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Abstract

Background : The aim of this retrospective study was to 
determine whether tolvaptan treatment reduces the amount of 
albumin administered, volume of ascites removed, and frequency of 
paracentesis procedures in patients with decompensated cirrhosis 
with uncontrolled ascites with conventional diuretics.

Patients and methods : The control (C) group included patients 
treated with conventional diuretics. The tolvaptan (T) group 
included patients treated with both tolvaptan and conventional 
diuretics. Both groups were matched according to baseline 
parameters. The amount of albumin administered, volume of 
ascites removed, and frequency of paracentesis within 30 days 
of onset of uncontrolled ascites were compared between the two 
groups.

Results : After matching, 74 patients (C=37, T=37) were 
included. Baseline parameters (C vs. T group) were as follows : 
age, 69.5 ± 9.3 vs. 70.4 ± 11.0 years (p = 0.702) ; males, 24 (64.9%) 
vs. 25 (67.6%) (p = 0.999) ; patients with hepatocellular carcinoma, 
17 (45.9%) vs. 18 (48.6%) (p = 0.999) ; serum albumin levels at 
treatment initiation, 2.76 ± 0.48 vs. 2.73 ± 0.49 g/dL (p = 0.773), 
and serum creatinine levels at treatment initiation, 1.18 ± 1.23 vs. 
1.09 ± 0.48 g/dL (p = 0.679). In the C vs. T groups, respectively, 
mean amount of albumin administered was 51.0 ± 31.4 vs. 33.4 ± 
29.8 g/month (p = 0.016) ; mean volume of ascites removed was 
2,905 ± 4,921 vs. 1,824 ± 3,185 mL/month (p = 0.266) ; and mean 
frequency of paracentesis was 0.92 ± 1.46 vs. 0.89 ± 1.45 procedures 
(p = 0.937).

Conclusions : Tolvaptan reduced the use of albumin infusion 
in patients with decompensated cirrhosis and was effective and 
acceptable for uncontrolled ascites. (Acta gastroenterol. belg., 2021, 
84, 57-63).

Keywords : albumin infusion, cirrhosis, paracentesis, uncontrolled 
ascites, tolvaptan.

Introduction

Ascites is the most frequent complication in patients 
with cirrhosis and is associated with poor prognosis. 
Management of ascites is based on a low-sodium diet 
and conventional diuretic therapies (loop diuretics and/
or potassium-sparing diuretics), although intravenous 
albumin infusion and large-volume paracentesis (LVP) 
have been used in cirrhosis patients with difficult-to-
control refractory ascites (1). Since its approval in 
September 2013, tolvaptan has been used in Japanese 
hospitals to treat cirrhosis patients with ascites who were 
unresponsive to conventional diuretic therapies (2-4). 

Tolvaptan is a unique diuretic agent, as it is a nonpeptide, 
arginine vasopressin V2-receptor antagonist administered 
orally (5-7). Recently, several studies reported the 
efficacy and safety of tolvaptan (4,8,9), while others 
identified predictive factors for the therapeutic effects of 
tolvaptan (9-15). Furthermore, several studies reported 
that treatment of refractory ascites with tolvaptan may 
improve prognosis in patients with decompensated 
cirrhosis (16-18). However, whether tolvaptan contributes 
to reduction of albumin infusion amount and frequency 
of LVP remains unclear. Additionally, there are few 
reports that compare cirrhosis patients with refractory 
ascites before tolvaptan was approved with similar 
patients treated with tolvaptan (19). Therefore, the aim of 
this retrospective, multicenter collaborative study was to 
determine whether tolvaptan contributes to reduction of 
the amount of albumin administered, volume of ascites 
removed, and frequency of paracentesis.

Patients and methods

Study design

Clinical data were retrospectively collected from the 
electronic medical records of cirrhosis patients with 
uncontrolled ascites with conventional diuretics from a 
multi-institutional, joint study of seven hospitals during 
the period from January 2016 to March 2017. The final 
follow-up date was April 30, 2017. 

Inclusion and exclusion criteria

We enrolled liver cirrhosis patients (over 20 years 
old) with uncontrolled ascites who had received loop 
diuretic and/or antialdosterone agents for at least 
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propensity score (PS) matching was applied for patients 
with new-onset refractory ascites that became difficult to 
control with conventional diuretics after January 2010. 
After PS matching, the mean amount of 25% albumin 
infusion administered, mean volume of ascites removed, 
and mean frequency of LVP within 30 days of refractory 
ascites were evaluated in both groups. In the T group, 
refractory ascites treatment was considered effective 
when weight loss of ≥ 2 kg was observed within 2 weeks 
of the tolvaptan administration start date.

