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Abstract
Background To identify predictors of postoperative ascites after liver resection for 

patients with or without preoperative portal vein embolization (PVE). 

Study Design Data of 540 consecutive patients who had undergone liver resection in 

our institution were evaluated. These patients were divided into a group of patients 

who had undergone PVE prior to hepatectomy (PVE-group; n=37), and patients who 

underwent liver resection without PVE (n=503). Ascites was defined as postoperative 

daily drainage of clear ascitic fluid exceeding 200ml/day. A subanalysis of patients with 

hepatocellular carcinoma was included (HCC; n=53). Pre-, intra-, and post-operative 

variables were retrospectively analyzed using uni- and multi-variate analyses. 

Results Overall, 7.6% (41/540) of patients showed ascitic fluid production after liver 

resection. Postoperative ascites was present in 16.2% (6/37) of patients who underwent 

PVE before hepatectomy, compared to 7.0% (35/503) in the group undergoing liver 

resection without PVE (p=0.040). In all patients, diagnosis (OR 0.911, p=0.027), cirrhosis 

(OR 38.708, p<0.001), PVE (OR 2.952, p=0.047), major (three or more segments) 

resections (OR 3.263, p=0.028), and operation time (OR 1.004, p=0.007) were 

independent risk predictors associated with postoperative ascites in multivariate analysis. 

In PVE-patients, cirrhosis (OR 0.194, p<0.001) was the only independent significant 

predictor of ascites after resection. In patients undergoing liver resection without PVE, 

independent risk factors with multivariate analysis were major resections (OR 3.707, 

p=0.016), operation time (OR 1.003, =0.022), and cirrhosis (OR 34.475, p<0.001). 

Conclusions Diagnosis, preoperative PVE, major resections, and operation time were 

significant predictors of ascites after hepatectomy. Cirrhosis was a significant risk factor 

associated with postoperative ascites. 
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Introduction
Ascites is a common complication after liver resection with reported incidences ranging 

from 5% to 56%.1 It may contribute to liver failure when large intra-abdominal ascitic 

fluid collections develop. An increased portal pressure after hepatectomy induced by a 

reduction in hepatic vascular bed leads to ascites production and subsequently a decreased 

urinary output. Also, vasodilatation of the splanchnic vasculature promotes the formation 

of ascites.2 Ascites is often seen in patients with preexisting cirrhosis and hepatocellular 

carcinoma (HCC)1,3-6 and may be aggravated after partial liver resection.7-9 However, 

postoperative ascites also develops in normal livers, making treatment strategies after 

liver resection difficult. To our knowledge, only one study examined risk factors for 

ascites in patients with colorectal liver metastases (CRM).10 They reported that the Hx 

ratio (resected liver weight g/bodyweight kg) was a significant independent factor for 

ascites after extended hepatectomy.10 Other reported risk factors for ascites in patients 

with HCC are fibrosis11, increased blood loss (>1000ml), a low platelet count (<100 x 

103/μL)1, a high indocyanine green retention rate (>10%), hypo-albuminemia (≤3.5 g/

dL), and extent of liver resection (≥3 segments).3 

Preoperative portal vein embolization (PVE) is a widely used method to increase 

resectability in patients with small-for-size future remnant liver, especially in patients 

with poor hepatic reserve. By increasing volume and function of the future remnant liver 

preoperatively, the risk of liver failure after surgery is reduced. No studies have focussed 

on the incidence of ascites after hepatectomy in patients also undergoing PVE. The aims 

of this study therefore, were to examine the incidence and outcomes of ascites in patients 

undergoing liver resection with and without PVE, including a subgroup of patients with 

HCC, and to examine predictive factors for developing ascites after liver resection. 

Methods
All 540 patients undergoing liver resection between January 1992 and February 

2012 at the Academic Medical Center Amsterdam were analyzed. Of these patients, 

demographics, preoperative data, operative variables, presence or absence of ascites 

(volume, duration), morbidity, and mortality were evaluated retrospectively. This group 

was then divided into patients who had undergone liver resection with (n=37) or without 

PVE (n=503). A sub-group of patients with HCC (n=53) was analyzed in addition. 

Definitions

All patients were reviewed in a multidisciplinary HPB team consisting of a liver surgeon, 

hepatologist, medical oncologist, gastroenterologist, and (interventional) radiologist. 

