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Abstract
Background Although laparoscopic liver resection (LLR) has advanced into a safe and effective alternative to conventional 
open liver resection (OLR), it has not been widely accepted by surgeons. This article aimed to investigate the perioperative 
and long-term benefits of LLR versus OLR for hepatocellular carcinoma (HCC) in selected patients with well-preserved 
liver function and cirrhotic background.
Methods A retrospective study was conducted on 1085 patients with HCC who underwent liver resection at Sun Yat-Sen 
Memorial Hospital of Sun Yat-Sen University from July 2010 to July 2015, and 346 patients with well-preserved liver func-
tion and cirrhotic background were selected. A 1:1 propensity score matching (PSM), which is the best option to overcome 
selection bias, was conducted to compare the surgical outcomes and long-term prognosis between LLR and OLR. After 
PSM, a logistic regression analysis was used to identify the predictive risk factors of posthepatectomy liver failure (PHLF).
Results By using PSM, the two groups were well balanced with 86 patients in each group. In the LLR group, only the median 
operation time was significantly longer than the OLR group, but the hospital stay, overall morbidity, and the incidence of 
PHLF were significantly decreased compared to OLR. There were no significant differences in the overall survival and 
disease-free survival rates between the two groups. On multivariate analysis, OLR was identified to be the only independent 
risk factor for PHLF.
Conclusions In selected HCC patients with well-preserved liver function and cirrhotic background, LLR could be a better 
option compared to OLR.

Keywords Laparoscopic liver resection · Hepatocellular carcinoma · Cirrhosis · Long-term outcomes · Propensity score 
matching · Multivariate analysis

Hepatocellular carcinoma is the fifth most common can-
cer [1] and is now the second [2] leading cause of cancer-
related deaths worldwide and its incidence is still on the 
rise. Approximately 80% of HCC develop from chronic liver 
diseases such as hepatitis B/C virus (HBV/HCV) -associated 
cirrhosis [3] and non-alcoholic fatty liver disease/NASH 
which is becoming an important cause of HCC in devel-
oped regions [4].

Liver transplantation has been established as an effective 
and safe treatment for HCC patients with decompensated 
cirrhosis. Unfortunately, the most challenging problem in 
liver transplantation is the inadequate supply of donor organs 
[5]. Besides, many patients are deemed unsuitable candi-
dates for liver transplantation, either because the tumor is 
too advanced, or the wait for a donated cadaveric liver is too 
long. Until now, the most conventional treatment for HCC 
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is liver resection. The first LLR was carried out for benign 
liver lesions in 1991 [6]. Improvements in laparoscopic tech-
niques and instruments, as well as accumulated experience 
have led to a wider acceptance of LLR by surgeons, espe-
cially after the First International Consensus Conference in 
2008 [7]. LLR is gradually considered as a safe and effective 
approach for HCC when carried out by experienced sur-
geons. Furthermore, several cohort studies have suggested 
that laparoscopic left lateral sectionectomy should now be 
accepted as the standard of care [8].

Liver resection in a cirrhotic patient is technically chal-
lenging, even with the open approach [9]. This is especially 
so in major LLR which is still considered to be at an explora-
tion or learning phase with incompletely defined risks [10]. 
The data on whether the advantages of minimally invasive 
surgery, such as early recovery and discharge from hospital, 
less postoperative pain and early oral intake can be applied 
in LLR [11] are limited. Several studies have suggested that 
LLR results in less blood loss, lower postoperative morbid-
ity, and fewer adhesions than OLR [3, 12–14]. There have 
been several reports which compared the safety and efficacy 
between LLR and OLR in cirrhotic HCC patients. However, 
these reports all have the limitations of small patient num-
bers, the studies were not case-matched, and only solitary 
tumors were included [14–17]. The present study was con-
ducted to compare the perioperative and long-term outcomes 
between LLR and OLR in HCC patients with well-preserved 
liver function and background cirrhosis using propensity 
score matching.