Propensity score matching

To reduce treatment-selection bias and potential 
confounding variables between the C and T groups, we 
performed rigorous adjustment for marked differences 
in baseline patient characteristics with PS matching 
using the following algorithm : 1:1 optimal match with a 
±0.036 caliper and no replacement. Possible confounders 
were selected based on clinical knowledge for their 
potential association with the outcome of interest. The PS 
model was estimated using a logistic regression model 
that adjusted for patient characteristics such as sex, age, 
serum albumin level, serum creatinine level, presence 
of HCC, and Child-Pugh score at baseline. To measure 
covariate balance, an absolute standardized difference 
above 10% represented meaningful imbalance (26,27). 

Safety assessment

Patients were monitored during the study period, 
and any occurrence of adverse events were noted 
retrospectively. To confirm the adverse effects of 
conventional therapy and tolvaptan, changes in 
laboratory data and state of hepatic encephalopathy 
were evaluated before and 4 weeks after conventional 
therapy and introduction of tolvaptan. Safety assessment 
was performed in 37 patients for whom we were able 
to collect data 4 weeks after the start of conventional 
treatment in the C group, and was performed in 100 
patients for whom we were able to collect data 4 weeks 
after the start of tolvaptan in the T group. Adverse events 
were evaluated using the Common Terminology Criteria 
for Adverse Events, version 5.0 (CTCAE v5.0) (28).

Statistical analyses

Regarding baseline parameters, categorical data were 
compared using Fisher’s exact test, while continuous 
data were compared using an unpaired t-test. The total 
amount of albumin infusion, volume of ascites removed, 
and frequency of paracentesis in the two groups were also 
compared using an unpaired t-test. For safety assessment, 
adverse events were compared using Fisher’s exact test. 
A p-value < 0.05 was considered statistically significant. 
All analyses were performed using SPSS version 25.0 
software (SPSS Inc, Chicago, IL, USA).

7 days. In this study, the definition of uncontrolled 
ascites with conventional diuretics differed from that 
of refractory ascites per European Association for the 
Study of the Liver/American Association for the Study 
of Liver Diseases (EASL/AASLD) clinical practice 
guidelines (20,21). Uncontrolled ascites was defined as 
the presence of new-onset ascites with poor response to 
therapy (treatment with a loop diuretic at a daily dose 
equivalent to ≥ 20 mg/day furosemide and/or ≥ 25 mg/
day spironolactone) detected by ultrasound. This original 
definition of uncontrolled ascites was based on the 
eligibility criteria adopted in a phase 3 study from Japan 
conducted to validate the therapeutic effects of tolvaptan 
on hepatic edema associated with liver cirrhosis (2). The 
onset of uncontrolled ascites was defined as the condition 
whereby paracentesis (ascites drainage ≥ 1 L) was 
required for the first time to reduce pain from abdominal 
distension. Patients were required to be hospitalized or 
available for hospitalization during the treatment period. 
Exclusion criteria were the presence of uncontrolled 
hepatic encephalopathy, hepatocellular carcinoma 
(HCC) with major portal vein tumor thrombus, inability 
to take oral medication, or end-stage renal disease on 
hemodialysis. Even patients with West Haven criteria 
(WHC) (22,23) grade II or higher uncontrolled hepatic 
encephalopathy because of use of conventional diuretics 
were allowed entry if hepatic encephalopathy could be 
controlled to WHC grade I or lower for over 1 month with 
nonabsorbable disaccharides, antibiotics (i.e., rifaximin), 
or branched-chain amino acid supplementation.

Patient characteristics and treatment methods

Thirty-seven patients treated with conventional 
diuretic therapies (loop diuretics and/or potassium-
sparing diuretics) and albumin infusion or paracentesis 
between January 2010 and August 2013 were enrolled as 
the control (C) group. This cohort marks the time period 
before tolvaptan was approved for treatment of cirrhosis 
with uncontrolled ascites in Japan (September 2013). 

In our clinic, unlike EASL/AASLD clinical practice 
guidelines, albumin infusion was generally administered 
to maintain circulating plasma volume when serum 
albumin level was less than 3.5 g/dL, or over 3 L of 
ascites were drained.

