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Abstract. Ascites is among the most common complications 
of liver cirrhosis and is associated with a high mortality rate. 
The present retrospective study aimed to evaluate the potential 
correlation between in-hospital mortality of liver cirrhosis 
and volume of ascites. Patients with liver cirrhosis who were 
admitted to the General Hospital of Shenyang Military Region 
(Shenyang, China) between June 2012 and June 2014 and 
underwent axial abdomino-pelvic computed tomography (CT) 
scans were retrospectively reviewed. The volume of ascites was 
approximated using a five‑point method, and diagnostic accu-
racy was expressed by the area under the receiver operating 
characteristic curves (AUROCs) with 95% confidence inter-
vals (CIs). Of the 177 patients reviewed in the present study, 
117 (61.10%) exhibited ascites on CT scans, and the in-hospital 
mortality rate was 4.52% (8/177). Child-Pugh and model for 
end-stage liver disease (MELD) scores were significantly 
increased in the presence of ascites (P<0.001). The in-hospital 
mortality rate did not differ significantly between patients with 
and without ascites (P=0.052). In patients with ascites >300 ml 

(n=72), the AUROCs of the Child-Pugh score, MELD score, 
and ascites volume for predicting in-hospital mortality were 
0.939 (95% CI, 0.856-0982), 0.952 (95% CI, 0.873-0.988), and 
0.782 (95% CI, 0.668-0.871), respectively. These AUROCs did 
not differ significantly. In conclusion, quantification of ascites 
may aid to predict the in-hospital mortality rate of cirrhotic 
patients.

Introduction

Liver cirrhosis is an end-stage complication of chronic 
liver diseases (1). Ascites is among the most common 
complications of cirrhosis, and >60% of cirrhotic patients 
develop ascites within 10 years of the diagnosis of cirrhosis (2). 
Ascites is typically the primary sign of portal hypertension in 
decompensated liver cirrhosis (3). The appearance of ascites 
is associated with poor prognosis, and previous results suggest 
that the 1- and 2-year mortality rate of cirrhotic patients with 
ascites is 50 and 60%, respectively (4). In patients with ascites, 
more severe complications, including hepatorenal syndrome 
and spontaneous bacterial peritonitis, may be induced, thereby 
increasing the risk of mortality (5-8).

The treatment strategy of ascites is primarily based on the 
grade of ascites, according to guidelines of the International 
Ascites Club (5,6). The grade of ascites is principally based on 
physical examinations and ultrasound (5). However, to the best 
of our knowledge, no method for the quantification of ascites 
in liver cirrhosis has previously been reported. Strategies to 
determine the volume of ascites may be important for the 
prognostic assessment of liver cirrhosis.

Oriuchi et al (9) developed a simple and accurate ̒ five‑pointʼ 
method of measuring the volume of ascites in patients with 
malignant ascites, which utilized standard abdomino-pelvic 
computed tomography (CT). Oriuchi et al (9) demonstrated 
that conventional CT might be an alternative method for 
measuring the thickness of ascites, while three-dimensional 
CT (3D-CT) was optimal for measuring precise ascites 
volumes. Notably, a statistically significant correlation was 
identified between the exact volume measured by 3D-CT 
and the volume estimated by the five‑point method (r=0.956, 
P<0.01). Subsequent studies have verified the accuracy of the 
five‑point method (10,11).
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In the present retrospective study, the five‑point method 
was used to evaluate the volume of ascites and its association 
with liver dysfunction severity and in-hospital mortality rate 
of patients with liver cirrhosis.

Materials and methods

Patient selection. The present study was a retrospective obser-
vational study of patients' medical records. Patients diagnosed 
with liver cirrhosis at the General Hospital of Shenyang Military 
Region (Shenyang, China) from June 2012 to June 2014 were 
eligible. Patients who underwent abdomino-pelvic CT scans 
during hospitalization were included. The exclusion criteria 
were as follows: i) hepatocellular carcinoma or any other kind 
of malignancy; and ii) patients' medical records or laboratory 
test results were lacking. The study was approved by the Ethics 
Committee of the General Hospital of Shenyang Military 
Region (approval no. k/2015/41). Written informed consent was 
waived due to the retrospective nature of the study.