Patients and methods

The study was approved by the medical ethical committees 
of Sun Yat-Sen Memorial Hospital. In this study, we ret-
rospectively reviewed the data of 1085 consecutive HCC 
patients who underwent liver resection at Sun Yat-Sen 
Memorial Hospital of Sun Yat-Sen University from July 
2010 to July 2015.

The inclusion criteria of this study were: (1) histopatho-
logically diagnosed as HCC with a background of cirrho-
sis based on the final pathology specimens and (2) well-
preserved liver function which was defined as Child-Pugh 
class A liver function, indocyanine green (ICG) retention 
rate at 15 min of less than 10%, and adequate future liver 
remnant (FLR) of greater than 40% of the total liver volume 
(TLV) [18, 19]. All patients underwent routine preoperative 
contrast-enhanced computed tomography (CT). The arte-
rial, portal, and venous phases of the imaging were used for 
CT volumetry. Patients were excluded if there was at least 
one of the following conditions: (1) thrombus in large ves-
sels including the portal vein, hepatic vein or inferior vena 
cava; (2) clinically significant portal hypertension such as 

presence of esophageal varices, λ splenomegaly (> 12 cm) 
with a low platelet count (< 100 × 109/ml). After implemen-
tation of this exclusion criteria,a total of 346 patients were 
selected for this study.

A standardized operative protocol was adopted by all the 
operating surgeons in both LLR and OLR. The surgeons 
were all experienced and skillful in both the traditional open 
and minimally invasive liver surgeries. The choice of LLR 
or OLR fully depended on the comprehensive assessment 
by surgeons with informed consent from the patients. LLR 
is the first choice for HCC patients unless there was some 
condition contraindicating or significantly complicating the 
use of laparoscopic approach, including the patients can-
not tolerate pneumoperitoneum, severe adhesion, the tumor 
was too close to major vessels, the tumor was too large to 
safely perform laparoscopy, the tumor was located in pos-
terior segments, and was difficult to complete resection via 
the laparoscopic approach or extensive hepatic lymph node 
dissection is required [20].

Preoperative investigations included CT, magnetic reso-
nance imaging (MRI), abdominal ultrasonography, or shear-
wave elastography (SWE, a method to assess the extent of 
fibrosis), and blood tests (blood routine examination, liver 
function test, and alpha feto-protein (AFP) levels). ICG 
retention rate at 15 min was also performed.

The terminology of liver resection was adopted as defined 
by the Brisbane 2000 classification [21]. Patients who were 
converted to open resection were included in the group of 
LLR [22]. Postoperative complications were graded accord-
ing to the Clavien–Dindo Classification [23]. PHLF was 
defined and graded according to the criteria as proposed by 
the International Study Group of Liver Surgery (ISGLS). 
Accordingly, PHLF was defined as an increased in interna-
tional normalized ratio (INR) and hyperbilirubinemia on or 
after the 5th postoperative day. PHLF grade A represented 
a postoperative deterioration but did not require a change in 
the patient’s clinical management. PHLF grade B was diag-
nosed when there was any deviation from the regular post-
operative clinical pathway but the patients could be managed 
without any invasive treatment. PHLF grade C indicated that 
patients required an invasive procedure. Postoperative mor-
tality was based on any death occurring within 90 days after 
surgery.

Propensity score matching

A 1:1 PSM was conducted. The propensity score analysis 
model was used to eliminate any potential bias of case-
match selection. The caliper of 0.01 was used in the model. 
Potential confounding variables that were unrelated to the 
exposure but related to the outcome were included in the 
propensity score model to decrease the variance of an esti-
mated exposure effect without increasing the bias [24]. 
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Accordingly, the balanced variables included baseline char-
acteristics such as sex, age, body mass index (BMI), cause 
of cirrhosis (HBV, HCV or NBNC), American Society of 
Anesthesiology (ASA) score, comorbidities; preoperative 
diagnosed cirrhosis; preoperative laboratory data includ-
ing total bilirubin, aspartate transaminase (AST), alanine 
transaminase (ALT), platelet, albumin, creatinine, INR, and 
MELD (Model for end-stage liver disease) scores; variables 
related to resection included intraoperative procedure, extent 
of resection (major or minor), types of resection and Pringle 
maneuver; variables on tumor characteristics included tumor 
size, number of tumor (solitary or multiple), microvascular 
invasion, and tumor stage (Edmonson Steiner grade).

