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Abstract
AIM: To elucidate the efficacies of tolvaptan (TLV) 
as a treatment for refractory ascites compared with 
conventional treatment. 

METHODS: We retrospectively enrolled 120 refractory 
ascites patients between January 1, 2009 and Septe-
mber 31, 2014. Sixty patients were treated with oral TLV 
at a starting dose of 3.75 mg/d in addition to sodium 
restriction (> 7 g/d), albumin infusion (10-20 g/wk), and 
standard diuretic therapy (20-60 mg/d furosemide and 
25-50 mg/d spironolactone) and 60 patients with large 
volume paracentesis in addition to sodium restriction 
(less than 7 g/d), albumin infusion (10-20 g/wk), and 
standard diuretic therapy (20-120 mg/d furosemide and 
25-150 mg/d spironolactone). Patient demographics 
and laboratory data, including liver function, were 
not matched due to the small number of patients. 
Continuous variables were analyzed by unpaired t -test 
or paired t -test. Fisher’s exact test was applied in cases 
comparing two nominal variables. We analyzed factors 
affecting clinical outcomes using receiver operating 
characteristic curves and multivariate regression 
analysis. We also used multivariate Cox’s proportional 
hazard regression analysis to elucidate the risk factors 
that contributed to the increased incidence of ascites.

RESULTS: TLV was effective in 38 (63.3%) patients. 
The best cut-off values for urine output and reduced 
urine osmolality as measures of refractory ascites 
improvement were > 1800 mL within the first 24 h and 
> 30%, respectively. Multivariate regression analysis 
indicated that > 25% reduced urine osmolality [odds 
ratio (OR) = 20.7; P  < 0.01] and positive hepatitis C 
viral antibodies (OR = 5.93; P  = 0.05) were positively 
correlated with an improvement of refractory ascites, 
while the total bilirubin level per 1.0 mg/dL (OR = 0.57; 
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P = 0.02) was negatively correlated with improvement. 
In comparing the TLV group and controls, only the 
serum sodium level was significantly lower in the TLV 
group (133 mEq/L vs  136 mEq/L; P  = 0.02). However, 
there were no significant differences in the other 
parameters between the two groups. The cumulative 
incidence rate was significantly higher in the control 
group with a median incidence time of 30 d in the TLV 
group and 20 d in the control group (P  = 0.01). Cox 
hazard proportional multivariate analysis indicated that 
the use of TLV (OR = 0.58; P  < 0.01), uncontrolled 
liver neoplasms (OR = 1.92; P  < 0.01), total bilirubin 
level per 1.0 mg/dL (OR = 1.10; P  < 0.01), and higher 
sodium level per 1.0 mEq/L (OR = 0.94; P  < 0.01) 
were independent factors that contributed to incidence. 

CONCLUSION: Administration of TLV results in better 
control of refractory ascites and reduced the incidence 
of additional invasive procedures or hospitalization 
compared with conventional ascites treatments.
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Core tip: Tolvaptan (TLV) was effective in 38 (63.3%) 
refractory ascites patients. The best cut-off values for 
urine output and reduced urine osmolality as measures 
of refractory ascites improvement were > 1800 mL 
within the first 24 h and > 30%, respectively. The 
cumulative incidence rate was significantly higher in the 
control group with a median incidence time of 30 d in the 
TLV group and 20 d in the control group. Administration 
of TLV results in better control of refractory ascites and 
reduced the incidence of additional invasive procedures 
or hospitalization compared with conventional ascites 
treatments.

Ohki T, Sato K, Yamada T, Yamagami M, Ito D, Kawanishi K, 

Kojima K, Seki M, Toda N, Tagawa K. Efficacy of tolvaptan 
in patients with refractory ascites in a clinical setting. World J 
Hepatol 2015; 7(12): 1685-1693  Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1685.htm  DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1685

INTRODUCTION
Hepatic edema and ascites are common complications 
in decompensated liver cirrhosis patients[1,2]. Refractory 
ascites is defined as non-responsiveness to sodium 
dietary restriction and high dose diuretic therapy that 
occurs in 15%-20% of all ascites patients[3]. Refractory 
ascites is also associated with a poor quality of life (QOL) 
and prognosis due to restricted treatment options[4,5].

