bleeding and prevention of early
rebleeding. The first two goals, which are independent of the cause of the
haemorrhage, demand immediate management. By contrast, specific therapy
to stop bleeding is usually given when the patient has had the initial resus-
citation and following diagnostic endoscopy, with the important exception
of pharmacological therapy that can be started earlier in the course of the
bleeding episode, on arrival to the hospital or even during transfer to the
hospital.

Patients usually present with haematemesis or melaena. Specific features
to be noted in the history are those of prolonged alcohol excess, ingestion of
NSAIDs or aspirin, previous variceal bleeding, previously diagnosed liver dis-
eases, past abdominal sepsis or history of umbilical vein catheterisation. The
physical examination should emphasise determining whether the patient is
haemodynamically stable, andmust also include a search for signs of chronic
liver disease. The severity of blood loss is roughly estimated by the haemo-
dynamic status. The initial examination and investigations need to include
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an assessment of the presence of renal dysfunction, the presence of infec-
tion, disease in other systems and the severity of liver disease. A recent study
has shown that measurements of hepatic venous pressure gradient (HVPG)
within 48 h of admission for acute variceal bleeding provide useful prog-
nostic information on the outcome of the bleeding episode and long-term
survival [4]. In that study, an initial HVPG of ≥ 20 mmHg was associated
with a significant greater risk of failure to control bleeding, early rebleeding,
longer hospital stay, greater transfusion requirements and lower probability
of survival. If confirmed, such high-risk patients might benefit from early
aggressive therapy. The presence of portal vein thrombosis and/or hepato-
cellular carcinoma needs to be established early on, by ultrasound imaging.

The gold standard for the diagnosis of varices is endoscopy, which should
be performed as soon as resuscitation is adequate, and preferably within
12 h of admission [5], especially in patients with clinically significant bleed-
ing or in patients with features suggesting cirrhosis. In mild bleeds, caus-
ing neither haemodynamic change nor requiring blood volume restitution,
endoscopy could be done electively, but within 24 h. A diagnosis of bleed-
ing varices is accepted either when a venous (non-pulsatile) spurt is seen,
when there is fresh bleeding from the oesophageal–gastric junction in the
presence of varices or when there is fresh blood in the fundus when gastric
varices are present. In the absence of active bleeding (approximately in 50%
of cases) either a ‘white nipple sign’ or the presence of varices in the absence
of other lesions suggests varices as the source of haemorrhage [6]. Gastric
varices are more difficult to detect by endoscopy. Erosions and portal hyper-
tensive gastropathy are frequently found, but are an uncommon cause of
acute bleeding. If the patient is exsanguinating and varices are suspected, a
Sengstaken–Blakemore tube may be passed [7].

GENERAL MANAGEMENT

Resuscitation

Resuscitation follows the general rules of airway, breathing and circula-
tion. Aspiration of blood or gastric contents place patient at risk for car-
diopulmonary complications, especially in encephalopathic patients, and it
is further exacerbated by endoscopic procedures. In upper gastrointestinal
bleeding, cardiopulmonary complications constitute 23% to 50% of asso-
ciated complications and carry an estimated 50% to 60% of mortality rate
[8]. Endotracheal intubation is mandatory if there is any concern about the
safety of the airway. Pulse oxymetry and oxygen are essential and adequate
suction and extreme care of the airway must be maintained.
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Variceal bleeding in cirrhosis is often massive; it is therefore essential
to introduce at least one large-bore, 14- to 18-gauge, intravenous catheter
to administer fluids and blood products if required. A central venous line
may be helpful to estimate intravascular volume [9]. An internal jugular
line is safer than a subclavian approach. The presence of coagulopathy and
thrombocytopenia is not a contraindication to central venous access.

We recommend initial volume replacement should be with human albu-
min fraction or gelatine-based colloid as this has no effect on clotting or
bleeding times compared to dextran [5]. Following this, specific treatment
can be started with a vasopressor agent. In this respect, there is evidence
from a trial using terlipressin that drug therapy should be instituted as early
as possible [10].

Correcting hypovolaemia

Renal failure occurs more frequently in hospitalised cirrhotic patients with
gastrointestinal haemorrhage than in non-cirrhotic patients with gastroin-
testinal haemorrhage. In a large series of cirrhotic patients with gastrointesti-
nal bleeding (82%variceal), hypovolaemia and a poor liver functionwere the
only factors independently predictive of renal failure. Moreover, this study
showed that the only two independent predictors of in-hospital mortality
were the presence of hypovolaemic shock and renal failure (67% mortal-
ity versus 3% in patients without either of these factors) [11]. Therefore,
avoidance of hypovolaemia and maintenance of haemodynamic stability are
particularly important in these patients.

Optimal volume replacement remains controversial. Over-transfusion
should be avoided because it can lead to rebound portal hypertension and
early rebleeding, acute pulmonary oedema and respiratory failure [12,13].
Therefore, transfusions with packed red cells should be aimed at maintain-
ing the haematocrit between 21% and 27%, or the haemoglobin between
7 g/dL and 9 g/dL, depending on other factors such as patient’s comorbidities
and age, haemodynamic status and presence of ongoing bleeding clinically.
However, it is important to correct anaemia progressively on the follow-
ing days. All patients receiving large volumes of blood should be monitored
for hypocalcaemia (citrate binding ionised calcium) and hypothermia (cold
blood products). Large volume transfusion may lead to impaired haemosta-
sis and thrombocytopenia, so that fresh frozen plasma and platelets need
to be replaced [14]. Platelet transfusions are necessary to improve primary
haemostasis and should be used occasionally. Transfusion decisions should
be individualised according to many factors, including bleeding severity,
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presence of other coagulopathies, such as disseminated intravascular coagu-
lation, and the presence of qualitative platelet defects, such as those induced
by renal failure or NSAIDs.

Patients with cirrhosis often have defects in the coagulation system, the
most pronounced deficiency being that of factor VII, and it is well known
that coagulopathy is an important predisposing risk factor for failure to
control bleeding in these patients. In this way, recombinant factor VIIa may
be useful in variceal bleeding as it has been shown to normalise prothrombin
time in patients with decompensated cirrhosis and variceal bleeding [15]. In
fact, in a recent published randomised, double-blind trial the administration
of recombinant factor VIIa significantly decreased the proportion of Child–
Pugh B and C cirrhotic patients who failed to control variceal bleeding [16].
Further studies are warranted to verify this finding.

Prevention of complications and deterioration in liver function

Infection control and treatment

Up to 20% of cirrhotics who are hospitalised secondary to gastrointesti-
nal bleeding have bacterial infections, and an additional 50% develop an
infection while hospitalised [17]. In a prospective study, admission for gas-
trointestinal bleeding and low serum albumin were identified as the only
two variables independently associated with the development of bacterial
infection [18]. The most common infections in cirrhotics with gastrointesti-
nal bleeding are spontaneous bacterial peritonitis (SBP) and/or spontaneous
bacteraemia, followed by urinary tract infections and pneumonia. The most
frequently isolated micro-organisms are Gram-negative; infections by Gram-
positive organisms predominate in patients with pneumonia.

Besides a higher mortality, bacterial infections are also associated with
a higher rate of variceal rebleeding. Therefore it would appear logical to
prevent the occurrence of these infections through the use of antibiotics.
In fact, it has been demonstrated that antibiotic prophylaxis significantly
increases survival (9.1% mean improvement rate, 95% confidence inter-
val CI: 2.9–15.3%, p = 0.004) and increases the percentage of patients free
from infection (32%mean improvement rate, 95%CI: 22–42%, p = 0.001)
[19]. Norfloxacin, administered orally at a dose of 400 mg twice a day for
7 days, has been used in many studies [20]. A recent randomised controlled
trial (RCT) has compared oral norfloxacin versus intravenous ceftriaxone in
the prevention of bacterial infections in cirrhotic patients with gastrointesti-
nal bleeding (variceal in 71% of cases) and severe liver failure, defined as the
presence of at least two of the following: ascites, hepatic encephalopathy,
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jaundice and malnutrition. In this subset of cirrhotic patients the probability
of developing bacterial infections was significantly lower in patients receiv-
ing ceftriaxone than in those treated with norfloxacin (11% versus 27%,
p = 0.02) [21]. Thus, all cirrhotics with upper gastrointestinal bleeding
should receive prophylactic antibiotics using oral quinolones or intravenous
cephalosporins. Aminoglycosides should be avoided because of their renal
toxicity in patients with cirrhosis.

Hepatic encephalopathy

Hepatic encephalopathy often can be precipitated by an episode of gastroin-
testinal bleeding in cirrhotic patients. Precipitant factors should be eval-
uated and corrected. The routine use of lactulose for the prevention of
encephalopathy is controversial. However, it should be given (5–15 mL/6 h)
by mouth or nasogastric tube in encephalopathic patients.

It is important to be forewarned about the possibility of alcohol with-
drawal. Signs of encephalopathy may overlap it. Intravenous clormethiazole
is useful to control acute withdrawal. When necessary, thiamine should be
administered to prevent Wernicke’s encephalopathy.

Ascites and renal function

Renal function should be supported by adequate fluid and electrolyte replace-
ment (saline infusions should be avoided) and should be monitored with
strict attention to fluid balance. The urine output should be maintained at
over 40 mL/h; an output below 20 mL/h indicates poor renal perfusion and
impending renal failure. In fact, renal failuremay be precipitated by a variceal
bleed. The intravascular volume should be maintained and nephrotoxic
drugs should be avoided, particularly aminoglycosides and NSAIDs. Tense
ascites should be treated by paracentesis, preferably with albumin replace-
ment. This has been shown to decrease portal and variceal pressure [22].

Nutrition

Malnutrition is very frequent in cirrhosis [23], particularly with advanced
liver failure and may contribute to an increased susceptibility to infec-
tions and to impaired renal function. The suppression of oral intake during
the acute bleeding episode worsens the nutritional state. Therefore feed-
ing should be resumed as soon as a 24-h interval free of bleeding has been
achieved. Enteral nutrition is always preferable, as parenteral nutrition fur-
ther complicates the fluid balance, and leads to an added risk of infection.
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Prognosis

Variceal bleeding is a life-threatening complication of liver cirrhosis. A poor
outcome – either failure to control bleeding, early recurrent bleeding or
death – occurs in 15–30% of cases. Several factors predictive of a poor out-
come have been identified in various studies, including severity of initial
bleeding, renal dysfunction, bacterial infection, spurting varices, degree of
liver dysfunction, HVPG, complications of endoscopic treatment, alcoholic
aetiology of cirrhosis, portal vein thrombosis and the presence of hepatocel-
lular carcinoma [24].

VASOACTIVE DRUGS FOR VARICEAL BLEEDING IN
CIRRHOSIS

The aim of a specific treatment for variceal bleeding is to stop the haem-
orrhage, to prevent early rebleeding and to reduce mortality. The first-line
specific treatment of variceal bleeding consists of vasoactive drugs and/or
endoscopic therapy.

The reason to use vasoactive drugs is the assumption that a reduction in
portal pressure is associated with a better control of the variceal haemor-
rhage [25]. Villanueva et al. performed HVPG measurements during active
bleeding in patients with or without natural somatostatin [26]. Those who
failed were those patients in which a reduction in portal pressure was not
obtained. The study further confirmed that a HVPG above 20 mmHg was
associated with a bad prognosis [4].

In favour of vasoactive drugs is that they are safe and do not require
skilful personnel. As such specific treatment can be started on suspicion
of variceal bleeding, in the absence of contraindications treatment can be
started even at home or during transfer to the hospital, which is important,
since about a quarter of deaths occur very early after bleeding onset [27].
Furthermore, if used before endoscopy it maymake endotherapy easier, with
fewer side effects [28]. In addition, infusion of vasoactive drugs prevented the
increase in portal pressure caused by blood transfusion in an experimental
model [29].

The therapeutic value of the different drugs available are difficult to com-
pare: the therapeutic schedules are heterogeneous, different methods are
compared in a different way (versus placebo, another vasoactive drug or a
combined treatment), the duration of the administration of the drugs might
differ, the time points when vasoactive drugs are administered with regards
to endotherapy are different (before or after endotherapy) and the primary
aims of the studies are different.
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Since the previous Baveno meeting, few new trials have been published.
Excellent meta-analyses by D’Amico et al. of emergency sclerotherapy ver-
sus vasoactive drugs [30] and Bãnares et al. about the value of combining
vasoactive drugs with endotherapy [31] have recently been published.

The different vasoactive drugs

Two different classes of medication that are currently used are terlipressin
and natural somatostatin or its analogues.

Terlipressin

Terlipressin is a long-acting derivate of vasopressin with considerably fewer
cardiovascular side effects. Terlipressin reduces portal pressure and this
effect is still significant 4 h after administration [32–34]. Meta-analyses
have demonstrated that terlipressin is more effective than placebo for con-
trol of variceal bleeding and that it improves survival of patients [35–37].
There is indirect evidence that terlipressin might prevent bleeding-induced
renal impairment and that in animals it protects the liver in case of septic
shock [38]. Terlipressin can provoke ischaemic complications and the drug
is contraindicated in case of a history of ischaemic heart disease, cardiac
rhythm disorders, arteriopathy of the lower limbs and a history of cerebral
vascular accidents [39].

Before starting terlipressin, an ECG is mandatory and cardiac monitor-
ing is necessary for high-risk patients. Terlipressin is given every 4 h intra-
venously depending on the weight: 1 mg if the weight is below 50 kg; 1.5 mg
if the weight is between 50 and 70 kg and 2 mg above a weight of 70 kg. The
dose is halved after bleeding has been controlled for 24 h, and may be main-
tained for 5 days to prevent early rebleeding. Terlipressin may offer an addi-
tional benefit to emergency sclerotherapy when given before endoscopy [10].

Somatostatin

Natural somatostatin reduces portal pressure and has been proven to reduce
HVPG during active bleeding [26,40–42].

Natural somatostatin is probably more effective than placebo for the
control of variceal bleeding [28,42,43]. No studies demonstrate an effect on
mortality. On the other hand, its efficacy on control of bleeding, prevention
of early rebleeding and mortality is probably similar to terlipressin [39].
Side effects are extremely rare. Somatostatin is administered intravenously
with a perfusion rate of 250 μg/h after a bolus of 250 μg/h. The infusion is
maintained for 1–5 days.



224 L. Laine et al.

Haemodynamic investigations have suggested that higher doses of
somatostatin might be more effective since a dose of 500 μg/h has a more
pronounced effect on portal pressure [40] and one study suggested that a
doses of 500 μg/h was more effective for control of bleeding when active
bleeding was identified at endoscopy [44]. Natural somatostatin has also
been shown to offer an additional beneficial effect when the drug is started
before endotherapy [28].

Octreotide

Octreotide is a synthetic analogue of natural somatostatin. Octreotide is used
in some countries especially because of availability. Octreotide is effective
in studies where it has been used together with an endoscopic treatment to
prevent early rebleeding [45–47]. Octreotide was not effective in the study
in which it has been compared with placebo as initial therapy [48].

There is controversy about the effect of the drug on portal pressure.
It appears that its effect on HVPG is not prolonged [49,50]. This can be
explained by a tachyphylaxis or a rapid desensitisation [51]. It is well estab-
lished that octreotide prevents an increase in portal pressure after a meal
[52,53].

Side effects with octreotide are rare and the drug is given in a continuous
infusion of 25–50 μg/h intravenously with (or without) an initial bolus of
50 μg, for up to 5 days, although the optimal dose has never been intensively
explored. No placebo-controlled trials have been published in the clinical
setting in which the drug is frequently used: before endotherapy.

Other analogues of somatostatin

Vapreotide and lanreotide are two analogues of somatostatin with a com-
parable affinity for the somatostatin receptors [54]. One study showed that
vapreotide used before endotherapy is more effective than placebo to control
variceal bleeding [55]. Lanreotide failed to improve the results of endoscopic
therapy in a very large cooperative, double-blind, placebo-controlled trial
which remains unpublished.

Still unsolved questions

Duration of pharmacological treatment

Vasoactive drugs have to be given at least until variceal haemorrhage has
been controlled, which means 24 h after the last signs of active bleeding.
Since vasoactive drugs are useful to prevent early rebleeding and this event
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occurs most frequently within the first days after the start of the bleeding, it
is rational to continue vasoactive drugs for 5 days, and many studies docu-
menting benefit have administered the drugs for 5 days. However, the opti-
mal duration of therapy has not been investigated adequately, especially
considering that most patients are treated with both vasoactive drugs and
endoscopic therapy.

Adapting doses

It has been suggested that increased doses of natural somatostatin are more
effective than standard doses when active bleeding is seen at endoscopy. So
the question arises whether doses of vasoactive drugs should be varied in
relation to early predictors of failure to control bleeding (e.g. active bleeding
at the time of endoscopy, high baseline portal pressure).

Conclusions

Vasoactive drugs are the first line treatment of variceal bleeding. They are
effective and safe. They should be used systematically and as soon as possible
in patients with suspicion of variceal bleeding. The available data regarding
terlipressin and somatostatin and its analogues do not permit conclusions
regarding the superiority of one vasoactive drug over the other.

ENDOSCOPY IN DIAGNOSIS AND THERAPY OF VARICEAL
BLEEDING

Timing of endoscopy

Early endoscopy is generally recommended in patients who present with
major upper GI bleeding, as defined by haemodynamic instability (e.g.
tachycardia, hypotension, orthostatic changes in pulse or blood pres-
sure). Haemodynamic instability, comorbidities and age are the three pre-
endoscopic independent predictors of rebleeding and death [56]. Although
early endoscopy (variably defined as 2–24 h after presentation) has been doc-
umented to lower costs when performed in low-risk patients (by allowing
early discharge or lower level of care if low-risk lesions are identified), benefit
in clinical outcomes has not been documented [57]. The significant benefit
of endoscopic therapy in high-risk patients suggests early endoscopy is ben-
eficial in those with high-risk clinical features, but this is unproven in RCTs.

Some investigators also suggest that any patient with upper GI bleeding
and the potential for variceal bleeding (e.g. known cirrhosis) should undergo
early endoscopy. This is based on several factors. Patients with varices not
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uncommonly bleed from non-variceal sources and the outcome with bleed-
ing from varices is much worse than with bleeding from non-variceal, non-
malignant sources. Therefore, documentation of the source (variceal versus
non-variceal) may provide important prognostic information and influence
management. Also, as mentioned, comorbidities such as cirrhosis increase
the risk of further bleeding and death. Endoscopic therapy is documented
to significantly improve outcome in variceal bleeding, so the presumption is
that earlier application of this therapy may be beneficial. However, no RCTs
provide evidence regarding early endoscopy in patients with the potential for
variceal bleeding.

Sclerotherapy

Endoscopic sclerotherapy controls active bleeding from varices in 62–100%
of patients and appears to be more effective than sham therapy or medical
therapywith vasopressin or balloon tamponade. Ameta-analysis of five stud-
ies (n = 251) [58–62] comparing sclerotherapy with sham, balloon tampon-
ade and/or vasopressin in patients with documented active bleeding revealed
significant benefits of sclerotherapy in terms of cessation of acute bleed-
ing (OR = 8.5, 95% CI: 3.6–20.0), rebleeding during hospitalisation or
2 weeks (OR = 0.36, 0.21–0.62) and mortality (OR = 0.57, 0.33–0.98)
(Laine L, personal communication). Thus, sclerotherapy does appear to
be beneficial in the acute treatment of patients with oesophageal variceal
bleeding.

More recent studies which compare sclerotherapy with somatostatin or
octreotide in acute variceal bleeding do not demonstrate significant differ-
ences in favour of sclerotherapy in the initial control of oesophageal variceal
bleeding [30]. A recent meta-analysis included eight studies comparing scle-
rotherapy to octreotide infusion given for 12 h to 5 days (except one study
that used subcutaneous octreotide) and five studies comparing sclerother-
apy to somatostatin infusion given for 2 days to 5 days [30]. The absolute
risk differences for sclerotherapy versus octreotide (failure to control bleed-
ing: −3%, 95% CI, −8% to 2%, mortality: 0, −5% to 5%) and versus
somatostatin (failure to control bleeding, −1%, −7% to 5%, mortality:
−3%, −10% to 5%) were not significant. In three somatostatin studies
the difference in serious adverse events favoured somatostatin (7%, 1%
to 13%). Other studies have documented however, that the addition of
octreotide [45–47,63] or somatostatin [28] improves the efficacy of scle-
rotherapy [28,45,47,63] and ligation [46], and that the addition of scle-
rotherapy improves the efficacy of somatostatin [64] in the treatment of
acute oesophageal variceal bleeding.
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Ligation versus sclerotherapy

Ligation is now considered to be more effective than sclerotherapy for
treatment of oesophageal varices. However, relatively little information
is available addressing this comparison in patients with active bleeding.
A meta-analysis looking at haemostasis in patients with actively bleeding
oesophageal varices revealed no significant difference (RR: 1.1, 95% CI:
0.4–2.9) [65]. However, the actively bleeding patients represented small sub-
sets from within larger studies and thus were not truly from RCTs in this
population. A single published randomised trial directly compares ligation
with sclerotherapy specifically in the population of patients presenting with
actively bleeding oesophageal varices [66]. Continued active bleeding (dur-
ing the 1st 72 h) was significantly more frequent in the sclerotherapy group
(24% versus 3%; RRR = 88%, ARR = 21% (95%CI: 6–36%), NNT = 5).

Ligation can sometimes be difficult to accomplish in patients with large
amounts of blood in the oesophagus. The outer cylinder placed on the tip of
the endoscope for ligation therapy may decrease the field of view, and blood
may fill the cylinder, further obscuring the endoscopist’s view. Therefore,
the initial treatment of patients with actively bleeding varices may some-
times be more easily accomplished with sclerotherapy than with ligation.
Ligation therapy can then be instituted at subsequent treatment sessions. In
a randomised study comparing ligation to sclerotherapy after initial control
of haemorrhage with sclerotherapy, ligation was found to have significantly
less rebleeding, fewer complications, and achieved eradication with fewer
sessions [67].

Tissue adhesives

Since the prior Baveno workshop, RCTs have been published that suggest
that tissue adhesives such as N-butyl-cyanoacrylate should be used for the
treatment of acute gastric variceal bleeding. Lo et al. randomly assigned
60 patients with bleeding gastric varices to N-butyl-2-cyanoacrylate ther-
apy or ligation [68]. Haemostasis was significantly better with cyanoacry-
late among the 26 patients presenting with acute variceal bleeding, and
other longer-term end points (rebleeding, transfusions, mortality) were also
improved in the overall group with tissue adhesive. Another randomised
trial comparing N-butyl-2-cyanoacrylate with sclerotherapy in 37 patients
had a subset of 17 patients with actively bleeding gastric varices [69]. Non-
significant trends in favour of tissue adhesive also were seen in this small
group, and variceal obliteration was significantly more common in the over-
all group (100% versus 44%).
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Conclusions

Early endoscopy is appropriate in patients with haemodynamically signif-
icant upper GI bleeding and also perhaps in those with the potential for
variceal bleeding (e.g. known cirrhosis). Ligation should be the initial endo-
scopic therapy employed in patients with acute or active oesophageal variceal
bleeding. If technical difficulty is encountered, sclerotherapy can then be
attempted; ligation should be used at subsequent treatment sessions. Co-
therapy with somatostatin or octreotide for 2–5 days appears to be beneficial
as compared to endoscopic therapy alone. Cyanoacrylate therapy appears
to be the treatment of choice for acute gastric variceal bleeding, if technical
expertise for this modality is available.

COMBINED PHARMACOLOGICAL AND ENDOSCOPIC
THERAPY

Endoscopic therapy, involving either injection sclerosis or band ligation, is
considered as one of the first choice interventions for acute variceal bleeding
[70]. On the other hand, vasoactive drugs, such as somatostatin and terli-
pressin, are as effective as endoscopic sclerotherapy for the arrest of the acute
episode of bleeding, prevention of early rebleeding, need for blood trans-
fusions and mortality [30]. Therefore, the combination of both modalities
of treatment is a theoretically attractive therapeutic alternative. Combina-
tion therapy adds the portal pressure lowering effect of drugs to the local
haemostatic effects of injection sclerosis or ligation. In the last few years sev-
eral trials have been developed aimed to answer the question as to whether
drugs may improve the outcomes of endoscopic therapy (Table 42). In addi-
tion, two systematic reviews and meta-analyses have recently been published
[30,31].

Comparison of endoscopic therapy versus combined pharmacological and
endoscopic therapy

Effect of combined therapy on initial haemostasis

Initial haemostasis is not uniformly defined across all randomised studies.
Only one study defined this variable – as recommended at the Baveno con-
sensus meetings – as a 24 h bleeding-free period within the first 48 h after
randomisation. In a recent meta-analysis, due to the lack of a homogeneous
definition in the RCTs [31], initial haemostasis was defined as the clinical
absence of continued bleeding within 6–48 h of treatment and was assessed
in four trials involving 559 patients [45–47,55].



TREATMENT OF ACUTE BLEEDING 229

T
ab

le
42

R
an

do
m
is
ed

co
nt
ro
lle

d
tr
ia
ls
co

m
pa

ri
ng

en
do

sc
op

ic
tr
ea
tm

en
ts

w
it
h
co

m
bi
ne

d
en

do
sc
op

ic
an

d
ph

ar
m
ac
ol
og

ic
al

tr
ea
tm

en
ts
.

In
it
ia
lh

ae
m
os
ta
si
s

5-
da

y
ha

em
os
ta
si
s

5-
da

y
m
or
ta
lit
y

St
ud

y,
ye
ar

D
ru
g

E
nd

os
co

pi
c

pr
oc

ed
ur
e

D
ru
g∗

(P
)†

(C
I)

C
on

tr
ol

∗
(P
)†

(C
I)

R
R

(C
I)

D
ru
g
(P
)

(C
I)

C
on

tr
ol

(P
)

(C
I)

R
R

(C
I)

D
ru
g
(P
)

(C
I)

C
on

tr
ol

(P
)

(C
I)

R
R

(C
I)

B
es
so
n,

O
C

T
25

μ
g/

h
In

je
ct

io
n

95
/9

8
(0

.9
7)

86
/1

01
(0

.8
5)

1.
14

87
/9

8
(0

.8
9)

76
/1

01
(0

.7
5)

1.
18

7/
98

(0
.0

7)
10

/1
01

(0
.1

0)
0.

72
19

95
IV

×
5

da
ys

sc
le

ro
si

s
(0
.9
1–

0.
99

)
(0
.7
7–

0.
91

)
(1
.0
4–

1.
24

)
(0
.8
1–

0.
94

)
(0
.6
6–

0.
83

)
(1
.0
3–

1.
35

)
(0
.0
3–

0.
14

)
(0
.0
5–

0.
17

)
(0
.2
9–

1.
82

)
Su

ng
,

O
C
T
50

μ
g

B
an

d
45

/4
7
(0
.9
6)

44
/4
7
(0
.9
4)

1.
02

41
/4
7
(0
.8
7)

26
/4
7
(0
.5
5)

1.
58

–
–

–
19

95
bo

lu
s
th
en

lig
at
io
n

(0
.8
5–

0.
99

)
(0
.8
2–

0.
99

)
(0
.9
3–

1.
13

)
(0
.7
4–

0.
95

)
(0
.4
0–

0.
70

)
(1
.1
9–

2.
08

)
50

μ
g/
h×

5
da

ys
Si
gn

or
el
li,

O
C
T
10

0
μ
g/
8
h

In
je
ct
io
n

–
–

–
50

/6
4
(0
.7
8)

19
/3
0
(0
.6
3)

1.
23

9/
64

(0
.1
4)

5/
30

(0
.1
7)

0.
84

19
96

SC
×

5
da

ys
sc
le
ro
si
s

(0
.6
6–

0.
87

)
(0
.4
4–

0.
80

)
(0
.9
1–

1.
67

)
(0
.0
7–

0.
25

)
(0
.0
6–

0.
35

)
(0
.3
1–

2.
30

)
SM

S
3.
5

μ
g/
kg

.h
IV

×
5
da

ys
C
er
ia
ni
,

O
C
T
12

.5
μ
g/
h

In
je
ct
io
n

–
–

–
22

/2
8
(0
.7
9)

16
/2
7
(0
.5
9)

1.
33

4/
28

(0
.1
4)

4/
27

(0
.1
5)

0.
96

19
97

IV
×

2
da

ys
sc
le
ro
si
s

(0
.5
9–

0.
92

)
(0
.3
9–

0.
78

)
(0
.9
2–

1.
92

)
(0
.0
4–

0.
33

)
(0
.0
4–

0.
34

)
(0
.2
7–

3.
47

)
Si
gn

or
el
li,

O
C
T
50

μ
g
bo

lu
s

In
je
ct
io
n

–
–

–
37

/4
4
(0
.8
4)

30
/4
2
(0
.7
1)

1.
18

–
–

–
19

97
th
en

25
μ
g/
h

sc
le
ro
si
s

(0
.7
0–

0.
93

)
(0
.5
5–

0.
84

)
(0
.9
3–

1.
48

)
IV

×
5
da

ys
A
vg

er
in
os
,

SM
S
50

0
μ
g
bo

lu
s

In
je
ct
io
n

–
–

–
42

/7
3
(0
.5
8)

24
/7
2
(0
.3
3)

1.
73

3/
73

(0
.0
4)

7/
72

(0
.1
0)

0.
42

19
97

th
en

25
0

μ
g/
h

sc
le
ro
si
s

(0
.4
5–

0.
69

)
(0
.2
3–

0.
45

)
(1
.1
8–

2.
53

)
(0
.0
1–

0.
12

)
(0
.0
4–

0.
19

)
(0
.1
1–

1.
57

)
IV

×
5
da

ys
Z
ub

er
i,

O
C
T
50

μ
g/
h

In
je
ct
io
n

33
/3
5
(0
.9
4)

30
/3
5
(0
.8
6)

1.
10

31
/3
5
(0
.8
9)

22
/3
5
(0
.6
3)

1.
41

1/
35

(0
.0
3)

1/
35

(0
.0
3)

1.
00

20
00

IV
×

5
da

ys
sc
le
ro
si
s

(0
.8
1–

0.
99

)
(0
.7
0–

0.
95

)
(0
.9
4–

1.
29

)
(0
.7
3–

0.
97

)
(0
.4
5–

0.
79

)
(1
.0
6–

1.
87

)
(0
.0
0–

0.
15

)
(0
.0
0–

0.
15

)
(0
.0
7–

15
.3
6)

C
al
es
,

V
P
50

μ
g
bo

lu
s

In
je
ct
io
n

72
/9
8
(0
.7
3)

53
/9
8
(0
.5
4)

1.
36

65
/9
8
(0
.6
6)

49
/9
8
(0
.5
0)

1.
33

5/
98

(0
.0
5)

7/
98

(0
.0
7)

0.
71

20
01

th
en

50
μ
g/
h

sc
le
ro
si
s

(0
.6
4–

0.
82

)
(0
.4
4–

0.
64

)
(1
.0
9–

1.
69

)
(0
.5
6–

0.
76

)
(0
.4
0–

0.
60

)
(1
.0
4–

1.
69

)
(0
.0
2–

0.
11

)
(0
.0
3–

0.
14

)
(0
.2
3–

2.
17

)
IV

×
5
da

ys
or

ba
nd

lig
at
io
n

Po
ol
ed

24
5/
27

8
(0
.8
8)

21
3/
28

1
(0
.7
6)

1.
10

37
5/
48

7
(0
.7
7)

26
2/
45

2
(0
.5
8)

1.
28

29
/3
96

(0
.0
7)

34
/3
63

(0
.0
9)

0.
73

da
ta

(0
.8
4–

0.
92

)
(0
.7
0–

0.
81

)
(1
.0
4–

1.
17

)†
†

(0
.7
3–

0.
81

)
(0
.5
3–

0.
63

)
(1
.1
8–

1.
39

)
(0
.0
5–

0.
10

)
(0
.0
7–

0.
13

)
(0
.4
5–

1.
18

)

R
R
,R

el
at
iv
e
ri
sk
;C

I,
95

%
co

nfi
de

nc
e
in
te
rv
al
;O

C
T
,o

ct
re
ot
id
e;

SM
S,

so
m
at
os
ta
ti
n;

V
P,

va
pr
eo

ti
de

∗ V
al
ue

s
ar
e
ex

pr
es
se
d
as

ra
te

of
ev
en

ts
/n
um

be
r
of

pa
ti
en

ts
†P

ro
po

rt
io
n
w
it
h
th
e
ou

tc
om

e
††

Fi
xe

d
ef
fe
ct

m
od

el



230 L. Laine et al.

Initial control of bleeding was more frequently achieved after combined
treatment than after isolated endoscopic therapy (88% versus 76%, RR:
1.12, 95% CI: 1.02–1.23), although significant heterogeneity among studies
was found.

Effect of combined therapy on 5-day haemostasis

Five-day haemostasis was evaluated in eight different randomised trials
[45–47,28,55,71,72] including 939 patients. The proportion of patients who
achieved control of bleeding at 5 days was greater in the combined ther-
apy group (77 versus 58%, RR: 1.28, 95% CI: 1.18–1.39). The beneficial
impact of combined therapy can be quantified by the number needed to
treat, which in this case was 5 (95% CI: 4–8). These data strongly suggest
that combination therapy improves the control of variceal bleeding. Sensi-
tivity analyses have shown that the beneficial effect persisted after exclusion
of trials with a substantial proportion of alcoholics or low-risk cirrhotic
patients, confirming the robustness of the overall estimation. The beneficial
effect of combined treatment on 5-day haemostasis seems to be greater than
that observed on initial haemostasis, suggesting that the principal contri-
bution of the additional drug therapy is related to the prevention of early
rebleeding.

Although the estimated overall effect includes different drugs and differ-
ent dosage regimes, which makes the interpretation of the beneficial effect of
a particular drug difficult, the lack of modification of the pooled effect after
sensitivity analysis makes the estimation robust.

Effect of combined therapy on blood transfusion requirements

According to the recommendations of the Reston consensus meeting [70],
the estimation of differences of blood transfusion requirements between
therapeutic arms is an important outcome when assessing the efficacy of
a therapeutic approach. However, the results of the randomised trials do
not allow to obtain an overall estimation of differences in transfusion
requirements.

Effect of combined therapy on mortality

The effect of combined endoscopic and drug therapy on mortality has been
assessed in twometa-analyses [31,73], assessing 5-day and 42-daymortality.

