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Background: Despite the increasing application of laparoscopic hepatectomy (LH) for hepatocellular
carcinoma (HCC), laparoscopic left hemihepatectomy (LLH) remains a relatively rare surgery and
comparison of perioperative and oncological outcomes between LLH and open left hemihepatectomy (OLH)
is lacking.

Methods: A total of 276 HCC patients who underwent either LLH or OLH between January 2008 and
November 2019 were enrolled in this retrospective observational study and a 1:2 propensity score matching
(PSM) was performed between LLH and OLH groups.

Results: Patients in LLH group had smaller tumor size (P=0.001) and earlier TNM staging (P=0.022)
before matching. Despite the similar transfusion rate after matching, patients undergoing LLH (n=27)
experienced less intraoperative blood loss (100.0 versus 200.0 mL; P=0.034) and application of hepatic portal
occlusion (11.1% versus 63.5%; P<0.001) compared to those in OLH group (n=52). There were no statistical
differences of resection margin and incidence of complications between the groups. The overall survival (OS)
and disease-free survival (DFS) of patients in LLH group were comparable to OLH group (3-year OS rate:
75.0% versus 84.9%; 1-year DFS rate: 92.3% versus 92.2%).

Conclusions: LLH may be a feasible and safe alternative to OLH for selected HCC cases, providing

potential short-term benefits without compromising oncologic adequacy and prognosis.
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Introduction Furthermore, increasing evidence has indicated the technical

feasibility and operation safety of LH in HCC, as well as

With the development of instruments, innovation of better perioperative benefits in comparison with conventional

technology and accumulation of experience, past decades laparotomy (1-10). Although there is a trend of LH to replace

have seen an evolution of laparoscopic hepatectomy (LH)
in hepatocellular carcinoma (HCC) treatment from local

resection towards segmentectomy and even hemihepatectomy.
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open liver resection in some experienced institutes (11), the
long-term survival benefit of LH is lack of sufficient supports
and thus more follow-up studies and randomized controlled
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trials (RCT) are warranted.

HCC is the sixth most common cancer and the fourth
leading cause of cancer death worldwide (12). Liver resection
is considered as one of the most effective treatments
for HCC (13,14). With the development of minimally
invasive surgery, laparoscopic left lateral segmentectomy
has also been regarded as the standard procedure and
performed routinely in HCC (15). However, laparoscopic
hemihepatectomy remains a relatively rare surgery because
of rigorous technical demands, complicated operational
procedures and potentially huge risk. In this case, there are
only a few studies reporting the superior outcomes like less
intraoperative blood loss and postoperative complications of
laparoscopic hemihepatectomy compared to open approach
(16-18). However, these studies, with a small cohort of
patients recruited, either focus on right hepatectomy or fail
to adopt matching design. Given that major hepatectomy
is an optimal choice for HCC patients with large tumors
or better liver function reserve (18), it is imperative to
further authenticate the feasibility, safety and real survival
benefits of laparoscopic hemihepatectomy, especially left
hepatectomy, in HCC.

Hence, in this study, we aimed to compare the
perioperative and long-term outcomes of laparoscopic left
hepatectomy (LLH) and open left hepatectomy (OLH) in
HCC. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1573).

Methods
Patients and data

This is a retrospective observational study with a matching
analysis. A total of 276 patients who received left
hemihepatectomy for HCC with either a laparoscopic or an
open approach at Zhongshan Hospital of Fudan University,
Shanghai, China between January 2008 and November
2019 were included. The inclusion and exclusion criteria
of patients were as following: (I) All patients underwent
primary curative LLH or OLH; (II) clinical diagnosis of
HCC was confirmed by postoperative pathology; (III)
no history of other malignancy; (IV) with Child-Pugh
class A or early B liver function; (V) no evidence of extra-
hepatic metastasis or portal vein or inferior vena cava
cancer embolus; (VI) open conversion cases were excluded;
(VII) emergency operation due to tumor rupture was also
excluded. LLH and OLH were performed by the same
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team of professional liver surgeons and selection of surgical
approach was surgeon dependent. Among these patients,
35 individuals underwent LLH and other 241 patients
were operated with OLH. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). A written informed consent for operation was
obtained from each patient and this study was approved
by the Clinical Research Ethics Committee of Zhongshan
Hospital, Fudan University (ID: Y2018-115).