Data collection. The volume of ascites was calculated using 
the five‑point method (9). Five variables, namely total bilirubin 
(TBIL), albumin (ALB), international normalized ratio (INR), 
hepatic encephalopathy, and ascites were used to calculate 
the Child-Pugh class/score, as previously described (12). The 
model for end-stage liver disease (MELD) score was also calcu-
lated according to the following formula: 9.57 x loge[creatinine 
(µmol/l) x 0.01] + 3.78 x loge[TBIL (µmol/l) x 0.05] + 11.2 x lo
ge(INR) + 6.43, as previously described (13,14).

Five‑point method. All CT images were reviewed by two inves-
tigators (a resident and an attending physician) together using 
a PowerRIS system version 5.0 (Mozi Healthcare Technology, 
Co., Ltd., Beijing, China) at the General Hospital of Shenyang 
Military Region. The method of measuring ascites on a CT 
image is outlined in Fig. 1. Three specified planes were selected 
to quantify the volume of ascites. The first plane was the supe-
rior mesenteric artery branch from the abdominal aorta. The 
distance between the inner surface of the right abdominal wall 
at antero-posterior mid portion and the surface of the liver was 
denoted as A (cm); the distance between the inner surface of 
the left abdominal wall at antero-posterior mid portion and the 
surface of the spleen was denoted as B (cm). If the liver was not 
observed in this plane, the distance between the inner surface 
of the right abdominal wall and the internal organs was denoted 
as A. Similarly, if the spleen was not observed in this plane, the 
distance between the inner surface of the left abdominal wall 
and the internal organs was denoted as B. The second plane 
was the lower pole of the left kidney. The distance between the 
inner surface of the right abdominal wall at antero-posterior 
mid portion and the vertical line through the posterior pole of 
the right ascending colon was denoted as C (cm); the distance 
between the inner surface of the left abdominal wall at 
antero-posterior mid portion and the vertical line through the 
posterior pole of the descending colon was denoted as D (cm). 
The third plane was the femoral head. The distance between 
the inner surface of the anterior abdominal wall to the line 
though the bilateral femoral arteries was denoted as E (cm). 
The following equation was used to calculate the volume of 
ascites: (A+B+C+D+E) x 200 ml, as previously described (9). 

As only a small amount of peritoneal fluid was observed around 
the surface of the liver in patients with mild ascites, the volume 
of ascites measured by the five‑point method was 0 ml, thus 
yielding a false negative for the presence of ascites.

Statistical analysis. Continuous variables were expressed as 
the mean ± standard deviation and median and range, and were 
compared using a Student's t-test. Categorical variables were 
expressed as a frequency (percentage) and were compared 
using a χ2 test. The clinical characteristics, laboratory data, 
Child-Pugh and MELD scores, and in-hospital mortality were 
compared between patients with and without ascites. The 
five‑point method has a higher accuracy in estimating the volume 
of ascites when the volume of ascites is >300 ml (9). Therefore, 
the clinical characteristics and outcomes were also compared 
between patients with an ascites volume >300 ml and those 
without ascites. Pearson correlation analysis was performed 
and the correlation between in-hospital mortality and volume 
of ascites was analyzed in patients with ascites >300 ml. The 

Figure 1. Measurement of the volume of ascites in abdomino‑pelvic computed 
tomography images by the five‑point method in the first (top image), second 
(middle image) and third (bottom image) planes.
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diagnostic accuracy of Child-Pugh and MELD scores and 
ascites volume was evaluated using area under the receiver 
operating characteristic curves (AUROCs) with 95% confi-
dence intervals (CIs). MedCalc software version 11.4.2.0 
(MedCalc Software bvba, Ostend, Belgium) was used. P<0.05 
was considered to indicate a statistically significant difference.

Results

Patients. The data of 177 patients was reviewed in the 
present study. A total of 109 (61.58%) patients were male 
and 68 (38.42%) were female. The mean age of patients was 
59.37±12.05 years. Ascites was confirmed by CT scans in 

Table I. Baseline characteristics of patients.

