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Abstract

Background Although laparoscopic mesohepatectomy (LM) has been performed for patients with centrally located hepato-
cellular carcinoma (CL-HCC), its short- and long-term benefits compared with traditional open surgery remain unclear. The
aim of the present study was to explore the independent role of LM in the prognosis of patients with CL-HCC.

Methods A retrospective analysis was undertaken of 348 patients who underwent mesohepatectomy for CL-HCC between
January 2012 and October 2017 in our hospital. The impact of the surgical methods on long-term prognosis was evaluated
by multivariable regression analysis. In addition, patients in the LM group were matched in a 1:3 ratio with open mesohe-
patectomy (OM) group.

Results Some 307 patients underwent OM and 41 had LM. In both adjusted and non-adjusted models, patients in LM group
had similar overall survival (OS, both P> 0.05) and disease-free survival (DFS, both P>0.05) compared to OM patients.
The mean (s.d.) OS in LM and OM groups was 41.6 (7.2) and 46.4 (1.4) months, respectively. The mean (s.d.) DFS in LM
and OM groups was 37.7 (5.9) and 33.4 (1.5) months, respectively. After propensity score-matched (PSM) analysis, 96
patients remained in OM group and 32 patients in LM group. In the PSM subset, patients in LM group still had comparable
OS (P=0.120) and DFS (P =0.757) compared to patients in the OM group. After PSM, patients receiving LM had longer
vascular exclusion time (P =0.006) and shorter hospital stay (P=0.004). In addition, LM was associated with reduced
postoperative morbidity after PSM adjustment (P =0.026).

Conclusions LM is associated with fewer complications and does not compromise survival compared with OM. LM can be
recommended as a safe and reasonable surgical option in selected patients with CL-HCC.
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Liver resection has an important role in the management of

centrally located hepatocellular carcinoma (CL-HCC) [1,
2]. Though technically challenging, parenchyma-sparing

Electronic supplementary material The online version of this mesohepatectomy is still widely used for its preservation
article (https://doi.org/10.1007/s00464-018-6593-2) contains of liver parenchyma with the potential for decreasing the
supplementary material, which is available to authorized users. risk of postoperative liver dysfunction or failure [3]. Lapa-
b4 Kefei Yuan roscopic hepatectomy, since firstly reported in 1990s [4], has

ykf13@163.com been shown to be a promising technique [5, 6]. In previous
54 Hong Wu studies, patients undergoing laparoscopic hepatectomy had

wuhong7801@163.com shorter operation time, less blood loss and shorter hospital

stay [7-10]. However, due to the technical complexities,

Department of Liver Surgery and Liver Transplantation laparoscopic hepatectomy is predominately recommended

Centre, West China Hospital, Sichuan University,

Chengdu 610041, Sichuan, China in patients undergoing left lateral sectionectomy or wedge
2 - . . o resection [11, 12].

Department of Critical Care Medicine, Sichuan Provincial . . ..

Hospital for Women and Children, Chengdu 610045, With advances in laparoscopic instruments and tech-

Sichuan, China niques, laparoscopic mesohepatectomy (LM) has been

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-018-6593-2&domain=pdf
https://doi.org/10.1007/s00464-018-6593-2

Surgical Endoscopy (2019) 33:2916-2926

2917

reported in several publications. Gumbs et al. and Yoon
et al. described the total laparoscopic central hepatectomies
in 2008 and 2009, respectively [13, 14]. Machado et al.
reported an entirely laparoscopic LM using an intrahepatic
Glissonian approach in 2011 [15]. In a case series published
in 2014, Satoshi et al. reported a favorable outcome of LM
in 32 patients [16]. However, no comparison was carried out
in this study. Therefore, further studies exploring the advan-
tages and disadvantages of LM technique are still needed.

Due to the tumor heterogeneity of CL-HCC, the surgical
procedures of LM may vary considerably in different cent-
ers. We have established a classification for patients with
CL-HCC based on tumor position and its relationship to
vascular structures in 2013, and these patients can be divided
into four subgroups according to it [17]. In the present study,
we aimed to compare the short- and long-term outcomes for
CL-HCC treated with either LM or open mesohepatectomy
(OM) in matched cohorts. Confounding factors including
tumor classification were adjusted by the propensity score-
matched (PSM) analysis.

