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ABSTRACT

Background

Hepatorenal syndrome is defined as severe renal failure occurring in people with cirrhosis and ascites. Systematic reviews of randomised
clinical trials found that, compared with placebo, terlipressin may reduce mortality and improve renal function in people with hepatorenal
syndrome, but we need current evidence from systematic reviews on the benefits and harms of terlipressin versus other vasoactive drugs.

Objectives

To evaluate the beneficial and harmful effects of terlipressin versus other vasoactive drugs for people with hepatorenal syndrome.

Search methods

We searched The Cochrane Hepato-Biliary Group Controlled Trials Register, CENTRAL, MEDLINE, Embase, and Science Citation Index
Expanded; conducted manual searches of references in relevant literature; and wrote to experts and pharmaceutical companies (date of
last search November 2016).

Selection criteria

Randomised clinical trials comparing terlipressin versus any other type of vasoactive drugs for hepatorenal syndrome. We allowed albumin
and other cointerventions if provided equally in the comparison groups.

Data collection and analysis

Three authors independently extracted data. The primary outcomes were mortality, hepatorenal syndrome (persistent hepatorenal
syndrome despite treatment), and serious adverse events. We conducted meta-analyses and present the results as risk ratios (RR) with
95% confidence intervals (Cl). We performed sensitivity, subgroup, and Trial Sequential Analyses and evaluated bias control based on the
Cochrane Hepato-Biliary Group domains.

Main results

We included 10 randomised clinical trials with 474 participants. The trials compared terlipressin versus noradrenaline (seven trials),
octreotide (one trial), midodrine and octreotide (one trial), or dopamine (one trial). All participants in both groups received albumin as
cointervention. We classified two trials at low risk of bias and eight trials at high risk of bias in the assessment of mortality and all trials
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at high risk of bias for remaining outcomes. In five trials, investigators specifically stated that they did not receive funding from for-profit
organisations. We had no information about the funding source from the remaining five trials.

Terlipressin was not superior or inferior compared with other vasoactive drugs in regard to mortality when including the two trials with a
low risk of bias (RR 0.92,95% CI 0.63 to 1.36; 94 participants, very low quality evidence) or when including all 10 trials (RR 0.96,95% CI 0.88 to
1.06; 474 participants; 12 = 0%; very low quality evidence). One meta-analysis including nine trials suggested a beneficial effect of terlipressin
on hepatorenal syndrome (RR 0.79, 95% Cl 0.63 to 0.99; 394 participants; I* = 26%,; very low quality evidence). Due to the high mortality
of hepatorenal syndrome, the registration of other serious adverse events is uncertain, but comparing terlipressin and other vasoactive
drugs we found no significant difference (RR 0.96, 95% CI 0.88 to 1.06; 474 participants; 1> = 0%; very low quality evidence). Several trials
did not report systematically of adverse events, but terlipressin seemed to increase the risks of diarrhoea or abdominal pain, or both (RR
3.50, 95% Cl 1.19 to 10.27; 221 participants; 5 trials, I* = 0%). However, Trial Sequential Analyses found insufficient evidence to support or
refute any differences between interventions for all outcomes. Considering reversal of hepatorenal syndrome, subgroup analyses on the
type of other vasoactive drugs found that terlipressin was superior compared with midodrine and octreotide (RR 0.47, 95% CI 0.30 to 0.72)
or octreotide alone (RR 0.56, 95% CI 0.33 to 0.96), but each subgroup only included one small trial. None of the remaining subgroup or
sensitivity analyses found differences between terlipressin and other vasoactive drugs. We downgraded the evidence to very low quality
because of the high risk of bias, imprecision, and the results of the Trial Sequential Analyses.

Authors' conclusions

This review found insufficient evidence to support or refute beneficial or harmful effects of terlipressin and albumin versus other vasoactive
drugs and albumin. Additional research is needed to evaluate if clinically meaningful differences exist between interventions.

PLAIN LANGUAGE SUMMARY

Terlipressin versus other vasoactive drugs for hepatorenal syndrome
Background

Hepatorenal syndrome is a type of renal (relating to the kidneys) failure occurring in people with severe liver disease and fluid in the
abdomen (ascites). We do not fully understand why some people with liver disease develop hepatorenal syndrome, but it is generally
believed that low blood pressure and reduced blood supply to the kidneys is one of the main reasons. Theoretically, drugs that increase
the blood pressure may be beneficial. The drug terlipressin combined with albumin (a protein) infusion is the recommended treatment for
people with hepatorenal syndrome according to guidelines. Some countries (e.g. the USA) have not approved the use of terlipressin and
researchers have suggested that other vasoactive drugs may be used instead.

Review question

Is terlipressin more beneficial or safe than other vasoactive drugs for the treatment of hepatorenal syndrome?
Search date

November 2016.

Study characteristics

We included 10 clinical trials with 474 participants. Seven trials compared terlipressin and albumin versus noradrenaline and albumin. The
remaining three trials compared terlipressin and albumin versus midodrine and octreotide, or octreotide alone, or dopamine. In total, 241
participants received terlipressin and 233 participants received other vasoactive drugs (drugs that change blood pressure; noradrenaline,
octreotide, midodrine, or dopamine).

Study funding sources

In five trials, investigators specifically stated that they did not receive funding from organisations that could profit from the trial results.
We did not have information about the funding source from the remaining five trials.

Key results

Our analyses found uncertain evidence to support or refute terlipressin versus other vasoactive drugs in the treatment of hepatorenal
syndrome when evaluating mortality or serious side effects. Our analyses suggested that treatment with terlipressin may have a beneficial
effect on hepatorenal syndrome by reducing the number of participants with persistent hepatorenal syndrome. Additional analyses
showed that the number of participants in the trials was too small for us to be sure about this. Accordingly, we found that important
differences between terlipressin and other vasoactive drugs may be overlooked.

Quality of the evidence

We found that the evidence was of very low quality due to the high risk of bias and the small number of participants.
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Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Authors' conclusions

We need additional large trials of a high quality to evaluate if terlipressin is more beneficial or safer than other vasoactive drugs.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Terlipressin compared to other vasoactive drugs for hepatorenal syndrome

Terlipressin compared to other vasoactive drugs for hepatorenal syndrome

Patient or population: people with cirrhosis and hepatorenal syndrome

Setting: hospital

Intervention: terlipressin
Comparison: other vasoactive drugs

Outcomes Anticipated absolute effects* Relative effect  No of partici- Quality of the Comments

(95% Cl) (95% ClI) pants evidence

(studies) (GRADE)

Risk with oth- Risk with terli-

er vasoactive pressin

drugs
Mortality (All- Study population RR 0.96 474 OO Downgraded because of clinical heterogeneity, 8/10
cause) (0.88t0 1.06) (10randomised  Very low a,b. randomised clinical trials were at high risk of bias

601 per 1000 577 per 1000 clinical trials*) and, the results of Trial Sequential Analysis.

(529 to 637)
Hepatorenal syn- Study population RRO0.79 394 @000 Downgraded because of clinical heterogeneity, all
drome (0.63 10 0.99) (9 randomised Very low b.c.d trials were judged as high risk of bias, and results of
o 560 per 1000 442 per 1000 clinical trials) Trial Sequential Analysis.

(Number of partici- (353 to 554)
pants who did not
achieve reversal of
hepatorenal syn-
drome)
Serious adverse Study population RR 0.96 474 SO Downgraded because of clinical heterogeneity, all
events (0.88 to 1.06) (10randomised  Very low b.c.d trials were judged as high risk of bias, and results of

609 per 1000 585 per 1000 clinical trials) Trial Sequential Analysis.

(536 to 646)

Non-serious ad- Study population RR 3.50 221 @000 Downgraded because of clinical heterogeneity, all
verse events: diar- (1.19 t0 10.27) (5 randomised Very low b.c.d trials were judged as high risk of bias, and results of
rhoea or abdomi- 19 per 1000 65 per 1000 clinical trials) the Trial Sequential Analysis.
nal pain, or both (22 to 190)

*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).
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Cl: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: 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 sub-
stantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

dIn the assessment of mortality, we classified two randomised clinical trials at low risk of bias and eight at high risk of bias.

bThe randomised clinical trials were not designed for equivalence or inferiority analysis. The Trial Sequential Analysis showed that sample size did not reach the required
information size for equivalence/inferiority meta-analysis.

CClinical heterogeneity.

dWe classified all randomised clinical trials at high risk of bias in all non-mortality outcomes.
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BACKGROUND

Description of the condition

Hepatorenal syndrome is a potentially reversible acute kidney
injury associated with severe liver disease (Arroyo 1996). The
diagnosis hepatorenal syndrome includes cirrhosis, ascites, and
impaired renal function as well as exclusion of parenchymal
renal disease and factors that may precipitate renal insufficiency
(Salerno 2007). Among people hospitalised with cirrhosis and
ascites, 25% develop acute renal insufficiency (Fede 2012). Among
people with cirrhosis and acute renal insufficiency, 25% have
hepatorenal syndrome (Fede 2012). In one cohort study of 234 non-
azotaemic participants with cirrhosis and ascites, 18% developed
hepatorenal syndrome after one year (Gines 1993).

Hepatorenal syndrome is divided into two types. Type 1 has the
most rapid course. Factors such as infection, alcoholic hepatitis,
and bleeding may precipitate type 1 hepatorenal syndrome
(Israelsen 2015). Without treatment, the median survival is about
two weeks. Type 2 hepatorenal syndrome is often associated with
refractory ascites and has a more protracted course with a median
survival of about six months (Arroyo 1996; Gines 2003; Salerno
2007).

Description of the intervention

Main factors in the pathophysiology of hepatorenal syndrome are
splanchnicvasodilation and increased cardiac output. Hepatorenal
syndrome develops when the arterial pressure drops as the
underlying condition progresses or due to factors leading to low
blood pressure. Therefore, administration of vasoconstrictors may
be beneficial. Terlipressin, an analogue of vasopressin, induces
vasoconstriction mediated by type 1 vasopressin receptors in the
smooth muscle cells of the blood vessel wall (Krag 2008). Other
vasoactive drugs such as noradrenaline, octreotide, and midodrine
may be equally effective. Noradrenaline is a catecholamine with
high affinity for the alpha-adrenergic receptors that mediate
vasoconstriction in the venous and arterial system (Duvoux 2002).
Octreotide is an octapeptide that mimics somatostatin. Octreotide
is a potent vasoconstrictor and is used in bleeding oesophageal
varices. The active metabolite of midodrine is an alpha-1-receptor
agonist which increases the vascular tone (Angeli 1999).

Albumin infusions are recommended in combination with
vasoconstrictors for type 1 hepatorenal syndrome (EASL 2010;
Runyon 2013). By increasing the cardiac preload and cardiac
output, albumin improves the effective arterial blood volume
(Sort 1999). Furthermore, albumin infusions decrease the risk
of developing hepatorenal syndrome, and, since 2007, plasma
expansion with albumin for 48 hoursis mandatory prior to diagnose
hepatorenal syndrome (Salerno 2007; Angeli 2015). Consequently,
almost all randomised clinical trials assessing vasoactive drugs for
hepatorenal syndrome used standardised doses of cotreatment
with albumin.

How the intervention might work

Hepatorenal syndrome is associated with the circulatory changes
seen in cirrhosis including portal hypertension leading to
splanchnic vasodilation; effective underfilling of the renal
arteries; and activation of the endogenous vasoconstrictors;
renin-angiotensin-aldosterone, the arginine-vasopressin, and the
sympathetic nervous systems (Pasqualetti 1998; Cardenas 2003;

Moller 2004; Ruiz-del-Arbol 2005). Activation of the the endogenous
vasoconstrictors may result in severe vasoconstriction of the
renal arteries leading to hepatorenal syndrome (Cardenas 2003).
Vasoactive drugs thatincrease splanchnic arterial tone may reverse
the process.

Why it is important to do this review

Six randomised clinical trials compared terlipressin versus placebo
for hepatorenal syndrome (Hadengue 1998; Solanki 2003; Martin-
Llahi 2008; Neri 2008; Sanyal 2008; Boyer 2016). One meta-
analysis including participants with type 1 hepatorenal syndrome
found a beneficial effect of terlipressin versus placebo on reversal
of hepatorenal syndrome (Fabrizi 2009). Our previous Cochrane
systematic review including participants with type 1 or type
2 hepatorenal syndrome also found that terlipressin versus
placebo or no intervention may reduce mortality and increase the
proportion of participants with improved renal function (Gluud
2010; Gluud 2012). At present, guidelines recommend terlipressin
as the treatment of choice for people with hepatorenal syndrome
(EASL 2010). The drug is not available in the USA and other
countries (Runyon 2013). Randomised clinical trials have compared
terlipressin versus noradrenaline (Duvoux 2002; Alessandria 2007,
Sharma 2008). The results suggested that the interventions were
equally effective. However, due to the size of the trials, the
results may have been inconclusive. Our previous Cochrane
Review and one subsequent meta-analysis found no significant
differences between terlipressin and other vasoactive drugs (Gluud
2010; Gluud 2012; Nassar 2014). The Cochrane Review included
two randomised clinical trials comparing terlipressin versus
noradrenaline and the meta-analysis included four randomised
clinical trials. Both reviews found inconclusive evidence. Therefore,
we conducted this updated review.

OBJECTIVES

To evaluate the beneficial and harmful effects of terlipressin versus
other vasoactive drugs for people with hepatorenal syndrome.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised clinical trials regardless of blinding,
publication status, or language in analyses of benefits and
harms. We planned to include quasi-randomised and observational
studies in the assessment of harms identified in the searches.
If, during the selection of trials, we had identified observational
studies (i.e. quasi-randomised studies, cohort studies, or patient
reports) reporting adverse events caused by, or associated with, the
interventions in our review, we planned to include these studies for
a review of the adverse events only. We did not specifically search
for observational studies for inclusion, which is a known limitation
of our systematic review.

