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Abstract
AIM
To clarify the clinical factors associated with liver rege
neration after major hepatectomy and the hypertrophic 
rate after portal vein embolization (PVE).

METHODS
A total of 63 patients who underwent major hepatec
tomy and 13 patients who underwent PVE in a tertiary 
care hospital between January 2012 and August 2015 
were included in the analysis. We calculated the remnant 
liver volume following hepatectomy using contrast-en
hanced computed tomography (CT) performed before 
and approximately 3-6 mo after hepatectomy. Further
more, we calculated the liver volume using CT performed 
2-4 wk after PVE. Preoperative patient characteristics 
and laboratory data were analyzed to identify factors 
affecting postoperative liver regeneration or hypertrophy 
rate following PVE.

RESULTS
The remnant liver volume/total liver volume ratio nega
tively correlated with the liver regeneration rate after 
hepatectomy (ρ  = -0.850, P  < 0.001). The regeneration 
rate was significantly lower in patients with an indo
cyanine green retention rate at 15 min (ICG-R15) of ≥ 
20% in the right hepatectomy group but not in the left 
hepatectomy group. The hypertrophic rate after PVE 
positively correlated with the regeneration rate after 
hepatectomy (ρ  = 0.648, P  = 0.017). In addition, the 
hypertrophic rate after PVE was significantly lower in 
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patients with an ICG-R15 ≥ 20% and a serum total 
bilirubin ≥ 1.5 mg/dL.

CONCLUSION
The regeneration rate after major hepatectomy correlated 
with hypertrophic rate after PVE. Both of them were 
attenuated in the presence of impaired liver function.

Key words: Regeneration after hepatectomy; Major 
hepatectomy; Portal vein embolization; Clinical factors; 
Hypertrophy
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Core tip: Little is known about the clinical factors asso
ciated with liver regeneration after major hepatectomy. 
In the present study, the liver regeneration rate after 
major hepatectomy correlated with the remnant liver 
volume and hypertrophic rate after portal vein embo
lization. The regeneration rate after major hepatectomy 
and hypertrophic rate after portal vein embolization were 
attenuated in the presence of impaired liver function.
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INTRODUCTION
Curative resection is the most effective treatment for 
liver cancer[1]. Although resection-related mortality and 
morbidity have substantially decreased in recent years, 
the postoperative mortality rate remain to be as high as 
1%-5%[2-7]. The capacity of hepatic regeneration after 
hepatectomy and the hypertrophic rate after portal vein 
embolization (PVE) are important for allowing surgeons to 
determine the appropriate extent of resection[8-11]. Better 
regeneration after hepatectomy and liver hypertrophy 
after PVE may prevent posthepatectomy complications, 
including hepatic failure[12,13]. Little is known about preo
perative clinical factors influencing postoperative liver 
regeneration. 

 The aim of this study was to clarify the relationship 
between preoperative clinical factors and the regenerative 
capacity of the remnant liver after hepatectomy. Further
more, we examined the relationship between the regene
ration rate after hepatectomy and hypertrophic rate after 
PVE and clinical factors that affect the hypertrophic rate 
after PVE.

MATERIALS AND METHODS
Liver volume analysis
A total of 63 patients who underwent major hepatectomy 

in the Division of Gastroenterological Surgery, Saitama 
Cancer Center, between January 2012 and August 
2015 were included in the analysis. The liver volume 
was measured using enhanced computed tomography 
(CT) images taken before and approximately 3-6 mo 
after hepatectomy[14]. For volumetric analysis, a three-
dimensional image analysis software was used (SYN
APSE VINCENT; Fuji Medical Systems, Tokyo, Japan). 
The regeneration rate was calculated as follows: [(liver 
volume after hepatectomy/estimated remnant liver 
volume before hepatectomy) × 100] - 100 (%). The 
indications for PVE were determined by the balance 
between the indocyanine green fractional disappea
rance rate (ICG-K) and the volumetric ratio of the future 
remnant liver volume. PVE was performed in patients 
whose values were estimated as follows: (ICG-K) × 
(remnant liver volume/total liver volume) < 0.05[15]. The 
liver volume after PVE was calculated using enhanced 
CT images taken 2-4 wk after PVE. The hypertrophic 
rate after PVE was estimated as follows: [(remnant liver 
volume after PVE/remnant liver volume before PVE) 
× 100] - 100 (%). Preoperative patient characteristics 
and laboratory data, including platelet count, total biliru
bin, and indocyanine green retention rate at 15 min 
(ICG-R15), were analyzed to identify factors affecting 
postoperative liver regeneration. For the measurement 
of ICG-R15, Indocyanine green (Diagnogreen, Daiichi-
Sankyo, Tokyo, Japan) was administered at dose of 
0.5 mg/kg by the antecubital vein of the opposite arm. 
Then, venous peripheral blood samples were collected 
every 5 min for 15 min to measure the ICG absorbance. 
ICG-K and ICG-R15 were calculated by fitting the serum 
disappearance curve by a single-exponential decay equation.