When assessing 5-day mortality, after pooling six RCTs (total
number of patients = 759), no significant reduction in mortality was
observed when comparing endoscopic versus combined therapy (RR: 0.65,
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95%CI: 0.35–1.20) [31]. Similarly, no differences were observed when eval-
uating 42-day mortality (RR: 0.86, 95% CI: 0.68–1.07) [73].

Table 42 summarises the overall estimation of effects of combined ther-
apy on haemostasis and survival.

Influence of combined therapy on adverse events

Adverse events were only adequately reported in three RCTs. The overall
number of severe adverse effects was similar in the combined and in the
endoscopic arm. In no case were severe adverse events associated to either
drug administration or required discontinuation of the drug. Inferences to
be drawn from available data on adverse effects were limited by a lack of
detailed information in the majority of trials. Further limiting factors were a
lack of uniform defining criteria and reporting side effects as total numbers
instead of on a per-patient basis. However it seems clear that the addition
of somatostatin and its derivatives is safe in the context of acute variceal
bleeding.

Interestingly, endoscopic sclerotherapy increases the risk of adverse
events when compared with somatostatin administration (absolute risk dif-
ference: 0.14, CI: 95% 0.07–0.22, number needed to be treated for harm:
7, CI: 95% 4–14). Taking into account this important issue, the compar-
ison of the combination of endoscopic and pharmacological therapy with
pharmacological therapy alone may be clinically relevant.

Comparison of pharmacological therapy versus combined pharmacological
and endoscopic therapy

Only two RCTs have compared these treatments [64,74]. The pooled results
showed that combined therapy improved control of bleeding (RR: 3.1,
95% CI: 1.2–8.3) with no influence on mortality (RR: 0.80, 95% CI: 0.37–
1.74). However, more adverse events were found in the combined therapy
group. These results should be confirmed in large-scale clinical trials.

Influence of endoscopic procedures on the outcomes of combined therapy

Variceal band ligation represents the current clinical practice [75,76] for the
endoscopic therapy of acute variceal bleeding and therefore the influence of
combined therapy in patients treatedwith band ligation should be specifically
assessed. Such combined therapy with band ligation and vasoactive drugs
has been compared only in two RCTs, preventing any firm conclusion in
this issue.
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Other aspects

Other important issues related to variceal bleeding such as cost of interven-
tions, duration of hospital stay, intensive care requirements and additional
intervention have not been uniformly assessed among the different RCTs.
Clearly, these aspects should be specifically assessed in the design of new
trials.

Conclusions and prospects for the future

Individual RCTs and systematic reviews have shown that the efficacy
of endoscopic therapy in achieving initial control of bleeding and 5-day
haemostasis is significantly improved when pharmacological treatment is
added to the therapeutic regime. However, this beneficial effect is not associ-
ated to a decrease inmortality. Therefore,more trials are needed to determine
further the advantages of combined therapy. The design of these future tri-
als should be aimed at comparing immediate combined therapy versus com-
bined therapy only when medical treatment fails. Another possible approach
is to examine if the addition of vasoactive drugs to band ligation improves
the efficacy of band ligation alone. These trials should take into account not
only control of bleeding, but also mortality, need of blood transfusions, cost,
intensive care unit requirements, and rescue therapy for rebleeding.

TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC
SHUNTS (TIPS) IN ACUTE VARICEAL BLEEDING

The first clear indication for TIPS was for ‘salvage’ therapy for patients
with uncontrolled variceal bleeding, and this still remains the indication for
which there seems little dispute. TIPS has controlled bleeding in 90–95% of
patients when used in this way, and 4-week survival has been approximately
50–60% [7].

However, until now there has been little evidence to guide the clinician
as to where in the management pathway TIPS should be placed: after one
episode of therapeutic endoscopy? or two?, and should it be used earlier
in patients with advanced liver disease who are more likely to rebleed, but
are also more likely to decompensate as a consequence of the shunt. The
large number of trials using TIPS for secondary prophylaxis against variceal
bleeding identified no survival benefit, and most randomised patients will
rebleed early, between 5 days and 7 days following the index bleed, so one
is talking about a situation even earlier in the bleeding episode.

These questions have been thrown into sharp focus by the ground-
breaking study of Monescillo et al. [78]. This group measured HVPG in
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116 patients admitted with cirrhosis between 1997 and 2000 within 24 h of
admission with a variceal bleed. Those patients with an HVPG > 20 mmHg
(a value previously identified as the best predictor of treatment failure and
1-year survival) [4] were then randomised into standard therapy (β-blockade
as secondary prophylaxis, and further sclerotherapy if there was an episode
of rebleeding) or TIPS procedure. In the non-TIPS high-risk group, TIPS was
allowed as rescue therapy.

The two high-risk groups were well matched with respect to age, sex,
Child–Pugh score, HVPG, volume of blood transfused prior to study and so
on. Early (uncovered) TIPS placement resulted in 3 (12%) versus 13 (50%)
treatment failures (p = 0.003). Early TIPS placement also significantly
reduced in-hospital and 1-year mortality: 11% versus 38% and 31% versus
65%, p = 0.02 and p = 0.01 respectively. The authors state that the inci-
dence of de novo encephalopathy was not different between the two groups.
Of note, mortality at 6 weeks and 1 year in the low-risk group was 3%
and 6%.

The significance of this trial can be highlighted at three different levels.
First, it prospectively confirms the utility of early HVPG measurement, as
well as the validity of a HVPG threshold predicting patients at high risk.
Second, this is the only study that has measured HVPG, and then instituted
a change in management in patients at high risk. Finally, it confirms the role
of early portal decompression in the management of variceal bleeding, as
originally proposed by Orloff [79].

This study clearly needs repeating, because if confirmed, it will signal
a real shift in the management of patients with variceal bleeding, and a
significant increase in the number of TIPS being placed. The question remains
whether it is ‘applicable’ to routine clinical practice – this was a very intensive
study and most hospitals would be unable to measure HVPG within 24 h,
in which case the patient will need to be transferred.

Alternatively, new trials using early TIPS can focus on a high-risk groups
selected according to clinical criteria, rather than on the less applicable mea-
surement of admission HVPG. Other areas of concern with the study were
the complete absence of banding, and perhaps the non-use of nitrates in com-
bination with β-blockers for secondary prevention. A minor, but for those
doing this procedure an important practical point, was that three patients
developed acute respiratory failure due to sedation for TIPS insertion. It is
the authors’ opinion that TIPS is better placed under general anaesthetic,
and that sedation alone does not provide a safe or comfortable environment
for operator or patient.

Stent technology has also evolved and PTFE covered stents (WL Gore,
Flagstaff, AZ) have been shown to have a significantly improved 1-year
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Table 43 Baveno IV – What are the most important areas of uncertainty in acute
variceal bleeding.

Five more voted:
1 Early TIPS and covered stents;
2 Best treatment for gastric varices (specially glue versus TIPS);
3 Potential of rFVIIa;
4 Treatment of patients with no active bleeding at time of endoscopy/under
drug therapy;
5 Prognostic factors/models for acute bleeding.

primary patency in an RCT compared with uncovered stents [80]. After a
median follow-up of 300 days, the clinical/haemodynamic event rates were
8/13% in the covered group and 29/44% in the uncovered group. Perhaps
surprisingly, encephalopathy rates were trending towards lower rates in the
patients with covered stents. These stents are more expensive, and the eco-
nomics of using covered stents in the emergency setting (where there remains
a high 40-day mortality) can be debated. Nonetheless, all reports confirm a
significantly reduced stenosis rate [81], and this new technology would seem
to add to the move towards early (?routine) TIPS placement in patients with
variceal bleeding who are deemed to be at high risk of rebleeding.

Finally, in the context of acute variceal bleeding, a retrospective study on
the management of ectopic varices has recommended the use of TIPS plus
variceal embolisation for these often difficult cases, even when the portal
pressure gradient has been reduced to < 12 mmHg [82].

AREAS OF UNCERTAINTY

Despite the advances made over the 5-years elapsed since Baveno III, there
remain important areas of uncertainty. Table 43 reports the five more impor-
tant, as voted by the participants at Baveno IV. It is clear that the answer to
these important questions will require the joint effort of many of the groups
present at this meeting, preferentially through cooperative RCTs. Some of
these (early TIPS, rVIIa, etc.) are already being conducted and results will
be available in the next couple of years. Hopefully, international meetings
such as Baveno IV will foster the required cooperation to provide evidence
for the remaining questions.
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Baveno IV Consensus Statements:
Treatment of the Acute Bleeding
Episode

Jaime Bosch, Loren Laine (Chairpersons), Rafael Bañares,
Norman Marcon, Frederik Nevens, Christine Silvain, David Patch
and Ramón Planas

Blood volume restitution

• Blood volume restitution should be done cautiously and conservatively
using plasma expanders to maintain haemodynamic stability and PRBC to
maintain the haemoglobin at approximately 8 g/dL, depending on other fac-
tors such as patients’ co-morbidities, age, haemodynamic status and presence
of ongoing bleeding clinically. (1b;A)
• Recommendations regarding management of coagulopathy and thrombo-
cytopenia cannot be made on the basis of currently available data. (5;D)

Use of antibiotics for preventing bacterial infections/spontaneous bacterial
peritonitis

• Antibiotic prophylaxis is an integral part of therapy for patients presenting
with variceal bleeding and should be instituted from admission. (1a;A)

Prevention of hepatic encephalopathy

• In patients who present or develop encephalopathy, this should be treated
with lactulose/lactitol or other drugs. (5;D)
• There are no studies evaluating the usefulness of lactulose/lactitol for the
prevention of hepatic encephalopathy. (5;D)

Assessment of prognosis

• No adequate prognostic model has been developed to predict outcomes.
(2b;B)
• No individual characteristic sufficiently predicts prognosis. (2b;B)
• Child–Pugh class, active bleeding at endoscopy, hepatic venous pres-
sure gradient (HVPG), infection, renal failure, severity of initial bleeding,
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presence of portal vein thrombosis or of hepatocellular carcinoma (HCC)
and ALT have been identified as indicators of poor prognosis. (2b;B)

Timing of endoscopy

• Endoscopy should be performed as soon as possible after admission
(within 12 h), especially in patients with clinically significant bleeding or
in patients with features suggesting cirrhosis. (5;D)

Use of balloon tamponade

• Balloon tamponade should only be used in massive bleeding as a tempo-
rary ‘bridge’ until definitive treatment can be instituted (for a maximum of
24 h, preferably in an intensive care facility). (5;D)

Pharmacological treatment

• In suspected variceal bleeding, vasoactive drugs should be started as soon
as possible – before diagnostic endoscopy. (1b;A)
• Vasoactive drug therapy (terlipressin, somatostatin, vapreotide, octreotide)
should be maintained in patients with oesophageal variceal bleeding for 2 to
5 days. (1a;A)

Endoscopic treatment

• Endoscopic therapy is recommended in any patient who presents with
documented upper GI bleeding and in whom oesophageal varices are the
cause of bleeding. (1a;A)
• Ligation is the recommended form of endoscopic therapy for acute
oesophageal variceal bleeding although sclerotherapy may be used in the
acute setting if ligation is technically difficult. (1b;A)
• Endoscopic therapy with tissue adhesive (e.g. N-butyl-cyanoacrylate) is
recommended for acute gastric variceal bleeding. (1b;A)
• Endoscopic treatments are best used in association with pharmacological
therapy, which preferably should be started before endoscopy. (1a;A)

Management of treatment failures

• Failures of initial therapy with combined pharmacological and endoscopic
therapy are bestmanaged by a second attempt at endoscopic therapy or TIPS.
(preferably with PTFE covered stents) (2b;B)
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Areas requiring further study (5;D)

• Optimal duration of vasoactive drug therapy.
• Effectiveness of early TIPS placement and of covered stents.
• Best treatment for gastric varices (especially glue versus TIPS).
• The potential of rFVIIa.
• The best treatment of patients with no active bleeding at time of endoscopy
on drug therapy.
• Prognostic factors/models for acute bleeding (MELD score, variceal size,
age, aetiology of portal hypertension and other co-morbidities).



LECTURE

Spontaneous Bacterial
Peritonitis/Infections in Cirrhosis

Miguel Navasa and Juan Rodés

SPONTANEOUS BACTERIAL PERITONITIS

Spontaneous bacterial peritonitis (SBP) is defined as the infection of a pre-
viously sterile ascitic fluid, without any apparent intraabdominal source of
infection. The prevalence of SBP in unselected cirrhotic patients with ascites
admitted to a hospital ranges between 10% and 30% [1]. Diagnosis of SBP is
established by a polymorphonuclear (PMN) cell count in ascitic fluid higher
than 250 cells/mm3. In approximately 50% to 60% of the cases the organ-
ism responsible is isolated in ascitic fluid culture or in blood cultures. The
remaining cases are considered as a variant of SBP and are treated in the same
way as those with a positive culture [2]. The outcome of cirrhotic patients
with SBP has dramatically improved during the last 20 years. At present,
the SBP resolution rate ranges between 70% and 90% and hospital survival
ranges between 50% and 70% [1]. An early diagnosis of SBP and, specially,
the use of a more adequate antibiotic therapy, are the most likely reasons
for the improvement in SBP prognosis. However, despite the resolution of
the infection, the mortality rate of SBP is still high (30%), mainly due to
the development of some complications such as renal impairment, gastro-
intestinal bleeding and progressive liver failure. Cirrhotic patients recovering
from an episode of SBP should be considered as potential candidates for liver
transplantation since the survival expectancy after this bacterial infection is
very short.

Pathogenesis

Colonisation of the ascitic fluid from an episode of bacteriaemia is nowadays
the most accepted hypothesis on the pathogenesis of SBP [1,3]. Although the
passage of micro-organisms from the bloodstream to ascites has never been
documented, it can be assumed that bacteria present in the circulation may
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easily pass to the ascites because of the constant fluid exchange between these
two compartments. Once bacteria have reached the ascites, the development
of SBP depends on the antimicrobial capacity of the ascitic fluid. Patients
with a decreased defensive capacity of ascitic fluid develop SBP.

Since most organisms causing SBP are Gram-negative bacteria of enteric
origin [1,2], several pathogenic mechanisms have been proposed to explain
the passage of enteric organisms from the intestinal lumen to the systemic
circulation: (1) Bacterial translocation, or the process by which enteric bac-
teria normally present in the gastrointestinal lumen can cross the mucosa
and colonise the mesenteric lymph nodes (MLN) and reach the bloodstream
through the intestinal lymphatic circulation. Bacterial translocation could be
the consequence of the intestinal bacterial overgrowth (IBO) that leads to an
increase in aerobic Gram-negative bacilli in the jejunal flora in cirrhosis and
of the possible alteration in gut permeability due to portal hypertension or
to circumstances decreasing mucosal blood flow (e.g. acute hypovolaemia or
splanchnic vasoconstrictor drugs); (2) The depression of the hepatic reticulo-
endothelial system which allows the free passage of micro-organisms from
the bowel lumen to the systemic circulation via the portal vein and prolongs
bacteriaemia. The skin, the urinary tract and the upper respiratory tract may
be the sites by which non-enteric bacteria enter the circulation and cause
SBP. This pathogenic mechanism is enhanced in many cases by diagnostic
or therapeutic procedures which break the natural mucocutaneous barriers.
Whatever the source of the bacteria reaching the bloodstream, a bacter-
aemic event is more prolonged and, therefore, may more readily become
clinically significant in cirrhotic than in non-cirrhotic patients, because of
the marked depression of the reticuloendothelial system in the former. As
indicated above, once micro-organisms have colonised the ascites, the devel-
opment of SBP depends on the defensive capacity of the ascitic fluid.

Bacterial translocation

It has been shown that in CCl4-induced cirrhotic rats with ascites there is
an increased passage of bacteria from the intestinal lumen to extraintesti-
nal sites, including regional lymph nodes and the systemic circulation [3–8].
Causes for bacterial translocation are a disruption of the intestinal perme-
ability barrier, IBO and/or a decrease in host immune defences. The simul-
taneous presence of IBO and a severe disturbance in the intestinal barrier
seem to be required for bacterial translocation to MLN [4,5]. The alteration
in gut permeability could be partially due to portal hypertension that causes
marked oedema and inflammation in the submucosa of the caecum in cir-
rhotic rats with ascites, thus facilitating bacterial translocation [8]. Changed
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permeability of the intestinal mucosa has also been seen in haemorrhagic
shock, sepsis, injury or administration of endotoxin. In portal hypertensive
rats [8,9] it has been shown that haemorrhagic shock is followed by increased
bacterial translocation to MLN suggesting that haemorrhagic shock, a not
infrequent event in cirrhotic patients, could alter the intestinal barrier in
these animals. Gram-negative bacilli overgrowth has been demonstrated in
the jejunal flora of cirrhotic patients [5]. The intestinal hypomotility caused
by the sympathetic overactivity of cirrhotic patients could, at least partly,
explain this fact [5]. The change in the intestinal floramay increase the chance
of aerobic Gram-negative bacteria invading the bloodstream and cause infec-
tions of enteric origin in patients with cirrhosis. In these patients, bacterial
translocation toMLN seems to be related to the presence of ascites and to the
degree of hepatic insufficiency, since it is significantly increased in Child C
patients [10].

Depression of activity of the reticuloendothelial system

Although the reticuloendothelial system is widely distributed throughout
the body, approximately 90% of this defensive system is in the liver, where
Kupffer cells and endothelial sinusoidal cells are the major components [11].
Cirrhotic patients may have marked depression of the reticuloendothelial
system function. In addition, it has been shown that survival and the risk of
acquiring bacteraemia and SBP in cirrhosis are directly related to the degree
of dysfunction of the reticuloendothelial system in these patients [12,13].

Several mechanisms have been proposed to explain the impairment of the
phagocytic activity of the reticuloendothelial system in cirrhosis, including
intrahepatic shunting, a reduction in the phagocytic capacity of monocytes,
which are considered as the Kupffer cell precursors, and an impaired func-
tion of macrophage Fc gamma receptors in alcoholic cirrhosis [11,14,15].
Serum opsonic activity has been found to be markedly reduced in most cir-
rhotic patients, probably as a consequence of a decreased serum concen-
tration of complement and fibronectin, substances that normally stimulate
the phagocytosis of micro-organisms by enhancing their adhesiveness to the
reticuloendothelial cell surface.

Decreased opsonic activity of the ascitic fluid

The non-specific antimicrobial capacity of ascitic fluid in cirrhosis varies
greatly from patient to patient and this variability may be involved in the
pathogenesis of SBP. There is a highly significant inverse correlation between
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the opsonic activity of ascitic fluid and the risk of developing SBP in patients
admitted to the hospital with ascites [16].

The opsonic activity of ascitic fluid in cirrhosis is directly correlated with
the total protein level in ascites and with the concentration of defensive
substances, such as immunoglobulins, complement and fibronectin [16–21].
Interestingly, several investigators have found that the concentration of total
protein in ascitic fluid, a very easymeasurement in clinical practice, correlates
inversely with the risk of SBP in cirrhosis with ascites. Patients with protein
concentration in ascitic fluid below 10 g/L develop peritonitis during hospi-
tal stay with a significantly higher frequency than those with a higher pro-
tein content (15% versus 2%, respectively) [17] and the cumulative 1-year
probability of developing peritonitis during long-term follow-up is signif-
icantly greater in this subgroup of cirrhotic patients than in those with an
ascitic protein concentration over 10 g/L (20% versus 2%, respectively) [20].
Finally, the probability of the first episode of SBP in cirrhotic patients with
ascites is significantly influenced by the antimicrobial capacity of ascitic fluid
and by hepatic function, being ascitic fluid protein levels, platelet count and
serum bilirubin levels the most useful indicators of high-risk of spontaneous
peritonitis [21,22].

The variation in the antimicrobial properties of ascites could be related
(1) to the serum levels of the defensive proteins involved in antibacterial
mechanisms of ascitic fluid; (2) to the degree of portal hypertension and
hepatic insufficiency and (3) to the volume of water diluting ascitic fluid
solutes. This last possibility is supported by the finding that diuretic-induced
reduction of water in ascitic fluid increases the total protein concentration
and the antibacterial capacity of ascites, and by the common observation
in clinical practice that SBP occurs predominantly in cirrhotic patients with
large-volume ascites.

Neutrophil leukocyte dysfunction

A high proportion of cirrhotic patients show altered neutrophil leukocyte
function at different levels. The most frequent disturbance is a marked
reduction of chemotaxis, probably caused by the presence of chemotactic
inhibitory substances in the serum. The nature of these substances has not yet
been determined. Furthermore, the phagocytic and bacterial killing capacity
of neutrophils has been found to be reduced in cirrhosis [23]. However, since
infections which frequently develop in patients with congenital or acquired
neutrophil-function abnormalities (mainly chronic granulomatous diseases
and recurrent staphylococcal and fungal infections) are very different from
those developed by cirrhotic patients, it seems very unlikely that leukocyte
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dysfunction plays a major role in the susceptibility of cirrhosis to bacterial
infections.

Iatrogenic factors

In addition to procedures well known to predispose to infection such as
intravenous or urethral catheters, cirrhotic patients are frequently subjected
to other diagnostic or therapeutic manoeuvres which may alter the nat-
ural defence barriers and, therefore, increase the risk of bacterial infec-
tion. Endoscopic sclerotherapy for bleeding oesophageal varices, partic-
ularly emergency sclerotherapy, is associated with bacteraemia, with an
incidence ranging from 5% to 30% [22,23]. Although, in some cases,
sclerotherapy has been implicated in the development of serious infec-
tious complications such as purulent meningitis and bacterial peritonitis,
bacteraemia is usually a transient phenomenon and the use of prophy-
lactic antibiotics is not recommended. The placement of a transjugular
intrahepatic portosystemic stent for the treatment of bleeding oesophageal
varices is not associated with the development of significant bacterial infec-
tions. However, cirrhotic patients with a peritoneovenous shunt (LeVeen
shunt) frequently develop infectious complications, particularly sponta-
neous bacteraemia and peritonitis. In several series, the incidence of bac-
terial infections after the insertion of a LeVeen shunt for the treatment
of ascites was approximately 20% [1]. Finally, there is a very low risk
of clinically relevant infection with other invasive techniques often per-
formed in these patients, such as diagnostic or therapeutic paracentesis and
endoscopy.

Diagnosis

Clinical characteristics

The clinical presentation of SBP probably depends on the stage at which
the infection is diagnosed. Most patients present signs or symptoms clearly
suggestive of peritoneal infection, although SBP may be asymptomatic, espe-
cially in the initial stages. Abdominal pain and fever are the most charac-
teristic symptoms. Other signs and symptoms such as alterations in gastro-
intestinal motility (vomiting, ileus and diarrhoea), hepatic encephalopathy,
gastrointestinal bleeding, renal impairment, septic shock and hypothermia
may be present in a high number of patients [1,24]. Diagnostic paracente-
sis should be performed on hospital admission in all cirrhotic patients with
ascites to investigate the presence of SBP, and in hospitalised patients with
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ascites whenever they present any of the following: (1) abdominal pain, vom-
iting, diarrhoea, ileus or rebound tenderness; (2) systemic signs of infection
such as fever, leukocytosis or septic shock and (3) hepatic encephalopathy
or impairment in renal function [24].

Laboratory and microbiological data

The diagnosis of SBP is based on clinical suspicion and on ascitic fluid anal-
ysis. An ascitic fluid PMN count ≥ 250 cells/mm3 is nowadays considered
diagnostic of SBP and constitutes an indication to empirically initiate antibi-
otic treatment. In patients with haemorrhagic ascites a subtraction of one
PMN per 250 red blood cells should be made to adjust for the presence of
blood in ascites [24].

The measurement of lactic dehydrogenase concentration, glucose levels
and total protein concentration in ascitic fluid is important to establish a
differential diagnosis between spontaneous and secondary peritonitis. A sec-
ondary peritonitis should be suspected when at least two of the following
features are present in ascitic fluid: glucose levels < 50 mg/dL, protein con-
centration > 10 g/L, lactic dehydrogenase concentration > normal serum
levels.

Gram’s stain of a smear of sediment obtained after centrifugation of
ascitic fluid is frequently negative in SBP, as the concentration of bacteria
is usually low (1 organism/mL or less). Nevertheless, it may be helpful in
identifying patients with gut perforation in whom multiple types of bacteria
can be seen [24].

Culture of ascitic fluid directly into blood culture bottles (aerobic and
anaerobic media) at the bedside is positive in between 50% and 80% of the
cases. Moreover, blood cultures are positive in a significant proportion of
patients with SBP. Table 44 shows the most common organisms isolated in
patients with SBP. Other alterations in systemic laboratory parameters such
as, leukocytosis, azotaemia and acidosis can be seen in cirrhotic patients
with SBP.

Treatment

Antibiotic therapy must be started once the diagnosis of SBP is established.
Empirical treatment should cover all potential organisms responsible for SBP
without causing adverse effects. At present, third generation cephalosporins
are considered the gold standard in the treatment of SBP in cirrhosis. How-
ever, other antibiotics are also effective in the treatment of this infective
complication (Table 45), [25–34].
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Table 44 Microorganisms responsible for spontaneous bacterial peritonitis.

Culture-positive SBP 67%
Gram-negative bacilli 50%
E.coli 37%
Klebsiella sp. 6%
Others 7%

Gram-positive cocci 17%
S. pneumoniae 10%
Other streptococci 6%
S. aureus 1%

Culture negative SBP 33%

Table 45 Spontaneous bacterial peritonitis outcome depending on the different
antibiotic therapy employed [25–34].

SBP resolution Superinfection Hospital
Antibiotic rate (%) (%) survival (%)

Cefotaxime (i.v.)
2 g/4 h 86 0 73
2 g/6 h 77 1 69
2 g/12 h 79 1 79
2 g/8 h/5 days 93 0 67
2 g/8 h/10 days 91 0 58

Ceftriaxone (i.v.) 91 0 70
Cefonicid (i.v.) 94 0 63
Amoxicillin–clavulanic 85 7 63

acid (i.v.)
Aztreonam (i.v.) 71 14 57
Ofloxacin (oral) 84 1 81

Intravenous albumin infusion in SBP

A randomised multicentre controlled trial has demonstrated that in patients
with SBP, treatment with intravenous albumin in addition to an anti-
biotic reduces the incidence of renal impairment and improves hospital
survival [35]. The study included 126 patients with SBP, who were ran-
domly assigned to treatment with intravenous cefotaxime (63 patients) or
with cefotaxime and intravenous albumin (63 patients). Albumin was given
at a dose of 1.5 g per kilogram of body weight at the time of diagnosis,
followed by 1 g per kilogram of body weight on day 3. Renal impair-
ment developed in 21 patients in the cefotaxime group (33%) and in 6 in
the cefotaxime-plus-albumin group (10%). The hospital mortality rate was
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29% in the cefotaxime group in comparison with 10% in the cefotaxime-
plus-albumin group. The results of this study suggest that cirrhotic patients
with SBP should be expanded with albumin. However, further studies are
needed to determine whether lower doses of albumin have the same effects
on renal function and survival, and if albumin can be substituted by arti-
ficial plasma expanders. In addition, it would be important to know those
patients with SBPwhomay benefit from albumin infusion or if this treatment
should be applied to all SBP patients. In this sense it should be noted that
the incidence of renal impairment among patients with a baseline biliru-
bin level of less than 4 mg/dL and a creatinine level of less than 1 mg/dL
was very low in both treatment groups (7% and 0% in the cefotaxime and
cefotaxime + albumin groups, respectively). Therefore, patients with abnor-
mal renal function (BUN > 30mg/dL and/or creatinine > 1.0mg/dL) and/or
high bilirubin levels (> 4mg/dL) appear to be the subgroup of patients
with SBP who derive the most benefit from volume expansion with albu-
min. Since renal dysfunction is a result of an aggravation in vasodilatation
and a decrease in effective arterial blood volume, procedures that lead to
a decreased effective blood volume, such as the use of diuretics and large-
volume paracentesis, should be avoided.

Prophylaxis

Current indications of selective intestinal decontamination in SBP prevention
are summarised in Table 46. Cirrhotic patients with gastrointestinal haemor-
rhage are predisposed to develop severe bacterial infections during or imme-
diately after the bleeding episode. Short-term intestinal decontamination is

Table 46 Indications and duration of selective intestinal decontamination for the
prevention of SBP in cirrhotic patients.

Indications Duration of prophylaxis

Cirrhotic patients recovering from a Indefinitely or until liver
previous episode of SBP transplantation
(secondary prophylaxis)

Cirrhotic patients with gastrointestinal bleeding 7 days
Cirrhotic patients with ascites and During hospitalisation

low ascitic fluid protein levels (≤ 10 g/L) (no consensus)
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effective in preventing SBP in cirrhotic patients with gastrointestinal haem-
orrhage [36,37]. The usefulness of systemic administration of prophylac-
tic antibiotic agents in cirrhotic patients with gastrointestinal haemorrhage
has also been investigated in three controlled studies. In these studies the
treated groups received ofloxacin (initially intravenously and then orally)
plus amoxicillin–clavulanic acid (before each endoscopy), ciprofloxacin plus
amoxicillin–clavulanic acid (first intravenously and then orally once the
bleeding was controlled) and oral ciprofloxacin, respectively [38–40]. The
incidence of bacterial infections was significantly lower in the treated groups
(10–20%) than in the corresponding control groups (45–66%). A relative
limitation in these studies was the inability to assess the effect of antibiotic
prophylaxis specifically on SBP since the incidence of both SBP and bac-
teraemia were analysed together. Nevertheless, the marked decrease in the
rate of overall infections and the improvement in survival in the groups
receiving antibiotic prophylaxis support such prophylaxis being strongly
recommended in cirrhotic patients with gastrointestinal haemorrhage inde-
pendently of their specific risk of SBP [24]. Furthermore, a meta-analysis
including all the above-mentioned studies showed a significant benefit in
the subgroup of cirrhotic patients with ascites and gastrointestinal haemor-
rhage: 95% of patients were free of SBP in the treated group versus 87% in
the control group [41].

Cases with low ascitic fluid total protein concentration may be a sec-
ond group of cirrhotic patients who may benefit from selective intestinal
decontamination. In 63 patients admitted to hospital for the treatment of an
episode of ascites with an ascitic fluid total protein concentration lower than
15 g/L, some of whom had had a previous episode of SBP, the continuous
administration of norfloxacin, 400 mg/day throughout the hospitalisation
period (32 patients), decreased the in-hospital incidence of SBP from 22%
in the control group to 0% in the treated group [42]. In cirrhotic patients
with ascitic fluid protein concentration < 15 g/L and no previous episodes
of SBP, the 6-month incidence of SBP was 0% in the group of patients pro-
phylactically treated with norfloxacin, 400 mg/day for 6 months, compared
to 9% in patients treated with placebo. Nevertheless, the difference in the
incidence of SBP caused by Gram-negative organisms (the only one which
theoretically can be prevented by norfloxacin prophylaxis) between the two
groups was not statistically significant: 0% in the norfloxacin-treated group
and 5% in the placebo-treated group [43].

Other antibiotic regimes have been evaluated in the prevention of SBP in
high-risk patients. A placebo-controlled study demonstrated that 6-month
prophylaxis with ciprofloxacin, 750 mg weekly, was effective in reducing
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the incidence of SBP in cirrhotic patients with low protein concentration
in ascitic fluid: 4% in the treated group and 22% in the placebo-control
group [44]. In this study, patients with and without a prior history of SBP
were included together and no attempt was made to evaluate the develop-
ment of SBP in these two subgroups of patients separately. Trimethoprim–
sulfamethoxazol (one double-strength tablet 5 days a week) is also effec-
tive in the prevention of SBP in cirrhotic patients with ascites [45]. In a
randomised controlled trial with a medium follow-up of only 90 days, the
incidence of SBP was 26.7% in the control group and 3.3% in the group
of patients receiving trimethoprim–sulfamethoxazole prophylaxis. Again,
patients with different risk for SBP were analysed together: patients with
low and high ascitic fluid protein and patients who have had and patients
who have not had previous SBP episodes.

Patients recovering from an episode of SBP represent a unique population
to assess the effect of long-term intestinal decontamination in the prophy-
laxis of SBP. In a double-blind placebo-controlled trial including 80 cirrhotic
patients who had recovered from an episode of SBP, the overall probability
of SBP recurrence at 1 year of follow-up was 20% in the norfloxacin group
and 68% in the placebo group and the probability of SBP caused by aerobic
Gram-negative bacilli at 1 year of follow-up was 3% and 60%, respectively.
Only one patient treated with norfloxacin experienced side effects related
to treatment (oral and oesophageal candidiasis) [46]. Long-term selective
intestinal decontamination, therefore, dramatically decreases the rate of SBP
recurrence in patients with SBP. Three recent economic analyses have calcu-
lated that long-term antibiotic prophylaxis in cirrhotic patients is associated
with a reduced cost compared with the ‘diagnose and treat’ strategy, suggest-
ing that prophylaxis is cost-effective when applied to patients at high-risk of
developing SBP [47–49].

Taking into account all these prophylactic studies, it can be assumed that
antibiotic prophylaxis in cirrhotic patientswith ascites is indicated in patients
who have had a previous episode of SBP because they are at high-risk of SBP
recurrence and because prophylaxis is cost-effective. In patients with low
protein content in ascitic fluid who have never had SBP, the recommenda-
tion is difficult to establish due to the heterogeneity of the published studies
which included patients with low and high-risk of SBP together. This is the
main reason for the lack of consensus since, despite the positive results of
all the studies investigating different antibiotics in the prophylaxis of SBP in
patients with cirrhosis, they have been unable to identify subsets of patients
who clearly benefit from this therapy. On the other hand, it should be noted
that three studies have been performed assessing the incidence and predictive
factors of the first episode of SBP in cirrhotic patients with ascites, and they
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may help in deciding whether a patient should initiate antibiotic prophy-
laxis. In a series of 127 patients admitted to hospital for the treatment of an
episode of ascites, the probability of the appearance of the first episode of
SBP was 11% at 1 year and 15% at 3 years of follow-up [20]. Five variables
obtained at admission were significantly associated with a higher risk of
SBP appearance during follow-up (poor nutritional status, increased serum
bilirubin levels, decreased prothrombin activity, increased serum AST levels
and low ascitic fluid protein concentration) but only one (low ascitic fluid
protein concentration) showed an independent predictive value. The 1-year
and 3-year probabilities of the first episode of SBP in patients with ascitic
fluid protein content lower than 10 g/L were 20% and 24%whereas in those
with ascitic fluid protein content equal to or greater than 10 g/L they were
0% and 4%, respectively. A clear conclusion from this study is that long-
term prophylactic administration of antibiotics is not necessary in patients
with protein content in ascitic fluid greater than 10 g/L, in whom the risk
of developing SBP is negligible. In a similar study performed in 110 con-
secutive cirrhotic patients hospitalised for the treatment of an episode of
ascites [21], six variables associated with a higher risk of first SBP appear-
ance during follow-up were identified: serum bilirubin > 2.5 mg/do, pro-
thrombin activity < 60%, ascitic fluid total protein concentration < 10 g/L,
serum sodium concentration < 130 meq/L, platelet count < 116,000/mm3

and serum albumin concentration < 26 g/L. However, only two (ascitic fluid
protein concentration and serum bilirubin) showed an independent predic-
tive value. In a recent study, cirrhotic patients with low ascitic fluid protein
levels (≤ 10 g/L) and high serum bilirubin level (> 3.2 mg/dL) and/or low
platelet count (< 98,000/mm3) presented a 1-year probability of developing
a first SBP of 55% in comparison with 24% of patients with only low ascitic
fluid protein levels. Three studies, therefore, indicate that cirrhotic patients
with ascites who are at risk of developing a first episode of SBP can be iden-
tified using routine biochemical parameters and might benefit from selective
intestinal decontamination. However, the efficacy of antibiotic prophylaxis
in these high-risk patients should be adequately investigated in prospective
randomised trials.