Future remnant liver volume was assessed by CT-volumetry and hepatic function was 

determined by 99mTc-labelled mebrofenin hepatobiliary scintigraphy (HBS) including 

SPECT preoperatively.12 The volumes of total liver (TLV), tumor (TV), and future remnant 
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liver (FRLV) were evaluated. The percentage of FRL was then calculated according to 

the following formula: FRLV*100/(TLV-TV). If the FRLV was >25-30% in normal liver 

parenchyma, or >40% in cirrhotic parenchyma (Child-Pugh A) the patient was considered 

eligible for surgery. Otherwise, portal vein embolization (PVE) was decided to be 

performed before liver resection. A cut-off value for FRL function of 2.69 %/min/m2 

identified patients at risk of developing postoperative liver failure.13  

Major liver resections were defined as resections of three or more Couinaud’s segments. 

Minor resections were hepatectomies of less than three liver segments, including wedge 

resections and metastectomies. 

Ascites was defined as postoperative daily drainage of clear ascitic fluid exceeding 

200ml/day. We also recorded the duration (days) of postresectional ascites. The Hx ratio 

was calculated by dividing the weight of resected liver (in gram) by body-weight in kg.10 

In-hospital mortality was defined as death during the entire postoperative admission.

Management of postoperative ascites

Conservative management of postoperative ascites consisted of fluid replacement. 

When albumin levels decreased (<35 g/L), intravenous albumin was administered. 

Diuretic medication was administered in case of fluid retention. In patients with infected 

ascites, antibiotic treatment was added. Percutaneous drainage of the ascitic fluid was 

undertaken if an intra-abdominal ascitic fluid collection was symptomatic, as identified by 

abdominal ultra-sonography and/or CT scan. In case of persistence or increase in ascites 

formation, firstly, the abdominal drain was removed after the 5th post-operative day. 

When discharge of ascitic fluid continued via the abdominal wall defect of the previous 

drain, surgical closure of the defect was performed. 

Study population with hepatocellular carcinoma (HCC)

Standard diagnostic work-up of patients with HCC was performed in accordance with 

the guidelines of the AASLD.14 This was especially true for lesions occurring in the 

background of cirrhosis. In general, liver resection was not indicated in patients with 

extrahepatic or nodal metastases, main portal trunk or inferior vena cava invasion or 

thrombus, or multicentric bilobar HCC. Most patients with Child-Pugh B and all patients 

with Child-Pugh C were excluded from resection. 

Statistical Analysis

The two-tailed unpaired Student’s t-test was used for continuous parametric data 

for differences between groups. For non-paramateric data, the Mann-Whitney U test 

was performed. Categorical data were compared using the Fisher’s Exact test or Chi-

square test, where appropriate. Predictors of postoperative ascites were determined by 

univariate logistic regression analyses and subsequent multivariate logistic regression 

analyses. p<0.05 was considered statistically significant. Statistical software (SPSS 18.0.0; 

SPSS, Chicago, Illinois, USA) was used for the analysis. 
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Results
Data of all 540 patients who underwent a liver resection in our department are shown 

in Figure 1. Overall, ascites production was recorded in 41/540 (7.6%). In patients 

who underwent PVE before hepatectomy, 6/37 (16.2%) showed postoperative 

ascites, compared to 35/503 (7.0%) in the group undergoing liver resection without 

PVE (p=0.040). When analyzing the HCC-subgroup, only one patient (1/53, 1.9%) had 

undergone preoperative PVE who did not show ascites production. In HCC patients that 

underwent liver resection without PVE, ascites occurred in 10/52 (19.2%) patients (ns). 

Patient characteristics and operative data of all groups are depicted in Table 1 and 2.

Figure 1. Diagram of 540 patients who underwent liver resection (LR) between 1992 and 2012, showing 
postoperative ascites. 

In the PVE group significantly more males were found (64.9%, 24/37 vs. 44.7%, 

225/503; p=0.018), more patients with CRM (67.6%, 25/37 vs. 40.8%, 205/503; 

p=0.001),  more patients who had undergone more major resections (94.6%, 35/37 vs. 

44.3%, 223/503; p<0.001), and longer operation time (median 316.0, IQR 121-715min 

vs. 235.0, IQR 39-756min; p<0.001) in comparison to patients undergoing liver resection 

without PVE. No significant differences were found for age, cirrhosis, application of 

Pringle’s manoeuvre, or mortality. 

Overall, risk factors associated with ascites were diagnosis (HCC, Klatskin; OR 0.898, 

p=0.012), cirrhosis (OR 11.109, p<0.001), PVE (OR 2.588, p=0.047), major resections (OR 

2.849, p=0.003), operation time (OR 1.004, p<0.001), and the use of Pringle’s manoeuvre 

(OR 2.018, p=0.035), as determined by univariate analysis in all patients (n=540). By 

subsequent multivariate analysis using these significant factors, diagnosis (OR 0.911, 
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p=0.027), cirrhosis (OR 38.708, p<0.001), PVE (OR 2.952, p=0.047), major resections (OR 

3.263, p=0.028), and operation time (OR 1.004, p=0.007) were independent predictors 

of ascites postoperatively. These results are summarized in table 3.

