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Abstract. Patients with liver cirrhosis frequently experience 
non‑specific symptoms and report severe reductions in their 
quality of life  (QOL). The underlying mechanisms of the 
disease are multifactorial that may be specific to the disease or 
directly related to the liver. The major concern of liver cirrhosis 
with ascites, however, is the decreased QOL. Therefore, in the 
present study, the Ascites Symptom Inventory‑7 (ASI‑7) ques-
tionnaire was applied to subjectively evaluate the symptoms 
in patients with cirrhotic ascites following tolvaptan admin-
istration. In total, 69 patients with liver cirrhosis with ascites 
hospitalized to Nara Medical University were evaluated after 
being treated with tolvaptan (3.75‑7.5 mg/day) and conven-
tional diuretics between December 2013 and April 2018. A 
follow‑up assessment was conducted 7 days after tolvaptan 
treatment, whilst ASI‑7 was used on days 1 and 8 of the study. 
After an uneventful 7‑day tolvaptan treatment regimens, 
49 patients (71.0%) lost >1.5 kg of their body weight, who 
were referred to as responders, with the change in the ASI‑7 
score being found to correlate with the body weight change. 
By contrast, changes in urine volume did not correlate with 
those in the ASI‑7 score. The responders experienced a greater 
reduction in the ASI‑7 score after 7 days compared with those 
in the non‑responders (P<0.01). ASI‑7 scores were also found 
to correlate with body weight after tolvaptan administration. In 
conclusion, ASI‑7 accurately reflected changes in body weight 
but not urine volume and results of the study highlighted the 
value of ASI‑7 in the evaluation of ascitic volume and effec-
tiveness of tolvaptan in cirrhotic ascites. The present clinical 
trial was registered onto the UMIN‑Clinical Trial Registry on 
1st March 2014 (registration no. UMIN000013095).

Introduction

Patients with liver cirrhosis frequently experience non‑specific 
symptoms and report a severe reduction in their quality 
of life  (QOL)  (1,2). Patient‑reported outcome  (PRO) is an 
outcome‑reporting system directly reported by the patient to 
describe their own experience of the condition, which differs 
from that reported by physicians and nurses (3). PRO method, 
similar to questionnaires, is used in clinical trials to gain a 
better understanding of the efficacy or effectiveness of a treat-
ment modality (4). There are several questionnaires concerning 
liver disease, including the Chronic Liver Disease  (CLD) 
Questionnaire  (CLD‑Q)  (5), Liver Disease Quality of Life 
Questionnaire (6) and the Liver Disease Symptom Index 2.0 
(LDSI 2.0) (7), which are designated to assess the QOL of patients 
with CLD. Although the CLD‑Q and LDSI 2.0 contain ques-
tions regarding abdominal symptoms, their primary aim is not 
to assess the symptoms of ascites. By contrast, Ascites Symptom 
Inventory‑7  (ASI‑7) is specific to ascites symptoms, which 
directly reflects the abdominal symptoms of the patients (8). The 
effectiveness of ASI‑7 has been previously reported (9), though 
the existence of the questionnaire in not widely known.

In a previous study of ascending levels of tolvaptan (SALT) 
in 2006, an orally active vasopressin V2‑receptor antago-
nist, tolvaptan, was first reported as safe and effective for 
increasing serum sodium concentrations among patients with 
hyponatremia (9,10). Since December 2013, tolvaptan has been 
used in Japan owing to a mechanism of action that is different 
from those of conventional diuretics, including furosemide or 
spironolactone (11). Tolvaptan acts by suppressing the expres-
sion of Aquaporin (AQP)‑2, inhibiting water reabsorption in 
the renal collecting ducts (12). Unlike other diuretics, this drug 
does not stimulate sodium channels; instead, it increases free 
water excretion without affecting urinary sodium levels (13).