Patients and methods
Study population

We retrospectively reviewed 880 consecutive patients who
underwent hepatectomy for CL-HCC between January
2012 and October 2017 in West China Hospital, Sichuan
University. To clarify the pure prognostic impact of LM
among patients who were treatable by either LM or OM,
532 patients were excluded due to the following reasons:
(1) patients with recurrent tumor (n=23); (2) patients
with coexisting peripherally located tumors (n=383); (3)
patients undergoing extended hemi-hepatectomy (n =92);
(4) patients with R1 resection (n=6); (5) tumors only
requiring resection of one Couinaud’s segment (n=145);
(5) history of other malignancy (n = 15); (6) history of pre-
operative transcatheter arterial chemoembolization, radiof-
requency ablation or chemoradiotherapy (n=88); and (7)
incomplete prognostic data (n=_80). Data of the remaining
348 patients were analyzed in detail. Thirty-two patients
comprised the cases (LM) and were matched in a 1:3 ratio
with OM controls selected from patients who had undergone
mesohepatectomy at the same period. The HCC diagnosis
was confirmed by histopathology. This study was approved
by Ethical Committee of the West China hospital.

Liver function evaluation
For patients undergoing mesohepatectomy, liver func-

tion should meet the following criteria: indocyanine green
retention rate at 15 min (ICG-R15) below 15%. Additionally,

according to the definition of Johnson et al. [18], the albu-
min-bilirubin (ALBI) grade was used to evaluate underlying
liver function for patients with CL-HCC. The equation for
the linear predictor was as follows: linear predictor =(log10
bilirubin X 0.66) + (albumin X — 0.085). Patients were
divided into grade 1-3 by the cut points of linear predic-
tor. The cut points were as follows: <—2.60 (ALBI grade
1), —2.60 to —1.39 (ALBI grade 2), and > —1.39 (ALBI
grade 3).

Classification for CL-HCC

According to our classification established in 2013 [17],
patients with CL-HCC were divided into four subgroups
based on tumor location and the relationship between
tumor and vascular structures. The extent of liver resection
was different in four types [17, 19]. Type I was defined as
tumor arising from segments V and I'Vb. In type I, tumors
are usually adjacent to or directly invade large vessels in
the first porta hepatis. Type II was defined as tumor aris-
ing from segments VIII and I'Va (close to or direct invasion
of the second portal structures). Type III referred to tumor
between segments IVa and VIII and segments V and IVb,
which was not adjacent to neither portal branches. Type IV
was defined as tumor that occupied a large proportion of the
parenchyma between the first and second portal hepatis. In
type IV, tumors were usually adjacent to or direct invasion
of both portal structures. In this type, to obtain tumor clear-
ance, segment IV, V, VIII +1 should be resected (Fig. 1).

Operative procedures

The hepatic vascular ultrasonography, contrast-enhanced
thoracic, abdominal and pelvic computed tomography (CT)
and/or magnetic resonance imaging (MRI) were carried out
to evaluate the resectability of tumor. The intraoperative
ultrasound was also routinely performed after liver mobili-
zation in both LM and OM groups. The selection of surgical
methods (LM or OM) was based on a comprehensive evalu-
ation of indicators including tumor number, size, location,
residual liver volume and underlying liver function.
Surgical procedures for mesohepatectomy were described
before [17, 20]. Both LM and OM were undertaken by using
the fissure for ligamentum teres hepatic (LTH) approach.
In this approach, the round ligament was used as the sym-
bol for isolating and dividing the Glisson’s pedicles of the
removed part. For standard mesohepatectomy (segment
IVa+1IVb+V + VIII), the Glisson’s pedicle of segment IV
was cut along the right edge of the fissure for the round liga-
ment firstly and after that the left resection line appeared
along the falciform ligament. The liver parenchyma (left
side) was transected just to the right of the falciform liga-
ment down to the direction of IVC and then continued just
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Fig. 1 Classification of cen-
trally located hepatocellular
carcinoma: A type I, B type
II, C type III and D type IV.
RHYV right hepatic vein, LHV
left hepatic vein, MHV mid-
dle hepatic vein, PHA proper
hepatic artery, PV portal vein,
CBD common bile duct, IVC
inferior vena cava

C Typelll

to the left edge of the middle hepatic vein (MHV). After
that, the right anterior pedicle was isolated, encircled and
clamped. Finally, liver transection of the right side was car-
ried out along the demarcation line between the right ante-
rior and the right posterior sectors. (The right hepatic vein
was used as a landmark.) In order to obtain outflow control,
the MHV can be ligated or stapled before parenchyma tran-
section of the right side.