Types of participants

People with cirrhosis and type 1 or type 2 hepatorenal syndrome
according to current or earlier diagnostic criteria (Arroyo 1996;
Salerno 2007; Angeli 2015).

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 6
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Types of interventions

Comparisons of terlipressin versus other vasoactive drugs
(including noradrenaline, octreotide, midodrine, or dopamine)
regardless of dose or duration of interventions. We accepted
cointerventions including albumin.

Types of outcome measures

We assessed all outcomes at the maximum duration of follow-up
(Gluud 2017).

Primary outcomes

o Mortality (all-cause).

« Hepatorenal syndrome (persistent hepatorenal syndrome
despite treatment).

« Serious adverse events: defined as any untoward medical
occurrence that led to death, was life-threatening, or required
hospitalisation or prolongation of hospitalisation (ICH-GCP
1997). We assessed serious adverse events as a composite
outcome and conducted analyses of individual serious adverse
events.

Secondary outcomes

« Health-related quality of life.

« Non-serious adverse events defined as adverse events that did
not fulfil the criteria for serious adverse events.

Search methods for identification of studies
Electronic searches

We searched The Cochrane Hepato-Biliary Group Controlled Trials
Register (Gluud 2017; November 2016), Cochrane Central Register
of Controlled Trials (CENTRAL) in the Cochrane Library (2016, Issue
11), MEDLINE Ovid (1946 to November 2016), Embase Ovid (1974
to November 2016), and Science Citation Index Expanded (Web of
Science; 1900 to November 2016) (Royle 2003), using the search
strategies described in Appendix 1.

Searching other resources

We scanned the reference lists of relevant articles, and proceedings
from meetings of the British Society for Gastroenterology, the
British Association for the Study of the Liver, the European
Association for the Study of the Liver, the United European
Gastroenterology Week, the American Gastroenterological
Association, and the American Association for the Study of
Liver Diseases. We wrote to the principal authors of randomised
clinical trials and the pharmaceutical companies involved in
the production of vasoactive drugs for additional information
about completed randomised clinical trials and for information
about any ongoing randomised clinical trials, and searched the
database ClinicalTrials.gov (clinicaltrials.gov) and the World Health
Organization (WHO) online trial meta-register (apps.who.int/
trialsearch/).

Data collection and analysis

We performed the review following the recommendations of the
Cochrane Hepato-Biliary Group (Gluud 2017).

Selection of studies

All authors participated independently in the literature searches,
the identification of potentially eligible trials and studies, and in
the decision regarding inclusion or exclusion of trials. We reached
the final selection through consensus and resolved disagreements
through discussion. We listed details of all included randomised
clinical trials in summary tables and listed all excluded studies with
the reasons for their exclusion.

Data extraction and management

Three authors (MI, AA, and LG) independently collected data
using pilot-tested data extraction sheets and resolved contrary
opinions through discussion. We requested missing data and other
information from authors of included randomised clinical trials.

We collected the following data:

« general study information:
* year, country, and language of publication (if published);
* funding;
* design;
« intervention:
* type, dose and duration;
* cointerventions;
« participants:
* characteristics (age, proportion with cirrhosis, proportion of
men/women, aetiology of liver disease);

* criteria used to diagnose hepatorenal syndrome;
* withdrawals and losses to follow-up;

» outcomes:
* outcomes assessed and duration of follow-up.

Assessment of risk of bias in included studies

We assessed bias control using the domains described in the
Cochrane Hepato-Biliary Group Module (Gluud 2017), and classified
the risk of bias for separate domains as high, unclear, or low
(Higgins 2011). We also combined the bias domains in an overall
assessment as described below.

Allocation sequence generation

o Low risk of bias: the study authors performed sequence
generation using computer random number generation or a
random number table. We considered drawing lots, tossing
a coin, shuffling cards, and throwing dice as adequate if
an independent person not otherwise involved in the study
performed them.

« Unclearrisk of bias: the study authors did not specify the method
of sequence generation.

« High risk of bias: the sequence generation method was not
random. We only considered such studies for assessment of
harms.

Allocation concealment

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

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 7
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://clinicaltrials.gov/
http://apps.who.int/trialsearch/
http://apps.who.int/trialsearch/

Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

« Unclear risk of bias: the study authors did not describe the
method used to conceal the allocation so the intervention
allocations may have been foreseen in advance of, or during,
enrolment.

« High risk of bias: it was likely that the investigators who
assigned the participants knew the allocation sequence. We
only considered such studies for assessment of harms.

Blinding of participants and personnel

« Low risk of bias: any of the following: no blinding or incomplete
blinding, but the outcome was not likely to be influenced by
lack of blinding (e.g. mortality) (Wood 2008; Savovic¢ 2012); or
blinding of participants and key study personnel ensured, and it
was unlikely that the blinding could have been broken.

« Unclear risk of bias: insufficient information to permit
judgement of 'low risk' or 'high risk.'

« Highrisk of bias: any of the following: no blinding orincomplete
blinding, and the outcome was likely to be influenced by lack of
blinding (non-mortality outcomes).

Blinded outcome assessment

« Low risk of bias: any of the following: no blinding of outcome
assessment, but outcome measurement was not likely to be
influenced by lack of blinding (mortality) (Wood 2008; Savovi¢
2012); or blinding of outcome assessment ensured, and unlikely
that the blinding could have been broken.

« Unclear risk of bias: insufficient information to permit
judgement of 'low risk' or 'high risk.'

« High risk of bias: any of the following: no blinding of outcome
assessment, and the outcome measurement was likely to be
influenced by lack of blinding (non-mortality outcomes); or
blinding of outcome assessment, but likely that the blinding
could have been broken, and the outcome measurement was
likely to be influenced by lack of blinding (non-mortality
outcomes).

Incomplete outcome data

« Low risk of bias: missing data were unlikely to make treatment
effects depart from plausible values. The study used sufficient
methods, such as multiple imputations, to handle missing data.

« Unclear 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 of bias: the trial reported the following predefined
outcomes: all-cause mortality, hepatorenal syndrome, and
serious adverse events. If the original trial protocol was
available, the outcomes should have been those called for
in that protocol. We only considered information from trial
registries (e.g. www.clinicaltrials.gov) if the protocol was
registered at the time that the trial was begun.

o Unclear risk of bias: the study authors did not report all
predefined outcomes fully, or it was unclear whether the study
authors recorded data on these outcomes or not.

« High risk of bias: the study authors did not report one or more
predefined outcomes.

For-profit bias

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

+ Unclear risk of bias: the trial did not provide any information on
clinical trial support or sponsorship.

« High risk of bias: the trial was sponsored by industry or received
other type of for-profit support.

Other bias

o Low risk of bias: the trial appeared free of other factors
that could put it at risk of bias (e.g. different follow-up or
administration of an inappropriate doses).

« Unclear risk of bias: the trial may or may not have been free of
other factors 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.

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 used risk ratios (RR) with 95% confidence intervals (Cl).

Unit of analysis issues

We planned to include the first period from cross-over trials due
to the severe prognosis associated with the condition. None of the
identified randomised clinical trials used a cross-over design.

Dealing with missing data

We extracted data on all participants randomised to allow
intention-to-treat analyses, the number of participants with
missing outcome, and reasons for missing data. To evaluate the
importance of missing data, we planned to conduct a worst-case
scenario analysis and a best-worst case scenario analysis (Gluud
2017). We did not conduct the analyses because we were unable to
identify the number of participants who had missing data.

Assessment of heterogeneity

We visually inspected forest plots and expressed heterogeneity as
12 values using the following thresholds: 0% to 40% (unimportant),
41% to 60% (moderate), 61% to 80% (substantial), and greater than
80% (considerable).

Assessment of reporting biases

For meta-analyses with at least 10 randomised clinical trials, we
planned to assess reporting biases through regression analyses
using the Harbord test (Harbord 2006).

Data synthesis

We performed the analyses in Review Manager 5 (RevMan 2014),
STATA version 14 (Stata 2014), and Trial Sequential Analysis (TSA
2011), and used the GRADEpro software (GRADEpro) to prepare a
'Summary of findings' table.

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 8
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Meta-analysis

In our primary analyses, we stratified randomised clinical trials
based on the type of control intervention. We compared the fixed-
effect and random-effects estimates of the intervention effect.
The estimates were similar. Accordingly, we assumed that any
small-study effects had little influence on the intervention effect
estimate. If the random-effects estimate had been more beneficial,
we planned to re-evaluate whether it was reasonable to conclude
that the intervention was more effective in the smaller studies.
If the larger studies tended to be those conducted with greater
methodological rigour, or conducted in circumstances more typical
of the use of the intervention in practice, then we planned to report
the results of meta-analyses restricted to the larger, more rigorous
studies. Based on the expected clinical heterogeneity, we expected
that a number of analyses would display statistical between-trial
heterogeneity (I greater than 0%). For random-effects models,
precision decreased with increasing heterogeneity and Cls widened
correspondingly. Therefore, we expected that the random-effects
model would give the most conservative (and a more correct)
estimate of the intervention effect. Accordingly, we reported the
results of our analyses based on random-effects meta-analyses.

Trial Sequential Analysis

We performed Trial Sequential Analyses for our primary outcomes
(Higgins 2008; Wetterslev 2008; Thorlund 2011; Wetterslev 2017).
We defined the required information size (also known as the
heterogeneity-adjusted required information size) as the number
of participants needed to detect or reject an intervention effect
based on the relative risk reduction (RRR) and the control group
risk (CGR). The analyses show firm evidence if the Z-curve crosses
the monitoring boundary (also known as the trial sequential
monitoring boundary) before reaching the required information
size. We constructed futility boundaries to evaluate the uncertainty
of obtaining a chance negative finding and performed the analyses
with alpha set to 3% and power to 90% model-based diversity.
We originally planned to limit the analyses to randomised clinical
trials with a low risk of bias, but we only identified two such trials.
Therefore, weincluded all randomised clinical trialsin our analyses.
We reduced the RRR based on the recommendations from the
Hepato-Biliary Group and based the CGR on the proportions of
events in the terlipressin group in the meta-analysis in Allegretti
2017.

« Mortality: CGR 52%, RRR 20%, heterogeneity correction 30%.
« Hepatorenal syndrome (persistent hepatorenal syndrome

» Serious adverse events: CGR 11%, RRR 25%, heterogeneity
correction 20%.

Subgroup analysis and investigation of heterogeneity

We performed subgroup analyses comparing types of other
vasoactive drug and participants with type 1 or type 2 hepatorenal
syndrome. We conducted subgroup analyses on mortality based on
our assessment of bias control.

Sensitivity analysis

We performed a sensitivity analysis excluding randomised clinical
trials published in abstract form. We planned to conduct a worse-
case-scenario analysis as described above, but we did not identify
randomised clinical trials describing the number of participants
with missing outcome data in the two groups.

'Summary of findings' table

We used the GRADE system to evaluate the quality of the evidence
for outcomes reported in the review considering the within-
study risk of bias (methodological quality), directness of evidence,
heterogeneity, precision of effect estimate, and risk of publication
bias (GRADEpro). Two authors (Ml and LG) created the 'Summary of
findings' table, which included the primary outcomes and the most
common adverse events; that is, diarrhoea and abdominal pain.

RESULTS

Description of studies

We included 10 randomised clinical trials (see Characteristics of
included studies table). Our searches did not identify eligible non-
randomised studies. We excluded 11 randomised clinical trials,
one quasi-randomised trial, and one observational study (see
Characteristics of excluded studies table).

Results of the search

We identified 619 potentially relevant references in electronic
databases and four additional records through manual searches
(Figure 1). After removing duplicates and clearly irrelevant
references, 427 references remained. After screening these 427
references, we retrieved 26 references for further assessment.
In total, we excluded 14 references referring to 13 randomised
clinical trials because they did not compare terlipressin with other
vasoactive drugs. The remaining 12 references referred to 10
randomised clinical trials fulfilling all of our inclusion criteria and

despite treatment): CGR 63%, RRR 25%, heterogeneity ~Nnone of ourexclusion criteria. Eight of these were published in full-
correction 50%. paper articles (Alessandria 2007; Sharma 2008; Singh 2012; Badawy
2013; Ghosh 2013; Srivastava 2015; Cavallin 2016; Goyal 2016), and

two in abstracts (Copaci 2013; Indrabi 2013).
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Figure 1. Study flow diagram.
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We wrote to the authors of included randomised clinical trials to ask
for additional information about included participants. However,
we received no additional data.

Included studies
Participants

The countries of origin were India (Sharma 2008; Singh 2012; Ghosh
2013; Indrabi 2013; Srivastava 2015; Goyal 2016), Italy (Alessandria
2007; Cavallin 2016), Egypt (Badawy 2013), and Romania (Copaci
2013). The trials included 474 participants. The mean age ranged
from 39 to 65 years and the proportion of men from 52% to 93%.
The proportion of participants with alcoholic liver disease ranged
from 20% to 94%.

Four randomised clinical trials (Alessandria 2007; Sharma 2008;
Badawy 2013; Ghosh 2013) used the 1996 criteria (Arroyo
1996; Appendix 2) to diagnose hepatorenal syndrome and four
randomised clinical trials (Singh 2012; Srivastava 2015; Cavallin
2016; Goyal 2016) used the 2007 criteria (Salerno 2007; Appendix
2). The remaining two randomised clinical trials did not specify
the criteria used to diagnose hepatorenal syndrome (Copaci 2013;
Indrabi 2013). Seventy-seven per cent of the included participants
had type 1 hepatorenal syndrome and the remaining 23% had
type 2 hepatorenal syndrome. Two papers did not provide separate
outcome data for participants with type 1 and type 2 hepatorenal
syndrome (Copaci 2013; Cavallin 2016). The vast majority (80/88
participants) in these two randomised clinical trials had type
1 hepatorenal syndrome, and consequently due to the lack of
separate outcome data, we included all 88 participants in our
subgroup analyses of type 1 hepatorenal syndrome.