A number of reports have previously assessed the QOL 
of patients with refractory ascites (14,15). In addition, there 
is an insufficient number of assessments on the effectiveness 
of ASI‑7 following the administration of tolvaptan in treating 
cirrhotic ascites, where decreases in ascites may reduce the 
ASI‑7 score (8). Therefore, the aim of the present cohort study 
was to apply the ASI‑7 questionnaire to evaluate the symptoms 
subjectively after tolvaptan administration in patients with 
cirrhotic ascites.
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Materials and methods

Therapeutic protocol. The protocol was registered to the 
clinical trials registry managed by the University Hospital 
Medical Information Network in Japan (registration no. 
UMIN000013095). This trial was conducted between 
December  2013 and April  2018 and consisted of patients 
with liver cirrhosis accompanied by ascites who fulfilled the 
following criteria in accordance with a Japanese phase III 
study (11): (i) >20 years of age; and (ii) experienced persis-
tent ascites despite conventional diuretic treatments with 
≥20 mg/day furosemide and/or ≥25 mg/day spironolactone. 
The following exclusion criteria were adopted from a phase III 
Japanese study (11): i) Having other complications or malig-
nancies such as hepatic encephalopathy (West haven criteria 
≥grade  II)  (16); ii) vascular invasive hepatocellular carci-
noma, esophageal or gastric varices requiring new treatment, 
repeated hemorrhoid bleeding due to rectal varices, conges-
tive heart failure and anuria or impaired urination (10); (iii) a 
history of cerebrovascular disorders; (iv) hemoglobin levels 
<8.0 g/dl, total serum sodium <120 or >147 mEq/l or serum 
potassium >5.5 mEq/l; (v) inability to take oral medication; 
and (vi) patients otherwise adjudged by the investigator to be 
inappropriate for inclusion into the study.

The present study consisted of a 2‑day pretreatment 
observation period and a 7‑day treatment period. All patients 
received 3.75 or 7.5  mg/day tolvaptan for 7  days as an 
adjunct to conventional diuretics (10‑60 mg/day furosemide 
and/or 25‑100 mg/day spironolactone) during sodium restric-
tion (<7 g/day). Day 1 was defined as the first day of tolvaptan 
administration. Data obtained immediately before the admin-
istration of tolvaptan were used as baseline data. Day 8 was 
defined as the end of the tolvaptan treatment. The primary 
outcome of this study is to investigate if body weight loss 
correlates with improvements in the ASI‑7 scores following 
tolvaptan administration, whilst the secondary outcome is to 
assess the relationship between the ASI‑7 score and param-
eters such as urine volume or hepatic reserve.

Patient enrollment. In this prospective, single‑arm, multi‑center 
study, a total of 116 consecutive patients with cirrhotic ascites 
treated with tolvaptan were enrolled. However, only 80 patients 
completed the ASI‑7 questionnaire. Patients that underwent 
paracentesis, experienced hepatic coma during the treatment 
period or submitted questionnaires with missing data were 
excluded. In total, 11 patients dropped out of the study due 
to various reasons (Fig. 1). Finally, a total of 69 patients were 
included for the analysis. The clinical characteristics of the 
patients with cirrhotic ascites are shown in Table I.

Ethics. The present study was approved by the Institutional 
Review Board  (IRB) of Nara Medical University (IRB 
approval no. 2‑9). This study was conducted in accordance 
with the ethical standards in the Declaration of Helsinki. 
Written informed consent was obtained from all patients prior 
to their participation in the study.

Physical examination findings. The body weight (BW) and 
urine output of each participant were measured every day of the 
study. Consistent with previous reports (17), responders to the 

treatment were defined as patients exhibiting >1.5‑kg loss in BW 
after 1‑week tolvaptan administration whereas non‑responders 
were defined as those having exhibiting weight loss <1.5 kg or 
weight gain. Child‑Pugh scores were calculated from the five 
clinical measures of liver disease. Each measure was allocated a 
score of 1‑3, with 3 indicating severe derangement. The five clin-
ical measures were as follows: Total bilirubin, serum albumin, 
prothrombin time, ascites and hepatic encephalopathy (18).