Table 1. Clinicopathological features of PVE-patients with or without postoperative ascites after liver 
resection.

Variables PVE (n=37)

No ascites Ascites p-value

Total (%) 31/37 (83.8) 6/37 (16.2)

Mean age (years, SD) 55.5±12.6 64.0±7.0 0.137

Male:female ratio 19:12 5:1 0.307

Major:minor resections 29:2 6:0 0.528

Diagnosis

CRM

Klatskin

Neuroendocr tumor

HCC

Benign

20

4

1

1

5

5

1

0.275

Median operation time (min, range) 311 (121-715) 416 (264-519) 0.111

Cirrhosis (%) 0 (0) 0 (0) 1.000

Pringle manoeuvre (n, %)
Time (median, range)

6 (19.4)
20 (20-60)

3 (50)
30 (20-40)

0.299
0.477

Median time-period PVE and resection (days, range) 36 (22-430) 30 (19-55) 0.112

Table 2. Clinicopathological features of patients with or without postoperative ascites after liver resection 
without PVE.
Variables Liver resection without PVE (n=503)

No ascites Ascites p-value

Total (%) 468/503 (93.0) 35/503 (7.0)

Mean age (years, SD) 54.4±15.3 56.2±13.2 0.530

Male:female ratio 205:263 20:15 0.126

Major:minor resections 200:268 23:12 0.008

Diagnosis

CRM

Klatskin

Metastases

HCC

Benign

Other

192

34

23

42

162

15

13

7

1

10

4

0.099

Median operation time (min, range) 230 (39-756) 310 (115-719) <0.001

Cirrhosis (%) 12 (2.6) 9 (25.7) <0.001

Pringle manoeuvre (%) 
Time (median, range)

120 (25.6)
30 (10-75)

14 (40.0)
40 (20-70)

0.070
0.029
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When separating the groups into PVE or not, cirrhosis (OR 0.194, p<0.001) was 

the only independent significant predictor of ascites after resection in the PVE-group. In 

patients undergoing liver resection, diagnosis (OR 0.909, p=0.026), major resection (OR 

2.568, p=0.010), operation time (OR 1.004, p=0.002), and cirrhosis (OR 12.981, p<0.001) 

were significant risk factors for developing ascites after resection. Independent risk 

factors as calculated with multivariate analysis were major resection (OR 3.707, p=0.016), 

operation time (OR 1.003, =0.022), and cirrhosis (OR 34.475, p<0.001). 

In patients with ascites, mean age was 64.0±7.0 years in the PVE-group in comparison 

to 56.2±13.2 years in the liver resection group without PVE (p=0.171). Also, male:female 

ratio was not significantly different between the groups, as well as the diagnosis or the 

presence of cirrhosis. No differences were seen for type of resection, Pringle’s manoeuvre, 

or operation time between both groups with postoperative ascites. Hospital stay was 

equal in patients with ascites who had undergone liver resection without previous PVE 

[median of 21 (range 7-79) days] when compared with patients with ascites undergoing 

resection with PVE [median 21 (range 8-38) days] (ns). 

No significant differences were observed in the quantity or duration of ascites between 

the PVE-group and group undergoing liver resection without PVE. In all patients with 

ascites, the reported quantity exceeded 200ml/day in 82.9% (34/41) of patients. Overall, 

the duration of postoperative ascites was less than 4 weeks in 28 patients (68.3%). Median 

Hx ratio (resected liver weight g/bodyweight kg) was not different between groups with 

a value of 10.4 (range 0.6-18.0) in patients who had undergone liver resection with PVE, 

Table 3. Univariate and multivariate logistic regression analysis of factors associated with postoperative 
ascites. CI confidence interval.

Factors Odds ratio 95% CI p-value

Univariate analysis

Diagnosis 0.898 0.826-0.976 0.012

Cirrhosis 11.109 4.359-28.311 <0.001

PVE 2.588 1.012-.6.620 0.047

Major resections 2.849 1.421-5.712 0.003

Operation time 1.004 1.002-1.006 <0.001

Pringle manoeuvre 2.018 1.050-3.880 0.035

Multivariate analysis

Diagnosis 0.911 0.839-0.990 0.027

Cirrhosis 38.708 10.892-137.562 <0.001

PVE 2.952 1.012-8.611 0.047

Major resections 3.263 1.134-9.391 0.028

Operation time 1.004 1.001-1.007 0.007
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and 11.6 (range 1.1-40.6) in patients without previous PVE. Treatment strategies are 

shown in figure 1. 