In a laparoscopic hepatectomy (Fig. 2), the patient was
usually placed in a supine position or mild reverse Tren-
delenburg position (French position). The primary sur-
geon stood between the legs with two assistants (one was
scopist) on left side of the patient, while all instruments
were placed on the right side of the patient. A telescope
port was inserted in the periumbilical region. Pneumoperi-
toneum was maintained at 12 mmHg. Two main working
12-mm ports were inserted where the subcostal area met
the midclavicular line and epigastric area (left side of the
xiphoid process), respectively. A 5-mm port was placed
in the subcostal area where it met the right anterior axil-
lary line. Another 5-mm port was inserted in the left edge
of the left rectus abdominis (Fig. 3). Liver parenchyma
transection was carried out under the guidance of intraop-
erative ultrasonography. The Pringle maneuver (PM) was
utilized during the procedure especially in LM. Harmonic
scalpel (Ethicon Endo-Surgery, USA), cavitron ultrasonic
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aspiration (CUSA, Valleylab, Inc, USA) and or LigaSure
(ValleyLab, Inc, USA) were used for transection of hepatic
parenchyma.

Definitions

Anatomic resection was defined according to the study of
Makuuchi et al. [21]. Postoperative mortality was defined as
death within 90 days after surgery. All complications were
classified based on the Clavien—Dindo classification [22].
Microvascular invasion (MVI) was defined as vascular (vein
or artery) or lymphatic invasion (identification of tumor cells
within endothelial-lined spaces on standard hematoxylin
and eosin stained slides) [23]. Liver failure was defined as
an increased INR and concomitant hyperbilirubinemia on
or after postoperative day 5 [24]. Bile leakage referred to
a drain fluid-to-serum total bilirubin concentration ratio
>3.0 [25]. Ascites was defined as abdominal drainage that
was more than 500 mL/day and lasting longer than 3 days.
Pulmonary infection was defined by a positive sputum cul-
tures and/or alteration of chest radiography and/or CT scan
outcomes associated with fever and hyperleukocytosis [26].
Surgical site infection was defined based on Centers for Dis-
ease Control and Prevention (CDC)’s National Nosocomial
Infection Surveillance (NNIS) system [27].
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Fig.2 Surgical procedures of laparoscopic mesohepatectomy in one
patient. A, B Enhanced computed tomography pictures indicating a
patient with centrally located tumor; C laparoscopic ultrasonography;
D Pringle maneuver; E isolating and dividing the portal pedicle of

Follow-up

Patients were followed up at a 2-month interval in the first
year after discharge from hospital and at a 3-month interval
thereafter. At each follow-up visit, all patients underwent
laboratory examinations including liver function, alpha
fetoprotein (AFP) level, and HBV-DNA level (for patients
infected with hepatitis B virus), and an abdominal ultra-
sound. A contrast-enhanced MRI or CT was carried out once
every 6 months or earlier if recurrence was suspected. The
time of overall survival (OS) was calculated from the date
of operation to the last follow-up or until death. The time
of disease-free survival (DFS) was calculated from the date
of operation to the date, when recurrence was confirmed by
imaging examinations.

Statistical analysis
Continuous variables were presented as mean + SD

and tested by ¢ test or Kruskal-Wallis H test. Categori-
cal variables were expressed as frequency (%) and tested

left medial lobe; arrow: portal pedicles of left medial lobe; F paren-
chyma dissection of the left side; G isolating and dividing the portal
pedicles of right anterior lobe; H the middle hepatic vein transection;
I parenchyma dissection of the right side

by Chi-square test or Fisher’s exact test. Survival out-
comes including OS and DFS were analyzed using the
Kaplan—Meier method and were compared using log-rank
tests. Using multivariate Cox proportional hazards regres-
sion models, we calculated hazard ratios (HRs) and 95%
confidence intervals (CI) for LM versus OM in patients with
CL-HCC. Confounding factors were selected based on the
following criteria: the variable was related to the main pre-
dictor (surgical method) or the dependent factors (surgical
outcomes), and it was not in the causal pathway between
the outcomes and the main predictor. In adjusted models,
we adjusted for covariates that changed HR or f by at least
10%, when they were added to or removed from the model
[28]. PSM was performed based on the following variables:
patient demographics (age and sex), tumor characteristics
(tumor number, size, classification, encapsulation, differen-
tiation and MVI) and liver function (ALBI and ICG-R15).
Patients in the LM group were matched to those in the OM
group with a matching ratio of 1:3 with the closest esti-
mated propensity score within 0.2 of the standard devia-
tion of the logit-transformed propensity score. All statistical
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Fig.3 Port positioning for total laparoscopic mesohepatectomy. A
and D two assistant 5-mm ports; B and C two main working 12-mm
ports (completing the parenchymal transection and controlling blood
flow of the middle hepatic vein); E telescope port

analyses were performed by R (http://www.R-project.org)
and EmpowerStats software (http://www.empowerstats.com,
X&Y solutions, Inc. Boston MA).