Statistical analysis
Statistical analysis was performed using the JMP 11 
software (SAS Institute, Inc., Cary, NC). Categorical vari
ables were analyzed using the Wilcoxon rank sum test. 
Correlations between two parameters were examined by 
calculating the Spearman’s rank correlation coefficient. 
A 2-tailed P value of < 0.05 was considered statistically 
significant.

RESULTS
Liver regeneration after hepatectomy
Among the 63 patients, 42 were men and 21 were 
women, with a mean age of 68.1 years (range: 45-89 
years). The diseases indicating the need for hepatectomy 
were metastatic liver carcinoma (n = 31), intrahepatic 
cholangiocarcinoma (n = 14), hilar cholangiocarcinoma 
(n = 10), hepatocellular carcinoma (n = 4), gallbladder 
carcinoma (n = 2), hemangioma (n = 1), and neuro
endocrine tumor (n = 1). A total of 22 patients had 
background liver diseases, including chronic viral hepatitis 
(n = 6), alcoholic hepatitis (n = 1), and obstructive 
jaundice (n = 15). Preoperative chemotherapy within 
6 mo was performed in 18 patients and 13 patients 
underwent preoperative PVE. The operative procedures 
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performed in the 63 patients included right hepatectomy 
or extended right hepatectomy (n = 26), left hepa
tectomy or extended left hepatectomy (n = 32), right 
trisegmentectomy (n = 3), and left trisegmentectomy 
(n = 2). The median remnant liver volume/total liver 
volume ratios after right hepatectomy and extended right 
hepatectomy, left hepatectomy and extended left hepa
tectomy, right trisegmentectomy, and left trisegmen
tectomy were 42.5%, 68.4%, 26.2% and 40.3%, re
spectively. Their median regeneration rates were 65.6%, 
25.7%, 138.1% and 101.2%, respectively. The remnant 
liver volume/total liver volume ratio negatively correlated 
with the regeneration rate after hepatectomy (ρ = -0.850, 
P < 0.001; Figure 1). 

Factors associated with liver regeneration
Because the liver regeneration rates were significantly 
different between the patients who underwent right 
hepatectomy or extended right hepatectomy (right hepa
tectomy group) and left hepatectomy or extended left 
hepatectomy (left hepatectomy group), we analyzed these 

two groups separately. In the right hepatectomy group, 
regeneration rate was significantly lower in patients with 
an ICG-R15 of ≥ 20%. It was not associated with platelet 
count, total bilirubin, diabetes mellitus, viral hepatitis, 
obstructive jaundice, or preoperative chemotherapy. 
The ICG-R15 value negatively correlated with liver rege
neration rate in the right hepatectomy group (ρ = -0.477, 
P = 0.014; Figure 2). In the left hepatectomy group, 
no factor was associated with the regeneration rate 
(Table 1). In the 13 patients who underwent preoperative 
PVE, the median hypertrophic rate was 32.2% (range: 
2.7%-58.3%). The hypertrophic rate positively correlated 
with the regeneration rate after hepatectomy (ρ = 
0.648, P = 0.017; Figure 3). The hypertrophic rate was 
significantly lower in patients with an ICG-R15 of ≥ 20% 
and total bilirubin of ≥ 1.5 mg/dL (Table 2).

DISCUSSION
Our study demonstrated that the liver regeneration rate 
was significantly lower in patients with an ICG-R15 of 
≥ 20% in the right hepatectomy group, but not in the 
left hepatectomy group. The hypertrophic rate after PVE 
positively correlated with the regeneration rate after 
hepatectomy. In addition, the hypertrophic rate after 
PVE was significantly lower in patients with an ICG-R15 
of ≥ 20% and a serum total bilirubin of ≥ 1.5 mg/dL. 

 Although several studies reported factors affecting 
liver regeneration after hepatectomy, the factors vary 
among studies. Yamanaka et al[16] reported that the extent 
of resection and impaired liver function were associated 
with the liver regeneration, whereas Ogata et al[17] re
ported that serum hyaluronan was a predictor of liver 
regeneration in patients with hepatocellular carcinoma. In 
living-donor liver transplantation, remnant liver volume[18], 
sex[19], and age[20] have been reported to be associated 
with liver regeneration. Aoki et al[14] reported that sex 
and alanine aminotransferase values were associated 
with liver regeneration in the early phase, and the final 
regeneration rate was associated with the ratio of re
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Figure 1  Relationship between the remnant liver volume/total liver volume 
ratio and the liver regeneration rate after hepatectomy (n = 63).
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Figure 2  Relationship between indocyanine green retention rate at 15 min 
and liver regeneration rate in patients who underwent right hepatectomy 
or extended right hepatectomy (n = 13).
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Figure 3  Relationship between liver regeneration rate after major hepa­
tectomy and hypertrophic rate after portal vein embolization (n = 13).
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sected liver volume. In our study, the remnant liver 
volume in the right hepatectomy group was significantly 
larger than that in the left hepatectomy group, and 
together with previous reports, the regeneration rate 
was highly affected by remnant liver volume/total liver 
volume ratio. Therefore, left and right hepatectomy 
should be separately considered when analyzing liver re
generation.

