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Long-term and short-term surgical outcomes of laparoscopic 
versus open liver resection for hepatocellular carcinoma: might 
laparoscopic approach be better in early HCC?
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Abstract
Background This retrospective study compared the short- and long-term outcomes of laparoscopic liver resection (LLR) 
and open liver resection (OLR) and identified patients who might gain more benefits from LLR.
Methods The demographic and perioperative data, short-term surgical outcomes, and long-term oncological results of all 313 
patients who received elective liver resection for hepatocellular carcinoma (HCC) between January 2010 and June 2017 were 
analyzed. The patients were then divided into stage-specific subgroups according to the TNM staging system for comparison.
Results LLR was performed in 153 patients and OLR in 160 patients. LLR is associated with less blood loss (p < 0.001), 
shorter surgical time (p = 0.001), shorter length of hospital stay (p < 0.001), and lower morbidity rate (p = 0.034). The 5-year 
overall survival (OS) rates in the LLR group were higher than those in the OLR group (78.1 vs. 57.6%; p = 0.002). Stage-
specific subgroup analysis revealed similar 5-year OS in the two groups (stage I: 82.8 vs. 82.6%, p = 0.845; stage II: 80.3 vs. 
69.2%, p = 0.638; stage III: 55.6 vs. 34.8%, p = 0.681), as did the 5-year recurrence-free survival. Moreover, the short-term 
outcomes were better in the LLR group in terms of surgical time, blood loss, and length of hospital stay, and these benefits 
attenuated with advancing tumor stage.
Conclusions LLR for HCC is a safe and feasible procedure that does not compromise long-term oncological outcomes. In 
early tumor stages, LLR might be better in terms of short-term surgical outcomes.

Keywords Laparoscopic hepatectomy · Overall survival · Recurrence-free survival · Stage-specific prognosis

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer worldwide and the second leading cause of cancer-
related death in Taiwan. Advancements in surgical and anes-
thetic techniques and better intensive care have decreased 
the surgical mortality rates of liver resection [1], but hepatic 
surgery continues to have a relatively high morbidity rate 
(4.09–47.7%), with fever, hemorrhage, bile leakage, liver 
failure, pulmonary complications, and subphrenic infection 
as potential complications [2]. Laparoscopic surgery has 

yielded better postoperative outcomes than the open method 
in many gastrointestinal surgeries. However, it is not widely 
accepted as a standard procedure by hepatobiliary surgeons 
owing to technical difficulties in hemostasis during liver 
resection, risk of gas embolism, inadequate tumor clearance, 
and possible intra-abdominal tumor spreading. The technical 
difficulty of laparoscopic liver resection (LLR) is gradually 
being eased by improvements in laparoscopic instruments 
and the increase in surgical experience. Even lesions located 
in posterosuperior segments have shown favorable results 
[3, 4]. LLR has yielded improved short-term outcomes, spe-
cifically shorter hospital stay, lesser blood loss and blood 
transfusion, and wider resection margins [5]. Furthermore, 
the long-term survival rate in LLR is noninferior to open 
liver resection (OLR) [5–7]. In the literature, data on rand-
omized controlled trials comparing LLR and OLR for HCC 
are lacking, and the sample sizes were relatively small in 
most retrospective studies. The objectives of this study were 
to compare the outcomes of LLR and OLR and to identify 
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patients who might gain more benefits from LLR in terms of 
clinical, surgical, and pathologic outcomes. Our retrospec-
tive study comprised relatively large LLR and OLR groups, 
with specific emphasis on the stage-specific short-term out-
comes, long-term overall survival (OS), and recurrence-free 
survival (RFS).

Methods

Data sources

The medical records of all patients with HCC who under-
went liver resection in our institute between January 2010 
and June 2017 were collected retrospectively from a pro-
spectively established database. The inclusion criteria were 
(1) age 20–85 years, (2) pathologic confirmation of HCC, 
and (3) underwent surgeries with radical resection intent 
(at least partial hepatectomy with adequate tumor-free 
margin). The exclusion criteria were (1) emergent surger-
ies, (2) benign liver tumor, (3) malignancy other than HCC 
(cholangiocarcinoma, metastases, and angiosarcoma), and 
(4) underwent single-incision laparoscopic method or robot-
assisted laparoscopic surgeries.