Tolvaptan (TLV) is a new oral, selective vasopressin 
V2 receptor antagonist originally developed for the 

treatment of hypervolemic or euvolemic hyponatremia 
in patients with heart failure, cirrhosis or syndrome 
of inappropriate antidiuretic hormone[6,7]. Inhibition 
of the vasopressin V2 receptor by TLV prevents the 
insertion of aquaporin 2 water channels into the apical 
cell membrane of the collecting duct, which increases 
free water excretion without significantly affecting 
urinary sodium or potassium secretion[8]. This allows for 
reduced water retention with elevated serum sodium 
levels, which is an ideal outcome in decompensated 
liver cirrhosis patients with refractory ascites.

In Japan, the addition of TLV to conventional diuretic 
therapy has been useful for the treatment of refractory 
ascites. A phase 3 study showed a remarkable reduction 
in ascites with a median loss of 2 kg body weight 
compared with the placebo controls. However, the 
administration of TLV was limited to 7 d because of the 
study design[9], and since decompensated cirrhosis is 
a progressive disease, even transient improvement of 
refractory ascites could eventually result in uncontrolled 
ascites.

Our principal objective was to conduct an obser-
vational retrospective study to elucidate the clinical 
outcomes of TLV. These outcomes included assessing 
the safety and efficacy of long-term administration, 
determining the effectiveness cut-off level, and identifying 
factors that contribute to improved refractory ascites 
in a clinical setting. In addition, since decompensated 
cirrhosis is a progressive disease, we examined the 
time to progression by comparing TLV to conventional 
treatment.

MATERIALS AND METHODS
Study design
A single center, open label, observational retrospective 
study was conducted in Mitsui Memorial Hospital (Tokyo, 
Japan) between January 1st 2009 and September 30 
2014. The last follow-up date was October 31 2014.

Inclusion criteria
This study enrolled liver cirrhosis patients 20-80 
years of age with refractory ascites who had been 
receiving loop diuretic and/or anti-aldosterone agents. 
Refractory ascites was defined as follows: existence 
of ascites detected by ultrasound under the treatment 
of a loop diuretic at a daily dose equivalent to ≥ 40 
mg/d furosemide and ≥ 25 mg/d spironolactone, a 
loop diuretic at a daily dose equivalent to ≥ 20 mg/d 
furosemide and ≥ 50 mg/d spironolactone, or a loop 
diuretic alone at a daily dose equivalent to ≥ 60 mg/d 
furosemide. Patients were required to be hospitalized or 
to be available for hospitalization during the treatment 
period. Exclusion criteria were existence of hepatic 
encephalopathy, inability to take oral medication, or end 
stage renal disease on hemodialysis.

Patients
We enrolled 60 refractory ascites patients treated with 
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TLV until September 30, 2014. We included another 
60 refractory ascites patients treated with conventional 
large volume paracentesis as a control group from 
our liver disease database between January 1, 2009 
and September 30, 2012. Patient demographics and 
laboratory data, including liver function, were not 
matched due to the small number of patients. The final 
analysis included 120 patients.