Results
Patient characteristics and short-term outcomes

Patients undergoing LM had different distributions of tumor
classification compared to those who underwent OM. Thirty-
two patients (78.0%) in LM group were in type III, and no
patients in type IV underwent LM. In addition, patients
who underwent LM had smaller tumor size (P <0.001) and
earlier tumor stage (P=0.008). The other characteristics
including age, gender, preoperative liver function indica-
tors (in terms of serum levels of albumin, aspartate ami-
notransferase, alanine aminotransferase, prothrombin time,
platelet count, ICG-R15 and ALBI), tumor number, AFP
level, encapsulation, differentiation and incidence of viral
hepatitis had no significant differences between two groups
(all P values > 0.05) (Table 1).

Surgical procedures performed in two groups are shown
in detail in Table 2. The duration of operation, estimated
blood loss, blood transfusion requirement, postoperative
peak prothrombin time and total bilirubin levels were com-
parable between LM and OM groups (all P values > 0.05)
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(Table 2). Patients in LM group had longer vascular exclu-
sion time (P =0.049), lower postoperative peak alanine ami-
notransferase (ALT, P=0.028) and aspartate aminotrans-
ferase (AST, P=0.023) levels and shorter postoperative
hospital stay (P=0.016). The LM group exhibited a lower
rate of postoperative morbidity than the OM group before
adjustment, but without statistical significance (14.6% vs.
21.5%, P=0.416). The details of complications are listed in
Table 3. In addition, the incidence of overall postoperative
mortality was similar between two groups (P=0.616). There
was no postoperative death in LM group, while one patient
in OM group died from postoperative liver failure.

Long-term outcomes of LM vs. OM

The median follow-up period was 20 (range 1-72) months.
The univariable survival analysis (Supplementary Table 1)
showed the non-adjusted long-term outcomes of LM ver-
sus OM groups. Patients in LM group had similar OS
(P=0.374) and DFS (P=0.083) compared to patients in
OM group. The mean (s.d.) OS in LM and OM groups was
41.6 (7.2) and 46.4 (1.4) months, respectively. The 1-, 2- and
3-year OS rates were 97.0%, 92.9% and 46.5% for LM group
and 87.1%, 77.1% and 73.8% for OM group, respectively.
The mean (s.d.) DFS in LM and OM groups was 37.7 (5.9)
and 33.4 (1.5) months, respectively. The 1-, 2- and 3-year
DEFS rates were 86.9%, 79.0% and 39.5% for LM group and
72.5%, 61.1% and 53.8% for OM group, respectively. The
other prognostic factors in univariable analysis are shown in
detail in Supplementary Table 1.

As shown in Table 4, after adjusting potential confound-
ing factors, no significant differences in OS (HR, 0.6; 95%
CI 0.2-2.3; P=0.487) and DFS (HR, 0.7; 95% CI 0.3-1.9;
P=0.550) were observed between two groups.

Outcomes after LM and OM in propensity score
adjusted population

As shown in Supplementary Tables 2 and 3, in the matched
cohort, all potential prognostic covariates were similar (all
P values >0.05). The distributions of propensity scores in
two matched groups were also similar (data not shown).
The intra- and postoperative parameters are shown in Sup-
plementary Table 2. After PSM, patients in LM group still
had longer vascular exclusion time (P=0.006) and shorter
hospital stay (P=0.004). In the current study, after PSM,
the LM group had lower overall postoperative morbidity rate
compared to the OM group (9.4% vs. 27.1%; P=0.026),
while postoperative mortality rates showed no significant
difference after PSM adjustment.