 Mean ± SD or
Variables N frequency (percentage) Median (range)

Sex, male/female 177 109 (61.58)/68 (38.42)
Age, years 177 59.37±12.05 58.00 (27.00-87.00)
Causes of liver diseases, n (%) 177
  Hepatitis B virus  43 (24.29)
  Hepatitis C virus  15 (8.47)
  Hepatitis B virus + hepatitis C virus  3 (1.69)
  Alcohol  45 (25.42)
  Hepatitis B virus + alcohol  17 (9.60)
  Hepatitis C virus + alcohol  1 (0.56)
  Autoimmune hepatitis  10 (5.65)
  Drug induced liver disease  5 (2.82)
  PBC  5 (2.82)
  Unknown  32 (18.08)
  Autoimmune hepatitis + PBC  1 (0.56)
Laboratory tests
  RBC, 1012/l 176 3.14±0.80 3.02 (1.01-5.57)
  Hb, g/l 176 96.51±228.58 96.00 (27.00-166.00)
  WBC, 1012/l 176 5.76±4.09 4.40 (1.00-26.00)
  PLT, 109/l 176 107.60±79.54 84.00 (13.00-463.00)
  TBIL, µmol/l 177 39.69±58.63 20.90 (2.00-446.30)
  ALB, g/l 176 30.58±6.19 30.00 (14.30-48.40)
  ALT, U/l 176 38.44±46.29 27.00 (5.00-368.00)
  AST, U/l 176 62.93±110.65 37.00 (8.00-1293.00)
  ALP, U/l 176 112.71±89.62 86.00 (17.00-531.00)
  GGT, U/l 176 103.20±146.83 48.00 (9.00-912.00)
  BUN, mmol/l 175 8.50±7.31 6.11 (1.63-61.88)
  CR, µmol/l 175 92.57±118.33 58.20 (27.40-857.00)
  Serum potassium, mmol/l 175 4.11±0.70 4.05 (1.90-7.24)
  Serum sodium, mmol/l 175 137.54±4.91 138.50 (121.00-146.40)
  Serum calcium, mmol/l 106 2.07±0.23 2.12 (1.06-2.66)
  BA, µmol/l 106 53.24±48.45 43.00 (9.00-415.00)
  PT, sec 177 17.07±8.05 15.40 (11.30-94.60)
  APTT, sec 177 44.46±13.66 42.60 (28.00-180.00)
  INR 177 1.44±1.13 1.23 (0.84-13.4)
In-hospital mortality 177 8 (4.52)
Child-Pugh score 175 8.01±1.93 8.00 (5.00-14.00)
MELD score 174 8.12±8.51 6.67 (-5.22-51.64)

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate 
aminotransferase; BA, blood ammonia; BUN, blood urea nitrogen; CR, creatinine; GGT, γ-glutamyltranspeptidase; Hb, hemoglobin; INR, 
international normalized ratio; MELD, model for end-stage liver disease; PBC, primary biliary cirrhosis; PLT, platelet; PT, prothrombin time; 
RBC, red blood cell; SD, standard deviation; TBIL, total bilirubin; WBC, white blood cell.
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Figure 2. An example demonstrating that a patient was not eligible for the evaluation of ascites volume by a five‑point method. A cirrhotic patient exhibited 
mild ascites on the surface of liver (left). However, the volume of ascites could not be estimated by the five‑point method due to the absence of ascites in the 
first plane (right). 

Figure 3. Area under the receiver operating characteristic curves of (A) Child‑Pugh score, (B) MELD score and (C) the volume of ascites for predicting the 
in-hospital mortality of cirrhotic patients with ascites >300 ml. (D) Comparison of their diagnostic accuracy. MELD, model for end-stage liver disease.
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117 (61.10%) pati ents, among them, 27 patients presented 
with ascites, but the volume of ascites could not be evaluated 
according to five‑point method (Fig. 2); and the volume of 
ascites was <300 ml in 45 patients. During hospitalization, the 
mortality rate of patients was 4.5% (8/177). Hepatitis B virus 
and alcohol abuse were the two major causes of cirrhosis. The 
patient characteristics are presented in Table I.

Clinical characteristics of patients with and without 
ascites. Clinical characteristics were compared between 
patients with and without ascites (Table II). Significantly 
increased levels of TBIL (P=0.005), blood urea nitrogen 
(BUN; P<0.001), prothrombin time (PT; P=0.006), 
activated partial thromboplastin time (APTT; P=0.014), INR 
(P=0.014), Child-Pugh (P<0.001), and MELD scores (P<0.001) 
were observed. A significant decrease in the level of red blood cell 
(RBC; P<0.001), hemoglobin (Hb; P=0.018), ALB (P<0.001), 
and serum sodium (P=0.002) was associated with the pres-
ence of ascites. All patients who did not survive during their 
hospitalizations presented with ascites; however, the in-hospital 
mortality between patients with and without ascites did not 
differ significantly (8/117 vs. 0/60, P=0.052).