Interventions

All randomised clinical trials compared terlipressin versus other
vasoactive drugs. All participants received cointervention with
albumin. Seven randomised clinical trials used a treatment
duration protocol running until reversal of hepatorenal syndrome,
death, liver transplantation, or a maximum of two weeks
(Alessandria 2007; Sharma 2008; Singh 2012; Badawy 2013; Ghosh
2013; Cavallin 2016; Goyal 2016). One randomised clinical trial
used five days of treatment (Srivastava 2015), and two randomised
clinical trials did not describe the treatment duration (Copaci 2013;
Indrabi 2013).

Terlipressin

Six randomised clinical trials used an intravenous bolus injection
(Alessandria 2007; Sharma 2008; Singh 2012; Ghosh 2013;
Srivastava 2015; Goyal 2016), and two randomised clinical trials
used continuous infusions (Badawy 2013; Cavallin 2016). We were
unable to gather information of the administration form (bolus or
continuous infusion) from two trials (Copaci 2013; Indrabi 2013).
Eight randomised clinical trials used a dose titration regimen for
terlipressin (Alessandria 2007; Sharma 2008; Singh 2012; Badawy
2013; Copaci 2013; Ghosh 2013; Cavallin 2016; Goyal 2016). The
initial daily dose ranged from 2 mg to 6 mg and was increased in
a stepwise manner to a maximum dose of 6 mg to 12 mg until
reaching an absolute reduction in serum creatinine of less than 1
mg/dL or less than 25% from baseline after 48 to 72 hours. One
randomised clinical trial used a fixed dose of 0.5 mg per six hours
(Srivastava 2015). One randomised clinical trial did not provide
information about the dose (Indrabi 2013).

Other vasoactive drugs

Seven randomised clinical trials compared terlipressin versus
noradrenaline (Alessandria 2007; Sharma 2008; Singh 2012;
Badawy 2013; Ghosh 2013; Indrabi 2013; Goyal 2016), one
randomised clinical trial compared terlipressin versus midodrine
and octreotide (Cavallin 2016), one randomised clinical trial
compared terlipressin versus octreotide (Copaci 2013), and
one randomised clinical trial compared terlipressin versus
dopamine (Srivastava 2015). Noradrenaline and dopamine were
administrated as continuous intravenous infusions. Octreotide was
given as subcutaneous bolus injections and midodrine as oral
tablets. The dose depended on the drug.

« Noradrenaline: in six randomised clinical trials, the initial dose
of 0.5 mg/hour was increased in a stepwise manner to a
maximum dose of 3 mg/hour (Sharma 2008; Singh 2012; Badawy
2013; Ghosh 2013; Indrabi 2013; Goyal 2016). One randomised
clinical trial used an initial dose of 0.1 pg/kg/minute increased
stepwise to a maximum of 0.7 ug/kg/minute in lack of response
(Alessandria 2007). All randomised clinical trials adjusted the
dose based on the mean arterial pressure and urine output.

« Dopamine: 2 ug/kg/minute (Srivastava 2015).

« Midodrine: the initial dose of 7.5 mg was increased to 12.5 mg

if the change in serum creatinine was less than 25% within 48
hours (Cavallin 2016).

« Octreotide: the initial dose of 100 ug was increased to 200 pg
if the change in serum creatinine was less than 25% within 48
hours (Copaci 2013; Cavallin 2016).

Cointerventions

All included randomised clinical trials treated both intervention
groups using equal doses of intravenous albumin infusion in
combination with the vasoactive drugs. Overall, the mean dose of
albumin ranged from 20 g/day to 56 g/day. Four trials used 20 g/
day to 40 g/day (Sharma 2008; Singh 2012; Ghosh 2013; Srivastava
2015). Two randomised clinical trials used 1 g/kg bodyweight at
the inclusion day, followed by 20 g/day to 40 g/day (Copaci 2013;
Cavallin 2016). Two randomised clinical trials titrated the dose to
maintain a central venous pressure between 10 cmH,0 and 15
cmH,0 (Alessandria 2007; Badawy 2013). One randomised clinical
trial did not report the albumin dose (Indrabi 2013).

Outcome measures

All 10 randomised clinical trials described mortality and serious
adverse events using follow-up between 15 and 90 days.
Nine randomised clinical trials reported reversal of hepatorenal
syndrome (Alessandria 2007; Sharma 2008; Singh 2012; Badawy
2013; Copaci 2013; Ghosh 2013; Indrabi 2013; Cavallin 2016; Goyal
2016) and six randomised clinical trials reported non-serious
adverse events (Sharma 2008; Singh 2012; Ghosh 2013; Srivastava
2015; Goyal 2016; Cavallin 2016). None reported health-related
quality of life.

Excluded studies

In total, we excluded 13 trials evaluating vasoactive drugs for
hepatorenal syndrome (see Characteristics of excluded studies
table). We excluded eight randomised clinical trials evaluating
terlipressin versus placebo (Hadengue 1998; Yang 2001; Solanki
2003; Martin-Llahi 2008; Neri 2008; Pulvirenti 2008; Sanyal
2008; Boyer 2016), and one randomised clinical trial comparing

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 11
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noradrenaline versus midodrine and octreotide (Tavakkoli 2012).  information about harms (Silawat 2011 (quasi-randomised trial);
In addition, we excluded two randomised clinical trials comparing ~ Nguyen-Tat 2015 (observational study)).

the administration form (Cavallin 2015) or dose of terlipressin (Wan

2014). Finally, we excluded two non-randomised studies without Risk of bias in included studies

For 'Risk of bias' summary, see Figure 2 and Figure 3.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. "Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
'+' = low risk of bias; '-' = high risk of bias; '?' = unclear risk of bias.
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Allocation

Three randomised clinical trials generated the allocation sequence
using a computer-generated list of random numbers and concealed
the allocation by using serially numbered opaque sealed envelopes
(Singh 2012; Ghosh 2013; Cavallin 2016). We classified these
three randomised clinical trials as low risk of selection bias.
The remaining seven randomised clinical trials did not provide
adequate descriptions of both randomisation and concealment
and were classified at unclear risk of bias in at least one of the
domains (Alessandria 2007; Sharma 2008; Badawy 2013; Copaci
2013; Indrabi 2013; Srivastava 2015; Goyal 2016).

Blinding

All randomised clinical trials were open and none used blinded
outcome assessment. We classified all randomised clinical trials as
high risk of bias for these two domains in the evaluation of non-
mortality outcomes (Alessandria 2007; Sharma 2008; Singh 2012;
Badawy 2013; Copaci 2013; Ghosh 2013; Indrabi 2013; Cavallin
2016; Srivastava 2015; Goyal 2016).

Incomplete outcome data

Eight randomised clinical trials had no losses to follow-up or
withdrawals, and included all participants in their analyses
(Alessandria 2007; Sharma 2008; Singh 2012; Copaci 2013; Indrabi
2013; Srivastava 2015; Goyal 2016; Cavallin 2016). Two randomised
clinical trials excluded participants after randomisation in their
analyses, but they did not describe the number of participants with
missing outcomes (Badawy 2013; Ghosh 2013). Consequently, we
classified eight randomised clinical trials at low risk and two at high
risk of attrition bias.

Selective reporting

Nine randomised clinical trials defined and described clinically
relevant outcomes (Alessandria 2007; Sharma 2008; Singh 2012;
Copaci 2013; Badawy 2013; Ghosh 2013; Srivastava 2015; Goyal
2016; Cavallin 2016). One randomised clinical trial reported
mortality and serious adverse events but not hepatorenal
syndrome (Srivastava 2015). We classified nine randomised clinical
trials at low risk and one at high risk of reporting bias.

For-profit bias

Five randomised clinical trials described competing interests
(Alessandria 2007; Sharma 2008; Singh 2012; Srivastava 2015;

Cavallin 2016). None received funding or other support from for-
profit companies. The remaining five randomised clinical trials
did not describe funding (Badawy 2013; Copaci 2013; Ghosh 2013;
Indrabi 2013; Goyal 2016).

Overall bias assessment

In the assessment of mortality, we classified two randomised
clinical trials at low risk of bias (Singh 2012; Cavallin 2016), and
eight at high risk of bias (Alessandria 2007; Sharma 2008; Badawy
2013; Copaci2013; Ghosh 2013; Indrabi 2013; Srivastava 2015; Goyal
2016).

All randomised clinical trials were high risk of bias in all remaining
outcomes (Alessandria 2007; Sharma 2008; Singh 2012; Badawy
2013; Copaci2013; Ghosh 2013; Indrabi 2013; Srivastava 2015; Goyal
2016; Cavallin 2016).

Effects of interventions

See: Summary of findings for the main comparison Terlipressin
compared to other vasoactive drugs for hepatorenal syndrome

We evaluated the effects of interventions on the primary outcomes;
mortality, hepatorenal syndrome (persistent despite treatment),
and serious adverse events.

Mortality (all-cause)

We retrieved mortality data from all 10 randomised clinical
trials (Analysis 1.1). The analysis showed no significant difference
between terlipressin and other vasoactive drugs when including all
trials (RR 0.96, 95% Cl 0.88 to 1.06; 474 participants; I*> = 0%) or
when including the two trials with a low risk of bias in the overall
assessment (RR 0.92, 95% CI 0.63 to 1.36; 94 participants). In Trial
Sequential Analysis including all trials regardless of bias control
(Figure 4), the cumulative Z-curve did not cross the monitoring
boundaries for benefit, harm, or futility. Subgroup analyses found
lack of evidence supporting different effects between terlipressin
and noradrenaline (RR 0.98, 95% Cl 0.88 to 1.08; 306 participants;
7 trials; 12 = 0%); midodrine and octreotide (RR 0.71, 95% CI 0.40 to
1.28; 48 participants; 1 trial); octreotide alone (RR 0.75, 95% CI 0.32
to 1.77; 40 participants; 1 trial); or dopamine and furosemide (RR
0.97, 95% CI 0.77 to 1.22; 80 participants; 1 trial) (Analysis 1.2), in
participants with type 1 or type 2 hepatorenal syndrome (Analysis
1.3), or trials published as full paper articles or abstracts (Analysis
1.4).

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 14
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Figure 4. Trial Sequential Analysis of 10 randomised clinical trials (474 participants) evaluating terlipressin versus
other vasoactive drugs for people with hepatorenal syndrome on mortality. The analysis was made with power
90%, alpha 3%, a relative risk reduction (RRR) of 20%, a control group risk (CGR) of mortality of 52%, and a model
variance - based heterogeneity correction of 30%. The risk ratio was 0.96 (97% confidence interval 0.79 to 1.18). The
cumulative Z-curve (blue line) did not cross the diversity-adjusted trial monitoring boundary for benefit.
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Hepatorenal syndrome curve did not cross the monitoring boundaries for benefit, harm,

One trial did not report the number of participants with persistent
hepatorenal syndrome despite treatment (Srivastava 2015). The
meta-analysis of remaining nine trials found a significant beneficial
effect of terlipressin versus other vasoactive drugs (RR 0.79, 95% ClI
0.63 to 0.99; 394 participants; 12 = 26%; Analysis 1.5). The analysis
did not include trials with a low risk of bias. In Trial Sequential
Analysis, including the nine trials (Figure 5), the cumulative Z-

or futility. Subgroup analyses showed that terlipressin was superior
to octreotide alone (RR 0.56, 95 % Cl 0.33 to 0.96) and midodrine
combined with octreotide (RR 0.47, 95 % Cl 0.30 to 0.72), but
each analysis was only based on one trial (Analysis 1.5). There
were no differences between trials comparing terlipressin and
noradrenaline (Analysis 1.5), participants with type 1 or type 2
hepatorenal syndrome (Analysis 1.6), or trials published as full-
paper articles or abstracts (Analysis 1.7).
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Figure 5. Trial Sequential Analysis of nine randomised clinical trials (394 participants) evaluating terlipressin
versus other vasoactive drugs for people with hepatorenal syndrome on lack of reversal of hepatorenal syndrome.
The analysis was made with power 90%, alpha 3%, a relative risk reduction (RRR) of 25%, a control group risk (CGR)
of lack of reversal of hepatorenal syndrome of 63%, and a heterogeneity correction of 50%. The risk ratio was 0.79
(97% confidence interval 0.48 to 1.31). The cumulative Z-curve (blue line) does not cross the diversity-adjusted trial

monitoring boundary for benefit.
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Serious adverse events

We extracted data of serious adverse events as a composite
outcome from all trials (Analysis 1.8). None had a low risk of bias in
the overall assessment. Overall, there was no significant difference
between terlipressin and other vasoactive drugs (RR 0.96, 95% ClI

0.88 to 1.06; 1> = 0%). In subgroup analysis, terlipressin did not
increase the risk of major cardiovascular events (RR 0.88, 95%
Cl 0.13 to 5.98; Analysis 1.9). Trial Sequential Analysis showed
insufficient evidence to support or refute a beneficial or detrimental
effect of terlipressin versus other vasoactive drugs (Figure 6).
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Figure 6. Trial Sequential Analysis of two randomised clinical trials (88 participants) evaluating terlipressin versus
other vasoactive drugs for people with hepatorenal syndrome on cardiovascular adverse events. The analysis was
made with power 90%, alpha 3%, a relative risk reduction (RRR) of 25%, a control group risk (CGR) of cardiovascular
adverse events of 15%, and a heterogeneity correction of 20%. The diversity-adjusted trial monitoring boundary for
harm was not included in the figure due to insufficient information. The estimated required information size was
4831 participants. Accordingly, with an accrued number of participants of 88, the required number of participants

was not achieved.
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Health-related quality of life

None of the included trials evaluated the effect of the interventions
on health-related quality of life.

