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Abstract
Background and Aims: Refractory ascites represents a sig-
nificant complication of decompensated cirrhosis, associat-
ed with increased mortality rates. The aim of this meta-anal-
ysis was to evaluate whether response to treatment with 
tolvaptan is associated with improved overall survival in cir-
rhotic patients with refractory ascites. Methods: Medline, 
Scopus, Cochrane Central Register of Controlled Trials, Clini-
caltrials.gov, and Google Scholar databases were systemati-
cally searched from inception to April 11, 2019. All studies 
that assessed the overall survival of patients with ascites de-
pending on their response to tolvaptan were held eligible. 
Results: Nine studies were included, with a total of 736 pa-
tients with cirrhosis and ascites. Response to tolvaptan was 
estimated to be linked to significantly improved overall sur-
vival (hazard ratio [HR] 0.42, 95% CI [0.31–0.58]). Subgroup 
analysis indicated that the same outcome was present when 
tolvaptan responsiveness was defined either as effective 
body weight loss (HR 0.44, 95% CI [0.30–0.63] or as effective 

sodium restoration (HR 0.35, 95% CI [0.20–0.61]. Sensitivity 
analysis suggested that the presence of hepatocellular car-
cinoma, the sample size, and the quality of the studies did 
not significantly affect the overall result of the meta-analysis. 
Conclusions: The outcomes of the meta-analysis support 
the prognostic role of tolvaptan response in patients with 
cirrhosis and refractory ascites, as it was shown to lead to 
significantly improved overall survival. These findings should 
be confirmed by future large-scale studies, while efficient 
biomarkers should be identified in order to accurately pre-
dict response to tolvaptan and discriminate patients that 
would benefit from its administration. 

© 2019 S. Karger AG, Basel

Introduction

Ascites represents a major complication of decompen-
sated liver cirrhosis, associated with increased morbidity, 
poor quality of life, and adverse long-term outcomes [1]. 
The pathophysiology of ascites formation is multifacto-
rial and is based on the presence of hypoalbuminemia, 
portal hypertension, and splanchnic vasodilation [2]. 
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Subsequently, sympathetic nervous system and vasocon-
strictor factors, especially arginine-vasopressin and re-
nin-angiotensin-aldosterone axis are homeostatically ac-
tivated, leading to sodium retention and impaired free-
water excretion [3]. Conventional management mainly 
includes a salt-restricted diet in conjunction with the 
administration of loop diuretics and spironolactone [4]; 
however, refractory ascites develops in up to 10% of pa-
tients [5], as a consequence of a lack of response de-
spite intensive diuretic therapy or the inability to reach 
effective doses due to adverse effects, such as renal im-
pairment, electrolyte disturbances, and hepatic encepha-
lopathy [6].

Tolvaptan is a novel, nonpeptide, orally administered, 
selective vasopressin V2-receptor antagonist, which 
downregulates the expression of aquaporin-2 in the col-
lecting duct. It exerts its action by inhibiting water reab-
sorption, leading to aquaresis without affecting electro-
lyte excretion [7]. The main clinical indication of tolvap-
tan is the correction of euvolemic and hypervolemic 
hyponatremia [8], although growing evidence also sug-
gests its efficacy in the management of fluid retention in 
the setting of acute heart failure [9] and cardiac surgery 
[10], since it is able to improve congestive symptoms 
without compromising renal function. 

Recent research has proposed the promising role of 
tolvaptan as an add-on treatment in patients with hepatic 
ascites resistant to conventional diuretics, as it is able to 
decrease body weight, alleviate edema [6], and ameliorate 
long-term outcomes [11]. Nevertheless, its potency varies 
widely, since not all patients benefit the same from its ad-
ministration [12]. As a result, several observational stud-
ies have recently evaluated the clinical significance of 
tolvaptan responsiveness, although its exact value as a 
prognostic marker remains still controversial. The aim of 
the present meta-analysis is to accumulate current evi-
dence in the field and clarify whether response to tolvap-
tan treatment is associated with improved overall surviv-
al in liver cirrhotic patients with refractory ascites.

