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ABSTRACT

Background

Non-selective beta-blockers are recommended for the prevention of bleeding in people with cirrhosis, portal hypertension and
gastroesophageal varices. Carvedilol is a non-selective beta-blocker with additional intrinsic alphaj-blocking effects, which may be

superior to traditional, non-selective beta-blockers in reducing portal pressure and, therefore, in reducing the risk of upper gastrointestinal
bleeding.

Objectives

To assess the beneficial and harmful effects of carvedilol compared with traditional, non-selective beta-blockers for adults with cirrhosis
and gastroesophageal varices.

Search methods

We combined searches in the Cochrane Hepato-Biliary's Controlled Trials Register, the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase, LILACS, and Science Citation Index with manual searches. The last search update was 08 May 2018.

Selection criteria

We included randomised clinical trials comparing carvedilol versus traditional, non-selective beta-blockers, irrespective of publication
status, blinding, or language. We included trials evaluating both primary and secondary prevention of upper gastrointestinal bleeding in
adults with cirrhosis and verified gastroesophageal varices.

Data collection and analysis

Three review authors (AZ, RJ and LH), independently extracted data. The primary outcome measures were mortality, upper gastrointestinal
bleeding and serious adverse events. We undertook meta-analyses and presented results using risk ratios (RR) or mean differences (MD),
both with 95% confidence intervals (Cls), and 12 values as a marker of heterogeneity. We assessed bias control using the Cochrane Hepato-
Biliary domains and the quality of the evidence with GRADE.

Main results

Eleven trials fulfilled our inclusion criteria. One trial did not report clinical outcomes. We included the remaining 10 randomised clinical
trials, involving 810 participants with cirrhosis and oesophageal varices, in our analyses. The intervention comparisons were carvedilol
versus propranolol (nine trials), or nadolol (one trial). Six trials were of short duration (mean 6 (range 1 to 12) weeks), while four were

Carvedilol versus traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices (Review) 1
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of longer duration (13.5 (6 to 30) months). Three trials evaluated primary prevention; three evaluated secondary prevention; while four
evaluated both primary and secondary prevention. We classified all trials as at 'high risk of bias' We gathered mortality data from
seven trials involving 507 participants; no events occurred in four of these. Sixteen of 254 participants receiving carvedilol and 19 of
253 participants receiving propranolol or nadolol died (RR 0.86, 95% CI 0.48 to 1.53; 12 = 0%, low-quality evidence). There appeared to
be no differences between carvedilol versus traditional, non-selective beta-blockers and the risks of upper gastrointestinal bleeding (RR
0.77, 95% Cl 0.43 to 1.37; 810 participants; 10 trials; 12 = 45%, very low-quality evidence) and serious adverse events (RR 0.97, 95% ClI
0.67 to 1.42; 810 participants; 10 trials; 12 = 14%, low-quality evidence). Significantly more deaths, episodes of upper gastrointestinal
bleeding and serious adverse events occurred in the long-term trials but there was not enough information to determine whether there
were differences between carvedilol and traditional, non-selective beta-blockers, by trial duration. There was also insufficient information
to detect differences in the effects of these interventions in trials evaluating primary or secondary prevention. There appeared to be
no differences in the risk of non-serious adverse events between carvedilol versus its comparators (RR 0.55, 95% Cl 0.23 to 1.29; 596
participants; 6 trials; 12 = 88%; very low-quality evidence). Use of carvedilol was associated with a greater reduction in hepatic venous
pressure gradient than traditional, non-selective beta-blockers both in absolute (MD -1.75 mmHg, 95% CI -2.60 to -0.89; 368 participants;
6 trials; 12 = 0%); low-quality evidence) and percentage terms (MD -8.02%, 95% Cl -11.49% to -4.55%; 368 participants; 6 trials; 12 = 0%; low-
quality evidence). However, we did not observe a concomitant reduction in the number of participants who failed to achieve a sufficient
haemodynamic response (RR0.76,95% CI 0.57 to 1.02; 368 participants; 6 trials; 12 = 42%; very low-quality evidence) orin clinical outcomes.

Authors' conclusions

We found no clear beneficial or harmful effects of carvedilol versus traditional, non-selective beta-blockers on mortality, upper
gastrointestinal bleeding, serious or non-serious adverse events despite the fact that carvedilol was more effective at reducing the hepatic
venous pressure gradient. However, the evidence was of low or very low quality, and hence the findings are uncertain. Additional evidence
isrequired from adequately powered, long-term, double-blind, randomised clinical trials, which evaluate both clinical and haemodynamic
outcomes.

PLAIN LANGUAGE SUMMARY

Is carvedilol more effective or safer than traditional, non-selective beta-blockers for people with cirrhosis and gastroesophageal
varices?

Background

Cirrhosis is a chronic disorder of the liver that results in an increase in its stiffness. As a result of the increased stiffness, the pressure in the
blood vessels draining into the liver - the portal system - is increased. The increased portal blood pressure can result in the development of
abnormally dilated blood vessels or varicose veins in the stomach and oesophagus (gastroesophageal varices). These varices can burst and
the bleeding that follows can be life-threatening. Drugs that reduce the portal blood pressure can help deflate the gastroesophageal varices
and hence reduce the risk of bleeding. The drugs most commonly used are called non-selective beta-blockers. A newer drug, carvedilol,
is also a beta blocker but has additional actions and may be more effective at reducing the portal pressure and hence the risk of variceal
bleeding.

Review question

We investigated the effects and safety of carvedilol in people with cirrhosis and oesophageal varices by reviewing clinical trials in which
people were randomly allocated to treatment with carvedilol or to a traditional beta-blocker.

Search date
May 2018
Trial funding sources

Two of the 11 randomised clinical trials included in the review received no funding or other support from pharmaceutical companies. Two
did receive financial support from pharmaceutical companies while a further three received free supplies of the trial drugs. Four trials did
not provide funding information.

Trial characteristics

Weincluded 11 randomised clinical trials, but were only able to gatherinformation for our analyses from 10 trials involving 810 participants.
The length of treatment ranged from one week to 30 months.

Key results

Our analyses found no differences in the effects of carvedilol on the rates of death, bleeding or serious and non-serious complications
compared with traditional, non-selective beta-blockers. Carvedilol lowered the portal pressure more effectively than the traditional, non-
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selective beta-blockers, but did not increase the number of participants in whom the pressure was reduced enough to reduce the risk of
bleeding.

Quality of the evidence

We classified the evidence as of low or very low quality, so further trials are needed.

Carvedilol versus traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Carvedilol compared to traditional, non-selective beta-blockers for adults with cirrhosis, portal
hypertension and gastroesophageal varices

Carvedilol compared to traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices

Patient or population: adults with cirrhosis and gastroesophageal varices

Setting: outpatient

Intervention: carvedilol

Comparison: traditional, non-selective beta-blockers: propranolol (9 trials); nadolol (1 trial)

Outcomes Anticipated absolute effects* (95% Cl) Relative effect N2 of partici- Certainty of Comments
(95% Cl) pants the evidence
Risk with non-selective  Risk with carvedilol (studies) (GRADE)
beta-blockers
Mortality Trial population RR 0.86 507 BPOO Downgraded due to bias risk (one level)
(0.48t0 1.53) (7 RCTs) Lowl,2 and imprecision (one level)
75 per 1000 65 per 1000
(36 to 115)
Upper gastroin- Trial population RRO.77 810 OO Downgraded due to bias risk (one level),
testinal bleeding (0.43t01.37) (10 RCTs) Very low1,2,3 inconsistency (one level), and impreci-
180 per 1000 139 per 1000 sion (one level)
(77 to 247)
Serious adverse Trial population RR0.97 810 PO Downgraded due to bias risk (one level)
events (0.67t01.42) (10 RCTs) Lowl,2 and imprecision (one level)
198 per 1000 191 per 1000
(123 to 289)
Non-serious ad- Trial population RR0.55 596 SO Downgraded due to bias risk (one level),
verse events (0.23t0 1.29) (6 RCTs) Very lowl,2,3 inconsistency (one level), and impreci-
298 per 1000 164 per 1000 sion (one level)
(69 to 384)
Hepatic venous The mean hepatic ve- MD 1.75 lower - 368 ®B00 Downgraded due to bias risk (one level)
pressure gradient  nous pressure gradi- (2.6 lower to 0.89 (6 RCTs) Lowl.24 and imprecision (one level)

at end of treat-
ment (mmHg)

ent at end of treatment lower)
(mmHg) ranged from

10.01 to 15.20 mmHg
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Reduction in he- The mean reduction in MD 8.02 lower - 368 BDOO Downgraded due to bias risk (one level)
patic venous hepatic venous pres- (11.49 lower to 4.55 (6 RCTs) Lowl,;2,4 and imprecision (one level)
pressure gradient  sure gradient (%) ranged  lower)
(%) from 19.2 to 28.3 mmHg
Haemodynamic Trial population RR0.76 368 OO Downgraded due to bias risk (one level),
treatment failure (0.57t0 1.02) (6 RCTs) Very low1.2,3 inconsistency (one level), and impreci-

591 per 1000 449 per 1000 sion (one level)

(337 to 603)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; MD: mean difference; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

INone of the included trials were at 'low risk of bias' in the overall assessment based on the Cochrane Hepato-Biliary domains (hbg.cochrane.org/information-authors).
2The number of events, participants and trials were small and the confidence intervals very wide.

3Heterogeneity between studies was significant.

4The hepatic venous pressure gradient is a validated surrogate outcome reflecting the risk of bleeding and mortality.
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BACKGROUND

Description of the condition

Portal hypertension is a very common and serious complication of
cirrhosis. It develops as a result of increased vascular resistance to
portal flow (D'Amico 1999). In people with cirrhosis this resistance
develops as a result of an increase in liver stiffness secondary to
the development of scar tissue and regenerating nodules within
the hepatic parenchyma (Moreau 2006). In addition, changes
occurring in the liver sinusoids also play a role; here activation of
hepatic stellate cells results in the deposition of extracellular matrix
proteins and collagen, while the development of microthrombi
in the small hepatic arteries results in further parenchyma loss.
These mechanical factors account for approximately 70% of the
increase in hepatic resistance to portal blood flow. The remaining
30% is due to two factors: firstly, active contraction of sinusoidal
stellate cells, myofibroblastsin the portal tract and vascular smooth
muscle cells in the hepatic vasculature; and, secondly, sinusoidal
endothelial cell dysfunction characterised by impaired release of
vasodilatory agents, mainly nitric oxide, by the endothelial nitric
oxide synthase (e-NOS); the resulting lack of nitric oxide results
in further increase in hepatic resistance and worsening portal
hypertension as the generalincrease in vasoconstrictor drive, in this
setting, is insufficiently opposed (Bosch 2015; Brunner 2017; lwakiri
2014).

The increased pressure within the portal system causes blood
to be redirected through vessels with less vascular resistance, in
particular anastomoses or shunts between the portal and systemic
vasculature. These 'portal-systemic collaterals' can develop in
several sites within the body; the most important being the lower
end of the oesophagus and the upper part of the stomach where
they appear, on endoscopy, as dilated tortuous submucosal veins
or 'varices' protruding into the lumen. Other factors also promote
the formation of collateral vessels including the process of active
angiogenesis driven by vascular endothelial growth factor (Bosch
2015; Brunner 2017).

Portal hypertension develops as a result of an increase in
the pressure gradient between the portal vein and the inferior
vena cava. This can be measured indirectly via hepatic vein
catheterisation, which involves inferring the pressure in the portal
vein by measuring and calculating the difference between the
wedge pressure in a hepatic vein and the free hepatic venous
pressure. This, so called, 'hepatic venous pressure gradient'
strongly correlates with the true pressure in the portal vein
(Thalheimer 2005). Portal hypertension is defined by a hepatic
venous pressure gradient of more than 5 mm Hg, but the risk of
developing gastroesophageal varices does not increase until the
pressure reaches 10 mm Hg (Ripoll 2007). Thus, a hepatic venous
pressure gradient of 10 mm Hg or higher is termed 'clinically
significant portal hypertension'.

The development of more advanced portal hypertension is
accompanied by splanchnic vasodilation mediated by a variety of
vasodilators including nitric oxide, carbon monoxide, endogenous
cannabinoids and glucagon; this increases the blood flow in the
collateral blood vessels further worsening the portal hypertension;
this in turn accelerates the development of collateral vessels
resulting in further splanchnic vasodilatation, hence creating a
vicious cycle (Bosch 2015; Brunner 2017; lwakiri 2014).

The development of gastroesophageal varices is one of the most
significant consequences of portal hypertension, as these vessels
are prone to rupture, resulting in catastrophic gastrointestinal
bleeding with a high associated morbidity and mortality. Varices
are more common in people with severe liver disease; thus,
they are found in approximately one-third of people with well-
compensated cirrhosis but in around 90% of people with severely
decompensated disease (Kovalak 2007). The incidence of varices
in people with compensated cirrhosis is around 7% (Groszmann
2005); they develop at a rate of 5% to 9% per year in people without
varices at presentation (Groszmann 2005; Merli 2003); the rate of
progression from small to large varices is about 10% per year (Merli
2003).

The incidence of variceal haemorrhage in people with
gastroesophageal varices is approximately 10% to 15 % per year
(Groszmann 2005; NIEC 1988). A number of risk factors for bleeding
have been identified, including: (i) the severity of liver disease; (ii)
the size of the varices and their endoscopic appearance; large and
pellucid varices with red whale markings (areas of thinning of the
variceal wall), are more likely to bleed than small varices (D'Amico
1999; NIEC 1988); and, (iii) the degree of portal hypertension -
bleeding is more likely to occur when the hepatic venous pressure
gradient is more than 12 mmHg (Groszmann 1990). Without some
form of intervention bleeding usually recurs within one to two years
after an incident event (Bosch 2003).

The pressure gradient across the portal system is determined by
the product of the blood flow in the portal vein and the vascular
resistance opposing the flow. Thus, drugs that reduce the portal
flow or the hepatic vascular resistance, or both, will reduce the
portal pressure. Traditional, non-selective beta-blockers, such as
propranolol and nadolol, block the beta; adrenergic receptors in
the heartand the beta; adrenergic receptors in the periphery. Beta;
blockade of cardiac receptors reduces heart rate and cardiac output
and subsequently decreases flow into the splanchnic circulation.
Beta, blockade leads to unopposed alpha; adrenergic activity,
which causes splanchnic vasoconstriction and a further reduction
of portal inflow (Calés 1999; Groszmann 2005). Traditional, non-
selective beta-blockers have been shown to effectively prevent
variceal bleeding and to reduce bleeding-associated mortality
(Lebrec 1981; Poynard 1991). Bleeding is significantly less likely
to occur if, as a result of treatment, the hepatic venous pressure
gradient is reduced to 12 mm Hg or less (optimal response),
or by at least 20% of its baseline value (good haemodynamic
response) (Albillos 2007; D'Amico 2006; Turnes 2006). However,
a large proportion of people who do not achieve this degree
of pressure reduction, so called haemodynamic non-responders,
also seem to experience a protective effect from treatment. This
is either because of a decrease of collateral and thus variceal
blood flow, even without a marked decrease in the hepatic venous
pressure gradient and/or because of a reduction of bacterial
translocation and bacterial infections that may trigger bleeding per
se (Thalheimer 2007).

Approximately 15% of people with cirrhosis may have absolute or
relative contraindications to the use of traditional, non-selective
beta-blockers, for example, peripheral vascular diseases, diabetes
mellitus, chronic obstructive pulmonary disease and asthma.
Adverse effects such as fatigue, weakness, and shortness of breath
are common and may result in the need to reduce the dose or
even to discontinuation the drug in a further 15% (Longacre 2008).
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In addition, a long-term satisfactory haemodynamic response is
only obtained in 33% to 50% of treated patients (Albillos 2007;
Bosch 2003; Garcia-Pagan 1990; Reiberger 2013). Use of low doses
of a vasodilator, such as isosorbide mononitrate, may result in
an additional decrease in portal pressure in about a third of non-
responders. However, isosorbide mononitrate is ineffective when
used alone for the prevention of upper gastrointestinal bleeding
in this setting (Garcia-Pagan 2001), and there is little evidence
that it confers additional haemodynamic benefit in people who
are already responsive to a beta-blocker. Use of a combination of
isosorbide mononitrate and a beta-blocker is associated with an
increase in non-serious adverse events compared to use of a beta-
blocker alone (Garcia-Pagan 2003).

Carvedilol is a non-selective beta-blocker with intrinsic anti-alpha-
adrenergic activity and a mild vasodilating effect (Hemstreet 2004;
Lo 2012; Tripathi 2002). It has been reported to more effectively
lower portal pressure than propranolol or nadolol after both acute
and chronic administration (Sinagra 2014). In addition, it has been
reported that approximately 50% of people who do not achieve a
good haemodynamic response with traditional, non-selective beta-
blockers will do so with carvedilol (Reiberger 2013).

Description of the intervention

The traditional, non-selective beta-blockers, propranolol and
nadolol, are used to treat angina, systemic hypertension, certain
cardiac rhythm disorders, other heart or circulatory conditions,
tremors, and migraine. Carvedilol is a non-selective beta-blocker
but additionally displays intrinsic alpha;-blocking effects and the
potential to stimulate release of vasodilatory nitric oxide; it is used
to treat systemic hypertension, chronic heart failure, and chronic
stable angina. All three drugs are used to treat portal hypertension
in patients with cirrhosis; all three are administered orally.

How the intervention might work

The presence of cirrhosis is complicated by the development of
portal hypertension and gastroesophageal varices. The pressure
in the portal system can be reduced by decreasing portal flow
and/or hepatic vascular resistance. Traditional, non-selective beta-
blockers, such as propranolol and nadolol, have an affinity for both
beta;- and beta,-adrenoceptors. Beta; blockade of the cardiac
receptors reduces heart rate and cardiac output and subsequently
decreases blood flow into the splanchnic circulation. Beta,
blockade leads to unopposed alpha; adrenergic activity and causes
splanchnicvasoconstriction and a further reduction in portal inflow
(Calés 1999; Groszmann 2005). The non-selective beta-blocker
carvedilol has additional alphaj-adrenoceptor blocking effects that
may further reduce intrahepatic vascular resistance, augmenting
the effect on the portal pressure (Brunner 2017).