Risk factors of PHLF

Variables that might affect the postoperative outcomes were 
incorporated into the univariate analysis to identify the risk 
factors of PHLF, including sex, age, the surgical approach 
(OLR or LLR), etiology of cirrhosis, intraoperative proce-
dure, comorbidities, extent of hepatectomy, Pringle maneu-
ver, tumor size, number of lesions, microvascular invasion, 
operation time, blood loss, blood transfusion, level of AFP, 
MELD score, and Edmonson Steiner grade. The variables 
were included into the multivariate analysis of logistic 
regression (for p values of less than 0.05) to identify the 
independent risk factors of PHLF. The univariate and mul-
tivariate analyses were both performed on the entire cohort 
of patients after PSM.

Postoperative care and follow‑up

The protocols of enhanced recovery after surgery (ERAS) 
was applied to our patients, blood tests were carried out on 
day 1, 3, 5, and 7, and an abdominal CT was carried out on 
day 8. The follow-up visits were carried out once a month 
after hospital discharge and then once every 3 months during 
the first year, once every 6 months for the following 2 years 
and once a year, thereafter [25]. The followed up assess-
ments included routine blood tests, liver function tests, AFP, 
and abdominal ultrasonography or CT/MRI.

Statistical analysis

Categorical data were expressed as numbers (percentages). 
Continuous data were expressed as median (range). The 
Chi-squared test or Fisher’s exact test were used to compare 
categorical variables, and the Mann–Whitney U test was 
used to compare continuous variables. Initially, univariate 
analyses were conducted using the logistic regression analy-
sis. Thereafter, variables found to be significantly associated 
with p < 0.05 were tested by multivariate analysis using a 
backward stepwise logistic model. The Kaplan–Meier 

method was used to obtain cumulative survival rates and 
compared using the log-rank test. A p value of less than 
0.05 was considered statistically significant. All statistical 
analyses were performed using the statistical software SPSS 
Version 22.0 (IBM SPSS).

Results

During the study period, 1085 patients underwent liver 
resection and 346 patients were included into this study. 
There were 141 patients who underwent LLR and 205 
patients OLR. After a 1:1 PSM, there were 86 patients in 
each of the groups of LLR and OLR.

Baseline and pathological characteristics

In the entire cohort (see Supplementary Table 1), there were 
no significant differences in the characteristics: including 
sex, age, etiology of cirrhosis, ASA score, comorbidities, 
total bilirubin, ALT, platelet, albumin, creatinine, INR, 
MELD scores, intraoperative procedure, extent of resection, 
types of resection, Pringle maneuver, tumor size, number of 
tumor, microvascular invasion, and tumor stage. However, 
the median BMI was significantly higher in the OLR group 
than the LLR group (23.8 vs. 22.5 kg/m2, p = 0.011). Signifi-
cantly, there were less patients who were diagnosed to have 
cirrhosis before surgery (57.4 vs. 75.1%, p < 0.001) in the 
LLR group than the OLR group. The median AFP level was 
also significantly higher in the OLR group compared to the 
LLR group (172.4 vs. 26.5 ng/ml, p < 0.001). The median 
serum level of AST was significantly higher in the LLR 
group compared to the OLR group (39 vs. 25 U/l, p = 0.034).

Surgical characteristics and outcomes

There were no significant differences between the two 
groups in most surgical characteristics and surgical out-
comes in the entire cohort (see Supplementary Table 2), 
including intraoperative procedure, extent of resection, types 
of resection, utilizing of Pringle maneuver, blood loss, blood 
transfusion rate, hospital stay, severe complications, and 
PHLF. Nevertheless, there was significantly longer opera-
tion time in the LLR group than the OLR group (230 vs. 
180 min, p = 0.021). The morbidity in the LLR group tended 
to be lower than the OLR group but without statistical sig-
nificance (8.5 vs. 15.6%, p = 0.051).