Materials and Methods

Study Design
The present meta-analysis was designed according to the Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines [13]. Selection criteria were predetermined. Specifical-
ly, studies were deemed eligible if they compared overall survival 
among liver cirrhotic patients with ascites characterized as tolvap-
tan responders and nonresponders. Study selection was performed 
in 3 consecutive stages. First, the titles and/or abstracts of all elec-
tronic articles were screened to assess their eligibility. The articles 

presumed to meet the selection criteria were retrieved as full-texts. 
Finally, all observational studies (both prospective and retrospec-
tive) that reported the outcome of interest were included. Case 
reports, small case series (< 10 patients), conference abstracts, re-
view articles, meta-analyses, and animal studies were excluded. 
Any discrepancies regarding retrieval of articles and/or statistical 
analyses were resolved by the consensus of all authors.

Literature Search and Data Collection
Literature search was primarily conducted using the Medline 

(1966–2019), Scopus (2004–2019), Cochrane Central Register of 
Controlled Trials (1999–2019), and Clinicaltrials.gov (2008–2019) 
databases. Google Scholar (2004–2019) database and the reference 
list of the included studies (“snowball” method) were also searched 
in order to identify potential eligible articles. The date of the last 
search was set at April 8, 2019. The search strategy included the 
following algorithm: “(tolvaptan OR vaptan OR [(adh OR avp OR 
vasopressin) AND antagonist]) AND (cirrhosis OR ascites OR he-
patic edema)” and is schematically presented in the Systematic Re-
views and Meta-Analyses flowchart (Fig. 1).

Investigated Indices
The extracted data from each study were planned to be the fol-

lowing: name of first author, year of publication, sample size, study 
design, inclusion and exclusion criteria, tolvaptan dose, concomi-
tant medications, definition to tolvaptan response, mean age, 
Child-Pugh score, proportion of patients with hepatitis C or hepa-
tocellular carcinoma, blood urea nitrogen, serum sodium, and al-
bumin levels. The outcome of interest was overall survival of cir-
rhotic patients with ascites depending on their response to the 
treatment with tolvaptan.

Quality Assessment 
The quality of all observational studies was judged with the Risk 

Of Bias In Non-randomized Studies (ROBINS-I) assessment tool 
[14], which investigates the potential presence of bias by evaluating 
studies on the grounds of confounding, selection, classification, 
deviation from intended intervention, missing data, measurement, 
and reporting of the outcomes. The tool was independently imple-
mented by 2 reviewers, while any disagreements were resolved 
through the consensus of all authors.

Statistical Analysis
The statistical meta-analysis was performed using the Review 

Manager 5.3 software (Copenhagen: The Nordic Cochrane Centre, 
The Cochrane Collaboration, 2011). Confidence intervals were set 
at 95%. The inconsistency index (I2) was used as a measure of in-
terstudy heterogeneity [15]. Hazard ratio (HR) was chosen as the 
most appropriate measure of the survival outcomes, as it takes into 
consideration both the number and the timing of events [16]. 
When HR was not reported, it was estimated by reconstructing the 
Kaplan-Meier curve, taking into account the minimum and maxi-
mum follow-up period [17] or the number of patients at risk dur-
ing particular time intervals [18]. A random effects model was im-
plemented to calculate pooled estimates of HR along with the 95% 
CI, due to the significant heterogeneity of the methodological 
characteristics of the included studies. 

Subgroup analysis was conducted based on the definition of 
tolvaptan response (body weight loss or sodium restoration). As 
sensitivity analysis, the effect of tolvaptan response on overall sur-
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vival was separately calculated for patients without hepatocellular 
carcinoma, as well as for studies with large sample size (> 80 pa-
tients) and low risk of bias, as assessed by the ROBINS-I tool. 
Moreover, leave-one-out analysis was performed in order to eval-
uate the influence of individual studies on the overall outcome. To 
achieve this, one study was sequentially omitted at a time and thus 
its contribution to the meta-analytic result was assessed.