Therapeutic protocol
Sixty patients received oral TLV at a starting dose of 
3.75 mg/d in addition to sodium restriction (> 7 g/d), 
albumin infusion (10-20 g/wk), and standard diuretic 
therapy (20-60 mg/d furosemide and 25-50 mg/d 
spironolactone). Patients could drink water without 
restriction. The dose of TLV was increased to 7.5 mg/d 
if insufficient effects were seen. Because the effect 
of TLV is closely related to serum creatinine levels[9], 
in some patients with poor renal function, the TLV 
dose was increased to 15.0 mg/d as directed by the 
primary physician. TLV was discontinued if patients 
had encephalopathy, hematemesis, hemodialysis or 
side effects of > grade 3 assessed using the common 
terminology criteria for adverse events (CTCAE) version 
4.0 or if the patients were unable to take the medication 
orally. If there were no improvements with TLV, the 
patients received large-volume paracentesis as a rescue 
treatment for refractory ascites.

The control patients received conventional large 
volume paracentesis as a treatment for refractory 
ascites in addition to sodium restriction (less than 7 g/d), 
albumin infusion (10-20 g/wk), and standard diuretic 
therapy (20-120 mg/d furosemide and 25-150 mg/d 
spironolactone). In all cases, total paracentesis was 
achieved by removal of all ascites by supplementing 
10-20 g albumin per each liter exceeding 5 L. If ascites 
re-accumulated during the follow-up period, large-
volume paracentesis was repeated.

Efficacy assessment
In the TLV-treated group, the primary endpoint was 
improvement of symptoms, such as bloating sensation 
or respiratory discomfort, or a > 2-kg reduction in body 
weight. We also assessed factors that contributed to 
the effectiveness of TLV by comparing the TLV-treated 
group with the controls. The primary endpoint was the 
cumulative incidence rate. In the controls, all ascites 
was removed transiently by large volume paracentesis. 
The cumulative incidence rate was defined as the 
necessity of an additional invasive procedure to treat 
refractory ascites, including large volume paracentesis, 
or admission for the treatment of refractory ascites. The 
secondary endpoint was overall survival rate. 

Safety assessment
Patients were monitored throughout the study period, 
and any incidences of adverse events or deaths were 
recorded. Adverse events were evaluated using CTCAE 
version 4.0.

Statistical analysis
Data was expressed as medians (25-75th percentile 
range) or means ± SD deviations, unless otherwise 
indicated. Continuous variables were analyzed by 
unpaired t-test or paired t-test. Fisher’s exact test was 
applied in cases comparing two nominal variables. 
We applied receiver operating characteristic (ROC) 
curve analysis to determine the ideal cut-off levels that 
indicate the potency of TLV. Univariate and multivariate 
logistic regression analyses were used to assess the 
predictors for improvement of refractory ascites by TLV. 
The cumulative incidence rate and survival rate were 
estimated using the Kaplan-Meier method compared with 
the log-rank test. We used univariate and multivariate 
Cox’s proportional hazard regression analysis to elucidate 
the risk factors that contributed to the increased 
incidence of ascites. Differences with a P < 0.05 were 
considered statistically significant. Data processing and 
analysis were performed using StatView version 5 (SAS 
institute, Cary, NC, United States).

RESULTS
Characteristics of patients treated with TLV
Sixty patients were treated with TLV. The demographics 
and other baseline characteristics of these patients 
are shown in Table 1. The mean dosing period was 
54 d, and the mean observational period was 168 d. 
There were 27 (45.0%) Child-Pugh class C patients 
and 26 (43.3%) patients who had uncontrollable liver 
neoplasms, defined as TNM stage 3, 4a or 4b. There 
were four patients with a small amount of ascites who 
had severe hepatic hydrothorax. The mean estimated 
glomerular filtration rate (eGFR) was 43.1 mL/min per 
1.73 m2, which indicated the existence of moderate 
chronic kidney disease.

Changes after administration of TLV
Body weight was significantly reduced during the 
treatment period. The median reduction in bodyweight 
was 3 kg (P < 0.01), and 38 (63.3%) patients had 
improved bloating sensation or respiratory discomfort 
or achieved a > 2-kg weight reduction (Figure 1). 
The serum sodium concentration increased, peaking 
3 d after administration of TLV. The median elevated 
serum sodium concentration was 4.5 mEq/L (P < 0.01, 
Figure 2). The eGFR was decreased significantly after 
administration of TLV from 43.1 mL/min per 1.73 m2 
to 38.1 mL/min per 1.73 m2 (P < 0.01, Figure 3). The 
minimum urine osmolality was markedly reduced 7 d 
after administration of TLV with a 34% reduction in the 
urine osmolality rate (Table 2).