Surgical methods

The LLR technique can be divided into three main catego-
ries based on the Louisville statement, namely pure laparos-
copy, hand-assisted laparoscopy, and the hybrid technique 
[8]. In LLR, a  CO2 pneumoperitoneum is established, with 
intra-abdominal pressure controlled at 12–15 mmHg. The 
laparoscopic camera is inserted through the transumbili-
cal trocar site. Laparoscopic ultrasound is routinely used 
for checking tumor margin, synchronous tumor, or intrahe-
patic metastases. However, in the total or pure laparoscopic 
method, the entire liver resection procedure is performed 
using laparoscopic instruments. A laparoscopic cavitron 
ultrasonic surgical aspirator and an energy device are used 
for liver parenchymal resection. The specimen is then placed 
into a plastic bag and extracted through an enlarged transum-
bilical port or a suprapubic transverse incision.

In the hand-assisted laparoscopic method, a 10-cm hand-
access port is placed in the upper midline position. A wound 
protector is applied into the hand port using a surgical glove 
to prevent air leak. Liver parenchymal resection is performed 
using laparoscopic instruments as in the total laparoscopic 
method.

In the hybrid or laparoscopy-assisted liver resection tech-
nique, the liver is mobilized laparoscopically and then deliv-
ered into the midline. A 12–15-cm incision is then made in 
the upper midline position. The technique used for paren-
chymal resection is the same as the open surgery.

For open hepatectomy, all patients are placed in a supine 
position and a reverse L-incision is performed or a midline 
wound used. The Cavitron ultrasonic surgical aspirator is 
mainly used for parenchymal transection. Bipolar electro-
coagulation is usually performed for hemostasis.

Data collection of patients

This study is a retrospective analysis of 313 consecutive 
patients who underwent elective hepatectomy for HCC 
between January 2010 and June 2017. The study protocol 
was reviewed and approved by Taipei Medical University 
Joint Institutional Review Board. All cases were analyzed 
using medical records showing demographic and clinical 
characteristics, including age, sex, body mass index (BMI), 
hepatitis profile, Child–Pugh score, cirrhosis, comorbidity 
index, and operative and pathologic characteristics such as 
surgical time, estimated blood loss, main tumor size, tumor 
stage, tumor margin, major resection rate, length of stay 
(LOS), complications, and mortality. Patients were divided 
into two groups: LLR and OLR; the LLR group included 
those who underwent total (pure) laparoscopic, hand-
assisted laparoscopic, and hybrid (laparoscopy-assisted) 
liver resection, as were patients who were converted from a 
laparoscopic procedure to the open procedure.

Outcomes

The primary outcomes were short-term postoperative out-
comes, including postoperative complications, 30-day mor-
tality, estimated blood loss, and LOS. Complications were 
assessed up to 30 days following surgery and included spe-
cific hepatectomy-related morbidity (bile leak, liver failure, 
and ascites) and general postoperative complications (intra-
abdominal infection, respiratory complications, cardiac 
events, neurologic events, and gastrointestinal complica-
tions). Liver failure was defined by the “50–50 criteria,” [9] 
that is, the persistent rise in serum bilirubin > 50 µmol/L and 
decrease in prothrombin time ratio < 50% at postoperative 
day 5. Secondary outcomes were long-term OS and RFS. 
Vital statuses at the last follow-up were checked and clas-
sified as alive with HCC, alive without HCC, or deceased. 
OS was defined as the interval between the date of surgery 
and death for any reason, with censoring at the date of last 
follow-up. RFS was calculated as the interval between the 
date of surgery and date on which recurrence or death was 
recorded, with censoring at the date of last follow-up. Recur-
rence was defined as intra- or extrahepatic pathology-proven 
HCC or lesions deemed highly suspicious on dynamic cross-
sectional images. The patients were further categorized into 
stage-specific subgroups per their TNM tumor stage, and 
the outcomes as well as OS and RFS in the LLR and OLR 
groups were compared.
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Statistical analysis

SPSS statistical software (IBM SPSS, Inc., Chicago, IL, 
version 20) was used to perform the analyses. Continuous 
variables were expressed as mean ± standard deviation. 
Differences in continuous variables between groups were 
determined using Student’s t test. Categorical variables were 
expressed as absolute numbers (percentage) and compared 
between groups using the χ2 test. Overall survival and RFS 
curves were obtained using the Kaplan–Meier method and 
compared using means of the log rank test. p < 0.05 was 
considered statistically significant.