Questionnaire. The ASI‑7 was used on days 1 and 8 of the 
study. It consists of seven items on a 5‑point Likert scale: 
0, does not apply; 1, slightly applies; 2, somewhat applies; 
3, strongly applies; and 4, very strongly applies. The following 
was written on each questionnaire: ‘Please answer the 
following questions about your ascites (abdominal fluid or 
fullness) and related symptoms, as they are today’. The seven 
items comprising the scale shown in Table II cover various 

Table I. Clinical characteristics of patients.

Parameter	 Dataa

Age (years)	 68.8±11.5
Sex (male/female)	 43/26
Cause of cirrhosis (HBV/HCV/Alc/others)	 7/24/17/21
Ascites volume (mild/moderate/severe)	 10/25/34
Child-Pugh classification (B/C)	 33/36
Child-Pugh score	 10.1±1.7
Dose of tolvaptan received (3.75/7.5 mg)	 7/62
Dose of furosemide (mg)	 25.6±11.7
Dose of spironolactone (mg)	 50.9±16.2
With HCC	 29 (42.0%)
With portal vein thrombus	 18 (26.1%)

aPresented either as the mean ± SD, N, or N (%). HBV, hepatitis B virus; 
HCV, hepatitis C virus; alc, alcoholic; HCC, hepatocellular carcinoma.

Table II. Items in the ASI-7 questionnairea.

Number	 Item

1	 My stomach feels heavy.
2	 My stomach is bloated and I feel discomfort.
3	 My stomach is bloated, so it is difficult 
	 to move around.
4	 My stomach feels heavy when lying down.
5	 I have difficulty breathing after walking 
	 for 2-3 min.
6	 I cannot eat because my stomach is bloated.
7	 I cannot take deep breaths.

aInstructions: ‘Please answer the following questions about your 
ascites (abdominal fluid or fullness) and related symptoms, as they 
are today’. Likert Scale: i) 0, does not apply at all; ii) applies slightly; 
iii) applies somewhat; iv) applies strongly; and v) applies very strongly. 
ASI-7, ascites symptom inventory-7.
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domains and were arranged in a sequence from mild to severe 
symptoms, facilitating clinical interpretation. The cumulative 
score was calculated by summing up the scores of each of 
the 7 items (0‑4 points), which can range from 0 to 28 points. 
The scale of the ASI‑7 scoring system showed asymmetric 
distribution within a range of 0‑28 points. The score system 
of ASI‑7 was defined as follows: i) Slight ascites, 0‑11; ii) mild 
ascites,  12‑18; iii) moderate ascites, 19‑22; and iv)  severe 
ascites, 23‑28. ΔASI‑7 scores were defined as ‘ASI‑7 score on 
day 8’, ‘ASI‑7 score on day 1’.

Statistical analysis. Patient backgrounds and clinical 
parameters are presented as the number of patients  (%) or 
means ± SD. Mann‑Whitney U test was used for comparisons 
between two groups. Kruskal‑Wallis test followed by Dunn's 
test was performed for comparisons among three groups. 
Spearman's rank correlation analysis was performed to deter-
mine the correlation coefficient (R) and P‑value. All statistical 
analyses were performed using SPSS (SPSS, Inc.) for Windows 
version 16.0. P<0.05 were considered to indicate a statistically 
significant difference.