Follow-up of TLV treated patients
The median follow-up period was 168 d. During this 
follow-up period, 33 of 38 patients (86.8%) treated 
with TLV who improved then experienced exacerbated 
symptoms, such as bloating sensation or respiratory 
discomfort, or an increase in body weight, which 
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TLV adverse events during the hospitalization period
Patients received TLV while hospitalized for 6-8 d. 
Adverse events were observed in 19 (31.7%) patients 
during the hospitalization period. The most common 
adverse event was thirst. Polydipsia was observed in 14 
(23.3%) patients (CTCAE grade 1 to 2). There were no 
other severe side-effects higher than grade 3 as defined 
by CTCAE version 4 during the hospitalization period; 
CTCAE grade 2 tachycardia was seen in 1 patient, 

indicates the progression of ascites. The median time to 
progression was 48 d. Although administration of TLV 
transiently improved refractory ascites, decompensated 
cirrhosis is a progressive disease that will eventually lead 
to the development of uncontrolled ascites.

Median (min - max)
58 kg (39-102 kg)61 kg (39-102 kg)

P  < 0.01
Paired t -test
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Figure 1  The median reduction in body weight was 3 kg (P  < 0.01) during 
the tolvaptan treatment period.

Figure 2  The serum sodium concentration peaked 3 d after administration 
of tolvaptan. The median elevated serum sodium concentration was 4.5 mEq/L.
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Table 1  Baseline characteristics of the patients treated with tolvaptan and controls

Characteristic TLV group (n  = 60) Controls (n  = 60) P

Age (yr) 67.1 ± 11.2 69.5 ± 9.0 0.21
Male  46 (76.7%)  46 (76.7%) 1.00
Bodyweight (kg) 61 (54-69) 64 (55-73) 0.58
HCV antibody positive  36 (60.0%)  35 (58.3%) 1.00
Child-Pugh class C  27 (45.0%)  24 (40.0%) 0.71
Refractory ascites  56 (93.3%) 60 (100%) 0.12
Hepatic hydrothorax  32 (53.3%)  29 (48.3%) 0.72
Liver neoplasms stage 3, 4a, or 4b  26 (43.3%)  25 (41.7%) 1.00
Serum albumin (g/dL)  2.8 (2.5-3.1)  2.8 (2.5-3.1) 0.98
Total bilirubin (mg/dL)  2.7 (0.7-3.1)  2.8 (1.1-3.6) 0.81
ALT (IU/L) 42 (20-44) 36 (20-53) 0.27
Serum creatinine (mg/dL)    1.40 (0.90-1.61)    1.45 (0.78-1.59) 0.30
eGFR (mL/min per 1.73 m2)    43.1 (31.0-62.7)    49.8 (33.5-67.8) 0.95
Serum sodium (mEq/L)   133 (130-136)   136 (132-139) 0.02
Platelet count (× 103/μL) 114 (58-147)   95 (69-139) 0.80
Prothrombin activity (%)    58.7 (45.0-70.0)    57.3 (42.3-70.2) 0.71

ALT: Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV: Hepatitis C virus; 
TLV: Tolvaptan. 