Results

Short‑term outcomes

During the study period, 313 patients underwent elective 
liver resection for HCC, of which 160 patients underwent 
OLR and 153 patients LLR. Of the patients who underwent 
LLR, 39, 4, and 110 patients received the hybrid, hand-
assisted, and pure laparoscopic methods, respectively. We 
performed more hybrid and hand-assisted methods in the 
earlier period of the surgery and transferred to pure lapa-
roscopy since October 2015. Five patients required OLR, 
yielding a conversion rate of 3.3%.

The demographic, clinical, and surgical parameters 
are summarized in Table 1. The two groups did not differ 
significantly in terms of age, sex, BMI, type of hepatitis, 
Child–Pugh grade, liver cirrhosis, Charlson comorbidity 
index [10], and surgical margin. Surgical time in the LLR 
group was significantly shorter than in the OLR group 
(175.1 ± 84.9 vs. 202.2 ± 59.4 min; p = 0.001). Further-
more, LLR was associated with significantly less blood 
loss (363.1 ± 579.4 vs. 839.3 ± 866.7 mL; p < 0.001) and 
shorter postoperative hospital stay (7.3 ± 4.4 vs. 11.4 ± 7.0 d; 
p < 0.001). The tumor size and rate of major liver resection 
were significantly smaller in the LLR group (3.9 ± 2.6 vs. 
7.2 ± 5.3 cm; p < 0.001, and 22.2 vs. 45.6%; p < 0.001). The 
TNM stage distributions of the patients in the LLR group 
compared with the OLR group were 52.3 versus 26.2% in 
stage I, 32.7 versus 31.2% in stage II, 15.0 versus 38.8% in 
stage III, and zero versus 3.8% in stage IV (p < 0.001).

The 30-day operative mortality rate of all patients was 
1.92%, with 2.6% in the OLR group and 1.3% in the LLR 
group (p = 0.689). The surgical morbidity rate of all patients 
was 14.1%, with 18.1% in the OLR group and 9.8% in the 
LLR group (p = 0.034). The surgical morbidities included 
bile leak, abdominal abscess or infection, ascites, liver 
failure, pulmonary complications, congestive heart fail-
ure, neural complications (stroke or transient ischemic 
attack), and gastrointestinal complications (bleeding or 

ileus). The mortality rate of the two groups did not differ 
significantly. However, morbidity rate and severe complica-
tions were lower in the LLR group than in the OLR group 
(Clavien–Dindo classification grade 3–4: 2.6 vs. 10.6%; 
p = 0.005) [11].

Long‑term outcomes

The OS rate of patients at all stages treated with LLR 
was significantly higher than those treated with OLR 

Table 1  Demographic, clinical, and operative characteristics of 
patients undergoing liver resection surgeries for HCC

OLR (160) LLR (153) p

Age 59.2 ± 11.2 61.0 ± 11.8 0.165
Sex/male 132 (82.5%) 118 (77.1%) 0.236
BMI 24.2 ± 3.5 24.5 ± 4.5 0.552
Hepatitis 0.861
 B 102 (63.8%) 93 (60.8%)
 C 31 (19.4%) 33 (21.6%)
 B + C 7 (4.4%) 5 (3.3%)

Child–Pugh 0.052
 A 156 (97.5%) 142 (92.8%)
 B 4 (2.5%) 11 (7.2%)