A second reason for the lack of consensus in the prophylaxis of SBP,
particularly in those patients who have never had a previous episode of
SBP, is the problem of the development of quinolone-resistant enterobac-
teria. A review of the published data indicates that from an initial stage
when norfloxacin prophylaxis was considered effective and not associated
with the development of quinolone-resistant bacteria, we have moved to a
final stage in which quinolone-resistant bacteria may cause severe infections
in these patients. Initial studies suggested that the risk of developing SBP
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or other infections caused by quinolone-resistant strains of Gram-negative
bacilli was low, since the majority of SBP recurrences in patients on nor-
floxacin prophylaxis were caused by Gram-positive cocci, mainly strepto-
cocci [46,50,51]. Thereafter, a high incidence of quinolone-resistant strains
of E. coli in stools of cirrhotic patients undergoing long-term quinolone-
prophylaxis was reported in several studies, although none of these studies
reported any infection due to quinolone-resistant E. coli. In 1997, the first
study on long-term norfloxacin prophylaxis in SBP was published, which
showed a relevant emergence of infections, mainly mild urinary infections,
caused by Gram-negative bacilli resistant to quinolones (90% of E. coli iso-
latedwere resistant to quinolones) [52].More recently it has been shown that
39 out of 106 infections caused by E. coli in hospitalised cirrhotic patients
were quinolone-resistant, being long-term norfloxacin prophylaxis signifi-
cantly associated with the development of infections (mainly urinary tract
infections (UTI)) caused by quinolone-resistant E. coli. However, develop-
ment of SBP due to quinolone-resistant E. coli in decontaminated patients
was scarcely reported [53].

Data from a study performed in our Liver Unit, which prospectively
evaluated all bacterial infections occurring in a 2-year period, show a clear
relationship between the development of SBP caused by quinolone-resistant
Gram-negative bacilli and long-term treatment with norfloxacin [54]. In
patients on long-term norfloxacin prophylaxis, 50% of culture-positive
SBP were caused by quinolone-resistant Gram-negative bacilli, whereas
only 16% of culture-positive SBP in patients not receiving this prophy-
laxis were caused by these resistant bacteria. Although in this study SBP
caused by quinolone-resistant Gram-negative bacilli only represented 26%
of the culture-positive SBP, quinolone-resistant SBP seems to emerge for the
first time as a real problem in hepatology and probably, it will increase in
the near future. This study also showed a high rate of culture-positive SBP
caused by trimethoprim–sulfamethoxazole-resistant Gram-negative bacteria
in patients on long-term treatment with norfloxacin (44%), suggesting that
this antibiotic is not an alternative to norfloxacin. These results suggest that
the effectiveness of norfloxacin is decreasing in the prevention of SBP in cir-
rhotic patients, and therefore this should be considered as an alarm signal.
Actually, this situation was expected from what occurred in the general pop-
ulation or in neutropenic patients. An interesting point in the evolution of
quinolone resistance in patients with cirrhosis receiving prophylaxis with
norfloxacin has been the maintenance of its efficacy despite the evidence
that norfloxacin was unable to maintain a selective intestinal decontamina-
tion. This is the main argument favouring the use of this antibiotic in the
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prophylaxis of infections caused byGram-negative bacilli. Different explana-
tions have been proposed for this phenomenon, including a reduction in the
intestinal overgrowth, a diminution in the bacterial adhesion resulting in a
decreased translocation capacity and a favourable effect of quinolones upon
non-specific immune defences. However, it is possible that the continuous
utilisation of quinolones has promoted an accumulation of factors involved
in quinolone resistance. Actually,E. coli quinolone resistance, initially linked
to mutation located in a region of gyrA known as the quinolone-resistance
determining region, was subsequently linked to other factors responsible for
quinolone resistance (double mutation in DNA gyrase A, mutations in gyrB,
mutations in parC and changes in the permeation of quinolones). Therefore,
it is possible that different factors involved in quinolone resistance acting
together are now responsible for the decrease in its efficacy in the prophy-
laxis of bacterial infections in cirrhosis.

Our study also showed no significant differences in the resolution rate
of infections caused by E. coli resistant to quinolones in comparison with
the resolution rate of those due to sensitive strains. The absence of cross-
resistance between quinolones and other antibiotics commonly used to
treat these bacterial infections, such as third generation cephalosporins,
could explain this finding (SBP resolution rate: 92% versus 91%). The
fact that none of the E. coli isolated in patients undergoing long-term
quinolone prophylaxis was resistant to third generation cephalosporins
reinforces the idea that this antibiotic constitutes the elective treatment
for bacterial infections not only in non-decontaminated cirrhotic patients
but also in those undergoing selective intestinal decontamination with
quinolones. On the other hand, the high incidence of quinolone and
trimethoprim–sulfamethoxazole-resistant strains ofE. coli isolated in decon-
taminated cirrhotic patients, underlines the necessity of restricting the
administration of prophylactic antibiotics only to those patients at the
greatest risk of SBP. The increasing emergence of infections caused by
quinolone and trimethoprim–sulfamethoxazole-resistant strains of Gram-
negative bacilli also suggests that the effectiveness of these antibiotics
may decrease with time due to their widespread use. In this way, further
studies are needed to evaluate alternative prophylactic measures such as
other antibiotic regimes and non-antibiotic procedures in SBP prophylaxis.
Finally, it should be kept in mind that SBP carries a poor prognosis. The
1-year and 2-year probability of survival after an episode of SBP is 30–
50% and 25–30%, respectively [1]. Therefore, patients recovering from
an episode of SBP should be considered as potential candidates for liver
transplantation.
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OTHER BACTERIAL INFECTIONS

Urinary tract infections (UTI)

Several predisposing factors have been recognised for UTI in cirrhosis: pres-
ence of urethral catheters, ascites and female sex. In most cases UTI is oligo
or asymptomatic and bacteriuria alone can be present in 40% of cases. The
micro-organisms usually responsible for UTI in cirrhosis are Gram-negative
bacilli and Enterococcus spp in case of urinary manipulation. The empiri-
cal treatment could include third generation cephalosporins or amoxicillin–
clavulanic acid. In case of treatment failure, ampicillin should be added if
urinary catheterisation is in place, and ultrasonography should be performed
to rule out other facilitating pathologies in the urinary tract.

Pneumonia

The distinction between community and hospital (nosocomial) acquired
pneumonia is very useful. The causative organisms in case of community
acquired pneumonia are the same as we can see in the general population,
Mycoplasma pneumoniae or Legionella spp, plus Streptococcus pneumo-
nia, Haemophilus influenza, and in addition Gram-negative bacilli, partic-
ularly Klebsiella pneumoniae, and anaerobic bacteria. Empirical treatment
should cover these possibilities including: Clarithromycin (or a more recent
derivative) + third generation cephalosporins (or amoxicillin–clavulanic
acid). In case of treatment failure, the possibility of infection by Staphy-
lococcus aureus and Pseudomonas spp has to be considered.

Predisposing factors for nosocomial pneumonia are tracheal intubation,
hepatic encephalopathy and oesophageal tamponade, being Gram-negative
bacilli (Pseudomonas spp) and Staphylococcus spp the bacteria most fre-
quently responsible for this infection in these cases. Therefore, empirical
treatment in patients with predisposing factors should include Ceftazidime
or cefepime+ciprofloxacin (to cover Pseudomonas spp), adding vancomycin
in case of tracheal intubation. In patients without predisposing factors for
Pseudomonas spp or Staphylococcus spp, third generation cephalosporins
are very effective and do not have significant adverse effects.

Spontaneous bacteraemia

The causative organisms are the same found in SBP, because, in theory, spon-
taneous bacteraemia is a preceding step in the colonisation of ascitic fluid.
Therefore, the empirical treatment should cover Gram-negative bacilli and
non-enterococcal streptococci, being third generation cephalosporins the
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most effective and safe treatment. Amoxicillin–clavulanic acid is an option.
In case of treatment failure, blood cultures are very important to ascertain
the susceptibility of the bacteria. A secondary origin of the bacteraemia has
to be excluded.

Secondary bacteraemia

The causative bacteria can be considered according to the origin of the
bacteraemia.
• Catheter sepsis: Staphylococcus aureus and epidermidis
• TAE: anaerobic facultative streptococci
• TIPS: Gram-positive cocci (staphylococci etc)
• Sclerotherapy: Gram-positive cocci and Gram-negative bacilli
The recommended empiric treatment for catheter-related sepsis is van-
comycin and removal of the catheter. Fever after TAE is frequent and
does not necessarily mean infection. In case of bacteraemia, amoxicillin–
clavulanic acid is a good antibiotic choice. In different centres cefepime +
vancomycin is recommended as prophylaxis during TIPS procedure.

Cellulitis and lymphangitis

Several predisposing factors have been implicated in these infections such
as deficient hygienic standards, unapparent skin injuries and oedema.
The empiric treatment should cover Gram-positive cocci (Staphylococcus
aureus, Streptococci) and Enterobacteria. Amoxicillin–clavulanic acid or
levofloxacin are good options as empirical treatments.

SUMMARY

Spontaneous bacterial peritonitis is a frequent, severe complication of cir-
rhotic patients with ascites. Its diagnosis is established on the basis of a PMN
cell count in ascitic fluid higher than 250 cells/mm3. The routine use of diag-
nostic paracentesis whenever a cirrhotic patient with ascites is admitted to
hospital usually allows an early diagnosis of the infection. At present, third
generation cephalosporins are considered the gold standard in the treatment
of SBP. Because of the high incidence of quinolone-resistant Gram-negative
bacilli isolated in cirrhotic patients on long-term norfloxacin prophylaxis,
SBP in these patients should not be treated with quinolones as empirical
therapy. Although SBP prognosis has improved in recent years, the mortal-
ity rate associated with this bacterial infection is still high. The development
of severe complications such as renal impairment and gastrointestinal bleed-
ing is responsible for this poor prognosis. The mechanisms involved in the
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pathogenesis of these complications are still unknown. Selective intestinal
decontamination with quinolones has been proven to be effective in SBP
prophylaxis of patients who have recovered from a previous episode of SBP
and in patients with gastrointestinal bleeding. The increasing emergence of
quinolone-resistant organisms clearly establishes the necessity of restricting
primary prophylaxis to those subsets of patients at high-risk of developing
a first episode of SBP. The identification of these patients and the evaluation
of alternative prophylactic measures such as other antibiotic regimes and no
antibiotic procedures are still under investigation. Because of the poor sur-
vival expectancy after this bacterial infection, cirrhotic patients recovering
from an episode of SBP should be considered as potential candidates for liver
transplantation. Finally, other bacterial infections in cirrhosis with the most
frequent causative organisms and the empirical treatment are summarised.

REFERENCES

1 NavasaM, Rodés J. Bacterial infections in cirrhosis. Liver Int 2004;24: 277–280.
2 Runyon BA, Hoefs JC. Culture-negative neutrocytic ascites: a variant of sponta-

neous bacterial peritonitis. Hepatology 1984;4: 1209–1211.
3 Runyon BA, Squier S, BorzioM. Translocation of gut bacteria in rats with cirrho-

sis to mesenteric lymph nodes partially explains the pathogenesis of spontaneous
bacterial peritonitis. J Hepatol 1994;21: 792–796.

4 CasafontMorencos F, de lasHeras CastañoG,Martín Ramos L et al. Small bowel
bacterial overgrowth in patients with alcoholic cirrhosis. Dig Dis Sci 1995;40:
1252–1256.

5 Perez-Paramo MP, Muñoz J, Albillos A et al. Effect of propranolol on the fac-
tors promoting bacterial translocation in cirrhotic rats with ascites. Hepatology
2000;31: 43–48.

6 Sorell WT, Quigley EMM, Jin G et al. Bacterial translocation in the portal-
hypertensive rat: studies in basal conditions and on exposure to haemorrhagic
shock. Gastroenterology 1993;104: 1722–1726.

7 Llovet JM, Bartoli R, Planas R et al. Bacterial translocation in cirrhotic rats.
Its role in the development of spontaneous bacterial peritonitis. Gut 1994;35:
1648–1652.

8 Garcia-Tsao G, Lee FY, Barden GE et al. Bacterial translocation to mesen-
teric lymph nodes is increased in cirrhotic rats with ascites. Gastroenterology
1995;108: 1835–1841.

9 Llovet JM, Bartoli R, Planas R et al. Selective intestinal decontamination with
norfloxacin reduces bacterial translocation in ascitic cirrhotic rats exposed to
haemorrhagic shock. Hepatology 1996;23: 781–787.

10 Cirera I, Bauer TM, Navasa M et al. Bacterial translocation of enteric organisms
in patients with cirrhosis. J Hepatol 2001;34: 32–37.

11 Jones EA, Summerfield JA. Kupffer cells. In: Arias IM, Jakoby WB, Popper H,
Schacter D, Shafritz DA (eds). The liver: biology and pathobiology. 2nd edn
New York: Raven Press, 1988; 683–704.



SPONTANEOUS BACTERIAL PERITONITIS 259

12 Rimola A, Soto R, Bory F et al. Reticuloendothelial system phagocytic activity
in cirrhosis and its relation to bacterial infections and prognosis. Hepatology
1984;4: 53–58.

13 Bolognesi M, Merkel C, Bianco S et al. Clinical significance of the evaluation of
hepatic reticuloendothelial removal capacity in patients with cirrhosis. Hepatol-
ogy 1994;19: 628–634.

14 Guarner C, Runyon BA. Macrophage function in cirrhosis and the risk of bacte-
rial infection. Hepatology 1995;22: 367–369.

15 Gomez F, Ruiz P, Schreiber AD. Impaired function of macrophage Fc gamma
receptors and bacterial infection in alcoholic cirrhosis. N Engl J Med 1994;331:
1122–1128.

16 Runyon BA. Patients with deficient ascitic fluid opsonic activity are predisposed
to spontaneous bacterial peritonitis. Hepatology 1988;8: 632–635.

17 Runyon BA. Low-protein-concentration ascitic fluid is predisposed to sponta-
neous bacterial peritonitis. Gastroenterology 1986;91: 1343–1346.

18 Tito LL, Rimola A, Gines P et al. Recurrence of spontaneous bacterial peritonitis
in cirrhosis: frequency and predictive factors. Hepatology 1988;8: 27–31.

19 Llach J, Rimola A,NavasaM et al. Incidence and predictive factors of first episode
of spontaneous bacterial peritonitis in cirrhosis with ascites: relevance of ascitic
fluid protein concentration. Hepatology 1992;16: 724–727.

20 Andreu M, Solá R, Sitges-Serra A et al. Risk factors for spontaneous bacterial
peritonitis. Gastroenterology 1993;104: 1133–1138.

21 Guarner C, Sola R, Soriano G et al. Risk of a first community-acquired sponta-
neous bacterial peritonitis in cirrhotics with low ascitic protein levels. Gastroen-
terology 1999;117: 414–419.

22 Garcia-Gonzalez M, Boixeda D, Herrero D et al. Effect of granulocyte-
macrophage colony-stimulating factor on leukocyte function in cirrhosis.
Gastroenterology 1993;105: 527–531.

23 RolandoN,GimsonA, Philpott-Howard J et al. Infectious sequel after endoscopic
sclerotherapy of oesophageal varices: role of antibiotic prophylaxis. J Hepatol
1993;18: 290–294.

24 Rimola A, Garcia-Tsao G, NavasaM et al.Diagnosis, treatment and prophylaxis
of spontaneous bacterial peritonitis: a consensus document. J Hepatol 2000;32:
142–153.

25 Felisart J, Rimola A, Arroyo V et al. Cefotaxime is more effective than is
ampicillin-tobramycin in cirrhotics with severe infections. Hepatology 1985;5:
457–462.

26 Runyon BA, McHutchison JG, Antillon MR et al. Short-course versus long-
course antibiotic treatment of spontaneous bacterial peritonitis. A randomized
controlled study of 100 patients. Gastroenterology 1991;100: 1737–1742.

27 Rimola A, Salmeron JM, Clemente G et al. Two different dosages of cefotaxime
in the treatment of spontaneous bacterial peritonitis in cirrhosis: results of a
prospective, randomized, multicenter study. Hepatology 1995;21: 674–679.

28 Mercader J, Gómez J, Ruiz J et al. Use of ceftriaxone in the treatment of bacterial
infections in cirrhotic patients. Chemotherapy 1989;35(suppl. 2): 23–26.

29 Gómez-Jimenez J, Ribera E, Gasser I et al. Randomized trial comparing ceftriax-
one with cefonicid for treatment of spontaneous bacterial peritonitis in cirrhotic
patients. Antimicrob Ag Chemother 1993;37: 1587–1592.



260 M. Navasa and J. Rodés

30 Ariza J, Xiol X, Esteve M et al. Aztreonam vs. cefotaxime in the treatment of
gram-negative spontaneous peritonitis in cirrhotic patients.Hepatology 1991;14:
91–98.

31 Grange JD, Amiot X, Grange V et al. Amoxicillin-Clavulanic acid therapy of
spontaneous bacterial peritonitis: a prospective study of twenty-seven cases in
cirrhotic patients. Hepatology 1990;11: 360–364.

32 Ricart E, Soriano G, Novella MT et al. Amoxicillin-clavulanic acid versus cefo-
taxime in the therapy of bacterial infections in cirrhotic patients. J Hepatol
2000;32: 596–602.

33 Silvain C, Breux JP, Grollier G et al. Les septicémies et les infections du liquide
d’ascite du cirrhotique peuvent-elles être traitées exclusivement par voie orale?
Gastroenterol Clin Biol 1989;13: 335–339.

34 Navasa M, Follo A, Llovet JM et al. Randomized, comparative study of oral
ofloxacin versus intravenous cefotaxime in spontaneous bacterial peritonitis.
Gastroenterology 1996;111: 1011–1017.

35 Sort P, Navasa M, Arroyo V et al. Effect of intravenous albumin on renal impair-
ment and mortality in patients with cirrhosis and spontaneous bacterial peritoni-
tis. N Engl J Med 1999;5: 403–409.

36 Rimola A, Bory F, Terés J et al. Oral non-absorbable antibiotics prevent
infection in cirrhosis with gastrointestinal haemorrhage. Hepatology 1985;5:
463–467.

37 Soriano G, Guarner C, Tomás A et al. Norfloxacin prevents bacterial infec-
tion in cirrhotics with gastrointestinal haemorrhage.Gastroenterology 1992;103:
1267–1272.

38 Blaise M, Pateron D, Trinchet J-C et al. Systemic antibiotic therapy pre-
vents bacterial infection in cirrhotic patients with gastrointestinal haemorrhage.
Hepatology 1994;20: 34–38.

39 Pauwels A, Mostefa-Kara N, Debenes B et al. Systemic antibiotic prophylaxis
after gastrointestinal haemorrhage in cirrhotic patients with a high risk of infec-
tion. Hepatology 1996;24: 802–806.

40 Hsieh W-J, Lin H-C, Hwang S-J et al. The effect of ciprofloxacin in the preven-
tion of bacterial infections in patients with cirrhosis after upper gastrointestinal
bleeding. Am J Gastroenterol 1998;93: 962–966.

41 Bernard B, Grange JD, Khac EN et al. Antibiotic prophylaxis for the prevention
of bacterial infections in cirrhotic patients with gastrointestinal bleeding: a meta-
analysis. Hepatology 1999;29: 1655–1661.

42 Soriano G, Guarner C, Teixidó M et al. Selective intestinal decontamina-
tion prevents spontaneous bacterial peritonitis. Gastroenterology 1991;100:
477–481.

43 Grange J-D, Roulot D, Pelletier G et al. Norfloxacin primary prophylaxis of
bacterial infections in cirrhotic patients with ascites: a double-blind randomised
trial. J Hepatol 1998;29: 430–436.

44 Rolanchon A, Cordier L, Bacq Y et al. Ciprofloxacin and long-term preven-
tion of spontaneous bacterial peritonitis: results of a prospective controlled trial.
Hepatology 1995;22: 1171–1174.

45 Singh N, Gayowski T, Yu VL et al. Trimethoprim-sulfamethoxazole for the pre-
vention of spontaneous bacterial peritonitis in cirrhosis: a randomized trial. Ann
Intern Med 1995;122: 595–598.



SPONTANEOUS BACTERIAL PERITONITIS 261

46 Ginès P, Rimola A, Planas R et al. Norfloxacin prevents spontaneous bacterial
peritonitis recurrence in cirrhosis: results of a double-blind, placebo-controlled
trial. Hepatology 1990;12: 716–724.

47 Inadomi J, Sonnenberg A. Cost-analysis of prophylactic antibiotics in sponta-
neous bacterial peritonitis. Gastroenterology 1997; 113: 1289–1294.

48 Younossi ZM, McHutchison JG, Ganiats TG. An economic analysis of
norfloxacin prophylaxis against spontaneous bacterial peritonitis. J Hepatol
1997;27: 295–298.

49 Das A. A cost analysis of long-term antibiotic prophylaxis for spontaneous bac-
terial peritonitis in cirrhosis. Am J Gastroenterol 1998;93: 1895–1900.

50 Llovet JM, Rodríguez-Iglesias P, Moitinho E et al. Spontaneous bacterial peri-
tonitis in patients with cirrhosis undergoing selective intestinal decontamination.
J Hepatol 1997;26: 88–95.

51 Campillo B, Dupeyron C, Richardet J-P et al. Epidemiology of severe hospital-
acquired infections in patients with liver cirrhosis: effect of long-term adminis-
tration of norfloxacin. Clin Infect Dis 1998;26: 1066–1070.

52 Novella M, Solà R, Soriano G et al. Continuous versus inpatient prophylaxis of
the first episode of spontaneous bacterial peritonitis with norfloxacin.Hepatology
1997;25: 532–536.

53 Ortiz J, VilaMC, SorianoG et al. Infections caused byEscherichia coli resistant to
norfloxacin in hospitalized cirrhotic patients. Hepatology 1999;29: 1064–1069.

54 Fernández J, Navasa M, Gomez J et al. Bacterial infections in cirrhosis: epidemi-
ological changes with invasive procedures and norfloxacin prophylaxis. Hepa-
tology 2002;35: 140–148.



SESSION 6

Prevention of Rebleeding
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β-Blockers versus no Treatment, β-Blockers versus Sclerotherapy and
β-Blockers versus β-Blockers plus Isosorbide Mononitrate, β-Blockers
plus Isosorbide-Mononitrate versus Band Ligation

The rebleeding rate is well known with the analysis of control groups in
clinical trials. At 2 years, the rebleeding rate reaches 68%, with a rebleeding
rate fromoesophageal varices of 63%, and amortality rate of 33% [1]. These
rates are probably underestimated, because patients included in randomised
trials are thosewith less severe disease and low risk of being lost to follow-up.

β-blockers versus no treatment

Non-cardioselective β-blockers induce a decrease in cardiac output and a
splanchnic arteriolar vasoconstriction with a resultant decrease in portal
venous flow and portal pressure.

In the 1980s, numerous clinical randomised trials (RCTs) have shown
the efficacy of propranolol (one trial used nadolol) in the prevention of
rebleeding [2–8]. Two metaanalyses have confirmed a significant reduc-
tion of rebleeding rate from 68% in non-treated patients to 48% in treated
patients at 2 years [1,9]. One metaanalysis also showed a significant increase
in mean survival rate of 5% (from 67 to 74% at 2 years) [1].

β-blockers versus sclerotherapy

Ten RCTs have compared the efficacy of β-blockers and sclerotherapy in the
prevention of rebleeding. Most of these studies have shown identical results,
which have been confirmed by 2 metaanalyses including 9 trials [9,10].

262
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There was no difference concerning rebleeding rate from any cause (56%
in patients treated with β-blockers versus 53% in patients treated with scle-
rotherapy) and survival rate (40% versus 37%, respectively). On the other
hand, in patients treated with sclerotherapy, the variceal rebleeding rate was
significantly lower (45% versus 61%, p < 0.001) and adverse events were
significantly more frequent (44% versus 24%, p < 0.001).

In conclusion, β-blockers and sclerotherapy have a similar effect on
rebleeding rate and mortality. Sclerotherapy is more effective in preventing
rebleeding from varices, but is also responsible of more adverse events.

β-blockers versus β-blockers plus isosorbide mononitrate (ISM)

Three RCTs have compared β-blockers and combination of β-blockers and
ISM [11–13], only one being published as article [11]. In this trial, which
includes 95 patients, 2-years rebleeding rate was lower in patients receiv-
ing drug combination (40% versus 57%), but the difference was not sig-
nificant. There was no difference concerning mortality (22% and 24%).
Conversely, in the second trial which includes 104 patients, the rebleed-
ing rate was higher in patients treated with nadolol and ISM (51% ver-
sus 39%, respectively), but the difference was not significant [12]. More-
over, the mortality rate was significantly higher in the combination group
(32% versus 14%, p = 0.02). The only concordant result between these
two trials concerned the adverse events rate, which was significantly higher
in patients treated with β-blockers and ISM [11,12]. The third trial, pub-
lished in the Chinese language, did not show any difference concern-
ing rebleeding and mortality rates [13]. Although the Italian trial has
not been published as an article [12], it seems that there is not enough
data to recommend the association of β-blockers and ISM as first choice
treatment.

β-blockers plus isosorbide mononitrate versus band ligation

Three trials have compared the efficacy of ligation and β-blockers plus
nitrates [14–16]. In one trial, the rebleeding rate was significantly lower
in patients receiving nadolol and nitrates: 33% versus 49% [14]. In another
[15], rebleeding was significantly lower in patients treated by band ligation.
In the third one [16], there was no significant difference between the two
treatments concerning rebleeding. None of these studies showed a differ-
ence in survival rate. The discrepancy in the results of these trials may be
explained by differences concerning the severity of liver disease, the dura-
tion of follow-up and drugs dosage. As a consequence, whether one of these
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treatments is superior to the other in preventing rebleeding is at present
unknown.

Band ligation versus sclerotherapy and band ligation versus band ligation
plus sclerotherapy

After the development of flexible endoscopy, local sclerotherapy of
oesophageal varices has become the treatment of choice not only for the
control of acute bleeding but also for the prevention of rebleeding.

Metaanalysis of numerous trials comparing endoscopic sclerotherapy
with conservative treatment found a rebleeding rate of 43% in the sclerother-
apy group and of 57% in the control group with a reduction of mortality
from 54% to 46% [17].

Sclerotherapy was shown to be effective, but less than what had been
assumed in early uncontrolled trials. This is mainly due to two factors:
(1) Sclerotherapy requires two to eight weeks for complete obliteration of the
vessels (in some patients, even up to one year). (2) During the initial phase of
treatment and more often in patients with poor Child C status, many com-
plications (e.g. ulcers, stenoses, fever, perforation, septic events) may occur
[18,19]. Therefore, the introduction of elastic band ligation for the obliter-
ation of varices by Stiegmann provided a major advantage [20,21]. It soon
became evident that thismethodwasmore effectivewith fewer complications
than injection sclerotherapy [22].

Goulis and Burroughs [23] compiled 20 studies (1,634 patients) com-
paring sclerotherapy to variceal ligation (11 peer-reviewed and 9 in abstract
form). Variceal rebleeding and death occurred less often in patients who had
received ligation.

It has repeatedly been suggested that sclerotherapy – although inferior to
ligation – has one advantage in comparison to ligation, namely, more scar-
ring and thus less recurrence of varices. Indeed, recurrence of varices was
more frequent in patients treated with variceal ligation [7]. In contrast,
ligation required fewer sessions for initial obliteration than sclerotherapy
[18,24].

Considering the above-mentioned factors, it is obvious that ligation
has replaced sclerotherapy. Nevertheless, the question arose whether lig-
ation plus sclerotherapy is more advantageous than ligation alone. Two
approaches are possible: combined therapy or sequential therapy, that is,
sclerotherapy after successful ligation in order to treat small vessels not
affected by sclerotherapy. This combined approach was pursued in seven
trials [23,25]. There was no significant difference with respect to rebleeding,
death and variceal eradication, while the combined approach caused more
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complications. Therefore, the combined treatment should not be adopted.
The study by Lo et al. showed that in patients after a full term of ligation,
sclerotherapy may prevent reformation of varices and lower the rebleeding
rate [26].

In summary, controlled studies have distinctly demonstrated the supe-
riority of ligation over sclerotherapy and, as a result, ligation has replaced
sclerotherapy. Sclerotherapy may still play a minor role in the setting of
sequential treatment with the aim to prevent the recurrence of small varices.
It is important that experienced endoscopists familiar with the technique of
sclerotherapy perform these therapies.

Banding ligation plus β-blockers and sucralfate versus banding ligation
alone to prevent gastrooesophageal variceal rebleeding

After 1981, due to the introduction of propranolol in the prevention of
variceal rebleeding, a new era is opened for the treatment of variceal rebleed-
ing [27]. The combination of endoscopic therapy and drug therapy for
portal hypertension is intriguing. Several reasons support the addition of
drug therapy during endoscopic therapy. First, rebleeding rate remains high
after endoscopic therapy, especially before variceal obliteration is achieved.
The rebleeding rate is around 20% to 40% in patients treated with endo-
scopic variceal ligation (EVL). Second, portal hypertensive gastropathy may
develop or worsen after endoscopic therapy [28]. An increased incidence
of gastric variceal bleeding after endoscopic therapy was also noted. Third,
portal pressure was noted to be elevated in approximately 70% of patients
achieving variceal obliteration by either endoscopic sclerotherapy (EIS) or
EVL [29]. All of these untoward effects of endoscopic therapy are expected
to be alleviated by drug therapy. A number of studies have been carried out
to compare the combination of propranolol and EIS with EIS alone [17].
Unfortunately, most studies did not show a benefit of combining EIS with
propranolol over EIS alone. The variceal rebleeding and complication rates
were similar in these studies. It is very likely that each of these studies had
insufficient sample size to show a benefit of combination treatment with EIS
plus propranolol. Metaanalysis suggested that the combined treatment with
EIS and propranolol was significantly better than EIS alone in preventing
rebleeding, but with similar survival in both treatment modalities. It was
suggested that the metaanalysis results should be interpreted with caution
because of qualitative heterogeneity [17].

In view of the superiority of EVL over EIS and nadolol over propranolol,
an attemptwasmade to combine EVLwith nadolol and sucralfate in compar-
ison with EVL alone to prevent variceal rebleeding [30]. The superiority of
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nadolol over propranolol includes longer half-life and renal metabolism. The
use of sucralfate was to reduce ulcer bleeding provoked by EVL. It would
have been better to include a third arm with patients receiving EVL and
nadolol only, to clarify whether sucralfate was necessary during the course of
EVL. However, to achieve adequate sample size, the study was designed with
two arms only. After a median follow-up of 21 months, the study showed
that combination of nadolol, sucralfate and EVL was superior to EVL alone
in terms of variceal rebleeding rates (12% versus 29%) and variceal recur-
rence (26% versus 50%). The authors presumed that the benefits of combi-
nation therapy were primarily from nadolol rather than sucralfate, since the
incidence of ulcer bleeding during the course of EVL was appreciably low.

A recent study from Spain [31] also showed that EVL plus nadolol was
superior to EVL alone in reducing variceal rebleeding as well as lowering the
probability of variceal recurrence, similar to the results of the former trial.
These data suggested that nadolol should be added in patients receiving EVL
to prevent variceal rebleeding.

Endoscopic therapy versus transjugular intrahepatic portosystemic shunt
for prevention of rebleeding from oesophageal varices

Transjugular intrahepatic portosystemic shunt (TIPS) has evolved as ameans
of achieving portal decompression and is highly effective in preventing recur-
rent variceal haemorrhage. However, TIPS is generally considered as a sal-
vage treatment for those cases where bleeding recurs despite adequate EVL.
Most of the literature directly comparing the utility of TIPS versus endo-
scopic treatment used EIS rather than EVL as the endoscopic modality. The
data from studies using EVL and EIS are combined for purposes of the anal-
ysis below.

The nature and design of the clinical trials

A total of 11 randomised controlled trials [32–42] have compared the effi-
cacy and safety of TIPS versus endoscopic treatment with or without addi-
tional β-blockers for the prevention of recurrent oesophageal variceal bleed-
ing. Eight studies used EIS as the form of endoscopic treatment while four
studies used EVL [32–39]. Of the eight studies using EIS, three also used
propranolol along with endoscopic therapy [37–39]. One of the three stud-
ies using EVL [41] used isosorbide mononitrate and propranolol in addition
to endoscopic treatment.

The studies are variable with respect to the types of sclerosant, frequency
of endoscopic treatment, nature of stent and methods used to monitor stent
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patency. The patient populations in the studies also differed with respect to
the time from active bleeding to randomisation, degree of liver failure, active
alcohol consumption and duration of follow-up.

Efficacy-related outcomes

Rebleeding. The great majority of clinical trials demonstrate that TIPS is
associated with a significantly lower rebleeding rate compared to endoscopic
treatment. The range of rebleeding rates after TIPS varied from 9 to 23%
while that after endoscopic treatment was 21–66%. In two studies, there
were no significant differences in the rebleeding rates after TIPS and endo-
scopic treatment. In both studies, the risks of rebleeding in the TIPS armwere
similar to those in other studies (22% and 19.4%, respectively). The princi-
pal difference between these studies and the other trials was the rebleeding
rates in the endoscopic treatment arm (21% and 29.9%, respectively).