Non-serious adverse events

We were able to gather data on non-serious adverse events
from six trials (Analysis 1.10). Overall, we found no evidence
supporting differences between terlipressin and other vasoactive
drugs regarding the overall risk of non-serious adverse events (RR
1.82, 95 % ClI 1.00 to 3.31; 301 participants; 1> = 0%), but that
terlipressin increased the risk of diarrhoea or abdominal pain, or
both (RR3.50,95% Cl 1.19 to 10.27; 221 participants; 5 trials; 1> = 0%;
Analysis 1.11). We were unable to evaluate these two non-serious
adverse events (diarrhoea or abdominal pain) separately.

We downgraded the evidence to very low quality (Summary
of findings for the main comparison). The main reasons for
downgrading the evidence were risk of bias, imprecision, and the
results from the Trial Sequential Analyses.

DISCUSSION

Summary of main results

This systematic review included a small number of randomised
clinical trials comparing terlipressin versus other vasoactive
drugs. The statistical strength of the evidence was weak and
the risk of bias considerable. The analyses found no evidence
supporting differences between terlipressin and other vasoactive
drugs regarding mortality and serious adverse events, but we
found a beneficial effect of terlipressin on hepatorenal syndrome
based on the proportion of participants without reversal. Subgroup
analysis of the outcome hepatorenal syndrome showed a potential
benefit of terlipressin compared to octreotide alone or octreotide
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combined with midodrine, but that analysis only included two
small trials. Terlipressin is associated with an increased risk of
abdominal pain or diarrhoea, or both. Trial Sequential Analyses
confirmed that our review found insufficient evidence to support
or refute a beneficial or harmful effect of terlipressin and that
additional randomised clinical trials are needed. In this review,
we both conducted overall analyses (to increase power and
precision) and subgroup analyses comparing terlipressin versus the
individual different comparators. The overall analysis was difficult
to interpret, but apparently we found no heterogeneity.

Overall completeness and applicability of evidence

We included randomised clinical trials with participants
diagnosed with hepatorenal syndrome. The initial diagnostic
recommendations from 1996 included several major and minor
criteria (Arroyo 1996). The subsequent revised diagnostic criteria
now focus on evidence of severe liver disease, ascites, and
exclusion of other causes of renal failure (Salerno 2007). We
originally assumed that using the different diagnostic criteria
would resultin some degree of clinical heterogeneity. The potential
influence of the diagnostic criteria did not lead to statistical
heterogeneity. However, the lack of heterogeneity may also reflect
the small number of trials and participants. Recommendations
have suggested a revision based on the accepted criteria for
diagnosing acute renal failure (Angeli 2015; Appendix 4). This
suggestion was based on the criteria of acute kidney injury defined
by the Acute Kidney Injury Network (Mehta 2007). In the previous
criteria, a fixed value of serum creatinine greater than 133 mmol/
L was used in diagnostic assessment. The revised criteria suggest
that we should use an increase of serum creatinine of 0.3 mg/dL or
greater (26.5 umol/L or greater) or greater than 50% from baseline
within 48 hours. The reasoning is that changes in serum creatinine
are more sensitive to an acute reduction of renal function. The aim
of these criteria is to allow earlier detection and intervention to
improve the overall outcome for people diagnosed with cirrhosis
and acute kidney injury or hepatorenal syndrome. The consensus
recommendation suggests that people meeting the new criteria
should be treated with vasoconstrictors and albumin. Additional
studies are needed to evaluate if this is correct. In addition, the
potential importance of albumin should be addressed in future
randomised clinicaltrials. One meta-analysis comprising 19 studies
found a dose-response association between survival and increased
cumulative doses of albumin (Salerno 2015). We were unable to
address the question in our review and were, therefore, unable to
evaluate if the results reflect bias.

One study used three months of follow-up and had one of the
highest response rates (83%) and the lowest mortality (32%)
(Alessandria 2007). During the follow-up, all survivors except
one had reversal of hepatorenal syndrome and underwent liver
transplantations after the reversal of hepatorenal syndrome. This
may suggest that some populations, such as candidates for liver
transplantation, are more likely to benefit from treatment with
vasoactive drugs.

Quality of the evidence

The lack of large, high-quality randomised clinical trials is the main
limitation of this review. We only identified two randomised clinical
trials with a low risk of bias in the assessment of mortality. For the
remaining outcomes, we classified all trials at high risk of bias. Lack
of blinding was a concern as was an unclear control of selection

bias. In addition, two trials had a high risk of attrition bias (Badawy
2013; Ghosh 2013). These trials excluded more than 15% of the
participants after randomisation. Unfortunately, we were unable
to gather data that allowed a worst-case or an extreme worst-case
scenario analysis and we were, therefore, unable to evaluate the
influence of losses to follow-up. We contacted the authors, but
we were unable to gather additional data. Another major concern
is that several trials did not report systematically adverse events.
Consequently, our results may underestimate the actual risk of
adverse events. Similarly to this present meta-analysis none of
the included trials were powered for equivalence or inferiority
analysis. We increased the risk of clinical heterogeneity by pooling
type 1 and type 2 hepatorenal syndrome, two diagnostic criteria
of hepatorenal syndrome and all types of other vasoactive drugs
than terlipressin. The trials were not designed for equivalence
or inferiority analysis. The Trial Sequential Analysis showed that
the sample size did not reach the required information size for
equivalence/inferiority meta-analysis. Due to the lack of power,
increased risk of clinical heterogeneity combined with the large
proportion of trials classified at high risk of bias, we must classify
the overall quality of evidence as very low in this present review.

Potential biases in the review process

One of the main limitations in this present review was the
small sample size. Another limitation was the predominance of
randomised clinical trials at high risk of bias.

According to the results of our Trial Sequential Analyses, none of
our findings reached the required information size for superiority,
equivalence, or inferiority meta-analyses. This means that our
significant findings of terlipressin versus other vasoactive drugs
were inconclusive. In the same way, our non-significant findings
were inconclusive and may cover efficacy differences between the
type of other vasoactive drugs.

Methodological concerns are highlighted in the Risk of bias in
included studies section. However, it must be emphasised in
particular, that the majority of trials in this present review had
unsystematic reporting of adverse events, which may compromise
the validity of our results on safety. Treatment with terlipressin
is associated with an increased risk of ischaemia including
cardiovascular events and with less serious events such as
abdominal pain or diarrhoea, or both (Krag 2008). However, the
risk of ischaemia is not unique to terlipressin as a vasoactive drug.
One large-scale randomised clinical trial including 778 participants
tested noradrenaline versus vasopressin in septic shock and found
equal risk of ischaemia, of which the majority of adverse events
included cardiovascular and intestinal ischaemia (Russell 2008).
The profile of adverse events of terlipressin and noradrenaline
are closely linked to the mode of action of vasoconstrictors. From
our results, we cannot suggest which vasoactive drug is safest.
However, we must emphasise that treatment with all types of
vasoactive drugs require close monitoring to balance between
improving renal perfusion and prevent ischaemia.

We were unable to assess long-term benefits and harms of
terlipressin versus other vasoactive drugs because the majority of
trials had 30 days' follow-up and the longest follow-up was three
months.

We contacted the pharmaceutical companies producing vasoactive
drugs, but we did not search for files of regulatory authorities.
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Agreements and disagreements with other studies or
reviews

Two meta-analyses comparing terlipressin versus noradrenaline
for hepatorenal syndrome included four randomised clinical trials
(Nassar 2014; Mattos 2016). In agreement with our findings, the
meta-analyses found no clear difference between terlipressin and
noradrenaline. Two additional meta-analyses evaluated vasoactive
drugs for type 1 hepatorenal syndrome and found results similar
to ours (Facciorusso 2017; Gilford 2017). One of the meta-analyses
had a positive evaluation of the quality of the evidence (Facciorusso
2017). In agreement with the second meta-analysis, we found no
convincing evidence and that the majority of randomised clinical
trials were too small and entailed a high risk of bias (Gilford
2017). The guidelines of management of hepatorenal type 1 by
the European Association of Studying the Liver suggest that the
first-line treatment should be terlipressin combined with albumin
(EASL 2010). The guidelines of management of hepatorenal
syndrome type 1 by the American Association for Study of
Liver Diseases recommends vasoactive drugs in combination with
albumin (Runyon 2013). Terlipressin is not available in the USA and
other countries; consequently the recommended vasoactive drugs
include midodrine and octreotide, whereas noradrenaline should
be considered in intensive care units.

AUTHORS' CONCLUSIONS

Implications for practice

This review found insufficient evidence to support or refute
terlipressin versus other vasoactive drugs for people with cirrhosis

and hepatorenal syndrome. The main body of evidence described
the management of people with type 1 hepatorenal syndrome. The
review only includes a small number of participants with type 2
hepatorenal syndrome.

Implications for research

Large, high-quality randomised clinical trials are needed to
evaluate if terlipressin is more beneficial or safer than other
vasoactive drugs that have been shown to be superior when
compared with placebo.
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Alessandria 2007 (continued)

Participants Criteria used to define hepatorenal syndrome: Arroyo 1996 (Appendix 2).
Type 1 hepatorenal syndrome =9 participants included.
Type 2 hepatorenal syndrome = 13 participants included.
Demographics:
Terlipressin group: mean age 55 years, 75% men, alcoholic cirrhosis 33%.

Other vasoactive drug group: mean age 56 years, 70% men, alcohol-related cirrhosis 20%.

Interventions Terlipressin:

Administration form: intravenous bolus injection.

Dose: dose titration regimen.

Initial dose 1 mg/4 hours. With no response, dose increased to 2 mg/4 hours. Response defined as re-
duction in serum creatinine = 25% from baseline after 3 days of treatment.

Other vasoactive drug: noradrenaline.

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 0.1 pg/kg/minute. Dose increased in steps of 0.05 pg/kg/minute every 4 hours until the
mean arterial pressure was increased to at least 10 mmHg compared to baseline. Maximum dose 0.7
ug/kg/minute.

Cointervention:

Both arms treated with albumin to maintain a central venous pressure between 10 cmH,0 and 15
c¢mH,0. Mean dose of albumin in terlipressin group. 46 g/day (range 35 to 65). Mean dose of albumin in
noradrenaline group 56 g/day (range 40 to 75).

During follow-up, participants with ascites were treated with diuretics and large volume paracentesis
followed by albumin infusions as needed.

Outcomes No predefined outcome (pilot study). Survival and reversal of hepatorenal syndrome reported.

Treatment duration Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum 2 weeks.

Follow-up: 90 days.

Country of origin Italy.

Inclusion period Data not available.

Notes Full paper. All survivors underwent liver transplantation at end of follow-up.
Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description.

tion (selection bias)

Allocation concealment Low risk Serially numbered sealed opaque envelopes.
(selection bias)
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Alessandria 2007 (continued)

Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data. All participants included in analyses.
(attrition bias)
All outcomes

Selective reporting (re- Low risk Clinically relevant outcomes defined and reported. No differences between tri-
porting bias) al registration/protocol and published paper identified.

For-profit bias Low risk No funding or other support from for-profit organisations.

Overall risk of bias (non- High risk

mortality outcomes)

Overall risk of bias (mor- High risk
tality)
Badawy 2013
Methods Open-label multicentre randomised clinical trial.
Participants Criteria used to define hepatorenal syndrome: Arroyo 1996 (Appendix 2).

Type 1 hepatorenal syndrome =51 participants included.
Demographics:

Terlipressin group: mean age 43 years, 67% men, aetiology mostly viral hepatitis.

Other vasoactive drug group: mean age 46 years, 71% men, aetiology mostly viral hepatitis.

Interventions Terlipressin:

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 3 mg/24 hours. With no response, dose primarily increased to 6 mg/24 hours and secondari-
ly to 12 mg/24 hours. Response defined as a reduction of serum creatinine = 25% compared to baseline
after every 48 hours of treatment.

Other vasoactive drug: noradrenaline.

Administration form: continuous intravenous infusion

Dose: dose titration regimen.

Initial dose 0.5 mg/hour. Dose increased in steps of 0.5 mg/hour every 4 hours guided by a mean arteri-
al pressure around 85 mmHg to 90 mmHg. Maximum dose 3 mg/hour.

Cointervention:
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Badawy 2013 (Continued)

Both arms treated with albumin to maintain a central venous pressure between 10 cmH,0 and 15
c¢mH,0. Dose not reported.

Outcomes

Primary outcome: reversal of hepatorenal syndrome.

Secondary outcomes: 30 days survival and treatment costs.

Treatment duration

Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum of 15 days.

Follow-up: 30 days.

Country of origin

Egypt.

Inclusion period

January 2009 to April 2012.

Notes Full paper.
Participants who died within 72 hours after randomisation excluded from study. We contacted the au-
thors, but were unable gather any further information.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description.
tion (selection bias)
Allocation concealment Unclear risk Sealed opaque envelopes (text did not explain if envelopes were serially num-
(selection bias) bered).
Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk No missing outcome data described. Participants who died within 72 hours ex-
(attrition bias) cluded from analyses, but number allocated to 2 intervention groups not giv-
All outcomes en.
Selective reporting (re- Low risk Clinically relevant outcome reported. No differences between trial registra-
porting bias) tion/protocol and published paper identified.
For-profit bias Unclear risk No description.
Overall risk of bias (non- High risk
mortality outcomes)
Overall risk of bias (mor- High risk
tality)
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Cavallin 2016

Methods

Open label, multicentre randomised clinical trial.

Participants

Criteria used to define hepatorenal syndrome: Salerno 2007 (Appendix 2).
Type 1 hepatorenal syndrome = 44 participants included.