 The regeneration rate was significantly lower in 
patients with a higher ICG-R15 in the right hepatectomy 
group, whereas no variables related to liver regeneration 
were identified in the left hepatectomy group. These 
results also confirmed that liver regeneration after right 
and left hepatectomy should be separately considered.

Our study demonstrated the correlation between 
the hypertrophic rate after PVE and liver regeneration 
rate after hepatectomy. The hypertrophic rate positively 
correlated with the regeneration rate, and regeneration 
rate after major hepatectomy and hypertrophic rate 
after PVE were attenuated in the presence of impaired 
liver function.

In conclusion, the regeneration rate after major hepa
tectomy correlated with the remnant liver volume and 
hypertrophic rate after PVE. The regeneration rate after 
right hepatectomy and hypertrophic rate after PVE were 

attenuated in the presence of impaired liver function.

COMMENTS
Background
Although resection-related mortality and morbidity have substantially decreased 
in recent years, the postoperative mortality rate has remained as high as 
1%-5%. Portal vein embolization (PVE) is proposed to induce hypertrophy of the 
anticipated liver remnant to reduce such complications. The capacity of hepatic 
regeneration after hepatectomy and the hypertrophic rate after PVE are important 
for allowing surgeons to determine the appropriate extent of resection. Better 
regeneration after hepatectomy and liver hypertrophy after PVE may prevent 
posthepatectomy complications, including hepatic failure.

Research frontiers
Little is known about preoperative clinical factors influencing postoperative liver 
regeneration and liver hypertrophy after PVE.

Innovations and breakthroughs
In this study, the relationship between preoperative clinical factors and the 
regenerative capacity of the remnant liver after hepatectomy were clarified. 
Furthermore, the authors examined the relationship between the regeneration 
rate after hepatectomy and hypertrophic rate after PVE and clinical factors that 
affect the hypertrophic rate after PVE.

Applications
This study suggests that the regeneration rate after major hepatectomy cor
related with the remnant liver volume and hypertrophic rate after PVE, and the 

Right hepatectomy Left hepatectomy

n Regeneration rate (%)1 P n Regeneration rate (%)1 P
Age (mean) 45-83 (69) P = 0.891 46-89 (69) P = 0.321
Sex (male/female) 18/8 65.6/69.2 P = 0.355 20/12 25.7/25.9 P = 0.969
Background liver disease (yes/no)   6/20 51.0/70.2 P = 0.248 14/18 24.0/25.7 P = 0.621
Platelet count (/mm3) ≥ 100 24 69.3 P = 0.178 30 24.7 P = 0.586
< 100   2 41.6 2 28.8
Total bilirubin (mg/dL ) ≥ 1.5   1 71.8 P = 0.842 4 28.2 P = 0.724
< 1.5 25 64.4 27 24.9
ICG-R15 (%) ≥ 20   4 28.5 P < 0.05 4 28.2 P = 0.724
< 20 22 72.7 27 24.9
Diabetes mellitus (yes/no)   4/22 63.7/65.6 P = 0.570 4/28 37.8/24.7 P = 0.459
Preoperative chemotherapy (yes/no) 10/16 60.0/74.5 P = 0.317 8/24 29.7/24.1 P = 0.361

Table 1  Patient characteristics and liver regeneration rate after hepatectomy in 26 patients who underwent right hepatectomy or 
extended right hepatectomy vs  32 patients who underwent left hepatectomy or extended left hepatectomy

1Median. ICG-R15: Indocyanine green retention rate at 15 min.

n Hypertrophic rate (%)1 P

Age (mean) 50–80 (65)   P = 0.845
Sex (male/female) 10/3 30.5/40.1   P = 0.612
Background liver disease (yes/no)   6/7 23.1/40.1   P = 0.087
Platelet count (/mm3) ≥ 100 12 30.5   P = 0.593
< 100   1 40.1
Total bilirubin (mg/dL) ≥ 1.5   4 19.7 P < 0.05
< 1.5   9 40.0
ICG-R15 (%) ≥ 20   2 12.0 P < 0.05
< 20 11 34.2
Diabetes mellitus (yes/no) 3/10 32.2/31.4   P = 1.000
Preoperative chemotherapy (yes/no) 3/10 40.1/26.8   P = 0.237

Table 2  Patient characteristics and hypertrophic rate in 13 patients who under­
went portal vein embolization

1Median. ICG-R15: Indocyanine green retention rate at 15 min.

 COMMENTS
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regeneration rate after right hepatectomy and hypertrophic rate after PVE were 
attenuated in the presence of impaired liver function.

Terminology
PVE: A procedure in the preoperative treatment of patients selected for major 
hepatic resection. PVE is performed via either the percutaneous transhepatic 
or the transileocolic route and is usually reserved for patients whose future liver 
remnants are too small to allow resection.

Peer-review
The manuscript is an interesting one. The authors, using 63 patients who 
underwent major hepatectomy and 13 patients who underwent portal vain 
embolization, calculated regeneration rate correlated with the remnant liver 
volume. In conclusion, they found that the regeneration rate after right hepa
tectomy and the hypertrophic rate after PVE were attenuated in the presence of 
impaired liver function. It is a well-written and presented manuscript.
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