Results

Included Studies
Nine studies [19–27] were included in the analysis, with 

a total of 736 patients. Among them, 451 patients present-
ed clinical response to tolvaptan therapy, while the rest 285 
were judged as nonresponders. The methodological char-
acteristics of the included studies (study design, eligibility 
criteria, tolvaptan dosage, concomitant medications, and 
definition of response) are described in Table 1. The anal-
ysis was based exclusively on cohort studies, with one of 
them presenting a prospective design. The presence of hy-
ponatremia was a prerequisite for 2 studies [22, 26], while 
cases with hepatocellular carcinoma were included in 7 

studies. The most common tolvaptan dose was 7.5 mg/day 
(range 3.5–30 mg/day). Conventional treatment included 
sodium restriction, administration of furosemide and spi-
ronolactone, albumin infusion, or the combination of the 
above. Tolvaptan response was defined as effective body 
weight loss in 7 studies, while in the rest 2 as effective so-
dium restoration [22, 26]. The patients’ baseline charac-
teristics (age, Child-Pugh score, presence of hepatitis C or 
hepatocellular carcinoma, blood urea nitrogen, serum so-
dium, and albumin) are presented in Table 2. No signifi-
cant differences were noted among the 2 groups concern-
ing the majority of the examined parameters.

Excluded Studies
Four studies [12, 28, 29, 30] were excluded after read-

ing the full text. Specifically, one of them did not directly 
compare the survival among tolvaptan responders and 
nonresponders [30], while 2 studies investigated predic-
tive factors of response to tolvaptan without evaluating its 
effect on overall survival rates [12, 29]. In addition, one 
study was excluded as a partial duplicate of another study 
already included in the analysis [28].
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Quality Assessment
The outcomes of ROBINS-I tool are presented in Ta-

ble 3. The overall bias was judged to be low in 5 studies 
and moderate in the rest 4. It should be noted that risk of 
bias mainly came from the domain of missing data, due 
to lack of firm evidence that no discrepancies of the fol-
low-up periods existed depending on tolvaptan response. 
Furthermore, confounding may have contributed to the 
overall bias in studies where nonresponders presented 
higher Child-Pugh scores or impaired renal function.

Outcomes
Response to tolvaptan treatment was associated with 

improved overall survival (HR 0.42, 95% CI [0.31–0.58], 
I2 = 39%). Subgroup analysis indicated that the same ef-
fect was present when response was defined as effective 
body weight loss (HR 0.44, 95% CI [0.30–0.63], I2 = 

48%) or as effective sodium restoration (HR 0.35, 95% 
CI [0.20–0.61], I2 = 0%; Fig. 2). More specifically, a sur-
vival benefit was observed when effective body weight 
loss was defined either as weight loss ≥1.5 kg within 1st 
week (HR 0.36, 95% CI [0.15–0.85], Ι2 = 78%) or as 
weight loss ≥2 kg within 1st week (HR 0.44, 95% CI 
[0.31–0.63], I2 = 0%). Sensitivity analysis revealed that 
tolvaptan response also lead to better overall survival 
when patients without hepatocellular carcinoma were 
separately examined (HR 0.25, 95% CI [0.11–0.55], 3 
studies). Moreover, the same outcome was evident in 
studies with large (> 80 patients) sample size (HR 0.37, 
95% CI [0.21–0.66], 4 studies), as well as in studies with 
low risk of bias (HR 0.38, 95% CI [0.25–0.57], 5 studies). 
Leave-one-out analysis suggested that the results remain 
stable, since the overall outcome was significantly af-
fected by no single study (Table 4).