Baseline and pathological characteristics after PSM

After PSM, there were no significant differences in the base-
line and pathological characteristics between the two groups 
as shown in Table 1.
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Surgical characteristics and outcomes after PSM

Table 2 shows the surgical characteristics and surgical out-
comes after PSM. The median hospital stay was signifi-
cantly shorter in the LLR group than the OLR group (8 vs. 
13 days, p = 0.018). The median operation time was signifi-
cantly longer in the LLR group than the OLR group (210 vs. 
170 min, p = 0.021). The overall morbidity was significantly 
lower in the LLR group than the OLR group (7.0 vs. 19.8%, 
p = 0.014), mainly in the incidence of ascites (0 vs. 7.0%, 

p = 0.029). The incidence of total PHLF was also signifi-
cantly lower in the LLR group than the OLR group (15.1 vs. 
32.6%, p = 0.007), mainly in grade B PHLF (5.8 vs. 17.4%, 
p = 0.017). There were no significant differences in the 
intraoperative procedure, extent of hepatectomy, resection 
types, and use of Pringle maneuver between the LLR and 
OLR groups. Besides, blood loss (150 vs. 250 ml, p = 0.224) 
and blood transfusion (10.5 vs. 15.1%, p = 0.361) were not 
significantly different between the two groups. The 90-day 
mortality after surgery for the LLR and the OLR groups 

Table 1  Baseline and 
pathological characteristics after 
PSM

Values are expressed as n (%) for categorical data or median (range) for continuous data
PSM propensity score matching, OLR open liver resection, LLR laparoscopic liver resection, BMI body 
mass index, HBV hepatitis B virus, HCV hepatitis C virus, NBNC non-HBV and non-HCV, ASA American 
Society of Anesthesiology, AFP alpha fetoprotein, ALT alanine transaminase, AST aspartate transaminase, 
INR international normalized ratio, MELD model for end-stage liver disease
† χ2 test or Fisher’s exact test,except, ‡Mann–Whitney U test

LLR (n = 86) OLR (n = 86) p†

Male:female 72/14 74/12 0.670
Age (years) 53 (17–79) 52 (21–82) 0.344‡

BMI (kg/m2) 23.7 (15.3–33.8) 23.6 (15.7–34.5) 0.451‡

Etiology of cirrhosis 0.600
 HBV 77 (89.5%) 79 (91.9%)
 HCV 3 (3.5%) 2 (2.3%)
 NBNC 6 (7.0%) 5 (5.8%)

Preoperative diagnosed cirrhosis 65 (75.6%) 62 (72.1%) 0.603
ASA score > 2 7 (8.1%) 8 (9.3%) 0.787
Comorbidities 20 (23.3%) 14 (16.3%) 0.251
 Diabetes 7 (8.1%) 5 (5.8%)
 Hypertension 8 (9.3%) 9 (10.5%)
 Cardiovascular disease 2 (2.3%) 2 (2.3%)
 Pulmonary disease 2 (2.3%) 0
 Kidney disease 3 (3.5%) 1 (1.2%)

AFP (ng/ml) 52.6 (5.9–856) 86 (12.3–1025.9) 0.215‡

Serum ALT (U/L) 25 (13–154) 29 (5–136) 0.262‡

Serum AST (U/L) 36 (16–175) 24 (7–125) 0.527‡

Total bilirubin (µmol/l) 12.5 (3.8–45.0) 14.5 (10.8–41.5) 0.853‡

Albumin (g/dl) 45.0 (37.8–56.6) 42.5 (38.5–57.8) 0.622‡

Creatinine (mg/dl) 88 (69–124) 85 (71–118) 0.759‡

Platelet count (× 109/ml) 145 (79–389) 152 (61–324) 0.854‡

INR 1.09 (0.97–1.31) 1.08 (0.94–1.40) 0.568‡

MELD score 6.9 (2.4–12.1) 6.5 (3.2–10.3) 0.255‡

Size of tumor (cm) 3.5 (0.9–12.5) 3.5 (0.8–11.3) 0.554‡

Number of tumor 0.314
 Solitary 64 (74.4%) 58 (67.4%)
 Multiple 22 (25.6%) 28 (32.6%)