Demographic characteristics, preoperative imaging
and laboratory, operative record, and pathologic report of
all patients were collected from electrical medical record
system. Postoperative complications were graded according
to the Clavien-Dindo classification (19). Postoperative
follow-up, mainly encompassing abdominal ultrasound
and serological tumor biomarkers, was conducted every 3
months. Recurrence was confirmed by enhanced computed
tomography (CT) or magnetic resonance imaging (MRI).
The interval between the time of surgery and the date
of either death or the last follow-up time was considered
as overall survival (OS). Disease-free survival (DFS) was
defined as the time from the date of operation to the point
of the recurrence during the follow-up period. For patients
without recurrence, DFS was censored on the date of death
or the last follow-up time.

Propensity scove matching (PSM)

To minimize selection bias in this nonrandomized
observational study, PSM analysis was employed to balance
the distribution of covariates between two groups (20). The
following variables were considered seriously and finally
enrolled into PSM model: age, gender, alpha-fetoprotein
(AFP) level, Tumor Node Metastasis (I'NM) staging,
presence of cirrhosis or ascites, tumor size and differentiation,
and micro-vascular invasion (MVI). A propensity score of
each variable was calculated by logistic regression and a 1:2
ratio matching between LLH and OLH groups was achieved
by nearest neighbor method. PSM analysis was performed by
the “Matchlt” package of R software (version 3.6.1).

Surgical procedure

In an LLH, the patient lay in the French position under
general anesthesia. Pneumoperitoneum was established
after the insertion of a 12-mm port into a supraumbilical
cutdown and was maintained at around 15 mmHg.
Generally, four working ports were applied as follows: three
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S-mm ports in the right upper, left upper and right flank
quadrants and a 10-mm port in the left flank quadrant.

First, the hepatic artery and the portal vein were well
exposed by meticulous blunt dissection. The left branches of
these two main vessels were then clamped with absorbable
clips to achieve selective left inflow occlusion. Left hepatic
parenchymal transection was performed using a Harmonic
scalpel and hemostasis was conducted by hem-o-lock clips
and bipolar electrocoagulation. Finally, after ligation of left
hepatic vein, the specimen was put into a plastic bag and
retrieved through an extended abdominal incision.

In an OLH, the patient was placed in the supine
position and a subcostal incision was performed routinely.
The procedures of surgery were similar to LLH. Briefly,
parenchymal transection was performed after occlusion of
left hepatic artery and left portal vein. Fibrin glue was also
applied to ensure the hemostasis. An abdominal drainage
tube was placed after LLH or OLH.

Statistical analysis

Data was expressed as mean = standard deviation (SD),
median with range or count with percentage. Statistical
analyses were performed by SPSS software (22.0; IBM,
Armonk, NY, USA). Student’s #-test or Mann-Whitney U
test was chosen based on the data distribution for comparison
of continuous variables. Pearson Chi-square test and Fisher’s
exact test were employed to compare discrete variables. The
survival curves of OS and DFS were plotted using Kaplan-
Meier method and difference of survival between LLH and
OLH group was tested by log-rank test. A two-tailed P value
<0.05 was considered as statistical significance.