Mortality. With the exception of a single study [36], none of the published
trial showed an improvement or worsening of mortality with TIPS. The data
are fairly uniform despite the differences between the individual studies. It is
interesting to note that the range of survival rates in these studies varied from
13 to 69% for TIPS and from 12 to 67% for endoscopic therapy. This may
reflect the severity of the underlying liver disease. It is also noteworthy that
the survival data from studies of endoscopic and pharmacological treatment
were similar to those of endoscopic treatment alone. Based on these data, it
may be concluded that TIPS does not improve or worsen survival compared
to endoscopic therapy.

Safety related outcomes

Procedure-related complications. Of the known complications, the devel-
opment of bleeding from EVL-ulcers was the most clinically relevant. Chest
pain and dysphagia are other complications. Another recent study has noted
an increased risk of bacterial peritonitis and bacteraemia after EVL [43].

Frequency of other (non-bleeding) complications of cirrhosis. Unfortu-
nately, most studies do not provide data on the frequency with which all of
the other complications of cirrhosis occurred in subjects undergoing endo-
scopic therapy versus TIPS. The best data are available for encephalopathy.
The risk of hepatic encephalopathy after TIPS varies widely across the differ-
ent trials. This is most likely due to the different methods used to classify and
grade encephalopathy and the rigour withwhich encephalopathywas looked
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for across trials. Advanced age, shunt diameter and a history of encephalopa-
thy prior to TIPS have been identified as risk factors for the development of
encephalopathy after TIPS. Encephalopathy can usually be managed with
lactulose and treatment of any precipitating factors. Rarely, the shunt has
to be reduced or occluded for crippling encephalopathy. Recently, it has
been reported that the risk of hepatocellular cancer may be increased after
TIPS placement. These data need further corroboration before this can be
confirmed.

Surgical shunts versus TIPS for refractory variceal bleeding

Variceal decompression with a shunt is reserved for patients who are refrac-
tory to first-line treatment with pharmacological and endoscopic therapy.
The debate in 2005 is whether such decompression is best done with a
surgical shunt, or a transjugular intrahepatic portosystemic shunt (TIPS).
There are two prospective randomised controlled trials that have looked at
the comparative role of surgical shunt versus TIPS: Rosemurgy et al. [44]
have compared 8 mm portocaval H-graft shunt versus TIPS, and Henderson
et al. [45] have compared the distal splenorenal shunt (DSRS) versus TIPS.

The 8 mm portocaval shunt versus TIPS trial has been published in
several formats. This trial entered patients sequentially, rather than being
truly randomised. For each patient receiving one randomised therapy, the
next patient received the opposite treatment. Two-thirds of the patients had
alcoholic liver disease. The results showed a significantly lower rebleeding
rate (p < 0.01) for the surgical shunt compared to TIPS. The TIPS rebleed-
ing rate was 18%. Significantly more patients required liver transplant in the
TIPS group compared to the surgical shunt group. There was no difference
in mortality. The composite endpoint of ‘failures’ comprising rebleeding,
irrevocable shunt thrombosis, deaths and need for transplant was signifi-
cantly higher for the TIPS patients when compared with the surgical shunt
patients.

The second prospective randomised controlled trial was a multi-centre
study funded by the NIH with five clinical centres. This study compared
TIPS to DSRS in Child’s class A and B patients. 57% of the patients were
Child’s class A, and 57% had alcoholic liver disease. The mean follow-up in
the study was 43 ± 25 months, with only one patient lost to follow-up and
the status of all others known to at least 21 months post-procedure.

The rebleeding rate in this trial was not significantly different between the
two groups, with four patients (5.5%) in the DSRS group, and six patients
(9%) in the TIPS group rebleeding (p = 0.27). The reintervention rate was
significantly higher (p = 0.001) in the TIPS group (82%) compared to the
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DSRS group (11%). 18 patients in the TIPS group had total shunt throm-
bosis compared to two in the DSRS group, with the other indications for
reintervention defined as a pressure gradient > 15 mm Hg or a > 50%
stenosis as adjudicated by a review group. The peak time for reinterventions
was at the time of annual shunt recatheterization done on protocol: crite-
ria for reintervention were fulfilled despite documented shunt adequacy on
ultrasound.

The time to the first episode of encephalopathy was not significantly dif-
ferent between the DSRS and TIPS groups. At late follow-up, 50% of the
patients in each group had had at least one episode of clinical encephalopa-
thy. Half of these patients had multiple episodes. The total number of deaths
in the DSRS group was 28, and 27 in the TIPS group. The survival curves
show a 2-year survival of over 80%, and a 5-year survival over 60%. These
are not significantly different at any time point. Seven patients in each group
came to liver transplant. The conclusions from this trial were that DSRS
and TIPS were equally efficacious in control of variceal rebleeding, sur-
vival, encephalopathy and progression of liver disease in Child’s class A and
B patients. TIPS did require significantly more reintervention to maintain
patency and achieve the low rebleeding rate of this study.

These two prospective randomised trials provide the best evidence as to
the relative efficacy of a surgical versus a radiological shunt. Variceal rebleed-
ing is lower in the surgical shunt groups in both studies, but only significantly
in the Rosemurgy trial. In good risk patients (Child’s class A and B) surgi-
cal shunt or TIPS does not appear to significantly alter the rate or severity
of encephalopathy and progress of liver disease. In neither study is survival
significantly different at long-term follow-up. TIPS does need significantly
more surveillance and intervention to maintain patency, and to achieve these
good long-term results.

What recommendations can be made from these trials? TIPS is more
widely available than surgical shunt in 2005, and as such is more widely
used for patients with continued bleeding after primary therapy. However,
to achieve the results outlined above, careful follow-up of TIPS with the need
for reintervention is required. The excellent survival, with low rebleeding
rates achieved after either procedure indicate an ongoing role for variceal
decompression for Child’s A and B patients who have refractory bleeding.

Prevention of variceal rebleeding in non-cirrhotic patients

Non-cirrhotic portal hypertension (NCPH) comprises a group of diseases
with raised portal pressure due to intra or prehepatic lesions. Distinct dis-
eases with NCPH include schistosomal hepatic fibrosis, non-cirrhotic portal
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fibrosis (NCPF), extrahepatic portal vein obstruction (EHPVO) and congen-
ital hepatic fibrosis [46–48]. After control of the acute attack, several thera-
peutic options are available for prevention of rebleeding: pharmacotherapy,
endoscopic management: EVL or EIS, combined endoscopic and pharmaco-
logical treatment, TIPS and surgery.

Prevention of rebleeding in schistosomal hepatic fibrosis patients

In endemic areas, pure schistosomal hepatic fibrosis comprises 13–18% of
patients presenting with bleeding varices, and mixed schistosomal with pos-
thepatitic cirrhosis comprises 60–65% of patients. They present with a rela-
tively good hepatic reserve since 17–23% of these patients are Child A class,
53–54% Child B and 23–30% Child C.

Pharmacotherapy. Use of propranolol was shown to be highly beneficial in
schistosomal hepatic fibrosis patients (rebleeding rate 80% versus 20% p <

0.05) when compared to placebo [49]. Isosorbide-5-Mono-nitrate (ISMN)
was also used in prevention of rebleeding in these patients [50].

Endoscopic management. Both EVL and EIS were effective in prevention of
rebleeding in patients with schistosomal hepatic fibrosis with fewer number
of sessions needed and significantly lower complication rates in the EVL
group [51].

Combination of pharmacological and endoscopic treatment. Combination
of EIS and propranololwas shown to be effective in the prevention of rebleed-
ing from oesophageal varices in patients with schistosomal hepatic fibrosis
when compared to sclerotherapy alone [52]. ISMNwith andwithout propra-
nolol also reduces rebleeding rate and variceal recurrence after obliteration
when combined with sclerotherapy [52]. In a recent randomised study EVL
was compared with propranolol and combined ISMN plus propranolol for
the prevention of variceal rebleeding and concluded that EVL is more effec-
tive than pharmacotherapy with a lower complication rate [53].

Gastric varices. N-butyl-2-cynoacrylate was used effectively in prevention of
rebleeding from gastric varices [54]. Gastric variceal ligation was also used in
GOV1, GOV2 and IGV1 using the multiband ligator devices [55]. Surgical
intervention was proved to be highly effective in prevention of rebleeding
from gastric varices when endoscopic treatment fails.

Surgery. Splenectomy and devascularisation (Hassab) was widely prac-
ticed for prevention of rebleeding in patients with schistosomal hepatic
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fibrosis [56]. Distal-spleno-renal-shunt (DSRS) was later used effectively.
Schistosomal patients have a better survival and a lower incidence of rebleed-
ing and encephalopathy after DSRS than that reported in cirrhosis. When
DSRS was compared with Hassab operation, DSRS was superior in preven-
tion of variceal rebleeding in schistosomal portal hypertensive patients [57].
This was proved in a controlled randomised trial on selected haemodynamic
portal flow patterns in schistosomal portal hypertension with variceal bleed-
ing. In this setting, DSRS proved to be ideal for schistosomal patients with
hepatopetal flow and splenic vein flow exceeding portal vein flow, because,
in addition to eliminating the high splenic flow from the portal circulation,
it decreased the pressure in the gastro-oesophageal region [58].

Prevention of rebleeding in non-cirrhotic portal fibrosis (NCPF)

Endoscopic sclerotherapywas themain treatment and can prevent rebleeding
in 95% of NCPF patients [59]. The incidence of variceal rebleeding and
recurrence after obliteration has been 3.1% and 22%, respectively. EVL has
also been found to be quite effective in NCPF patients with success in control
of acute bleeding and variceal obliteration in the range of 96%. There is no
data on the use of combination of endoscopic and pharmacological treatment
for prevention of rebleeding in NCPF. Also, there is not enough data on the
use of TIPS in these patients.

Surgery. Only 5–10% of patients with NCPF require surgery. The present
day indications include: (1) Failure of endoscopic therapy (2) Hypersplenism
(3) Patients coming from very far off places and requiring a one time therapy.
Devascularisation procedures are quite popular in Japan and are preferred
over shunt surgery [47].

Prevention of variceal rebleeding in extrahepatic portal vein obstruction
(EHPVO)

Sclerotherapy and variceal banding require fewer sessions in EHPVO
patients than in cirrhotic patients, and are effective in preventing rebleeding
[60,61]. Gastric varices are diagnosed in 40% of EHPVO patients [62] and
rebleeding after cyanoacrylate glue injection occurs in 30% of patients, who
then require surgical intervention [63]. TIPS is contraindicated in EHPVO.
Proximal spleno-renal shunts and devascularisation procedures are useful in
prevention of rebleeding and splenectomy could be curative in some patients
with segmental portal hypertension. The 5 year survival rates have been
reported to be 95%. Portal decompression surgery or biliary bypass may be
required in patients with established biliopathy.
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Prevention of variceal rebleeding in patients with congenital hepatic
fibrosis (CHF)

There is not enough data on variceal rebleeding in patients with congenital
hepatic fibrosis. A group of 12 CHF patients was followed up for 6 years
using a combination of EVL and propranolol for prevention of rebleeding.
They were eight males and four females with an age range of 2.5–17 years.
All had biopsy-proven CHF; they were Child A class with negative viral
markers. Gastric varices were diagnosed in three patients (25%). Rebleeding
occurred in five patients (41.7%) in the first year of follow-up; three of them
had gastric variceal rebleeding that required surgical intervention. Six year
survival was 100%.

Prevention of gastric variceal rebleeding

The general measures for bleeding gastric varices are similar to those in
oesophageal varices. It has been shown that antibiotic prophylaxis prevented
rebleeding in cirrhotic patients with oesophageal or gastric variceal bleeding
following endoscopic therapy using banding ligation or cyanoacrylate glue
injection [64]. Accordingly, antibiotic prophylaxis should also be an inte-
gral part of therapy to prevent early gastric variceal rebleeding. There are
several modalities that have been used in the management of gastric variceal
bleeding.

Endoscopic band ligation

The study of ligation of gastric varices is sparse and initial reports only
included few patients. Two non-controlled trials with larger number of cases
have recently been reported [65,66]. In both studies, control of acute bleed-
ing is greater than 80% with a high variceal obliteration rate (> 90%).
The overall rebleeding rate is 18% and 10%, respectively. However, the
overall recurrence rate for gastric varices reached 63% in the study by
Lee et al. [66].

Gastric variceal obturation

This treatment was shown to be effective in the control of acute gastric
variceal bleeding by many non-controlled trials. The initial haemostasis
may reach 90%. Gastric variceal rebleeding rate ranged from 4 to 44%.
Lo et al. [67] compared cyanoacrylate injection to banding ligation for the
treatment of bleeding gastric varices. The initial haemostasis was 87% in
the cyanoacrylate group and 45% in the ligation group (p = 0.03). The
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rebleeding rate was significantly lower in the cyanoacrylate group (31%)
than in the ligation group (54%). Sarin et al. [68] compared the use of
cyanoacrylate injection to sclerotherapy with pure alcohol in patients of iso-
lated fundic varices (IGV1). Initial control of bleeding was achieved in 89%
of the cyanoacrylate group and 62% of the alcohol injection group, but the
difference was not statistically significant. The rebleeding rate was similar
between the two groups (25% in the alcohol injection group and 22% in
the cyanoacrylate group). The mortality rate did not differ between the two
groups.

Bovine thrombin has previously been shown to provide beneficial effects
in the management of bleeding gastric varices [69], but it is no longer
available due to the potential for transmission of Creutzfeld-Jakob disease.
Recently, two clinical trials with small numbers of patients have used human
thrombin (i.e. human fibrin glue) for the management of gastric variceal
bleeding [70,71]. Both of them found that human thrombin is effective in
initial haemostasis with a rebleeding rate of less than 25%. Further studies
are needed to evaluate the efficacy of this approach.

Transjugular intrahepatic portosystemic shunts (TIPS)

In non-controlled trials, TIPS was shown to be effective in the management
of acutely bleeding gastric varices with an initial haemostatic rate of over
90% and a rebleeding rate of less than 30% [72–75].

Pharmacotherapy

A recent clinical trial has reported that, in patients with gastric variceal
bleeding, neither propranolol nor isosorbide mononitrate decreased the risk
of rebleeding and did not improve survival [76]. However, because this is
a non-controlled retrospective study, and patients were given either propra-
nolol or nitrate alone with fixed doses and the heart rate or haemodynamic
parameters were not monitored, further RCTs are needed to evaluate the
role of pharmacotherapy in bleeding gastric varices.

Balloon-occluded retrograde transvenous obliteration of gastric varices
(B-RTO)

B-RTO is an interventional radiological technique that is only used in Japan.
It is technically feasible only in patients with a gastrorenal shunt. A num-
ber of non-controlled trials have used B-RTO as a primary prophylaxis of
gastric variceal bleeding. This approach has not been accepted as a treat-
ment procedure outside Japan. A recent study which included 24 cirrhotic
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patients with gastric variceal bleeding has found that B-RTO is effective in
the control of acute bleeding and in the prevention of rebleeding (overall
rebleeding rate = 9%) [77]. RCTs are needed for further evaluation of the
clinical relevance of this form of treatment.

Surgery

A non-controlled clinical trial has used distal splenorenal shunt to treat 30
patients with bleeding gastric varices, with satisfactory results [78]. In a
recent prospective, 10-year follow-up RCT including more than 100 patients
with oesophageal or gastric variceal bleeding, rebleeding from varices was
less frequent and survival rate was better in patients with Child class A and B
receiving H-graft portacaval shunt than in those receiving TIPS [44]. Shunt
failure occurred less frequently in the surgery group than in the TIPS group.
The occurrence of new-onset hepatic encephalopathy was similar between
the two groups. The authors suggest that H-graft portacaval shunt may be
better than TIPS for patients with good liver function suffering from bleeding
varices. In addition to shunt surgery, recent clinical trials have suggested that
modified gastric devascularisation with splenectomymay offer an alternative
choice for gastric variceal haemorrhage, particularly for patients with IGV1
[79–81].

Prevention of rebleeding from portal hypertensive gastropathy

Portal hypertensive gastropathy (PHG) is a common finding in patients with
portal hypertension and its natural history is variable. The prevention of
rebleeding from PHG includes pharmacological and endoscopic options as
well as derivative procedures. Acid inhibitory drugs such as proton pump
inhibitors and cytoprotective agents such as sucralfate are ineffective [82].
Estrogens and progesterone have been reported anecdotally to decrease
gastric perfusion but their clinical efficacy is unclear [83]. Nonselective
β-blockers have been shown to reduce portal pressure and gastric mucosal
blood flow [84–86]. In keeping with this, small uncontrolled studies have
shown that propranolol can decrease recurrent bleeding fromPHG [87]. This
has been confirmed by the largest randomised controlled trial performed to
date in this setting [88]. Accordingly, β-blockers may be considered the first
line therapy to prevent recurrent bleeding from PHG.

Furthermore, the role of derivative treatments in patients bleeding from
PHG is controversial. Both TIPS and shunt surgery have been shown to be
effective in small studies [89–91]. It has also been reported that the gastric
mucosal changes of PHG improve in a majority of patients following TIPS
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insertion for variceal bleeding or ascites. However, no controlled trial to
date has evaluated derivative procedures for PHG. Taking this into account,
together with the invasive nature of such treatments, it seems advisable to
consider TIPS only when β-blockers fail.

Several small studies suggest that therapeutic endoscopy using injection
therapy or thermal methods (including either contact or non-contact tech-
niques)may effectively reduceGAVE-associated bleeding [92–96].However,
endoscopic therapy has rarely been investigated in PHG. A recent uncon-
trolled study proposed that endoscopic coagulationwith argon-plasma could
be effective to reduce recurrent bleeding in patients with PHG unresponsive
to β-blockers and iron therapy [97]. Accordingly, it may be advisable to try
endoscopic therapy before using derivative procedures, particularly when
differentiation from GAVE is difficult. It should also be kept in mind that
liver transplantation reverses portal hypertension and therefore effectively
treats PHG.

Prevention of refractory variceal rebleeding

After a first bleeding episode, approximately 20% of the patients will die,
17% will rebleed within 6 weeks and 70% within 2 years (98). It is there-
fore mandatory to prevent rebleeding using β-blockers associated or not with
nitrates and/or banding ligation. However, still up to 50% of the patients
treated will experience rebleeding [9]. So far, the efficacy of treatments has
never been assessed in the specific setting of failure in the prevention of
rebleeding. The difference between ‘first-line’ and ‘second-line’ treatments
lies on studies including ‘first-line’ patients. Therapeutic techniques which
are more effective in preventing rebleeding than drugs and/or band liga-
tion, but do not improve survival and have frequent or more severe side
effects are usually considered ‘second-line’ treatments. Whenever possible,
liver transplantation should be considered in these patients whose liver func-
tion is usually poor. When transplantation is contra-indicated, as well as in
patients on the waiting list, a shunting procedure should be considered.

Seven trials compared surgical shunts to endoscopic treatment. Four were
pooled in a metaanalysis which showed surgery to be more effective in
preventing rebleeding. However, encephalopathy was more frequent after
surgery and survival was not changed [9].

Fourteen studies compared TIPS to other treatments aiming to prevent
rebleeding in portal hypertensive patients: sclerotherapy [32–36,99], band
ligation [40,42,100], endoscopic treatment plus β-blockers [37–39,41] and
β-blockers plus nitrates [101]. As a whole, metaanalyses [102–104], showed
TIPS to be more effective in preventing rebleeding, reducing the risk by
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approximately 50%. But the incidence of encephalopathy was significantly
greater in patients treated with TIPS and survival was not changed.

The main drawback of TIPS is a high rate of occlusion: up to 80% at 2
years. This can now be overcome using covered prostheses. With PTFE cov-
ered stents, a multicenter randomised trial reported a 12% obstruction rate
at 1 year, without increased incidence of encephalopathy, probably because
the risk inherent to blood shunting was overcome by a significantly smaller
rate of clinical relapses and need for TIPS revision [105].

TIPS should now be preferred to surgery because it does not hamper the
chance for transplantation, it avoids the complications of laparotomy and it
can be reduced in diameter or occluded if needed.

CONCLUSION

Variceal rebleeding should not be systematically considered a treatment fail-
ure. The need for an alternative therapy will be decided according to the
severity of the haemorrhage and of the underlying liver disease, the general
status of the patient and the delay since the first bleeding episode. Drug ther-
apy might be optimised by measuring haemodynamic response to tailor the
dosage and/or add nitrates to β-blockers. The association of band ligation
to drug therapy should also be considered.

If optimal ‘first-line’ therapy has failed, the patient should be treated by
TIPS and considered for liver transplantation whenever possible.
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Baveno IV Consensus Statements:
Prevention of Rebleeding

Didier Lebrec, Tilman Sauerbruch (Chairpersons),
Brigitte Bernard-Chabert, J. Michael Henderson, Gin-Ho Lo,
Han-Chieh Lin, Arun J. Sanyal, Gamal Shiha, Càndid Villanueva and
Jean-Pierre Vinel

Time to start secondary prophylaxis:

• Secondary prophylaxis should start as soon as possible from day 6 of the
index variceal bleeding episode. (5;D)
• The start time of secondary prophylaxis should be documented.

Patients with cirrhosis who have not received primary prophylaxis:

• Beta blockers (1a;A), band ligation (1a;A) or both (1b;A) should be used
for prevention of recurrent bleeding.
• Combination of beta blockers and band ligation is probably the best treat-
ment (1b;A), but more trials are needed.
• Assessment of haemodynamic response to drug therapy provides prognos-
tic information about rebleeding risk. (2b;B)

Patients with cirrhosis who are on beta blockers for primary prevention
and bleed:

• Band ligation should be added. (5;D)

Patients who have contraindications or intolerance to beta blockers:

• Band ligation is the preferred treatment for prevention of rebleeding. (5;D)

Patients who fail endoscopic and pharmacological treatment for prevention
of rebleeding:

• TIPS or surgical shunts (distal splenorenal shunt or 8 mm H-graft) are
effective for those with Child class A/B cirrhosis and should be used. (2b;B)
• In non-surgical candidates, TIPS is the only option. (5;D)
• Transplantation provides good long-term outcomes in Child class B/C
cirrhosis and should be considered (2b;B). TIPS may be used as a bridge to
transplantation. (4;C)
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Patients who have bled from isolated gastric varices, type 1 or
gastro-oesophageal varices, type 2:

• N-butyl-cyanoacrylate (A;1b), TIPS (2b;B) or beta blockers (2b;B) are
recommended.

Patients who have bled from gastro-oesophageal varices, type 1:

• May be treated with N-butyl-cyanoacrylate, band ligation of oesophageal
varices or beta blockers. (2b;B)

Patients who have bled from portal hypertensive gastropathy:

• Beta blockers (1b;A) should be used for prevention of recurrent bleeding.

Patients in whom beta blockers are contraindicated or fail and who cannot
be managed by non-shunt therapy:

• TIPS (4;C) or surgical shunts (4;C) should be considered.

Areas requiring further study (5;D):

• Combination of beta blockers plus nitrates.
• Use of HVPG monitoring for decision making and its effect on patients’
outcome.



SESSION 7

Noncirrhotic Portal Hypertension
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Y.C. Chawla, Elwyn Elias, Harry Janssen,
Massimo Primignani and Ian R. Wanless

A session devoted to non-cirrhotic portal hypertension was introduced at
Baveno IV, in view of the increasing recognition and growing interest of
this clinical entity. Due to time constraints, the discussion was limited to
the Budd-Chiari syndrome [BCS – hepatic venous outflow tract obstruction
(HVOTO)] and to extrahepatic portal vein obstruction (EHPVO).
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Budd-Chiari syndrome - hepatic venous
outflow tract obstruction

Dominique-Charles Valla

INTRODUCTION

The purpose of this paper is to summarise the evidence available for the
management of patients with hepatic venous outflow tract obstruction. Data
from prospective studies and surveys of consecutive, or unselected, patients
have been identified through a systematic literature search. The overall level
of evidence is graded according to the Oxford Centre for Evidence-based
Medicine [http://www.cebm.net/levels_of_evidence.asp]. This review is only
intended to provide a basis for the discussion of consensus recommenda-
tions. Therefore, no attempt has been made to draw conclusions for clinical
management.

DEFINITIONS

Several terms have been used in the past to designate obstruction of the hep-
atic venous outflow tract or its consequences [1,2]. The eponym Budd-Chiari
syndrome has long been used. However, some ambiguity has arisen from its
use either for obstruction at any level of the hepatic venous outflow tract,
or solely at the level of the hepatic veins. ‘Membranous obstruction of the
inferior vena cava’ has been used to name fibrous obstruction of the inferior
vena cava whether it takes the aspect of a web or that of a thick fibrous
occlusion. The term ‘hepatocavapathy’ has been recently introduced to des-
ignate obstruction of the inferior vena cava when there is involvement also
of one or more hepatic vein ostia [3]. Thrombosis of the large hepatic veins
often recanalises leaving the large veins and their ostia patent and apparently
normal on imaging studies. Such cases may be difficult to diagnose clinically
but biopsy may establish the diagnosis. On biopsy, these cases of small hep-
atic vein thrombosis may be distinguished from veno-occlusive disease when
veins larger than 300 μm are involved. The term veno-occlusive disease has
been used for an obstruction limited to the small hepatic veins occurring
in a context of exposure to toxic substances; some authors have used this
same term in a less restrictive fashion. Recently, as the pathogenesis of sinu-
soidal endothelial injury became better understood, the term of ‘sinusoidal
obstruction syndrome’ was proposed to replace veno-occlusive disease in
the context of a toxic exposure [4]. In some publications, right-sided heart
failure and constrictive pericarditis have been considered as forms of hepatic
venous outflow tract obstruction.



NONCIRRHOTIC PORTAL HYPERTENSION 287

In this paper the term Budd-Chiari syndrome (BCS) is used as a synonym
for ‘hepatic venous outflow tract obstruction’ (HVOTO), with involvement
of hepatic veins anywhere in the tract from 300 μm diameter up to and
including the suprahepatic vena cava, and caused by any mechanism [1].
Patients with venous or sinusoidal disease confined to vessels less than
300 μm in diameter are excluded, as they are patients with hepatic con-
gestive disease caused by cardiac or pericardial disease. BCS is separated
into ‘secondary’ BCS when related to compression or invasion by a lesion
originating outside the veins (benign or malignant tumor, abscess, cyst, etc);
and ‘primary’ BCS when related to a primarily venous disease (thrombosis
or phlebitis).

EPIDEMIOLOGY

Available data consist of two hospital-based questionnaire surveys (one from
Japan reported as a full paper [5], and one from France presented in abstract
form [6]). Consistency with autopsy registry data has been checked in the
Japanese survey. Both surveys yielded a similar estimate of the incidence
of BCS due to pure IVC block or combined IVC/HV block. However, the
incidence of pure HV block appears to be 10 times higher in France than in
Japan.

Comparison of the proportions of both types of block in Western coun-
tries according to time suggests an increase in the proportion of pure HV
block since the 70s [6]. As a rule, pure IVC or combined IVC/HV block pre-
dominates in Asia, whereas pure HV block predominates in western coun-
tries. There appear to be areas in Asia where pure IVC block is extremely
common, representing the first cause of admission for liver disease [7]. In
these areas, pure IVC block is strongly related with a poor standard of living
(Level of evidence 4).

As a rule, whatever the geographic area, there is a predominance of
females among patients with pure HV block whereas there is an equal num-
ber of females and males affected with pure IVC block [6] (Level of evi-
dence 4).

CAUSAL FACTORS

Secondary Budd-Chiari syndrome

Caval involvement with a variety of tumours may cause BCS, includ-
ing hepatocellular carcinoma, renal adenocarcinoma, adrenal carcinoma,
leiomyosarcoma of uterus or cava and right atrial myxoma. Hydatid and
non-parasitic cysts, and sarcoidal phlebitis may also cause BCS [8,9,10].
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Large nodules of focal nodular hyperplasia in a central location have been
reported to cause compression of the hepatic veins [11]. Surgical or blunt
abdominal trauma may initiate BCS. In most cases of primary BCS no local
precipitating factor is identified [12] (Level of evidence 4).

Primary Budd-Chiari syndrome

There are several studies where a systematic investigation for risk fac-
tors for thrombosis has been performed [13–16]. These studies yielded
similar results in Asia and in western countries. Data are presented in
Table 47. Myeloproliferative diseases represented the leading causal fac-
tor when diagnosis was based on sensitive tests, regardless of whether
peripheral blood cell counts were suggestive or not (Level of evidence 3b).
Among these sensitive tests, endogenous erythroid colony assessment has
been mostly used [12,15,17,18]. Data presented in Table 48 show high sen-
sitivity and specificity when control populations with liver or heart disease
unrelated to BCS, or with well established myeloproliferative diseases are
studied [19]. Clusters of dystrophic megakaryocytes in bone marrow biop-
sies may also indicate the presence of a myeloproliferative disease in these
patients [20,21,22] (Level of evidence 4).

Many other known risk factors for venous thromboembolism have been
implicated in patients with BCS (Level of evidence 3b): factor V Leiden
mutation (odds ratio about 12), G20210A prothrombin genemutation (odds
ratio about 2). In BCS patients, reduced serum levels of proteins synthesised
by the liver, such as protein C, protein S and antithrombin, are not diag-
nostic of genetic deficiency of these proteins. However, after adjustment for
liver insufficiency, a significant association (odds ratio about 5) between low
levels of these inhibitors and BCSwas observed in some but not all studies. In
patients with BCS, antiphospholipid antibodies are found in about 10–15%;
lupus anticoagulant and antibeta-2 glycoprotein 1 antibodies are found in
4–5% [23]. The relation between C677T MTHFR polymorphism and BCS
appears to be weak. Once liver disease is established, it is difficult to inter-
pret homocysteine plasma levels as a marker of thrombotic risk (Level of
evidence 3b).

Some rare acquired diseases, namely paroxysmal nocturnal hemoglobin-
uria, Behcet’s disease, hypereosinophilic syndrome, granulomatous venulitis,
ulcerative colitis appear to be related to an increased risk of BCS although
no case-control study is available to quantify this risk [12,24,25] (Level of
evidence 4).

There is evidence from two case-control studies that oral contraceptive
use increases the risk of BCS by 2.5 fold. Pregnancy also appears to be
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Table 48 Frequency of endogenous erythroid colonies in series of consecutive
patients with BCS in whom cultures of erythroid progenitors were systematically
investigated and in various control groups.

India [18] Israel [15] West [12,13,15,81,82]

Patients with BCS
Total group
n positive/n tested 22/27 10/22 52/76

Overt Myeloproliferative
disease

n positive/n tested 5/5 2/2 15/15

Controls
Normal subjects
n positive/n tested 0/20 0/NA 0/NA

Portal hypertension
(including cirrhosis)
n positive/n tested 0/10 0/5 0/NA

Right-sided heart failure
n positive/n tested 0/4

NA: the exact number of controls was not provided

a risk factor for BCS, based on chronological association between the 2
conditions, although no case-control study has been performed to quantify
this risk [14,26] (Level of evidence 3b). A combination of several risk factors
is demonstrated in about 25% of cases [12,14,15] (Level of evidence 3b).

CLINICAL MANIFESTATIONS

Classical manifestations of BCS include fever, abdominal pain, ascites, leg
oedema, jaundice, gastrointestinal bleeding and hepatic encephalopathy
[27–32]. Serum transaminases and alkaline phosphatases can be normal or
increased. Levels of serum albumin, serum bilirubin and prothrombin can
be normal or abnormal, and in some patients they are markedly abnormal.
Protein level in ascitic fluid varies from patient to patient; a protein content
above 3.0 g/dL is suggestive of outflow obstruction from BCS, cardiac or
pericardial disease (Level of evidence 4).

Presentation ranges from complete absence of symptoms to fulminant
hepatic failure, through acute (rapid) or chronic (progressive) development
of symptoms over weeks to months before diagnosis is made. The absence
of symptoms is strongly associated with large hepatic vein collaterals [33].
Portal venous obstruction is common in patients with severe disease [34–36].
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However, the suggested role of portal venous obstruction as a determinant
of prognosis has not been assessed prospectively (Level of evidence 4).

The course of manifestations can be stable or marked by exacerbations
and remissions. Various classification into fulminant, acute, subacute and
chronic forms have been proposed [1]. However, definitions of these various
forms have differed according to the authors and, with one exception [37],
their prognostic value has not been demonstrated. A uniform finding has
been the lack of correlation between the apparent age of the venous or hepatic
lesions and the duration of symptoms [27,37,38] (Level of evidence 4).

DIAGNOSIS

Demonstration of solid intraluminal material, stenosis or obliteration of the
hepatic veins or inferior vena cava are firm evidence for BCS [1]. Intrahep-
atic or extrahepatic hepatic vein or inferior vena cava collaterals are also
considered diagnostic features. Doppler-ultrasound examination of the hep-
atic veins and inferior vena cava is a powerful diagnostic tool when per-
formed by an experienced operator who is aware of the possible diagnosis
of BCS [39,40]. Computed tomography or magnetic resonance imaging with
vascular contrast enhancement usually show the above-mentioned diagnos-
tic features [40]. Non-visibility or tortuosity of the hepatic veins are not
specific, occasionally being seen in cirrhosis of any origin. Normal appear-
ing hepatic veins may be seen when there is a localised ostial stenosis or
obstruction confined to small hepatic veins because of recanalisation of the
larger veins.

Hepatic venography is usually not required to make a diagnosis of BCS.
Enlarged caudate lobe and heterogeneous aspect at all phases of vascular con-
trast enhancement are other frequent, though non-specific features. Hepatic
venography is indispensable for adequate delineation of venous lesions in
planning therapy (Level of evidence 4).

Classical biopsy features of BCS include sinusoidal congestion and liver
cell atrophy or loss, predominantly in centrilobular areas [34,35,38]. Veno-
centric or veno-portal parenchymal extinction and cirrhosis can be found.
Recent or old thrombosis of the small and medium sized hepatic veins or
portal veins can be observed. A focal appearance of nodular regenerative
hyperplasia is common. All lesions are heterogeneously distributed within
the liver. None of these findings is completely specific, as they can also be
observed in patients with right-sided heart failure, constrictive pericardi-
tis, veno-occlusive disease (sinusoidal obstruction syndrome) or cirrhosis of
other origin. However, in the absence of these clinical conditions, the above
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biopsy findings are suggestive of BCS, especially if severe. Histologic throm-
bus is the most specific finding [1]. Large regenerative nodules (which may
resemble focal nodular hyperplasia) are found in about 60% of patients
during follow-up [35,41] (Level of evidence 4).