Microvascular invasion 33 (38.4%) 36 (41.9%) 0.641
Edmonson Steiner grade 0.870
 I 15 (17.4%) 12 (14.0%)
 II 31 (36.0%) 35 (40.7%)
 III 22 (25.6%) 23 (26.7%)
 IV 18 (20.9%) 16 (18.6%)
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were 0 and 2.3% (p = 0.497), respectively. The conversion 
rate was 9.3% (n = 8).

Risk factors of PHLF

Univariate analysis identified the surgical approach of 
OLR (p = 0.031), operation time ≥ 300 min (p = 0.018), 

and blood loss ≥ 1500 ml (p = 0.034) to be risk factors for 
PHLF (Table 3). Multivariate analysis identified the sur-
gical approach of OLR (OR 2.539, 95% CI 1.127–7.851, 
p = 0.014) to be the only independent risk factor of PHLF.

Long‑term outcomes

The median follow-up was not significantly different 
between the two groups, with 39.5 months in the LLR 
group and 37.3 months in the OLR group (p = 0.453). The 
1-, 3-, and 5-year overall survival rates were 93.0, 81.4, and 
69.8%, respectively, in the LLR group, and 88.4, 75.5, and 
62.8%, respectively, in the OLR group (p = 0.304) (Fig. 1). 
The 1-, 3-, and 5-year disease-free survival rates were 75.6, 
60.5, and 44.2%, respectively, in the LLR group, and 69.8, 
53.5, and 38.4%, respectively, in the OLR group (p = 0.393) 
(Fig. 2). There were no significant differences in both the OS 
and DFS between the LLR and OLR groups.

Discussion

Liver resection and liver transplantation are the standard 
curative therapies for HCC. Liver transplantation treats 
both the cancer and the underlying liver disease. The best 
candidates for liver transplantation are those within the 
Milan Criteria (solitary tumor ≤ 5 cm and up to three nod-
ules ≤ 3 cm each) [2, 26]. Liver transplantation is the only 
surgical option for patients with decompensated cirrhosis. 
Unfortunately, severe donor organ shortage significantly 
limits its application. Consequently, liver resection remains 
the first line treatment for the majority of HCC patients with 
compensated liver function. However, the conventional open 
liver resection requires a large abdominal incision.

Since the first laparoscopic liver resection for benign 
liver lesions in 1991, with advances in surgical anatomy, 
laparoscopic skills and devices, and postoperative care [27], 
the indications of laparoscopic liver resection have gradu-
ally extended to include cirrhotic liver resection [28]. The 
advantages of laparoscopic surgery include the ability to per-
form surgery without a large incision, with the advantages of 
minimal invasiveness, and early recovery [29].

Nevertheless, cirrhotic liver resection is challenging even 
for experienced surgeons. The challenges include difficul-
ties in hemostasis during liver parenchymal transection and 
postoperative hemorrhage, which are associated with low 
platelet counts, coagulopathy, and portal hypertension in 
these patients. Careful selection of cirrhotic HCC patients 
for surgery is of vital importance. In the present study, all the 
included patients had well-preserved liver functions, and had 
adequate volumes of the FLR. Wakabayashi and Ribero both 
recommended an FLR of > 40% of TLV to be the safe limit 
of liver resection for cirrhotic HCC patients [18, 19]. Ferrero 

Table 2  Surgical characteristics and outcomes after PSM

Values are expressed as n (%) for categorical data or median (range) 
for continuous data
PSM propensity score matching, OLR open liver resection, LLR, lapa-
roscopic liver resection
† χ2 test or Fisher’s exact test,except, ‡Mann–Whitney U test

