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Abstract. Preoperative portal vein embolization (PVE) 
induces compensatory hyperplasia of the future liver remnants 
(FLR), thus increasing resectability in the non-cirrhotic 
patients with primary liver cancer (PLC). However, it 
is unclear if it is similar in patients with liver cirrhosis. 
Therefore, the present study investigated the PVE value prior 
to liver resection in patients with PLC, and the liver cirrhotic 
effects on the compensatory hypertrophy of FLRs following 
PVE. In the present study, 21 patients with PLC who success-
fully underwent hepatic resection subsequent to PVE, were 
retrospectively examined. The patients were divided into 
a non-cirrhosis group and a cirrhosis group according to 
the absence or presence of cirrhosis, respectively. The FLR 
volume between the two groups of patients was compared. 
There was a significant difference in the FLR volume for all 
patients prior to, and 4-6 weeks following, PVE (P<0.001). 
PVE induced significant compensatory hypertrophy in 
the FLRs whether in the non-cirrhosis group (P=0.002) or 
cirrhosis group (P<0.001). However, no significant difference 
was identified between the two groups with respect to FLR 
volume enlargement 4-6 weeks following PVE (P=0.373). 
In conclusion, PVE prior to hepatectomy may promote FLR 
compensatory hypertrophy and an increase in the resectability 
of PLC tumors. No significant effects of liver cirrhosis were 
identified on liver lobe hyperplasia following PVE.

Introduction

Surgical liver resection has become a primary method for 
treating liver cancer in previous decades; however, a shortage in 

the postoperative residual liver volume has been an important 
factor in the surgical resection of liver cancer, and postopera-
tive liver failure is one of the major complications (1-3) with 
this surgery. Numerous studies have reported that percutaneous 
selective portal vein embolization (PVE) prior to liver resection 
may effectively induce compensatory hyperplasia of the left 
hepatic lobe, and reduce the incidence of postoperative liver 
failure (4-7). There is a consensus that PVE may lead to left 
hepatic lobe compensatory hyperplasia in patients with liver 
cancer and no liver cirrhosis (8-11).

In China, the majority of patients with primary liver cancer 
have associated liver cirrhosis following chronic hepatitis B, 
and their liver function reserve is poor (12). Postoperative 
patients typically experience liver failure, which may result 
in mortality (13). A previous study revealed that there are 
fewer liver cirrhosis effects on compensatory hypertrophy of 
the left lobe subsequent to PVE (14). Therefore, the purpose 
of the present study was to investigate the value of preopera-
tive PVE and the effects of liver cirrhosis on left hepatic lobe 
hyperplasia, which may have important clinical significance 
for the correct implementation of PVE and two-step hepatec-
tomy for liver cancer. A total of 21 patients with liver cancer 
successfully underwent a right hepatectomy following PVE. 
Combined with postoperative pathological data, the effects of 
liver cirrhosis on the compensatory hypertrophy of future liver 
remnants (FLRs) subsequent to PVE were determined.

Patients and methods

Patient population. A total of 21 patients who underwent a 
hepatic resection following PVE without major complications 
between January 2010 and December 2012 were identified and 
retrospectively evaluated. This group included 20 males and 
1 female with a mean age of 52.1±11.3 years (range, 22-64). The 
results of tests for the hepatitis B surface antigen were positive 
in 16 patients. There were 14 patients with a single lesion and 
7 patients with multiple lesions in the right lobe of the liver. 
The mean maximum diameter of the tumors was 8.6±2.4 cm 
(range, 4.7-12.8). All patients were divided into non-cirrhosis 
(n=9, fibrosis score <3) and cirrhosis (n=12, fibrosis score ≥3) 
groups, according to the classification of Knodell et al (15); 
preoperative imaging studies, including ultrasonography (US), 
computed tomography (CT) or magnetic resonance imaging 
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(MRI) and postoperative pathological data were obtained 
for the patients (16). The two groups were compared with 
baseline clinicopathological characteristics obtained prior to 
PVE (Table I). The present study was approved by the Ethics 
Research Committee of the First Affiliated Hospital, School 
of Medicine, Zhejiang University (Hangzhou, China), and they 
agreed that written informed consent was not necessary due 
to the retrospective nature of the present study. All data were 
anonymized and de‑identified prior to analysis.