Clinical characteristics of patients with ascites >300 ml 
and those without ascites. Clinical characteristics were 
compared between patients with ascites >300 ml (n=72) and 
those without ascites (n=60; Table III). Significantly increased 
levels of TBIL (P=0.019), BUN (P=0.0002), creatinine 
(P=0.002), PT (P=0.006), APTT (P=0.016), INR (P=0.014), 
and Child-Pugh (P<0.001) and MELD scores (P<0.001) were 
observed. Significantly decreased levels of RBC (P=0.001), 
Hb (P=0.009), ALB (P<0.001), and serum sodium (P=0.004) 
were also associated with ascites >300 ml. All patients who 
did not survive during their hospitalizations had ascites; 
however, the in-hospital mortality rate between patients with 
ascites >300 ml and those without did not differ significantly 
(5/72 vs. 0/60; P=0.081).

Clinical characteristics of patients with ascites >300 ml. 
In patients with ascites >300 ml, the volume of ascites was 
positively and significantly correlated with serum potassium 
(r=0.248; P=0.036), BUN (r=0.359; P=0.002), in-hospital 
mortality (r=0.267; P=0.023), and blood ammonia (r=0.284; 
P=0.046) but negatively and significantly correlated with 
serum sodium (r=-0.336; P=0.004). The volume of ascites was 
not significantly associated with Child-Pugh score, MELD 
score, alanine aminotransferase, or aspartate aminotransferase 
(Table IV). The AUROCs of the Child-Pugh and MELD scores 
and ascites volume (>300 ml) for predicting the in-hospital 
mortality were 0.939 (95% CI, 0.856-0982), 0.952 (95% CI: 
0.873-0.988), and 0.782 (95% CI, 0.668-0.871), respectively 
(Fig. 3). There were no significant differences among the 
variables (Child-Pugh vs. MELD, P=0.6281; Child-Pugh 
vs. volume of ascites, P=0.2063; MELD vs. volume of ascites, 
P=0.1874).

Discussion

Ascites is associated with a poor clinical outcome in liver 
cirrhosis (5). Indeed, the present study observed that all 
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patients who did not survive presented with ascites, and 
cirrhotic patients with ascites had a higher rate of in-hospital 
mortality compared with those without ascites. However, the 
difference in in-hospital mortality rate between patients with 
and without ascites was not statistically significant.

To the best of our knowledge, the present study was 
the first to identify a significant association between the 
volume of ascites, assessed using the five‑point method, and 
in-hospital mortality of cirrhotic patients. In patients with 
ascites >300 ml, in-hospital mortality was positively corre-
lated with the volume of ascites. In addition, AUROC analysis 
indicated that ascites volume might be a modest predictor of 
in-hospital mortality rate in liver cirrhosis. Notably, the diag-
nostic accuracy of the volume of ascites was comparable to 
that of Child-Pugh and MELD scores. Both the Child-Pugh 
and MELD scores had no significant correlation with the 
volume of ascites. This result suggests that the volume of 
ascites may predict in-hospital mortality rate independently 
of Child-Pugh and MELD scores.

In a previous retrospective study by our group, the 
accuracy of Child-Pugh and MELD scores in predicting the 
in-hospital mortality of cirrhotic patients with acute upper 
gastrointestinal bleeding was evaluated (15). The AUROCs 
of Child-Pugh and MELD scores were 0.796 and 0.810, 
respectively. By comparison, the present study observed 
that the AUROCs of Child-Pugh and MELD scores were 
higher in cirrhotic patients with ascites >300 ml (0.939 
and 0.952, respectively). Thus, it may be concluded that the 
scores were more appropriate in the prognostic assessment of 
patients with ascites.