THERAPY

This section will focus on treatment for primary BCS.

Underlying risk factors for thrombosis

Because oral contraceptives increase the risk of hepatic vein thrombosis,
these agents are contraindicated in patients with BCS. It is not known
whether some form of oral contraception (e.g. devoid of estrogens) can be
used safely in this context. Although pregnancy is a likely factor for hepatic
vein thrombosis, there are reports of successful and uncomplicated preg-
nancies in patients with BCS given anticoagulation during the whole preg-
nancy [42]. Therefore, it is not clear whether pregnancy should be considered
contraindicated in patients whose underlying risk factors for thrombosis are
controlled (Level of evidence 5).

It is logical to treat underlyingmyeloproliferative diseases.Many patients
have only mild changes in peripheral blood. The threshold in blood cell
counts where treatment should be initiated, as well as the target counts to be
reachedwith therapy, are still unclear. Low-dose acetylsalicylic acid has been
shown to be beneficial to prevent arterial disease in patients with polycytemia
vera [43]. However, the efficacy of this agent to prevent venous thrombosis
has not been proven. As acetylsalicylic acid is a risk factor for gastrointestinal
bleeding in patients with portal hypertension [44], the role of this agent in
patients with a myeloproliferative disease complicated by BCS is unclear
(Level of evidence 5).

For most other risk factors for BCS (namely hereditary thrombophilias
and antiphospholipid syndrome), the only available treatment is anticoagu-
lation. Indeed, indefinite anticoagulation therapy is generally recommended
after an episode of idiopathic deep venous thrombosis in patients in whom
an uncorrectable risk factor is present [45] (Level of evidence 5).

Anticoagulation therapy

There has been no prospective randomised controlled trial of anticoagulation
in patients with BCS. Two retrospective studies with multivariate analysis
have attempted to evaluate the impact of anticoagulation on mortality for
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BCS. In a multicentre French study reported in 1999, 120 patients admit-
ted from 1970 to 1992 were enrolled [46]. Permanent anticoagulation was
systematically administered to patients admitted from 1985. Survival data
demonstrated a sharp improvement beginning in that year. In an interna-
tional collaborative study reported in 2004, 171 of 237 enrolled patients
(72%) had been treated with anticoagulants [47]. The use of anticoagu-
lants did not yield a significant beneficial effect on survival in the total
population (relative risk, 1.05; 95% CI, 0.62–1.76) as assessed through
multivariate analysis. Results did not alter when the group on anticoagu-
lation in combination with portosystemic shunting was taken as a sepa-
rate category (relative risk, 0.80; 95% CI, 0.61–1.05). Subanalysis of the
effect of anticoagulation on survival for three classes of prognosis suggested
improved survival for patients with a good prognosis (relative risk, 0.14;
95% CI, 0.02–1.21), but not for those with an intermediate (relative risk,
0.88; 95% CI, 0.39–2.01) and poor prognosis (relative risk, 1.3; 95% CI,
0.50–3.04). These two retrospective studies did not analyse underlying risk
factors. There have been no reports of bleeding-related death in BCS patients
taking anticoagulation, but the risk has not been studied formally (Level of
evidence 4).

Some data on anticoagulation are derived from the experience in liver
transplantation for BCS. In 1988, Campbell et al. reported immediate recur-
rence of hepatic vein thrombosis post-transplant in 1 of the 3 patients
not given anticoagulation, contrasting with the absence of recurrence in
14 subsequent patients given early and life-long anticoagulation [48]. In
1990, Halff et al. reported lethal recurrence of hepatic vein thrombosis in
one patient after discontinuing anticoagulation and in two other patients
with suboptimal anticoagulation [49]. Among 108 reported BCS patients
treated with permanent anticoagulation there were only 2 with recurrent
hepatic vein thrombosis, one of which required retransplantation [48–53].
However, anticoagulation did not prevent post-transplant hepatic artery
or portal vein thrombosis in 14 of these 108 patients (13%) (Level of
evidence 4).

Thrombolysis

Data on efficacy and tolerance of pharmacological thrombolysis consist of
a limited number of case reports and small series of selected patients. These
data have been recently reviewed [54,55]. There is some evidence that in situ
infusion of thrombolytic agents can achieve sustained patency of recently
thrombosed veins when thrombolysis is coupled with restoration of a high
blood flow velocity bymeans of angioplasty or stenting (Level of evidence 4).
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Angioplasty and stenting

The rationale for recanalization is to decompress the liver without com-
promising, and even restoring, hepatic blood flow. Short-length stenosis of
the cephalad portion of one or several of large hepatic veins is present in
25–30% of patients with pure hepatic vein block [56]. Likewise, a membra-
nous obstruction of suprahepatic IVC is found in up to about 60% of the
patients with IVC block [3]. Data on percutaneous angioplasty with or with-
out stenting, which are limited to retrospective uncontrolled studies, have
been recently reviewed [54]. In patients with pure hepatic vein block, angio-
plasty alone achieved recanalisation in 10 out of 10 patients but obstruction
recurred in 8 of 10 patients, while angioplasty combined with stent insertion
achieved recanalisation in 12 out of 14 patients, with reobstruction in 1 out
of 3 patients described with sufficient details. For IVC block, angioplasty
alone achieved recanalization in 103 out of 110 patients, and reobstruction
occurred in 22 out of 103 patients; while angioplasty combined with stent
insertion achieved recanalization in 48 out of 51 patients, and reobstruction
occurred in 5 out of 48 patients described with sufficient details. Data on
long-term permeability in sizeable patient populations are lacking. Factors
associatedwith reobstruction have not been evaluated. Repeated angioplasty
has been successful in some patients. Complications have been uncommon,
consisting of immediate rethrombosis and migration of the stent into the
heart [57]. Symptoms improve in a majority of patients when patency is
maintained but recur when there is rethrombosis. The risk of reobstruction
appears to be increased in patients given suboptimal anticoagulation [57].
The impact of therapeutic recanalisation on survival after adjustment on
initial severity has not been assessed (Level of evidence 4).

Percutaneous angioplasty with or without stenting has almost completely
replaced surgical angioplasty or hepatocaval resection with hepatoatrial
anastomosis (so-called Banski procedure).

Portosystemic shunting

The rationale for side-to-side portosystemic shunting is to decompress the
liver using the portal venous system as an outflow tract. Depending on the
permeability of the inferior vena cava and on technical limitation related
to caudate lobe enlargement, several variants of surgical side-to-side shunt-
ing have been used: porto-caval shunt; mesocaval shunt with interposition
venous or prosthetic grafts; portoatrial or mesoatrial, or mesoinnominate
shunt with long prosthetic graft; and a combination of porto or mesocaval
shunts with IVC bypass or IVC stenting. Overall perioperative mortality has
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been high, averaging 25% [58]. The rate of shunt dysfunction has reached
30% in series with long term follow-up [52,59]. The impact of surgical por-
tosystemic shunting on survival has been assessed in 4multicentre, retrospec-
tive, multivariate analyses on overlapping populations of patients. A study
of 45 patients with liver biopsy available at the time of diagnosis found por-
tosystemic shunting to be a significant factor for survival (P = 0.008), in
addition to Pugh score and prothrombin time [60]. A study of 120 patients
with patent portal vein, found surgical shunting to be of no independent
prognostic value after adjustment for Pugh score, ascites and serum creati-
nine [46]. A study of 123 patients seen since 1985, with a patent portal vein
disclosed no independent prognostic value of surgical shunting after adjust-
ment for Pugh score, ascites, serum creatinine and the clinicopathological
form (acute, chronic or acute on chronic) [37]. The most recent study of
237 patients diagnosed between 1984 and 2001, found surgical shunting
to be of no independent prognostic value after adjustment for encephalopa-
thy, ascites, prothrombin time and bilirubin (all independent determinants of
survival) [47]. However, in the latter study, an improved survival with sur-
gical shunting was suggested for patients in prognostic class II (with inter-
mediate prognosis) (RR 0.63; 95% CI, 0.26–1.49). In these four studies,
surgical shunting was considered on an intention-to-treat basis, that is with-
out consideration of shunt permeability. Data presented in an abstract form
suggest that shunt dysfunction severely impacts on survival [61] (Level of
evidence 4).

TIPS has been used increasingly for treatment of BCS in recent years.
A total of 127 patients where TIPS insertion was considered have been
reported in retrospective surveys of consecutive cases [62–71]. Indications
were generally stated to be manifestations unresponsive to medical therapy,
but precise criteria were generally not provided. Insertion was successful in
77 of 82 cases (94%) reported on an intention-to-treat basis. Median follow-
up was approximately 18 months. Dysfunction occurred in 63 of 121 cases
(52%). 1-month mortality rate was 11.4% in 114 patients. Overall mortal-
ity rate was 18.1% among the 127 reported patients. 17 out of 127 patients
(13.4%) underwent liver transplantation. Overall, 40 patients (31.5%) died
or were transplanted. In some centres, however, TIPS was used as a bridge
to planned liver transplantation, whereas in other centres, patients whose
condition improved were withdrawn from the transplantation waiting list.
In most surviving patients who had not undergone transplantation, dramatic
improvement in general condition, control of ascites and liver function was
generally described. There has been no attempt at comparing the outcome
following TIPS insertion to that following surgical shunting, after adjustment
for prognostic factors. Experience from 3 different centres indicate that TIPS
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dysfunction is much lower when using PTFE covered stents (total number
of patients 17) than uncovered stents (total number of patients 41) [63].
Moreover, PTFE covered stents appear to be associated with a lower inci-
dence of clinically significant events than uncovered stents. An unusually
high incidence of bleeding complications has been suggested following TIPS
insertion for treatment of BCS as compared to TIPS insertion for treatment
of portal hypertension related to cirrhosis of more common aetiology. The
incidence of post-TIPS encephalopathy appears to be low but prospective
evaluation has not been done. Among 92 patients from centres reporting
15–35 TIPS insertions for BCS, 1-month mortality rate was 7.6%. Among
35 patients from centres reporting 2–8 TIPS insertions, 1-month mortality
rate was 17.1%. Although a learning-curve effect is conceivable, the impossi-
bility to adjust for disease severity makes a comparison between these centres
unfeasible (Level of evidence 4).

Liver transplantation

European Liver Transplant Registry data indicate that 380 liver trans-
plants have been performed for BCS in Europe between January 1988
and December 2003 [http://www.eltr.org/publi/index_rv.php3]. 1-, 5- and
10-year survival rates were 74%, 70% and 64%, respectively. 1-year sur-
vival is lower than in patients transplanted for cirrhosis but 5- and 10-year
survival is similar. These survival rates are difficult to interpret without
knowledge of indications, previous therapy and prognostic factors at the
time of listing for transplantation. In surveys of consecutive cases, 27 out of
142 patients (19%) had been transplanted following portosystemic shunt-
ing [48–51,53,62,72–75]. As discussed earlier, a favourable impact of early
and prolonged anticoagulation on the results of liver transplantation has
been suggested. Some data indicate that, for patients with myeloprolifera-
tive disease, a strategy combining hydroxyurea and aspirin for prevention
of thrombotic events might be as effective as anticoagulation [76]. There
is no indication that within 10 years of transplantation, there is a signifi-
cant increase in the risk of malignant transformation of underlying myelo-
proliferative disease compared to the natural history of this condition in
non-transplant patients (Level of evidence 4).

TREATMENT STRATEGY

Consensus statements have been elaborated by the European Group for the
Study of Vascular Disorders of the Liver, based on the data available up
to 2002 [1]. A strategy was proposed consisting of the following graded
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Table 49 Mortality from Budd-Chiari syndrome in patients not selected on the
basis of therapy.

Mortality

First author Year N 1-yr 3-yr 5-yr 10-yr

Tavill [31] 1975 1965–1972 19 31.6 89.5 89.5
Mitchell [78] 1982 1970–1980 12 42 50 58
Powell-Jackson [30] 1982 1971–1980 36 42 59 75
Gupta [83] 1986 1965–1984 18 22 51 51
Zeitoun* [46] 1999 1970–1985 66 38 50 53
Zeitoun* [46] 1999 1986–1992 54 12 25 37
Tang** [60] 2001 1984-1997 45 37 46 53
Langlet* [37] 2003 1985–1997 69 9 18 26
Murad*** [47] 2004 1984–2001 237 18 31 38

* Only patients with patent portal vein
** Only patients who undergone liver biopsy. Death or liver transplantation
*** Death or liver transplantation

approach (1) anticoagulation, treatment of underlying condition, and symp-
tomatic treatment for complications of portal hypertension in all patients
with primary BCS ; (2) in patients unresponsive to medical therapy, active
search for venous lesions amenable to angioplasty/stenting; (3) in patients not
suited for, or unresponsive to angioplasty/stenting, TIPS insertion; (4) when
TIPS insertion is unfeasible and patients are suitable for surgery, surgical por-
tosystemic shunt; (5) in patients unresponsive to TIPS or surgical shunting,
liver transplantation. However, the definitions for response to therapy have
not been precisely stated. Furthermore, the impact of this strategy on sur-
vival and quality of life has not been assessed. Moreover, many data on the
medium term benefits and risks of percutaneous intervention (angioplasty,
stenting and TIPS insertion) were not available at the time these consensus
statements were elaborated (Level of evidence 5).

OUTCOME AND PROGNOSIS

The natural history of BCS is poorly known as there has been no cohort study
of untreated patients. At the time of early surveys on patients receiving none
of the currently available therapies, non-invasive diagnostic procedures were
not available so that patients lacking typical clinical features were missed.
Data presented in Table 49 clearly show a dramatic improvement in the out-
come over the last 4 decades, beginning with a reduction in late mortality,
and followed by a decrease in early mortality [31,37,46,47,60,77–79]. Even
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Table 51 Prognostic scores for Budd-Chiari syndrome.

Zeitoun et al. [46] 0.75 ascites score* + 0.28 Pugh score + 0.037 age
+ 0.0036 creatinine

Langlet et al. [37] 0.95 ascites score (1,2 or 3)* + 0.35 Pugh score
+ 0.047 age (years) + 0.0045 creatinine (μmol/L)
+ 2.2 acute on chronic form (0 or 1)˚−0.26

Murad et al. [47] 1.27 encephalopathy (0 or 1)˚ + 1.04 ascites (0 or 1)˚
+ 0.72 prothrombin (INR) + 0.004 bilirubin (μmol/L)

* ascites score: 1 absent without diuretics, 2 absent on diuretics, 3 refractory
˚ 0 absent, 1 present

more recent data, available only in an abstract form, indicate that 5-year
mortality rate could be as low as 15% [80]. Since this improvement coin-
cided with the introduction of portosystemic shunting, anticoagulation, liver
transplantation and percutaneous manoeuvres, it is tempting to ascribe this
favourable trend to these new treatment modalities. However, earlier recog-
nition of less advanced cases through modern imaging techniques as well as
improvement in the efficacy of non-specific therapy likely participated in the
improvement of outcome (Level of evidence 4).

Several retrospective studies have attempted to identify prognostic factors
by multivariate analysis (Table 50). Serum albumin, bilirubin, prothrom-
bin, ascites and encephalopathy, or their combination as Pugh score, have
generally been found to be independent prognostic factors [37,46,47,60].
Prognostic scores have been elaborated accordingly (see Table 51). Several
groups have reported that extra or intrahepatic portal vein thrombosis was
common in patients with the most severe forms of the disease [34–36]. How-
ever, extrahepatic portal vein thrombosis was not identified as a prognostic
factor in a recent survey on a large number of patients [47] (Level of evi-
dence 2b).
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Extrahepatic portal vein obstruction

Shiv K. Sarin

INTRODUCTION

Extrahepatic Portal Vein Obstruction (EHPVO) is a common cause of por-
tal hypertension in the developing countries and is second to cirrhosis in
the West. It is characterised by obstruction in the prehepatic portion of the
portal vein. This could be accompanied with thrombosis of the splenic or
superior mesenteric veins. However, isolated thrombosis of the splenic or
superior mesenteric veins with patent portal vein is not included in this
terminology. Portal vein thrombosis is a known complication of liver cir-
rhosis, and if the term EHPVO is used in this context, it should be specif-
ically mentioned whether it is associated with cirrhosis or hepatocellular
carcinoma or not.

EHPVO is often associated with portal hypertension. In the Western
countries, such patients comprise 5–10% of all patients with portal hyper-
tension [1,2]. In developing countries however, the proportion may be as
high as 20% [3]. EHPVO is also the most common cause of major upper
gastrointestinal bleeding in children [3–6]. In children, EHPVO is usually
an isolated condition presenting as portal hypertension and variceal bleed-
ing. In adults, the diagnosis is generally made when the patient is being
investigated for another disease.

The commonest site of block is at the site of portal vein formation (90%)
(Fig. 46) and total block of the splenoportal axis is seen in only 10% [7].

TERMINOLOGY

EHPVO could present as an acute or a chronic event. The presentation
does also differ in children and adults. Some investigators recommend the
use of the term portal vein thrombosis (PVT). However, this term has
several drawbacks; first it does not exclude the intrahepatic portal vein
thrombosis due to cirrhosis of the liver or invasion by hepatocellular car-
cinoma. Second, the term does not include formation of portal cavernoma
and development of portal hypertension, inherent to long-standing disease.
Moreover, the obstruction to the portal vein may not always be due to
thrombosis. The issue of terminology was discussed at length at the recent
Baveno IV conference, and the unanimous consensus was to accept the
term EHPVO.
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Fig. 46 Schematic diagram showing the two common causes of noncirrhotic portal
hypertension; extrahepatic portal vein obstruction (EHPVO) and noncirrhotic
portal fibrosis (NCPF) or idiopathic portal hypertension. The block in the former is
in the main portal vein and branches while in the latter, in the small branches of the
portal vein.

DEFINITION

EHPVO is defined as obstruction of the extrahepatic portal vein, with or
without involvement of the intrahepatic portal veins. It mostly manifests as
portal cavernoma, which is a network of porto-porto collaterals that devel-
ops as a sequel of portal vein obstruction. Isolated thrombosis of the splenic
vein or superior mesenteric vein with patent portal vein is excluded. For the
sake of clarity and management strategies, the definition of EHPVO should
be augmented by a statement of the presence or absence of cirrhosis and
hepatocellular carcinoma.

It is well known that isolated thrombosis of the superior mesenteric vein
could produce collaterals in the gut and is therefore considered as a separate
entity.

The overview presented at the Baveno IV consensus meeting and dis-
cussed below relates to EHPVO as a distinct disease entity and not as an
association of any primary liver disease.

AETIOLOGY

EHPVO is a heterogeneous group of diseases and the aetiology varies accord-
ing to the age of presentation, the population studied and the investigative
approaches adopted.

EHPVO in children

The aetiology of EHPVO in children has not been well investigated. Various
hypotheses postulated include congenital malformation of the portal vein,



NONCIRRHOTIC PORTAL HYPERTENSION 307

acquired thrombosis following umbilical sepsis, trauma, and prothrombotic
states [3,8–10]. Thrombosis is alleged to be the most important mechanism
for obstruction of the portal vein [3,9,10]. While most people believe that
EHPVO in children has a primary component of phlebosclerosis with throm-
bosis as a secondary event, others suggest that there could be a primary
thrombotic disorder.

Infection. Omphalitis and neonatal umbilical sepsis have been alleged to
cause inflammation in the umbilical stump before normal obliteration of
these veins. This inflammation probably proceeds proximally to involve the
portal venous system. Infection may be overt or go unrecognised. Umbili-
cal vein cannulation for exchange transfusion could add to this. Larroche
found that 40% of neonates having umbilical vein catheterisation developed
portal vein thrombi after 25–48 h and 100% after three days [11]. How-
ever, other workers could not confirm these observations [12]. Thompson et
al. [2] found no cases of portal vein occlusion among 470 neonates having
umbilical vein catheterisation. None of their 80 patients with umbilical sepsis
developed portal vein thrombosis. Similarly, none of the 11 patients in our
series with septicaemia and/or umbilical sepsis developed portal vein throm-
bosis [12]. In a review of 11 major studies, a positive history of umbilical
vein catheterisation was available in 9% and of umbilical sepsis, in another
9% of patients with EHPVO [12]. The determinants of low positive history
of umbilical sepsis could be hospitalisation and liberal antibiotic therapy.

Repeated abdominal infections, sepsis, abdominal surgery and trauma
in childhood could also lead to EHPVO. Role of other factors, such as
dehydration and high altitude has also been suggested.

Developmental anomaly. EHPVO can result from developmental abnormal-
ity of the portal venous system [13]. Obstruction can occur anywhere along
the line of left and right vitelline veins from which the portal vein devel-
ops [14]. Other congenital defects usually of the cardiovascular system can
also be associated. Odievre et al. [13] reported congenital defects in 12 of
30 patients with EHPVO of unknown cause.

Prothrombotic state. As the occurrence of venous thrombosis of the spleno-
portal axis is the predominant pathology, presence of a prothrombotic state
is suggested in this condition. These disorders are often occult and are
more common in adulthood [15,16]. Studies in children are limited and the
frequency of these disorders is low.

While one study has shown normal coagulation function [10], other stud-
ies [18] have reported abnormal prothrombin time, partial thromboplastin
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time and platelet function, possibly from mild compensated disseminated
intravascular coagulation secondary to portosystemic shunting [19].

Iatrogenic. Despite all efforts, the aetiology of blocked portal vein remains
obscure in about 70% of children.

EHPVO in adults

The aetiology of EHPVO in adults is quite different from that in children.
Prothrombotic disorders have been alleged to be the major mechanisms in
adults [15].

In a recent study, prothrombin G20210Amutation and deficiency of nat-
urally occurring anticoagulant proteins was found to be significantly more
common than in patients with deep vein thrombosis [10]. The latter could be
secondary to mild hepatic derangements present in EHPVO patients. Myelo-
proliferative disorders were found in 35% of patients. Cardin et al. [16] did
not observe the same incidence of overt myeloproliferative disorders and
believed that their presence did not alter the prognosis. Similar observations
have also been reported in other recent studies [21,22]. In a recent study in
Turkish patients, prothrombotic disorders were uncommon in noncirrhotic
compared with cirrhotic patients [22].

Further, since venous thrombosis is a polygenic entity, it is unlikely that
mere heterozygous state of one gene could be held responsible for the throm-
botic event.

PATHOLOGY

The macroscopic appearance of the liver varies from smooth to finely gran-
ular. The architectural pattern of the liver is preserved. There is concen-
tric condensation of reticulin fibers around portal tracts and in some cases,
the condensation forms septa extending from portal tracts for a variable
distance into the parenchyma. This could result from inflammation as a
consequence of the release of hepatocellular breakdown products, bile imbi-
bition or extension of the extrahepatic thrombophlebitic process into the
intrahepatic radicals of the portal vein [23,24].

The pathology of the portal vein in patients with EHPVOhas been termed
‘cavernomatous malformation of the portal vein’. It is made up of a clus-
ter of variable sized vessels arranged haphazardly within a connective tis-
sue support and the original portal vein cannot be identified. It is usually
located at the hilum of the liver and can extend for a variable length inside
and outside the liver. Although hamartomatous and neoplastic theories have
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been proposed [4], most authors feel that these features are an end result of
thrombosis of the portal vein.

EHPVO with cirrhosis and neoplasia. The primary disease in these patients
is a parenchymal liver disease, EHPVO is an accompaniment and the features
of the primary disease are discernible by the imaging studies.

PHYSIOLOGY OF EHPVO

The intrahepatic block in cirrhosis leads to high hepatic sinusoidal pres-
sure and the formation of hepatofugal collaterals. The prehepatic block of
EHPVO, with normal hepatic sinusoidal pressure and a high pressure in the
obstructed splanchnic bed, results in the formation of multiple hepatopetal
collaterals (Plate 4, facing p. 201). These collaterals are seen on angiography
as ‘cavernous transformation’ and have been shown by radionuclide flow
studies to provide significant component of the total hepatic blood flow in
these patients. Therefore, EHPVO is not synonymous with the absence of
portal perfusion.

FUNCTIONAL STATUS OF THE LIVER

Impairment of the hepatic storage capacity and transport maximum for bro-
mosulphaleine has been reported [24]. Quantitative liver function test using
lidocaine, Monoethylglycinexylidine (MEGX) was found to be abnormal in
a large number of EHPVO children [25]. Depriving the liver of portal venous
blood possibly leads to decreased hepatic function.

CLINICAL PRESENTATIONS

These vary with the age (childhood or adulthood) and the mode (acute or
chronic) of presentation [26]. The EHPVO in childhood ismost often chronic
and presents with features of variceal bleeding. On the other hand, in adults
the disease could present as acute or chronic.

Childhood

EHPVO can present as early as 6 weeks after birth. The typical presenting
symptoms in infancy and childhood are variceal bleeding, ascites, and growth
failure.
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Variceal bleeding. The most usual presentation for children with EHPVO is
sudden, unexpected, and often massive hematemesis. Repeated episodes of
bleeding for a long period of time is the general pattern. The children with-
stand the haemorrhages remarkably well without significant hepatocellular
failure. The splenic size, and portal pressure do not correlate with the inci-
dence or severity of hematemesis. Webb and Sherlock [4] had reported that
the frequency of variceal bleeding is reduced after puberty. This has not been
confirmed in subsequent studies [27], mainly because treatment is offered to
the child at the first presentation.

Ascites. Ascites develops in a proportion of children following haemorrhage
or surgery and is often transient. Webb and Sherlock in their series of 97
patients observed ascites as a presenting symptom in 13 patients [4], in seven
it was transient but six patients required treatment with a low sodium diet
and diuretics. Other workers have also noted the occasional association of
ascites with EHPVO [28]. We had recently reported the occurrence of spon-
taneous ascites in about 20% of older EHPVO patients; a fair proportion of
them required diuretic therapy [29].

Deterioration of liver function and fall in serum albumin with increasing
age in EHPVO patients has been reported [2]. Portosystemic encephalopathy
also reflecting hepatocellular failure was reported in over 50% of patients
with ascites by Webb and Sherlock [4]. However, this high frequency has
not been reported in several large studies [3,10,30].

Development of ascites signifies hepatic dysfunction and a hyperkinetic
circulatory state [31]. There are no clear explanations for this in EHPVO.
Autonomic dysfunction which contributes to cirrhotic ascites by adding to
decreased peripheral vascular resistance, has been reported in a significant
proportion of childrenwith EHPVO [32]. This could play a role in the genesis
of spontaneous ascites.Whether prolonged portal biliopathy leads to hepatic
dysfunction is speculative at present.

Growth retardation. EHPVO occurring in the pre-pubertal period could
result in growth retardation in up to 50% of young EHPVO children [33].
Our work has been substantiated by other clinical studies which have shown
that there is resistance to growth hormone function in these children and
insulin-like growth factor is reduced [34]. It has been shown that young
rats undergoing portal vein ligation or portalsystemic shunt surgery gain
significantly less body weight compared with control or sham operated ani-
mals [35]. The most likely cause seems to be reduced portal blood supply
to the liver due to portal vein obstruction. The hypothesis that deprivation
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of portal blood leads to growth retardation is further supported by obser-
vations of Kato et al. who have documented a spurt in growth after shunt
surgery in patients with EHPVO [36].

Jaundice. Jaundice may also be a presenting feature of portal vein occlusion.
It could be caused by compression by the venous collaterals running in the
vicinity of the common bile duct [37–39]. Thompson et al. [2] had suggested
that a rise in serum bilirubin follows over the years due to an acceleration in
the normal ageing process of the liver as a result of impaired blood supply.
Hypoxemia because of intrapulmonary vascular dilatations has also been
documented in case reports in patients with EHPVO.

Adults

The presentation could be as acute or chronic EHPVO.

Acute. These patients often present with acute abdominal pain of varying
severity and duration. The diagnosis is often delayed as it is made after
excluding the other common causes [3]. Sometimes fever and rarely ascites
could be accompanied with abdominal pain.

A small proportion of patients with acute EHPVO due to thrombosis do
present with features of intestinal ischemia and sometimes with features of
intestinal obstruction due to stricture formation. The estimated incidence of
mesenteric vein thrombosis with transmural intestinal infarction has been
reported to be around 1.8/100,000 person years [40].

Some patients may present as protein losing enteropathy or hemorrhagic
ascites.

Chronic. Variceal bleeding and hypersplenism are the other common man-
ifestations. If the oesophageal varices have been obliterated in childhood,
patients may present with bleeding from gastric, duodenal [41] or anorectal
varices [3].

Portal biliopathy. The term ‘Portal biliopathy’ was introduced in 1992 and
refers to abnormalities of the extrahepatic and intrahepatic bile ducts with
or without gallbladder collaterals in patients with portal hypertension [38].
Several subsequent reports have confirmed these observations [42–44].

Biliopathy changes have been reported in 80–100% of patients with
EHPVOon ERCP. The changes include indentations of paracholedochal col-
laterals on bile duct, localised strictures, angulation of ducts, displacement of
ducts and stones in the common bile duct and focal narrowing, dilatations,
irregular walls and clustering of intrahepatic branches in the hepatic ducts
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Portal biliopathy

Fig. 47 Endoscopic retrograde cholangiography showing bile duct anomalies in a
patient with Portal biliopathy.

(Fig. 47). The left hepatic duct is involved more commonly and severely and
this may be due to formation of prominent collateral veins where the umbil-
ical vein joins the left branch of the portal vein. The biliary abnormalities
are limited to large bile ducts and spare the small bile ducts as liver histology
does not demonstrate evidence of ductopenia, ductular proliferation, portal
triaditis or cirrhosis.

The biliary abnormalities are common in EHPVO because parachole-
dochal and paracholecystic veins form the porto-portal collaterals (the pre-
dominant component of portal cavernoma) to bypass the obstructed segment
of the portal vein (Fig. 47). The biliary abnormalities may be explained either
by compression of bile ducts by collaterals or by ischemic injury of the bile
ducts as a result of thrombosis of veins draining the bile duct [42].

Despite its common occurrence, portal biliopathy is rarely symptomatic
[44], though biochemical changes may often be seen. Symptomatic patients
are usually adults, indicating that portal biliopathy is a slowly progressive
disease. The frequency of development of new stones and strictures has also
been calculated [3].

Hepatic encephalopathy. Spontaneous hepatic encephalopathy is uncom-
mon in EHPVO, except when large spontaneous shunts have developed.
Subclinical encephalopathy has been reported in about 9% of the patients
prior to surgery and in 36% of the patients after shunt surgery [3].
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Fig. 48 Intravariceal pressure in bleeding and non-bleeding patients with
extrahepatic portal vein obstruction (EHO), noncirrhotic portal fibrosis (NCPF)
and cirrhosis of the liver. (Reproduced from Gut 1987;28: 260–266.)

Immunological anomalies. The cell-mediated immunity shows qualitatively
similar defects in patients with EHPVOand chronic liver disease [45,46]. The
defects in cell-mediated immunity result in part from sequestration of T-cells
by the spleen and partly from the presence in serum of factors that influence
the kinetics of lymphocyte response. These defects sometimes present with
repeated infections and episodes of diarrhoea in children.

Hemodynamic studies in EHPVO. Wedged hepatic venous pressure
(WHVP) is within normal limits and intrasplenic pressure is significantly
elevated indicating the presinusoidal nature of the block [47]. Intravariceal
pressure closely reflects the intrasplenic pressure (Fig. 48) and is the rec-
ommended investigation for measuring portal pressure. Due to portal vein
obstruction, the hepatic blood flow is normal or decreased and is only partly
compensated by increased hepatic artery flow. The functional status of the
liver is likely to be determined by the extent of the increase in hepatic artery
flow. Patients with EHPVO have a hyperkinetic circulatory state, with low
systemic vascular resistance and increased cardiac output. It is suggested that
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extensive portal systemic venous collateral circulationmay be responsible for
this state.

Dilated cardiac chambers and hepatopulmonary syndrome [48] have
been reported in a very small subset of patients.

DIAGNOSIS

Patients with EHPVO have a characteristic clinical presentation both in
childhood and adulthood. An infant or child presenting with hematemesis
and moderate splenomegaly in the absence of features of chronic liver dis-
ease is likely to be suffering from EHPVO. Normal liver biochemistry and
absence of hepatitis viruses would further support the suspicion of EHPVO
in a child.

In adults, the diagnosis of EHPVO poses several problems. First, one
needs to exclude diseases such as noncirrhotic portal fibrosis and idiopathic
portal hypertension, compensated cirrhosis and hepatic venous outflow tract
obstruction. The presence or absence of cirrhosis and neoplasia also needs to
be identified. The event is often acute and a high index of suspicion is needed.
Further, EHPVO could be secondary to a disease with distinct features. The
primary disease needs to be suspected and diagnosed with accompanying
EHPVO.

Imaging. Imaging is the mainstay for the diagnosis of EHPVO.
Ultrasound Doppler is a reliable non-invasive technique with high degree

of accuracy in the detection of portal cavernoma and is the investigation
of choice [49]. Acute portal vein thrombosis could be seen as intralumi-
nal material, sometimes even anechoic. Chronic thrombosis or obstruction
would lead to cavernous transformation of the portal vein which produces
a distinctive tangle of tortuous vessels in the porta hepatis.

Other radiological techniques such as CT, CT arterial portography, and
MR angiography. have also been successfully used. All of them achieve
high degrees of sensitivity and specificity. Splenoportography or arterial por-
tography (selective celiac or superior mesenteric angiography) are now less
employed due to their invasive nature.

Liver biopsy and biochemistry. The role of liver biopsy in the diagnosis of
EHPVO is limited. Generally, the diagnosis has already been made out on
the imaging study of a portal vein obstruction. Hence, liver biopsy is needed
only to exclude underlying chronic liver disease or cirrhosis which could be
missed by the routine imaging techniques. Its utility is also in assessing the
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degree of hepatic dysfunction accompanying EHPVO, especially if portal
biliopathy and spontaneous ascites are present [3].

Characteristically, needle biopsy shows normal parenchyma and only
venous anomalies. However, mild to moderate hepatic fibrosis has also been
reported [23,24].

The tests of liver function are normal though they are likely to show
derangement with the passage of time and prolonged duration of the
disease [3,50].

Study of hepatitis viruses. There is no etiological association ofHBVorHCV
to the development of EHPVO.However, since EHPVOpatients are likely to
receive repeated blood transfusion, the possibility of their developing chronic
hepatitis B or C exists.