In the HCC-group (n=53), only one patient underwent embolization of the portal vein. 

Mean age was 56.4±18.1 years, with 17 HCC-patients (32.1%) showing cirrhosis. Ascites 

was present in 18.9% of the patients (10/53) including 8 (15.1%) patients with cirrhosis. 

Major resections were performed in 21 patients, of whom 3 showed postoperative ascites. 

Median operation time was 242 (range 104-550) minutes. The median hospital stay was 

11 (range 7-107) days. In-hospital death was 3.8% (n=2). 

Discussion
Although several published studies have analyzed the risk factors in patients with HCC and 

ascites, the influence of postoperative ascites associated with PVE in patients undergoing 

liver resection are not clear. It is anticipated that the presence of ascites may impact the 

outcome of these patients, however, to the best of our knowledge, this is the first large 

study examining risk factors for the development of ascites after hepatectomy in patients 

undergoing preoperative PVE or not. 

One might hypothesize that PVE before surgery would reduce the risk of ascites 

post-operatively because main portal flow through the liver remnant is unaffected after 

right hemihepatectomy and previous occlusion of the right portal vein, however, our 

findings showed a significantly higher incidence of ascites in the PVE-group after resection 

(16.2% vs 7.0%). This is probably related to the larger resections required in patients 

who had undergone PVE preoperatively, as is supported by our findings that patients 

with hepatectomies of 3 or more segments had a higher incidence of ascites (OR 2.849), 

while more major resections were performed in the PVE group (i.e. 94.6% and 44.3%, 

respectively, p<0.001). Besides type of resection, the operation time was longer in the PVE-

group compared to the patients undergoing liver resection without PVE. PVE is especially 

performed in patients requiring extended resections which are commonly associated with 

longer operations times. 

In literature, incidences of 5% to 56% have been reported for postoperative 

ascites.1,15 In our study 7.6% (41/540) of all patients showed ascitic fluid production after 

liver resection, which is in accordance with the more recent reports of post-resectional 

ascites.3,16,17 The decrease in post-resectional ascites in more recent years possibly owes 

to improved peri-operative fluid management. The underlying mechanisms of ascites 

formation after hepatectomy, are however, largely unknown. 

We also found by multivariate analysis that cirrhosis was a risk factor for developing 

postoperative ascites (OR 38.708). In a recent study Chan et al. showed that ascites 

developed in 25.5% of patients with HCC undergoing liver resection and that cirrhosis was 

present in 70.6% of all patients.3 In our HCC study population, 18.9% (10/53) of patients 

showed post-resectional ascites, and 32.1% (17/53) of the patients had a cirrhotic liver 

based on histopathological evaluation of the resection specimens.  
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We realize that more malignant lesions such as CRM and Klatskin tumors were 

present in patients undergoing PVE before hepatectomy in comparison to more benign 

liver lesions in the resection group without PVE, resulting in a possible bias. However, 

no significant difference in the incidence of ascites was observed among patients after 

resection of malignant or benign tumors, rendering any influence unlikely.

No official definition of postoperative ascites is available, but a grading system has been 

proposed by the International Ascites Club7 for patients with cirrhotic livers. According to 

this system, mild ascites which is only detectable by ultrasonography, corresponds with 

grade I. Grade II is defined as moderate ascites manifested by moderate symmetrical 

distension of the abdomen, and grade III is large or gross ascites with abdominal distension. 

In as much as the validity of this classification system has not been shown in patients with 

ascites after liver resection, we decided to define ascites production as drainage of ascitic 

fluid of 200ml/day or more in this study. In our study in case of ascites, a pigtail drain was 

percutaneously placed in the abdomen under ultrasound guidance for drainage. However, 

an important remark is that our definition may have underestimated the real number of 

patients with postoperative ascites, since our definition did not include patients in whom 

ascites drained spontaneously via the laparotomy wound. Furthermore, in some patients 

the amount of ascites was unknown, because the ascitic fluid did not require drainage. 

We assume, however, that in these patients the ascitic fluid did not exceed 200ml/day 

as proposed in the definition. Some patients were discharged from the hospital with 

ascites shown on abdominal imaging studies without needing drainage. Again, we do 

not believe that these fluid collections were clinically relevant and did not exceed 200ml/

day. Percutaneous drainage of the ascitic fluid was only undertaken if an intra-abdominal 

fluid collection was symptomatic, as confirmed by abdominal ultrasound and/or CT scan. 

In conclusion, our analysis showed that type of diagnosis, PVE, major resections, and 

operation time were significant predictors of ascites after hepatectomy. A significant 

association was found between cirrhosis and the ocurrence of post-resectional ascites.
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