Results
Baseline and pathologic characteristics

A total of 276 patients were enrolled in the study with 35
individuals in LLH group and 241 in OLH group. As listed
in Table 1, there were significant differences of several
baseline characteristics between the two groups such as
previous abdominal surgery (P=0.043), albumin (P<0.001),
prothrombin time (PT) (P=0.024) and AFP (P=0.009).
Other demographic variables, like age, gender, comorbidity,
hepatitis, other laboratory indexes, hepatitis B virus (HBV),
and ascites did not meet the statistical significance. PSM
analysis was then performed and well-balanced baseline
characteristics except albumin (P=0.015) between LLH
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(n=27) and OLH (n=52) groups were observed after
matching. Similarly, LLH and OLH groups differed before
PSM in terms of tumor size (P=0.001), cell differentiation
(P=0.020), MVI (P=0.001), and TNM staging (P=0.022)
(Table 2). Subsequent matching successfully eliminated the
statistical difference of these pathological features between
the two groups. No significant difference was found in tumor
number, tumor border, tumor encapsulation, tumor necrosis
and hemorrhage, and liver cirrhosis before and after PSM.

Difference of surgical outcomes between LLH and OLH
groups after PSM

We further retrospectively compared the surgery details
between LLH and OLH groups after PSM. As shown
in Table 3, the median intraoperative blood loss was
significantly less in LLH group compared to OLH group
(100.0 versus 200.0 mL; P=0.034). There was no significant
difference between the two groups regarding the transfusion
rate (0.0% versus 3.8%; P=0.544). In addition, the rate of
hepatic portal occlusion in LLH group was significantly
lower than OLH group (11.1% versus 63.5%; P<0.001).
Resection margin, determined by pathology, was defined as
the closest distance of surgical margin to tumor. It showed
that the mean resection margin was comparable between the
groups (1.2 versus 1.0 cm; P=0.597). None of the patients in
LLH group developed complications greater than Clavien-
Dindo classification II, while there was atrial fibrillation
(n=1), infection (n=2), delirium (n=1), jaundice (n=1), and
the need for blood transfusion (n=1) or thoracentesis (n=1)
in OLH group (P=0.116).

Difference of long-term survival between LLH and OLH
groups after PSM

The median follow-up was 12.40 months (range, 1.43 to
46.40 months) in LLH group and 32.78 months (range, 9.77
to 128.80 months) in OLH group. HCC recurrences were
observed in four patients undergoing LLH and 12 patients
in OLH group. One patient (3.70%) in LLH group and
three patients (5.77%) in OLH group succumbed to tumor
recurrence or metastasis. The OS and DFS of patients
receiving LLH were comparable to those in OLH group
(P=0.8401; P=0.3655, respectively) (Figure I).

Discussion

Since the first report of laparoscopic liver resection by
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Table 1 Comparison of baseline characteristics between LLH and OLH groups before and after PSM
Before matching After matching
Characteristics
LLH (n=35) OLH (n=241) P LLH (n=27) OLH (n=52) P
Age (years) 56.3+14.2 56.2+11.8 0.967* 58.0+12.1 57.4+10.8 0.824*
Gender, n (%) 0.436 0.366
Male 27 (77.1) 199 (82.6) 20 (74.1) 43 (82.7)
Female 8 (22.9) 42 (17.4) 7 (25.9) 9(17.3)
Comorbidity, n (%) 0.281" 0.146
Hypertension 9 (25.7) 42 (17.4) 6 (22.2) 9(17.3)
Diabetes 6 (17.1) 18 (7.5) 5(18.5) 3(5.8)
CVA 0(0.0) 6 (2.5) 0(0.0) 3(5.8)
CD 1.9 7 (2.9) 0(0.0) 3(5.8)
Hepatitis, n (%) 23 (65.7) 158 (65.6) 0.986 17 (63.0) 30 (57.7) 0.651
PAS, n (%) 10 (28.6) 36 (14.9) 0.043 7 (25.9) 6 (11.5) 0.188
Laboratory index
TB (umol/L) 11.5 (5.2-34.7) 11.2 (3.8-192.0) 0.684 11.5 (5.2-29.9) 10.2 (4.9-38.3) 0.249
DB (umol/L) 4.0 (1.1-8.6) 4.4 (0.2-90.1) 0.302 4.0 (1.1-8.6) 4.4 (1.9-16.4) 0.377
Albumin (g/L) 44.0 (34.0-58.0) 41.0 (21.0-50.0) <0.001 44.0 (34.0-49.0) 41.0 (30.0-50.0) 0.015
ALT (U/L) 27.0 (8.0-86.0) 31.0 (6.0-625.0) 0.303 29.0 (8.0-86.0) 29.0 (9.0-625.0) 0.934
AST (U/L) 27.0 (16.0-50.0) 31.0 (12.0-656.0) 0.152 27.0 (16.0-50.0) 28.5 (15.0-656.0) 0.860
Hb (g/L) 145.5+16.3 141.0+15.3 0.105* 147.4+14.9 140.7+16.6 0.086*
WBC (1 09/L) 5.09 (2.64-12.39) 5.70 (2.16-15.87) 0.197 5.14 (2.64-12.39) 5.55 (2.73-9.28) 0.840
Platelet (1 OQ/L) 159.0 (92.0-277.0) 170.0 (45.0-542.0) 0.530 160.0 (92.0-262.0) 167.0 (45.0-542.0) 0.996
PT (s) 11.5(9.9-12.7) 11.7 (9.4-19.2) 0.024 11.5(9.9-12.7) 11.5(9.4-14.3) 0.511
AFP (ng/mL) 10.0 (1.0-1,717.0) 59.2 (1.0-60,500.0) 0.009 8.5(1.0-1717.0) 10.5 (1.0-1,580.0) 0.804
HBV (+), n (%) 28 (80.0) 183 (75.9) 0.596 21(77.8) 42 (80.8) 0.754
Ascites, n (%) 0(0.0) 7 (2.9) 0.6011 0(0.0) 2 (3.8) 0.544"