Results

Baseline characteristics of patients. In total, 69 patients 
with difficult‑to‑treat ascites were analyzed. Table I shows 
the baseline (day 1) clinical characteristics of the patients 
enrolled. All enrolled patients had liver cirrhosis, with 
the mean age of 68.8±11.5 years (range: 34‑85  years); 
43 patients (62.3%) were male and 26 patients (37.7%) were 
female. In total, 60 patients (87.0%) received furosemide 
(mean dose, 25.6±11.7 mg/day; range, 10‑60 mg/day) and 
62  patients (89.9%) received spironolactone (mean dose, 
50.9±16.2 mg/day; range: 25‑100 mg/day). Of the 69 patients, 
62 received 7.5  mg tolvaptan, whilst the remaining 7 
received 3.75 mg tolvaptan. The cause of liver cirrhosis in 
the participants were as follows: i) 7 patients had hepatitis B; 
ii) 24 patients had hepatitis C; iii) 17 patients had a history 
of alcoholism; and iv)  21  patients had other disorders, 
including primary biliary cholangitis and autoimmune 
hepatitis. In total, 33 patients had Child‑Pugh grade B and 
36 patients had Child‑Pugh grade C. Of the 69 participants, 
18 patients (26.1%) had portal vein thrombus and 29 (42.0%) 
had complications with hepatocellular carcinoma; these 
patients but did not experience invasion of the portal vein. 
The amount of ascites was classified into the mild, moderate 
and severe groups, proposed by the International Club of 
Ascites (19), as estimated using CT or ultrasonography (US). 
In total, 10 patients had mild ascites, 25 patients had moderate 
ascites, and the remaining 34 patients had severe ascites.

Correlation among each baseline parameter. Baseline 
ASI‑7 score was first obtained on day 1, where mean score 
of 13.7±8.1 was documented and the ASI‑7 score increased 
with ascites volume. For patients with mild, moderate and 
severe ascites, the median ASI‑7 scores were found to be 
6, 13 and 15 respectively (Fig. 2). Comparison of the three 
groups revealed a significant difference by Kruskal‑Wallis test 
(P=0.02). The ASI‑7 scores of patients with severe ascites were 
significantly higher compared with those of patients with mild 

ascites (P=0.01; Fig. 2). There were no difference between 
moderate vs. mild and moderate vs. severe. Additionally, there 
was no correlation between the Child‑Pugh and ASI‑7 scores 
between day 8 and day 1 (r<0.001; Fig. 3).

Effectiveness of 7‑day treatment with tolvaptan. In total, 
49 patients (71.0%) experienced a reduction in BW (>1.5 kg) 
after 7 days, with 32 patients (46.4%) experiencing >500‑ml 
increase in urine volume the day  1 after tolvaptan treat-
ment. The remaining participants experienced a decrease 
in urine volume. Correlation between BW change in 7 days 
and changes in urine volume the day 1 after tolvaptan treat-
ment was assessed, A weak but insignificant correlation 
between changes in BW and urine volume was observed 
(r=‑0.079; Fig. 4). The mean ASI‑7 scores also decreased 
from 13 (Q3‑Q1:20‑6.5) to 5 (Q3‑Q1:11‑0) after 7 days of 
treatment. Correlation between the changes in the BW and 
ASI‑7 scores in 7 days was next assessed, where a moderate 
and significant correlation between the BW change in 7 days 
and ASI‑7 score change (r=0.524; P<0.01; Fig. 5) was noted. 
By contrast, no correlation was observed between the BW 
change after 7 days and change of urine volume at day 1 (data 

Figure 1. Study work flow. ASI‑7, ascites symptom inventory‑7.

Figure 2. Median ASI‑7 scores in patients with mild, moderate and severe 
ascites. *P<0.05. ASI‑7, ascites symptom inventory‑7.
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not shown; r=0.137; P=0.15). The treatment response was 
evaluated on the basis of changes in the BW after tolvaptan 
treatment. Among the responders, 43/49 patients (87.8%) expe-
rienced reduced ASI‑7, whilst 13/20 non‑responder patients 
(65.0%) had decreased ASI‑7. Responders and non‑responders 
had an median ASI‑7 score change of ‑6 (Q3‑Q1:‑11.5‑‑2) and 
‑3 (Q3‑Q1:‑5‑‑2), respectively, with a significant difference 
reported (P=0.012; Fig. 6).