Why it is important to do this review

The annual risk of people with cirrhosis developing varices, in
European countries, is 7% to 8%, and the annual risk of bleeding
from these varices is 5% to 15% (Asrani 2013). A number of
pharmacological and endoscopic interventions have improved
prognosis in patients with variceal haemorrhage but six-week
mortality rates remain high at 15% to 20% (Carbonell 2004;
Chalasani 2003; D'Amico 2003; Hobolth 2010). The management of
people with variceal bleeding is expensive, hence it is important

to identify interventions that are both clinically and cost-effective
(Thabut 2007).

Five previous trials have found that carvedilol is more effective
at reducing portal pressure than traditional, non-selective beta
blockers (Bafiares 1999; Bainares 2002; De 2002; Hobolth 2012; Lin
2004). Previous meta-analyses have combined trials investigating
the immediate haemodynamic effects of these agents with those
evaluating their clinical effects (Aguilar-Olivos 2014; Chen 2015;
Li 2016; Sinagra 2014). Thus, the comparative clinical benefits
and harms of these agents remain unclear. We performed a
systematic review with meta-analyses of the beneficialand harmful
effects of carvedilol versus traditional, non-selective beta-blockers,
administered for at least one week, in people with cirrhosis and
gastroesophageal varices.

OBJECTIVES

To assess the beneficial and harmful effects of carvedilol compared
with traditional, non-selective beta-blockers for adults with
cirrhosis and gastroesophageal varices.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised clinical trials regardless of their
publication status, language or blinding in our primary analyses.
If, during the selection of trials, we identified observational studies
(i.e. quasi-randomised studies, cohort studies, or patient reports),
which reported adverse events caused by, or associated with, the
interventions under review, we included them for that purpose. We
did not specifically search for observational studies for inclusion in
this review, which is a known limitation.

Types of participants

The participants were adults (> 18 years) with cirrhosis and
endoscopically/radiologically verified gastroesophageal varices.

Types of interventions

We compared carvedilol versus the traditional, non-selective
beta-blockers propranolol or nadolol. We allowed effective co-
interventions if administered equally to the intervention and
control groups and only included trials with a follow-up period of
at least one week.

Types of outcome measures

We assessed all outcomes at the maximum duration of follow-up.

Primary outcomes

« Mortality (all-cause)
» Upper gastrointestinal bleeding

« Serious adverse events. We defined adverse events as any
untoward medical occurrence (ICH GCP 1997), and considered
adverse events as serious if they resulted in death, were life-
threatening, required inpatient hospitalisation or prolongation
of existing hospitalisation, or resulted in persistent or significant
disability or incapacity. In this review serious adverse event
included mortality and upper gastrointestinal bleeding and we
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analysed them as a composite outcome (hbg.cochrane.org/
information-authors)

Secondary outcomes

« Non-serious adverse events. All adverse events that did not fulfil
the criteria for serious adverse events (as described above) (ICH
GCP 1997).

« Health-related quality of life

« Hepatic venous pressure gradient assessed as an absolute value
at the end of the trial period or as a percentage change from
baseline.

« Treatment failure defined as failure to achieve a reduction in
hepatic venous pressure gradient to less than 12 mmHg or by at
least 20% from baseline.

Search methods for identification of studies

We combined electronic and manual searches.

Electronic searches

We searched:

o Cochrane Hepato-Biliary's Controlled Trials
(hbg.cochrane.org/specialised-register)

« Cochrane Central Register of Controlled Trials (CENTRAL; 2018,
Issue 4) in the Cochrane Library;

« MEDLINE Ovid (1946 to May 2018);

« Embase Ovid (1974 to May 2018);

o LILACS (Bireme; 1982 to May 2018);

« Science Citation Index Expanded (Web of Science; 1900 to May
2018); and

« Conference Proceedings Citation Index - Science (Web of
Science; 1990 to May 2018; Royle 2003), using the strategies
described in Appendix 1.

Register

We did not have access to Chinese, Russian, or Japanese databases.
We plan to search these additional databases in future updates,
should they become available via the Cochrane Hepato-Biliary
Group.

Searching other resources

We searched the reference lists of papers identified in the
electronic searches and wrote to authors of the identified clinical
trials and relevant pharmaceutical companies for additional
data, if required. We searched the conference proceedings of
the British Society of Gastroenterology (BSG), the European
Association for the Study of the Liver (EASL), the United European
Gastroenterology Week (UEGW), the American Gastroenterological
Association (AGA), and the American Association for the Study of
Liver Diseases (AASLD) (2000 to 2018). We also searched the online
trial registries ClinicalTrial.gov (clinicaltrials.gov/); the European
Medicines Agency (EMA) (www.ema.europa.eu/ema/); the WHO
International Clinical Trial Registry Platform (www.who.int/
ictrp); Google Scholar; the Food and Drug Administration (FDA)
(www.fda.gov), and pharmaceutical company sources, for ongoing
or unpublished trials.

Data collection and analysis

We performed the review following the recommendations in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011),the Cochrane Hepato-Biliary Group (hbg.cochrane.org/), and
the Methodological Expectations of Cochrane Intervention Reviews
(MECIR) guidelines (MECIR 2014).

Selection of studies

All review authors participated in the literature searches, identified
trials eligible for inclusion, and participated in the decisions
regarding the eligibility of trials for consideration. We listed the
excluded trials with the reason for their omission. If trial data were
reported in more than one publication, we selected the report
with the largest number of participants and the longest duration of
follow-up as our primary reference.

Data extraction and management

Four review authors (AZ, RJ, LH and LG) independently extracted
data and evaluated bias. If data on patient trial characteristics, bias
oroutcomes were not described in the published reports, we wrote
to the authors to obtain missing information.

Assessment of risk of bias in included studies

We followed Cochrane Hepato-Biliary recommendations for
assessing the risk of bias in the included trials, based on
the definitions described below (hbg.cochrane.org/information-
authors). We assessed each domain separately as recommended
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2017),and combined the domainsinto an overall score. We
classified trials as low risk of bias only if none of the domains was
designated as being at unclear or high risk of bias.

Allocation sequence generation

» Low risk of bias: sequence generation was achieved using
computer random number generation or a random number
table. Drawing lots, tossing a coin, shuffling cards, and throwing
dice were adequate if performed by an independent person not
otherwise involved in the trial.

+ Uncertain risk of bias: the method of sequence generation was
not specified.

« High risk of bias: the sequence generation method was not
random.

Allocation concealment

+ Low risk of bias: the participant allocations could not have been
foreseen in advance of, or during, enrolment. Allocation was
controlled by a central and independent randomisation unit.
The allocation sequence was unknown to the investigators (e.g.
ifthe allocation sequence was hidden in sequentially numbered,
opaque, and sealed envelopes).

« Uncertainrisk of bias: the method used to conceal the allocation
was not described so that intervention allocations may have
been foreseen in advance of, or during, enrolment.

« Highrisk of bias: the allocation sequence was likely to be known
to the investigators who assigned the participants.

Blinding of participants and personnel

« Low risk of bias: blinding of participants and personnel
performed adequately using a placebo. We defined lack of
blinding as not likely to affect the evaluation of mortality
(Savovi¢ 2012a; Savovic 2012b).

« Unclear risk of bias: insufficient information to assess blinding.
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« High risk of bias: no blinding or incomplete blinding.

Blinding of outcome assessors

« Low risk of bias: blinding of outcome assessors performed
adequately using a placebo. We defined lack of blinding as
not likely to affect the evaluation of mortality (Savovic¢ 2012a;
Savovic¢ 2012b).

o Unclear risk of bias: there was insufficient information to
blinding.

« High risk of bias: no blinding or incomplete blinding.

Incomplete outcome data

« Low risk of bias: missing data were unlikely to make treatment
effects depart from plausible values. Sufficient methods, such as
multiple imputation, were employed to handle missing data.

« Uncertain risk of bias: there was insufficient information to
assess whether missing data in combination with the method
used to handle missing data were likely to induce bias on the
results.

« High risk of bias: the results were likely to be biased due to
missing data.

Selective outcome reporting

« Low risk: the trial reported the following pre-defined outcomes:
mortality, upper gastrointestinal bleeding, and adverse events.
If the original trial protocol was available, the outcomes should
be those called for in that protocol. If the trial protocol
was obtained from a trial registry (e.g. www.clinicaltrials.gov),
the outcomes sought were those enumerated in the original
protocol if the trial protocol was registered before or at the time
that the trial was begun. If the trial protocol was registered after
the trial was begun, those outcomes were not considered to be
reliable.

o Unclear risk: not all pre-defined were reported fully, or it was
unclear whether data on these outcomes were recorded or not.

« High risk: one or more pre-defined outcomes were not reported.

For-profit bias

« Low risk of bias: the trial appeared to be free of industry
sponsorship or other type of for-profit support.

« Uncertain risk of bias: the trial may or may not be free of
for-profit bias as no information on clinical trial support or
sponsorship was provided.

« Highrisk of bias: the trial was sponsored by industry or received
other type of for-profit support (Lundh 2018).

Other bias

o Low risk of bias: the trial appeared to be free of other
bias domains including: vested interests and medicinal dosing
problems (as defined below) that could put it at risk of bias. We
will also assess for-profit bias using the definitions listed below.

« Uncertain risk of bias: the trial may or may not have been free of
other domains that could put it at risk of bias.

« High risk of bias: there were other factors in the trial that could
put it at risk of bias (funding from a for-profit organisation or
the administration of inappropriate treatment being given to the
controls such as an inappropriate dose).

Overall bias assessment

« Low risk of bias: all domains were low risk of bias using the
definitions described above.

« Highrisk of bias: one or more of the bias domains were of unclear
or high risk of bias.

Measures of treatment effect

We analysed dichotomous data using risk ratios (RR) and
continuous outcomes using mean differences (MD), both with 95%
confidence intervals (CI).

Unit of analysis issues

We did not identify any cross-over trials. However if such trials were
to beidentified in future updates we will only use data from the first
treatment period.

Dealing with missing data

We planned to undertake analyses to evaluate the influence
of missing data (Higgins 2008), including, worst-case scenario
analysis, and extreme worst-case and best-case scenario analyses
(hbg.cochrane.org/information-authors). However, we did not
identify any randomised clinical trials with missing outcome data.

Assessment of heterogeneity

We expressed heterogeneity as 12 values using the following
thresholds: 0% to 40% (unimportant), 40% to 60% (moderate),
60% to 80% (substantial), and more than 80% (considerable). We
used this information in the interpretation and description of our
analyses, and included the information in a 'Summary of findings'
table.

Assessment of reporting biases

We planned to use visual inspection of funnel plots and regression
analyses to evaluate reporting biases if our analysis included at
least 10 trials with reported events (Egger 1997; Harbord 2006),
However, our review did not reach this number threshold.

Data synthesis
Meta-analysis

We performed our meta-analyses and regression analyses using
Review Manager 5 (Review Manager 2014) and STATA version
15 (STATA). We performed random-effects and fixed-effect meta-
analyses. The estimates of the random-effects and fixed-effect
meta-analyses were similar for all analyses. Thus, we assumed
that any small-trial effects had little influence on the intervention
effect estimates. For random-effects models, precision decreased
with increasing heterogeneity and confidence intervals widened
correspondingly. Accordingly, the random-effects model provided
the most conservative (and more correct) estimate of the
intervention effect. Thus, we only report the results of the random-
effects meta-analyses.

Trial Sequential Analysis

We planned to perform a Trial Sequential Analysis of our primary
outcomes to evaluate the risk of random error associated with
sparse data and cumulative testing, and to evaluate futility (Higgins
2008; Wetterslev 2008). We planned to undertake the analyses
with alpha 3%, power 90% and the results of the random-
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effects meta-analyses (upper 95% ClI), to determine the relative
risk reduction and control group event. However, the number of
events, participants, and trials were clearly insufficient and none
of the primary outcomes showed beneficial or harmful effects of
carvedilol or traditional, non-selective beta-blockers. Thus, we did
not undertake any Trial Sequential Analyses.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses to analyse the influence
of:

« risk of bias;

« trial duration of three months or less compared to more than
three months;

« primary or secondary prevention of upper gastrointestinal
bleeding;

« proportion of people with ascites;

« compliance with recommended standards for hepatic venous
pressure gradient measurement (Suk 2014).

We were not able to undertake subgroup analyses for risk of
bias as we classified all the included trials as being at high
risk for all outcomes. We were able to undertake subgroup
analyses of trial duration for the outcomes mortality, upper
gastrointestinal bleeding, serious and non-serious adverse events
but not for haemodynamic outcomes, as none of the longer-term
trials undertook these measurements. We were able to undertake
subgroup analyses for primary and secondary prevention for all
outcomes but only in trials where all the included participants
were treated for either primary or secondary prevention; none of
the trials including mixed populations for primary and secondary
prevention provided separate analyses for the two groups. We were
unable to undertake subgroup analyses to assess the potential
influence of including participants with ascites as the data available
were insufficient. Finally, we were not able to undertake subgroup
analyses for the measurement of the hepatic venous pressure
gradient as insufficient details of compliance with recommended
standards were provided in the published reports.

Sensitivity analysis

We planned to undertake worst-case scenario analyses, as
described in Dealing with missing data. However, outcome date

sets were complete in the intervention or control groupsin all of the
included trials.

Quality of the evidence: GRADE

We used the GRADE system to assess the quality of the evidence, for
outcomes reported in the review, considering the within-trial risk
of bias, directness of evidence, heterogeneity, precision of effect
estimate, and risk of publication bias (Schiinemann 2013).

'Summary of findings' table

We used GRADEproGDT 2015 to generate a 'Summary of findings'
table with information about outcomes, risk of bias and the
results of the meta-analyses (Summary of findings for the main
comparison).

RESULTS

Description of studies

We included 11 randomised clinical trials (Characteristics of
included studies) and excluded six randomised trials and
observational studies (Characteristics of excluded studies).

Results of the search

We identified 553 records in the electronic searches and nine
records in the manual searches. After excluding duplicates and
records that were clearly irrelevant, we retrieved 18 articles for
detailed assessment. We excluded two randomised clinical trials
evaluating acute (less than one week) haemodynamic effects
(Bafares 1999; Lin 2004); one randomised clinical trial comparing
carvedilol versus a cardioselective beta-blocker (Silkauskaite
2013); one randomised clinical trial evaluating the effects of beta-
blockers on the risk of decompensation in participants without
oesophageal varices (NCT01059396); one quasi-randomised trial
(Bonaccorso 2017); and one observational study (Reiberger 2013).
We also identified an ongoing trial, which may be eligible for
inclusion in future updates of this review (NCT02385422). We
displayed the results of the search in a flow diagram (Figure 1) as
recommended (PRISMA 2009).
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Figure 1. Study flow diagram for the identification and selection of randomised clinical trials
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We included 11 randomised clinical trials, eight published as
full papers (Bafiares 2002; De 2002; EIRahim 2018; Gupta 2016;
Hobolth 2012; Kim 2016; Lo 2012; Mo 2014) and three as abstracts
(Agarwala 2011; Hanno 2016; Wei 2018). We were not able to gather
appropriate outcome data from one trial published in abstract form
(Hanno 2016); this trial compared carvedilol versus propranolol but
also included two groups allocated to band ligation alone or band
ligation and carvedilol; the primary outcome variable was the size
of varices at endoscopy. Accordingly, we were only able to gather
data outcome data from 10 trials (Agarwala 2011; Bafiares 2002; De
2002; EIRahim 2018; Gupta 2016; Hobolth 2012; Kim 2016; Lo 2012;
Mo 2014; Wei 2018).

Included studies

Nine randomised clinical trials were single-centre (Agarwala 2011;
Bafiares 2002; De 2002; EIRahim 2018; Gupta 2016; Hanno 2016;
Lo 2012; Mo 2014; Wei 2018) while two were multi-centre (Hobolth
2012; Kim 2016). The countries of origin were China (Mo 2014;
Wei 2018), Denmark (Hobolth 2012), Egypt ( EIRahim 2018; Hanno
2016), India (Agarwala 2011; De 2002; Gupta 2016), Korea (Kim
2016), Spain (Bafiares 2002), and Taiwan (Lo 2012).

Participants

The trials included 810 participants with cirrhosis and oesophageal
varices. The majority of participants had cirrhosis secondary to
alcohol misuse or chronic viral hepatitis. The diagnosis of portal
hypertension was based on the presence of oesophageal varices
in all 11 included trials together with an elevated hepatic venous
pressure gradient in the seven trials in which it was measured
(Bafiares 2002; De 2002; Gupta 2016; Hanno 2016; Hobolth 2012;
Kim 2016; Mo 2014) (Table 1.

Three trials evaluated primary prevention (Bafiares 2002; EIRahim
2018; Kim 2016); three evaluated secondary prevention (Gupta
2016; Lo 2012; Wei 2018); four evaluated primary and secondary
prevention (Agarwala 2011; De 2002; Hobolth 2012; Mo 2014);
while the remaining trial did not specify the type of prevention
investigated (Hanno 2016). One trial included some participants
who did not have oesophageal varices (Hobolth 2012); we excluded
this subset of participants from our analyses. Six trials were
classified as short-term (< 3 months' duration) (Bainares 2002; De
2002; Gupta 2016; Hobolth 2012; Kim 2016; Mo 2014) and five as
long-term (> 3 months' duration) (Agarwala 2011; ElRahim 2018;
Hanno 2016; Lo 2012; Wei 2018).