Table 1. Study characteristics

Author, year Study
design

Inclusion criteria Exclusion criteria Tolvaptan dose Concomitant medications Response
definition

Kida [27],
2019

RC Hepatic ascites Hepatic malignancy 3.75 mg, increased to
7.5 mg/day if insufficient
effect on day 3

Sodium restriction,
albumin, furosemide,
spironolactone

Body weight
loss ≥1.5 kg
within 1st week

Wang
et al. [26], 2018

PC Hepatic ascites
and hyponatremia

Age <18 or >75 years, hepatic
malignancy, type 1 hepatorenal
syndrome, any neurological
disorder, history of stroke,
uncontrolled DM, HF, anuria,
hepatic encephalopathy ≥ grade 2

7.5–30 mg/day Sodium restriction,
furosemide,
spironolactone

Serum sodium
between 135
and 155 mEq/L

Tajiri
et al. [25], 2018

RC Refractory
hepatic ascites

Temporary ascites, HF, ADPKD,
carcinomatous peritonitis

3.75–7.5 mg/day Sodium restriction,
furosemide, spironolactone

Body weight
loss ≥2 kg
within 1st week

Arase
et al. [24], 2018

RC Refractory
hepatic ascites

SBP, hepatic encephalopathy
≥ grade 2, albumin infusion
within 7 days

7.5 mg/day Furosemide, spironolactone Body weight
loss ≥1.5 kg
within 1st week

Tahara
et al. [23], 2017

RC Refractory
hepatic ascites

Drainage by paracentesis within
7 days, warfarin use

7.5 mg/day Sodium restriction,
furosemide, spironolactone

Body weight
loss ≥2 kg
within 1st week

Kogiso
et al. [22], 2017

RC Hepatic ascites
and hyponatremia

Severe renal dysfunction, hepatic
encephalopathy ≥ grade 2

3.75 mg/day Sodium restriction,
furosemide, spironolactone

Serum sodium
≥135 mEq/L
within 1st week

Atsukawa
et al. [21], 2018

RC Refractory hepatic
ascites, pleural
effusion or
lower-limb edema

Age <20 or >90 years, type 1
hepatorenal syndrome, hepatic
encephalopathy ≥ grade 2, varices
requiring treatments, serum
sodium >147 mEq/L

7.5 mg/day Sodium restriction,
furosemide, spironolactone

Body weight
loss ≥1.5 kg
within 1st week

Yamada
et al. [20], 2016

RC Refractory hepatic
ascites or pleural
effusion

Age <20 or >80 years, SBP,
hepatic encephalopathy,
hemodialysis

3.75–7.5 mg/day Sodium restriction,
albumin, furosemide,
spironolactone

Body weight
loss ≥2 kg
within 1st week

Iwamoto
et al. [19], 2016

RC Refractory
hepatic ascites

NR 3.75 mg, increased to
7.5 mg/day if insufficient
effect on day 3

Furosemide, spironolactone Body weight
loss ≥2 kg
within 1st week

RC, retrospective cohort; PC, prospective cohort; DM, diabetes mellitus; HF, heart failure; ADPKD, Autosomal Dominant Polycystic Kidney Disease; SBP, spontaneous bacterial 
peritonitis; NR, not reported.
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Discussion

Refractory ascites and hyponatremia constitute ma-
jor complications of liver cirrhosis, since they are asso-
ciated with increased morbidity and mortality, as well 
as with poor quality of life [31]. Vaptans have been pro-
posed as promising tools for the management of cir-
rhotic patients, since they are able to promote free-wa-
ter excretion, alleviate edema, and restore serum sodi-
um levels. Although no clinical benefit was shown from 
the use of satavaptan [32], growing evidence supports 
that treatment with tolvaptan represents a safe and ef-
ficient option for patients with refractory ascites. Spe-
cifically, tolvaptan has been suggested to effectively re-
duce body weight, limit the required doses of diuretics, 
and elevate serum sodium concentration, without sig-
nificantly increasing the rate of serious adverse effects 
[33, 34].