LLR (n = 86) OLR (n = 86) p

Intraoperative procedure 5 (5.8%) 3 (3.5%) 0.717
 Tumor ablation 4 (4.7%) 2 (2.3%)
 Lymph node dissection 1 (1.2%) 1 (1.2%)

Extent of operation 0.141
 Major hepatectomy 23 (26.7%) 15 (17.4%)
 Minor hepatectomy 63 (73.3%) 71 (82.6%)

Type of resection 0.682
 Right hepatectomy 13 (15.1%) 12 (14.0%)
 Left hepatectomy 6 (7.0%) 7 (8.1%)
 Extended left hepatectomy 3 (3.5%) 1 (1.2%)
 Left lateral sectionectomy 5 (5.8%) 3 (3.5%)
 Anatomical segmentec-

tomy
34 (39.5%) 41 (47.7%)

 Wedge resection 25 (29.1%) 22 (25.6%)
Conversion 8 (9.3%) –
Pringle maneuver 2 (2.3%) 2 (2.3%) 1.000
Blood loss (ml) 150 (20–1800) 250 (10–3500) 0.224‡

Blood transfusion 9 (10.5%) 13 (15.1%) 0.361
Hospital stay 8 (5–32) 13 (6–44) 0.018‡

Operation time (min) 210 (60–525) 170 (80–350) 0.021‡

Complication 6 (7.0%) 17 (19.8%) 0.014
 Bile leak 2 (2.3%) 2 (2.3%) 1.000
 Intra-abdomen bleeding 1 (1.2%) 3 (3.5%) 0.364
 Ascites 0 6 (7.0%) 0.029
 Pleural effusion/infection 2 (2.3%) 3 (3.5%) 1.000
 Wound infection 1 (1.2%) 3 (3.5%) 0.613

Severe complication 5 (5.8%) 7 (8.1%) 0.549
 IIIa 3 (3.5%) 3 (3.5%) 1.000
 IIIb 1 (1.2%) 2 (2.3%) 1.000
 IVa 1 (1.2%) 0 1.000
 IVb 0 0 –
 V 0 2 (2.3%) 0.497

Liver failure 13 (15.1%) 28 (32.6%) 0.007
 A 6 (7.0%) 10 (11.6%) 0.294
 B 5 (5.8%) 15 (17.4%) 0.017
 C 2 (2.3%) 3 (3.5%) 1.000

90-day motality 0 2 (2.3%) 0.497
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Table 3  Univariate analysis for 
risk factors of PHLF

No. of patients (%) OR (95% CI) p

Sex 1.431 (0.345–3.239) 0.955
 Male 146 (84.9%)
 Female 26 (15.1%)

Age 1.278 (0.542–3.235) 0.623
 > 65 years 23 (13.4%)
 < 65 years 149 (86.6%)

Surgical approach 2.445 (1.254–5.827) 0.031*
 OLR 86 (50%)
 LLR 86 (50%)

Etiology of cirrhosis 1.156 (0.565–2.569) 0.674
 HBV 156 (90.7%)
 Non-HBV 16 (9.3%)

Intraoperative procedure 1.524 (0.733–4.148) 0.129
 Yes 8 (4.7%)
 No 164 (95.3%)

Comorbidities 1.245 (0.538–2.723) 0.853
 Yes 34 (19.8%)
 No 138 (80.2%)

Extent of operation 2.286 (0.902–5.312) 0.102
 Major hepatectomy 38 (22.1%)
 Minor hepatectomy 134 (77.9%)

Pringle maneuver 1.421 (0.457–4.564) 0.641
 Yes 4 (2.3%)
 No 168 (97.7%)

Tumor size 2.186 (0.911–4.822) 0.093
 ≥ 5 cm 62 (36.0%)
 < 5 cm 110 (64.0%)

Number of lesions 2.436 (0.961–5.210) 0.071
 Multiple 50 (29.1%)
 Solitary 122 (70.9)

Microvascular invasion 1.521 (0.634–3.373) 0.428
 Yes 69 (40.1%)
 No 103 (59.9%)