In the PSM cohort, patients in LM group still showed
similar OS (P =0.120) and DFS (P=0.757) compared to
patients in OM group (Fig. 4). The 1-, 2- and 3-year OS
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Table 1 Clinigal featgres OH (n=307) LH (n=41) P value
of the 348 patients with
centrally located hepatocellular  gex (female/male) 39/268 9/32 0.107
carcinoma Age (years) 543+12.1 532+11.1 0.586
ICG-R15 (%) 6.0+4.2 6.5+59 0.645
Preoperative ALT (IU/L) 50.3+44.5 43.1+27.9 0.314
Preoperative AST (IU/L) 47.6+38.9 41.6+27.7 0.337
Preoperative total bilirubin (umol/L) 16.8+18.5 154+6.3 0.625
Preoperative albumin (g/L) 41.1+4.1 42.0+4.0 0.163
ALBI (grade 1/2/3) 142/156/5 22/17/1 0.350
Platelet (10°/L) 134.0+59.6 131.7+52.6 0.817
Prothrombin time (s) 123+1.2 12.1+1.1 0.189
AFP (ng/mL) 665.1 (0.8-66836.0) 299.8 (1.0-1210.0) 0.420
HBsAg (P/N) 261/45 31/10 0.111
HBV-DNA (copies/mL) 0.111
<1000 45 (14.7%) 10 (24.4%)
>1000 261 (85.3%) 31 (75.6%)
Tumor size (cm) 5.7+3.0 4.0+2.0 <0.001
Tumor number (single/multiple) 223/84 35/6 0.080
Classification (/II/III/IV) 111/65/74/57 5/3/32/0 <0.001
AJCC7 T-stage (T1/T2/T3) 255/32/20 41/0/0 0.008
Major vascular tumor thrombus (no/PV/  279/14/5/1 41/0/0/0 0.405
HV/both)
MVI (no/yes) 195/58 35/6 0.308
Tumor encapsulation 0.255
Encapsulated 225 (73.3%) 34 (82.9%)
Non-encapsulated 82 (26.7%) 7(17.1%)
Differentiation (high/moderate/low) 30/233/44 9/26/6 0.097

Data are shown as mean + SD or median (range) or n (%)

Total number of patients equals the number of patients with konwn clinicopathologic data (shown in the
Table) plus the number of cases with unknown cinicopathlogic data

OH open hepatectomy, LH laparoscopic hepatectomy, /CG-R15 indocyanine green retention rate at 15 min,
ALT alanine aminotransferase, AST aspartate aminotransferase, ALBI albumin-bilirubin, AFP alpha feto-
protein, HBV hepatitis B virus, PV portal vein, HV hepatic vein, MVI microvascular invasion, Y yes, N no

rates were 96.3%, 91.2% and 68.4% for LM group and
95.3%, 93.6% and 90.5% for OM group, respectively. The
1-, 2- and 3-year DFS rates were 84.0%, 72.0% and 36.0%
for LM group and 87.2%, 75.6% and 59.7% for OM group,
respectively. In the PSM cohort, after adjusting confounders
(screened in the primary cohort), no significant differences
were confirmed in OS (P=0.473) and DFS (P=0.119)
between two groups (Table 4).

Discussion

Previous publications have shown that laparoscopic
approach was a safe option for minor liver resection, espe-
cially left lateral sectionectomy and wedge resection. It was
usually related to a smaller wound, shorter operation dura-
tion, less blood loss and shorter length of stay [8, 9, 11, 12].
In the Morioka consensus meeting, laparoscopic left lateral

sectionectomy has been recommended to be a standard prac-
tice due to the quicker recovery after laparoscopic hepatec-
tomy [12]. However, LM remains a controversial technique
for patients with CL-HCC, due to the perceived technical
complexity of liver resection and the high risk of difficult-
to-control bleeding. In addition, there is no studies related to
oncologic features of LM in previous studies. In the present
study, we observed that CL-HCC patients undergoing LM
had a similar long-term prognosis compared to patients who
underwent OM. However, after PSM, patients who under-
went LM had a shorter hospital stay and less morbidity than
those after OM.

In this study, some major confounding factors such as
liver function (ICG-R15 and ALBI), tumor classification,
tumor stage and anatomic resection were controlled by
multivariable analysis and PSM method. The liver func-
tion was evaluated by ICG-R15 and ALBI grade. There
were many published studies on ICG clearance in various
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Table 2 Surgical procedures and operation related parameters