The findings of the present meta-analysis indicate that 
short-term response to tolvaptan administration is asso-
ciated with significantly improved overall survival in pa-
tients with liver cirrhosis and refractory ascites or hypo-
natremia. This effect was independent of the presence of 

hepatocellular carcinoma or the definition of tolvaptan 
response, suggesting its long-term prognostic value in di-
uretic-resistant ascites. Interestingly, extended survival 
was even observed in responders with severe chronic kid-
ney disease, as tolvaptan was able to increase urine vol-
ume without compromising renal function [24]. Much 
research interest has been devoted to identify potential 
markers in order to predict which patients would benefit 
from the administration of tolvaptan. Specifically, the 
most promising results exist regarding the use of urine 
osmolality, sodium excretion [35], and aquaporin 2 levels 
[36], although the optimal predictive model remains still 
under investigation.

Strengths and Limitations of the Study
The present study accumulated for the first time cur-

rent literature knowledge regarding the possible prog-
nostic role of tolvaptan response in patients with refrac-
tory ascites. This was accomplished by systematically 
searching 5 independent literature databases and by ap-
plying no date or language restriction. In contrast to pre-
vious meta-analyses in the field [37, 38], the present me-
ta-analysis focused on survival outcomes and examined 

Table 2. Patients’ baseline characteristics

Author, 
year

Patients
number

Age, years Child-Pugh
score

HCC HCV BUN, mg/dL Serum
sodium, mEq/L

Serum
albumin, g/dL

Responders vs. non-responders
Kida [27],
2019

53 vs. 33 75.2±14.1 vs.
78±14.1

10.2±1.7 vs.
10±1.2

– 11 vs.
7

20.2±13.5 vs.
37.3±29.3

137±6 vs.
135±6

2.6±0.6 vs.
2.5±0.6

Wang et al.
[26], 2018

44 vs. 25 54.6±8.58 NR – 4 14.8±2.2 130±4 NR

Tajiri et al.
[25], 2018

37 vs. 37 68 (35–90) A: 0, B: 29,
C: 45

25 20 23.5 (6–150) 135 (118–142) 2.35 (1.2–3.7)

Arase et al.
[24], 2018

27 vs. 16 68 (39–84) A: 0, B: 20,
C: 23

9 21 23 (7–92) 137 (118–145) 2.2 (1.4–3.1)

Tahara et al.
[23], 2017

45 vs. 20 71.5±9.1 A: 0, B: 28,
C: 37

28 40 NR 137.0±4.7 2.3±0.5

Kogiso et al.
[22], 2017

65 vs. 18 64 (22–90) vs.
61 (31–84)

10 (7–14) vs.
11 (8–13)

22 vs.
6

NR 23.1 (5.5–78.7) vs.
22.5 (5.8–64.3)

NR 2.5 (1.9–4.2) vs.
2.4 (1.8–3.2)

Atsukawa et al. 
[21], 2018

116 vs. 94 67 (41–85) vs.
65 (40–89)

A: 1 vs. 4,
B: 49 vs. 41,
C: 66 vs. 49

34 vs.
30

NR 18.8 (6.0–94.0) vs.
21.9 (5.4–81.8)*

136 (118–146) vs.
136 (115–147)

2.6 (1.7–4.0) vs.
2.6 (1.6–4.2)

Yamada et al.
[20], 2016

48 vs. 32 73 (62–79) vs.
68 (63–75)

C: 15 vs. 24* 31 vs.
24

31 vs.
14

NR 136 (132–139) vs.
133 (130–136)

2.8 (2.5–3.2) vs.
2.8 (2.4–3.0)