Figure 3  The estimated glomerular filtration rate significantly decreased 
after administration of tolvaptan from 43.1 to 38.1 mL/min per 1.73 m2.
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Table 2  Changes in the urine volume and osmolality after 
administration of tolvaptan

TLV group (n  = 60)

24 h urine volume (mL)     1844 (1200-2400)
24 h water intake (mL)   1231 (894-1463)
Pre-urine osmolality (OSM)   417 (366-487)
Time to achieve the minimum urine osmolality (d)             7 (2-6)
The minimum urine osmolality (OSM)   274 (230-311)
Pre-post-urine osmolality rate (%) 66 (55-79)

OSM: Osmole; TLV: Tolvaptan.
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CTCAE grade 2 fatigue in 1 patient, CTCAE grade 2 
cough in 1 patient, and CTCAE grade 2 acute kidney 
injury in 1 patient. One patient discontinued TLV due to 
the necessity for frequent blood tests. During the entire 
follow-up period, 8 (13.3%) patients developed hepatic 
encephalopathy. However, it is difficult to determine 
whether this was due to adverse events or the natural 
course of decompensated cirrhosis.

Comparison of TLV effectiveness
There were 38 patients who had improved symptoms, 
such as a bloating sensation or respiratory discomfort, 
or a loss of 2 kg body weight. There were significant 
differences in TLV effectiveness related to the proportion 
of male patients, comorbidity with hepatitis C virus 
(HCV), severe liver dysfunction, and uncontrolled liver 
neoplasms. Blood tests showed significantly higher 
levels of serum bilirubin and lower levels of sodium in 
patients in whom TLV was ineffective (Table 3).

Comparison of the changes between effective and 
ineffective patients after administration of TLV
We evaluated the changes in urine volume and osmolality 

between the two groups after administration of TLV (Table 
4). Urine volume recorded at 24 h after administration 
of TLV was significantly higher in the effective group 
(2154 mL vs 1352 mL; P < 0.01). The minimum urine 
osmolality was also significantly lower in the effective 
group (251 osmole vs 313 osmole; P < 0.01). The time 
to reach minimum urine osmolality was significantly 
longer in the effective group (median: 7 d vs 4 d; P = 
0.02).

eGFR analysis to determine the cut-off level
Figure 4A indicated that a reduction in urine osmolality 
over 25% was the single best cut-off level to clarify 
the improvement of refractory ascites with 89.5% 
sensitivity and 59.1% specificity. A combined measure 
of urine > 1800 mL within the first 24 h and a reduction 
in urine osmolality > 30% were the best cut-off levels 
to clarify refractory ascites improvements with 84.2% 
sensitivity and 81.8% specificity (Figure 4B).

Multivariate regression analysis to elucidate the factor 
contributing to improved refractory ascites
Multivariate regression analysis was performed to 

Table 4  Comparison of the changes after administration of tolvaptan (effective vs  
ineffective with tolvaptan)

Effective (n  = 38) Ineffective (n  = 22) P
1Bodyweight       3.6 (2.1-4.7) 0.2 (0.1-0.8) < 0.01
24 h urine volume (mL) 2154 (1448-2516)  1352 (871-1675) < 0.01
24 h water intake (mL)    1238 (800-1429)    1235 (1000-1463)    0.96
Pre-urine osmolality (OSM)      445 (411-485)  417 (335-495)    0.42
Time to achieve the minimum urine osmolality (d)          7 (3-9)             4 (1-6)    0.02
The minimum urine osmolality (OSM)      251 (213-288)  313 (256-359) < 0.01
Pre-post-urine osmolality rate (%)        58 (51-69)           78 (66-90) < 0.01

1Reduction. OSM: Osmole.

Table 3  Comparison of baseline characteristics (effective vs  ineffective with tolvaptan)