Intervention

All trials evaluated carvedilol; the mean (range) dose, in the nine
trials providing the information, was 13.4 ( 6.25 to 31.0) mg per
day (Banares 2002; De 2002; ElRahim 2018; Gupta 2016; Hanno
2016; Hobolth 2012; Kim 2016; Lo 2012; Wei 2018). One trial did
not provide information on the dose of drug used nor on how it
was administered (Agarwala 2011). Three trials used a fixed dose of
carvedilol (De 2002; Hanno 2016; Kim 2016), while in the remaining
trials the dose was titrated to achieve a 25% reduction in heart rate
or a reduction to 55 to 60 beats per minute (Bafiares 2002; EIRahim
2018; Gupta 2016; Hobolth 2012; Lo 2012; Mo 2014; Wei 2018).

Comparators

Participants in the control groups received traditional, non-
selective beta-blockers; either propranolol (Agarwala 2011,
Bafares 2002; De 2002; EIRahim 2018; Gupta 2016; Hanno 2016;

Hobolth 2012; Mo 2014; Wei 2018), or nadolol (Lo 2012). The
mean daily dose of propranolol, in the trials that provided the
information, was 73.5 (17.7 to 152.6) mg per day (Bafiares 2002; De
2002; EIRahim 2018; Gupta 2016; Hanno 2016; Hobolth 2012; Mo
2014; Wei 2018); the mean daily dose of nadolol was 45 (20 to 80)
mg per day, (Lo 2012). One trial did not provide information on the
dose of drug used nor on how it was administered (Agarwala 2011).
Two trials used a fixed dose of propranolol (De 2002; Hanno 2016),
while in the remaining trials the dose was titrated to achieve a 25%
reduction in heart rate or a reduction to 55 to 60 beats per minute
(Bafiares 2002; EIRahim 2018; Gupta 2016; Hobolth 2012; Kim 2016;
Lo 2012; Mo 2014; Wei 2018).

Cointerventions

In one of the included trials, participants in the control group
received isosorbide mononitrate (Lo 2012); this medication has
not been shown to significantly affect outcomes in people with
cirrhosis and oesophageal varices receiving beta-blockers for
prevention of upper gastrointestinal bleeding (Garcia-Pagan 2001;
Garcia-Pagan 2003), although use of the combination has been
associated with an increase in non-serious adverse events (Garcia-
Pagan 2003). In a further trial participants in both the intervention
and control groups underwent endoscopic band ligation (Gupta
2016).

Outcomes

We were able to gather clinical outcome data from 10 of the
11 trials (Agarwala 2011; Bafiares 2002; De 2002; EIRahim 2018;
Gupta 2016; Hobolth 2012; Kim 2016; Lo 2012; Mo 2014; Wei
2018). Two trials did not report mortality data (Agarwala 2011;
Wei 2018), whilst a further trial reported mortality but not by
allocation group (EIRahim 2018). All 10 trials provided data on
upper gastrointestinal/variceal bleeding. Data on adverse events
were available from 10 trials (Agarwala 2011; Bafiares 2002; De
2002; EIRahim 2018; Gupta 2016; Hobolth 2012; Kim 2016; Lo 2012;
Mo 2014; Wei 2018). Information on the hepatic venous pressure
gradient and the proportion of participants who failed to achieved
a satisfactory reduction was available from six trials (Bafiares 2002;
De 2002; Gupta 2016; Hobolth 2012; Kim 2016; Mo 2014).

Excluded studies

We excluded four randomised clinical trials, one quasi-randomised
trial and one observational study (Characteristics of excluded
studies). One further trial, currently reported as ongoing, was
excluded because of insufficientinformation butit might be eligible
for inclusion in future updates of this review (NCT02385422)

Two randomised clinical trials evaluated the acute haemodynamic
effects of carvedilol versus propranolol (Bafiares 1999; Lin 2004).
The trials followed participants for less than one week and were
excluded on this basis. The first trial included 35 participants and
measured acute haemodynamic changes over a maximum period
of two hours (Bafares 1999); carvedilol 25 mg was found to be
superior to propranolol in reducing the hepatic venous pressure
gradient. The second trial compared the acute haemodynamic
effects of carvedilol versus propranolol 40 mg plus isosorbide
mononitrate 20 mg in 22 participants with cirrhosis (Lin 2004).
There was no difference in the systemic haemodynamic response
between groups at 90 minutes, but carvedilol produced a greater
reduction in the hepatic venous pressure gradient.
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One randomised clinical trial evaluated the haemodynamic
responses to carvedilol versus nebivolol in 20 participants with
cirrhosis and oesophageal varices with no history of variceal
bleeding (Silkauskaite 2013). Nebivolol is not a traditional, non-
selective beta-blocker but a betaj-selective adrenergic receptor
antagonist with nitric oxide-mediating vasodilatory properties;
the trial was excluded on this basis (Broeders 2000). Both drugs
reduced the hepatic venous pressure gradient; the effect of
carvedilol was more pronounced, especially after 14 days of
treatment.

The final randomised clinical trial was excluded because its
primary aim was to determine the effectiveness of beta-blockers
in preventing hepatic decompensation in participants with
cirrhosis with no or minimal oesophageal varices (NCT01059396).
Participants were randomised to propranolol (or carvedilol in non-
responders) or to placebo; thus, there was no direct comparison of
the effects of carvedilol versus propranolol.

In the quasi-randomised trial, investigators allocated treatment
based on inclusion date (Bonaccorso 2017); participants enrolled
in the first half of the recruiting period received propranolol while
those enrolled in the second half received carvedilol. The trial

included 75 participants and evaluated primary prevention. In
total, 16.3% in the carvedilol group and 40.6% in the propranolol
group had ascites, indicating that the allocation was probably
skewed. Nineteen participants died (all liver -related); 11 of 43
participants in the carvedilol group and 8 of 42 participants in
the propranolol group (RR 1.34; 95% CI 0.60 to 3.01). There were
three 'occurrences' of variceal bleeding in each group. Fifteen
participants (34.9%), in the carvedilol and 23 (71.9%), in the
propranolol group had inadequate haemodynamic responses.

In the observational study (Reiberger 2013), 104 participants with
cirrhosis and oesophageal varices with no history of variceal
bleeding were given propranolol; those with an inadequate
reduction in their hepatic venous pressure gradient were
given carvedilol; participants who were unresponsive to both
medications underwent endoscopic band ligation. Responders to
carvedilol showed a significantly greater hepatic venous pressure
gradient reduction than propranolol responders.

Risk of bias in included studies

We carried out the risk of bias assessment based on the information
retrieved from the publications and from investigators . We
identified potential bias in all of the included trials (Figure 2).
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included trial
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Allocation

In five trials the allocation sequence generation and allocation
concealment were adequate, so we classified them at low risk for
selection bias (Bafares 2002; De 2002; Gupta 2016; Hobolth 2012;
Lo 2012); in the remaining six trials the risk of selection bias was
unclear (Agarwala 2011; EIRahim 2018; Hanno 2016; Kim 2016; Mo
2014; Wei 2018).

Blinding

Two trials were conducted double-blind (De 2002; Hobolth 2012),
so we classified them at low risk of performance and detection bias;
we classified one single-blinded trial at high risk of performance
bias but at low risk of detection bias (Bafiares 2002). The remaining
eight trials were open without blinding and hence were at high risk
of bias for this domain (Agarwala 2011; EIRahim 2018; Gupta 2016;
Hanno 2016; Kim 2016; Lo 2012; Mo 2014; Wei 2018).

Incomplete outcome data

Two trials provided full outcome data and included all participants
in their analyses (Kim 2016; Lo 2012). We classified these trials at
low risk of attrition bias. We classified three trials at unclear risk
of attrition bias (Agarwala 2011; Hanno 2016; Mo 2014), and the
remaining six trials at high risk of bias for this domain (Bafiares
2002; De 2002; EIRahim 2018; Gupta 2016; Hobolth 2012; Wei 2018).

Selective reporting

We classified six trials at low risk of reporting bias (De 2002; Gupta
2016; Hobolth 2012; Kim 2016; Lo 2012; Mo 2014). Five trials did
not report fully on mortality or serious adverse events and so
we classified them as being at high risk of bias for this domain
(Agarwala 2011; Bafares 2002; ElRahim 2018; Hanno 2016; Wei
2018).

For-profit funding

Two trials did not receive industry funding or other support and
so we classified them as being at low risk of bias (Bafiares 2002;
Gupta 2016). Five trials received funding or other support from
pharmaceutical companies (De 2002; Hobolth 2012; Kim 2016; Lo
2012; Mo 2014), and were classified as at high risk of bias. The
remaining four trials did not describe funding (Agarwala 2011,
ElRahim 2018; Hanno 2016; Wei 2018), and so we classified them as
at unclear risk of bias for this domain.

Other potential sources of bias

One trial reallocated participants initially randomised to carvedilol
or propranolol to band ligation if they had contraindications to
medical interventions (EIRahim 2018); we classified this trial as at
high risk for other sources of bias. We did not identify any other
potential sources of bias in the remaining included trials.

Overallrisk of bias

We classified all trials at high risk of bias for all outcomes.

Effects of interventions

See: Summary of findings for the main comparison Carvedilol
compared to traditional, non-selective beta-blockers for adults
with cirrhosis, portal hypertension and gastroesophageal varices

Primary outcomes
Mortality

We were able to gather mortality data from seven trials involving
507 participants. No events occurred in four of these seven
trials. Random-effects meta-analysis found no difference between
carvedilol versus traditional, non-selective beta-blockers for risk
of death (RR 0.86, 95% ClI 0.48 to 1.53; 12 = 0%; Analysis 1.1).
Significantly more deaths occurred In the single, long-term trial
that reported on this outcome than in the six short-term trials
that did so (32 (26.4%) compared to 3 (0.8%); P = 1.3 x 10-18);
subgroup analysis showed no difference in the effect of carvedilol
on mortality, by trial duration (test for subgroup differences: Chi?
= 0.01; P = 0.94; Analysis 1.2). We were only able to gather
mortality data from two trials evaluating primary prevention and
two evaluating secondary prevention. None of the participants in
the primary prevention trials died, so we were unable to assess
subgroup differences, by prevention type (Analysis 1.3).

Upper gastrointestinal bleeding

We were able to gather data on upper gastrointestinal bleeding
from 10 trials involving 810 participants. Random-effects meta-
analysis found no difference between carvedilol versus traditional,
non-selective beta-blockers on the risk of upper gastrointestinal
bleeding (RR 0.77, 95% Cl 0.43 to 1.37; 10 trials; 12 = 45%; Analysis
1.4). Significantly more upper gastrointestinal bleeding episodes
were reported in the four long-term trials than in the six short-
term trials (124 (29.2%), compared to 9 (2.3%); P = 2.6 x 10-27);
subgroup analysis showed no difference between carvedilol versus
traditional, non-selective beta-blockers for this outcome, by trial
duration (test for subgroup differences: Chi?> = 0.10; P = 0.75;
Analysis 1.5). Subgroup analyses showed no difference in the effect
of carvedilol in trials evaluating primary or secondary prevention
(test for subgroup differences: Chi? = 1.06; P = 0.30; Analysis 1.6).

Serious adverse events

We were able to gather information on serious adverse events from
10 trials involving 810 participants. Random-effect meta-analysis
showed no difference between carvedilol versus traditional, non-
selective beta-blockers on the risk of serious adverse events
(RR 0.97, 95% Cl 0.67 to 1.42; 12 = 14%; Analysis 1.7) (Table
2). Significantly more serious adverse events were reported in
the long-term compared to the short-term trials (138 (32.5%),
compared to 17 (4.4%); P = 6.5 x 10-26); subgroup analysis showed
no difference between carvedilol and traditional, non-selective
beta-blockers and the risk of serious adverse events, by trial
duration (test for subgroup differences: Chi*> = 1.08; P = 0.30;
Analysis 1.8). Subgroup analyses showed no difference in the effect
of carvedilol in trials evaluating primary or secondary prevention
(test for subgroup differences: Chi* = 0.89; P = 0.35; Analysis 1.9).

Secondary outcomes
Non-serious adverse events

Seven trials reported non-serious adverse events but only six,
involving 596 participants, reported these data on a per-participant
basis. The remaining trial (Bafiares 2002), reported on the number
of participants experiencing individual non-serious adverse events,
so that its inclusion in the overall assessment would have risked
errors from double counting. There was no clear difference in
the overall occurrence of non-serious adverse events between
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intervention groups (RR 0.55, 95% Cl 0.23 to 1.29; 12 = 88%;
Analysis 1.10). There was no significant difference in the overall
incidence of these events in the short- and long-term trials (64
(21.4%), compared to 72 (24.2%); P = 0.44; test for subgroup
differences: Chi> = 2.90; P = 0.09; Analysis 1.11). The non-
serious adverse events recorded included: hypotension, minor
worsening of ascites and hepatic encephalopathy, shortness of
breath, impotence, insomnia, fatigue, vertigo, bradycardia, and
gastrointestinal discomfort; there were no significant differences
in the incidences of the individual events between intervention
groups (test for subgroup differences: Chi? =4.39; P =0.88; Analysis
1.12). Likewise there was no significant difference in the incidence
or types of events in subgroups stratified by primary or secondary
prevention (test for subgroup differences: Chi* = 0.00; P = 0.98;
Analysis 1.13).

Health-related quality of life

None of the trials evaluated health-related quality of life.

Haemodynamic responses

Haemodynamic responses were reported in six trials involving
368 participants before and after a mean (range), of 5.8 (1 to 12)
weeks of treatment. In comparison with traditional, non-selective
beta-blockers, use of carvedilol was associated with a significantly
greater reduction in the absolute hepatic venous pressure gradient
at the end of treatment (MD -1.75 mmHg, 95% CI -2.60 to -0.89;
12 = 0%; P < 0.001; Analysis 1.14) and in the end percentage
change in hepatic venous pressure gradient over baseline (MD
-8.02%, 95% Cl -11.49 to -4.55; 12 = 0%; P < 0.0001; Analysis 1.15).
However, use of carvedilol was not associated with a reduction
in the number of participants who failed to achieve a satisfactory
haemodynamic response (RR 0.76, 95% CI 0.57 to 1.02; 12 = 42%;
P = 0.07; Analysis 1.16). None of the long-term trials measured
haemodynamic responses, so we were not able to assess subgroup
differences, by trial duration. There were no significant differences
in haemodynamic responses in subgroups stratified by type of
prevention (Analysis 1.17; Analysis 1.18; Analysis 1.19).

'Summary of findings' table

We downgraded the quality of the evidence to low for four
outcomes (mortality; serious adverse events; end of treatment, and
percentage reduction in hepatic venous pressure gradient), based
on the within-trial risk of bias (one level), and imprecision (one
level). We downgraded three further outcomes by an additional
level to very low quality (upper gastrointestinal bleeding; non-
serious adverse events; haemodynamic treatment failure), based
on inconsistency between trials within the analyses (Summary of
findings for the main comparison).

DISCUSSION

Summary of main results

This review found no differences in the clinical effects of
carvedilol compared with the traditional, non-selective beta-
blockers, propranolol or nadolol, in people with cirrhosis. Rates
of mortality, upper gastrointestinal bleeding, and adverse events
were comparable between intervention groups. The quality of
the evidence was low, mainly due to the small numbers of both
events and participants in the included trials. Thus, we cannot
make any definite conclusions about clinical efficacy. Carvedilol

was associated with an 8% greater decrease in the hepatic venous
pressure gradient during the treatment period, although there
was no clear difference between carvedilol versus traditional, non-
selective beta-blockers in the number of participants who did not
achieve the target reduction in hepatic venous pressure gradient.
Thus, the findings in relation to the haemodynamic responses, and
whether or not they are clinically meaningful, is also inconclusive.

Overall completeness and applicability of evidence

This review included 11 randomised clinical trials. We were able to
extract outcome data from 10 trials involving 810 adult participants
with cirrhosis and oesophageal varices. The trials were generally
small; the mean (range), number of participants was 81 (25-176).
Only four of the included trials conducted a sample size calculation
for assessment of statistical power (Bafiares 2002; Hobolth 2012;
Kim 2016; Lo 2012); of these, only two (Hobolth 2012; Lo 2012),
met their target sample size after withdrawal or loss of participants.
Thus, several of the trials were likely to be underpowered to detect
a difference in the effectiveness and safety of the interventions. In
addition, all 11 trials were classified as at high risk of bias for all
outcomes.

Although all the included trials compared carvedilol with a
traditional non-selective beta blocker, the dosages of the
interventions varied widely between trials, as did the dosing
schedules and the duration of treatment. Thus, in trials that
provided the information, the average daily dose of carvedilol
ranged from 6.25 mg (Gupta 2016), to 31 mg (Bafiares 2002); the
average daily dose of propranolol, the comparator used in nine of
the trials, varied from 17.7 mg (Wei 2018), to 152.6 mg (Kim 2016).
Four trials used a fixed dose of carvedilol (De 2002; Hanno 2016;
Kim 2016; Lo 2012), while two used a fixed dose of propranolol
(De 2002; Hanno 2016); the remaining trials titrated the dosage to
achieve a 25% reduction in heart rate or a reduction to 55 to 60
beats per minute. The follow-up periods were relatively short with
a mean of 27 weeks and a range of one week (De 2002; Mo 2014),
to 30 months (Lo 2012). Three of the 10 trials evaluated primary
prevention (Bafiares 2002; EIRahim 2018; Kim 2016), while three
evaluated secondary prevention (Gupta 2016; Lo 2012; Wei 2018).
The remaining four trials evaluated both primary and secondary
prevention (Agarwala 2011; De 2002; Hobolth 2012; Mo 2014); these
four trials did not provide any analyses of the effect of treatments
by prevention type, and we were not able to obtain these data
from the trial authors. Thus, the subgroup analyses by prevention
type involved a maximum of six trials. Six of the 10 trials measured
haemodynamic responses (Bafares 2002; De 2002; Gupta 2016;
Hobolth 2012; Kim 2016; Mo 2014). The degree of variation in a
number of important aspects relating to the conduct of these trials
is reflected in the inter-trial variation in outcomes.