Investigations for a prothrombotic state. There is evidence that a prothrom-
botic state does exist in a proportion of adult patients with EHPVO [15,16].
In these patients, specific investigations to detect an underlying myeloprolif-
erative disorder need to be undertaken. Sensitive tests such as endogenous
erythroid colony assessment and identification of dysmorphic megakary-
ocytes can distinguish polycytemia vera from secondary erythrocytosis. The
test consists of demonstrating the growth of erythroid colonies, in cultures
of bone marrow or peripheral blood progenitor cells, and in the absence of
added erythropoietin.

There is controversial data as to whether other known risk factors for
venous thromboembolism such as factor V Leiden mutation, G20210A pro-
thrombin gene mutation and levels of natural anticoagulants, protein C, S
and anti-thrombin III are altered [17,20–22]. Routine use of these tests is
likely to be more rewarding in adult western patients and is not likely to be
very rewarding in children.

Evaluation for varices. A careful UGI endoscopy is warranted in EHPVO
patients as nearly 40% of them have gastric varices and a few have antro-
duodenal varices [3]. In a child presenting with lower GI bleed, proctosig-
moidoscopy to detect anorectal varices should be done.

Portal biliopathy. ERCP is not recommended in the routine work-up of chil-
dren with EHPVO. Only if there are features of cholangitis or obstruc-
tive jaundice, a therapeutic ERCP procedure should be planned. For
assessment of biliopathy, MRCP has been shown to be comparable to
ERCP [51].
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MANAGEMENT

The treatment of portal venous obstruction depends very much upon the age
of the patient, the site of obstruction and the clinical presentation. The man-
agement of patients with EHPVO includes treatment of variceal bleeding,
hypersplenism and portal biliopathy.

Treatment of variceal bleeding

The management of variceal bleeding in patients with EHPVO has improved
dramatically in the past two decades.

Treatment of acute variceal bleeding

There is limited data on the use of pharmacological agents for the control
of acute bleeding in patients with EHPVO. However, based on expert opin-
ion at the Baveno IV meeting, as in cirrhotic patients with active variceal
bleeding, these vasoactive drugs could be used in EHPVO patients.

Endoscopic therapies. Acute variceal bleeding: endoscopic sclerotherapy has
been found to be effective in the control of acute bleeding in several stud-
ies [52,53].

Secondary prophylaxis of variceal bleeding

There is a lack of data on the role of β-blocker therapy in the prevention
of variceal rebleeding. There is an urgent need to evaluate this approach in
EHPVO patients.

While both endoscopic sclerotherapy and band ligation have been found
to be effective in preventing rebleeding, the latter is recommended as the
treatment of choice [54].

Primary prophylaxis of variceal bleeding

The proportion of EHPVO patients with high risk oesophageal varices and
no history of variceal bleeding is rather small. Although, there is no data to
support the role of β-blockers in these patients, logically, these drugs should
reduce the incidence of first bleed. There is however, an apprehension of
further reduction in total hepatic blood flow leading to hepatic ischemia.
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Surgery

Shunting procedures. Both total and selective shunts have been used
[7,31,55,56]. Shunt surgery is reserved for patients who fail endoscopic ther-
apy, have significant growth retardation in prepubertal age, symptomatic
portal biliopathy and symptomatic hypersplenism. It can also be offered to
patients who demand a one time treatment.

Total shunts include central splenorenal shunt with splenectomy, meso-
caval, portacaval, and ‘makeshift’ shunts. Rebleeding rates and shunt throm-
bosis remain a problem. The selective shunts include distal splenorenal shunt
(DSRS), distal splenocaval shunt, gastroepiploic to left renal vein shunt, and
left gastric vein to left renal vein shunt [55,56].

Variceal ablative procedures. They are rarely required and should be used as
rescue procedures. Splenectomy without shunt surgery should not be done
unless there is only left-sided portal hypertension due to isolated splenic vein
thrombosis [3].

Rex shunt or mesenterico-left portal bypass. In this shunt the mesenteric
blood is redirected into the intrahepatic portal venous circulation. It not
only improves the portal hypertension in EHPVO but also restores the portal
blood flow to the liver [57].

Portal biliopathy

Symptomatic portal biliopathy with cholangitis and choledocholithiasis can
be managed by biliary stenting, sphincterotomy and stone extraction [58].
The biliary obstruction however, often remains unrelieved and chances of
recurrent stone formation remain high. For dominant biliary structures and
endoscopic failures, portosystemic shunting is the initial procedure which by
itself can lead to amelioration of biliary obstruction. In patients with per-
sistent obstruction, hepaticojejunostomy may be needed to treat the biliary
obstruction, access to the region being made possible by an initial portosys-
temic shunt [59].

Role of anticoagulant therapy

At present, the evidence on which to base recommendations for anticoagu-
lant therapy is rather weak. However, in patients with recent EHPVO, early
initiation of anticoagulation using unfractionated heparin or low molecular
weight heparin could be helpful [60]. The infusion of streptokinase and/or
recombinant tissue-plasminogen activator via an operatively placed multi
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side-hole catheter/5-Fr introducer sheath into the right portal and superior
mesenteric vein clot, given within the first two weeks of thrombosis, can
restore the venous patency and prevent bowel infarction [61]. It is generally
believed that oral anticoagulation should be continued for at least 3 months
in all such patients. However, if an underlying persistent prothrombotic state
is documented, lifelong anticoagulant therapy is preferred.

In patients with chronic EHPVO, there is no consensus on the indica-
tion for anticoagulant therapy. However, in those patients with a persistent
documented prothrombotic state, anticoagulant therapy can be considered.

Interventional procedures

There is some evidence that early interventional therapy such as TIPS and
local thrombolysis could help in resolving thrombosis and achieve recanali-
sation [62–64].

Percutaneous techniques for portal recanalisation are an interesting alter-
native, even in non-acute thrombosis. Once flow has been restored in the
portal vein, TIPS may be necessary to obtain an adequate outflow, hence
facilitating and maintaining the portal flow.

In patients with EHPVO and associated cirrhosis, hepatocellular carci-
noma should be excluded. There is insufficient data on which to base rec-
ommendations for giving anticoagulant therapy to these patients.

Several important areas in EHPVO require detailed investigations and
long-term studies; these include aetiology and natural history of EHPVO in
children as compared to adults, progression of hepatic dysfunction, portal
biliopathy, thrombotic attacks and role of β-blockers and anticoagulants in
the management.

In summary, EHPVO is a challenging problem due to its varied aetiol-
ogy, clinical profile and management options. Early diagnosis and adequate
management of variceal bleeding and judicious use of anticoagulants and
thrombolytic therapy could help improve the management of these patients.
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Baveno IV Consensus Statements
Noncirrhotic Portal Hypertension

Dominique-Charles Valla, Shiv K. Sarin (Chairpersons), Giovanni Barosi,
Yogesh C. Chawla, Elwyn Elias, Harry Janssen, M. Primignani
and I.R. Wanless

Budd-Chiari syndrome [BCS - hepatic venous outflow tract obstruction
(HVOTO)]

Definition

• Budd-Chiari syndrome (BCS) is an eponym for hepatic venous outflow
tract obstruction (HVOTO) which can be located from the level of the small
hepatic veins to the level of the termination of inferior vena cava into the
right atrium.
• BCS is an heterogeneous conditionwith regard to causes and pathogenesis.
• BCS is considered secondary when the mechanism for HVOTO is com-
pression/invasion by a benign or malignant tumor, abscess or cyst.
• BCS is considered primary otherwise.
• Hepatic congestion secondary to heart failure and pericardial disease are
excluded from the definition of BCS.
• Obstruction confined to small hepatic veins or sinusoids in the context
of liver irradiation, chemotherapy, stem cell transplantation or exposure to
toxic agents is excluded from the definition of BCS.
• The terms veno-occlusive disease and sinusoidal obstruction syndrome
require further definition.

Aetiology

• Primary BCS is frequently associated with one or several risk factors for
thrombosis. These underlying disorders are often occult at presentation with
BCS.
• Myeloproliferative disorders should be investigated in any patient with
BCS, irrespective of the peripheral blood picture.
• When liver synthetic function is impaired, low plasma levels of antithrom-
bin, protein C and protein S are not specific for an inherited defect.

Diagnosis

• BCS is diagnosed by the demonstration of an obstruction of the venous
lumen, or by the presence of hepatic vein collaterals.
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• Liver biopsy is not necessary to make a diagnosis of BCS when vascular
imaging has demonstrated obstruction of the hepatic venous outflow tract.
• Liver biopsy is the only means to make a diagnosis of BCS of the small
intrahepatic veins.
• Clinical trials for therapy of BCS have not been performed so that current
therapy is based on less rigorous information.

Treatment

On the basis of current expert opinion (5;D)
• Anticoagulation should be recommended to all patients, in the absence
of major contra-indications. However, there is no consensus on the optimal
duration of anticoagulation.
• Previous bleeding related to portal hypertension is not considered a major
contra-indication for anticoagulation, provided appropriate prophylaxis for
recurrent bleeding is initiated.
• Complications of portal hypertension may be treated as recommended for
the other types of liver diseases.
• Stenoses that are amenable to percutaneous angioplasty/stenting should
be actively looked for, and treated accordingly.
• TIPS insertion should be attempted when angioplasty/stenting is not fea-
sible, and when the patient does not improve on medical therapy.
• Liver transplantation should be considered in patients with manifestations
refractory to the above procedures.

Areas requiring further studies (5;D)

• Accurate diagnostic tests for myeloproliferative disorder and antiphos-
pholipid syndrome.
• Benefit and risk of prolonged anticoagulation therapy.
• Benefit and risk of pharmacological therapy for portal hypertension.
• Optimal timing of angioplasty and TIPS with respect to severity of
symptoms.
• Indications for thrombolysis.

Extra-hepatic portal vein obstruction (EHPVO)

Definition

• EHPVO is defined by obstruction of the extrahepatic portal vein with or
without involvement of the intra-hepatic portal veins.
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• EHPVO often manifests as portal cavernoma, which is a network
of porto-porto collaterals and develops as a sequel of portal vein
obstruction.
• Isolated thrombosis of the splenic vein or superior mesenteric vein with
patent portal vein is excluded.
• The definition should be augmented by a statement of presence or absence
of cirrhosis and neoplasia.

Aetiology

• EHPVO is a heterogeneous entity with regards to causes and pathogenesis,
particularly between children and adults.
• EHPVO in adults is frequently associated with one or several risk factors
for thrombosis which may be occult at presentation.
• Presence of cirrhosis, neoplasia and other intra-abdominal causes such
as inflammation, trauma, etc. do not exclude the presence of systemic risk
factors.

Clinical presentation

• EHPVO can be acute or chronic.
• EHPVO can be assumed to be recent when patients present with symp-
toms such as abdominal pain, ascites, fever or symptoms suggestive for
intestinal ischaemia, in the absence of portal cavernoma and porto-systemic
collaterals.
• Chronic EHPVO is associated with portal cavernoma and may present
with variceal bleed, splenomegaly, abnormal blood cell counts and occa-
sionally jaundice. A proportion of children have growth retardation.

Diagnosis

• EHPVO is diagnosed by imaging techniques like Doppler US, CT or MRI
which demonstrate portal vein obstruction, presence of intraluminalmaterial
or portal vein cavernoma.

Natural history

• Most patients with EHPVO in the absence of cirrhosis and neoplasia have
a relatively benign course.
• Morbidity is mainly related to variceal bleed, recurrent thrombosis, symp-
tomatic portal biliopathy and hypersplenism.
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• The natural course of EHPVO is mainly determined by the presence or
absence of associated diseases such as cirrhosis or neoplasia.

Treatment (in the absence of cirrhosis and neoplasia)

• Chronic EHPVO.
• For primary prophylaxis of variceal bleeding there is insufficient data on
whether β-blockers or endoscopic therapy should be preferred.
• For the control of acute variceal bleeding, endoscopic therapy is effective
(1b;A). In the absence of specific data on patients with EHPVO it is presumed
that the same treatments used in bleeding cirrhotic patients could be applied
(5;D).
• For secondary prophylaxis, endoscopic therapy is effective (1b;A). There
is insufficient evidence to recommend β-blockers.
• There is no consensus on the indication for anticoagulant therapy.
• However, in those patients with a persistent documented prothrombotic
state, anticoagulant therapy can be considered.
• There is insufficient evidence in favor of interventional therapy such as
TIPS and local thrombolysis.
• Decompressive surgery should only be considered for patients with failure
of endoscopic therapy. (5;D)
• For portal biliopathy with obstructive jaundice, endoscopic therapy is rec-
ommended (5;D). In case of failure, shunt surgery may be considered (5;D).
• Recent EHPVO.
• Recent EHPVO rarely resolves spontaneously.
• The evidence on which to base recommendations for anticoagulant ther-
apy is weak.
On the basis of current expert opinion (5;D), in patients with recent EHPVO:
• Anticoagulation should be given for at least 3 months in all patients.
• When an underlying persistent prothrombotic state has been documented,
life-long anticoagulant therapy is recommended.
• In patients with EHPVO and associated cirrhosis, hepatocellular carci-
noma should be excluded. There is insufficient data on which to base rec-
ommendations for giving anticoagulant therapy to these patients.

Areas requiring further studies (5;D)

• Natural history in children versus adults: hepatic dysfunction, portal bil-
iopathy, growth retardation.
• Aetiology – role of various prothrombotic states in EHPVO (in the East),
identification of susceptible population.
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• Assessment of thrombosis, progression and recurrence.
• Definitions of variceal bleeding and predictors of 1st bleed and rebleed.
• Role of β-blockers and comparison with endoscopic therapy.
• Usefulness of long-term anticoagulants, TIPS, shunt surgery.
• Development of good experimental models.
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INTRODUCTION

The hierarchy of evidence regarding the benefits of preventive, diagnos-
tic or therapeutic interventions is established [1–3]. Randomised trials are
the gold standard for intervention comparisons [1–9]. Cohort studies and
case-control studies are unreliable designs to estimate intervention effect
unless the latter is dramatic [10,11]. Dramatic intervention effects are rare.
Logistic regression analysis may increase rather than decrease the risks of
over and underestimation of intervention effects [10]. Expert opinions, case
reports and experimental models can be as misleading as cohort and case-
control studies – or worse. Therefore, they rank lowest in the evidence
hierarchy [1–3].

Accordingly, randomised clinical trials are increasingly being used to
guide evidence-based clinical practice. The quality of randomised trials has
therefore been discussed vigorously, especially during the last 10 years. One
needs to address one central question before considering if trial results can be
used for patients: are the results valid? Result validity depends on the internal
validity of the trial. The internal validity of a trial depends on the risks of
random errors [6,12] and the risks of systematic errors (i.e. bias) [4–9,12,13].
Conducting randomised clinical trials with many participants and outcomes
decrease the risks of random errors [12]. Conducting randomised clinical
trials with high methodological quality, avoiding selection, performance,
assessment, attrition and other biases, decreases the risks of systematic errors
[4–9,12,13]. External validity should only be considered if internal validity
is adequate. If the internal validity is inadequate the discussion on external
validity becomes irrelevant.

Systematic reviews with meta-analyses of several randomised trials are
becoming more important in clinical decision-making (www.cochrane.org).

328
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Table 52 Chronological overview of some international portal hypertension and
generic activities with the aim of improving the quality of randomised clinical trials
since 1986.

• 1986 Groningen
• 1990 Baveno I
• 1992 Milano
• 1993 The Cochrane collaboration
• 1995 Baveno II
• 1995 ICH – GCP
• 1996 The cochrane hepato-biliary group
• 1996 The CONSORT statement
• 1997 Reston - AASLD
• 1998 The Cochrane hepatobiliary group trial register
• 2000 Baveno III
• 2004 The Ottava statement

Therefore, the risks of publication bias (i.e. the tendency not to publish
trials with neutral or negative intervention effects) have never been greater
[14–18]. It is therefore necessary that all trials become registered before
inclusion of the first patient with sufficient details so that one can avoid
publication bias [14–18] and post hoc changes of primary outcome mea-
sures [19,20].

Many randomised trials on portal hypertension and other hepatobiliary
diseases are too small and have methodological deficiencies [4,11,21–24].
Since the 1980s a number of activities have taken place in order to try to
improve the quality of portal hypertension randomised trials (Table 52). The
Baveno workshops [25–31], other portal hypertension workshops [32–34],
The Cochrane Collaboration (www.cochrane.org), the CONSORT State-
ment (www.consort-statement.org), the International Committee on Har-
monization – Good Clinical (Research) Practice (ICH – GCP) guidelines
(www.ich.org) [35], The Cochrane Hepato-Biliary Group [36,37] and sev-
eral other initiatives have been undertaken to improve the quality of ran-
domised trials.

In this chapter we assess the sample size and the proportion with ade-
quate quality components of portal hypertension randomised trials. We
compare the findings with other fields of hepatology. Further, we analyse
how the size and quality of portal hypertension randomised trials have
developed during the last 20 years. Finally, we assess the number of tri-
als having been registered in a publicly accessible trial register in a cohort
of portal hypertension trials published as full paper articles during 2003
and 2004.
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METHODS

Identification and selection of trials

We included trials described in two of our recent studies on the sample size
and methodological quality of randomised clinical trials on portal hyperten-
sion and other fields of hepatology [23,24].

We also included full paper articles describing randomised clinical trials
on interventions for portal hypertension published during 2003 and 2004.
Trials were considered as randomised if some form of the word random was
used to describe the allocation of patients. Articles referring to subgroups of
patients from randomised trials were excluded.

The 2003 and 2004 trials were identified through hand searches of spe-
cialist journals and electronic searches (performed March 2005) of The
Cochrane Hepato-Biliary Group (CHBG) Controlled Trials Register, The
Cochrane Central Register of Controlled Trials on The Cochrane Library
Issue 1, 2005 (www.cochrane.org) and MEDLINE. The following search
strategies were used:

The CHBG Controlled Trials Register [37]: ‘portal hypertensi*’ OR
‘bleeding varice*’ OR gastropath* OR ‘hepatic nephropath*’ AND (#20 =
2003 OR #20 = 2004).

The Cochrane Library (www.cochrane.org): #1 hypertension portal
explode all trees (MeSH), (#2 portal next hypertensi*), #3 bleeding,
#4 varice*, #5 (#3 and #4), #6 (portal next hypertensive next gastropath*),
#7 (hepatic next nephropath*), #8 (#1 or #2 or #5 or #6 or #7) (2003–2004).

MEDLINE: (portal hypertensi* OR Portal hypertension [MeSH] OR
(varice* AND bleeding) OR portal hypertensive gastropath* OR hep-
atic nephropath*) AND random*, Limits: Publication Date from 2003
to 2004.

These searches identified a total of 45 references, of which 26 were full
paper articles on portal hypertension trials published during 2003 and 2004
[38–63]. Additional searches on PubMed using the ‘Related articles’ link
identified another three full paper articles on portal hypertension trials pub-
lished during 2003 and 2004 [64–66].

Data extraction

We extracted type of interventions, quality, sample size calculations and
number of included participants from the trials. Trial quality was assessed
by whether the randomisation (allocation sequence generation and allo-
cation concealment) and blinding methods were adequately performed
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and described [6]. The generation of the allocation sequence was defined
as adequate if based on computer generated random numbers, table of
random numbers or similar. The allocation concealment was defined as
adequate if randomisation involved a central independent unit, serially
numbered opaque sealed envelopes, identical coded drug bottles or sim-
ilar. Trials in which investigators (outcome assessors or caretakers) and
patients were kept unaware of treatment allocation by identical placebo,
identically appearing active drugs or similar were classified as adequately
double blinded. Data on blinding of outcome assessment or data anal-
yses were also extracted. For trials published in 2003 and 2004 we
also extracted information on any registration of the trial in a public
trial register.

Statistical methods

Proportions were compared by the Chi-square for trend. Continuous vari-
ables were compared with the Kruskal-Wallis test. Significance was accepted
at the P ≤ 0.05 level.

RESULTS

Sample size

Compared to other disease areas of hepatology, portal hypertension ran-
domised trials seem to be including relatively large samples of patients
(Table 53). The median number of patients per intervention arm was 34
patients.

When evaluating the trend in portal hypertension randomised trials dur-
ing the last 20 years, however, we could not find any significant signs of an
improvement in the number of patients randomised (Fig. 49).

Sample size estimation

When evaluating the internal validity of a randomised trial it is important
to know what the targeted sample size was. Otherwise, we do not know
whether the data were reported before, at or after the targeted sample size
was reached. Further, the sample size estimation can help readers to define
the primary outcome measure of the trial.

Among the portal hypertension trials published in 2003 or in 2004, 19/29
(66%) reported a sample size estimation.
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Table 53 Median number of patients per intervention arm in different disease areas
of 616 hepato-biliary randomised trials published in 12 journals from 1985–1996.
Based on Kjaergard and Gluud [23].

Median number
of patients

Disease area per trial arm 5 to 95 percentiles

Alcoholic liver disease 36 6 to 149
Portal hypertension 34 9 to 88
Primary biliary cirrhosis 29 6 to 112
Hepatitis C 27 9 to 122
Hepatitis B 18 6 to 96
Cirrhosis 16 6 to 58
Hepatic encephalopathy 15 6 to 33
Miscellaneous 15 3 to 510
Autoimmune liver disease 12 6 to 41
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Fig. 49 Number of patients per intervention arm (bars are interquartile range, lines
are 5 to 95 percentiles and dots are outliers) in 179 portal hypertension randomised
trials published from 1985–2005. Data from the 150 trials published during 1985
to 1996 are from Kjaergard and Gluud [24] while data from the 29 trials published
in 2003 and 2004 have been generated for this chapter.
P = 0.25 for trend.

Adequacy of generation of the allocation sequence

Compared to other fields of hepatology, portal hypertension randomised
trials published inGastroenterology seem to be the group of trials reporting
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Upper gastrointestinal diseases
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Fig. 50 Proportion of trials reporting adequate generation of allocation sequence in
383 randomised clinical trials published in gastroenterology from 1964 to 2000
stratified according to disease area. Data from Kjaergard et al. [23].
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Fig. 51 Proportion of 179 portal hypertension randomised clinical trials reporting
adequate generation of the allocation sequence. Data from the 150 trials published
during 1985 to 1996 are from Kjaergard and Gluud [24] while data from the 29
trials published in 2003 and 2004 have been generated for this chapter. P = 1.00
for trend.

adequate generation of the allocation sequence most frequently, that is, 70%
of the trials did so (Fig. 50).

However, the proportion of portal hypertension trials reporting adequate
generation of the allocation sequence does not seem to improve significantly
during the last 20 years (Fig. 51).
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Fig. 52 Proportion of trials reporting adequate allocation concealment in 383
randomised clinical trials published in gastroenterology from 1964 to 2000
stratified according to disease area. Data from Kjaergard et al. [23].

Adequacy of the allocation concealment

Compared to other fields of hepatology, portal hypertension randomised tri-
als seem to be the group of trials reporting adequate allocation concealment
less frequently than a number of other disease areas, but more frequently
than in other disease areas (Fig. 52).

However, the proportion of portal hypertension trials reporting adequate
allocation concealment does not seem to improve significantly during the last
20 years (Fig. 53).

Balance at entry

Among the portal hypertension trials published in 2003 or in 2004, 26/29
randomised trials (90%) used significance tests for baseline comparisons.

Blinding

Compared to other fields of hepatology, portal hypertension randomised
trials seem to be the group of trials reporting adequate double blinding less
frequently than other disease areas, that is, only in 27%of the trials (Fig. 54).

The proportion of portal hypertension trials reporting adequate double
blinding does not seem to improve significantly during the last 20 years
(Fig. 55).
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Fig. 53 Proportion of 179 portal hypertension randomised clinical trials reporting
adequate allocation concealment. Data from the 150 trials published during 1985
to 1996 are from Kjaergard and Gluud [24] while data from the 29 trials published
in 2003 and 2004 have been generated for this chapter. P = 0.18 for trend.

Primary biliary cirrhosis

Inflammatory bowel diseases

Misc hepato-biliary diseases

Biliary diseases

Diarrhea

Cirrhosis

Upper gastrointestinal diseases

Portal hypertension

Alcoholic liver disease

Chronic hepatitis B and C

Extraabdominal diseases

Colorectal diseases

Duodenal ulcer

Oesophageal diseases

Misc gastrointestinal diseases

0.00 0.20

Double blinding

0.40 0.60 0.60

Fig. 54 Proportion of trials reporting adequate double blinding in 383 randomised
clinical trials published in gastroenterology from 1964 to 2000 stratified according
to disease area. Data from Kjaergard et al. [23].

Among the portal hypertension trials published in 2003 or in 2004, only
6/29 (21%) reported blinded outcome assessment.

ITT analysis

Among the portal hypertension trials published in 2003 or in 2004, 19/29
reported ITT analysis (66%).
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Fig. 55 Proportion of 179 portal hypertension randomised clinical trials reporting
adequate double blinding. Data from the 150 trials published during 1985 to 1996
are from Kjaergard and Gluud [24] while data from the 29 trials published in 2003
and 2004 have been generated for this chapter. P = 0.90 for trend.

Trial registration

Among the portal hypertension trials published in 2003 or in 2004, only
1/29 reported registration at a publicly accessible trial register (3%) [59].

DISCUSSION AND CONCLUSIONS

During the last 20 years, the yearly publication rate of full paper articles on
randomised clinical portal hypertension trials is about 15. This accomplish-
ment is impressing, considering the conditions under which one conducts
trials. These conditions have increased in complexity and costs during this
time period. It is also very positive that about 2/3 portal hypertension ran-
domised trials reported the sample size estimation, adequate generation of
the allocation sequence and ITT analysis.

We are aware of the potential weaknesses of the present study. The num-
ber of trials assessed is relatively small, as is the span of time we have looked
at. Therefore, we are not able to exclude that the reasons for us not observing
a significant positive development may be due to type II errors. Our over-
all finding of no significant positive development over time is supported by
recent findings in other studies [67,68].

The fact that 66% of portal hypertension trials reported sample size
estimation is significantly better than the 7 to 26% previously reported for
hepatobiliary randomised trials [30] and the 16%of 523 randomised clinical
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trials from a random sample of Cochrane Reviews [69]. It is also significantly
better than the 27% of 519 PubMed-indexed randomised trials published in
2000 [68].

A very high proportion of portal hypertension trials – about 70% –
reported adequate generation of the allocation sequence. This is significantly
better than 24% of 523 randomised clinical trials from a random sample of
Cochrane Reviews [69] and the 21% of 519 PubMed-indexed randomised
trials published in 2000 [68].

The finding of 66% of the portal hypertension trials using ITT analyses
is also better than the 27% of 523 randomised clinical trials from a random
sample of Cochrane Reviews [69].

The above findings are very rewarding as they show that portal hyper-
tension trialists conduct trials as one would hope. A number of our other
findings seem, however, to leave ample room for improvements.

The median number of patients per intervention arm was only
34 patients, which showed no signs of improvement during the last 20 years.
These small sample sizes are worrying. But small sample sizes are not con-
fined to hepatobiliary trials. In 523 randomised trials from 41 randomly
selected Cochrane reviews, we found a median of 52 participants per inter-
vention arm [69]. In 519 PubMed-indexed randomised trials published in
2000, the median number was 32 participants per intervention arm [68].
With the noted median of about 34 patients, a two-group comparison has
only about 40% power to detect a difference between event rates of 10%
and 30% at the 0.05 significance level. The power may be further diminished
by losses to follow-up. Inadequately powered trials have a high type II error
rate. At the same time, small trials run the risk of type I errors due to unequal
distribution of prognostically important factors in the randomised groups.

A total of 42% of the portal hypertension trials reported adequate allo-
cation concealment. This proportion was higher in some areas of hepa-
tology (e.g. primary biliary cirrhosis), but lower in others (e.g. hepatitis
B and C). We were unable to detect any improvement in the reporting
of allocation concealment in portal hypertension randomised trials dur-
ing the last 20 years. In 523 randomised trials from 41 randomly selected
Cochrane reviews, we found that only 28% reported adequate allocation
concealment [69]. In 519 PubMed-indexed randomised trials published in
2000, only 18% reported adequatemethods for allocation concealment [68].
Accordingly, it seems that portal hypertension trialists are better than a
number of other fields in reporting adequately on allocation concealment,
but they seem resistant to make further improvements. It has repeatedly
been shown that publications of trials with unclear or inadequate allo-
cation concealment are associated with a 20 to 30% exaggeration of the
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intervention effect [6–9,13]. Some studies have found that unclear report-
ing of allocation concealment does not necessarily mean unclear or inade-
quate conduct of allocation concealment, but that these studies have been
on small and select groups of patients [70–72]. However, Liberati et al. [73]
and Pildal et al. [74] observed that unclear reporting of allocation conceal-
ment was connected with unclear or inadequate methodology in about 80%
of trials.

Only about 25% of randomised trials on portal hypertension were dou-
ble blind. This is significantly less than in other disease areas of gastroen-
terology [23]. In 523 randomised trials from randomly selected Cochrane
reviews, we found that 49% were double blind or had blinded outcome
assessment [69]. In 519 PubMed-indexed randomised trials published in
2000, 60% reported any blinding [68]. Due to the nature of many interven-
tions for portal hypertension, double blinding (i.e. blinding of both patient
and caregivers) may not be feasible. Only blinding of all involved in a trial
can secure that reporting bias, performance bias, assessment bias, attrition
bias and other bias do not occur. All trials, which cannot blind interventions
with a placebo or a sham, can use blinded outcome assessment. This may
reduce assessment and attrition bias.

Balance is an important issue in the entry data of patients in a randomised
clinical trial. Such balance among known and unknown prognostic indica-
tors is sought through a sufficiently large number of patients and an adequate
randomisation, that is, adequate generation of the allocation sequence and
adequate allocation concealment [6–9,13]. Testing for imbalance of entry
variables is not recommended [12,75]. However, 9/10 portal hypertension
trials tested for entry imbalance.

We have focused on some quality measures of randomised trials. One
should also know other aspects of trials, for example, who is the sponsor.
Studies have shown that trial interpretation and conclusions may be influ-
enced by the sponsor of the trial [76–79]. The whole issue of the influence
of the drug and device industry on medical research has gained increasing
attention in recent years [80]. Increased government funding of independent
and transparent research seems urgently needed [80].

In our sample of 2003 and 2004 portal hypertension ran-
domised trials we only observed one trial that was registered in
one of the two international trial registers (www.clinicaltrials.gov and
www.controlled-trials.com) that are currently supported by the WHO
(http://www.who.int/ictrp/en/). Such trial registration should be considered
mandatory in the future, as this is the only way we can secure that publi-
cation bias [14–18] and outcome measure bias [19,20] can be reduced in
the future.
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Portal hypertension trials seem to be robust to the number of conferences,
workshops and publications held and written in order to improve the qual-
ity of portal hypertension trials. This has also been observed regarding ran-
domised trials in other disease areas [67–69,81]. If international meetings,
workshops, consensus conferences, guidelines and instructions for authors
are not enough for changing the practice of clinical research we have to
consider other measures. Ethics review boards, national and international
medicines agencies, peer reviewers and medical editors could be involved
more with quality assurance. There seems to be a large educational task
in getting these groups to understand the importance of reducing risks of
random as well as systematic errors. The CONSORT (Consolidated Stan-
dards of Reporting Trials) statement of 1996, updated in 2001, gives rec-
ommendations for reporting randomised trials and has been endorsed by
the World Association of Medical Editors, the International Committee of
Medical Journal Editors (ICMJE) and the Council of Science Editors [82].
In 2003, 36/167 (22%) of high impact medical journals referred to CON-
SORT in their advice to authors [82]. The uptake of CONSORT by leading
journals is encouraging, but 11/36 referred to a superseded version of CON-
SORT [82]. The beneficial effects of the CONSORT statement can only be
obtained if journal editors use the full and updated version of the CONSORT
statement.
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Hepato-Biliary Group. SLK is trials search coordinator of The Cochrane
Hepato-Biliary Group. CG is directing the Copenhagen Trial Unit, which
is a not-for-profit, public clinical trials service unit and has an interest in
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LECTURE

Value and Limits of
Evidence-Based Medicine (EBM)

Luigi Pagliaro

The origins and development of EBM

Concerns about medical practice

The interest around EBM has been focused by the belief that it might alle-
viate the concerns about health care raised in recent years [1,2]. The con-
cerns regard the quality of medical practice, the unwarranted variation in
the rates of use of medical procedures and the deterioration of the doctors’
competence along their professional life, as reported in the next points.
• There is evidence that the quality of medical practice is not fully consis-
tent with updated medical knowledge. Diagnostic and therapeutic practices
of proven effectiveness are often underused, whereas others are overused
in comparison with generally accepted guidelines, and misuse of both may
result in avoidable complications [3,4].
• An indicator of these inconsistencies is the well demonstrated existence of
wide variations in clinical practice, not explained by patients’ characteristics
or preferences, and related to local clinical routine, to the doctors’ specialty,
to the availability or lack of resources, to socio-economic differences and
other factors [3–6].
• Both these problems are increased by the pace of clinical research that is
faster than the translation of its products into practice, so generating a gap
between research and practice [7].
• And finally, there is evidence that the doctors’ competence tends to deteri-
orate over time [8,9], and that doctors who have been practising longer may
provide lower-quality care, raising the need for better methods of continuing
medical education.

EBM as a (partial) solution

• EBM, introduced in 1992 as a ‘new paradigm of medicine’ [10], might
contribute to alleviate these problems by educating the doctors to link their
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Table 54 The 5 steps of EBM (from ref. 16).

1. Asking answerable questions
2. Finding the best evidence
3. Critically appraising the evidence
4. Acting on the evidence
5. Evaluating your performance

Table 55 The 5 steps of EBM (from ref. 17).