Characteristic Effective (n  = 38) Ineffective (n  = 22) P

Dosing period (d)   73 (12-109)              22 (7-36) 0.02
TLV (mg/d)  7.5 (7.5-7.5)  7.5 (7.5-7.5) 0.36
Age (yr) 66.7 ± 11.1 67.0 ± 11.4 0.95
Male  33 (86.8%)  13 (59.1%) 0.02
Bodyweight (kg) 62 (54-68) 60 (48-71) 0.58
1Bodyweight (kg)  3.6 (2.1-4.7)  0.2 (0.1-0.8)  < 0.01
HCV antibody positive  27 (71.1%)    9 (40.9%) 0.03
Child-Pugh class C  11 (28.9%)  16 (72.7%)  < 0.01
Refractory ascites  35 (92.1%)  32 (95.5%) 1.00
Hepatic hydrothorax  21 (55.3%)  11 (50.0%) 0.79
Liver neoplasms stage 3, 4a, or 4b  11 (28.9%)  15 (68.2%)  < 0.01
Serum albumin (g/dL)  2.9 (2.6-3.2)  2.7 (2.3-3.0) 0.20
Total bilirubin (mg/dL)  1.7 (0.7-1.9)  4.5 (1.5-6.3)  < 0.01
ALT (IU/L) 37 (20-41) 50 (25-77) 0.18
Serum creatinine (mg/dL)    1.53 (0.89-2.09)    1.17 (0.95-1.40) 0.11
eGFR (mL/min per 1.73 m2)    49.8 (26.7-62.7)    51.7 (34.6-62.5) 0.80
Serum sodium (mEq/L)   134 (132-138)   131 (128-136) 0.03
Platelet count (× 103/μL) 107 (58-144) 127 (65-190) 0.27
Prothrombin activity (%)    61.5 (46.3-73.2)    53.8 (41.2-64.2) 0.10

1Reduction. ALT: Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV: 
Hepatitis C virus; TLV: Tolvaptan.
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evaluate the factors found to be significant in univariate 
analysis. As a result, a reduction in urine osmolality 
> 25% [odds ratio (OR) = 20.7; P < 0.01] and the 
presence of positive HCV antibodies (OR = 5.93; P = 
0.05) were positively correlated with an improvement of 
refractory ascites, while the total bilirubin level per 1.0 
mg/dL (OR = 0.57; P = 0.02) was negatively correlated 
with improvement (Table 5).

Comparing the patients backgrounds between the TLV 
group and historical controls
Due to the small number of patients, their backgrounds 
and laboratory data, including liver function, were not 
matched. In comparing the TLV group and controls, only 
the serum sodium level was significantly lower in the TLV 
group (133 mEq/L vs 136 mEq/L; P = 0.02). However, 
there were no significant differences in the other 
parameters between the two groups (Table 1).

Cumulative incidence rate
The cumulative incidence rate was defined as the need 
for an additional invasive procedure to treat refractory 

ascites, including large volume paracentesis, or hospital 
admission for the treatment of refractory ascites. The 
cumulative incidence rate was significantly higher in the 
control group, with a median incidence time of 30 d in 
the TLV group and 20 d in the control group (P = 0.01, 
Figure 5).

Factors affecting the incidence of refractory ascites
We used univariate and multivariate Cox’s proportional 
hazard regression analysis to elucidate the risk factors 
predicting incidence. Cox hazard proportional multivariate 
analysis indicated that the use of TLV (OR = 0.58; P < 
0.01), uncontrolled liver neoplasms (OR = 1.92; P < 
0.01), a total bilirubin level per 1.0 mg/dL (OR = 1.10; P 
< 0.01), and a higher sodium level per 1.0 mEq/L (OR = 
0.94; P < 0.01) were independent factors contributing to 
the incidence of refractory ascites (Table 6).

Cumulative survival rate
There was no significant difference in cumulative 
survival rate between the TLV group (median survival 
time = 121 d) and control group (median survival time 
= 123 d; P = 0.57, Figure 6).