Operation time 3.711 (1.263–13.142) 0.018*
 ≥ 300 min 19 (11.0%)
 < 300 min 153 (89.0%)

Blood loss 10.556 (2.538–121.145) 0.034*
 ≥ 1500 ml 5 (2.9%)
 < 1500 ml 167 (97.1%)

Blood transfusion 1.536 (0.695–5.435) 0.158
 Yes 22 (12.8%)
 No 150 (87.2%)

AFP 0.912 (0.574–2.523) 0.952
 ≥ 400 ng/ml 58 (33.7%)
 < 400 ng/ml 114 (66.3%)

MELD 1.124 (0.426–2.325) 0.841
 > 10 15 (8.7%)
 < 10 157(91.3%)
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[30] proposed an FLR of > 31% for patients with impaired 
liver function. Kim [31] suggested a standardized liver 
future remnant (sFLR) of ≥ 25% in non-cirrhotic patients 
and an sFLR of ≥ 25% with an sFLR:ICG R15 ratio of > 1.9 
in patients with cirrhosis to be acceptable for safe hepatic 
resection. To reduce life-threatening PHLF and mortality, 

at least 40% of TLV was defined to be an adequate FLR in 
the present study. For patients whose FLR was less than 
40%, preoperative portal vein embolization or a staged hepa-
tectomy associating liver partition and portal vein ligation 
(ALPPS) [32] was recommended to our patients.

Fig. 1  Overall survival of 
patients treated with laparo-
scopic liver resection (LLR) 
and open liver resection (OLR) 
(p = 0.304, Log-rank test)

Fig. 2  Disease-free survival of 
patients treated with laparo-
scopic liver resection (LLR) 
and open liver resection (OLR) 
(p = 0.393, Log-rank test)

PHLF posthepatectomy liver failure, OR odds ratio, CI confidence interval, BMI body mass index, OLR 
open liver resection, LLR laparoscopic liver resection, HBV hepatitis B virus, HCV hepatitis C virus, NBNC 
non-HBV and non-HCV, ASA American Society of Anesthesiology, AFP alpha fetoprotein, INR interna-
tional normalized ratio, MELD model for end-stage liver disease
*Significant value

Table 3  (continued) No. of patients (%) OR (95% CI) p

Edmonson steiner grade 2.112 (0.437–3.340) 0.425
 III–IV 79 (45.9%)
 I–II 93 (54.1%)
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The median hospital stay (8 vs. 13 days, p = 0.018), 
incidence of complication (7.0 vs. 19.8%, p = 0.014), and 
incidence of PHLF (15.1 vs. 32.6%, p = 0.007) were signifi-
cantly decreased after LLR compared to OLR. These results 
were similar to those which have been reported [9, 15, 16] 
or concluded in the second global review [33]. However, 
our operation time was longer in LLR than OLR (210 vs. 
170 min, p = 0.021), which was different from the other 
reported studies. One possible explanation was that more dif-
ficult laparoscopic procedures were attempted in our center. 
There were only 10% of laparoscopic major hepatectomy in 
the study by Cheung [9] compared with 26.7% laparoscopic 
major hepatectomy in our study. Another possible explana-
tion is the relatively high rate of conversion (9.3%) [34]. 
Actually, when the conversion cases (n = 8) were excluded, 
the significant difference no longer existed (205 vs. 180 min, 
p = 0.128).