Consideration of each parameter of ASI‑7. Correlation 
between the ΔASI‑7 in each item and changes in BW is shown 
in Fig. 7. The strongest correlation was observed between item 
no. 2, which stated ‘my stomach is bloated and uncomfortable’ 
and changes in BW (r=0.485; P<0.01; Fig. 7B). Item no. 3, 
which stated ‘my stomach is bloated, so it is difficult to move 
around’, also exhibited a second most notable correlation with 
changes in BW (r=0.463; P<0.01; Fig. 7C). Item 7, which stated 
‘I cannot take deep breaths’ exhibited a third most notable 
correlation with changes in BW (r=0.286; P<0.05; Fig. 7G). 
The ΔASI‑7 of the remaining items (nos. 1, 4, 5, 6 and 7) had 
either weak or no correlation with changes in BW.

Discussion

The results from the present cohort study demonstrated that 
following 7 days tolvaptan treatment, responders lost weight, 
such that changes in the their ASI‑7 scores correlated with 
changes in BW. However, changes in urine volume did not 
correlate with the changes in the ASI‑7 scores. Responders 
showed a further decrease in the ASI‑7 scores after 7 days 
compared with those in non‑responders.

ASI‑7 is primarily focused on the symptoms related to 
the ascites of the patients. Only two reports have previously 
discussed the use of ASI‑7 in assessing the symptoms and 
wellbeing of patients with ascites (8,15). Objective parameters, 
including BW, urine volume, abdominal circumference and 
ascites volume measured using US or CT, were measured 
before and after tolvaptan treatment. The primary goal of 
ascites treatment is to relieve the symptoms suffered by the 
patients and consequently improve the QOL (20). The present 
study was the first to use ASI‑7 in evaluating cirrhotic patients 
with ascites who have been treated with tolvaptan, which 
confirmed that the ASI‑7 is a valuable tool for assessing the 

Figure 3. Correlation between the Child‑Pugh score and ΔASI‑7. No correla-
tion between Child‑Pugh score and weight change was noted. ASI‑7, ascites 
symptom inventory‑7.

Figure 4. Correlation between urine output increase and subsequent body 
weight change. A small correlation between urine volume increase and 
weight change was noted. BW, body weight.

Figure 5. Correlation between ASI‑7 score alteration and subsequent body 
weight change. A moderate correlation between changes in the ASI‑7 score 
and body weight change was noted. P<0.01. ASI‑7, ascites symptom inven-
tory‑7; BW, body weight.

Figure 6. Median changes in the ASI‑7 scores in responders and 
non‑responders. *P<0.05. ASI‑7, ascites symptom inventory‑7.
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response to and effectiveness of tolvaptan administration after 
a 1‑week study period.

Findings from the present study demonstrated that hepatic 
reserves (Child‑Pugh score) did not correlate with the ASI‑7 
score. Generally, patients with severe ascites have high ASI‑7 
scores (8). In the present study, an elevation in the ASI‑7 score 
was found to associate with an increase in the ascitic volume. 
In total, 4 of the 10 patients with mild ascites had severe hepatic 
hydrothorax with most having high ASI‑7 scores, which may 
have influenced the severity of hepatic hydrothorax. However, 
some patients with severe ascites had low ASI‑7 scores. This 
may be attributed to the presence of ascites for an extended 
period of time with only few abdominal symptoms. A disper-
sion is therefore observed between the volume of ascites and 
ASI‑7 scores, which may be affected by the length of time the 
patient has had severe ascites by extension of the abdominal 
wall. To the best of our knowledge, however, there is no 
previous studies reporting the extension of the abdominal wall 
caused by the distension of severe ascites for a few weeks.