Transcatheter arterial chemoembolization. Transarterial 
chemoembolization (TACE) was performed 2-4 weeks prior to 
PVE. Under fluoroscopic surveillance, a conventional superior 
mesenteric and a common hepatic arteriography were initially 
performed to assess the hepatic arterial anatomy, tumor burden, 
vascularity and portal circulation on venous-phase films. 
Subsequently, the tip of the catheter was selectively placed in 
the right hepatic artery and cisplatin and hydroxycamptothecin 
were slowly infused for 15 min into the hepatic artery. The 
infused dose of cisplatin and hydroxycamptothecin were both 
2 mg/kg body weight. Subsequently, a mixture of 10-15 ml 
iodized oil (Lipiodol Ultrafluid; Guerbet Laboratories, Paris, 
France) and 20 mg epirubicin/pirarubicin was injected into 
the tumor‑feeding arteries under fluoroscopic surveillance, 
followed by embolization with gelatin sponge particles 
(Gelfoam; Upjohn Laboratories, Kalamazoo, MI, USA).

Right PVE. PVE was performed 2-4 weeks following TACE, 
subsequent to the recovery of liver function (17). Under ultra-
sound guidance, the secondary branch of the left portal vein 
was percutaneously punctured with an 18-gauge PTC needle 
(Kyowa Hakko Co., Ltd., Nagano, Japan), and a 5F sheath 
(Terumo Co., Ltd., Tokyo, Japan) was introduced. Following 

portal venography through a 5F C2 angiographic catheter 
(Cordis Corporation, Miami Lakes, FL, USA), the right portal 
venous branches were embolized with coils using a 5F SIM2 
catheter (Cordis Corporation). The right branch in proximity 
to the portal vein trunk (1 cm) was retained for surgical sepa-
ration and stitching of the right portal vein. Repeated portal 
venography following embolization was performed in order 
to confirm complete right portal vein occlusion. Finally, the 
punctured passage was embolized using coils to prevent intra-
peritoneal hemorrhaging.

Main outcome evaluations. Liver function tests, including 
prothrombin time (PT) and serum levels of total bilirubin 
(TB), aspartate aminotransferase (AST) and alanine amino-
transferase (ALT), were performed prior to and following 
PVE, and prior to surgery. Hepatic contrast-enhanced CT 
[Brilliance-iCT, version 4.1.6.00230; Phillips Medical Systems 
(Cleveland), Inc., Cleveland, OH, USA] was performed prior 
to and 4-6 weeks subsequent to PVE in order to evaluate the 
degree of hypertrophy, and volumetric data was obtained 
from the portal phase images. Volumetric evaluations were 
performed using a CT analysis system for the entire liver as 
well as the left liver lobe (segments I-IV). The FLR volume 
was considered to represent the left hepatic lobe and caudate 
lobe as the portal vein was not embolized.

Complications following PVE included intraperitoneal 
hemorrhage, liver failure [defined by a prothrombin time of 
<50% of normal and a serum bilirubin level of >50 µmol/l 
on postoperative day 5 (18)], intraperitoneal hemorrhaging, 
gastrointestinal bleeding and biliary fistula.

Statistical analysis. Data analysis was performed using 
the statistical package SPSS for Windows® (version 13.0; 

Table I. Patient clinicopathological characteristics prior to PVE.

Characteristics Non-cirrhosis group (n=9) Cirrhosis group (n=12) P-value

Sex (male/female) 9/0 11/1 1.000
Age (years) 49.3±14.0 54.3±8.8 0.337
Weight (kg) 64.3±12.1 62.4±7.8 0.664
Tumor size (cm) 9.4±2.1 8.0±2.6 0.188
Tumor multiplicity (single/multiple) 6/3 8/4 1.000
Pathological type (hepatocellular 7/2 10/2 1.000
carcinoma/cholangiocarcinoma)
HBsAg (+/-) 6/3 10/2 0.611
ALT (U/l) 43.67±18.96 49.00±29.40 0.641
AST (U/l) 50.78±23.16 56.25±38.41 0.710
TB (µmol/l) 14.44±6.46 19.17±9.93 0.231
Prothrombin time (sec) 12.29±1.80 12.38±0.88 0.875
Child-Pugh class (A/B/C) 9/0/0 12/0/0 n/a
TACE session (1/2/3) 7/1/01 7/2/03 0.630
FLR (cm3) 447.9±86.7 412.4±61.3 0.285
FLR/weight (%) 0.70±0.07 0.66±0.10 0.374

PVE, preoperative portal vein embolization; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; TACE, tran-
sarterial chemoembolization; FLR, future liver remnants; n/a, not applicable.
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SPSS, Inc., Chicago, IL, USA). Data are expressed as the 
mean ± standard deviation. Student's t-test, Fisher's exact test, 
paired sample t-test, independent sample t-test and the χ2 test 
were applied, where appropriate. P<0.05 was considered to 
indicate a statistically significant difference.