The use of carvedilol was associated with significantly greater
absolute and relative reductions in hepatic venous pressure
gradient but not in the number of participants who showed a
satisfactory haemodynamic response; this additional reduction
in the pressure gradient was not associated with better clinical
outcomes. However, the small number of included trials, relatively
short follow-up periods, and the low quality of the evidence across
all outcomes means that the result of this review is inconclusive.

The analysis of mortality included events from only three trials (De
2002; Hobolth 2012; Lo 2012). One trial, which compared carvedilol
with nadolol (Lo 2012), included 121 participants followed for
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30 months; and recorded a total of 32 deaths, with similar
mortality rates between carvedilol and traditional, non-selective
beta-blockers. Lo 2012 did not assess haemodynamic responses
invasively, so there was no direct measure of the effectiveness or
otherwise of the medication on portal pressure. The remaining two
trials compared carvedilol versus propranolol (De 2002; Hobolth
2012); one, involving 36 participants, followed over seven days,
reported two events (De 2002), while the other, involving 34
participants, followed over 90 days, reported one event (Hobolth
2012). In both, the haemodynamic responses favoured carvedilol
but only marginally in one (De 2002). Thus, we cannot draw any
conclusion, based on these three trials, on the effects on mortality.

The analysis of upper gastrointestinal bleeding included 10
trials; the occurrence of upper gastrointestinal bleeding was
significantly greater in the long-term trials but we found no
significant difference in the risk between interventions. All of
the short-term trials assessed haemodynamic responses directly;
we found no association between the haemodynamic response
and the risk of bleeding. None of the long-term trials measured
haemodynamic responses, although in one (EIRahim 2018), the
varices were reassessed endoscopically after one year of treatment
and no differences were found in variceal grade reduction between
carvedilol and propranolol.

The analysis of serious adverse events included 10 trials; again the
number of serious adverse event was significantly greater in the
long-term trials but there was no difference in the risk of serious
adverse events in participants receiving carvedilol or a comparator.
Similarly, we found no association between the haemodynamic
responses and the risk of serious adverse event in trials in which
they were measured. There was no difference in the risk of non-
serious adverse events between the short- and long-term trials and
no relationship to haemodynamic responses.

We planned to undertake a series of subgroup analyses. However,
few of these were possible. We were not able to draw conclusions
about whether carvedilol might be more efficacious if used for
primary or secondary prevention because of the limited number
of studies available; We were unable to include four trials that did
not provide separate results for participants who had previously
had a variceal bleed and those who had not (Agarwala 2011; De
2002; Hobolth 2012; Mo 2014). Likewise, we were not able to
look at the possible effects of treatment on hepatic function as
none of the trials in this review included the incidence of hepatic
decompensation as an outcome. Ripoll and colleagues (Ripoll 2007)
showed that for every mmHg increase in hepatic venous pressure
gradient, the risk of hepatic decompensation increases by 11%.
One of the included trials reported that the treatment-related
reduction in the hepatic venous pressure gradient was greater
in participants with more severely decompensated cirrhosis,
irrespective of the intervention used (Bafares 2002). However, a
further included trial found no relationship between the degree
of hepatic decompensation and the magnitude of haemodynamic
benefit (De 2002). Thus, the association between the degree of
functional hepatic impairment and the haemodynamic response
remains unclear. It has been suggested that carvedilol could
worsen fluid retention in people with cirrhosis via activation of
the renin-angiotensin-aldosterone system (Hobolth 2012). Four of
the included trials reported worsening of ascites, as a non-serious
adverse event (Bafares 2002; Gupta 2016; Hobolth 2012; Kim 2016);

the average incidence was around 15% in both the carvedilol and
propranolol groups.

We were able to undertake subgroup analyses based on the
duration of treatment. For the purposes of these analyses we
classified the included trials as either short-term (< 3 months;
mean 6 (1 to 12) weeks), or long-term (> 3 months; mean 13.5 (6
to 30) months). Significantly more deaths, bleeding episodes and
serious adverse events occurred in the trials of longer duration
(Agarwala 2011; EIRahim 2018; Lo 2012; Wei 2018), although with
no difference in frequency between carvedilol and its comparators.
The fact that more events were observed in the long-term trials
may simply be because there were more opportunities for events
to occur. However, the possibility that treatment in these trials
may have been sub-optimal over time should also be considered.
Five of the six short-term trials (Bafiares 2002; Gupta 2016; Hobolth
2012; Kim 2016; Mo 2014), adjusted drug dosages to achieve a 25%
reduction in heart rate or a reduction to 55 to 60 beats per minute;
in addition, all six directly measured haemodynamic responses
(Bafiares 2002; De 2002; Gupta 2016; Hobolth 2012; Kim 2016; Mo
2014). In contrast, only one of the long-term trials (E[Rahim 2018),
titrated drug dosages in relation to heart rate reduction; one used a
fixed dose of carvedilol but titrated the dose of nadolol in response
to heart rate (Lo 2012); one stipulated that they titrated the drug
dosages but did not provide information on how this was done (Wei
2018); the final long-term trial did not provide any information on
drug dosages or drug schedules (Agarwala 2011). One long-term
trial assessed the effect of treatment on portal pressure indirectly
by repeat endoscopy and grading of the varices (ElRahim 2018);
the remaining three trials did not assess the effect of treatment on
portal pressure (Agarwala 2011; Lo 2012; Wei 2018). We found no
association between haemodynamic responses to treatment and
subsequent clinical events; however, these findings were based on
the results of the short-term trials only and it can not be assumed
that this would pertain in the longer term (Tripathi 2002).

Consequently, further adequately powered, long-term trials
are needed, which measure both clinical and haemodynamic
outcomes. Measurement of the hepatic venous pressure gradient
is the reference method for the assessment of portal pressure.
However, it is invasive, expensive and requires dedicated hospital
resources and experienced staff. Consequently, it is not widely
available. Advances in the non-invasive evaluation of portal
hypertension, including measurement of stiffness in the liver and
stiffness/congestion of the spleen together with contrast enhanced
ultrasound, could be used in the context of a clinical trial (Bolognesi
2017). Future studies should also examine outcomes in relation to
the severity of the liver disease and whether prevention is primary
or secondary.

This review included participants with portal hypertension
secondary to chronic liver disease. In consequence, the results
may not pertain to people with portal hypertension associated
with schistosomiasis, portal/splenic vein thrombosis, Budd-Chiari
syndrome and other rarer conditions of pre- or post-sinusoidal
block.

Overall, carvedilol appears to be as efficacious and safe as
propranolol and nadolol for the treatment of portal hypertension
in patients with cirrhosis and oesophageal varices. We found no
evidence that it was more efficacious than traditional non-selective
beta-blockers and no evidence that it was a safer to use, but with
all the caveats listed above.
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Quality of the evidence

The main reasons for downgrading the evidence in this review are
bias, imprecision and inconsistency.

Bias

As recommended, we combined the individual bias domains in an
overall assessment (hbg.cochrane.org/information-authors). We
identified potential biases in all of the included trials. We defined
mortality, but not serious adverse events, as an outcome that is
robust to performance and detection bias (Savovic¢ 2012a; Savovic
2012b). This decision can be questioned, as lack of blinding is
not likely to influence the assessment of events such as upper
gastrointestinal bleeding. Only two trials were conducted double-
blind (De 2002; Hobolth 2012); we classified one single-blinded
trial as at high risk of performance bias but at low risk of
detection bias (Bafiares 2002), while the remaining eight trials
were open without blinding and hence were at high risk of bias
for this domain. Only two trials provided full outcome data and
included all participants in their analyses (Kim 2016; Lo 2012);
we classified the remaining trials as at unclear or high risk of
attrition bias. Six trials reported outcome data on all of the
primary outcome measures (De 2002; Gupta 2016; Hobolth 2012;
Kim 2016; Lo 2012; Mo 2014); the remaining trials did not so
we classified them at high risk of reporting bias. We classified
any type of for-profit funding, including the gratuitous supply of
interventions or placebo, as introducing a high risk of for-profit
bias (hbg.cochrane.org/information-authors); we classified only
two trials at low risk of bias for this domain (Bafiares 2002; Gupta
2016). The decision to include this domain is debatable (Higgins
2017). We classified all of the included trials at high risk in the
overall assessments of mortality and non-mortality outcomes.

Imprecision

Only 11 randomised clinical trials were available for inclusion; the
sample sizes in the included trials were generally small and the
number of events were limited. The effect estimates had very wide
confidence intervals.

Inconsistency

There was considerable between-trial inconsistency for the
outcome non-serious adverse events (I2 = 88%), and moderate
inconsistency for the outcomes upper gastrointestinal bleeding (12
=45%), and haemodynamic treatment failure (12 = 42%).

Based on the assessment of bias control combined with
inconsistency, we classified the quality of the evidence as
low for the assessment of mortality, serious adverse events
and the absolute and relative reductions in hepatic venous
pressure gradient, and further downgraded the outcomes
upper gastrointestinal bleeding, non-serious adverse events,
and haemodynamic treatment failure to very low, based on
inconsistency between trials within the analyses.

Potential biases in the review process

We undertook the review based on current recommendations
for bias control ((hbg.cochrane.org/information-authors; Higgins
2017). We attempted to minimise possible selection bias (Page
2014), by using a comprehensive search strategy. Thus, we
combined searches in electronic databases with hand searches
of the biographies of identified studies and the conference

proceedings and abstract books from relevant national and
International society meetings. We consider it unlikely that we have
failed to identify any published trials.

Agreements and disagreements with other studies or
reviews

A number of systematic reviews with meta-analyses of carvedilol
have been undertaken. Aguilar-Olivos 2014 included four
randomised clinical trials (Bafiares 1999; Bafiares 2002; De 2002;
Hobolth 2012), one of which (Bafiares 1999), we excluded
from the present review because the follow-up period, after
drug administration, was only two hours. The findings reported
by Aguilar-Olivos 2014 mirror those of the present review
in relation to mortality, gastrointestinal bleeding, serious and
non-serious adverse events, and the reduction in hepatic
venous portal pressure. However, they reported fewer treatment
failures in participants receiving carvedilol. Three subsequent
systematic reviews with meta-analyses, focusing specifically on
the haemodynamic effects of carvedilol versus propranolol, also
reported outcomes in favour of carvedilol (Chen 2015; Li 2016;
Sinagra 2014). The first of these (Sinagra 2014) included five trials
(Bafiares 1999; Bafiares 2002; De 2002; Hobolth 2012; Lin 2004), two
of which were short-term haemodynamic studies which we chose
not to include in our review (Bafiares 1999; Lin 2004). In the three
long-term studies, the mean difference in the percentage reduction
inthe hepatic venous pressure gradient after treatment was -6.61%,
favouring carvedilol. The second of these reviews (Chen 2015),
included five published studies (Bafiares 1999; Bafiares 2002;
De 2002; Hobolth 2012; Lin 2004), and data from two possible
doctoral theses (Qu 2012; Ren 2012); we included three of these
studies in our review (Bafiares 2002; De 2002; Hobolth 2012).
The authors found that the mean difference in the percentage
reduction in hepatic venous pressure gradient after treatment in
the three long-term trials was -6.80% (Cl -11.53 to -2.07), favouring
carvedilol. In addition, the number of participants showing a
favourable haemodynamic response was significantly higher in
the those receiving carvedilol. The final review (Li 2016), looked
at the haemodynamic effects of carvedilol in comparison with
traditional, non-selective beta blockers and endoscopic variceal
ligation. Seven of the included trials compared the haemodynamic
effects of carvedilol and propranolol (Bafiares 1999; Bafares 2002;
De 2002; Hobolth 2012; Kim 2016; Lin 2004; Mo 2014). Of these, we
excluded two from our review, as they reported very short-term
effects only (Bafiares 2002; Lin 2004), while one abstract, by Sohn
and colleagues, published in 2013, is included in our review as a
full paper (Kim 2016). Li 2016 reported that use of carvedilol was
associated with a greater percentage reduction in hepatic venous
pressure gradient within six months (MD -8.49%, 95% CI -12.36 to
-4.63). These systematic reviews combined short- and long-term
studies in their meta-analyses and made no attempt to determine
if the reported reductions in percentage hepatic venous pressure
gradient reduction were clinically meaningful.

Medication dosages varied widely across the few trials included
in our review, hence we were not able to establish an optimal
dose for the greatest portal haemodynamic benefits. However,
one discussion article (Tsochatzis 2009), described an inverse
relationship between the dose of carvedilol and the magnitude
of the hepatic venous pressure gradient reduction, based on
four trials, one of which we included in our review (Bafares
2002; Bruha 2006; Stanley 1999; Tripathi 2002). Additionally,
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another narrative review (Tripathi 2010), which included 10 trials
(Bafares 1999; Bafiares 2002; Bruha 2006; De 2002; Forrest
1996; Lin 2004; Sekiyama 1997; Silkauskaite 2013; Stanley 1999;
Tripathi 2002), concluded that a dose of 12.5 mg of carvedilol
provides the best compromise between haemodynamic benefit
and minimising adverse events, particularly in patients with
ascites. Further exploration of the relationships between the
dose of medication, the way in which it is introduced, and the
subsequent haemodynamic and clinical outcomes, is needed.

AUTHORS' CONCLUSIONS

Implications for practice

The analyses provided low-quality evidence that carvedilol is
more effective than traditional, non-selective beta-blockers in
reducing the hepatic venous pressure gradient although its use
was not associated with an increase in the number of people
achieving a significant haemodynamic response, nor did the
enhanced haemodynamic response translate into clinical benefits
on outcomes such as mortality and adverse events including
upper gastrointestinal bleeding. Participants seemed to tolerate
carvedilol just as well as traditional, non-selective beta-blockers,
even at higher doses, provided titration was slow.

Implications for research

We employed the EPICOT format to formulate research
recommendations (Brown 2006). Overall, the use of carvedilol in
clinical practice in patients with cirrhosis and oesophageal varices
remains unclear, and additional evidence from future randomised
clinical trials is required to evaluate this further.

Evidence (what is the current state of evidence?): this review of
10 randomised controlled trials with extractable data, showed that
carvedilol produces a significantly greater reduction in the hepatic
venous pressure gradient compared with traditional, non-selective
beta blockers, but that its use is not associated with an increase
in the number of participants with an adequate haemodynamic
response or in any additional clinical benefit. However, the quality
of this evidence is low; only two of the 10 trials were double-blind,
andthereis a paucity of large, long-term trials that directly compare
the two interventions and provide relevant outcome data. Further

exploration of the relationship between the dose of medication,
the way it is administered and the subsequent haemodynamic
and clinical outcomes is needed for carvedilol and traditional non-
selective beta blockers. Further evidence is also required on both
the clinical and haemodynamic outcomes in relation to the type of
prevention (primary versus secondary) and the degree of hepatic
decompensation. No data are available, at present, on health-
related quality of life outcomes.

Participants (what is the population of interest?): adults with
cirrhosis and gastroesophageal varices, with or without a history of
previous variceal bleeding

Inverventions (what are the interventions of interest?): carvedilol

Comparisons (what are the comparisons of interest?): traditional,
non-selective beta-blockers such as propranolol or nadolol

Outcomes (what are the outcomes of interest?): all-cause mortality;
upper gastrointestinal bleeding, serious and non-serious adverse
events; haemodynamic responses including absolute and relative
changes in hepatic venous pressure gradient and the adequacy of
the treatment response, defined as attainment of reduction in the
hepatic venous pressure gradient to less than 12 mmHg, or more
than 20% reduction from baseline; health-related quality of life
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Agarwala 2011

Methods

Single-centre, open, randomised clinical trial evaluating primary and secondary prevention

Participants

102 participants with cirrhosis and endoscopically proven oesophageal varices, with or without previ-
ous bleeding

Proportion of men: not reported

Mean age: not reported

Proportion for primary prevention: unclear
Proportion with:

« aetiology of cirrhosis: not reported
« large varices: not reported
« ascites: not reported

Interventions

Intervention comparison: carvedilol vs propranolol
Dose of carvedilol: not reported
Dose of propranolol: not reported

Treatment duration: 6 months

Outcomes

Outcomes included in meta-analysis: bleeding after at least 6 months

Country of origin India
Publication status Abstract
Inclusion period Not reported

Notes The trial report describes a statistically insignificant association between carvedilol and systemic hy-
potension, but does not include any quantification. Outcome data were not available by type of pre-
vention.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants High risk Open trial without blinding of participants or personnel.

and personnel (perfor-
mance bias)
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Agarwala 2011 (Continued)
All outcomes

Blinding of outcome as- High risk Open trial without blinding of outcome assessment.
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk The authors describe intension to treat analyses, but the number of partici-

(attrition bias) pants lost to follow-up and the methods used to undertake the analyses are

All outcomes unclear.

Selective reporting (re- High risk The trial does not describe mortality and only reports the statistical signifi-

porting bias) cance of differences in adverse events. We did not have access to the trial pro-
tocol.

For-profit funding Unclear risk Not described

Other bias Low risk No other biases identified

Overall bias assessment High risk High risk of bias

(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Bafares 2002

Methods Single-blind, parallel-arm, single-centre randomised clinical trial evaluating primary prevention

Participants 51 participants with cirrhosis and endoscopically proven oesophageal varices without previous bleed-
ing

Proportion of men: carvedilol 73%; propranolol 60%

Mean age: carvedilol 57.9 years; propranolol 58.4 years

Proportion for primary prevention: carvedilol 100%; propranolol 100%
Proportion with:

« alcohol-related cirrhosis: carvedilol 23%; propranolol 36%

« hepatitis B-related cirrhosis: carvedilol: 15%; propranolol 8%
« hepatitis C-related cirrhosis: carvedilol 54%; propranolol 56%
« large varices: carvedilol 38%; propranolol 56%

« ascites: carvedilol 39%; propranolol 24%

Interventions Intervention comparison: carvedilol vs propranolol

Dose of carvedilol: 6.25 mg once daily titrated to a mean of 31 mg to achieve a 25% reduction in heart
rate

Dose of propranolol: 20 mg once daily titrated to a mean of 73 mg to achieve a 25% reduction in heart
rate

Treatment duration: approximately 3 months

Outcomes Outcomes included in meta-analysis: mortality, upper gastrointestinal bleeding, serious adverse
events, non-serious adverse events; reduction in hepatic venous pressure gradient and haemodynam-
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Bafiares 2002 (Continued)

ic response (gradient reduction by = 20% from baseline or to < 12 mmHg) after a mean period of 11
weeks.