The tolvaptan (T) group included 138 patients treated 
with tolvaptan in addition to conventional diuretics 
between September 2013 and June 2015. Tolvaptan 
was used in addition to conventional diuretics and was 
introduced at 3.75 mg/day in most cases (24,25). If 
there was no weight loss after about 1 week, the dose 
of tolvaptan was increased to 7.5 mg/day and continued 
for over 1 month. In total, 131 patients in the T group 
were used for analysis of patient baseline parameters 
(five cases with major portal vein tumor thrombus and 
two cases that could not be followed up were excluded). 
To reduce potential bias resulting from differences 
in baseline parameters between the C and T groups, 
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Pugh class C was significantly more frequent in the T 
group than in the C group (p = 0.006). Mean laboratory 
data (C vs. T group) at treatment initiation were as 
follows : serum albumin levels were 2.76 ± 0.48 vs. 2.49 
± 0.47 g/dL (p = 0.002) ; serum total bilirubin levels 
were 1.89 ± 0.90 vs. 2.67 ± 3.64 mg/dL (p = 0.614) ; 
blood urea nitrogen levels were 23.7 ± 15.5 vs. 26.4 ± 
15.1 mg/dL (p = 0.220) ; serum creatinine levels were 
1.18 ± 1.22 vs. 1.08 ± 0.48 mg/dL (p = 0.580) ; serum 
sodium levels were 135.3 ± 7.2 vs. 136.1 ± 5.0 mEq/L (p 
= 0.650) ; and serum ammonia levels were 68.7 ± 46.7 
vs. 67.9 ± 38.0 g/dL (p = 0.960). Serum albumin levels 
at baseline were significantly lower in the T group than 
in the C group. Renal function did not differ significantly 
between the groups. In both groups, the combination 

Results

Baseline parameters of patients

Between January 2010 and June 2015, a total of 
175 patients were retrospectively enrolled from seven 
hospitals (Figure 1). Based on the exclusion criteria, we 
compared baseline parameters in 37 (C group) and 131 (T 
group) patients before PS matching (Table 1). Baseline 
parameters (C vs. T group) were as follows : mean age, 
69.5 ± 9.1 vs. 68.4 ± 11.0 years ; males, 24 (64.9%) vs. 
76 patients (58%) ; presence of HCC, 17 (45.9%) vs. 54 
(41.2%) ; etiologies, hepatitis B : 1 vs. 15, hepatitis C : 
34 vs. 60, alcohol use : 2 vs. 31, others : 0 vs. 25 ; Child-
Pugh class, A : 3 vs. 2, B : 24 vs. 60, C : 10 vs. 69. Child-

Figure 1. — Flowchart of enrolled patients
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C and lower serum albumin levels than the C group. 
As shown in Table 2, no significant differences were 
observed between the C and T groups regarding baseline 
parameters after matching.

Comparison of amount of albumin infusion administered, 
volume of ascites removed, and frequency of paracentesis

After PS matching, the amount of 25% albumin 
infusion administered, volume of ascites removed, and 
frequency of paracentesis within 30 days of refractory 

of conventional diuretic therapies (loop diuretics and/
or potassium-sparing diuretics) was compared. Average 
use of furosemide was slightly lower in the C group than 
in the T group, but there was no significant difference 
(Table 1).

Patient characteristics after propensity score matching

Following PS matching, 37 patients from each group 
were further analyzed (Figure 1). Before matching, the T 
group had significantly more frequent Child-Pugh class 
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Discussion

A previous meta-analysis reported there were no 
data to support the routine use of tolvaptan in cirrhosis 
because tolvaptan has a small beneficial effect on 
ascites and hyponatremia, but no effect on mortality, 
complications of cirrhosis, or renal failure (29). 
Presently, EASL/AASLD practice guidelines do not 
recommend tolvaptan for the treatment of refractory 
ascites (20,21). However, a recent meta-analysis reported 
that tolvaptan may play an effective and safe role in 
symptomatic treatment of cirrhosis patients with ascites, 
especially in cases with refractory ascites who present 
insufficient response to conventional diuretics (30). 
Therefore, tolvaptan for treatment of refractory ascites 
may be added to EASL/AASLD practice guidelines in 
the future. The 2015 evidence-based clinical practice 
guidelines for liver cirrhosis recommend introducing 
tolvaptan to treat early-stage ascites, which is difficult to 
control with conventional diuretics (furosemide and/or 
spironolactone) (25). Early introduction of tolvaptan can 
prevent exacerbation of renal dysfunction by reducing 
the use of conventional diuretics (25,31). Moreover, our 
results indicated that administration of tolvaptan could 
reduce the albumin infusion amount required to treat 
uncontrolled ascites, while uncontrolled ascites in the 
C group was difficult to treat if hypoalbuminemia was 
present. In the C group, the frequent administration of 
albumin infusion was believed to be necessitated by an 
effort to increase the therapeutic effect of conventional 
diuretics (furosemide and/or spironolactone) (32). 
Because tolvaptan has a therapeutic effect regardless of 
serum albumin level (33,34), treatment generally does 
not require albumin infusion. Therefore, total albumin 
infusion may have decreased more in the T group than 
in the C group, despite the T group having low serum 
albumin prior to treatment. At the start of the study, the 
T group included patients who underwent paracentesis 
several times. Therefore, there were many patients who 
received tolvaptan treatment after considerable time had 
elapsed from the onset of uncontrolled ascites in the T 
group, compared with the C group. Serum albumin level 
at the start of the study was therefore believed to be 
lower in the T group than in the C group. Differences 
in serum albumin levels at the start of ascites therapy in 
both groups may have affected the control of ascites. It 
would have been desirable to compare the two groups 
by aligning baseline serum albumin levels. Therefore, 
we performed matching to eliminate bias because of 
differences in baseline parameters, and then compared 
the two groups in terms of albumin infusion amount and 
frequency of paracentesis procedures. As a result, we 
determined that albumin infusion was significantly more 
reduced in the T group than in the C group. Recently, 
Caraceni et al. reported that long-term human albumin 
administration prolonged overall survival and may 
act as a disease-modifying treatment in patients with 
decompensated cirrhosis and ascites (35). However, 