The present study also observed that serum sodium was 
significantly decreased and BUN was significantly incre‑
ased in patients with ascites when compared with those 
without. Moreover, serum sodium was negatively corre-
lated and BUN was positively correlated with the volume 
of ascites. The correlation between sodium and ascites is 
readily explained. Hyponatremia is a common complication 
in patients with ascites (16,17). Sodium retention causes 
the expansion of extracellular fluid volume and eventu-
ally results in the accumulation of fluid in the peritoneal 
cavity (18). Furthermore, the occurrence of hyponatremia 
and increased BUN indicates renal function impairment, 
thereby resulting in ascites.

ALB, which is primarily synthesized by the liver, is an 
important compartment of plasma oncotic pressure (19). 
In previous studies, decreased levels of ALB suggested the 
presence of liver dysfunction, renal dysfunction and/or malnu-
trition (20,21). The present results indicated that patients with 
ascites had significantly lower ALB levels than those without 
ascites. When ALB levels are decreased, plasma oncotic pres-
sure is reduced, thereby leading to the accumulation of fluid in 
the peritoneal cavity (19).

The present study included a number of limitations. First, 
not all patients presenting with liver cirrhosis underwent 
abdomino-pelvic CT scans. Some patients underwent upper 
abdominal and/or mid-abdominal CT scans alone, and thus 
were excluded from the study. Second, the five‑point method 
is designed to objectively measure the volume of ascites in 
patients with different types of cancer (9). Whether or not the 
method is appropriate in the evaluation of cirrhotic patients 
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requires further confirmation. Third, only three fixed planes 
were selected for the five‑point method. Thus, not all patients 
were subjected to the five‑point method to assess the volume 
of ascites. Finally, it was difficult to accurately measure the 
thickness of ascites based on CT scans.

In conclusion, the present results indicated that the volume 
of ascites was positively correlated with the in-hospital 
mortality rate of cirrhotic patients. Thus, ascites volume 
should be considered in the prognostic assessment of cirrhotic 
patients with ascites.

Table IV. Correlation between different variables and ascites volume in patients with ascites >300 ml.

Variables N Correlation coefficient, r P‑value

Sex, male/female 72 -0.109 0.359
Age, years 72 -0.014 0.908
Causes of liver diseases, n (%)
  Hepatitis B virus 13 0.228 0.054
  Hepatitis C virus 10 -0.030 0.799
  Hepatitis B virus + hepatitis C virus 3 0.098 0.413
  Alcohol 18 0.081 0.497
  Hepatitis B virus + alcohol   9 -0.078 0.513
  Autoimmune hepatitis   3 -0.126 0.291
  Drug induced liver disease   2 -0.178 0.135 
  PBC   3 -0.175 0.143
  Unknown 10 -0.062 0.608
  Autoimmune hepatitis + PBC   1 0.039 0.748
Laboratory tests
  RBC, 1012/l 71 -0.106 0.381
  Hb, g/l 71 0.001 0.993
  WBC, 1012/l 71 -0.026 0.830
  PLT, 109/l 71 -0.006 0.959
  TBIL, µmol/l 72 0.018 0.883
  ALB, g/l 72 -0.078 0.512
  ALT, U/l 72 -0.067 0.576
  AST, U/l 72 0.063 0.597
  ALP, U/l 72 -0.019  0.876
  GGT, U/l 72 0.104 0.383
  BUN, mmol/l 71 0.359 0.002
  CR, µmol/l 71 0.232  0.052
  Serum potassium, mmol/l 72 0.248 0.036
  Serum sodium, mmol/l 72 -0.336 0.004
  Serum calcium, mmol/l 55 0.037 0.786
  BA, µmol/l 50 0.284 0.046
  PT, sec 72 -0.040 0.737
  APTT, sec 72 -0.077 0.518
  INR 72 -0.050 0.675
In-hospital mortality   5 0.267 0.023
Child-Pugh score 72 0.102 0.394
MELD score 71 0.225 0.059

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate 
aminotransferase; BA, blood ammonia; BUN, blood urea nitrogen; CR, creatinine; GGT, γ-glutamyltranspeptidase; Hb, hemoglobin; INR, 
international normalized ratio; MELD, model for end-stage liver disease; PBC, primary biliary cirrhosis; PLT, platelet; PT, prothrombin time; 
RBC, red blood cell; SD, standard deviation; TBIL, total bilirubin; WBC, white blood cell. Not all patients had complete data therefore some 
tests assessed less individuals.
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