In patients with liver cirrhosis, the intrahepatic resistance 
is increased by disruption in the intrahepatic blood flow (21). 
Consequently, the renin‑angiotensin‑aldosterone system, 
sympathetic nervous system and antidiuretic hormone are 
activated, thereby reducing renal blood flow, sodium and 
water reabsorption, leading to the development of ascites and 
edema (22). The most effective treatment for ascites, other than 
diuretics, is the transjugular intrahepatic portosystemic shunt 
procedure (23) or large‑volume paracentesis (24), which also 
improve the QOL of the patients. A reduction in BW instead 
of an increase in urine output has been used as the primary 

endpoint in clinical trials with tolvaptan (25). This is due to 
BW changes being considered to be the clinically more impor-
tant parameter, since they can accurately reflect the volume 
overload in patients with ascites (26). In the present study, a 
weak correlation was noted between BW change and urine 
output increase, suggesting that the increase in urine output 
does not always reflect BW change. The phase III trial showed 
an average decrease of ~2.0 kg/week in BW (11). However, a 
recent report concluded that a 1.5‑kg decrease in 7 days was 
the best cut‑off value in patients with hepatic edema receiving 
tolvaptan treatment, as symptom reduction was achieved (17). 
A responder was therefore defined in the study as those who 
experienced a 1.5‑kg decrease in BW in 7 days. Patients who 
were tolvaptan responders had an 87.8% decrease in the ASI‑7 
score whereas patients termed non‑responders experienced a 
65.0% decrease in the ASI‑7 score. A significant difference was 
observed between responders and non‑responders, suggesting 
that tolvaptan served an important role in the reduction in 
the ASI‑7 scores. There was a significant correlation between 
the BW change and the ASI‑7 score change. Responders to 
tolvaptan had an average ASI‑7 score change of ‑7.8, whilst 
non‑responders exhibited an average change in the ASI‑7 score 
of ‑2.8, meaning that some patients showed a decrease in the 
ASI‑7 score without a concomitant BW decrease. Although 
the reasons for this are highly complex, some cases could have 
been affected by the mental impact. Patients who experienced 
an increase in urine output without a reduction in BW occasion-
ally feel an improvement in their symptoms associated with 
ascites. Additionally, results from the present study suggest 
that assessments using the ASI‑7 items 2 and 3 may accurately 

Figure 7. Correlation between changes in the scores of each of the seven items of ASI‑7 and BW change. Correlation between changes in the ASI‑7 scores of 
items (A) no. 1, (B) no. 2, (C) no. 3, (D) no. 4, (E) no. 5, (F) no. 6 and (G) no. 7 and changes in body weight. ASI‑7, ascites symptom inventory‑7; BW, body weight.
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reflect the impact on abdominal symptoms. These observations 
suggest that changes in the ASI‑7 score is reflected by a reduc-
tion in patient symptoms after 7 days of tolvaptan treatment 
and item 2 of the ASI‑7 scoring system was the most influential 
item for indicating ascites symptoms.

There is a number of limitations associated with the 
present study. They include the small number of patients and 
utilization of only one type of questionnaire, ASI‑7. Since 
there are other questionnaires, including the SF‑36, CLD‑Q, 
or LDSI 2.0, difficulty remains in concluding ASI‑7 to be the 
most useful tool for assessing tolvaptan treatment. However, 
as other questionnaires do not target ascites, using the ASI‑7 
appeared to be more useful in assessing the symptoms of 
ascites. The present study was also limited in that all patients 
enrolled were Japanese. It has been previously reported that 
the health‑related quality of life patterns differs between 
Asian and Western populations owing to several different 
patient‑reported outcomes (27).

In conclusion, the present study confirmed the potential use 
of the ASI‑7 questionnaire as an effective tool for assessing 
patients with hepatic ascites. The majority of patients who 
responded to treatment with tolvaptan also exhibited a reduc-
tion in the ASI‑7 score after 7 days of tolvaptan administration, 
which may serve as a reflection of BW change. ASI‑7 has 
proven to be a valuable tool for assessing information, such 
as the abdominal symptoms associated with cirrhotic ascites.
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