1. Asking answerable questions
2. Finding the best evidence from prefiltered sources
3. Judging whether it applies to the health problem at hand
4. Acting on the evidence
5. Evaluating your performance

decisions to a common basis of scientific evidence, with the two-fold effect
of improving the quality of medical practice and limiting its unwarranted
variations. With this aim, EBM has produced a large amount of educational
material, teaching how to search, appraise and use clinical studies from the
medical literature [8,10–14]. Initially, the EBM Working Group assumed
that ‘physicians can gain the skills to make independent assessments of evi-
dence, and thus evaluate the credibility of opinions being offered by experts’
[10]. Thus, the initial educational target of EBM focused on the individual
doctors, aiming to teach them how to link their practice with the research
evidence (‘the Era of Optimism’ [15]), following the 5 steps of Table 54.
• The subsequent experience has shown that very few doctors have sufficient
time and motivation to face the ‘largely hopeless task’ [17] of learning how
to search and appraise independently the original medical literature to find
out the evidence about best care [18,19]. Accordingly, the EBM advocates
have changed their mind, and now propose that most doctors can practice
evidence-based medicine using secondary publications, reviews and guide-
lines prefiltered and preassessed by experts [17–19], as shown in Table 55:
‘the Era of Innocence Lost and Regained’ [15].
• This change respected the principle that use of research evidence would
improve the doctors’ professional behaviour and the quality of practice,
but neglected another principle of EBM, that is, the development of doc-
tors’ intellectual independence from an authority, a role now taken over by
‘informationists’ who not necessarily have clinical expertise.
• Guidelines, an increasingly published kind of prefiltered evidence, have a
mixed effect on the doctors’ practice. There is evidence that at least in some
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countries the national guidelines are followed by about 60% of general prac-
titioners [20], and that doctors’ compliance with guidelines can sometimes
improve clinical practice [21]. However, there aremany barriers to the physi-
cians’ guideline adherence [22]: guidelines are unlikely to be followed and are
less effective when they are complex, lengthy, difficult to remember and use
and lack of a local active educational input [23]. Furthermore, the attempt
to standardise care by guidelines must take into account the heterogeneity
of patients, and must be adapted to the local setting and the complexity of
medical decisions [24].
• Finally, there is extensive evidence that isolated dissemination of infor-
mation is of modest value to change the doctors’ behaviour, and should be
integrated in multifaceted strategies encompassing group interactive educa-
tional meetings, continuity, involvement of local opinion leaders [25–28],
and perhaps a disease-specific approach, for example, not the same for dia-
betes and hypertension [29]. Furthermore, the doctors’ behaviour is only a
component of the quality of healthcare, that also depends on organization,
access to care and equity of the healthcare system of a country [30].

Value and limitations of EBM in the individual patient care

Medical practice has 3 components: patient-doctor relationship, diagnosis
and therapeutic decisions

• The doctors’ attitude to establish a proper relationship with patients is
a critical attribute of good practice [31,32], the germ of which should
be conveyed to the students by the clinical teachers during the years of
school, and then developed andmaintained along the professional life. How-
ever, there is evidence that the natural empathy and patient-centred atti-
tude of medical students decline as they progress along the clinical cur-
riculum [33–37], and that patients frequently complain about inappro-
priate doctors’ behaviour, stressing disrespect, poor communication and
insufficient availability [36,37]. Although this area clearly requires atten-
tion, there is nothing in the EBM-related educational initiative to foster the
doctors’ attitude to establish a positive and humane relationship with the
patients.
• The memorised knowledge of the doctors is sufficient to make diagnos-
tic and therapeutic decisions when they are familiar with the pathology.
However, in around 2 of 3 clinical encounters, mostly with patients with
unfamiliar diseases or clinical presentations, the doctors need new informa-
tion, and ask questions to solve the problem [38]. This is the starting point
of the possible help by EBM to the individual doctor.
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Table 56 Questions from primary care doctors asked in clinical encounters, and
their frequency (from ref. 39).

% of
Question Rank questions

What is the drug of choice for condition X? 1st 11
What is the cause of symptom X? 2nd 8
What test is indicated in situation X? 3rd 8
What is dose of drug X? 4th 7
How should I treat condition X 5th 6

(not limited to drug treatment)
How should I manage condition X 6th 5

(not specifying diagnostic or therapeutic)?
What is the cause of physical finding X? 7th 5
What is the cause of test finding X? 8th 5
Can drug X cause (adverse) finding Y? 9th 4
Could this patient have condition X? 10th 4

Doctors’ needs of clinical information

• As shown in Table 56, the doctors ask a number of questions that are
almost equally divided between diagnosis and therapy.
In contrast, EBM (andmany guidelines)mostly provides evidence about ther-
apy, with limited information about diagnosis, almost exclusively dealing
with the choice and interpretation of diagnostic tests (Table 57).
Underrepresented in the EBM sources are issues describing the clinical pre-
sentation of diseases to be memorised and used as template to match with
the findings elicited in a patient. Definitely lacking are examples of the cog-
nitive process of diagnostic reasoning from the clinical presentation to the
generation of working hypotheses, although this is a critical step to orient
the search of further information [43]. The ‘meat’ [44] to help a clinician
to reach a difficult diagnosis must be searched in other sources. A journal
specialised in the publication of excellent articles describing the clinical pre-
sentation of diseases isMedicine (Baltimore) (e.g. [45,46]); useful descriptive
information is more or less often reported in many journals (e.g. New Engl
J Med, Lancet, JAMA, Mayo Clin Proc and others). Diagnostic reasoning is
exemplified in the cases of the series Clinical Problem Solving (e.g. [47,48])
published by the New Engl J Med, and in those of the book on Learning
Clinical Reasoning by Kassirer and Kopelman [43].
• The largest part of the EBM-related literature is aimed at answering ques-
tions about the choice of treatments. Prefiltered therapeutic evidence, essen-
tially from RCTs and systematic reviews of RCTs, is summarised in Clinical
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Table 57 Therapy and diagnosis in some prefiltered publications of (or
recommended by) EBM.

Paper-based and/or
online publication Content

The Cochrane Database of Systematic reviews
Systematic Reviews (CDSR) (SRs, meta-analyses) of RCTs

Clinical Evidence [40] A monthly updated compendium of
treatments, based on RCTs & SRs

ACP J Club Around 80% of summaries are about
therapy; 6% are about diagnosis;
the remaining are about other
issues (a mean of 2003–2005
issues)

Evidence-based medicine ∼= as ACP J Club
Diagnostic strategies for A highly valuable textbook about the

common medical problems [41] diagnostic tests, produced by the
American College of Physicians
and ‘adopted’ the EBM CD-ROM
Best Evidence 4 & 5

The evidence base of 12 essays on the evaluation and
clinical diagnosis [42] methodology of tests (only 1 essay

on the cognitive aspects of the
diagnosis)

Evidence, in the commented summaries of ACP Journal Club and Evidence-
BasedMedicine and in other evidence-based specialty journals (e.g. E-BMen-
tal Health, E-B Gastroenterology, E-B Obstetrics and Gynaecology, others).
A source applying the principles of EBM is the CochraneDatabase of System-
atic Reviews (CDSR). The full text of the reviews is too long and cumbersome
for clinical use; the abstracts can be of use although very brief, and are free
online [49]. A disadvantage of all these sources is that the information is not
systematically ordered (e.g. in chapters, as in a textbook), and its search may
be lengthy and not always successful.

RCTs as an incomplete evidence

• The randomised clinical trial (RCT) is generally recognised as the most
reliable instrument to determine the effect of a treatment, and is the only
source of therapeutic evidence accepted by EBM. RCTs must have internal
validity (i.e. must be properly designed to avoid bias), but to be clinically
useful they must also have external validity (or generalisability), and their
applicability to an individual patient must be contextualised [50]. The RCTs
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Table 58 Some post-marketing drug withdrawals or warnings for adverse events
not detected by pre-registration RCTs.

Drugs References

Fenfluramine, Withdrawn, 1997; see JAMA 2000;
Dexfenfluramine 283: 1738–1740

Mibefradil Circulation 1998; 98: 831–832
Cisapride JAMA 2000; 283: 2228
Troglitazone JAMA 2000; 283: 2228
Alosetron Lancet 2001; 357: 1544–1545
Cerivastatin BMJ 2001; 323: 359
Nimesulide (Finland, Spain) BMJ 2003; 327: 18–22
Coxibs: withdrawn, or admitted

with black-box warnings N Engl J Med 2005; 352: 1283–1285

recruit selected samples of patients with a disease or a subcategory of dis-
ease, and the treatment effect in these patients may not be repeated in those
encountered in real practice, for example, for differences in gender, genetic
characteristics, race, severity of disease, comorbidity and clinical setting.
For instance, primary prevention with aspirin lowers myocardial infarction
risk in men, but not in women [51]; there is genetically determined hetero-
geneity in the glycaemic response to oral antidiabetic drugs [52]; the anti-
hypertensive effect of ACE inhibitors and angiotensin-receptor blockers is
blunted in blacks [53]; the benefit of endarterectomy is strongly associated
with the severity of carotid stenosis [54]; chronic obstructive pulmonary
disease or asthma may contraindicate β-blockers for otherwise appropriate
indications; high quality of setting and operators may be crucial to obtain
good patients’ outcomes [50].
• RCTs are not very efficient in detecting or accurate in reporting drug
adverse reactions [55,56]. Most of them emerge post marketing in the
real practice, sometimes leading to the withdrawal of drugs more harm-
ful than beneficial (Table 58). RCTs of these drugs, often enrolling cumu-
lative sample sizes of thousands patients, had failed to detect the adverse
reactions.
• EBM has published a large amount of material teaching how to appraise
RCTs and systematic reviews, for example, procedure and concealment
of randomisation, follow-up, analysis and others. Although indispensable,
these criteria are insufficient. Most large, multicenter, multinational RCTs
are sponsored by the industry, and may suffer from influences causing a sys-
tematic exaggeration of the clinical value of new treatments. This influence,
that could be impossible without the participation of the academy [57,58],
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is manifold, for example, it may originate from the comparison of the exper-
imental drug with an inferior comparator [59]; from composite end points,
where the treatment effect on a major outcome cannot be easily discerned
by the effect on others, less important [60]; from publication bias, causing
the disappearance of the less favourable RCTs [61]; from outcome reporting
bias, that is, the discrepancy between the protocol and the published selec-
tive results [62]; from claims in discussion unwarranted by the results [63],
and othermechanisms. As a consequence, the industry-sponsoredRCTs have
percentages of positive results higher than those non-industry sponsored [64,
65], raising the suspect that some of them may be at least in part falsely
positive.

EBM: conclusive remarks

• The two key principles of EBM are that medical decisions must be sup-
ported by valid and ready evidence from research, and that any clinical evi-
dence presented to the doctors must report on which bases it is founded.
Both these principles are fundamental, and although not new, they have
been very efficiently spread and impressed on the healthcare literature by the
EBM advocates.
• The EBM-sponsored dissemination of valid and ready evidence should
enter into more complex educational strategies to affect the doctors’ pro-
fessional behaviour. Furthermore, it should be taken into account that
the doctors’ professional behaviour is only a component of the quality
of health care, that also depends on organisational characteristics, easy
access and equity. No data are available to evaluate whether EBM has
modified the quality and the unwarranted variations of health care. How-
ever, there is recent evidence that both these problems are still firmly
with us [4,6].
• EBM-related sources are more suitable to answer doctors’ questions about
therapeutic decisions. They don’t deal with the doctors’ attitude to establish
good patient–doctor relationship, and rarely help in the generation of diag-
nostic hypotheses. Furthermore, the criteria of validity of RCTs taught by
EBM are not sufficient to translate their results into practice: contextuali-
sation in the setting and in the characteristics and preferences of individual
patients, safety, and industry-related distortions must be taken into account.
• As clinicians and clinical researchers, the Baveno people are both users and
producers of ‘evidence’. As users, they should use the best research evidence,
adapting this evidence to the peculiarities of the local setting and the het-
erogeneity of the patients. As producers of original research and prefiltered
secondary sources they should maintain the transparency until now used in
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their relationship with the industry, and should adapt the prefiltered sources
to the target segment of health operators in a plain, objective and usable
style.
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INTRODUCTION

In the previous Bavenoworkshops, a sessionwas devoted to themethodolog-
ical requirements for future RCTs in portal hypertension [1–5]. At Baveno
IV, this session was replaced by one addressing various aspects of ther-
apy in clinical practice that have not been or cannot be evaluated by ran-
domised controlled trials (RCTs). Addressing these issues should contribute
to Evidence-based Medicine (EBM) even though adequate information from
RCTs is not possible to obtain or not yet available.

In portal hypertension as in any other clinical field, RCTs, wherever avail-
able, are the basis for establishing the evidence for choosing the best possible
treatment of the clinical conditions that the portal hypertension may lead to
– the principles of EBM [6]. However, for a variety of reasons, there are a
broad panel of clinical therapeutic problems that cannot be solved by gather-
ing evidence from the currently available RCTs, either because the relevant
and adequate RCTs have not (yet) been conducted or because those con-
ducted are inadequate for various reasons. For some of these problems, we
could hope for adequate RCTs to be conducted that would contribute to the
needed evidence, but for most of these problems it seems unfeasible to con-
duct such RCTs because the diseases are uncommon or the distinct features
of common diseases are uncommon. In any case, we will need guidelines to
optimise the current clinical decision-making in the absence of such evidence.

This task implies two important perspectives. One is that the guidelines
emerging from addressing these problems are assumed to provide a bet-
ter solution than would otherwise be the result if no such guidelines were
adhered to. Thus, given that adequate evidence from RCTs is not available,
then it is assumed that it is still possible to achieve a better outcome for the
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patients by applying such guidelines in creation of the basis for the clini-
cal decision-making than to leave the decision-making to a more arbitrary
basis. On the other hand, such guidelines will of course always suffer from
an inherent doubt that better results might have been achieved by different
decisions. This leads to the other perspective. Thus, the attempts to establish
such guidelines should in no way be considered an argument or excuse for
not pursuing any opportunities to conduct RCTs whenever and wherever
feasible.

Need for international collaboration on clinical RCTs

To emphasise the latter perspective, the first guideline should be to con-
duct more, better and larger RCTs in the field of portal hypertension. It is
clear from the systematic reviews conducted of RCTs in this field that they
are greatly underpowered and often suffer from a variety of methodological
weaknesses that can in principle be overcome in future RCTs [7]. Obviously,
too many RCTs are conducted in local settings without the strength of avail-
able competence in conducting RCTs, that is, without access to the needed
detailed knowledge and implemented technology of high-quality RCTs. It is
likely that the competence may be easier to mobilise if the RCTs are set up
as international collaborations. In other clinical fields, such as cardiology
and oncology, we have seen that it is in fact feasible to conduct large-scale
high-quality RCTs on a multinational basis, so why not also in the field of
portal hypertension? Therefore, the first guideline is the following:

Need for international collaboration on clinical RCTs
• Almost all, if not all, RCTs in portal hypertension are underpowered
and of low quality.
• This applies to uncommon but also common types of conditions asso-
ciated with portal hypertension.
• In cardiology and oncology, very large international – multinational –
high-quality RCTs are conducted, so it is feasible.
• We should do the same for solving our problems in management of
portal hypertension.

Problems beyond the adequate RCTs

In this chapter, we suggest guidelines based on our attempts to answer the
following questions related to clinical problems where adequate evidence
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from RCTs is not – or may not in a foreseeable future – become
available.
• How do we interpret results of per protocol analysis when it yields results
that differ from the intention-to-treat (ITT) results?
• How do we best assess the changes in treatment effects along the course
of the progression of the disease?
• How do we best identify factors that may modify the treatment effect in
a clinically significant way?
• How do we use the possible heterogeneity in meta-analysis of RCTs in
research and clinical practice?

– How do we handle the heterogeneity of RCTs in meta-analysis?
– Is the solution for heterogeneity the use of stratified pooled data?

• How do we find the best possible approach to diagnosis and treatment in
the type of single cases that we cannot get RCT evidence for?

– To what extent can we rely on surrogate measures of the inaccessible
evidence on hard clinical end-points?
– Are there acceptable ways of accumulating the clinical experience from
similar cases, which are so rare that RCTs will never be possible?
– How do we deal with the fundamental problem of confounding by
indication when trying to assess the effects of clinical actions in the obser-
vational setting?

• Do we have a problem in the portal hypertension field with effectiveness
versus efficiency as defined by Archie Cochrane?
• What is the utility of the continuous monitoring of the clinical outcome
of treatments in so-called clinical databases?
• How should we analyse the data on the multiple competing end points
(e.g. bleeding and death) that prevails in studies of manifestations of portal
hypertension?

How do we interpret results of per protocol (PP) analysis when it yields
results that differ from the intention-to-treat (ITT) results?

In an ideal world, all subjects included into a clinical trial would comply
with the allocated intervention and complete follow-up. In the real world,
this never occurs, and the investigators are expected to anticipate how the
resulting data should be analysed. The ITT principle, promoted both by
the International Conference on harmonisation (ICH, www.ich.com) [8]
and the Consolidated Standards of Reporting Trials (CONSORT) group
[9] implies that ‘primary analysis should include all randomised subjects’.
With the only acceptable exception of eligibility violations identified prior
to breaking the blind, ITT analysis means that all randomised subjects will
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be included into the full analysis set, irrespective of adherence to the protocol
or completion of the trial.

In superiority trials (i.e. RCTs designed to show a difference between
treatments), because a number of biases related to patient compliance are
avoided by using ITT analysis, this strategy is viewed as conservative. Indeed,
both compliance and follow-up can be linked to treatment efficacy and cor-
related to prognosis. Whatever treatment is applied, subjects who adhere
usually have a better outcome than those who do not. Conversely, inclu-
sion of non-compliers will usually decrease the observed treatment effect.
ITT must therefore be chosen as the basis for primary analysis in such
RCTs [9].

In non-inferiority trials (i.e. RCTs designed to show that one treatment is
not inferior to another treatment, whichmay be called equivalence trials even
though it is not feasible to show true equivalence), however, ITT strategies
may miss the point. This may happen when uninformative noise, that is,
patients whowhere randomised by error, did not get the allocated treatment,
or failed to comply, brings differences between treatment arms towards zero.
In this case ITT analysis will be non-conservative and lead to the erroneous
conclusion that both arms are compatible with equivalent effects. In other
cases, ITT analysis may falsely conclude for superiority, for example, in a
trial comparing interventions A and B with similar efficacy, high adverse
events rate in arm A can lead to drug discontinuation in that group. In
that case, ITT analysis, although realistic by reflecting poor applicability of
treatment A, may falsely conclude for the superiority of treatment B [10].

It has therefore been proposed that non-inferiority trials may benefit from
both ITT and per-protocol (PP) analysis [11]. Obviously, the exclusion of
an important fraction of patients from PP analysis may weaken the validity
of the conclusions reached and the credit given to the study may decline.
When ITT analysis yields a larger treatment effect than the PP analysis, one
explanation may lie in the early discontinuation of the drug in one arm,
inducing better apparent results in the other arm. When PP analysis yields a
larger treatment effect than the ITT analysis, scrutiny of the patients excluded
from analysis in both arms should help in analysing the discrepancy.

Definition of per-protocol analysis: Although ITT strategies are straight-
forward, the definition of ‘per-protocol’ analyses, meant to classify ambigu-
ous patient situations, may vary from one study to another, and may have
profound effects on the meaning of these studies. Any valid PP analysis
implies that all criteria for excluding patients from the PP population are
specified, all exclusions pronounced before breaking the blind, and the exact
number of patients excluded in each arm according to each criteria are made
available to the reader. Some criteria for PP analysis such as the exclusion
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of patients who failed to meet study entry criteria and the exclusion of
patients who did not receive the allocated intervention are usually accept-
able. However, since death or withdrawal may be related to side effects or
inefficacy of the intervention, exclusion of patients who died or withdrew
from the study before outcome assessment should be scrutinised with more
care. Non-compliance is a crucial exclusion criterion, since compliance may
be closely related to prognosis in many diseases. Indeed, compliance can be
seen as a selective process by which compliant and non-compliant patients
are expected to have different backgrounds and outcomes. Compliance may
reflect side effects of the experimental treatment. In addition, the definition
of compliance varies from all-or-none treatment adherence to any other com-
pound or relaxed criteria. In the case of long-term mortality trials, including
the actual treatment time as a variable into a Cox-proportional hazards
model may be preferable to discarding significant information in subjects
who discontinued the drug at some point [12–13]. Other exclusion crite-
ria such as unspecified ‘protocol violations’ and ‘missing data’ that do not
affect primary end point, should generally not be acceptable as valid for PP
analysis.

In both superiority and non-inferiority trials, the key question to ask is
‘How does the population that has been excluded from PP analysis drive the
shift in the study results’? It will be important to scrutinise the number of
patients excluded from each treatment arm, according to each single exclu-
sion criteria. More specifically, was there an imbalance between groups in
the number of randomised patients that did not receive allocated interven-
tion, indicating that one intervention might not be applicable in a significant
number of patients? Was there an imbalance between groups in the number
of patients who discontinued the intervention, questioning the intervention’s
side effects in patients not analysed? Was the intervention’s success associ-
ated with a better chance or quality of follow-up?

How do we interpret results of per protocol (PP) analysis when it yields
results that differ from the intention-to-treat (ITT) results?
• In superiority trials, ITT strategies are preferred and PP analysis
regarded only as supportive.
• In non-inferiority (or equivalence) trials, ITT and PP approaches (if
appropriately predefined) may both contribute.
• When PP results differ from ITT results, the population excluded from
PP analysis should be scrutinised. The applicability of the intervention
may be questioned.
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How do we best assess the changes in treatment effect along the course of
the progression of the disease?

Defining outcome covariates in RCTs. Modelling the course of progression
of a disease is a difficult task, especially during the course of portal hyper-
tension, which may be due to different diseases. In RCTs, enrolling patients
at different stages of the disease in question, delineating covariates associ-
ated with outcome is the easiest approach to this question. Some outcome-
associated covariates, such as Child–Pugh’s score, the MELD score or other
composite scoresmay be knownbeforehand, and randomisation can be strat-
ified accordingly, although this may not be necessary if the RCTs are large.
Other outcome-associated covariates, however, will only be known after a
predefined strategy has been applied to delineate baseline factors that are
significantly associated with outcome in the particular study.

Baseline statistical comparisons of variables between study groups,
although extensively used in most publications, do not stand as a valid
method to evidence an interaction between treatment effect and outcome-
associated covariates: depending on the strength of association between
each covariate and outcome, some covariates with no statistically significant
imbalance between groups may indeed be responsible for biased estimates
of treatment efficacy [14–15].

Covariate adjustment. Accordingly, the proper way to address imbal-
ance between groups and take into account baseline factors that may
influence outcome is covariate adjustment. The ICH E9 international guide-
lines [8] state that it may be advisable to ‘nominate the unadjusted analysis
as the one for primary attention, the adjusted analysis being supportive’.
We feel that whatever the results of baseline comparisons, both unad-
justed results and results adjusted for strong outcome predictors should be
given.

The best way to assess changes in treatment effects according to dis-
ease course is a test for interaction between treatment and covariates associ-
ated with outcome, which directly tests the hypothesis that treatment effects
vary between subgroups. Using the whole data set to test for an interaction
between treatment and covariates has the advantage of involving a single
statistical test. It may often have the limitation of being underpowered if
sample size was calculated for overall treatment effect rather than for testing
the interaction. The same applies to the more complex type of analysis where
the treatment effects during the follow-up after randomisation is assessed in
relation to the progression of the disease. Interaction testing, however, is cer-
tainly preferable to subgroup testing, which exposes both to false negative
results when underpowered analysis is performed in small subgroups, and to
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repeated post hoc testing [15–16]. Unless pre-defined with sufficient power
and in general limited to the primary outcome, subgroup testing should be
seen as exploratory method that can help design further studies, but should
not modify the conclusions of RCTs [8].

How do we best assess the changes in treatment effect along the course
of the progression of the disease?
• To assess how treatment effect may change with disease progression,
use interaction tests between outcome predictors and the intervention(s).
• Both unadjusted results and results adjusted for strong outcome pre-
dictors should be provided, regardless of baseline comparisons.
• Any subgroup analyses should be predefined, have sufficient power and
usually be limited to primary outcome. Otherwise, they are exploratory
methods that can help design further studies but should not modify the
conclusions of RCTs.

How do we best identify factors that may modify the treatment effect
in a clinically significant way?

Adherence to evidence-based guidelines for clinical management is strongly
encouraged [17–19]. Accordingly, the effects of individual treatments should
be correctly predicted by the analysis of the results of appropriate RCTs.
For example, when a cirrhotic patient bleeds from oesophageal varices,
RCTs taught us that failure to control bleeding can depend on one or
more of the following negative predictors: spurting varices at endoscopy,
portal vein thrombosis, hepatic venous pressure gradient (HVPG) >

20 mmHg, development of bacterial infection, and high Child–Pugh score
[20–23].

However, the reproducibility of the results of RCTs in the daily clini-
cal practice is often unsatisfactory. Therefore, it is not infrequent that the
outcome of an individual treatment is qualitatively or quantitatively dif-
ferent from what was expected from the results of RCTs. In addition, a
new treatment is sometimes flawed by the occurrence of unpredictable side
effects, because most RCTs explore adverse events with less systematic inten-
sity than benefits [24]. This is exemplified by the recent experience with
COX-2 inhibitors whose serious untoward vascular effects could have been
evidenced only after a prolonged administration. Accordingly, it is crucial to
develop strategies useful to identify the factors that significantly modify the
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outcome of individual treatments regarding both effectiveness and safety.
The final effect of a treatment may deviate from what RCTs had reported
because of two orders of factors: a defect of the quality (internal validity) or
a defect of the external validity of the RCTs.

How to evaluate the quality (internal validity) of a trial

When the current effect of a treatment differs from the results of RCTs, this
could depend on an overestimation (or less often an underestimation) of the
treatment efficacy. In this case the poor reproducibility of the trial results
is due to a low quality of the methodology used. The quality of RCTs can
be assessed in its components according to the checklist of the CONSORT
statement [9]. This checklist provides a clear picture of the progress of all
participants in the RCT, from the time they are randomised until the end
(Table 59). In particular, the following are relevant questions in evaluating
the quality of RCTs:
1 How was the sample size calculated?
2 How were the patients randomly assigned to the different arms of treat-
ment?
3 Was the treatment blinded? Blinded to the patients, to the investigators,
or to both?
4 Was the analysis of the results made by intention-to-treat?
5 Were the statistical methods used to compare groups proper for both the
primary and the secondary endpoints?

The probability that the results of the trial are appropriate is strictly
related to the consistency of the sample size. RCTs with small sample sizes
generate type I (by the multiple testing in several small RCTs compared to a
single RCT of a size equal to the sum of the small RCTs) and type II errors
and then they are of low quality [25]. Moreover, they have a low probability
to identify side effects. Randomisation and blindness are two further prereq-
uisites for avoiding bias. Randomisation favours the comparability between
the different arms of the study. Sequence generation, allocation conceal-
ment, and implementation are three important aspects of the randomisation
methodology to avoid selection bias. Adequate double blinding and follow-
up of all patients are essential to avoid information bias. However, double
blinding can be hardly obtained when a drug has a specific effect, such as
bradycardia for propranolol, or when the trial includes surgical or invasive
treatments, such as TIPS.

Finally, the interpretation of the results can vary according to the
statistical methods. The use of an intention-to-treat analysis is usually
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Table 59 Checklist according to the CONSORT statement [9].

Paper section
and topic Item Description

Title and abstract 1 How participants were allocated to
interventions (e.g. ‘random allocation’,
‘randomised’ or ‘randomly assigned’).

Introduction
Background 2 Scientific background and explanation of

rationale.
Methods
Participants 3 Eligibility criteria for participants and the

settings and locations where the data were
collected.

Interventions 4 Precise details of the interventions intended
for each group and how and when they
were actually administered.

Objectives 5 Specific objectives and hypotheses.
Outcomes 6 Clearly defined primary and secondary

outcome measures and, when applicable,
any methods used to enhance the quality of
measurements (e.g. multiple observations,
training of assessors).

Sample size 7 How sample size was determined and, when
applicable, explanation of any interim
analyses and stopping rules.

Randomisation –
sequence generation

8 Method used to generate the random
allocation sequence, including details of any
restriction (e.g. blocking, stratification).

Randomisation –
allocation concealment

9 Method used to implement the random
allocation sequence (e.g. numbered
containers or central telephone),
clarifying whether the sequence was
concealed until interventions were assigned.

Randomisation –
implementation

10 Who generated the allocation sequence, who
enrolled participants, and who assigned
participants to their groups.

Blinding (masking) 11 Whether or not participants, those
administering the interventions, and
those assessing the outcomes were blinded
to group assignment. When relevant,
how the success of blinding was evaluated.

Statistical methods 12 Statistical methods used to compare groups
for primary outcome(s); methods for
additional analyses, such as subgroup
analyses and adjusted analyses.
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Table 59 (Continued).

Paper section
and topic Item Description

Results
Participant flow 13 Flow of participants through each stage (a

diagram is strongly recommended).
Specifically, for each group report the
numbers of participants randomly assigned,
receiving intended treatment, completing
the study protocol, and analysed for the
primary outcome. Describe protocol
deviations from study as planned, together
with reasons.

Recruitment 14 Dates defining the periods of recruitment and
follow-up.

Baseline data 15 Baseline demographic and clinical
characteristics of each group.

Numbers analysed 16 Number of participants (denominator) in each
group included in each analysis and whether
the analysis was by ‘intention-to-treat’.
State the results in absolute numbers when
feasible (e.g. 10/20, not 50%).

Outcomes and estimation 17 For each primary and secondary outcome, a
summary of results for each group, and the
estimated effect size and its precision (e.g.
95% confidence interval).

Ancillary analyses 18 Address multiplicity by reporting any other
analyses performed, including subgroup
analyses and adjusted analyses, indicating
those pre-specified and those exploratory.

Adverse events 19 All important adverse events or side effects in
each intervention group.

Discussion
Interpretation 20 Interpretation of the results, taking in to

account study hypotheses, sources of
potential bias or imprecision and the
dangers associated with multiplicity of
analyses and outcomes.

Generalisability 21 Generalisability (external validity) of the trial
findings.

Overall evidence 22 General interpretation of the results in the
context of current evidence.
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superior to a per protocol analysis in assessing the probability to obtain
a result with a specific treatment (see above). When per-protocol analy-
sis is made the number and the reasons of excluded cases must be clearly
analysed.

How to evaluate the generalisability or external validity of a trial

The external validity of a trial is more difficult to assess. It involves the issue
of the extent to which an individual patient could be part of the population
of patients treated in the trial. To know this, one must take into account how
the population of the trial was selected and what the main characteristics of
such a population are.

Answers to the following questions can help this estimation:
1 How were the trial patients recruited and selected?
2 How was the diagnosis obtained?
3 Which were the demographic characteristics of the trial population?
4 Which were the inclusion and exclusion criteria?
5 Which were the schedule and dosage of the treatment?
6 How was the compliance of the patients?
7 How was the end point defined?
8 How long were the patients treated for?

The first questions directly refer to the issue of whether the population
studied by the trial is representative of the general population affected by a
specific disease. The setting where the patients are recruited can influence the
average severity of the disease under study. Moreover, patients enrolled in
a trial pass through a strict selection based on screening, inclusion criteria,
agreement to participate, and randomisation. As a result the randomised
patients represent a subset of the general population suffering from that
disease.

The comparability of patients also depends on how the diagnosis was
obtained. In several RCTs on portal hypertension HVPG was measured
to estimate the severity of portal hypertension, whereas in clinical practice
patients with portal hypertension are identified by clinical stigmata, such
as varices or splenomegaly. This also may imply different severities of the
cirrhosis.

The main clinical and demographic characteristics of patients enrolled
in experimental treatments are reported by RCTs to demonstrate the sim-
ilarity with the reference group taking placebo or standard therapy. The
most important features concern age, sex, aetiology, scores which esti-
mate the stage of the disease (i.e. Child–Turcotte–Pugh scores or MELD
scores), laboratory tests and vital signs. Different ages or sex, as well as
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different stages of the disease, can affect the results of therapy [26–27].
Aetiology of liver disease is also important. Patients with alcoholic cir-
rhosis can become abstinent and thereby improve their prognosis [28].
Accordingly, it is difficult to extrapolate the results obtained in a popula-
tion of cirrhotic patients with alcoholic aetiology to a patient with viral
cirrhosis.

The inclusion/exclusion criteria are some of the most important vari-
ables, which define the population of RCTs. Most RCTs exclude patients
with co-morbidities, such as diabetes, obesity, cardiac diseases or cancer.
Most of these, however, are strong determinants of the outcome of individ-
ual patients. Moreover, co-morbidities require multidrug regimens, whereas
RCTs often limit the use of medications. Drugs such as NSAIDs and ACE
inhibitors adversely affect the renal function of patients with decompen-
sated cirrhosis and this may interfere with the treatment effect, for example
of diuretics.

The schedule of treatment is also important. Propranolol cannot be given
at predefined dosages but should be titrated to obtain a 25% decrease of the
heart rate, if possible. Accordingly, the final dose of propranolol can vary
greatly depending on the heart rate response. Since starting terlipressin or
somatostatin as early as possible is crucial for improving the chances to stop
variceal bleeding, the effects of such treatments greatly depends on the timing
variable.

The compliance of the patient markedly affects the treatment outcome:
an irregular consumption of β-blockers could be more detrimental than no
treatment. The compliance of patients is frequently greater in RCTs than
in the current clinical practice. Trial patients are more motivated because
they are aware of participating in an experimental study, they receive better
counselling by doctors and nurses and they are more strictly monitored.
Education is a further aspect that improves compliance. A bad adherence to
a drug regimen, which also relies to drug safety, is the basis of a treatment
failure.

The choice of the end points may vary greatly in RCTs and include
survival, bleeding, quality of life, complications and symptoms. Sometimes
surrogate measures of an outcome are used. This can generate errors of
interpretations. From reduction of the HVPG obtained with β-blockers we
cannot extrapolate the survival benefit that prophylaxis with β-blockers may
generate.

Finally, many RCTs are conducted over weeks or months. The short-
term nature of these studies precludes the ability to detect the benefit or
harm associated with medications consumed over years for the treatment of
chronic diseases.
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How do we best identify factors that may modify the treatment effect in
a clinically significant way?
• The physician must learn how to identify the factors that most often
modify the clinical outcome at variance with the results of RCTs.
• The quality of the RCTs and their internal and external validities should
be evaluated.
• The quality of a trial can be assessed according to theCONSORT check-
list.
• The external validity can be assessed according to a list of vari-
ables which define how peculiar the trial population is with respect
to differences in demography, co-morbidities, limitations due to inclu-
sion/exclusion criteria, variability in the schedules and dosages of drugs,
use of interfering drugs, low compliance, duration of treatment.

How do we use the possible heterogeneity in meta-analysis of RCTs in
research and clinical practice?

This question has two aspects and it may be split into these two questions:
• How do we handle the heterogeneity of RCTs in meta-analysis?
• Is the solution for heterogeneity the use of stratified pooled data?