DISCUSSION
This study demonstrated that administration of TLV 
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t /d

TLV n  = 60

Controls n  = 60

P  = 0.01
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Figure 5  The cumulative incidence rate was significantly higher in the 
control group, with a median incidence time of 30 d in the tolvaptan group 
and 20 d in the control group.
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Table 5  Multivariate regression analysis assessing the effec
tiveness of tolvaptan

Variables HR (95%CI) P

Reduction of urine osmolality over 25% 20.7 (3.26-132) < 0.01
Age (yr)  1.00 (0.93-1.08)    0.91
HCV antibody positive  5.93 (1.01-34.8)    0.05
Uncontrollable liver neoplasms  0.68 (0.03-1.20)    0.21
Total bilirubin (per 1.0 mg/dL)  0.57 (0.35-0.93)    0.02
Na (per 1.0 mEq/mL)  0.99 (0.84-1.17)    0.93

HCV: Hepatitis C virus.

Figure 4  Receiver operating characteristic analysis. A: A reduction in urine osmolality > 25% was the single best cut-off level for improvement of refractory ascites 
with 89.5% sensitivity and 59.1% specificity; B: A combination of urine output > 1800 mL within the first 24 h and a 30% reduction in urine osmolality were the best cut-
off levels for improvement of refractory ascites with 84.2% sensitivity and 81.8% specificity. 
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improved refractory ascites in 38 (63.3%) patients. 
Before the introduction of TLV, treatment of refractory 
ascites was initially based on invasive procedures, 
such as paracentesis, concentrated ascites reinfusion 
therapy, the Denver® shunt, or transjugular intrahepatic 
portosystemic shunt[10-12]. Although, increased doses 
of loop diuretic agents or spironolactone were also 
allowed, the effectiveness was limited and renal 
function deteriorated[13]. TLV is a less invasive novel oral 
aquaresis treatment that complements conventional 
refractory ascites therapies. The effectiveness of TLV is 
limited, however, because decompensated liver cirrhosis 
is a progressive disease, although compared with 
conventional large volume paracentesis treatment, TLV 
may prolong the time to disease progression. Thus, TLV 
may be an important therapy that transiently improves 
refractory ascites to avoid early invasive treatment or 
hospitalization.

Determining the best timing of TLV administration 
is difficult, since TLV was not effective in 22 cases of 
patients with either uncontrolled liver neoplasms or 
severe liver dysfunction Child-Pugh class C. In this study, 
we defined refractory ascites as follows: existence of 
ascites detected by ultrasound under the treatment 
of a loop diuretic at a daily dose equivalent to ≥ 40 
mg/d furosemide and ≥ 25 mg/d spironolactone, a 
loop diuretic at a daily dose equivalent to ≥ 20 mg/d 
furosemide and ≥ 50 mg/d spironolactone, or a loop 
diuretic alone at a daily dose equivalent to ≥ 60 mg/d 
furosemide. If refractory ascites was not controlled 
with these doses of standard diuretic medicines, TLV 
administration should be considered. If TLV is initiated 
later, its effects may be restricted due to liver dysfunction 
or progression of liver neoplasms.

The change in urine osmolality is an important factor 
to consider when evaluating the effectiveness of TLV. It 
has been reported that a reduction in the rate of urine 
osmolality can predict TLV effectiveness in chronic heart 
failure patients[14]. In these patients, urine osmolality was 
measured before and 4-6 h after administration of TLV. 
However, in refractory ascites patients, our current study 

showed that the minimum urine osmolality was reached 
at a median of 7 d after TLV administration (Table 2), 
which indicated that the reduction rate in urine osmolality 
was a promising measure of TLV effectiveness. However, 
the sensitivity and specificity were more accurate 
using the combination of 24-h urine volume and urine 
osmolality reduction rate after the administration of 
TLV. The mechanisms underlying this difference remain 
unknown, although it has been reported that elevated 
intra-abdominal pressure due to refractory ascites might 
affect renal function[15]. Treating refractory ascites with 
TLV may lead to a gradual improvement of glomerular 
blood flow. Thus, the decrease in urine osmolality was 
slower in refractory ascites patients compared with the 
change in chronic heart failure patients. At any rate, 
the results showed that it was difficult to predict the 
effectiveness of TLV in a short-term study.