Cirrhosis 97 (60.6%) 102 (66.7%) 0.267
Charlson comorbidity index 4.6 ± 1.6 4.8 ± 1.5 0.290
Surgical time 202.2 ± 59.4 175.1 ± 84.9 0.001
Blood loss 839.3 ± 866.7 363.1 ± 579.4 < 0.001
Tumor size 7.2 ± 5.3 3.9 ± 2.6 < 0.001
Surgical margin 5.0 ± 7.3 5.2 ± 5.8 0.710
Stage < 0.001
 I 42 (26.2%) 80 (52.3%)
 II 50 (31.2%) 50 (32.7%)
 III 62 (38.8%) 23 (15.0%)
 IV 6 (3.8%) 0 (0.0%)

Major resection 73 (45.6%) 34 (22.2%) < 0.001
LOS 11.4 ± 7.0 7.3 ± 4.4 < 0.001
Complication 29 (18.1%) 15 (9.8%) 0.034
 Bile leak 7 (4.4%) 2 (1.3%)
 Abdominal abscess/infec-

tion
3 (1.9%) 1 (0.7%)

 Ascites 4 (2.5%) 6 (3.9%)
 Liver failure 3 (1.9%) 2 (1.3%)
 Pulmonary complication 7 (4.4%) 3 (2.0%)
 Congestive heart failure 2 (1.2%) 0 (0.0%)
 Neuro complication 1 (0.6%) 0 (0.0%)
 Gastrointestinal (bleeding/

ileus)
2 (1.2%) 1 (0.7%)

C–D 0.005
 0–2 143 (89.4%) 149 (97.4%)
 3–4 17 (10.6%) 4 (2.6%)

Mortality 4 (2.6%) 2 (1.3%) 0.689
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(Fig. 1A), with 1-, 3-, and 5-year OS rate of 90.3, 82.9, 
and 78.1% for the LLR group versus 85.0, 63.6, and 
57.6% for the OLR group, respectively (p = 0.002).

There was no difference in the RFS of patients at 
all stages who received LLR compared with those who 
received OLR (Fig. 2A), with 1-, 3-, and 5-year RFS 
of 72.9, 49.2, and 37.9% for the LLR group versus 
60.8, 43.0, and 31.1% for the OLR group, respectively 
(p = 0.153).

Stage‑specific subgroup analysis

The cohort was subdivided according to TNM staging, and 
the short-term outcomes of the two groups were compared 
(Table 2). In the subgroup analysis, age, sex, BMI, type 
of hepatitis, liver cirrhosis, Charlson comorbidity index, 
surgical margin, complication, surgical mortality, as well 
as the rate of major liver resection of the two groups did 
not differ significantly. In the subgroup analysis of stage I, 

Fig. 1  Overall survival following liver resection, stratified with laparoscopic versus open method, in the entire cohort (A), stage I disease (B), 
stage II disease (C), and stage III disease (D)
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LLR was associated with a significantly smaller tumor size 
(3.1 ± 2.0 vs. 4.7 ± 4.3 cm; p = 0.025), shorter surgical time 
(152.5 ± 67.3 vs. 183.9 ± 54.6 min; p = 0.010), less blood 
loss (286.3 ± 463.8 vs. 550.7 ± 431.0 mL; p = 0.003), and 
shorter LOS (6.8 ± 3.6 vs. 9.1 ± 4.1 days; p = 0.002). In the 
stage II subgroup analysis, the surgical time and tumor size 
in the groups did not differ significantly, whereas blood loss 
(338.6 ± 476.0 vs. 623.6 ± 601.0 mL; p = 0.010), hospital 
stay (7.6 ± 4.6 vs. 12.3 ± 9.9 days; p = 0.003), and severe 
complications (Clavien–Dindo classification grade 3–4: 2.0 

vs. 16.0%; p = 0.014) were lower in the LLR group. In stage 
III patients, laparoscopic resection was only associated with 
smaller tumor size (6.5 ± 3.7 vs. 10.2 ± 5.1 cm; p = 0.001) 
and shorter LOS (8.5 ± 5.9 vs. 11.7 ± 4.6 days; p = 0.012). 
No stage IV patient received LLR.