In the process of systematic reviews, information from all relevant stud-
ies are brought together and combined in an attempt to perform a meta-
analysis. This process, without standardised criteria, will bring together
studies with often large variation in terms of design (follow-up length, def-
initions of outcomes etc.), in types of patients studied (clinical character-
istics) and eventually difference in the specific interventions applied in the
studies.

These large differences in trial designs may eventually lead to conflicting
results among the RCTs selected for the meta-analysis, with some showing a
beneficial effect and others indicating a harmful effect of the actual interven-
tion analysed. Statistical tests will then show heterogeneity, and conclusion
based on meta-analysis may in these cases often seemmeaningless, unless the
cause of heterogeneity is clearly identified. Clinically important heterogeneity
of treatment effects is often seen [29], when various groups of patients have
very different risk of event. The results based on a broad range of evidence
will in some cases be remote from the issue of how to treat the individual
patient, although no one will argue against the fact that all treatments should
be based on evidence, when it is available [30].
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Stratified meta-analysis/subgroup meta-analysis

In case of heterogeneity, the problem of the gap between the evidence based
on many patients and making decisions about treating individuals may be
overcome by meta-analysis instead of analysing how treatment effects varies
according to patients’ characteristics within each trial [31]. Usually basic
characteristics of patients recruited for the specific trials are given. This
enables one to relate treatment effects in the different RCTs to the overall
characteristics. We can for example, evaluate the treatment effects in RCTs
dealing with primary prophylactic endoscopic treatment of oesophageal
varices according to the number of patients with large varices or of Child–
Pugh score C patients in each trial. This type of analysis is often called
meta-regression, which however has several limitations and may potentially
lead to misinterpretations in case of heterogeneity and diversity in treatment
strategies, follow-up and others [32].

In order to look for beneficial effects in individual patients, subgroup
analysis may be considered, although most RCTs are underpowered to show
an effect in subgroup analysis. Subgroup analysis has several pitfalls increas-
ing the risk of finding a false positive effect. Strategy for performing subgroup
analysis should be specified in the protocol before initiating the study. For-
mal evaluation of interaction should be reported as the estimated difference
in the intervention effect in each subgroup (with a confidence interval), not
as p-values [33].

Meta-analysis is normally performed on the basis of fully reported articles
published in scientific journals. Most often data are lacking for treatment
effects according to certain characteristics or more complex variables. It is
therefore not possible on the basis of the publications to perform stratified
analysis on individual data.

Example of heterogeneity in portal hypertension

Endoscopic sclerotherapy reduces the risk of rebleeding and death in
patients with previous variceal bleeding, although this treatment has now
been replaced by endoscopic variceal ligation. The risk of rebleeding from
oesophageal varices, without prophylactic therapy is high, and metaanal-
ysis of the RCTs investigating the effect of sclerotherapy [34] showed no
heterogeneity. This observation led to RCTs evaluating the effect of scle-
rotherapy as primary prophylaxis of variceal bleeding. The risk of a first
bleed is dependent on many risk factors such as variceal size, presence of
cherry red spots, severity of liver disease as evaluated by Child–Pugh score.
Initial studies showed a beneficial effect on bleeding risk and some even
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on mortality. However, large multicentre RCTs that were performed later
showed either no effect or even a harmful effect. Careful analyses of the stud-
ies have shown that RCTs with a high rate of bleeding in the control group
tended to show a better effect in the sclerotherapy group. It was not possi-
ble from the available data to identify the reason for the large discrepancy
of bleeding rates in the control groups, and it was therefore concluded that
sclerotherapy could not be recommended as primary prophylaxis in variceal
bleeding [35].

Recent studies comparing endoscopic ligation with β-blockade for pri-
mary prophylaxis indicate that endoscopic ligation reduces the bleeding risk
especially in patients with a high risk of bleeding compared to treatment with
a β-blocker [36]. This finding may explain the observation of heterogeneity
in sclerotherapy studies, since sclerotherapy is not without complications,
which for patients with a low risk of bleeding eventually may outweigh
the potential beneficial effect on bleeding rate, while for patients with a
high risk of bleeding the beneficial effect of sclerotherapy on bleeding rate
is larger than the risk of complications, obviously with opposite effect on
mortality.

Analysis of pooled data

Statistical analysis on pooled individual data is complicated and time con-
suming. The individual RCTs will often differ with respect to selection of
patients, inclusion and exclusion criteria, treatment strategy, duration of
treatment and follow-up. Pooling of the data is troublesome, and statistical
analysis of the data difficult. To our knowledge systematic recommenda-
tions of how to perform this type of analysis do not exist [33]. Criteria for
definition of situations, when stratified analysis of pooled data should be
preferred for meta-analysis, are needed.

Pitfalls in stratified analysis of pooled data

The quality of the analysis of the pooled data is highly dependent on the
design and execution of the individual RCTs being pooled. The design, con-
duct, and analysis of each trial should be clear and transparent and accurately
described in the protocol and manuscript in order to evaluate whether it may
be acceptable to pool the data and look for the following items among many
other:
1 How and when were patients selected for the individual study (the effect
of treatment may vary according to time interval between event and ran-
domisation) [37].
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2 Was the treatment in all studies compared to the same placebo or another
uniform reference treatment?
3 Was the treatment appropriate in dose, frequency of treatment and others
in all studies in order to make pooling of the data acceptable?
4 Are all data available from each trial in order to perform analysis accord-
ing to an intention-to-treat strategy?
5 The definition of an end point should for each individual trial have
been clearly stated and without major variations between the studies to be
pooled.

It is therefore extremely important that the individual protocols be homo-
geneous according to patient selection, treatment strategy, analysis of data,
which can only be overcome with consensus meetings defining these aspect,
which then should be followed in order to be accepted as a manuscript in a
scientific journal with peer review.

How do we use the possible heterogeneity in meta-analysis of RCTs in
research and clinical practice?
How do we handle the heterogeneity of RCTs in meta-analysis?
• It can be used cautiously to suggest indications for a particular inter-
vention.
• It requires that differences in trial methodology are not present and that
the clinical source of heterogeneity has been identified
Is the solution for heterogeneity the use of stratified pooled data?
• Stratified analysis of pooled data can be done.
• Primary/secondary aims should be predefined.
• Plan for statistical analysis should be predefined (including multiple
testing).
• Subsequent analysis can use the pooled data as long as the above pro-
tocol is followed.

How do we find the best possible approach to diagnosis and treatment in
the type of single cases that we cannot get RCT evidence for?

This question may be made more specific by the following questions, which
also will be addressed in this chapter:
• To what extent can we rely on surrogate measures of the inaccessible
evidence on hard clinical end points?
• Are there acceptable ways of accumulating the clinical experience from
similar cases, which are so rare that RCTs will never be possible?
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• How do we deal with the fundamental problem of confounding by indica-
tion when trying to assess the effects of clinical actions in the observational
setting?

Case report or case series formats have traditionally been used to iden-
tify novel approaches to diagnosis and therapy of rare conditions. Given
the infrequency of these diseases, it has generally been accepted that RCTs
will not be available to provide the highest level of scientific evidence for
use in clinical practice. Nonetheless, a structured approach with collabora-
tion from multiple institutions could facilitate standardised data collection
for analysis and the development of guidelines for approaches to clinical
management.

In terms of diagnosis, a preferred approach would be to predetermine
what criteria are necessary for prospectively identifying affected individuals
with disease. These criteria are usually identified from clinical epidemio-
logical studies describing the demography, clinical presentation and labora-
tory features of the disease in question. Once diagnostic criteria have been
established, a consensus agreement should be reached in terms of which
data elements are required for diagnosis and longitudinal monitoring. The
modified Delphi technique [38] has been successfully used in hepatology to
derive explicit agreement on the clinical management of specific conditions.
One notable example includes modifying the indication for home-based par-
enteral albumin in patients with symptomatic ascites [39]. Once a protocol
is established, the study of alternate diagnostic methods can be incorporated
within the core principles of management to determine their accuracy and
effectiveness in clinical practice.

The administration of empiric medical therapy for patients with rare
conditions remains an important part of clinical practice. Limitations in
this approach, however, relate directly to the absence of scientific princi-
ples used to judge the level of internal validity. While a placebo effect may
occur among single individuals without side effects or increased cost that
may be appropriate, this may result in denying patients the opportunity
to achieve further incremental benefit from an alternate therapy. Recently,
the use of alternate (or quasi-experimental) study designs to examine the
efficacy of medical treatments has emerged to improve the quality of sci-
entific evidence linked with empiric therapy. Quasi-experimental designs
are defined as experiments where balanced randomisation is not possible
because of low sample size but where other features of internal validity
(such as double blinding and concealed allocation) may be incorporated
[40]. A well-described study design that may improve the validity and effec-
tiveness of selected therapies for rare conditions is termed the N of 1 trial (see
later).
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To what extent can we rely on surrogate measures of the inaccessible
evidence on hard clinical end points?

Objective endpoints such as death or liver transplantation are indisputable,
unbiased events in observational and interventional studies. However, these
end points may occur infrequently and will be difficult to use in specific
clinical situations. This observation is based on several factors including
hepatic disease severity of study participants, the need for large sample size
requirements, increased trial duration and cost. The use of composite or mul-
tiple end points in a clinical trial, which can overcome limitations based on
power and sample size requirements, may remain unhelpful if heterogeneity
between the defined end points exists. Examples include variation of patient
preference, the absence of significant and equivalent relative risk reduction,
and the lack of biologic plausibility for all end points [41].

Recently, the use of surrogate markers of clinical end points to mea-
sure the efficacy of interventions has been the focus of intense study. In the
field of portal hypertension, previous intervention RCTs were able to use
hard end points to assess treatment efficacy given the increased rate of
clinical outcomes such as death and rebleeding that occurred over short
periods of time [42]. Examples of such RCTs include pharmacological
prophylaxis against variceal haemorrhage [43], antibiotic prophylaxis for
bacterial infection in cirrhosis [44], and transjugular intrahepatic portosys-
temic shunt (TIPS) compared to large-volume paracentesis for refractory
ascites [45].

The validity of any surrogate marker will rely on evidence that links
the measure to a definable clinical outcome. To date, the majority of surro-
gate markers in patients with cirrhosis and portal hypertension have been
recognised to predict survival. Examples include the HVPGmeasurement for
identifying bleeding risk and possibly survival [46], the Model of End-Stage
Liver Disease (MELD) score for short-term survival [47], and the discrimi-
nant function for prognosis in alcoholic hepatitis [48]. Despite its widespread
recognition, the Child–Turcotte–Pugh score remains too subjective and lacks
the ability to predict survival on a continuous scale for use in future stud-
ies [49]. Other potential surrogate markers including serum ammonia and
albumin levels are not useful despite their plausible link to pathophysiologic
mechanisms of disease progression.

However, the ability to identify novel treatments for improving survival
and related outcomes in cirrhosis and portal hypertension has become dif-
ficult over time. Continued improvements in the standard of medical care
have reduced the incremental ability of new therapies to demonstrate greater
efficacy in RCTs. In addition, longer study durations and increased cost will
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be required as the estimated survival of patients with compensated disease
will further increase where effective treatment becomes available.

Therefore, the identification of a valid, reproducible, and responsive sur-
rogate marker is needed to promote continued advances in the field. Ideally,
the surrogate maker will have biologic plausibility in both static and longi-
tudinal ways. A most recent example in patients with heart failure involves
the clinical use of serum brain natriuretic peptide (BNP). Studies to date
have linked the production and level of serum BNP with haemodynamic
function in patients with heart failure and pulmonary hypertension. Evi-
dence now supports the use of serum BNP as a highly accurate diagnostic
test for patients with unexplained dyspnea from occult heart failure. Risk
stratification is also associatedwith serumBNP as themagnitude of elevation
appears to correspond with severity of ventricular dysfunction. Finally, the
reduction in serum BNP level and correlation with functional improvement
after therapeutic intervention may also provide a way to accurately measure
outcome linked to prognosis [50].

A similar, non-invasive biomarker like serum BNP does not currently
exist for widespread use in patients with cirrhosis and portal hypertension.
Potential candidates for a similar biologic surrogate marker in portal hyper-
tension may include: (1) serum markers of hepatic fibrosis and (2) soluble
nitric oxide or similar biologic indicators of vascular endothelial injury.

Are there acceptable ways of accumulating clinical experience from
similar cases, which are so rare that RCTs will never be possible?

As mentioned previously, the N of 1 study design may be of value in patients
with rare manifestations of portal hypertension. The primary use for N of 1
RCTs is when uncertainty about a potential treatment’s efficacy exists and
where definitive intervention RCTs cannot be performed. N of 1 trials are
designed to increase the scientific rigour of individual patient assessments
and to provide a measure of effectiveness in clinical practice [51].

N of 1 trials are usually designed as randomised, controlled,
multicrossover studies that examine an individual patient’s response to med-
ical therapy. Because clinical equipoise suggests that no accepted therapy is
available for this situation, at least two or more therapies (including placebo)
may be randomised individually or within paired treatment periods. Ideally,
these treatments are provided in a double-blind fashion with concealed allo-
cation. During the treatment periods, two or more assessments of disease
status should be recorded for estimating treatment effect. The end point
or outcome measure from N of 1 trials should be prespecified before a
study is begun. Often, this will be related to finding a clinical or statistically
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significant response to a particular therapy. The results of a series of N of 1
trials may also identify that a drug therapy is ultimately not helpful despite
prior assumptions that benefit would be experienced [52].

The advantages for using an N of 1 trial study design include: (1) pro-
viding information about new drug evaluations including optimal dose,
duration and frequency and (2) defining preliminary estimates of treatment
efficacy for power and sample size calculations in more definitive studies.
Limitations associated with N of 1 trials include: (1) their specific use for
assessments of symptomatic therapy in chronic disease, (2) their applicabil-
ity only for therapies that allow for independent period measurements and
(3) their time and labour intensive performance. In the literature to date,
however, a number of conditions have been recognised as suitable for the
successful application and completion of N of 1 trials [52].

However, the feasibility and internal validity of conducting N of 1 trials
in patients with rare manifestations of cirrhosis and portal hypertension
remains unknown. More recently, the conduct of randomised crossover
RCTs in groups rather than individual patients may have supplanted the
widespread application of N of 1 individual trials. Nonetheless, there will
be a need to consider using these study designs in patients with rare manifes-
tations of portal hypertension to improve the validity of utilised therapies.

How do we deal with the fundamental problem of confounding by
indication when trying to assess the effects of clinical actions in the
observational setting?

Prognostic factors influence the medical decisions to offer therapy to patients
with chronic disease in observational settings. This creates a bias known as
‘confounding by indication’. In these studies, the allocation to drug treatment
is, by definition, not random. Thismeans that the prognosis of patient groups
is not comparable and thus inferences drawn about the relative effects of a
particular treatment may be invalid [53]. In turn, confounding by indication
has been identified as the most important limitation for determining the
validity of treatment effect in observational studies [54].

Statistical methods for controlling the aggregate effect of confounding
exist. When appropriately applied in a well-designed study, it may be possi-
ble that non-experimental studies assessing treatment effects should not be
rejected unequivocally. However, the risk of failing to account for unknown
risk factors given the absence of balanced randomisation always remains a
threat. In the literature, the most common techniques to adjust for confound-
ing are stratified analysis, multivariable logistic regression analysis, and use
of the propensity score. A fourth technique called recursive partitioning has
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been used in the cardiovascular literature without extensive application in
other fields and will not be discussed here.

In stratified analysis, the assessment of a risk factor’s effect on outcome
is done while holding other variables constant and thus minimising the effect
of confounding. For example, cigarette smoking is associated with coronary
artery disease (CAD). Sex may be a potential confounder in this association.
If the association between smoking and CAD is measured for both men and
women separately, the impact of sex as a confounder has been controlled.
If smoking is no longer associated with CAD, then sex was confounding the
relationship. This technique, however, is useful when only a few potential
confounding variables (less than 3) are present. With more variables, the
sample sizes for these calculations will be reduced with a loss of power in
observed results [55].

The more common technique used in observational studies is multivari-
able logistic regression analysis. Similar to stratified analysis, this technique
allows for many potential confounder variables to be assessed without loss
of power. The weakness of this technique also includes the inability to con-
trol for variables that were not identified at baseline yet may be important
confounders. Also, the estimates from models may be incorrect if too many
variables are included when the number of events is low. Between 10 to 20
persons for each independent variable in a model is considered the ‘rule-of-
thumb’ for preserving a model’s reliability to explain or predict similar out-
comes in different populations. With few events or outcomes, the precision
of results will be low as represented by wide confidence intervals [55].

An emerging technique for controlling the effect of confounding is known
as the propensity score [56]. This score is defined as the conditional proba-
bility of an individual patient receiving a particular exposure (or treatment)
given a particular set of confounders. For the calculation of a propensity
score (expressed as an estimated odds ratio), the confounder variables are
retained in a logistic regression model to predict the exposure of interest
without including the outcome. This collection of confounder variables is
collapsed into a single variable, which represents the probability or propen-
sity of being exposed. The appeal for using propensity scores arises in sit-
uations where studies with rare events and multiple confounders are being
analysed. This single score allows one to potentially circumvent the notion
of too many variables relative to the number of events with eventual loss of
reliability. However, this hypothesis has not been tested extensively to date,
especially in patients with cirrhosis and portal hypertension.

Both stratification and logistic regression analysis have been used
in observational studies with patients affected by cirrhosis and portal
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hypertension. However, the degree to which these techniques have been
appropriately used in this discipline remains unknown [57]. The proper
application of these techniques should improve the ability to adjust for
confounding by indication and to better assess the magnitude of treatment
efficacy in non-intervention studies.

How do we find the best possible approach to diagnosis and treatment in
the type of single cases that we cannot get RCT evidence for?
• Consensus-driven, clinical protocols are required to define the optimal
methods for clinical management of rare manifestations of portal hyper-
tension where RCTs cannot be performed.
• The treatment of rare manifestations of portal hypertension with
evidence-based medicine awaits the identification of biologically plausible
surrogate markers of clinical end points.
• Alternate study designs (database analysis, N of 1 trials) should be
adapted to identify effective treatments for rare manifestations of portal
hypertension.
• Observational studies of treatment effect require the application of sta-
tistical techniques to minimise confounding by indication.

Do we have a problem in the portal hypertension field with efficacy
versus general and cost effectiveness?

Efficacy of interventions to either prevent initial variceal haemorrhage or
prevent recurrent bleeding is assessed in the RCT format. However the effec-
tiveness of any intervention needs also to be demonstrated outside the con-
text of the RCT in the affected general population. Additionally, the outcome
must not be too costly either to the individual or the payer – who may be one
and the same individual. Thus, an intervention, which may show significant
benefit in terms of efficacy, may not be effective because of undue side effects
and/or because of undue financial cost.

Evaluation of general and cost effectiveness

The Markov model is the strategy most often employed to evaluate the
effectiveness of an intervention. This model can be used to examine sev-
eral strategies according to different grades of risk in different disease states
and over time. However, the figures used in the model by necessity are taken
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from the published figures of RCT, and it is unusual for negative RCTs
to be published. Thus, unavoidable bias can be introduced into the model.
Additionally, as it may take several years for a trial to be completed and
then published, the data used to subsequently determine effectiveness is often
several years out of date.

Effectiveness of primary prevention for variceal bleeding (VB)

The study reported by Teran et al. [58] in 1997 assessed the cost effec-
tiveness of β-blockers, sclerotherapy and surgery for primary prevention of
variceal haemorrhage. They calculated the number of patients who needed
to undergo the particular treatment for one (VB) to be prevented. This num-
ber was the smallest for surgery regardless of disease severity (Childs A,
B and C) or degree of VB risk, but the cost in dollars to achieve this was
high, even without including the costs of untoward side effects for all three
strategies. When the dollar cost was combined with the number needed
to treat to prevent one VB it was least in those treated with β-blockers
that is, β-blockers appeared the most cost effective strategy of the three
examined.

Again employing the Markov model, another approach was taken by
Arguedas et al. [59]. These authors calculated the costs per years of life
saved (CYLS) with four strategies (screening endoscopy and if varices are
found either band or prescribe β-blockers or not screening at all and giv-
ing all patients with cirrhosis β-blockers or nothing). They calculated that
whereas for patients with compensated cirrhosis (Child A score) screening
and treatment of any large varices with β-blockers had the lowest CYLS,
this was not the case for the decompensated cirrhosis – where screening
and banding of any large varices was the most cost effective. All strategies
except doing nothing were ‘cost saving’ in the decompensated cirrhotic. The
authors did not address selective screening for varices according to platelet
count [60], but selective screening was introduced into the model published
by Spiegel et al. [61]. These authors determined that empiric β-blocker ther-
apy cost $12,408/additional VB prevented whereas both universal screening
and selective endoscopic screening (determined on factors such as platelet
count of < 88,000/mL, PT < 70%, a portal vein diameter > 13 mm or
splenomegaly) cost $175,833 and $178,400 respectively, per additional VB
prevented. The ‘do nothing’ strategy is naturally the least expensive, but
also the least effective. Sensitivity analyses were conducted to estimate the
robustness of changes in base case estimates (e.g. the degree of reduction in
incidence of VB over time), and this obviously depended on the effective-
ness of the manoeuvre. Similarly, compliance with the manoeuvre markedly
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affects base case estimates – so the incremental cost effectiveness ratio (ICER)
between strategies was $50,000 when 80% were non-compliant and only
$4000 when 100% were non-compliant! This illustrates the importance of
patient education. When the cost of endoscopy was changed from $824 to
$281, the ICER of the empiric β-blocker strategy fell down to $50,000. Simi-
larly when the cost of β-blockers increased so the ICER for empiric β-blocker
fell to $50,000.

Effectiveness of secondary prevention strategies for prevention of
variceal bleeding

The modern day equivalent of the surgical side-to-side shunt is TIPS. This
procedure has been shown to very effectively reduce the risk of VB, but
at great cost in terms of side effects, particularly portosystemic hepatic
encephalopathy [62]. It also requires regular maintenance to avoid block-
age; although the newer stents are less likely to clot off than the earlier
versions, their price has also changed. A cost-utility analysis by Rubenstein
et al. [63] indicated that TIPS had the highest costs in terms of dollars even
though the benefit in terms of quality-adjusted life-years (QUALYs) gained
was comparable to other manoeuvres, e.g. β-blockers, but not as beneficial
in terms of QUALYs as endoscopic variceal ligation +/− β-blockers.

Issues to be addressed regarding effectiveness

Markov models are bound to make a number of assumptions, not all of
which can be avoided, thus sensitivity analyses employing differing baseline
case estimates are essential. Compliance, particularly with medical therapy
has been evaluated, but compliance with follow-up strategies required for
both TIPS and EVL needs to be included in models. Although they introduce
further complexity into the model, changes in medical status over time need
to be considered. This is particularly important in an ageing population.
In the three assessments of primary prevention strategies discussed earlier
the age at baseline of the cirrhotics was 40, 50 and 50 years. But in 2005
the average age of patients is probably greater, and many are already taking
medications for other co-morbidities. Diabetes is very prevalent in patients
with cirrhosis yet the effect of this co-morbidity has never been taken into
account in any effectiveness analysis.

It is pertinent to include patient education into the formula as better
understanding by the patient of the natural history of cirrhosis and its com-
plications may influence the outcome of the strategies employed to reduce
the consequences of portal hypertension.
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Do we have a problem in the portal hypertension field with efficacy versus general
and cost effectiveness?
• There are many problems in the terms of efficacy versus effectiveness in the
management of portal hypertension.
• Effectiveness of any intervention needs also to be demonstrated outside the
context of the RCT in the affected general population.
• Outcome must not be too costly either to the individual or the payer.
• It is imperative that editors consider publishing negative aswell as positive RCTs
of therapy so that the effectiveness of strategies can be more accurately evaluated.
• An assessment of availability and access to these strategies in terms of resources,
facilities and competence is needed.
• Patient education should be included and may influence the outcome of the
strategies employed to reduce the consequences of portal hypertension.

What is the utility of the continuous monitoring of the clinical outcome
of treatments in so called clinical databases?

Single-institution trends on therapeutic outcomes in portal hypertension
have been recently published [64], highlighting positive trends in survival
over two decades. To our knowledge, there is no active inter-institutional
database that monitors therapeutic outcomes in portal hypertension.
Databases inmultiple areas of medicine have been a constant source for anal-
ysis and publication. But, are the data reliable? In order to provide insight
into the accuracy of such databases and registries, it is useful to review areas
within the hepatological discipline where information is available. Liver
Transplant-related databases, where both American and European registries
have been operational for several decades, are a good example. Finally, spe-
cific proposals in the area of portal hypertension will be presented.

Background

Compulsory registries: the US transplant registry

In the United States, 10 transplant-related databases are operational. Par-
ticipation in all, except one, is voluntary and may be related to specific
problems within the spectrum of transplantation, focus on specific diseases
or be age-related. Participation in one registry is compulsory, the Scientific
Registry of Transplant Recipients (SRTR), mandated under provisions of the
National Organ Transplantation Act. Approved transplant centres, in order
to maintain their membership in UNOS (and be able to have their patients
included in the computerised waiting list) have to provide data to the SRTR.

The SRTR contains information on 200,000 transplant recipients.
It receives independent funding. Even with compulsory reporting, such as the
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SRTR, concerns arise about the accuracy of the data collected. No systematic
method to assure accuracy is in place. Recent evidence from SRTR suggests
a relationship between poor form completion and lower graft and patient
survival [65]. Adoption of Web-based data entry systems (of which multiple
types are currently available) may be the key to accurate data recording. Such
systems have built-in protections against the entry of inappropriate data [66].

Voluntary registries

Auditing of large databases appears a priori as a daunting task. The European
Liver Transplant Registry (ELTR) embarked on such a project [67]. Active
since 1968, ELTR has collected data on more than 45,000 liver transplants.
Participation in ELTR is voluntary; nonetheless, more than 95% of the over-
all transplant activity in Europe is included in the ELTR registry (when
compared to official data). Registry forms include 45 items, both pre- and
post-transplant. An independent team visited 21/120 centres (17% of the
group) with 10% of each centre’s files chosen at random; 25 items were
checked against the patient charts. The rate of completeness of forms was
95% and overall consistency was 98%. Still, inconsistencies were found in
some specific items, including (surprisingly) cause of graft failure and patient
outcome. Themedian cost per audited file was 44 EUR. Funding for the oper-
ation of ELTR originates from its partnership with European organ sharing
organisations.

A database to monitor outcomes in portal hypertension

Arguments in favour

‘Efficacy’ of therapy, assessed in clinical RCTs, may not be equated with
the ‘effectiveness’ of such treatments in clinical practice. A tool to monitor
results across different institutions over time could be a valuable assessment
of therapy in the ‘real’ world.

Unsuspected trends in outcome may arise from such data. The value of
infection control in the management of variceal haemorrhage arose from
analysis of data from different centres [44].

Selected problems in the area of portal hypertension, where data from
clinical RCTs is scant, could be targeted (e.g. outcome of therapy of portal
hypertension in patients awaiting liver transplantation).

Concerns

The GIGO effect: Analysis of clinical outcomes from a registry will be sci-
entifically valid if they are based on accurate and complete data. Embarking
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on a project without all the necessary requirements in place risks generating
incorrect, and at the end, misleading data.

Funding required for such a database includes several items. In 2000, it
was estimated that development costs for a secure Web-based site for collab-
orative research was approximately US $20,000 [68]. Yearly maintenance
of the web site was estimated to be $2,000. Auditing costs also need to be
incorporated (see above).

Entry of data in voluntary databases requires the commitment of centres
potentially burdened with many other obligations. It is unlikely that external
funding could be generated for specific salary lines that support individuals
responsible for data entry.

Procedure

Three elements need to be in place in order to launch such a project.

Scientific objective. A decision needs to be made on the scientific goals of
such a database. Outcome measures to be explored need to be carefully dis-
cussed in order to balance out the inclination to include all possible variables.

Development of a secure Web site . Several software products are available
for this purpose and should be tested by the investigators.

Funding. Agreement on the mechanisms to fund the database should be in
place before starting the project.

What is the utility of the continuous monitoring of the clinical outcome
of treatments in so called clinical databases?
• Development of a database to evaluate clinical outcomes in portal
hypertension is a desirable goal.
• The scientific objective of such a database should be discussed by the
conference.
• On one hand, general outcomes in the three main areas of primary
prophylaxis of variceal haemorrhage, acute variceal bleeding and in the
prevention of rebleeding can be followed. This general view may be
complemented with specific populations within this spectrum.
• Agreement on the mechanisms to fund such an activity should be
reached by the conference.
• Once the previous points have been agreed upon, it is recommended
that a task force be set up to provide a proposal for the entire conference.
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How should we analyse the data on the multiple competing end points
(e.g. bleeding and death) that prevail in studies of manifestations of
portal hypertension?

The Kaplan–Meier plot is often used to estimate the probability of survival
free of other end points, for example, variceal bleeding. This produces non-
interpretable results that may also be biased. The reason for the bias is that
the Kaplan–Meier analysis censors patients when they get one of the com-
peting end point. A fundamental principle in the Kaplan–Meier analysis, is
that it is assumed that the probabilities over time of remaining free of the
condition of interest, e.g. bleeding, would have been the same if the patients
were not censored.When the patients are censored because of competing end
points, for example, death, they cannot later get the end point of interest,
and therefore they do not belong to the population of patients at risk after
this time point. Since this is disregarded in the Kaplan–Meier analysis, the
estimated probabilities have no meaning, and they are biased estimates of
the true probabilities for those patients who remain under risk of the end
point of interest. When the incidences of the competing end points are high
compared to the incidence of the end point of interest, then seriously biased
estimates may be obtained.

The estimation of the hazard function, as used in the Cox regression
analysis, is unbiased by competing end point, and an unbiased illustration of,
for example, treatment effect may be shown by the cumulative hazards. It is
also possible to estimate the unbiased probability, analogous to the Kaplan–
Meier estimates, but this is a more complicated procedure. The problem and
the methods have been discussed and exemplified on the basis of a RCT of
sclerotherapy for bleeding varices [69–70].

How should we analyse the data on the multiple competing end points
(e.g. bleeding and death) that prevail in studies of manifestations of portal
hypertension?
• The Kaplan–Meier plot is often used to estimate the probability of sur-
vival free of other end points than death, e.g. variceal bleeding, but this
produces non-interpretable results that may also be biased.
• The cause is that analysis using censoring of patients assumes that those
who die or reach other competing end points are still at risk for the primary
end point, which is not true.
• For this type of analysis, cumulative hazard plots and Cox regression
analysis are appropriate.
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Baveno IV Consensus Statements:
Providing Scientific Evidence: RCTs
and Beyond

Thorkild I.A. Sørensen, Juan Rodés (Chairpersons), Flemming Bendtsen,
Andres T. Blei, Antoine Hadengue, Jenny Heathcote, Francesco Salerno
and Jayant Talwalkar

Possible use of per protocol analysis

• In superiority trials, ITT strategies are preferred and PP analysis regarded
only as supportive.
• In non-inferiority trials, ITT and PP approaches (if appropriately prede-
fined) may both contribute.
• When PP results differ from ITT results, the population excluded from PP
analysis should be scrutinised. The applicability of the intervention may be
questioned.

Assessing changes in therapeutic effects with progression of the disease

• To assess how treatment effect may change with disease progression, use
interaction tests between outcome predictors and the intervention(s).
• Both unadjusted results and results adjusted for strong outcome predictors
should be provided, regardless of baseline comparisons.
• Any subgroup analyses should be predefined, have sufficient power and
usually be limited to primary outcome. Otherwise, they are exploratory
methods that can help design further studies but should not modify the con-
clusions of RCTs.

Handling the heterogeneity of RCTs in metaanalysis

• Heterogeneity can be used cautiously to suggest indications for a particular
intervention.
• This requires that:
(a) Differences in trial methodology are not present.
(b) Clinical source of heterogeneity is identified.

• Stratified analysis of pooled individual data can be done.
(a) Primary/secondary aims should be defined.
(b) Plan for statistical analysis should be predefined (including multiple
testing).
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(c) Subsequent analysis can use the same pooled data as long as the above
protocol is followed.

Identification of factors that modify therapeutic effects in a clinically
significant way

• Physicians must learn how to identify the factors that most often modify
the clinical outcome at variance with the results of RCTs.
• The quality of RCTs (internal and external validity) should be evaluated.
• The internal validity can be assessed according to the CONSORT state-
ment.
• The external validity can be assessed according to a list of variables which
define the peculiarity of the trial population: differences in demography, co-
morbidities, limitations due to inclusion/exclusion criteria, variability in the
schedules and dosages of drugs, usage of interfering drugs, low compliance,
duration of treatment.

Approach to the diagnosis and treatment of uncommon cases where
evidence from RCT is not forthcoming

• Consensus-driven, clinical protocols are required to define the optimal
methods for clinical management of uncommon conditions where RCTs
cannot be performed.
• Treatment of uncommon manifestations of portal hypertension with
evidence-based medicine awaits the identification of biologically plausible
surrogate markers.
• Alternative study designs (clinical databases, N of 1 trials) should be
adapted to identify effective treatments for uncommon manifestations of
portal hypertension.
• Observational studies of treatment effect require statistical techniques to
minimise confounding by indication.

Continuous monitoring of the clinical outcome of treatments in so-called
clinical databases

• Development of a database to monitor outcomes is desirable.
• Goals should include monitoring outcome in:
(a) Three major clinical areas in portal hypertension.
(b) Specific sub-groups.

• Funding mechanisms should be identified.
(a) Focus on complications of cirrhosis rather than portal hypertension.
(b) Selected mix of institutions.
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(c) Potential interest from both government and industry for funding such
a database.

‘Survival analysis’ for competing end points other than death

• The Kaplan–Meier plot is often used to estimate the probability of survival
free of other end points, for example, variceal bleeding. This produces non-
interpretable results that may also be biased. The cause is that analysis using
censoring of patients assumes that those who die or reach other competing
end points are still at risk for the primary end point, which is not true.
• For this type of analysis, cumulative hazard plots and Cox regression anal-
ysis are better.

Need for international collaboration on clinical trials

• Almost all, if not all, RCTs in portal hypertension are underpowered.
• This applies to uncommon but also common types of conditions associated
with portal hypertension.
• In cardiology and oncology, very large international – multinational –
trials are conducted, so it is feasible!
• We should do the same for solving our problems in management of portal
hypertension.
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Plate 1 Appearance of oesophageal varices (left panel) in comparison with normal
GE junction (right panel) on PillCam Eso� endoscopy.
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