Results

All patients successfully underwent TACE treatment prior 
to PVE; specifically, 14, 3 and 4 patients underwent 1, 2 and 
3 sessions, respectively. PVE was successfully performed in all 
patients 2‑4 weeks following the final TACE treatment (portal 
vein angiography prior to and subsequent to PVE is presented 
in Figs. 1 and 2). The mean absolute volume of the FRL was 
calculated prior to and 4-6 weeks following the PVE, and 
increased from 427.6±73.5 to 582.6±98.3 cm3 (+37.3%), which 
was a statistically significant difference (P<0.001). The CT scan 
prior to and following PVE is presented in Figs. 3 and 4.

In the univariate analysis, no significant differences were 
identified in the following factors between the groups: Sex, age, 
weight, size and number of tumors, pathology, hepatitis B surface 
antigen, ALT, AST, TB, PT, Child-Pugh class, TACE sessions, 
FLR and FLR /weight (P>0.05; Table I). Comparative results of 

the two patient groups are summarized in Table II. Following 
PVE (4-6 weeks), the left liver volume, as evaluated by enhanced 
CT, demonstrated that PVE induced significant compensatory 
hypertrophy whether in the non-cirrhosis group (P=0.002) or 
cirrhosis group (P<0.001); however, no significant difference 
was identified between the two groups, with respect to left liver 
volume enlargement 4-6 weeks following PVE (P=0.373).

No severe complications, including intraperitoneal 
hemorrhage, gastrointestinal bleeding, biliary fistula or liver 
failure, developed one week subsequent to PVE in any of the 
patients. The results from the liver function tests prior to and 
following PVE, and prior to surgery, for the two patient groups 
are summarized in Fig. 5A-D. The ALT, AST, TB and PT 
results were similar in the groups (P>0.05).

Discussion

Radical hepatic resection is frequently contraindicated in a 
number of patients with liver cancer due to an increased risk 

Figure 1. Prior to PVE, portal venography demonstrated fluent blood flow in 
the main portal vein and branches. PVE, preoperative portal vein embolization.

Figure 2. Following PVE, portal venography demonstrated that the left branch 
and main trunk of the portal vein remained smooth. By contrast, the right 
portal vein branch demonstrated total occlusion. PVE, preoperative portal 
vein embolization.

Figure 3. Prior to PVE, the CT scan revealed a large liver tumor in the right 
lobe of liver. The right hepatectomy could not be performed due to a shortage 
of left liver volume. PVE, preoperative portal vein embolization; CT, computed 
tomography.

Figure 4. A total of 4-6 weeks following PVE, the CT scan demonstrated an 
increased volume of the left lobe and a decreased volume of the right lobe 
(FLR: From 481.1 to 670 cm3; FLR increase, 39.3%). Coils were identified in 
the right lobe of the liver (arrow). PVE, preoperative portal vein embolization; 
CT, computed tomography; FLR, future liver remnants.
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for postoperative hepatic failure (1-3). PVE prior to liver resec-
tion has been proposed in order to induce atrophy of embolized 
lobes with compensatory hypertrophy of non-embolized 
FLRs, therefore preventing postoperative liver failure and 
improving the two-step resection rate of liver cancers (19-23). 
In the present study, surgical resection was not recommended 
for patients with large liver tumors (multiple right hepatic 
tumors were present in seven patients). Following PVE, the 
volume of the left liver (FLR) increased from 427.6±73.5 
to 582.6±98.3 cm3. The mean increase in the percentage of 
the FLR volume induced by PVE was 37.3±33.1%, and the 
two-step resection rate for hepatic cancer was 100%, thereby 
indicating that PVE is effective for patients with liver cancer 
with or/and without liver cirrhosis.

For patients with liver cirrhosis, Farges et al (24) reported 
in a prospective study that patients with liver cirrhosis prior to 
partial hepatectomy benefited from PVE, and recommended 
performing preoperative PVE in patients with right hepatic 
cancer and liver cirrhosis as a routine preoperative preparation. 