Country of origin Spain
Publication status Full-paper
Inclusion period Not reported

Notes The publication does not describe the type of serious adverse events. The discussion section gives the
impression that serious adverse events were associated with systemic hypotension, although this is not
stated specifically.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random numbers

tion (selection bias)

Allocation concealment Low risk Serially numbered, opaque, sealed envelopes

(selection bias)

Blinding of participants High risk Open trial without blinding of participants or personnel

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding of outcome assessment

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk The trial only describes per protocol analyses in the haemodynamic assess-

(attrition bias) ments.

All outcomes

Selective reporting (re- High risk The trial report does not describe the types of serious adverse events. We did

porting bias) not have access to the trial protocol.

For-profit funding Low risk No for-profit funding

Other bias Low risk No other biases

Overall bias assessment High risk High risk of bias

(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

De 2002

Methods

Double-blind, parallel-arm, single-centre, randomised clinical trial evaluating primary and secondary
prevention

Participants

36 participants with cirrhosis and endoscopically verified varices with 1 previous bleeding episode in
the 7 to 10 days before inclusion, or without previous bleeding
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De 2002 (Continued)

Proportion of men: carvedilol 83%; propranolol 94%

Mean age: carvedilol 42.3 years; propranolol 47.3 years

Proportion for primary prevention: carvedilol 61.1%; propranolol 61.1%
Proportion with:

« alcohol-related cirrhosis: carvedilol 28%; propranolol 56%
« hepatitis B-related cirrhosis: carvedilol 39%; propranolol 22%
« hepatitis C-related cirrhosis: carvedilol 11%; propranolol 6%

« large varices: carvedilol 100%; propranolol 100%
* carvedilol: grade 3 89%; grade 4 11%

* propranolol: grade 3 83%; grade 4 17%
« previous bleeding: carvedilol 39%; propranolol 39%
« ascites: carvedilol 67%; propranolol 89%

Interventions

Intervention comparison: carvedilol vs propranolol
Dose of carvedilol: 12.5 mg once daily
Dose of propranolol: 80 mg once daily

Treatment duration: 7 days

Outcomes

Outcomes included in meta-analysis: mortality, variceal bleeding, adverse events, reduction in he-
patic venous pressure gradient, treatment response (gradient reduction by = 20% from baseline or to <
12 mmHg) assessed, after 7 days

Country of origin

India

Publication status

Full-paper

Inclusion period

Not reported

Notes Outcome data were not available by type of prevention
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Drawing of lots (independent researcher not otherwise involved in the trial)
tion (selection bias)
Allocation concealment Low risk Serially numbered, opaque, sealed envelopes
(selection bias)
Blinding of participants Low risk Blinding of participants and personnel
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Blinded outcome assessment
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk The investigators only report per protocol analyses of haemodynamic
(attrition bias) changes.
All outcomes
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De 2002 (Continued)
Selective reporting (re- Low risk Clinically relevant outcomes are described. We did not have access to the trial
porting bias) protocol.
For-profit funding High risk Support from ICI Pharmaceuticals India Ltd, India (supplied propranolol) and

Sun Pharmaceutical Industries Ltd, India (supplied carvedilol).

Other bias Low risk No other biases
Overall bias assessment High risk High risk of bias
(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

ElRahim 2018

Methods

Single-centre, open, randomised clinical trial evaluating primary prevention

Participants

330 participants with cirrhosis and endoscopically-proven medium to large varices, without previous
bleeding

Proportion of men: carvedilol 34%; propranolol 44%

Mean age: carvedilol 51.2 years; propranolol 51.8 years

Proportion for primary prevention: carvedilol 100%; propranolol 100%
Proportion with:

« alcohol-related cirrhosis: not reported

« hepatitis B-related cirrhosis: carvedilol: 16%; propranolol 14%
« hepatitis C-related cirrhosis: carvedilol 70%; propranolol 76%
« large varices: carvedilol 32%; propranolol 36%

« ascites: carvedilol 26%; propranolol 34%

Interventions

Intervention comparison: band ligation vs propranolol vs carvedilol

Dose of carvedilol: initially 6.25 mg daily, titrated to reach 12.5 to 50 mg, to achieve a 25% reduction in
heart rate while remaining > 55 beats per minute; mean 12.5 mg + standard deviation 6.3 mg

Dose of propranolol: initially 40 mg daily, titrated to achieve a 25% reduction in heart rate while re-
maining > 55 beats per minute; mean 43.01 mg + standard deviation 7.30 mg

Treatment duration: 12 months

Outcomes Outcomes included in meta-analysis: variceal bleeding and adverse events after 1 year
Country of origin Egypt
Publication status Full-paper

Inclusion period

May 2015-June 2016

Notes This trial did not include portal haemodynamic measures.
The trial report did not describe the allocation group of participants who died or participants with seri-
ous adverse events.
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Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not described
tion (selection bias)
Allocation concealment Unclear risk 'Envelope technique'. The trial report does not describe if the envelopes were
(selection bias) opaque, serially numbered or sealed.
Blinding of participants High risk Open trial without blinding of participants or personnel
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open trial without blinding of outcome assessors
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk The analysis excluded participants who dropped out, bled or died.
(attrition bias)
All outcomes
Selective reporting (re- High risk The allocation group of participants who died is not described. We did not
porting bias) have access to the trial protocol.
For-profit funding Unclear risk Not described
Other bias High risk Investigators reallocated participants initially randomised to carvedilol or pro-
pranolol to banding ligation if they had contraindications to medical interven-
tions.
Overall bias assessment High risk High risk of bias
(mortality)
Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Gupta 2016

Methods

Open-label, parallel-arm, single-centre randomised clinical trial evaluating secondary prevention

Participants

59 participants with cirrhosis and portal hypertension (hepatic venous pressure gradient > 12 mmHg)
with a previous bleeding episode

Proportion of men: carvedilol 96.7%; propranolol 89.7%

Mean age: carvedilol 41.7 years; propranolol 45.0 years

Proportion for primary prevention: carvedilol 0%; propranolol 0%

Proportion with:

« alcohol-related cirrhosis: carvedilol 47%; propranolol 48%
« viral hepatitis-related cirrhosis: carvedilol 33%; propranolol 24%
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Gupta 2016 (Continued)

« large varices: carvedilol 100%; propranolol 100%
* carvedilol: grade 2: 0%; grade 3: 50%; grade 4: 50%.

* propranolol: grade 2: 3.5%; grade 3: 48%); grade 4: 48%
« previous bleeding: carvedilol 100%; propranolol 100%
« ascites: carvedilol 53%; propranolol 72%

Interventions

Intervention comparison: carvedilol vs propranolol

Dose of carvedilol: initially 3.125 mg twice daily; increased in 3.125 mg increments until heart rate was
between 55 to 60 beats per minute, or to a total daily dose of 25 mg, or to intolerance; median 6.25 mg

Dose of propranolol: initially 40 mg once daily, increased in 20 to 40 mg increments until the heart rate
was between 55 to 60 beats per minute, to a total daily dose of 320 mg, or to intolerance; median 40 mg

Co-intervention: all participants underwent endoscopic banding ligation

Treatment duration: 1 month

Outcomes

Outcomes included in meta-analysis: mortality, variceal bleeding, adverse events, reduction in hepat-
ic venous pressure gradient, treatment response (gradient reduction by = 20% from baseline or to <12
mmHg), after 1 month

Country of origin

India

Publication status

Full-paper

Inclusion period

1 June 2013-31 December 2013

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers
tion (selection bias)
Allocation concealment Low risk Serially numbered, opaque, sealed envelopes
(selection bias)
Blinding of participants High risk Open trial without blinding of participants or personnel
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open trial without blinding of outcome assessors
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk The analyses exclude participants who dropped out
(attrition bias)
All outcomes
Selective reporting (re- Low risk Clinically relevant outcomes are reported. We did not have access to the trial
porting bias) protocol.
For-profit funding Low risk No for-profit funding
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Other bias Low risk No other biases identified
Overall bias assessment High risk High risk of bias
(mortality)
Overall bias assessment High risk High risk of bias

Hanno 2016

Methods

Open-label, parallel-arm, single-centre randomised clinical trial. The trial report does not specify if pri-
mary or secondary prevention was assessed

Participants

40 participants with cirrhosis and grade 3 or 4 oesophageal varices allocated to carvedilol vs propra-
nolol

Proportion of men: not reported

Mean age: not reported

Proportion for primary prevention: not reported
Proportion with:

« alcohol-related cirrhosis: not reported

« hepatitis B-related cirrhosis: not reported

« hepatitis C-related cirrhosis: not reported

« variceal grading: not reported

« history of upper gastrointestinal tract bleeding: not reported
« ascites: not reported

Interventions

Intervention comparison: carvedilol vs propranolol
Dose of carvedilol: 6.25 mg once daily increased to 6.25 mg twice daily after 1 week
Dose of propranolol: 20 mg 3 times daily

Treatment duration: 12 months

Outcomes Outcomes included in meta-analyses: none
Country of origin Egypt
Publication status Abstract

Inclusion period

Not described

Notes The trial report does not describe any of the outcomes assessed in our review. Thus, we could not in-
clude this trial in our quantitative analyses (meta-analyses).
The trial also includes 2 groups allocated to banding ligation alone (n = 20) or banding ligation and
carvedilol (n =20).

Risk of bias

Bias Authors' judgement  Support for judgement
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Hanno 2016 (Continued)

Random sequence genera-  Unclear risk Not described
tion (selection bias)

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants High risk Open trial without blinding of participants or personnel
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open trial without blinding of outcome assessment
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Losses to follow-up and withdrawals are not described
(attrition bias)
All outcomes

Selective reporting (re- High risk Mortality and variceal bleeding are not reported. We did not have access to the
porting bias) trial protocol.

For-profit funding Unclear risk Not described

Other bias Low risk No other biases identified

Overall bias assessment High risk High risk of bias

(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Hobolth 2012
Methods Double-blind, parallel-arm, multi-centre, randomised clinical trial evaluating pre-prevention, primary,
and secondary prevention
Participants 46 participants with portal hypertension (hepatic venous pressure gradient = 12 mmHg). We excluded
12 participants without varices and included 34 participants with oesophageal varices. We combined
all participants in our analyses (as primary or secondary prevention) because we did not have informa-
tion on previous bleeding episodes (see notes).
Proportion of men: carvedilol 56.3%; propranolol 72.2%
Proportion for primary prevention: carvedilol 76.2%; propranolol 70.6%
Mean age: carvedilol 58.1 years; propranolol 54.4 years
Proportion with:
« alcohol-related cirrhosis: carvedilol 80%; propranolol 75%
« hepatitis B/C-related cirrhosis: carvedilol 16%; propranolol 18%
« large varices: information not available (see notes).
« ascites: carvedilol 25%; propranolol 18%
Interventions Type of beta-blockers: carvedilol vs propranolol
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Hobolth 2012 (continued)

Dose of carvedilol: initially 6.25 mg, the dose was titrated to achieve a 25% reduction in heart rate;
mean 14 mg + standard deviation 7 mg

Dose of propranolol: initially 80 mg, the dose was titrated to achieve a 25% reduction in heart rate;
mean 122 mg + standard deviation 64 mg

Treatment duration: 3 months

Outcomes

Outcomes included in meta-analysis: mortality, variceal bleeding, adverse events, reduction in hepat-
ic venous pressure gradient, treatment response (gradient reduction by = 20% from baseline or to <12
mmHg), after a mean duration of 92.7 days

Country of origin

Denmark

Publication status

Full-paper

Inclusion period

September 2003-August 2009

Notes

« Two of the review authors (LH and FB) were trial investigators.

« Thetrialincluded 47 participants. We did not have access to information about variceal status, bleed-
ing or haemodynamic response for 1 participant, who we then excluded from the analyses.

« None of the 12 participants without varices died, experienced bleeding or serious adverse events.

« We did not have information about the size of the varices for any of the participants or the history of
previous bleeding for 8 participants. We therefore decided to combine primary/secondary prevention
in the analyses.

« Outcome data were not available by type of prevention.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Table of random numbers (block randomisation)
tion (selection bias)
Allocation concealment Low risk Serially numbered, opaque, sealed envelopes
(selection bias)
Blinding of participants Low risk Blinding of participants and personnel
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Blinded outcome assessment
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk We did not have access to information about 1 participant. The published tri-
(attrition bias) al reports per protocol analyses. We were only able to undertake per protocol
All outcomes analyses for continuous outcomes
Selective reporting (re- Low risk Clinically relevant outcomes are described. We had access to the trial protocol.
porting bias)
For-profit funding High risk Funding from Roche; propranolol supplied by Nycomed, Denmark and
carvedilol by Roche, Switzerland.
Other bias Low risk No other biases identified
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Hobolth 2012 (continued)

Overall bias assessment High risk High risk of bias
(mortality)
Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Kim 2016

Methods

Parallel-arm, open-label, multi-centre, randomised clinical trial evaluating primary prevention

Participants

110 participants with cirrhosis, endoscopically verified grade 2 or 3 varices, and no previous bleeding
Proportion of men: carvedilol 74.5%; propranolol 76.4%

Mean age: carvedilol 51.7 years; propranolol 70.6 years

Proportion for primary prevention: carvedilol 100%; propranolol 100%

Proportion with:

« alcohol-related cirrhosis: carvedilol 60%; propranolol 61.8%
« hepatitis B-related cirrhosis: carvedilol 29.1%; propranolol 27.3%
« hepatitis C-related cirrhosis: carvedilol 5.5%; propranolol 7.3%

« large varices: carvedilol 100%; propranolol 100%
* carvedilol: grade 2 81.8%; grade 3 18.2%

* propranolol: grade 2 80%; grade 3 20%
« ascites: carvedilol 60%; propranolol 60%

Interventions

Intervention comparison: carvedilol vs propranolol

Dose of carvedilol: initially 6.25 mg once daily, increased to 12.5 mg; mean 11.6 mg/dL (range
6.25-12.5 mg/dL)

Dose of propranolol: initially 20 mg twice daily, titrated until heart rate decreased by 25%, or to 55
beats per minute; mean 152.6 mg/dL (range 40-320 mg/dL)

Treatment duration: 6 weeks

Outcomes

Outcomes included in meta-analysis: mortality, variceal bleeding, adverse events, reduction in hepat-
ic venous pressure gradient, treatment response (gradient reduction by = 20% from baseline or to <12
mmHg), after 6 weeks

Country of origin

Korea

Publication status

Full-paper

Inclusion period

August 2012-December 2014

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated, random number table, block size of 2 and stratified
block randomisation
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Kim 2016 (continued)

Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants High risk Open trial without blinding or participants or personnel

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open trial without blinding of outcome assessment

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data. All participants are accounted for and included in
(attrition bias) the analyses.

All outcomes

Selective reporting (re- Low risk Clinically relevant outcomes are reported. We did not have access to the trial
porting bias) protocol.

For-profit funding High risk Received funding from ChongKunDang Pharmaceutical

Other bias Low risk No other biases identified

Overall bias assessment High risk High risk of bias

(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Lo 2012

Methods

Open, parallel-arm, single-centre randomised clinical trial evaluating secondary prevention

Participants

121 participants with cirrhosis and previous variceal bleeding.

Proportion of men: carvedilol 11.9%; nadolol 20%

Mean age: carvedilol 53.0 years; nadolol 49.8 years

Proportion for primary prevention: carvedilol 0%; nadolol 0%

Proportion with:

« alcohol-related cirrhosis: carvedilol 36.0%; nadolol 43.0%
« hepatitis B-related cirrhosis: carvedilol 21.0%; nadolol 32.0%
« hepatitis C-related cirrhosis: carvedilol 31.0%; nadolol 15.0%

« large varices: carvedilol 93.0%; nadolol 88.0%
* carvedilol: grade 2 84.2%; grade 3 15.8%

* nadolol: grade 2 77.4%; grade 3 12.2%
« ascites: carvedilol 39%; nadolol 42%

Interventions

Intervention comparison: carvedilol vs nadolol

Initial dose of carvedilol: 6.25 mg once daily, increased to 6.25 mg twice daily if systolic blood pres-
sure > 100 mmHg. Dose tapered if systolic blood pressure <90 mmHg; mean 10.4 mg + standard devia-
tion 2.2 mg (range 6.25-12.5 mg)
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Lo 2012 (continued)

Initial dose of nadolol: 20 mg once daily, titrated to achieve a 25% reduction in heart rate, or 55 beats
per minute; mean 45 mg + standard 13 mg (range 20-80 mg)

Co-intervention: participants in the control group also received isosorbide mononitrate

Treatment duration: the trial was terminated 6 months after enrolment of the last participant.

Outcomes Outcomes included in meta-analysis: mortality, variceal bleeding, and adverse events after a median
duration of 30 months (21 days-4 years)

Country of origin Taiwan

Publication status Full-paper

Inclusion period March 2005-July 2009

Notes

Risk of bias

Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Table of random numbers

tion (selection bias)

Allocation concealment Low risk Serially numbered, opaque, sealed envelopes
(selection bias)

Blinding of participants High risk Open trial without blinding or participants or personnel
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open trial without blinding of outcome assessment except endoscopists de-
sessment (detection bias) termining site of variceal bleed

All outcomes

Incomplete outcome data  Low risk 1 participant in each group was lost to follow-up; 4 participants in the
(attrition bias) carvedilol group and 5 participants in the nadolol group did not comply with
All outcomes the trial protocol. All participants accounted for; intention to treat analyses

employed using last observed response carried forward

Selective reporting (re- Low risk All clinically relevant outcome measures are reported. We did not have access-

porting bias) es to the trial protocol.