* Student’s t-test; T, Fisher’s exact test. AFP, indicates alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; CD,
coronary disease; CVA, cerebrovascular accident; DB, direct bilirubin; Hb, hemoglobin; HBV, hepatitis B virus; LLH, laparoscopic left
hemihepatectomy; OLH, open left hemihepatectomy; PAS, previous abdominal surgery; PSM, propensity score matching; PT, prothrombin

time; TB, total bilirubin; WBC, white blood cells.

Reich et al. in 1991 (21), past decades have witnessed the
increasing application of laparoscopic surgery in liver
disease, including HCC. After the course of technique
innovation and procedure exploration in the first 10 years
of 21st century, recent attentions have been focused on
evaluation of the performance of laparoscopic liver resection
over conventional laparotomy (11). Several advantages of
laparoscopic minor hepatic resection, sectionectomy, and
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segmentectomy over open approach, like less intraoperative
blood loss (1,5,22-26), shorter postoperative hospital
stay (1,5,22-28), have been widely reported by surgeons.
Nevertheless, there is no strong evidence like RCT
supporting these conclusions and replacement of open liver
resection by LH is still challenging.

An important challenge is to achieve anatomical resection
of HCC through laparoscopy. Anatomic resection, such
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Table 2 Comparison of pathologic characteristics between LLH and OLH groups before and after PSM