Iwamoto et al.
[19], 2016

16 vs. 10 71.6±9 vs.
71.9±6.2

9.8±1.9 vs.
9.7±1.1

17 20 24.2±14.4 vs.
36.1±11.4*

136.6±3.6 vs.
134.4±5.7

2.6±0.5 vs.
2.5±0.4

* p value < 0.05.
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; BUN, blood urea nitrogen; NR, not reported.
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the effect of tolvaptan response on patients’ long-term 
prognosis. In order to properly analyze time-to-event 
data, HRs were estimated for each study and were pooled 
together to provide the meta-analytic estimate. More-
over, subgroup and sensitivity analyses were conducted, 
taking into account the most important confounding 
factors that may have remarkably altered the outcomes 
of the analysis.

Nevertheless, the findings of the meta-analysis were 
based on 9 studies, including a moderate number of pa-
tients. More specifically, the interpretation of the study 
outcomes may be complicated by the existing interstudy 
heterogeneity. Definition of tolvaptan response was rec-
ognized as the most important confounding factor; there-
fore, subgroup analysis was performed, indicating that 
overall survival was improved irrespective of whether re-
sponse was defined as sodium normalization, weight loss 
≥1.5 or ≥2 kg during the 1st week of treatment. Further-
more, the design of the majority of the studies was retro-
spective and thus bias due to missing data could not be 
safely excluded. However, sensitivity analysis indicated 
that the outcomes of the meta-analysis were not affected 
when studies with low risk of bias were separately exam-
ined. It is also important to state that all studies were con-

ducted in Asian populations, a fact that although enhanc-
es their comparability, may limit the generalizability of 
the results.

Implications for Current Clinical Practice and Future 
Research
The outcomes of the present meta-analysis suggest that 

patients with refractory ascites responding to tolvaptan 
treatment present significantly improved overall survival 
rates. As a result, short-term clinical response, defined ei-
ther as effective body weight loss or sodium elevation, rep-
resents an important prognostic factor, as it is associated 
with better long-term outcomes. However, it should be 
noted that these findings are derived from observational 
studies and thus warrant confirmation by large-scale ran-
domized controlled trials, in order to limit the possibility 
of bias due to confounding and patient selection. Specifi-
cally, future studies evaluating the potency of tolvaptan 
should not only assess its diuretic effects but they should 
also focus on hard outcomes, such as hospitalization stay 
and mortality rates. Quality of life should also be taken into 
consideration, as it constitutes a significant aspect of cir-
rhotic patients’ management. Finally, since hepatotoxicity 
represents the main concern about the wide use of tolvap-

Table 3. Outcomes of the quality assessment. The overall risk of bias was evaluated to be low to moderate

ROBINS-I tool

Author, year Bias due to
confounding

Bias in selection
of participants into
the study

Bias due to
missing data

Bias in  
measurement
of outcomes

Bias in selection
of the reported
result

Overall
bias

Kida [27], 2019 Low Low Moderate Low Low Low

Wang
et al. [26], 2018

Moderate Moderate Moderate Low Low Moderate

Tajiri
et al. [25], 2018

Low Low Moderate Low Low Low

Arase
et al. [24], 2018

Low Low Moderate Low Low Low

Tahara
et al. [23], 2017

Low Low Moderate Low Low Low

Kogiso
et al. [22], 2017

Moderate Moderate Moderate Low Low Moderate

Atsukawa
et al. [21], 2018

Moderate Low Moderate Low Low Moderate

Yamada
et al. [20], 2016

Low Low Moderate Low Low Low

Iwamoto
et al. [19], 2019

Moderate Moderate Moderate Low Low Moderate

ROBINS-I, Risk Of Bias In Non-randomized Studies of Interventions.
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tan in cirrhotic patients [39], it is important to develop ac-
curate screening tests that would identify tolvaptan non-
responders, in order to limit its unnecessary administra-
tion. More specifically, it has been shown that tolvaptan 
response may be associated with body weight, blood urea 
nitrogen, serum creatinine, C-reactive protein, and serum 
sodium levels, while no predictive value has been estimat-

ed for patients’ age, gender, MELD-Na score, or presence 
of hepatocellular carcinoma [40]. In addition, similarly to 
prediction of hepatorenal treatment response [41], uri-
nary sodium has been proposed as a promising marker of 
tolvaptan response [35], although limited evidence is cur-
rently available to draw safe conclusions about its exact 
role. As a result, future large-scale studies are needed in 