For-profit funding High risk Carvedilol supplied by Roche, Italy; nadolol supplied by E.R. SQUIBB SONS,
Taiwan

Other bias Low risk No other biases identified

Overall bias assessment High risk High risk of bias

(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)
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Mo 2014

Methods

Open, parallel-arm, single-centre randomised clinical trial evaluating primary and secondary preven-
tion

Participants

96 participants with cirrhosis and oesophageal varices

Proportion of men: carvedilol 75.0%; propranolol 68.8%

Mean age: carvedilol 51.6 years; propranolol 52.8 years

Proportion for primary prevention: carvedilol 52.1%; propranolol 43.8%
Proportion with:

« alcohol-related cirrhosis: not reported

« hepatitis B-related cirrhosis: not reported

« hepatitis C-related cirrhosis: not reported

« variceal grading: not reported

« history of upper gastrointestinal tract bleeding: carvedilol 47.9%; propranolol 56.3%
« ascites: carvedilol 43.8%; propranolol 33.3%

Interventions

Intervention comparison: carvedilol vs propranolol

Dose of carvedilol: initially 12.5 mg once daily, titrated within first 3 days until 20% to 25% reduction
in heart rate, or to 55 beats per minute and blood pressure >90/60 mmHg

Dose of propranolol: initially 10.0 mg three times a day, titrated within first 3 days until 20% to 25% re-
duction in heart rate, or 55 beats per minute and blood pressure >90/60 mmHg

The investigators reduced the dose or stopped treatment if the mean arterial pressure or heart rate was
too low

Treatment duration: 7 days

Outcomes

Outcomes included in meta-analysis: mortality, variceal bleeding, adverse events, reduction in hepat-
ic venous pressure gradient, treatment response (gradient reduction by = 20% from baseline or to < 12
mmHg), after 1 week

Country of origin

China

Publication status

Full-paper

Inclusion period

March 2013-March 2014

Notes Outcome data were not available by type of prevention
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants High risk Open trial without blinding of participants or personnel
and personnel (perfor-
mance bias)
All outcomes
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Mo 2014 (Continued)

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open trial without blinding of outcome assessors

Incomplete outcome data  Unclear risk Losses to follow-up and withdrawals are not described.

(attrition bias)

All outcomes

Selective reporting (re- Low risk All clinically relevant outcome measures are reported. We did not have access-

porting bias)

es to the trial protocol.

For-profit funding

High risk Carvedilol supplied by Qilu Tianhe Pharmaceutical Co., Ltd; propranolol sup-

plied by Sinopharm Shantou Jinshi Pharmaceutical Co., Ltd

Other bias Low risk No other biases identified
Overall bias assessment High risk High risk of bias
(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Wei 2018

Methods

Open-label, parallel-arm, single-centre randomised clinical trial evaluating secondary prevention

Participants

25 participants with cirrhosis and oesophageal varices

Proportion of men: not reported

Mean age: not reported

Proportion for primary prevention: carvedilol 0%; propranolol 0%
Proportion with:

« alcohol-related cirrhosis: not reported

« hepatitis B-related cirrhosis: not reported

« hepatitis C-related cirrhosis: not reported

« variceal grading: not reported

« history of upper gastrointestinal tract bleeding: carvedilol 100%; propranolol 100%
« ascites: not reported

Interventions

Intervention comparison: carvedilol vs propranolol
Dose of carvedilol: titrated to a mean dose of 10 mg
Dose of propranolol: titrated to a mean dose of 17.73 mg + standard deviation 9.32 mg

Treatment duration: 6 months

Outcomes Outcomes included in meta-analysis: variceal bleeding after a duration of 6 months
Country of origin China
Publication status Abstract
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Wei 2018 (continued)

Inclusion period 1 March 2015-31 August 2015

Notes The trial also includes a control group of participants treated with traditional, non-selective be-
ta-blockers before inclusion in the trial. We did not include these participants in our analyses.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Table of random numbers

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants High risk Open-label for participants and researchers
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Outcome assessors not blinded, but doctors performing endoscopy were
sessment (detection bias) blinded
All outcomes

Incomplete outcome data ~ High risk The trial report describes that 9 participants (4 allocated to carvedilol and 5 to
(attrition bias) non-selective beta-blockers) dropped out or were withdrawn due to "intoler-
All outcomes ance or reluctance to follow the protocol". Some of these participants are ex-

cluded from the analyses. The abstract includes these participants in a second
control group.

Selective reporting (re- High risk The trial does not describe mortality. We did not have access to the trial proto-
porting bias) col.

For-profit funding Unclear risk Not reported

Other bias Low risk No other bias

Overall bias assessment High risk High risk of bias

(mortality)

Overall bias assessment High risk High risk of bias

(non-mortality outcomes)

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bafiares 1999 Spanish, randomised clinical trial comparing the acute haemodynamic effects of carvedilol or
propranolol vs placebo over 2 hour; involved 35 people with cirrhosis and endoscopically proven
varices with or without a history of previous bleeding.

Ineligible trial period; our review only included trials with a follow-up period of at least 1 week.
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Study

Reason for exclusion

Bonaccorso 2017

Italian, quasi-randomised trial published in abstract form comparing carvedilol with propranolol
for the primary prevention of variceal bleeding; involved 75 people with cirrhosis and endoscopi-
cally-proven varices.

Inappropriate trial design - participants enrolled during the first half of the recruiting period were
allocated to propranolol arm; those in the second half of the recruiting period to the carvedilol
arm.

Lin 2004 Taiwanese, randomised clinical trial comparing the acute haemodynamic effects of carvedilol ver-
sus propranolol plus isosorbide-5-mononitrate over 90 minutes; involved 35 people with cirrhosis
and portal hypertension
Ineligible trial period; our review only included trials with a follow-up period of at least one week.

NCT01059396 Ongoing Spanish, multicentre, randomised clinical trial of the effectiveness of treatment with be-

ta-blockers to prevent hepatic decompensation

Participants had cirrhosis but did not have oesophageal varices. There is no direct comparison of
carvedilol and propranolol; the trial compares propranolol with placebo; non-responders are given
carvedilol.

Reiberger 2013

Austrian, non-randomised, cohort study involving104 participants with cirrhosis and endoscopical-
ly-proven varices with no history of bleeding

Inappropriate trial design - all participants received propranolol, and only non-responders re-
ceived carvedilol.

Silkauskaite 2013

Lithuanian, open-label, randomised clinical trial comparing the acute and chronic haemodynamic
effects of carvedilol versus nebivolol for primary prevention of variceal bleeding; involved 20 peo-
ple with cirrhosis and endoscopically-proven varices

This review sought to compare carvedilol with traditional, non-selective beta-blockers only;
nebivolol is a selective Biadrenergic receptor blocker that has nitric oxide-potentiating vasodilato-
ry effects.

Characteristics of ongoing studies [ordered by study ID]

NCT02385422

Trial name or title

The effect of carvedilol vs propranolol in cirrhotic participants with variceal bleeding

Methods

To compare the efficacy and safety of carvedilol and propranolol in participants with cirrhosis-re-
lated oesophagogastric varices after multiple endoscopic treatments for secondary prophylaxis

Participants will receive an endoscopic examination after they have been followed up on trial drug
for 6 months, and if they have recurrence of varices or deterioration of varices, they are considered
to be in need of endoscopic re-treatment

Participants

Cirrhotic participants with gastroesophageal varices confirmed by endoscopy sub classified at the
time of recruitment as having 1) mild oesophageal varices; 2) gastric varices with a diameter <5
mm; or 3) variceal eradication at the time of recruiting; history of variceal bleeding treated on at
least 3 occasions by variceal banding

Interventions

« Carvedilol
« Propranolol

Outcomes

Primary outcome:
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NCT02385422 (Continued)
« endoscopic re-treatment

Secondary outcomes:

« rebleeding rate
« mortality rate
« adverse events

Starting date

March 2015

Contact information

chen.shiyao@zs-hospital.sh.cn

Notes

We contacted trial authors for unpublished data in May 2017 but they have yet to respond

DATA AND ANALYSES

Comparison 1. Carvedilol versus non-selective beta-blockers

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Mortality (overall) 7 507 Risk Ratio (M-H, Random, 95% Cl) 0.86[0.48, 1.53]
2 Mortality (duration) 7 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
2.1 Long-term 1 121 Risk Ratio (M-H, Random, 95% Cl) 0.87[0.48,1.57]
2.2 Short-term 6 386 Risk Ratio (M-H, Random, 95% Cl) 0.78[0.05, 12.43]
3 Mortality (prevention type) 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
3.1 Primary prevention 2 161 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0,0.0]
3.2 Secondary prevention 2 180 Risk Ratio (M-H, Random, 95% Cl) 0.87[0.48, 1.57]
4 Upper gastrointestinal 10 810 Risk Ratio (M-H, Random, 95% Cl) 0.77[0.43, 1.37]
bleeding (overall)

5 Upper gastrointestinal 10 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
bleeding (duration)

5.1 Long-term 4 424 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.33, 1.55]
5.2 Short-term 6 386 Risk Ratio (M-H, Random, 95% Cl) 0.92[0.24, 3.48]
6 Upper gastrointestinal 6 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
bleeding (prevention type)

6.1 Primary prevention 3 337 Risk Ratio (M-H, Random, 95% Cl) 1.47[0.71, 3.06]
6.2 Secondary prevention 3 205 Risk Ratio (M-H, Random, 95% Cl) 0.97[0.74, 1.29]
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

7 Serious adverse events 10 810 Risk Ratio (M-H, Random, 95% Cl) 0.97[0.67, 1.42]
(overall)

8 Serious adverse events (du- 10 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
ration)

8.1 Long-term 4 424 Risk Ratio (M-H, Random, 95% Cl) 0.84[0.46, 1.52]
8.2 Short-term 6 386 Risk Ratio (M-H, Random, 95% Cl) 1.61[0.55,4.68]
9 Serious adverse events (pre- 6 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
vention type)

9.1 Primary prevention 3 337 Risk Ratio (M-H, Random, 95% Cl) 1.50[0.60, 3.75]
9.2 Secondary prevention 3 205 Risk Ratio (M-H, Random, 95% Cl) 0.96[0.82,1.13]
10 Non-serious adverse events 6 596 Risk Ratio (M-H, Random, 95% Cl) 0.55[0.23, 1.29]
(overall)

11 Non-serious adverse events 6 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
(duration)

11.1 Long-term 2 297 Risk Ratio (M-H, Random, 95% Cl) 0.32[0.17,0.60]
11.2 Short-term 4 299 Risk Ratio (M-H, Random, 95% Cl) 0.83[0.34,2.02]
12 Non-serious adverse events 6 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
(event type)

12.1 Hypotension 4 320 Risk Ratio (M-H, Random, 95% Cl) 0.68[0.26, 1.79]
12.2 Non-serious hepatic en- 1 51 Risk Ratio (M-H, Random, 95% Cl) 0.96[0.21, 4.32]
cephalopathy

12.3 Shortness of breath 6 551 Risk Ratio (M-H, Random, 95% Cl) 0.93[0.42,2.03]
12.4 Worsening of ascites 4 254 Risk Ratio (M-H, Random, 95% Cl) 1.72[0.72,4.14]
12.5 Fatigue 2 169 Risk Ratio (M-H, Random, 95% Cl) 0.86[0.30, 2.49]
12.6 Bradycardia 2 286 Risk Ratio (M-H, Random, 95% Cl) 0.52[0.17, 1.54]
12.7 Vertigo 2 231 Risk Ratio (M-H, Random, 95% Cl) 0.26[0.01, 4.53]
12.8 Insomnia 2 144 Risk Ratio (M-H, Random, 95% Cl) 0.85[0.29, 2.47]
12.9 Gastrointestinal discom- 2 144 Risk Ratio (M-H, Random, 95% Cl) 0.64[0.13, 3.22]
fort

12.10 Impotence 2 155 Risk Ratio (M-H, Random, 95% Cl) 0.64[0.08, 5.09]
13 Non-serious adverse events 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

(prevention type)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

13.1 Primary prevention 2 286 Risk Ratio (M-H, Random, 95% Cl) 0.41[0.25, 0.68]

13.2 Secondary prevention 2 180 Risk Ratio (M-H, Random, 95% Cl) 0.41[0.12, 1.40]

14 Hepatic venous pressure 6 368 Mean Difference (IV, Random,95%  -1.75 [-2.60, -0.89]

gradient, end of treatment Cl)

(mmHg) (overall)

15 Reduction in hepatic ve- 6 368 Mean Difference (IV, Random, 95%  -8.02 [-11.49, -4.55]

nous pressure gradient (%) cl)

(overall)

16 Haemodynamic treatment 6 368 Risk Ratio (M-H, Random, 95% Cl) 0.76 [0.57, 1.02]

failure (overall)

17 Hepatic venous pressure 3 Mean Difference (IV, Random, 95%  Subtotals only

gradient, end of treatment Cl)

(mmHg) (prevention type)

17.1 Primary prevention 2 156 Mean Difference (IV, Random, 95%  -2.34[-3.65, -1.03]
Cl)

17.2 Secondary prevention 1 57 Mean Difference (IV, Random, 95%  -0.60 [-2.45, 1.25]
cl

18 Reduction in hepatic ve- 3 Mean Difference (IV, Random, 95%  Subtotals only

nous pressure gradient (%) Cl)

(prevention type)

18.1 Primary prevention 2 156 Mean Difference (IV, Random, 95%  -7.71[-12.49,-2.93]
Cl)

18.2 Secondary prevention 1 57 Mean Difference (IV, Random, 95%  -4.70[-12.13,2.73]
Cl)

19 Haemodynamic treatment 3 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

failure (prevention type)

19.1 Primary prevention 2 156 Risk Ratio (M-H, Random, 95% Cl) 0.77[0.59, 1.00]

19.2 Secondary prevention 1 57 Risk Ratio (M-H, Random, 95% Cl) 0.59[0.29, 1.21]

Analysis 1.1. Comparison 1 Carvedilol versus non-selective beta-blockers, Outcome 1 Mortality (overall).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Bariares 2002 0/26 0/25 Not estimable
De 2002 0/18 2/18 3.74% 0.2[0.01,3.89]
Gupta 2016 0/30 0/29 Not estimable
Hobolth 2012 1/16 0/18 3.36% 3.35[0.15,76.93]

Favours carvedilol

0.01

1 10 100

Favours beta-blocker

Carvedilol versus traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



- Coch rane Trusted evidence.
= . Informed decisions.

q Li b rary Better health. Cochrane Database of Systematic Reviews

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Kim 2016 0/55 0/55 ‘ Not estimable
L02012 15/61 17/60 B 92.9% 0.87[0.48,1.57]
Mo 2014 0/48 0/48 Not estimable
Total (95% Cl) 254 253 @ 100% 0.86[0.48,1.53]
Total events: 16 (Carvedilol), 19 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=1.66, df=2(P=0.44); 1>=0%
Test for overall effect: Z=0.52(P=0.61)
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker

Analysis 1.2. Comparison 1 Carvedilol versus non-selective beta-blockers, Outcome 2 Mortality (duration).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Long-term ‘
Lo 2012 15/61 17/60 -.' 100% 0.87[0.48,1.57]
Subtotal (95% Cl) 61 60 ‘ 100% 0.87[0.48,1.57]
Total events: 15 (Carvedilol), 17 (Traditional, beta-blocker)
Heterogeneity: Not applicable
Test for overall effect: Z=0.47(P=0.64)
1.2.2 Short-term
Bariares 2002 0/26 0/25 Not estimable
De 2002 0/18 2/18 i 51.63% 0.2[0.01,3.89]
Gupta 2016 0/30 0/29 Not estimable
Hobolth 2012 1/16 0/18 i 48.37% 3.35[0.15,76.93]
Kim 2016 0/55 0/55 Not estimable
Mo 2014 0/48 0/48 Not estimable
Subtotal (95% CI) 193 193 ——e 100% 0.78[0.05,12.43]
Total events: 1 (Carvedilol), 2 (Traditional, beta-blocker)
Heterogeneity: Tau?=1.56; Chi*>=1.64, df=1(P=0.2); 1*=39.18%
Test for overall effect: Z=0.17(P=0.86)
Test for subgroup differences: Chi?=0.01, df=1 (P=0.94), 1>=0%
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker

Analysis 1.3. Comparison 1 Carvedilol versus non-selective beta-blockers, Outcome 3 Mortality (prevention type).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI| M-H, Random, 95% CI
1.3.1 Primary prevention
Bafiares 2002 0/26 0/25 Not estimable
Kim 2016 0/55 0/55 Not estimable
Subtotal (95% ClI) 81 80 Not estimable

Total events: 0 (Carvedilol), 0 (Traditional, beta-blocker)

Favours carvedilol

0.005

0.1 1 10

200 Favours beta-blocker
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Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.3.2 Secondary prevention
Gupta 2016 0/30 0/29 Not estimable
Lo 2012 15/61 17/60 B 100% 0.87[0.48,1.57]
Subtotal (95% Cl) 91 89 ‘ 100% 0.87[0.48,1.57]
Total events: 15 (Carvedilol), 17 (Traditional, beta-blocker)
Heterogeneity: Not applicable
Test for overall effect: Z=0.47(P=0.64)
Test for subgroup differences: Not applicable
Favours carvedilol ~ 0.005 0.1 1 10 200 Favours beta-blocker
Analysis 1.4. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 4 Upper gastrointestinal bleeding (overall).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Agarwala 2011 6/54 20/48 — 21.66% 0.27[0.12,0.61]
Bariares 2002 0/26 0/25 Not estimable
De 2002 0/18 2/18 3.48% 0.2[0.01,3.89]
ElRahim 2018 13/84 10/92 —T— 22.98% 1.42[0.66,3.07]
Gupta 2016 1/30 1/29 4.07% 0.97[0.06,14.74]
Hobolth 2012 1/16 1/18 4.16% 1.13[0.08,16.55]
Kim 2016 2/55 1/55 —_— Tt 5.19% 2[0.19,21.42]
Lo 2012 37/61 37/60 - 35.26% 0.98[0.74,1.31]
Mo 2014 0/48 0/48 Not estimable
Wei 2018 0/13 1/12 3.2% 0.31[0.01,6.94]
Total (95% Cl) 405 405 L 2 100% 0.77[0.43,1.37]
Total events: 60 (Carvedilol), 73 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.23; Chi?>=12.64, df=7(P=0.08); 1*=44.61%
Test for overall effect: Z=0.89(P=0.37)
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker

Analysis 1.5. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 5 Upper gastrointestinal bleeding (duration).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.5.1 Long-term

Agarwala 2011 6/54 20/48 —a— 27.61% 0.27[0.12,0.61]
EIRahim 2018 13/84 10/92 —a— 28.8% 1.42[0.66,3.07]
L0 2012 37/61 37/60 ‘ ‘ F ‘ ‘ 38.23% 0.98[0.74,1.31]

Favours carvedilol ~ 0.01 0.1 1 10 100 Favours beta-blocker
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Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Wei 2018 0/13 1/12 + } 5.35% 0.31[0.01,6.94]
Subtotal (95% Cl) 212 212 ‘ 100% 0.72[0.33,1.55]
Total events: 56 (Carvedilol), 68 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.39; Chi*=11.18, df=3(P=0.01); 1*=73.16%
Test for overall effect: Z=0.84(P=0.4)
1.5.2 Short-term
Bafiares 2002 0/26 0/25 Not estimable
De 2002 0/18 2/18 - 20.1% 0.2[0.01,3.89]
Gupta 2016 1/30 1/29 23.87% 0.97[0.06,14.74]
Hobolth 2012 1/16 1/18 24.51% 1.13[0.08,16.55]
Kim 2016 2/55 1/55 — T 31.52% 2[0.19,21.42]
Mo 2014 0/48 0/48 Not estimable
Subtotal (95% Cl) 193 193 —— 100% 0.92[0.24,3.48]
Total events: 4 (Carvedilol), 5 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=1.47, df=3(P=0.69); 1>=0%
Test for overall effect: Z=0.12(P=0.9)
Test for subgroup differences: Chi?=0.1, df=1 (P=0.75), I*=0% ‘ ‘ ‘ ‘
Favours carvedilol 001 0.1 1 10 100 Favours beta-blocker

Analysis 1.6. Comparison 1 Carvedilol versus non-selective beta-

blockers, Outcome 6 Upper gastrointestinal bleeding (prevention type).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.6.1 Primary prevention ‘
Bariares 2002 0/26 0/25 ‘ Not estimable
ElRahim 2018 13/84 10/92 ‘.‘ 90.47% 1.42[0.66,3.07]
Kim 2016 2/55 1/55 —‘—‘— 9.53% 2[0.19,21.42]
Subtotal (95% Cl) 165 172 ‘ 100% 1.47[0.71,3.06]
Total events: 15 (Carvedilol), 11 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.07, df=1(P=0.79); 1>=0%
Test for overall effect: Z=1.03(P=0.3)
1.6.2 Secondary prevention
Gupta 2016 1/30 1/29 1.07% 0.97[0.06,14.74]
Lo 2012 37/61 37/60 . 98.12% 0.98[0.74,1.31]
Wei 2018 0/13 1/12 —_— & 0.82% 0.31[0.01,6.94]
Subtotal (95% Cl) 104 101 ¢ 100% 0.97[0.74,1.29]
Total events: 38 (Carvedilol), 39 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.54, df=2(P=0.76); 1>=0%
Test for overall effect: Z=0.18(P=0.86)
Test for subgroup differences: Chi*>=1.06, df=1 (P=0.3), I>=5.65%
Favours carvedilol ~ 0.002 0.1 1 10 500 Favours beta-blocker
Carvedilol versus traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices (Review) a7
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Analysis 1.7. Comparison 1 Carvedilol versus non-selective
beta-blockers, Outcome 7 Serious adverse events (overall).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Agarwala 2011 3/54 10/48 —_— 8.28% 0.27[0.08,0.91]
Bafiares 2002 2/26 1/25 —_— Tt 2.52% 1.92[0.19,19.9]
De 2002 1/18 2/18 —_— T 2.57% 0.5[0.05,5.04]
ElRahim 2018 13/84 10/92 T 17.78% 1.42[0.66,3.07]
Gupta 2016 1/30 1/29 1.87% 0.97[0.06,14.74]
Hobolth 2012 1/16 1/18 1.92% 1.13[0.08,16.55]
Kim 2016 6/55 1/55 L — 3.14% 6[0.75,48.21]
Lo 2012 50/61 51/60 [} 60.49% 0.96[0.82,1.13]
Mo 2014 0/48 0/48 Not estimable
Wei 2018 0/13 1/12 1.44% 0.31[0.01,6.94]
Total (95% CI) 405 405 < 100% 0.97[0.67,1.42]
Total events: 77 (Carvedilol), 78 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.05; Chi*=9.33, df=8(P=0.32); 1>=14.27%
Test for overall effect: Z=0.15(P=0.88) ‘ ‘ ‘ ‘
Favours carvedilol 001 0.1 1 10 100 Favours beta-blocker
Analysis 1.8. Comparison 1 Carvedilol versus non-selective
beta-blockers, Outcome 8 Serious adverse events (duration).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.8.1 Long-term
Agarwala 2011 3/54 10/48 s — 16.38% 0.27[0.08,0.91]
ElRahim 2018 13/84 10/92 T 28.4% 1.42[0.66,3.07]
Lo 2012 50/61 51/60 - 51.76% 0.96[0.82,1.13]
Wei 2018 0/13 1/12 } 3.45% 0.31[0.01,6.94]
Subtotal (95% Cl) 212 212 ‘ 100% 0.84[0.46,1.52]
Total events: 66 (Carvedilol), 72 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.17; Chi*=6.11, df=3(P=0.11); 1>=50.91%
Test for overall effect: Z=0.58(P=0.56)
1.8.2 Short-term
Bafares 2002 2/26 1/25 e 20.95% 1.92[0.19,19.9]
De 2002 1/18 2/18 e 21.45% 0.5[0.05,5.04]
Gupta 2016 1/30 1/29 15.42% 0.97[0.06,14.74]
Hobolth 2012 1/16 1/18 o 15.83% 1.13[0.08,16.55]
Kim 2016 6/55 1/55 T & 26.35% 6[0.75,48.21]
Mo 2014 0/48 0/48 Not estimable
Subtotal (95% Cl) 193 193 . 100% 1.61[0.55,4.68]
Total events: 11 (Carvedilol), 6 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi?=2.8, df=4(P=0.59); 1>=0%
Test for overall effect: Z=0.87(P=0.39)
Test for subgroup differences: Chi?=1.08, df=1 (P=0.3), I>=7.36%
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker
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Analysis 1.9. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 9 Serious adverse events (prevention type).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.9.1 Primary prevention
Bafiares 2002 2/26 3/25 — 22.75% 0.64[0.12,3.52]
ElRahim 2018 13/84 10/92 -— 60.91% 1.42[0.66,3.07]
Kim 2016 6/55 1/55 “_‘_ 16.35% 6[0.75,48.21]
Subtotal (95% Cl) 165 172 ‘ 100% 1.5[0.6,3.75]
Total events: 21 (Carvedilol), 14 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.2; Chi*=2.73, df=2(P=0.26); 1’=26.67%
Test for overall effect: Z=0.87(P=0.38)
1.9.2 Secondary prevention
Gupta 2016 1/30 1/29 — 0.34% 0.97[0.06,14.74]
Lo 2012 50/61 51/60 . 99.4% 0.96[0.82,1.13]
Wei 2018 0/13 1/12 —_— T 0.26% 0.31[0.01,6.94]
Subtotal (95% Cl) 104 101 { 100% 0.96[0.82,1.13]
Total events: 51 (Carvedilol), 53 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.55, df=2(P=0.76); 1>=0%
Test for overall effect: Z=0.49(P=0.63)
Test for subgroup differences: Chi*=0.89, df=1 (P=0.35), 1>=0% ‘ ‘ ‘ ‘
Favours carvedilol ~ 0-001 0.1 1 10 1000 Favours beta-blocker
Analysis 1.10. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 10 Non-serious adverse events (overall).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
ElRahim 2018 12/84 32/92 —— 21% 0.41[0.23,0.74]
Gupta 2016 9/30 12/29 — 20.22% 0.73[0.36,1.46]
Hobolth 2012 15/16 11/18 = 22.28% 1.53[1.04,2.26]
Kim 2016 5/55 12/55 — 17.93% 0.42[0.16,1.1]
Lo 2012 5/61 23/60 — 18.57% 0.21[0.09,0.53]
Mo 2014 0/48 0/48 Not estimable
Total (95% Cl) 294 302 - 100% 0.55[0.23,1.29]
Total events: 46 (Carvedilol), 90 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.81; Chi*>=33.82, df=4(P<0.0001); 1>=88.17%
Test for overall effect: Z=1.38(P=0.17)
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker
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Analysis 1.11. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 11 Non-serious adverse events (duration).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.11.1 Long-term
ElRahim 2018 12/84 32/92 —.— 63.75% 0.41[0.23,0.74]
Lo 2012 5/61 23/60 —— 36.25% 0.21[0.09,0.53]
Subtotal (95% Cl) 145 152 L 4 100% 0.32[0.17,0.6]
Total events: 17 (Carvedilol), 55 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.06; Chi*=1.43, df=1(P=0.23); 1>=29.94%
Test for overall effect: Z=3.57(P=0)
1.11.2 Short-term
Gupta 2016 9/30 12/29 —— 33.32% 0.73[0.36,1.46]
Hobolth 2012 15/16 11/18 - 38.79% 1.53[1.04,2.26]
Kim 2016 5/55 12/55 — 27.89% 0.42[0.16,1.1]
Mo 2014 0/48 0/48 Not estimable
Subtotal (95% Cl) 149 150 - 100% 0.83[0.34,2.02]
Total events: 29 (Carvedilol), 35 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.49; Chi*=10.82, df=2(P=0); 1>=81.52%
Test for overall effect: Z=0.41(P=0.68)
Test for subgroup differences: Chi*=2.9, df=1 (P=0.09), 1>=65.48% ‘ ‘ ‘ ‘
Favours carvedilol 001 0.1 1 10 100 Favours beta-blocker
Analysis 1.12. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 12 Non-serious adverse events (event type).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.12.1 Hypotension
Bafares 2002 9/26 5/25 T 29.21% 1.73[0.67,4.45]
ElRahim 2018 7/84 19/92 —— 31.46% 0.4[0.18,0.91]
Gupta 2016 1/30 7/29 —_— ¢ 14.55% 0.14[0.02,1.05]
Hobolth 2012 4/16 4/18 — 24.78% 1.13[0.34,3.78]
Subtotal (95% CI) 156 164 P 100% 0.68[0.26,1.79]
Total events: 21 (Carvedilol), 35 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.6; Chi*=8.59, df=3(P=0.04); 1*=65.06%
Test for overall effect: Z=0.78(P=0.44)
1.12.2 Non-serious hepatic encephalopathy
Bafares 2002 3/26 3/25 —.— 100% 0.96[0.21,4.32]
Subtotal (95% Cl) 26 25 i 100% 0.96[0.21,4.32]
Total events: 3 (Carvedilol), 3 (Traditional, beta-blocker)
Heterogeneity: Not applicable
Test for overall effect: Z=0.05(P=0.96)
1.12.3 Shortness of breath
Bafares 2002 6/26 4/25 —T 30.87% 1.44[0.46,4.51]
ElRahim 2018 1/84 5/92 e 11.78% 0.22[0.03,1.84]
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker
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Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Gupta 2016 2/30 3/29 — % 16.92% 0.64[0.12,3.58]
Hobolth 2012 6/16 3/18 e 28.47% 2.25[0.67,7.56]
Kim 2016 0/55 1/55 + 5.69% 0.33[0.01,8.01]
Lo 2012 0/61 2/60 4 + 6.28% 0.2[0.01,4.01]
Subtotal (95% Cl) 272 279 - 100% 0.93[0.42,2.03]
Total events: 15 (Carvedilol), 18 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.18; Chi*=6.15, df=5(P=0.29); 1>=18.67%
Test for overall effect: Z=0.18(P=0.85)
1.12.4 Worsening of ascites
Bafiares 2002 7/26 2/25 e 25.16% 3.37[0.77,14.67]
Gupta 2016 4/30 6/29 —— 34.49% 0.64[0.2,2.05]
Hobolth 2012 6/16 3/18 T 32.63% 2.25[0.67,7.56]
Kim 2016 2/55 0/55 ; 7.72% 5[0.25,101.81]
Subtotal (95% CI) 127 127 e 100% 1.72[0.72,4.14]
Total events: 19 (Carvedilol), 11 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.23; Chi*=4.23, df=3(P=0.24); 1>=29.05%
Test for overall effect: Z=1.21(P=0.23)
1.12.5 Fatigue
Gupta 2016 5/30 5/29 —.— 88.79% 0.97[0.31,2.99]
Kim 2016 0/55 1/55 + } 11.21% 0.33[0.01,8.01]
Subtotal (95% Cl) 85 84 ‘ 100% 0.86[0.3,2.49]
Total events: 5 (Carvedilol), 6 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.39, df=1(P=0.53); 1>=0%
Test for overall effect: Z=0.28(P=0.78)
1.12.6 Bradycardia
ElRahim 2018 4/84 8/92 —— 88.19% 0.55[0.17,1.75]
Kim 2016 0/55 1/55 + 11.81% 0.33[0.01,8.01]
Subtotal (95% Cl) 139 147 i 100% 0.52[0.17,1.54]
Total events: 4 (Carvedilol), 9 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.08, df=1(P=0.77); 1>=0%
Test for overall effect: Z=1.19(P=0.24)
1.12.7 Vertigo
Kim 2016 6/55 8/55 —l— 60.2% 0.75[0.28,2.02]
102012 0/61 960 4—B—— 39.8% 0.05[0,0.87]
Subtotal (95% CI) 116 115 — e — 100% 0.26[0.01,4.53]
Total events: 6 (Carvedilol), 17 (Traditional, beta-blocker)
Heterogeneity: Tau?=3.29; Chi*=3.83, df=1(P=0.05); 1>=73.86%
Test for overall effect: Z=0.93(P=0.35)
1.12.8 Insomnia
Hobolth 2012 4/16 4/18 —.— 77.25% 1.13[0.34,3.78]
Kim 2016 1/55 3/55 4‘—’— 22.75% 0.33[0.04,3.11]
Subtotal (95% Cl) 71 73 ¢ 100% 0.85[0.29,2.47]
Total events: 5 (Carvedilol), 7 (Traditional, beta-blocker) ‘
Heterogeneity: Tau?=0; Chi?=0.91, df=1(P=0.34); 1>=0% ‘
Test for overall effect: Z=0.29(P=0.77) ‘
A B
Favours carvedilol 001 0.1 1 10 100 Favours beta-blocker
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Risk Ratio Weight

M-H, Random, 95% CI

Risk Ratio

M-H, Random, 95% CI

Study or subgroup Carvedilol Traditional,
beta-blocker
n/N n/N
1.12.9 Gastrointestinal discomfort
Hobolth 2012 0/16 2/18
Kim 2016 2/55 2/55
Subtotal (95% Cl) 71 73

Total events: 2 (Carvedilol), 4 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.71, df=1(P=0.4); I>=0%
Test for overall effect: Z=0.54(P=0.59)

1.12.10 Impotence

- 29.63%

—m— 70.37%
i 100%

0.22[0.01,4.34]
1[0.15,6.85]
0.64[0.13,3.22]

Hobolth 2012 0/16 1/18 i 43.5% 0.37[0.02,8.55]
L0 2012 1/61 1/60 L 56.5% 0.98[0.06,15.37]
Subtotal (95% Cl) 77 78 i 100% 0.64[0.08,5.09]
Total events: 1 (Carvedilol), 2 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi?=0.21, df=1(P=0.65); 1>=0%
Test for overall effect: Z=0.42(P=0.68)
Test for subgroup differences: Chi*=4.39, df=1 (P=0.88), 1>=0% ‘ ‘ ‘ ‘
Favours carvedilol 001 0.1 1 10 100 Favours beta-blocker
Analysis 1.13. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 13 Non-serious adverse events (prevention type).
Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.13.1 Primary prevention
ElRahim 2018 12/84 32/92 —.— 72.9% 0.41[0.23,0.74]
Kim 2016 5/55 12/55 — 27.1% 0.42[0.16,1.1]
Subtotal (95% Cl) 139 147 <o 100% 0.41[0.25,0.68]
Total events: 17 (Carvedilol), 44 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi?=0, df=1(P=0.98); 1>=0%
Test for overall effect: Z=3.42(P=0)
1.13.2 Secondary prevention
Gupta 2016 9/30 12/29 —— 52.62% 0.73[0.36,1.46]
Lo 2012 5/61 23/60 —i— 47.38% 0.21[0.09,0.53]
Subtotal (95% Cl) 91 89 —~ 100% 0.41[0.12,1.4]
Total events: 14 (Carvedilol), 35 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.63; Chi*=4.75, df=1(P=0.03); 1>=78.95%
Test for overall effect: Z=1.42(P=0.15)
Test for subgroup differences: Chi?=0, df=1 (P=0.98), I*>=0%
Favours carvedilol ~ 0-01 0.1 1 10 100 Favours beta-blocker
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Analysis 1.14. Comparison 1 Carvedilol versus non-selective beta-blockers,
Outcome 14 Hepatic venous pressure gradient, end of treatment (mmHg) (overall).