Before matching

After matching

Characteristics

LLH (n=35) OLH (n=241) P LLH (n=27) OLH (n=52) P
Tumor size (cm) 5.2+2.2 6.7+3.8 0.001* 5.1+2.3 5.3+2.9 0.785*
Tumor number, n (%) 1.000 0.114
Solitary 33 (94.3) 224 (92.9) 25 (92.6) 52 (100.0)
Multiple 2(5.7) 17 (7.9) 2(7.4) 0(0.0)
Tumor border, n (%) 0.155 0.514
Clear 35 (100.0) 221 (91.7) 27 (100.0) 49 (94.2)
Unclear 0(0.0) 20 (8.3) 0(0.0) 3(5.8)
Encapsulation, n (%) 0.115 0.246'
Complete 28 (80.0) 152 (63.1) 23 (85.2) 37 (71.2)
Incomplete 2 (5.7) 14 (5.8) 1(3.7) 1(1.9
None 5(14.3) 75 (31.1) 3(11.1) 14 (26.9)
Differentiation, n (%) 0.020" 0.659"
Grade | 1(2.9) 93.7) 13.7) 4(7.7)
Grade Il 21 (60.0) 194 (80.5) 19 (70.4) 38 (73.1)
Grade Ill 13 (37.1) 37 (15.4) 7 (25.9) 10 (19.2)
Grade IV 0(0.0) 1(0.4) 0(0.0) 0 (0.0)
Tumor necrosis, n (%) 8 (22.9) 61 (25.3) 0.754 5(18.5) 13 (25.0) 0.515
Tumor hemorrhage, n (%) 1(2.9) 2(0.8) 0.335' 1(3.7) 0(0.0) 0.342"
Micro-vascular invasion, n (%) 14 (40.0) 39 (16.2) 0.001 6 (22.2) 15 (28.8) 0.527
TNM staging, n (%) 0.022' 0.438'
| 26 (74.3) 111 (46.1) 18 (66.7) 30 (57.7)
I 9 (25.7) 112 (46.5) 9(33.3) 22 (42.3)
A 0(0.0) 11 (4.5) 0(0.0) 0(0.0)
B 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
lne 0(0.0) 7 (2.9) 0(0.0) 0(0.0)
Cirrhosis, n (%) 24 (68.6) 159 (66.0) 0.761 18 (66.7) 34 (65.4) 0.909

*, Student’s t-test; T, Fisher’s exact test. LLH, indicates laparoscopic left hemihepatectomy; OLH, open left hemihepatectomy; PSM,

propensity score matching; TNM, Tumor Node Metastasis.

as major hepatectomy and hemihepatectomy, is preferred
considering the malignancy of the disease and the intention
of curative resection (29). Some studies have indicated that
laparoscopic anatomic hepatectomy is feasible in selected
patients with the premise of rich experience, committed
practice and proper coaching (30,31). However, this
technology is limited to a few advanced medical centers

© Translational Cancer Research. All rights reserved.

because of the technically demanding procedure and thus
relevant studies are lacking.

Here, this study enrolled 276 patients who received left
hemihepatectomy for HCC in our hospital. We noticed that
some patients undergoing LLH had cirrhosis or a tumor
size larger than 5 cm. Cirrhosis can increases the risk of
intraoperative bleeding and postoperative liver failure (32).
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Table 3 Comparison of surgical outcomes between LLH and OLH groups after PSM

Outcomes LLH (n=27) OLH (n=52) P
Blood loss (mL) 100.0 (10.0-800.0) 200.0 (10.0-1,000.0) 0.034
Blood transfusion, n (%) 0(0.0) 2(3.8) 0.544"
Hepatic portal occlusion 3(11.1) 33 (63.5) <0.001
Resection margin (cm) 1.2+1.0 1.0+£0.7 0.597
Clavien-Dindo grade, n (%) 0.116'

I 27 (100.0) 45 (86.6)

I 0(0.0) 6(11.5)

lla 0 (0.0 1(1.9

T, Fisher’s exact test. LLH, indicates laparoscopic left hemihepatectomy; OLH, open left hemihepatectomy; PSM, propensity score

matching.
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Figure 1 Kaplan-Meier overall survival (OS) (A) and disease-free survival (DFS) (B) curves of HCC patients in LLH and OLH group.
Survival difference was analyzed using log-rank test. LLH, laparoscopic left hemihepatectomy; OLH, open left hemihepatectomy.

The successful operation for these patients suggests that the
presence of cirrhosis or large tumor may be not a limiting
factor or contraindication for LLH. In addition, it is
imperative to perform a PSM analysis in this observational
study as we found that patients in LLH group tended to
have smaller tumor size (P=0.001) and earlier TNM staging
(P=0.022). This may reflect the preference of surgeons in
selecting patients for LLH. As we wished, the different
distributions of covariates between LLH and OLH groups,
especially like AFP, tumor size, cell differentiation, MVI,
and TNM staging, were well balanced after PSM.