Type 2 hepatorenal syndrome =4 participants included.

Demographics:

Terlipressin group: mean age 60 years, men 78%, viral aetiology 37%.

Other vasoactive drug group: mean age 65 years, men 52%, viral aetiology 38%.

Interventions

Terlipressin:

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 3 mg/24 hours. With no response, dose primarily increased to 6 mg/24 hours and then to 12
mg/24 hours. Response defined as a reduction of serum creatinine of = 25% compared to baseline after
every 48 hours of treatment.

Other vasoactive drugs: midodrine and octreotide
Midodrine

Administration form: oral tablet.

Dose: dose titration regimen.

Initial dose 7.5 mg/8 hours. With no response, dose increased to 12.5 mg/8 hours. Response defined as
a reduction in serum creatinine of = 25% from baseline after 3 days of treatment.

Octreotide

Administration form: subcutaneous bolus injection.

Dose: dose titration regimen.

Initial dose 100 mg/8 hours. With no response, dose increased to 200 mg/8 hours. Response defined as
a reduction in serum creatinine of = 25% from baseline after 3 days of treatment.

Cointervention: both arms treated with albumin; 1 g/kg bodyweight at day 1, followed by 20 g/day to
40 g/day.

Outcomes

Primary: reversal of hepatorenal syndrome.

Secondary: 3 months survival.

Treatment duration

Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum of 14 days.

Follow-up: 3 months.

Country of origin Italy.
Inclusion period 2008 to 2012.
Notes Full paper.
Risk of bias
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Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated allocation sequence.
tion (selection bias)
Allocation concealment Low risk Serially numbered opaque sealed envelopes.
(selection bias)
Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data and all participants were accounted for.
(attrition bias)
All outcomes
Selective reporting (re- Low risk Clinically relevant outcomes reported. No differences between trial registra-
porting bias) tion/protocol and published paper identified.
For-profit bias Low risk Authors declared no conflict of interests and the trial did not receive funding
from for-profit organisations.
Overall risk of bias (non- High risk
mortality outcomes)
Overall risk of bias (mor- Low risk

tality)

Copaci 2013

Methods

Open-label, single-centre randomised clinical trial.

Participants

Criteria used to define hepatorenal syndrome: not reported.
Type 1 hepatorenal syndrome = 36 participants included.

Type 2 hepatorenal syndrome =4 participants included.
Demographics:

Terlipressin group: not available.

Other vasoactive drug group: not available.

Interventions

Terlipressin:

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 4 mg/24 hours. With no response, dose increased stepwise to 12 mg/24 hours. Response de-
fined as a reduction in serum creatinine of = 50% from baseline or reversal of hepatorenal syndrome.
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Other vasoactive drug: octreotide.

Administration form: subcutaneously bolus injection.

Dose: dose titration regimen.

Initial dose 100 mg/8 hours. With no response, dose increased to 200 mg/8 hours. Response defined as
a reduction in serum creatinine of = 50% from baseline or reversal of hepatorenal syndrome.

Cointervention: both arms treated with albumin; 1 g/kg bodyweight at day 1, followed by 20 g/day to

40 g/day.

Outcomes

No description. Data on reversal of hepatorenal syndrome and mortality available.

Treatment duration

Treatment duration: data not available.

Follow-up: 30 days.

Country of origin

Romania.

Inclusion period

Data not available.

Notes Abstract.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk No description.
tion (selection bias)
Allocation concealment Unclear risk No description.
(selection bias)
Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data and all participants accounted for.
(attrition bias)
All outcomes
Selective reporting (re- Low risk Clinically relevant outcomes defined and reported. No differences between tri-
porting bias) al registration/protocol and published paper identified.
For-profit bias Unclear risk No description.
Overall risk of bias (non- High risk
mortality outcomes)
Overall risk of bias (mor- High risk
tality)
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Ghosh 2013

Methods

Open-label, single-centre randomised clinical trial.

Participants

Criteria used to define hepatorenal syndrome: Salerno 2007 (Appendix 2).
Type 2 hepatorenal syndrome = 46 participants included.

Demographics:

Terlipressin group: mean age 46 years, 87% men, alcohol-related cirrhosis 65%.

Other vasoactive drug group: mean age 48 years, 70% men, alcohol-related cirrhosis 70%.

Interventions

Terlipressin:

Administration form: intravenous bolus injection.
Dose: dose titration regimen.

Initial dose 0.5 mg/6 hours. With no response, dose increased primarily to 1 mg/6 hours and then to 2
mg/6 hours. Response defined as a reduction in serum creatinine of 1 mg/dL after 3 days of treatment.

Other vasoactive drug: noradrenaline.

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 0.5 mg/hour. Dose increased in steps of 0.5 mg/hour every 4 hours until mean arterial pres-
sure increased to = 10 mmHg compared to baseline or an increase in urine output to > 200 mL/4 hours.
Maximum dose 3 mg/hour.

Cointervention: both arms treated with albumin 20 g/day to 40 g/day. Treatment temporarily stop if
central venous pressure exceeded 18 cmH,0.

Outcomes

Primary: reversal of hepatorenal syndrome.

Secondary: 3 months mortality.

Treatment duration

Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum of 15 days.

Follow-up: 3 months.

Country of origin

India.

Inclusion period

January 2009 to December 2011.

Notes Full paper.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated allocation sequence.
tion (selection bias)

Allocation concealment Low risk Serially numbered opaque sealed envelopes.

(selection bias)
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Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding of outcome assessment.

sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Investigators excluded 12 participants from analyses after randomisation.

(attrition bias) Reasons for exclusions/withdrawals included sepsis (7), severe coronary artery

All outcomes disease (1), hepatocellular carcinoma (1), diabetic nephropathy (1), and re-
fusal to participate (2). Authors did not provide information about allocation
group.

Selective reporting (re- Low risk Clinically relevant outcomes defined and reported. No differences between tri-

porting bias) al registration/protocol and published paper identified.

For-profit bias Unclear risk No description.

Overall risk of bias (non- High risk

mortality outcomes)

Overall risk of bias (mor- High risk

tality)

Goyal 2016

Methods

Open-label, single-centre randomised clinical trial.

Participants

Criteria used to define hepatorenal syndrome: Salerno 2007 (Appendix 2).
Type 1 hepatorenal syndrome =41 participants included.

Demographics:

Terlipressin group: mean age 56.9 years, 85% men, alcohol-related cirrhosis 75%.

Other vasoactive drug group: mean age 54.7 years, 95.2% men, alcohol-related cirrhosis 61.9%.

Interventions

Terlipressin:

Administration form: intravenous bolus injection.

Dose: dose titration regimen.

Initial dose 0.5 mg/6 hours. With no response, dose increased stepwise to maximum of 2 mg/6 hours.
Response defined as a reduction in serum creatinine of 1 mg/dL after 3 days of treatment.

Other vasoactive drug: noradrenaline (+furosemide).
Noradrenaline

Administration form: continuous intravenous infusion

Dose: dose titration regimen.
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Goyal 2016 (Continued)

Initial dose 0.5 mg/hour. Dose increased in steps of 0.5 mg/hour every 4 hours until mean arterial pres-
sure increased to = 10 mmHg compared to baseline or an increase in urine output to > 200 mL/4 hours.
Maximum dose 3 mg/hour.

Furosemide

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Furosemides added, if urine output <200 mL/4 hours despite reaching an increase in mean arterial
pressure of =10 mmHg.

Initial dose 0.001 mg/kg/minute and adjusted to maintain a urine output of > 40 mL/hour.

Cointervention: both arms treated with intravenous third-generation cephalosporins and albumin 20
g/day to 40 g/day. Administration stopped temporarily if central venous pressure increased > 12 cm/
H,0 or if serum albumin >4 g/L.

Outcomes

Primary: reversal of hepatorenal syndrome.

Secondary: 14 days mortality.

Treatment duration

Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum of 14 days.

Follow-up: 14 days.

Country of origin India.

Inclusion period 3years.

Notes Full paper.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description.
tion (selection bias)
Allocation concealment Unclear risk No description.
(selection bias)
Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data and all participants included in analyses.
(attrition bias)
All outcomes
Selective reporting (re- Low risk Clinically relevant outcomes defined and reported. No differences between tri-
porting bias) al registration/protocol and published paper identified.
For-profit bias Unclear risk No description.
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Goyal 2016 (Continued)

Overall risk of bias (non- High risk
mortality outcomes)

Overall risk of bias (mor- High risk
tality)
Indrabi 2013
Methods Open-label randomised clinical trial.
Participants Criteria used to define hepatorenal syndrome: no description.

Type 1 hepatorenal syndrome = 60 participants included.

Demographics: no description.

Interventions Terlipressin:

Administration form: intravenous.

Other vasoactive drug: noradrenaline.

Administration form: intravenous.

Cointervention: both arms treated with albumin. Dose not reported.

Outcomes No description. Data on reversal of hepatorenal syndrome and mortality available.

Treatment duration Treatment duration: no description.

Follow-up: 90 days or death.

Country of origin India.

Inclusion period No description.

Notes Full paper.

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk No description.

tion (selection bias)

Allocation concealment Unclear risk No description.
(selection bias)

Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes
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Incomplete outcome data  Low risk No description.

(attrition bias)

All outcomes

Selective reporting (re- Low risk Clinically relevant outcomes described and reported. No differences between

porting bias)

trial registration/protocol and published paper identified.

For-profit bias Unclear risk No description.
Overall risk of bias (non- High risk

mortality outcomes)

Overall risk of bias (mor- High risk

tality)

Sharma 2008

Methods

Open-label, single-centre randomised clinical trial.

Participants

Criteria used to define hepatorenal syndrome: Arroyo 1996 (Appendix 2).
Type 1 hepatorenal syndrome = 40 participants included.

Demographics:

Terlipressin group: mean age 48 years, 85% men, alcohol-related cirrhosis 60%.

Other vasoactive drug group: mean age 48 years, 85% men, alcohol-related cirrhosis 70%.

Interventions

Terlipressin:

Administration form: intravenous bolus injection.

Dose: dose titration regimen.

Initial dose 0.5 mg/6 hours. With no response, dose increased stepwise to a maximum 2 mg/6 hours.
Response defined as a reduction in serum creatinine of 1 mg/dL after 3 days of treatment.

Other vasoactive drug: noradrenaline.

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 0.5 mg/hour. Dose increased in steps of 0.5 mg/hour every 4 hours until mean arterial pres-
sure increased to = 10 mmHg compared to baseline or an increase in urine output to > 200 mL/4 hours.
Maximum dose 3 mg/hour.

Cointervention: both arms treated with albumin 20 g/day to 40 g/day. Treatment temporarily stop if
central venous pressure exceeded 18 cmH,0.

Participants with tense ascites had 3 L to 5 L paracentesis combined with infusions of 8 g of albumin for
each litre of ascitic fluid removed.

Outcomes

Primary outcome: reversal of hepatorenal syndrome.

Secondary outcomes: 30 days survival.

Treatment duration

Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum of 15 days.
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Sharma 2008 (Continued)

Follow-up: 30 days.

Country of origin India.

Inclusion period August 2005 to December 2006.

Notes Full paper.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated allocation sequence.

tion (selection bias)

Allocation concealment Unclear risk No description.
(selection bias)

Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data. All participants included in analyses.
(attrition bias)
All outcomes

Selective reporting (re- Low risk Clinically relevant outcomes reported. No differences between trial registra-
porting bias) tion/protocol and published paper identified.
For-profit bias Low risk Authors declared no conflict of interests and trial did not receive funding from

for-profit organisations.

Overall risk of bias (non- High risk
mortality outcomes)

Overall risk of bias (mor- High risk
tality)
Singh 2012
Methods Open-label, single-centre randomised clinical trial.
Participants Criteria used to define hepatorenal syndrome: Salerno 2007 (Appendix 2).

Type 1 hepatorenal syndrome = 46 participants included.
Demographics:
Terlipressin group: mean age 51 years, 83% men, alcohol-related cirrhosis 43%.

Other vasoactive drug group: mean age 48 years, 83% men, alcohol-related cirrhosis 52%.

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 35
Copyright © 2017 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

Singh 2012 (continued)

Interventions

Terlipressin:

Administration form: intravenous bolus injection.

Dose: dose titration regimen.

Initial dose 0.5 mg/6 hours. With no response, dose increased stepwise to maximum 2 mg/6 hours. Re-
sponse defined as a reduction in serum creatinine of 1 mg/dL after 3 days of treatment.

Other vasoactive drug: noradrenaline.

Administration form: continuous intravenous infusion.

Dose: dose titration regimen.

Initial dose 0.5 mg/hour. Dose increased in steps of 0.5 mg/hour every 4 hours until mean arterial pres-
sure increased to > 10 mmHg compared to baseline or an increase in urine output to > 200 mL/4 hours.
Maximum dose 3 mg/hour.

Cointervention: both arms treated with albumin 20 g/day to 40 g/day. Treatment temporarily stopped
if central venous pressure exceeded 18 cmH,0.

Participants with tense ascites had 3 L to 5 L paracentesis combined with infusions of 8 g of albumin for
each litre of ascitic fluid removed.

Outcomes

Primary outcome: reversal of hepatorenal syndrome.

Secondary outcomes: 30 days survival.

Treatment duration

Treatment duration: until reversal of hepatorenal syndrome, death, or a maximum of 15 days.

Follow-up: 30 days.

Country of origin

India.

Inclusion period

January 2009 to 2011 October.

Notes Full paper.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated allocation list.
tion (selection bias)
Allocation concealment Low risk Serially numbered opaque sealed envelopes.
(selection bias)
Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data and all participants included in analyses.
(attrition bias)
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Singh 2012 (continued)
All outcomes

Selective reporting (re- Low risk Clinically relevant outcomes reported. No differences between trial registra-
porting bias) tion/protocol and published paper identified.
For-profit bias Low risk Authors declared no conflict of interests and trial did not receive funding from

for-profit organisations.