Study or subgroup Carvedilol Traditional, Mean Difference Weight Mean Difference
beta-blocker

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Bafiares 2002 24 15.2 (3.9) 22 17.6 (3.4) _— 16.24% -2.4[-4.51,-0.29]
De 2002 17 13.6 (5.4) 16 13.1(5.3) I — 5.42% 0.5[-3.15,4.15]
Gupta 2016 29 12.9(3.4) 28 13.5(3.7) —T 21.21% -0.6[-2.45,1.25]
Hobolth 2012 14 14 (4.5) 12 16.5 (4.6) R 5.81% -2.51[-6.04,1.02]
Kim 2016 55 13.7 (4.1) 55 16 (4.8) . — 25.98% -2.3[-3.97,-0.63]
Mo 2014 48 10 (3.8) 48 12 (4.6) — 25.34% -2.02[-3.71,-0.33]
Total *** 187 181 o 100% -1.75[-2.6,-0.89]
Heterogeneity: Tau?=0; Chi*=4.01, df=5(P=0.55); 1>=0%
Test for overall effect: Z=4.02(P<0.0001) ‘ ‘ ‘ ‘

Favours carvedilol 5 25 0 2.5 5 Favours beta-blocker

Analysis 1.15. Comparison 1 Carvedilol versus non-selective beta-blockers,
Outcome 15 Reduction in hepatic venous pressure gradient (%) (overall).

Study or subgroup Carvedilol Traditional, Mean Difference Weight Mean Difference

beta-blocker

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Bafiares 2002 24 -19.2(9.8) 22 -12 (9.4) —— 39.12% -7.2[-12.74,-1.66]
De 2002 17 -28.2(29.1) 16 -23.3(20.2) e 4.16% -4.9[-21.91,12.11]
Gupta 2016 29 -27.1(15.2) 28 -22.4(13.4) —— 21.77% -4.7[-12.13,2.73]
Hobolth 2012 14 -19.3(16.1) 12 -12.5(16.7) e e 7.5% -6.8[-19.47,5.87]
Kim 2016 55 -20.3(21.6) 55 -11.1(28.5) s e— 13.46% -9.2[-18.65,0.25]
Mo 2014 48 -28.3(22.2) 48 -12.4(24.1) s a— 14% -15.92[-25.19,-6.65]
Total *** 187 181 L 2 100% -8.02[-11.49,-4.55]
Heterogeneity: Tau?=0; Chi*=3.87, df=5(P=0.57); 1>=0%
Test for overall effect: Z=4.53(P<0.0001)

Favours carvedilol 20 -10 0 10 20 Favours beta-blocker

Analysis 1.16. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 16 Haemodynamic treatment failure (overall).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Bafiares 2002 13/24 14/22 —— 19.59% 0.85[0.52,1.38]
De 2002 10/17 5/16 T 9.6% 1.88[0.82,4.31]
Gupta 2016 8/29 13/28 —t— 12.06% 0.59[0.29,1.21]
Hobolth 2012 3/14 9/12 e e— 6.48% 0.29(0.1,0.82]
Kim 2016 28/55 38/55 —— 28.59% 0.74[0.54,1.01]
Mo 2014 21/48 28/48 —— 23.69% 0.75[0.5,1.12]
Total (95% Cl) 187 181 ’ 100% 0.76[0.57,1.02]
Favours carvedilol 0102 05 1 2 5 10 Favours beta-blocker
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Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Total events: 83 (Carvedilol), 107 (Traditional, beta-blocker)
Heterogeneity: Tau?=0.05; Chi*=8.63, df=5(P=0.12); 1>=42.08%
Test for overall effect: Z=1.82(P=0.07)

\ \
Favours carvedilol 0102 05 1 2 5 10 Favours beta-blocker

Analysis 1.17. Comparison 1 Carvedilol versus non-selective beta-blockers, Outcome
17 Hepatic venous pressure gradient, end of treatment (mmHg) (prevention type).

Study or subgroup Carvedilol Traditional, Mean Difference Weight Mean Difference
beta-blocker
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.17.1 Primary prevention
Bafares 2002 24 15.2(3.9) 22 17.6 (3.4) —— 38.46% -2.4[-4.51,-0.29]
Kim 2016 55 13.7 (4.1) 55 16 (4.8) —.— 61.54% -2.3[-3.97,-0.63]
Subtotal *** 79 77 P 100% -2.34[-3.65,-1.03]

Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.94); 1>=0%
Test for overall effect: Z=3.5(P=0)

1.17.2 Secondary prevention

Gupta 2016 29 12.9(3.4) 28 13.5(3.7) —.— 100% -0.6[-2.45,1.25]

Subtotal *** 29 28 100% -0.6[-2.45,1.25]
Heterogeneity: Not applicable
Test for overall effect: Z=0.64(P=0.52)
Test for subgroup differences: Chi?=2.27, df=1 (P=0.13), 1=55.88%
Favours carvedilol 5 25 0 25 5 Favours beta-blocker

Analysis 1.18. Comparison 1 Carvedilol versus non-selective beta-blockers,
Outcome 18 Reduction in hepatic venous pressure gradient (%) (prevention type).

Study or subgroup Carvedilol Traditional, Mean Difference Weight Mean Difference

beta-blocker

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.18.1 Primary prevention
Bafiares 2002 24 -19.2(9.8) 22 -12(9.4) ——— 74.4% -7.2[-12.74,-1.66)
Kim 2016 55  -20.3(21.6) 55  -11.1(28.5) —_— 25.6% -9.2[-18.65,0.25]
Subtotal *** 79 77 - 100% -7.71[-12.49,-2.93]
Heterogeneity: Tau?=0; Chi>=0.13, df=1(P=0.72); 1>=0%
Test for overall effect: Z=3.16(P=0)
1.18.2 Secondary prevention
Gupta 2016 29 -27.1(15.2) 28 -22.4(13.4) —.—— 100% -4.7[-12.13,2.73]
Subtotal *** 29 28 - 100% -4.7[-12.13,2.73]
Heterogeneity: Not applicable
Test for overall effect: Z=1.24(P=0.22)
Test for subgroup differences: Chi*>=0.45, df=1 (P=0.5), I*=0%

Favours carvedilol 20 -10 0 10 20 Favours beta-blocker
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Analysis 1.19. Comparison 1 Carvedilol versus non-selective beta-
blockers, Outcome 19 Haemodynamic treatment failure (prevention type).

Study or subgroup Carvedilol Traditional, Risk Ratio Weight Risk Ratio
beta-blocker
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.19.1 Primary prevention
Bafiares 2002 13/24 14/22 —— 29.54% 0.85[0.52,1.38]
Kim 2016 28/55 38/55 -.' 70.46% 0.74[0.54,1.01]
Subtotal (95% Cl) 79 77 L 4 100% 0.77[0.59,1]
Total events: 41 (Carvedilol), 52 (Traditional, beta-blocker)
Heterogeneity: Tau?=0; Chi*=0.24, df=1(P=0.62); 1>=0%
Test for overall effect: Z=1.95(P=0.05)
1.19.2 Secondary prevention
Gupta 2016 8/29 13/28 B 100% 0.59[0.29,1.21]
Subtotal (95% Cl) 29 28 i 100% 0.59[0.29,1.21]
Total events: 8 (Carvedilol), 13 (Traditional, beta-blocker)
Heterogeneity: Not applicable
Test for overall effect: Z=1.43(P=0.15)
Test for subgroup differences: Chi*=0.44, df=1 (P=0.51), 1>=0% ‘ ‘ ‘ ‘ ‘
Favours carvedilol 0102 05 1 2 10 Favours beta-blocker

ADDITIONAL TABLES

Table 1. Included participants, definition of portal hypertension, grading of varices and type of intervention

Trial Definition of portal hypertension Size of oesophageal Primary pre- Secondary Proportion of
varices vention prevention participants
for prima-
ry/secondary
prevention
Agarwala 2011  Endoscopically verified oe- Not defined Yes Yes Unclear
sophageal varices
Bafiares 2002 Endoscopically verified oe- Small or large (classifi-  Yes No 100%/0%
sophageal varices and a basal he- cation not defined)
patic venous pressure gradient > 12
mmHg
De 2002 Endoscopically verified oe- Varices < grade 2 ac- Yes Yes 61%/39%
sophageal varices and a basal he- cording to Japanese
patic venous pressure gradient=12  Research Society for
mmHg Portal Hypertension
EIRahim 2018  Endoscopically verified oe- Medium or large (clas-  Yes No 100%/0%
sophageal varices sification not defined)
Gupta 2016 Endoscopically verified oe- Grade 2-4 as described  No Yes 0%/100%

sophageal varices and a basal he-

in Paquet 1982

patic venous pressure gradient > 12

mmHg
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Table 1. Included participants, definition of portal hypertension, grading of varices and type of
"H:aerwg%ﬁ%n (Conf'ﬁ'atgscopically verified oe-

sophageal varices

Grade3or4

Not described

Not described  Not described

Hobolth 2012  Endoscopically verified oe- Grade 1to 3 as de- Yes Yes T74%/26%
sophageal varices? and a basal he- scribed in Baveno lll
patic venous pressure gradient = 12
mmHg

Kim 2016 Endoscopically verified oe- Grade 2 or 3 according  Yes No 100%/0%
sophageal varices and a basal he- to Beppu 1981
patic venous pressure gradient > 12
mmHg

Lo 2012 Endoscopically verified oe- Grade 1-3 accordingto  No Yes 0%/100%
sophageal varices Baveno lll

Mo 2014 Endoscopically or CT scan-verified Not defined (noendo-  Yes Yes 48%/52%
oesophageal varices and a basal he-  scopic classification
patic venous pressure gradient > 5 used)
mmHg

Wei 2018 Endoscopically verified oe- Not defined (classifica- No Yes 0%/100%

sophageal varices

tion not defined)

aA subgroup of 12 participants had a HVPG > 12 mmHg but did not have oesophageal varices; we excluded this subgroups from our analyses

Table 2. Serious adverse events

Trial Carvedilol Control group
Number of par- Serious adverse events Number of par- Serious adverse events
ticipants ticipants
Agarwala 2011 54 + Variceal bleeding (n=6) 48 » Variceal bleeding (n =20)
+ Mortality not reported + Mortality not reported
Bafiares 2002 26 « Pericardial effusion (n=1) 25 « Encephalopathy (n=1)
« Heartfailure (n=1) « Nonedied
« Nonedied
De 2002 18 « Systemic hypotension leading to 18 « Variceal bleeding leading to
oliguria (n=1) hepatic encephalopathy and
« Nonedied death (n=2)
EIRahim 2018 84 « Variceal bleeding (n=13) 92 « Variceal bleeding (n=10)
» Mortality not reported « Mortality not reported
Gupta 2016 30 « Variceal bleeding (n=1) 29 « Variceal bleeding (n=1)
+ Nonedied « Nonedied
Hobolth 2012 16 « Fatal haematemesis (n=1) 18 « Haematemesis (n=1)
« Nonedied
Kim 2016 55 « Variceal bleeding (n=1) 55 « Variceal bleeding (n=1)
+ Bleeding from gastric ulcer (n=1) « Nonedied
Carvedilol versus traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices (Review) 56

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.

Informed decisions.

Better health.

Cochrane Database of Systematic Reviews

Table 2. Serious adverse events (continued)

Liver enzyme increase (n=1)
Hepatic encephalopathy (n=2)
Infectious colitis (n=1)

« Nonedied
Lo 2012 60 « Variceal bleeding (n=2) 60 « Variceal bleeding (n =3)
« Hepatic failure (n=3) « Hepatic failure (n=1)
« Sepsis(n=4) o Sepsis (n=3)
« Spontaneous bacterial peritonitis « Spontaneous bacterial peri-
(n=2) tonitis (n=3)
« Hepatocellular carcinoma (n=1) « Hepatorenal syndrome (n=2)
« Hepatorenal syndrome (n=1) » Hepatocellular carcinoma (n
+ Respiratory failure (n=1) =2)
« Suicide (n=1) « Cholangiocarcinoma (n=1)
+ Deaths from serious adverse + Colon carcinoma (n=1)
events (n=15) « Traffic accident (n=1)
« Deaths from serious adverse
events (n=7)
Mo 2014 48 « None 48 « None
» Mortality not reported « Mortality not reported
Wei 2018 13 + None 12 « Variceal bleeding (n=1)

Mortality not reported

« Mortality not reported

APPENDICES

Appendix 1. Electronic search strategy

Database Time span Search strategy
Cochrane Hepato-Bil- May 2018 (carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or car-
iary Controlled Trials loc or actavis) AND (beta-blocker* or beta-adren* or beta antagonists or beta-
Register space or blocadren or corgard or indernal or innopran or levatol or nadolol or
penbutolol or propranolol or sorine or solatol or timol*) AND (portal hyperten-
sion)
Cochrane Central Regis- 2018, Issue 4 #1 (carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or
ter of Controlled Trials carloc or actavis)
(CENTRAL)
#2 MeSH descriptor: [Adrenergic beta-Antagonists] explode all trees
#3 (beta-blocker* or beta-adren* or beta antagonists or betaspace or bloca-
dren or corgard or indernal or innopran or levatol or nadolol or penbutolol or
propranolol or sorine or solatol or timol*)
#4 #2 or #3
#5 MeSH descriptor: [Hypertension, Portal] explode all trees
#6 portal hypertension
#7 #5 or #6
Carvedilol versus traditional, non-selective beta-blockers for adults with cirrhosis and gastroesophageal varices (Review) 57
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(Continued)

#8 #1 and #4 and #7

MEDLINE Ovid

1946 to May 2018

1. (carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or car-
loc or actavis).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary con-
cept word, rare disease supplementary concept word, unique identifier]

2. exp Adrenergic beta-Antagonists/

3. (beta-blocker* or beta-adren* or beta antagonists or betaspace or bloca-
dren or corgard or indernal or innopran or levatol or nadolol or penbutolol or
propranolol or sorine or solatol or timol*).mp. [mp=title, abstract, original ti-
tle, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept
word, unique identifier]

4.20r3
5. exp Hypertension, Portal/

6. portal hypertension.mp. [mp=title, abstract, original title, name of sub-
stance word, subject heading word, keyword heading word, protocol supple-
mentary concept word, rare disease supplementary concept word, unique
identifier]

7.50r6

8.land4and7

Embase Ovid

1974 to May 2018

1. (carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or car-
loc or actavis).mp. [mp-=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary con-
cept word, rare disease supplementary concept word, unique identifier]

2. exp Adrenergic beta-Antagonists/

3. (beta-blocker* or beta-adren* or beta antagonists or betaspace or bloca-
dren or corgard or indernal or innopran or levatol or nadolol or penbutolol or
propranolol or sorine or solatol or timol*).mp. [mp=title, abstract, original ti-
tle, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept
word, unique identifier]

4.20r3
5. exp Hypertension, Portal/

6. portal hypertension.mp. [mp=title, abstract, original title, name of sub-
stance word, subject heading word, keyword heading word, protocol supple-
mentary concept word, rare disease supplementary concept word, unique
identifier]

7.50r6

8.1and4and7

LILACS (Bireme)

1982 to May 2018

(carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or car-
loc or actavis) [Words] and (beta-blocker$ or beta-adren$ or beta antagonists
or betaspace or blocadren or corgard or indernal or innopran or levatol or
nadolol or penbutolol or propranolol or sorine or solatol or timol$) [Words]
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(Continued)

Science Citation In- 1900 to May 2018 #4 #3 AND #2 AND #1

dex Expanded (Web of

Science) #3 TS=(portal hypertension)
#2 TS=(beta-blocker™ or beta-adren* or beta antagonists or betaspace or blo-
cadren or corgard or indernal or innopran or levatol or nadolol or penbutolol
or propranolol or sorine or solatol or timol*)
#1 TS=(carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or
carloc or actavis)

Conference Proceed- 1990 to May 2018 #4 #3 AND #2 AND #1

ings Citation Index

- Science (Web of #3 TS=(portal hypertension)

Science)

#2 TS=(beta-blocker* or beta-adren* or beta antagonists or betaspace or blo-
cadren or corgard or indernal or innopran or levatol or nadolol or penbutolol
or propranolol or sorine or solatol or timol*)

#1 TS=(carvedilol or KRKA or hexal or carvil or coreg or dilatrend or eucardic or
carloc or actavis)

CONTRIBUTIONS OF AUTHORS

AZ, RJ and LH: extracted data

LLG and MYM cross-checked the extracted data
AZ, RJ, and LLG: undertook the statistical analyses
AZ and RJ: drafted the review

LLG and MYM critically reviewed the initial drafts

All the review authors participated in the selection of randomised clinical trials; interpretation of the results and approved the final version
of the review before submission

MYM is guarantor of the review.
DECLARATIONS OF INTEREST

AZ: no conflicts of interest

RJ: no conflicts of interest

LH: is an investigator on one of the included trials (Hobolth 2012), which received support from Roche.

FB: is an investigator on one of the included trials (Hobolth 2012), which received support from Roche.

LLG: has been an investigator in studies funded by Norgine, Abbvie, Intercept, and Merck; has received funding for travel expenses from
Novo Nordisk; has received funding for lectures from Eli Lilly and Norgine, and funding for research from Alexion.

MYM: no conflicts of interest

SOURCES OF SUPPORT

Internal sources

« No funding received, Other.

External sources

« No funding received, Other.
DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We updated the methods according to the current recommendations of the Cochrane Hepato-Biliary Group. The updates include changes
to the wording of the bias assessment; obligatory inclusion of observational studies for the assessment of adverse events; and searching
the LILACS database. In the results section we have reported the absolute and relative changes in hepatic venous pressure gradient at
the end of the trial period, and the proportion of participants who were treatment failures under the generic heading 'Haemodynamnic
responses’.
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INDEX TERMS

Medical Subject Headings (MeSH)

Adrenergic beta-Antagonists [adverse effects] [*therapeutic use]; Carvedilol [adverse effects] [*therapeutic use]; Esophageal and
Gastric Varices [complications] [*drug therapy] [mortality]; Gastrointestinal Hemorrhage [mortality] [*prevention & control]; Liver
Cirrhosis [complications] [*drug therapy] [mortality]; Nadolol [adverse effects] [*therapeutic use]; Primary Prevention; Propranolol
[adverse effects] [*therapeutic use]; Randomized Controlled Trials as Topic; Secondary Prevention

MeSH check words

Adult; Humans
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