There was a tendency of less intraoperative blood
loss and lower hepatic portal occlusion rate in patients
undergoing LLH in comparison with those in OLH
group. Besides, we found that the transfusion rate was
not significantly different between the two groups after
matching. Similar results were reported in previous studies

© Translational Cancer Research. All rights reserved.

on anatomic hepatectomy (17,18,29). The control of
bleeding is an important part of surgery and thus sometimes
hepatic inflow occlusion like Pringle maneuver is necessary
during the parenchymal transection. During the operation
of LLH, our team generally use the Glissonean pedicle
approach of left hepatic artery and portal vein for inflow
control, which can reduce the incidence of ischemia-
reperfusion injury and gastrointestinal congestion. At the
same time, ultrasound and intraoperative indocyanine
green-fluorescence imaging technique are used for
identification of the Glissonean system and margin of
liver segments, respectively. For parenchymal transection,
ultrasonic dissection and stapler are most commonly
used and the middle hepatic vein should be exposed on
the cutting plane for better blood control. In case of
uncontrollable bleeding, conversion to the open surgery
should be performed without hesitation. These experiences
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in LLH help us effectively control intraoperative blood
loss. The reduction of bleeding in LLH is believed to be
derived from some additional advantages of laparoscopy.
For example, the establishment of pneumoperitoneum
could lead to a lower central venous pressure (1,23) and the
magnification of laparoscopy allows for a more meticulous
dissection of liver parenchyma (1). The less application
of hepatic portal occlusion in LLH group indicated a
decreased risk of liver ischemia-reperfusion injury and
dysfunction during the laparoscopic surgery.

Resection margin is an important factor that could
influence long-term survival (23). Although it was initially
considered that LH would compromise the resection
margin due to the lack of palpation (29), the magnification
of laparoscopy, the anatomical resection, and the routine
application of laparoscopic ultrasound may compensate
the deficiency of palpation. In this study, consistent with
other researches (7,24,25,28,29), no significant difference in
surgical margin was observed between the two groups.

The frequency and severity of postoperative
complications are considered as important evaluations
of surgical quality. Although the rate of complications
(Clavien-Dindo classification II or above) in LLH group
was lower than that in OLH group (0.0% versus 13.3%), no
statistical difference was presented in this study. However,
another study reported a significantly lower postoperative
morbidity of LLH group (17). Different results may be
attributed to the small cohorts of patients and variances in
surgical operations across teams in different studies.

Finally, we found that patients in LLH group
experienced comparable OS and DFS to those in the OLH
group. The long-term postoperative prognosis is the major
controversy of LH for HCC treatment (11). According to
the results of our and other studies (18,33,34), the surgical
method appears not to have an obvious influence on
oncological outcomes of HCC patients. It may be partially
explained by the similar surgical details like resection
margin and rate of complications between LLH and
OLH groups. Nevertheless, more supportive evidence is
warranted to get the final conclusion.

There are some limitations in this study. First, the design
of retrospective observation in a single surgical center makes
it necessary to conduct prospective, multicenter studies in
the future. Nevertheless, the operation of LLH is generally
restricted to specific tertiary hospitals, which makes the
external validation of our study findings challenging.
Second, due to the complicated procedures and a steep
learning curve, the number of patients undergoing LLH
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Yi et al. Laparoscopic vs. open left hemihepatectomy for HCC

is limited. The small sample size has an adverse impact
on statistical reliability and validity, which may affect the
validity of our findings like the incidence of postoperative
complications mentioned earlier. Though PSM analysis
is performed to reduce selection bias as much as possible,
results of study with a large cohort of patients will be more
convincing. Third, the follow-up period should be longer.

Conclusions

In conclusion, this study is valuable in view that research
on the application of LLH for HCC patients is relatively
lacking. Despite the limited sample size and need for further
research, the current study demonstrates the potential
benefit of LLH on short-term outcomes of HCC patients
without compromising the oncological prognosis. LLH may
be a feasible and safe alternative to OLH for selected HCC
patients, even in those with cirrhosis and large tumors.
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