Many reports on LLR have shown that LLR was asso-
ciated with less blood loss and a decreased need of blood 
transfusion. These can be explained by the hemostatic effect 
of pneumoperitoneum, better magnification, and application 
of newly developed devices for parenchymal transection [9, 
13, 24, 35]. In our study, intraoperative blood loss (150 vs. 
250 ml, p = 0.224) and blood transfusion rates (10.5 vs. 
15.1%, p = 0.361) tended to be decreased in the LLR group 
but without statistical significance. In our center, hepatic 
inflow occlusion was only used when there was excessive 
bleeding, which is the possible reason for the absence of 
reduction of blood loss and blood transfusion in LLR. It is 
our belief that although the Pringle maneuver can reduce 
intraoperative bleeding, the repeated ischemia and reperfu-
sion injury using intermittent Pringle maneuver can result 
in impairment in liver function after hepatectomy, early 
recurrence, and poor survival [36]. Furthermore, a long 
duration of Pringle maneuver have been shown to increase 
tumor recurrence [37]. However, if the vascular occlusion 
durations are not excessive, the application of intermittent 
Pringle maneuver may have no adverse impact on postopera-
tive outcomes [38, 39]. Most people believe that intraopera-
tive bleeding and the need for blood transfusion increase the 
risks of postoperative morbidity and mortality, affect tumor 
recurrence and long-term survival in HCC patients [13, 35, 
40, 41].However, by utilizing PSM to overcome the effects 
of co-variables, Yang et al. [42] proposed a novel finding 
that the associations among perioperative blood transfusion, 
early recurrence and decreased survivals were due to the 
clinical circumstances rather than the blood transfusions 
themselves.

The Louisville consensus [7] claimed that conversion 
from laparoscopy to open laparotomy should be considered 
to be a prudent surgical practice rather than a failure. Con-
version should be performed in difficult cases and for patient 
safety. The overall reported conversion rates are around 4.1% 

[33]. The conversion rate of our study is 9.3% (n = 8), which 
is equal to the conversion rate reported by Xiang [43], lower 
than the 23.3% reported by Kim [16] but higher than the 
6.9% reported by Siddiqi [44] and the 2.3% reported by 
Long [45]. Massive haemorrhage and difficulty in hemo-
stasis were the main reasons for conversion (n = 4). One of 
these patients had a tumor larger than 10 cm and numerous 
supplying vascular leading to excessive bleeding. Followed 
by severe adhesions (n = 2) that generated after previous 
abdominal operation. The other two conversions were due 
to tumor location (n = 2). One was located at segment 4a and 
was too close to the diazoma and one was located at segment 
7/8. A tumor which is located at the postero-superior seg-
ment is identified to be an independent risk factor of conver-
sion in LLR [46].

Consistent with the published literature [45, 47], our mor-
bidities were significantly lower after LLR than OLR (7.0 
vs. 19.8%, p = 0.014), especially for postoperative ascites. 
The less invasiveness of laparoscopy significantly mitigated 
damage to the abdominal wall, thus avoiding interruption 
of collateral veins and lymphatic circulation. Less exposure 
of the abdominal viscera may be the other important reason 
[11, 48] for the reduced incidence of ascites. Additionally, 
a  CO2 pneumoperitoneum, which has been demonstrated to 
reduce local immune responses against surgical stress [14], 
could be another explanation. There were also other possible 
explanations which include less mobilization and manipula-
tion of the liver and less intraoperative fluid requirements in 
LLR [13].

Being less invasive, LLR has been demonstrated to be 
associated with improved postoperative outcomes, including 
less operative morbidity and PHLF, without compromising 
the long-term survival outcomes. Both the 1-, 3-, and 5-year 
OS (p = 0.304) and the 1-, 3-, and 5-year DFS (p = 0.393) 
of LLR were comparable to OLR. Therefore, LLR for HCC 
with a background of cirrhosis have been suggested to be a 
good choice of treatment in selected patients [49].

As shown in Table 2,the incidence of PHLF was signifi-
cantly lower in LLR than in OLR (15.1 vs. 32.6%, respec-
tively, p = 0.007). To further confirm the advantage of LLR 
for reducing the incidence of PHLF, a multivariate analysis 
was conducted and we identified the surgical approach of 
OLR (OR 2.539, 95% CI 1.127–7.851, p = 0.014) to be the 
only independent risk factor of PHLF, implying that LLR is 
a better surgical approach in selected patients with cirrhosis.

In conclusion, with reduced hospital stay and lower inci-
dence of complications and PHLF, LLR could be a better 
option for HCC in selected patients with well-preserved liver 
function and cirrhotic background.
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