Ogata et al (17) demonstrated that TACE combined with PVE 
may effectively induce hypertrophy of FLRs in patients with 
chronic liver disease and improve the three-year disease-free 
survival rate. Liu et al (14) suggested that PVE may be used as 
an indication for half-liver resection in patients with chronic 
liver injury (including cirrhosis and chronic hepatitis). In the 
present study, the mean percentage increase in FLR volume 
was significantly different in each group prior to and following 
PVE. However, no significant difference was identified 
between the two groups subsequent to PVE, demonstrating 
that the impact of cirrhosis on the increased liver volume 
following PVE was minor, but in the case selection process, 
the selection bias induced by the degree of cirrhosis in chronic 
liver disease patients may not be excluded. For example, the 
increased number of patients with a fibrosis score of 3 in the 
cirrhosis group led to the conclusion that liver cirrhosis has no 
obvious effects on liver lobe hyperplasia following PVE.

Regarding embolization materials, previous studies 
reported the use of anhydrous ethanol (25), gelatin sponges (26), 

Figure 5. Peak values of liver function results. (A) ALT, (B) AST, (C) total bilirubin and (D) prothrombin time were similar (P>0.05) prior to PVE, following 
PVE and prior to surgery, in patients with non-cirrhosis liver and cirrhosis liver. Values are presented as the mean ± standard deviation. PVE, preoperative 
portal vein embolization; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table II. Comparison of the FLR volume prior to and following PVE.

 FLR comparison
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Non-cirrhosis group (n=9) Cirrhosis group (n=12) P-value

FLR prior to PVE (cm3) 447.9±86.7 412.4±61.3 0.285
FLR following PVE (cm3) 627.2±116.0 549.2±70.2 0.070
Mean increase in FLR (cm3) 179.3±145.6 136.8±62.6 0.373
Mean increased percentage of FLR (%) 45.6±47.3 31.1±16.1 0.331
Each group comparison (before and after PVE) 0.002 <0.001 
(P-value)

PVE, preoperative portal vein embolization; FLR, future liver remnants.
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isobutyl-2-cyano acrylate adhesive glue (27), coils (28), lipi-
odol (29), polyvinyl alcohol (PVA) particles (30), fibrin glue (22) 
or the combined use of two distinct embolic agents (31). Each 
embolic agent induced compensatory hypertrophy of non-embo-
lized FLRs to varying degrees; however, there is no consensus 
regarding the best type of embolic material (27,29,30,32). 
Madoff et al (32) revealed that the mean percentage of FLR 
volume increased by 41.1% in the 4 weeks following PVE, using 
coils and PVA particles as embolization materials. Ji et al (29) 
used anhydrous ethanol and lipiodol as embolization materials 
to increase the FLR volume by 27% in the 4 weeks subsequent 
to PVE. The study by Corrêa et al (30) revealed that the left liver 
volume increased by 23% one month following PVE, which was 
attributed to the use of PVA particles. Giraudo et al (27) used 
isobutyl-2-cyanoacrylate adhesive glue and lipiodol as emboli-
zation agents, resulting in an FLR increase of 47.7±31.9% in the 
4-8 weeks subsequent to PVE. In the present study, coils were 
used as embolization agents, which led to embolisms that thor-
oughly and maximally protected liver function. The effects of 
PVE on the FLR volume were significant 4‑6 weeks following 
PVE, and no severe complications were observed, including the 
appearance of liver failure, severe abdominal cavity hemorrhage 
and gastrointestinal bleeding.

The present study also had limitations. The cirrhosis cases 
were not further divided into fibrosis score 3 and 4 groups 
according to the degree of liver cirrhosis; therefore, there 
may have been selection bias. In addition, the sample size 
was small and considering further groupings according to 
the degree of liver cirrhosis may decrease the sample size of 
each group; therefore, there may be an increase in statistical 
type II error (33), making the attainment of negative results 
increasingly likely. Future studies should be performed with 
larger sample sizes in order that cirrhosis cases may be further 
grouped based on the degree of cirrhosis. The effects of liver 
cirrhosis on the compensatory hypertrophy of FLRs following 
PVE should be further clarified, and may aid doctors in selecting 
appropriate patients for PVE treatment. For the optimal timing 
of hepatectomy subsequent to PVE, further study is required to 
identify the ideal embolic materials for PVE.

In conclusion, preoperative PVE may be safely and effec-
tively performed in order to increase the rate of hypertrophy of 
FLRs and the probability of resection in patients with hepatic 
cancer with or without liver cirrhosis, which may have exten-
sive value in clinical applications.
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