Overall risk of bias (non- High risk
mortality outcomes)

Overall risk of bias (mor- Low risk
tality)

Srivastava 2015

Methods Open-label, single-centre randomised clinical trial.

Participants Criteria used to define hepatorenal syndrome: Salerno 2007 (Appendix 2).
Type 1 hepatorenal syndrome =40 participants included.
Type 2 hepatorenal syndrome = 40 participants included.
Demographics: type 1 hepatorenal syndrome.
Terlipressin group: mean age 46 years, 83% men, alcohol-related cirrhosis 50%.

Other vasoactive drug group: mean age 39 years, 83% men, alcohol-related cirrhosis 50%.

Demographics: type 2 hepatorenal syndrome.
Terlipressin group: mean age 45 years, 83% men, alcohol-related cirrhosis 53%.

Other vasoactive drug group: mean age 43 years, 83% men, alcohol-related cirrhosis 55%.

Interventions Terlipressin:

Administration form: intravenous bolus injection.

Dose: fixed dose 0.5 mg/6 hours.
Other vasoactive drug: dopamine and furosemide.

Administration form: continuous intravenous infusion.

Dose: fixed doses of dopamine 2 pg/kg/minute and furosemide 0.01 mg/kg/hour.

Cointervention: both arms treated with albumin 20 g/day.

Outcomes Primary outcomes: reversal of hepatorenal syndrome, 15 and 30 days' survival.

Secondary outcomes: cost of treatment.

Treatment duration Treatment duration: 5 days.

Follow-up: 30 days.

Country of origin India.
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Srivastava 2015 (Continued)

Inclusion period February 2005 to June 2010.

Notes Full paper.

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 No description.
(selection bias)

Blinding of participants High risk No blinding of participants or personnel.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk No blinding of outcome assessment.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data and all participants included in analyses.
(attrition bias)
All outcomes

Selective reporting (re- High risk Number of participants with (or without) reversal of hepatorenal syndrome
porting bias) not reported.
For-profit bias Low risk Authors declared no conflict of interests. The randomised clinical trial received

financial support from the Indian Council of Medical Research and did not re-
ceive funding from for-profit organisations.

Overall risk of bias (non- High risk
mortality outcomes)

Overall risk of bias (mor- High risk
tality)

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Boyer 2016 Comparing terlipressin with placebo.
Cavallin 2015 Compared bolus injections of terlipressin with continuous infusions of terlipressin.
Hadengue 1998 Compared terlipressin with placebo.
Martin-Llahi 2008 Compared terlipressin with placebo.
Neri 2008 Compared terlipressin with placebo.
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Study Reason for exclusion

Nguyen-Tat 2015

Observational study. No information about harms.

Pulvirenti 2008 Compared terlipressin with placebo.

Sanyal 2008 Compared terlipressin with placebo.
Silawat 2011 Quasi-randomised trial. No information about harms.
Solanki 2003 Compared terlipressin with placebo.

Tavakkoli 2012

Compared noradrenaline with midodrine and octreotide.

Wan 2014

Compared high dose of terlipressin with low dose of terlipressin.

Yang 2001 Compared terlipressin with placebo.

DATA AND ANALYSES

Comparison 1. Terlipressin versus other vasoactive drugs

Statistical method

Effect size

Risk Ratio (M-H, Random, 95% Cl)

0.96 [0.88, 1.06]

Risk Ratio (M-H, Random, 95% Cl)

0.92[0.63, 1.36]

Risk Ratio (M-H, Random, 95% Cl)

0.97 [0.88, 1.07]

Risk Ratio (M-H, Random, 95% Cl)

0.96 [0.88, 1.06]

Risk Ratio (M-H, Random, 95% Cl)

0.98[0.88, 1.08]

Risk Ratio (M-H, Random, 95% Cl)

0.71[0.40, 1.28]

Risk Ratio (M-H, Random, 95% Cl)

0.75[0.32,1.77]

Risk Ratio (M-H, Random, 95% Cl)

0.97[0.77,1.22]

Risk Ratio (M-H, Random, 95% Cl)

0.96 [0.88, 1.06]

Risk Ratio (M-H, Random, 95% Cl)

0.96 [0.87, 1.06]

Risk Ratio (M-H, Random, 95% Cl)

0.95[0.68, 1.33]

Outcome or subgroup title No. of studies No. of partici-
pants

1 Mortality: bias control 10 474

1.1 Low risk of bias 2 94

1.2 High risk of bias 8 380

2 Mortality: type of vasoac- 10 474

tive drug

2.1 Noradrenaline 7 306

2.2 Midodrine/octreotide 1 48

2.3 Octreotide 1 40

2.4 Dopamine/furosemide 1 80

3 Mortality: type of hepatore- 10 474

nal syndrome

3.1 Type 1 hepatorenal syn- 9 375

drome

3.2 Type 2 hepatorenal syn- 3 99

drome

4 Mortality: publication sta- 10

tus

Risk Ratio (M-H, Random, 95% Cl)

Subtotals only
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

4.1 Full paper 8 374 Risk Ratio (M-H, Random, 95% Cl) 0.97[0.83, 1.14]
4.2 Abstract 2 100 Risk Ratio (M-H, Random, 95% Cl) 0.96 [0.86, 1.08]
5 Hepatorenal syndrome: 9 394 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.63,0.99]
type of vasoactive drug

5.1 Noradrenaline 7 306 Risk Ratio (M-H, Random, 95% Cl) 0.96 [0.76,1.21]
5.2 Midodrine/octreotide 1 48 Risk Ratio (M-H, Random, 95% Cl) 0.47[0.30, 0.72]
5.3 Octreotide 1 40 Risk Ratio (M-H, Random, 95% Cl) 0.56 [0.33, 0.96]
6 Hepatorenal syndrome: 9 394 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.63, 0.98]
type hepatorenal syndrome

6.1 Type 1 hepatorenal syn- 8 335 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.62, 1.01]
drome

6.2 Type 2 hepatorenal syn- 2 59 Risk Ratio (M-H, Random, 95% Cl) 0.86[0.36, 2.10]
drome

7 Hepatorenal syndrome: 9 394 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.63, 0.98]
publication status

7.1 Full paper articles 7 294 Risk Ratio (M-H, Random, 95% Cl) 0.82[0.63, 1.06]
7.2 Abstracts 2 100 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.44,1.17]
8 Serious adverse events, 10 474 Risk Ratio (M-H, Random, 95% Cl) 0.96 [0.88, 1.06]
type of vasoactive drug

8.1 Noradrenaline 7 306 Risk Ratio (M-H, Random, 95% Cl) 0.98[0.88, 1.08]
8.2 Midodrine/octreotide 1 48 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.42,1.23]
8.3 Octreotide 1 40 Risk Ratio (M-H, Random, 95% Cl) 0.75[0.32,1.77]
8.4 Dopamine/furosemide 1 80 Risk Ratio (M-H, Random, 95% Cl) 0.97[0.77, 1.22]
9 Serious adverse events, 10 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
type of event

9.1 Death 10 474 Risk Ratio (M-H, Random, 95% Cl) 0.96 [0.88, 1.06]
9.2 Major cardiovascular 7 323 Risk Ratio (M-H, Random, 95% Cl) 0.88[0.13, 5.98]
events

10 Non-serious adverse 6 301 Risk Ratio (M-H, Random, 95% Cl) 1.82[1.00, 3.31]
events

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

event: types
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
11.1 Diarrhoea or abdominal 5 221 Risk Ratio (M-H, Random, 95% Cl) 3.50[1.19,10.27]

pain, or both

11.2 Peripheral cyanosis 2 92 Risk Ratio (M-H, Random, 95% Cl) 3.0[0.32,27.83]
11.3 Minor cardiovascular 6 301 Risk Ratio (M-H, Random, 95% Cl) 0.84[0.37,1.93]
events

Analysis 1.1. Comparison 1 Terlipressin versus other vasoactive drugs, Outcome 1 Mortality: bias control.

Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Low risk of bias ‘
Cavallin 2016 11/27 12/21 —’+ 2.54% 0.71[0.4,1.28]
Singh 2012 16/23 15/23 + 5.4% 1.07[0.71,1.6]
Subtotal (95% ClI) 50 44 ‘ 7.94% 0.92[0.63,1.36]
Total events: 27 (Terlipressin), 27 (Other drugs)
Heterogeneity: Tau?=0.02; Chi*=1.29, df=1(P=0.26); 1>=22.63%
Test for overall effect: Z=0.41(P=0.68)
1.1.2 High risk of bias
Alessandria 2007 4/12 3/10 L — 0.57% 1.11[0.32,3.84]
Badawy 2013 12/26 13/25 —h— 2.79% 0.89[0.51,1.55]
Copaci 2013 6/20 8/20 —t 1.19% 0.75[0.32,1.77]
Ghosh 2013 9/23 8/23 —— 1.53% 1.13[0.53,2.4]
Goyal 2016 11/20 11/21 —t 2.71% 1.05[0.59,1.85]
Indrabi 2013 28/30 29/30 . 64.55% 0.97[0.86,1.08]
Sharma 2008 9/20 9/20 — 1.86% 1[0.5,1.98]
Srivastava 2015 31/40 32/40 -+ 16.87% 0.97[0.77,1.22]
Subtotal (95% ClI) 191 189 92.06% 0.97[0.88,1.07]
Total events: 110 (Terlipressin), 113 (Other drugs)
Heterogeneity: Tau?=0; Chi*=0.72, df=7(P=1); I>=0%
Test for overall effect: Z=0.68(P=0.5)
Total (95% Cl) 241 233 { 100% 0.96[0.88,1.06]
Total events: 137 (Terlipressin), 140 (Other drugs)
Heterogeneity: Tau?=0; Chi?=2.03, df=9(P=0.99); 1>=0%
Test for overall effect: Z=0.76(P=0.45)
Test for subgroup differences: Chi*=0.05, df=1 (P=0.82), 1>=0%

: ‘ 1 1‘0 :

Favours terlipressin 001 0.1

100 Favours other drugs
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Analysis 1.2. Comparison 1 Terlipressin versus other
vasoactive drugs, Outcome 2 Mortality: type of vasoactive drug.

Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.2.1 Noradrenaline
Alessandria 2007 4/12 3/10 —_— 0.57% 1.11[0.32,3.84]
Badawy 2013 12/26 13/25 —— 2.79% 0.89[0.51,1.55]
Ghosh 2013 9/23 8/23 — 1.53% 1.13[0.53,2.4]
Goyal 2016 11/20 11/21 —t 2.71% 1.05[0.59,1.85]
Indrabi 2013 28/30 29/30 . 64.55% 0.97[0.86,1.08]
Sharma 2008 9/20 9/20 — 1.86% 1[0.5,1.98]
Singh 2012 16/23 15/23 - 5.4% 1.07[0.71,1.6]
Subtotal (95% Cl) 154 152 { 79.4% 0.98[0.88,1.08]
Total events: 89 (Terlipressin), 88 (Other drugs)
Heterogeneity: Tau?=0; Chi*=0.85, df=6(P=0.99); 1>=0%
Test for overall effect: Z=0.44(P=0.66)
1.2.2 Midodrine/octreotide
Cavallin 2016 11/27 12/21 — 2.54% 0.71[0.4,1.28]
Subtotal (95% Cl) 27 21 g 2.54% 0.71[0.4,1.28]
Total events: 11 (Terlipressin), 12 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=1.13(P=0.26)
1.2.3 Octreotide
Copaci 2013 6/20 8/20 —t 1.19% 0.75[0.32,1.77]
Subtotal (95% Cl) 20 20 - 1.19% 0.75[0.32,1.77]
Total events: 6 (Terlipressin), 8 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=0.66(P=0.51)
1.2.4 Dopamine/furosemide
Srivastava 2015 31/40 32/40 -+ 16.87% 0.97[0.77,1.22]
Subtotal (95% Cl) 40 40 ¢ 16.87% 0.97[0.77,1.22]
Total events: 31 (Terlipressin), 32 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=0.27(P=0.78)
Total (95% CI) 241 233 [ 100% 0.96[0.88,1.06]
Total events: 137 (Terlipressin), 140 (Other drugs)
Heterogeneity: Tau?=0; Chi?=2.03, df=9(P=0.99); 1>=0%
Test for overall effect: Z=0.76(P=0.45)
Test for subgroup differences: Chi*=1.41, df=1 (P=0.7), I*=0% ‘ ‘ ‘ ‘
Favours terlipressin ~ 0-01 0.1 1 10 100 Favours other drugs
Analysis 1.3. Comparison 1 Terlipressin versus other vasoactive
drugs, Outcome 3 Mortality: type of hepatorenal syndrome.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

1.3.1 Type 1 hepatorenal syndrome

Favours terlipressin

0.01

0.1

10

100

Favours other drugs
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Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

Alessandria 2007 1/5 2/4 —_—t—T 0.21% 0.4[0.05,2.98]
Badawy 2013 12/26 13/25 —— 2.73% 0.89[0.51,1.55]
Cavallin 2016 11/27 12/21 — 2.5% 0.71[0.4,1.28]
Copaci 2013 6/20 8/20 —t 1.17% 0.75[0.32,1.77]
Goyal 2016 11/20 11/21 —t 2.66% 1.05[0.59,1.85]
Indrabi 2013 28/30 29/30 = 63.35% 0.97[0.86,1.08]
Sharma 2008 9/20 9/20 — 1.83% 1[0.5,1.98]
Singh 2012 16/23 15/23 - 5.3% 1.07[0.71,1.6]
Srivastava 2015 17/20 17/20 -+ 12.67% 1[0.77,1.3]
Subtotal (95% Cl) 191 184 ¢ 92.41% 0.96[0.87,1.06]

Total events: 111 (Terlipressin), 116 (Other drugs)
Heterogeneity: Tau?=0; Chi*=3.07, df=8(P=0.93); 1>=0%
Test for overall effect: Z=0.76(P=0.45)

1.3.2 Type 2 hepatorenal syndrome

Alessandria 2007 3/7 1/6 e 0.22% 2.57[0.35,18.68]
Ghosh 2013 8/23 9/23 — 1.5% 0.89[0.42,1.89]
Srivastava 2015 14/20 15/20 —+ 5.87% 0.93[0.64,1.37]
Subtotal (95% Cl) 50 49 7.59% 0.95[0.68,1.33]
Total events: 25 (Terlipressin), 25 (Other drugs)
Heterogeneity: Tau?=0; Chi*=1.05, df=2(P=0.59); 1>=0%
Test for overall effect: Z=0.29(P=0.77)
Total (95% CI) 241 233 { 100% 0.96[0.88,1.06]
Total events: 136 (Terlipressin), 141 (Other drugs)
Heterogeneity: Tau?=0; Chi*=3.83, df=11(P=0.97); 1>=0%
Test for overall effect: Z=0.81(P=0.42)
Test for subgroup differences: Chi?=0, df=1 (P=0.95), I*=0% ‘ ‘ ‘ ‘

Favours terlipressin ~ 0-01 0.1 1 10 100 Favours other drugs

Analysis 1.4. Comparison 1 Terlipressin versus other vasoactive drugs, Outcome 4 Mortality: publication status.

Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 Full paper
Alessandria 2007 4/12 3/10 e L— 1.66% 1.11[0.32,3.84]
Badawy 2013 12/26 13/25 —h— 8.13% 0.89[0.51,1.55]
Cavallin 2016 11/27 12/21 — 7.42% 0.71[0.4,1.28]
Ghosh 2013 9/23 8/23 —— 4.46% 1.13[0.53,2.4]
Goyal 2016 11/20 11/21 —— 7.9% 1.05[0.59,1.85]
Sharma 2008 9/20 9/20 — 5.44% 1[0.5,1.98]
Singh 2012 16/23 15/23 -+ 15.75% 1.07[0.71,1.6]
Srivastava 2015 31/40 32/40 ! 49.23% 0.97[0.77,1.22]
Subtotal (95% Cl) 191 183 * 100% 0.97[0.83,1.14]
Total events: 103 (Terlipressin), 103 (Other drugs) ‘
Heterogeneity: Tau?=0; Chi*=1.65, df=7(P=0.98); 1>=0% ‘
Test for overall effect: Z=0.36(P=0.72) ‘
1.4.2 Abstract
Favours terlipressin ~ 0-01 0.1 1 10 100 Favours other drugs
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Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Copaci 2013 6/20 8/20 —’-‘— 1.81% 0.75[0.32,1.77]
Indrabi 2013 28/30 29/30 . 98.19% 0.97[0.86,1.08]
Subtotal (95% Cl) 50 50 * 100% 0.96[0.86,1.08]
Total events: 34 (Terlipressin), 37 (Other drugs) ‘
Heterogeneity: Tau?=0; Chi?=0.91, df=1(P=0.34); 1>=0% ‘
Test for overall effect: Z=0.67(P=0.5) ‘
Test for subgroup differences: Chi*=0.01, df=1 (P=0.92), 1>=0% ‘ ‘ ‘ ‘
Favours terlipressin 0.1 1 10 100 Favours other drugs
Analysis 1.5. Comparison 1 Terlipressin versus other vasoactive
drugs, Outcome 5 Hepatorenal syndrome: type of vasoactive drug.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 Noradrenaline
Alessandria 2007 2/12 3/10 e s 1.99% 0.56[0.11,2.7]
Badawy 2013 14/26 15/25 —— 15% 0.9[0.56,1.45]
Ghosh 2013 6/23 6/23 —t 4.89% 1[0.38,2.65]
Goyal 2016 10/20 11/21 — 10.93% 0.95[0.52,1.74]
Indrabi 2013 13/30 14/30 — 12.06% 0.93[0.53,1.63]
Sharma 2008 10/20 10/20 —t 10.37% 1[0.54,1.86]
Singh 2012 14/23 13/23 -+ 14.71% 1.08[0.66,1.75]
Subtotal (95% Cl) 154 152 * 69.94% 0.96[0.76,1.21]
Total events: 69 (Terlipressin), 72 (Other drugs)
Heterogeneity: Tau?=0; Chi*=0.79, df=6(P=0.99); 1>=0%
Test for overall effect: Z=0.34(P=0.73)
1.5.2 Midodrine/octreotide
Cavallin 2016 12/27 20/21 —— 17.07% 0.47[0.3,0.72]
Subtotal (95% Cl) 27 21 L 2 17.07% 0.47[0.3,0.72]
Total events: 12 (Terlipressin), 20 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=3.45(P=0)
1.5.3 Octreotide
Copaci2013 9/20 16/20 —+ 12.99% 0.56[0.33,0.96]
Subtotal (95% Cl) 20 20 L 2 12.99% 0.56[0.33,0.96]
Total events: 9 (Terlipressin), 16 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=2.12(P=0.03)
Total (95% Cl) 201 193 < 100% 0.79[0.63,0.99]
Total events: 90 (Terlipressin), 108 (Other drugs)
Heterogeneity: Tau?=0.03; Chi?>=10.8, df=8(P=0.21); 1>=25.96%
Test for overall effect: Z=2.03(P=0.04)
Test for subgroup differences: Chi?=9.96, df=1 (P=0.01), 1>=79.92%
Favours terlipressin 0.1 1 10 100 Favours other drugs
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Analysis 1.6. Comparison 1 Terlipressin versus other vasoactive
drugs, Outcome 6 Hepatorenal syndrome: type hepatorenal syndrome.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.6.1 Type 1 hepatorenal syndrome
Alessandria 2007 1/5 1/4 — 0.78% 0.8[0.07,9.18]
Badawy 2013 14/26 15/25 —— 15.23% 0.9[0.56,1.45]
Cavallin 2016 12/27 20/21 —— 17.62% 0.47[0.3,0.72]
Copaci 2013 9/20 16/20 — 12.98% 0.56[0.33,0.96]
Goyal 2016 10/20 11/21 — 10.75% 0.95[0.52,1.74]
Indrabi 2013 13/30 14/30 — 11.96% 0.93[0.53,1.63]
Sharma 2008 10/20 10/20 — 10.15% 1[0.54,1.86]
Singh 2012 14/23 13/23 — 14.9% 1.08[0.66,1.75]
Subtotal (95% Cl) 171 164 L 94.39% 0.79[0.62,1.01]
Total events: 83 (Terlipressin), 100 (Other drugs)
Heterogeneity: Tau?=0.04; Chi*=10.37, df=7(P=0.17); 1*=32.49%
Test for overall effect: Z=1.9(P=0.06)
1.6.2 Type 2 hepatorenal syndrome
Alessandria 2007 1/7 2/6 —_—tT 1.02% 0.43[0.05,3.64]
Ghosh 2013 6/23 6/23 e m— 4.6% 1[0.38,2.65]
Subtotal (95% Cl) 30 29 - 5.61% 0.86[0.36,2.1]
Total events: 7 (Terlipressin), 8 (Other drugs)
Heterogeneity: Tau?=0; Chi*=0.5, df=1(P=0.48); 1>=0%
Test for overall effect: Z=0.32(P=0.75)
Total (95% CI) 201 193 ¢ 100% 0.79[0.63,0.98]
Total events: 90 (Terlipressin), 108 (Other drugs)
Heterogeneity: Tau?=0.02; Chi?=10.93, df=9(P=0.28); 1*=17.64%
Test for overall effect: Z=2.15(P=0.03)
Test for subgroup differences: Chi*=0.04, df=1 (P=0.84), 1>=0% ‘ ‘ ‘ ‘
Favours terlipressin ~ 0-01 0.1 1 10 100 Favours other drugs
Analysis 1.7. Comparison 1 Terlipressin versus other vasoactive
drugs, Outcome 7 Hepatorenal syndrome: publication status.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 Full paper articles
Alessandria 2007 1/5 1/4 — % 0.78% 0.8[0.07,9.18]
Alessandria 2007 1/7 2/6 B 1.02% 0.43[0.05,3.64]
Badawy 2013 14/26 15/25 —— 15.23% 0.9[0.56,1.45]
Cavallin 2016 12/27 20/21 —— 17.62% 0.47[0.3,0.72]
Ghosh 2013 6/23 6/23 —t 4.6% 1[0.38,2.65]
Goyal 2016 10/20 11/21 — 10.75% 0.95[0.52,1.74]
Sharma 2008 10/20 10/20 —t 10.15% 1[0.54,1.86]
Singh 2012 14/23 13/23 -+ 14.9% 1.08[0.66,1.75]
Subtotal (95% Cl) 151 143 < 75.05% 0.82[0.63,1.06]
Total events: 68 (Terlipressin), 78 (Other drugs)
Heterogeneity: Tau?=0.03; Chi?=9.03, df=7(P=0.25); 1>=22.49%
Test for overall effect: Z=1.5(P=0.13)
6.01 011 1 1‘0 10(;
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Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.7.2 Abstracts
Copaci 2013 9/20 16/20 — 12.98% 0.56[0.33,0.96]
Indrabi 2013 13/30 14/30 — 11.96% 0.93[0.53,1.63]
Subtotal (95% Cl) 50 50 L 2 24.95% 0.72[0.44,1.17]
Total events: 22 (Terlipressin), 30 (Other drugs)
Heterogeneity: Tau?=0.05; Chi*=1.64, df=1(P=0.2); 1*=38.94%
Test for overall effect: Z=1.32(P=0.19)
Total (95% CI) 201 193 ¢ 100% 0.79[0.63,0.98]
Total events: 90 (Terlipressin), 108 (Other drugs)
Heterogeneity: Tau?=0.02; Chi?*=10.93, df=9(P=0.28); 1*=17.64%
Test for overall effect: Z=2.15(P=0.03)
Test for subgroup differences: Chi*=0.21, df=1 (P=0.65), 1>=0% ‘ ‘ ‘ ‘
Favours terlipressin ~ 0-01 0.1 1 10 100 Favours other drugs
Analysis 1.8. Comparison 1 Terlipressin versus other vasoactive
drugs, Outcome 8 Serious adverse events, type of vasoactive drug.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.8.1 Noradrenaline
Alessandria 2007 4/12 3/10 e — 0.56% 1.11[0.32,3.84]
Badawy 2013 12/26 13/25 —h— 2.76% 0.89[0.51,1.55]
Ghosh 2013 9/23 8/23 T 1.51% 1.13[0.53,2.4]
Goyal 2016 11/20 11/21 — 2.68% 1.05[0.59,1.85]
Indrabi 2013 28/30 29/30 - 63.98% 0.97[0.86,1.08]
Sharma 2008 10/20 10/20 —+— 2.26% 1[0.54,1.86]
Singh 2012 16/23 15/23 + 5.35% 1.07[0.71,1.6]
Subtotal (95% Cl) 154 152 * 79.11% 0.98[0.88,1.08]
Total events: 90 (Terlipressin), 89 (Other drugs) ‘
Heterogeneity: Tau?=0; Chi*=0.85, df=6(P=0.99); 1>=0% ‘
Test for overall effect: Z=0.44(P=0.66) ‘
1.8.2 Midodrine/octreotide
Cavallin 2016 12/27 13/21 —+ 2.99% 0.72[0.42,1.23]
Subtotal (95% Cl) 27 21 ‘ 2.99% 0.72[0.42,1.23]
Total events: 12 (Terlipressin), 13 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=1.21(P=0.23)
1.8.3 Octreotide
Copaci 2013 6/20 8/20 — 1.18% 0.75[0.32,1.77]
Subtotal (95% CI) 20 20 P 1.18% 0.75[0.32,1.77]

Total events: 6 (Terlipressin), 8 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=0.66(P=0.51)

1.8.4 Dopamine/furosemide
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Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Srivastava 2015 31/40 32/40 + 16.72% 0.97[0.77,1.22]
Subtotal (95% Cl) 40 40 ‘ 16.72% 0.97[0.77,1.22]
Total events: 31 (Terlipressin), 32 (Other drugs)
Heterogeneity: Not applicable
Test for overall effect: Z=0.27(P=0.78)
Total (95% CI) 241 233 [ 100% 0.96[0.88,1.06]
Total events: 139 (Terlipressin), 142 (Other drugs)
Heterogeneity: Tau?=0; Chi?=2.17, df=9(P=0.99); 1>=0%
Test for overall effect: Z=0.78(P=0.43)
Test for subgroup differences: Chi*=1.54, df=1 (P=0.67), 1>=0% ‘ ‘ ‘ ‘

Favours terlipressin ~ 0-01 0.1 1 10 100 Favours other drugs
Analysis 1.9. Comparison 1 Terlipressin versus other vasoactive

drugs, Outcome 9 Serious adverse events, type of event.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.9.1 Death
Alessandria 2007 4/12 3/10 e — 0.57% 1.11[0.32,3.84]
Badawy 2013 12/26 13/25 —h— 2.79% 0.89[0.51,1.55]
Cavallin 2016 11/27 12/21 — 2.54% 0.71[0.4,1.28]
Copaci2013 6/20 8/20 — 1.19% 0.75[0.32,1.77]
Ghosh 2013 9/23 8/23 T 1.53% 1.13[0.53,2.4]
Goyal 2016 11/20 11/21 —1 2.71% 1.05[0.59,1.85]
Indrabi 2013 28/30 29/30 . 64.55% 0.97[0.86,1.08]
Sharma 2008 9/20 9/20 — 1.86% 1[0.5,1.98]
Singh 2012 16/23 15/23 -+ 5.4% 1.07[0.71,1.6]
Srivastava 2015 31/40 32/40 -+ 16.87% 0.97[0.77,1.22]
Subtotal (95% CI) 241 233 { 100% 0.96[0.88,1.06]
Total events: 137 (Terlipressin), 140 (Other drugs)
Heterogeneity: Tau?=0; Chi*=2.03, df=9(P=0.99); 1>=0%
Test for overall effect: Z=0.76(P=0.45)
1.9.2 Major cardiovascular events
Alessandria 2007 0/12 0/10 Not estimable
Cavallin 2016 1/27 1/21 L 49.8% 0.78[0.05,11.72]
Ghosh 2013 0/23 0/23 Not estimable
Goyal 2016 0/20 0/21 Not estimable
Sharma 2008 1/20 1/20 L 50.2% 1[0.07,14.9]
Singh 2012 0/23 0/23 Not estimable
Srivastava 2015 0/40 0/40 Not estimable
Subtotal (95% CI) 165 158 e 100% 0.88[0.13,5.98]
Total events: 2 (Terlipressin), 2 (Other drugs)
Heterogeneity: Tau?=0; Chi*=0.02, df=1(P=0.9); 1>=0%
Test for overall effect: Z=0.13(P=0.9)
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Analysis 1.10. Comparison 1 Terlipressin versus other vasoactive drugs, Outcome 10 Non-serious adverse events.

Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Cavallin 2016 6/27 4/21 — 28.26% 1.17[0.38,3.61]
Ghosh 2013 4/23 1/23 . — 8.07% 4[0.48,33.12]
Goyal 2016 4/20 3/21 — T 19.32% 1.4[0.36,5.49]
Sharma 2008 5/20 2/20 —T— 15.64% 2.5[0.55,11.41]
Singh 2012 5/23 2/23 I e S— 15.31% 2.5[0.54,11.6]
Srivastava 2015 4/40 2/40 —_— 13.4% 2[0.39,10.31]
Total (95% CI) 153 148 N 100% 1.82[1,3.31]
Total events: 28 (Terlipressin), 14 (Other drugs)
Heterogeneity: Tau?=0; Chi*=1.63, df=5(P=0.9); I>=0%
Test for overall effect: Z=1.95(P=0.05) ‘ ‘ ‘ ‘
Favours terlipressin  0-01 0.1 1 10 100 Favours other drugs
Analysis 1.11. Comparison 1 Terlipressin versus other
vasoactive drugs, Outcome 11 Non-serious adverse event: types.
Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.11.1 Diarrhoea or abdominal pain, or both
Cavallin 2016 4/27 2/21 — 45.47% 1.56[0.31,7.69]
Ghosh 2013 2/23 0/23 + 13.06% 5[0.25,98.75]
Goyal 2016 2/20 0/21 13.11% 5.24[0.27,102.81]
Sharma 2008 4/20 0/20 + 14.22% 9[0.52,156.91]
Singh 2012 4/23 0/23 + 14.14% 9[0.51,158.17]
Subtotal (95% CI) 113 108 e 100% 3.5[1.19,10.27]
Total events: 16 (Terlipressin), 2 (Other drugs)
Heterogeneity: Tau?=0; Chi?=2.05, df=4(P=0.73); 1>=0%
Test for overall effect: Z=2.28(P=0.02)
1.11.2 Peripheral cyanosis
Ghosh 2013 1/23 0/23 L 50% 3[0.13,70.02]
Singh 2012 1/23 0/23 L 50% 3[0.13,70.02]
Subtotal (95% ClI) 46 46 —— 100% 3[0.32,27.83]
Total events: 2 (Terlipressin), 0 (Other drugs)
Heterogeneity: Tau?=0; Chi?=0, df=1(P=1); 1*=0%
Test for overall effect: Z=0.97(P=0.33)
1.11.3 Minor cardiovascular events
Cavallin 2016 2/27 2/21 I E— 19.7% 0.78[0.12,5.07]
Ghosh 2013 1/23 1/23 9.43% 1[0.07,15.04]
Goyal 2016 2/20 3/21 e — 24.51% 0.7[0.13,3.76]
Sharma 2008 0/20 2/20 + 7.83% 0.2[0.01,3.92]
Singh 2012 1/23 2/23 e E— 12.76% 0.5[0.05,5.14]
Srivastava 2015 4/40 2/40 e 25.77% 2[0.39,10.31]
Subtotal (95% CI) 153 148 - 100% 0.84[0.37,1.93]
Total events: 10 (Terlipressin), 12 (Other drugs)
Heterogeneity: Tau?=0; Chi?=2.23, df=5(P=0.82); 1>=0%
Test for overall effect: Z=0.41(P=0.68)
‘0401 011 1 fo 100‘
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Study or subgroup Terlipressin Other drugs Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Test for subgroup differences: Chi*=4.59, df=1 (P=0.1), 1>=56.43%

Favours terlipressin 0.01 0.1 1 10 100 Favours other drugs
APPENDICES
Appendix 1. Search strategies
Database Time span Search strategy No of hits
The Cochrane He- November 2016. (terlipressin* OR glypressin* OR vasoconstric*) AND hepatore- 31
pato-Biliary Group nal syndrom*
Controlled Trials
Register
The Cochrane Cen- 2016, Issue 11. #1 MeSH descriptor: [Vasoconstrictor Agents] explode all trees 35
tral Register of Con-
trolled Trials (CEN- #2 terlipressin* or glypressin* or vasoconstric*
TRAL)
#3#1lor#2
#4 MeSH descriptor: [Hepatorenal Syndrome] explode all trees
#5 hepatorenal syndrom*
#6 #4 or #5
#7 #3 and #6
MEDLINE Ovid 1946 to November 1. exp Vasoconstrictor Agents/ 59
2016.
2. (terlipressin* or glypressin* or vasoconstric*).mp. [mp=title,
original title, abstract, name of substance word, subject head-
ing word]
3.1or2
4. exp Hepatorenal Syndrome/
5. hepatorenal syndrom*.mp. [mp=title, original title, abstract,
name of substance word, subject heading word]
6.40r5
7.6and 3
8. (random* or blind* or placebo* or meta-analysis).mp. [mp=ti-
tle, original title, abstract, name of substance word, subject
heading word]
9.8and7
Embase Ovid 1974 to November 1. exp Terlipressin/ 204
2016.
2. exp Vasoconstrictor Agent/
Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 49
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(Continued)
3. (terlipressin* or glypressin* or vasoconstric*).mp. [mp=title,
abstract, subject headings, heading word, drug trade name,
original title, device manufacturer, drug manufacturer name]

4.1or3o0r2
5. exp Hepatorenal Syndrome/

6. hepatorenal syndrom*.mp. [mp-=title, abstract, subject head-
ings, heading word, drug trade name, original title, device man-
ufacturer, drug manufacturer name]

7.60r5

8.4and 7

9. (random* or blind* or placebo* or meta-analysis).mp. [mp=ti-
tle, abstract, subject headings, heading word, drug trade name,

original title, device manufacturer, drug manufacturer name]

10.8and 9

Science Citation In- 1900 to November #5 #4 AND #3 118
dex Expanded (Web  2016.
of Science) #4 TS=(random* or blind* or placebo* or meta-analysis)

#3 #1 AND #2

#2 TS=(hepatorenal syndrom*)

#1 TS=(terlipressin* or glypressin* or vasoconstric*)

Appendix 2. Diagnostic criteria of hepatorenal syndrome (Arroyo 1996)

Diagnostic criteria described in Arroyo 1996.

Major criteria

Chronic or acute liver disease with advanced hepatic failure and portal hypertension.

Low glomerular filtration rate, as indicated by serum creatinine of greater than 133 mmol/L (1.5 mg/dL) or 24-hour creatinine clearance
less than 40 mL/minute.

Absence of shock, ongoing bacterial infection, and current or recent treatment with nephrotoxic drugs. Absence of gastrointestinal fluid
losses (repeated vomiting or intense diarrhoea) or renal fluid losses (weight loss greater than 500 g/day for several days in people with
ascites without peripheral oedema or 1000 g/day in people with peripheral oedema).

No sustained improvement in renal function (decrease in serum creatinine to 1.5 mg/dL or less or increase in creatinine clearance to 40
mL/minute or more) following diuretic withdrawal and expansion of plasma volume with 1.5 L of isotonic saline.

Proteinuria less than 500 mg/dL and no ultrasonographic evidence of obstructive uropathy or parenchymal renal disease.

Additional criteria

Urine volume less than 500 mL/day.

Urine sodium less than 10 mEq/L.

Urine osmolality greater than plasma osmolality.
Urine red blood cells less than 50 per high power field.
Serum sodium concentration less than 130 mEq/L.

Appendix 3. Diagnostic criteria of hepatorenal syndrome (Salerno 2007)

Diagnostic criteria described in Salerno 2007.

Cirrhosis with ascites.

Terlipressin versus other vasoactive drugs for hepatorenal syndrome (Review) 50
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« Serum creatinine greater than 133 mmol/L (1.5 mg/dL).

« No improvement of serum creatinine (decrease to a level of 133 mmol/L or less after at least two days with diuretic withdrawal and
volume expansion with albumin. The recommended dose of albumin 1 g/kg of bodyweight per day up to a maximum of 100 g/day.

« Absence of shock.

Cochrane Database of Systematic Reviews

« No current or recent treatment with nephrotoxic drugs.

« Absence of parenchymal kidney disease as indicated by proteinuria greater than 500 mg/day, microhaematuria (more than 50 red blood
cells per high power field) and abnormal renal ultrasonography.

Appendix 4. Diagnostic criteria of hepatorenal syndrome type of acute kidney injury in people with cirrhosis

Diagnostic criteria described in Angeli 2015.

« Diagnosis of cirrhosis and ascites.

« Diagnosis of acute kidney injury according to the International Ascites Club-Acute Kidney Injury criteria (see below).

« No response after two consecutive days of diuretic withdrawal and plasma volume expansion with albumin 1 g/kg of bodyweight.

« Absence of shock.

« Nocurrentorrecent use of nephrotoxic drugs (non-steroidal anti-inflammatory drugs, aminoglycosides, iodinated contrast media, etc.).

« No macroscopic signs of structural kidney injury, defined as: absence of proteinuria (greater than 500 mg/day), absence of
microhaematuria (more than 50 red blood cells per high power field), normal findings on renal ultrasonography.

Definition of acute kidney injury according to the International Ascites Club-Acute Kidney Injury criteria

Increase in serum creatinine of 0.3 mg/dL or greater (26.5 umol/L or greater) within 48 hours; or a percentage increase serum creatinine of
50% or greater from baseline which is known, or presumed, to have occurred within the prior seven days.

Staging of acute
kidney injury

Stage 1 Stage 2 Stage 3

Increase of serum creatinine > 3-fold from
baseline or serum creatinine 2 4.0 mg/dL (=
353.6 umol/L) with an acute increase = 0.3
mg/dL (= 26.5 pmol/L) or initiation of renal
replacement therapy.

Increase in serum crea-
tinine > 2-fold to 3-fold
from baseline.

- Increase in serum creatinine = 0.3
mg/dL (= 26.5 pmol/L) or an in-
crease in serum creatinine = 1.5-
fold to 2-fold from baseline.

Progression of
acute kidney in-
jury

Progression - Regression

Progression of acute kidney injury
to a higher stage or need for renal
replacement therapy, or both.

Regression of acute kidney injury to a low-
er stage.

Response to treat-
ment

No response

Partial response

Full response

No regression of acute kidney in-
jury.

Regression of acute kid-
ney injury stage with a re-
duction of serum crea-
tinineto =20.3 mg/dL (=
26.5 umol/L) above base-
line value.

Return of serum creatinine to within 0.3
mg/dL (26.5 umol/L) of baseline value.

Baseline serum creatinine: a value of serum creatinine obtained in the previous three months, when available, can be used as baseline
serum creatinine. In people with more than one value within the previous three months, the value closest to the admission time to the
hospital should be used In people without a previous serum creatinine value, the serum creatinine on admission should be used as
baseline.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

« The review author's team expanded with four more people.

« We changed the inclusion criteria from including "participants with hepatorenal syndrome" to including "people with cirrhosis and
type 1 ortype 2 hepatorenal syndrome." Cirrhosis has been mandatory in the diagnostic criteria of hepatorenal syndrome since Salerno
2007. All randomised clinical trials included in this review that used the former diagnostic criteria by Arroyo 1996 included participants
only diagnosed with cirrhosis.

« Regarding all outcome assessments, we changed the follow-up from "end of treatment and at maximum follow-up" to "maximum
duration of follow-up". Due to the severe prognosis of hepatorenal syndrome, the treatment is usually ended at reversal of hepatorenal
syndrome or death. We choose to leave out the assessments at end of treatment because our primary outcomes included reversal of
hepatorenal syndrome and all-cause mortality.

« We did not assess "death from renal failure," a secondary outcome in the protocol. Hepatorenal syndrome occurs in people with end-
stage liver disease and it is usually not possible to point to a single cause that leads to death. This is reflected in randomised clinical
trials on hepatorenal syndrome that do not usually report the cause of death.

« We updated the parameters for the Trial Sequential Analyses according to latest findings (see Data synthesis).
INDEX TERMS

Medical Subject Headings (MeSH)

Antihypertensive Agents [adverse effects] [*therapeutic use]; Dopamine [therapeutic use]; Hepatorenal Syndrome [*drug therapy]
[mortality]; Lypressin [adverse effects] [*analogs & derivatives] [therapeutic use]; Midodrine [therapeutic use]; Norepinephrine
[therapeutic use]; Octreotide [therapeutic use]; Randomized Controlled Trials as Topic; Terlipressin; Vasoconstrictor Agents [adverse
effects] [*therapeutic use]

MeSH check words

Humans
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