TLV is thought to be a relatively safe drug with little 
impact on renal function[9,16]. However, in our study, TLV 
administration deteriorated renal function. Although 
there is a possibility that TLV could lead to dehydration 
and decrease eGFR, progressive liver disease induces 
renal impairment, a phenomenon known as hepatorenal 
syndrome[17]. The control patients also had a significant 
decrease in eGFR during the follow-up period. These 
patients were treated with large-volume paracentesis 
under infusion of albumin, which was also reported to 
have less impact on renal function[18]. In a comprehensive 
manner, the decrease in eGFR did not depend on TLV but 
on progressive liver disease itself. Thus, we concluded 
that TLV could be used safely in patients with refractory 
ascites.

An elevation in the serum sodium level is a major 
side effect of TLV[19]. Advanced liver cirrhosis tends to 
result in hyponatremia, and TLV is used as a treatment 
option for hyponatremia in patients with euvolemic 
hyponatremia[20]. In this study, we did not experience 
any side effects of hypernatremia in patients treated 
with TLV. Although the median level of serum sodium 
was elevated to a maximum of 138.5 mEq/L, this was 
preferable to hyponatremia in advanced liver cirrhosis 
patients. Comorbidity with hyponatremia has a high 
risk for mortality[21]. In this current study, there were 
no significant differences in the cumulative survival 
rate between the TLV and control group. However, the 

Figure 6  There was no significant difference in cumulative survival rate 
between the groups, with a median survival time of 121 d in the tolvaptan 
group and 123 d in the control group.
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Table 6  Cox’s proportional hazard multivariate regression 
analysis assessing the factors contributing to the incidence of 
refractory ascites

Variables HR (95%CI) P

Use of TLV 0.58 (0.39-0.87) < 0.01
Age (yr) 1.01 (0.99-1.03)    0.19
Uncontrollable liver neoplasms 1.92 (1.23-2.94) < 0.01
ALT (IU/L) 1.00 (0.98-1.01)    0.11
Total bilirubin (mg/dL) 1.10 (1.03-1.18) < 0.01
Na (mEq/mL) 0.94 (0.91-0.98) < 0.01

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; TLV: Tolvaptan.
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patients’ backgrounds between the two groups were not 
matched, and it was difficult to elucidate the true effect 
of treating hyponatremia with TLV. A further prospective 
study is needed to clarify the outcome of improving 
hyponatremia on the cumulative survival rate.

There were no severe adverse events that exceeded 
CTCAE grade 2 during the hospitalization period. 
The most common side effect was thirst observed in 
14 (23.3%) patients, which was similar to previous 
reports[22,23]. Hypernatremia was also reported as an 
adverse effect of TLV treatment[20]. However, there were 
no patients with a severe elevation in serum sodium. 
During the follow-up period after hospital discharge, 
hepatic encephalopathy occurred in 8 patients. It is 
difficult to clarify whether the cause of encephalopathy 
was administration of TLV or part of the natural course 
of severe liver dysfunction. On the whole, TLV is a safe 
treatment for refractory ascites patients with advanced 
liver cirrhosis.

This study has several limitations. It was not a 
randomized retrospective study, and the control group 
was not matched to the TLV group. However, this study 
was conducted in a realistic clinical setting. We propose 
that the clinical outcomes of TLV will have significant 
meaning for the treatment of refractory ascites, and the 
current results revealed that the best new indicators 
to predict efficacy of TLV were a 24-h urine volume > 
1800 mL and > 30% urine osmolality reduction rate, as 
well as prolongation of progression-free survival. Thus, 
this retrospective study will serve as a reference for 
using TLV in refractory ascites patients.

In conclusion, administration of TLV achieved not 
only better control of refractory ascites but also improved 
QOL by avoiding additional invasive procedures, including 
paracentesis, or the need for hospitalization compared 
with conventional ascites treatments.
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