ascites were evaluated in both the C and T groups (n = 
37 each). The mean amount of albumin administered was 
51.0 ± 31.4 (C group) vs. 33.4 ± 29.8 g/month (T group) 
(p = 0.016) (Figure 2a). The required albumin infusion in 
the T group was significantly reduced. The mean volume 
of ascites removed was 2,905 ± 4,921 (C group) vs. 1,824 
± 3,185 mL/month (T group) (p = 0.266) (Figure 2b). The 
mean volume of ascites removed was also reduced in the 
T group, but no significant difference was observed. The 
mean frequency of paracentesis procedures was 0.92 ± 
1.46 (C group) vs. 0.89 ± 1.45 procedures (T group) (p = 
0.937) (Figure 2c). The mean frequency of paracentesis 
procedures was not significantly different between the 
two groups.

Assessment of tolvaptan efficacy

Based on records from electronic medical charts, it was 
possible to analyze the therapeutic effects of tolvaptan 
in 95 cases in the T group. Treatment for uncontrolled 
ascites with conventional diuretics was considered 
effective when weight loss of ≥ 2 kg was observed within 
2 weeks of tolvaptan introduction. Tolvaptan treatment 
was effective in 52 T group patients (55%). 

Safety assessment

Safety assessment was performed in 37 cases in 
the C group and 100 cases in the T group where data 
after 4 weeks were available. Main adverse events 
(hypoalbuminemia, increased blood bilirubin, increased 
creatinine, hypernatremia, and hepatic failure (coma)) 
were assessed according to the CTCAE v5.0 (Table 3). 
There were no significant differences in these adverse 
events before and 4 weeks after treatment introduction 
between the two groups. No cases showed hypernatremia 
above 150 mmol/L.

Figure 2. — Effects of tolvaptan on the dose of intravenous 
albumin infusion, volume of ascites removed, and frequency 
of paracentesis procedures. (a) Mean amount of albumin 
administered was 51.0 ± 31.4 g/month (control group) vs. 33.4 
± 29.8 g/month (tolvaptan group) (unpaired t-test, p = 0.016). 
Mean amount of albumin administered was significantly 
reduced in the tolvaptan group. (b) Mean volume of ascites 
removed was 2,905 ± 4,921 mL/month (control group) vs. 
1,824 ± 3,185 mL/month (tolvaptan group) (unpaired t-test, 
p = 0.266). (c) Mean frequency of paracentesis procedures 
was 0.92 ± 1.46 procedures/month (control group) vs. 0.89 ± 
1.45 procedures/month (tolvaptan group) (unpaired t-test, p = 
0.937). Error bars represent standard deviation.
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patients and the timing of tolvaptan introduction was 
subjectively decided by each physician. Therefore, the 
results must be interpreted in consideration of these 
biases. Future prospective observational studies with 
well-defined conditions should be conducted to obtain 
accurate conclusions.

In conclusion, to our knowledge, this is the first 
report demonstrating that tolvaptan reduces the albumin 
infusion amount required to treat cirrhosis patients 
with uncontrolled ascites. This observation is attributed 
predominantly to tolvaptan’s robust diuretic effects. 
However, further large-scale studies are required to 
validate and expand upon these observations.
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