The comparison of OS of patients with stage I, II, and III 
disease is shown in Fig. 1B–D. Five-year OS rates in stage I, 
II, and III were 82.8, 80.3, and 55.6% for LLR versus 82.6, 
69.2, and 34.8% for OLR (p = 0.845, 0.638, and 0.681, sepa-
rately) in the stage-specific subgroups, respectively.

Fig. 2  Recurrence-free survival following liver resection, stratified by laparoscopic versus open method, in the entire cohort (A), stage I disease 
(B), stage II disease (C), and stage III disease (D)
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Furthermore, 5-year RFS in stage I, II, and III disease 
was 45.8, 32.7, and 17.1% for LLR versus 58.5, 28.2, and 
15.8% for OLR (p = 0.403, 0.801, and 0.465, separately) in 
the stage-specific subgroups (Fig. 2B–D), respectively.

Discussion

In this retrospective study, we compared the short-term and 
long-term outcomes of LLR with OLR. The results showed 
that laparoscopic surgery not only improved the short-term 
outcomes of patients with HCC in terms of surgical time, 
blood loss, length of hospital stay, and complication rate but 
also yielded a higher 5-year OS rate. However, the group 
categorization did have some bias because of the earlier 
stage of HCC (stage I + II: 85.0 vs. 57.4%; p < 0.001) and 
lower rate of major resection (22.2 vs. 45.6%; p < 0.001) in 
the LLR group compared with the OLR group. The patients 
were further categorized into subgroups based on the tumor 
stage (Table 2); the rate of major resection did not differ 
significantly between the LLR and OLR groups in the stage-
specific analysis. Long-term oncological outcomes of the 
LLR and OLR group, assessed in terms of stage-specific 
OS and RFS, did not differ significantly. Regarding short-
term outcomes, the LLR group had a smaller tumor size 
(3.1 ± 2.0 vs. 4.7 ± 4.3 cm; p = 0.025), shorter surgical time 
(152.5 ± 67.3 vs. 183.9 ± 54.6 min; p = 0.010), less blood 
loss (286.3 ± 463.8 vs. 550.7 ± 431.0 mL; p = 0.003), and 
shorter LOS (6.8 ± 3.6 vs. 9.1 ± 4.1 days; p = 0.002) in stage 
I disease. Blood loss (338.6 ± 476.0 vs. 623.6 ± 601.0 mL; 
p = 0.010), hospital stay (7.6 ± 4.6 vs. 12.3 ± 9.9 days; 
p = 0.003) and severe complications (Clavien–Dindo clas-
sification grade 3–4: 2.0 vs. 16.0%; p = 0.014) were less in 
the LLR group of stage II disease, while only smaller tumor 
size (6.5 ± 3.7 vs. 10.2 ± 5.1 cm; p = 0.001) and shorter LOS 
(8.5 ± 5.9 vs. 11.7 ± 4.6 days; p = 0.012) were noted in the 
LLR group of stage III patients.

The survival rate is clearly influenced by the tumor stage; 
thus, theoretically, better intervention should improve the 
outcomes at every disease stage. Therefore, tumor stage-
based subgroup analysis was performed. In the subgroup 
analysis, the stage-specific OS rate as well as the RFS did 
not differ significantly (Figs. 1B–D, 2B–D). LLR had no 
impact on the long-term oncological outcomes, and the 
results are consistent with other reports on long-term sur-
vival [12–14]. These findings might clarify the oncological 
effect in LLR. In addition, the rate of major liver resection 
directly influences the rate of surgical complications, surgi-
cal time, and blood loss. The rate of major resection did 
not differ significantly in the stage-specific subgroup analy-
sis, whereas some short-term outcomes differed between 
the LLR and OLR groups. In stage I disease, LLR had 
the advantages of less surgical time, less blood loss, and 

shorter LOS. The advantage of less surgical time could not 
be observed in the stage II population, as LLR still had less 
blood loss and shorter LOS. However, only the advantage 
of shorter LOS continued into stage III. The complication 
rate did not differ in the stage-specific subgroups; less severe 
complications were observed in the LLR group of stage II 
patients. Most importantly, this study demonstrated a trend 
of a slight reduction in the advantage of LLR with advancing 
tumor stage. Stage IV data could not be compared because 
no patient at this stage received laparoscopic surgery.