Table 4. Outcomes of the leave-one-out analysis

Omitted study HR 95% CI p value Heterogeneity

I2, % p value

Kida [27], 2019 0.47 0.36–0.61 <0.001 17 0.30
Wang et al. [26], 2018 0.42 0.30–0.59 <0.001 46 0.07
Tajiri et al. [25], 2018 0.39 0.28–0.55 <0.001 40 0.11
Arase et al. [24], 2018 0.43 0.31–0.60 <0.001 44 0.09
Tahara et al. [23], 2017 0.43 0.31–0.61 <0.001 43 0.09
Kogiso et al. [22], 2017 0.44 0.32–0.62 <0.001 39 0.12
Atsukawa et al. [21], 2018 0.38 0.29–0.50 <0.001 0 0.45
Yamada et al. [20], 2016 0.43 0.30–0.61 <0.001 42 0.10
Iwamoto et al. [19], 2019 0.42 0.30–0.58 <0.001 46 0.07
Overall 0.42 0.31–0.58 <0.001 39 0.11

HR, hazard ratio; I2, inconsistency index.

Study or subgroup log (HR) SE Weight
HR

IV, random, 95% CI
HR

IV, random, 95% CI

1.28
0.29
0.18
0.36
0.38
0.33
0.64

0.33
0.52

1.1.1 Effective body weight reduction
Iwamoto, 2016
Yamada, 2016
Atsukawa, 2017
Tahara, 2017
Arase, 2018
Tajiri, 2018
Kida, 2019
Subtotal (95% CI)
Heterogeneity: Tau2 = 0.11; Chi2 = 11.50, df = 6 (p = 0.07); I2 = 48%
Test for overall effect: Z = 4.38 (p < 0.0001)

1.1.2 Effective sodium elevation
Kogiso, 2017
Wang, 2018
Subtotal (95% CI)
Heterogeneity: Tau2 = 0.00; Chi2 = 0.27, df = 1 (p = 0.60); I2 = 0%
Test for overall effect: Z = 3.76 (p = 0.0002)

Total (95% CI)
Heterogeneity: Tau2 = 0.08; Chi2 = 13.06, df = 8 (p = 0.11); I2 = 39%
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Fig. 2. Forest plot illustrating the overall survival benefit of tolvaptan responders compared to nonresponders. HR, hazard ratio.
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order to construct a combined model effectively discrimi-
nating the population in which the benefits of tolvaptan 
therapy would outweigh the risks of liver toxicity.

Conclusions

The present meta-analysis supports the prognostic 
role of tolvaptan response, since it is associated with sig-
nificantly improved overall survival in cirrhotic patients 
with refractory ascites. This effect was independent of re-
sponse definition or presence of hepatocellular carcino-
ma. Future large-scale trials should verify these outcomes, 
as well as to identify the optimal markers to predict the 
effectiveness of tolvaptan. Patients’ comorbidities and 
concomitant medications should be taken into account in 
order to limit the possibility of confounding.

Key Points

•	 Refractory ascites represents a major complication of cirrhosis 
leading to increased morbidity and mortality.

•	 Tolvaptan has been proposed as an add-on treatment in order 
to alleviate edema and decrease body weight.

•	 The present meta-analysis suggests that response to tolvaptan 
is linked to improved overall survival.

•	 This association was independent of response definition and 
presence of hepatocellular carcinoma. 

•	 Future studies should identify efficient markers to predict 
tolvaptan response.
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