In the English literature, randomized controlled trials 
regarding HCC comparing the surgical outcomes of LLR 
versus OLR are rare; one such study discussed the surgical 
outcomes of solitary small (< 5 cm) peripheral HCC [15] 
and concluded that LLR is superior to OLR given the for-
mer’s significantly shorter duration of hospital stay without 
any compromise of the oncological outcomes. Most related 
studies are retrospective with or without propensity score 
matching. In our HCC surgical cohort, the patients under-
went laparoscopic and open hepatectomy in a 1:1 ratio, and 
the study cohort was analyzed retrospectively without pro-
pensity score matching. All other propensity score-matched 
studies have reported shorter hospital stay, less blood loss, 
lower blood transfusion rate, lower or similar complication 
rate, and comparable long-term oncological outcomes in 
the LLR group [12, 13, 16–25]. In the current study, simi-
lar results were found for all disease stages. However, the 
most prominent finding in the stage-specific analysis is that 
the benefit of LLR declines as the stage advances. Only the 
advantage of shorter length of hospital stay persisted in 
patients with stage III HCC who received LLR compared 
with OLR.

In the published literature, general conversion rates range 
from 0 to 19.4% [26], and the most frequent causes for con-
version are uncontrolled bleeding, technical difficulties in 
exposure, and adhesion. Consistent with previous studies, 
the conversion rate to OLR in this study was 3.3%. In the 
series, we converted pure laparoscopy procedures to hand-
assisted or hybrid procedures sequentially instead of direct 
conversion to OLR; this explains the relatively low conver-
sion rate. A detailed comparative analysis of pure, hand-
assisted, and hybrid between techniques could not be real-
ized in this study, and the advantages and drawbacks of these 
approaches could not be demonstrated.

With the introduction of laparoscopic surgery, favorable 
surgical outcomes—such as less pain, less analgesic require-
ment, faster recovery of the gastrointestinal tract, and a shorter 
hospital stay—were demonstrated in abdominal surgeries. 
Meta-analyses have reported shorter hospital stay, less blood 
loss and blood transfusion, and wider resection margins in 
LLR compared with OLR [5, 27]. The Louisville and Morioka 
international consensus conferences have shown that laparo-
scopic “minor” liver resections can be undertaken routinely 
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as part of standard practice [8, 28]. This study demonstrated 
that patients in the early tumor stages can obtain more benefits 
via laparoscopic liver surgery, which is somewhat consistent 
with the international consensus of LLR. Thus, LLR is sug-
gested for patients with early-stage HCC. Whether LLR or 
OLR is effective for advance-stage HCC patients warrants 
further research. Selection of patient demographics, such as 
BMI, body type, background liver status, and comorbidities, 
should be considered together with technical aspects such as 
the surgeon’s experience and difficulty scoring system [29] to 
achieve better surgical outcomes.

Limitations

As this study was a nonrandomized trial, biases in the selection 
of patients for the LLR group were inevitable. Furthermore, 
more patients with early-stage cancer were present in the LLR 
group than in the OLR group, whereas those in the OLR group 
had larger tumors than patients in the LLR group. Moreover, 
hepatectomy surgery is complicated by the background texture 
of liver (cirrhotic or steatotic), remnant liver reservoir, tumor 
location, and tumor adjacent to vessel or bile duct. These 
factors were not analyzed in this retrospective study. In addi-
tion, tumor differentiation and vascular invasion, factors that 
have an oncological impact, were not examined in this study. 
The effectiveness of anatomical hepatectomy is controversial 
[30–33]; unfortunately, anatomical and nonanatomical liver 
resection could not be combatively evaluated in this study.

Conclusions

LLR for HCC is a safe and feasible procedure that does not 
compromise long-term oncological outcomes if performed by 
an experienced surgeon for well-selected patients. In the earlier 
stages of HCC, laparoscopic liver resection might be better 
than open method in terms of short-term surgical outcomes.
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