OH (n=307) LH (n=41) P value
Resected segments V+IVb:VIII+1Va:V + VIIEIVa+1Vb:IV+  V4+IVb:VIII+1Va:V 4+ VIIL:IVa+1Vb:  0.108
V+VII+1=91:40:42:31:103 V+V+VII=6:5:7:9:14
Anatomic resection (yes/no) 223/84 32/9 0.584
Duration of operation (min) 175.0+£37.3 173.3+55.1 0.813
Intraoperative blood loss (mL) 395.8+361.9 328.2+328.0 0.272
Duration of vascular exclusion (min) 33.7+194 41.3+18.8 0.049
Intraoperative transfusion (no/yes) 230/28 39/2 0.398
Transfusion volume (mL) 105.2 (0.0-2250.0) 41.5 (0.0-1200.0) 0.236
Postoperative peak ALT (IU/L) 538.8+526.9 388.4+340.7 0.028
Postoperative peak AST (IU/L) 518.5+589.1 387.8+452.2 0.023
Postoperative peak PT (s) 15.4+6.9 13.7+1.8 0.180
Postoperative peak TB (umol/L) 39.5+334 40.6 +36.6 0.841
Postoperative hospital stay (day) 12.8+5.1 10.8 £4.1 0.016
90-day mortality (no/yes) 306/1 41/0 0.616

Data are shown as mean +SD or median (range) or n

Total number of patients equals the number of patients with konwn clinicopathologic data (shown in the Table) plus the number of cases with

unknown cinicopathlogic data

OH open hepatectomy, LH laparoscopic hepatectomy, ALT alanine aminotransferase, AST aspartate aminotransferase, PT prothrombin time, 7B

total bilirubin

Table 3 Postoperative complications

Complications OH (n=307) LH (n=41) P value
Patient numbers 66 (21.5%) 6 (14.6%) 0.416
Bile leakage 6 (2.0%) 1(2.4%) 0.551
Liver failure 1(0.3%) 0 (0.0%) 0.715
Ascites 29 (9.4%) 3 (4.9%) 0.776
Pulmonary infection 12 (3.9%) 1(2.4%) 0.927
Pleural effusion 7(2.3%) 0 (0.0%) 0.329
SSI 11 (3.6%) 1(2.4%) 1.000
Clavien—Dindo classification

Grade I-11 53 4 0.793

Grade [I-1V 12 2 0.373

Grade V 1 0.763

OH open hepatectomy, LH laparoscopic hepatectomy, SSI surgical
site infection

clinical situations including evaluation of liver func-
tion before hepatectomy, evaluation of liver function in
patients with liver failure, assessment of graft and donor
function in liver transplantation and survival prediction
after liver resection in patients with HCC [29-35]. In pre-
vious published studies, the ALBI grade has been proved
to be a simple, objective, evidence-based and discrimina-
tory method of evaluating liver function in patients with
HCC [18, 36-39]. Compared to the Child—Pugh grade,
ALBI grade does not include individual parameters (such
as ascites and hepatic encephalopathy) that were scored
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Table 4 Associations of surgical methods with overall survival and
disease-free survival

Non-adjusted Adjusted®
Total
Overall survival
OH 1 1
LH 0.6 (0.2,1.7)0.374 0.6 (0.2, 2.3) 0.487
Disease-free survival
OH 1 1
LH 0.5 (0.2, 1.1) 0.083 0.7 (0.3, 1.9) 0.550

Survival after PSM
Overall survival

OH 1 1

LH 2.7(0.7,10.1)0.120 1.7 (0.4,7.3) 0.473
Disease-free survival

OH 1 1

LH 1.2 (0.5,2.9) 0.757 0.4 (0.1, 1.2)0.119

Data were presented as HR (95% CI) P value

OH open hepatectomy, LH laparoscopic hepatectomy, PSM propen-
sity score matching

*These factors were adjusted: age; sex; HBsAg; classification; ALBI;
MVI; major vascular tumor thrombus; tumor differentiation; tumor
size and tumor number, blood loss, duration of operation and duration
of vascular exclusion

according to empirically defined, predetermined cutoff
points. In addition, the Child—Pugh grade failed to catego-
rize patients into distinct groups. Consequently, in PSM
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Fig.4 Long-term survival outcomes after laparoscopic mesohepatectomy and open mesohepatectomy in propensity score matching population.

A Overall survival rate; B disease-free survival rate

method, we matched liver function between two groups
based on ALBI grade and ICG-R15.

In addition to preoperative liver quality, the progno-
sis after hepatectomy was also related to the location of
tumors and extent of liver resection [19]. Therefore, one
of the most important factors we matched was tumor clas-
sification. The classification for CL-HCC was established
before and its value in guiding surgical treatment and
prognosis prediction was validated in our previous study
[19]. According to this classification, patients undergoing
LM were predominately from type III and I. For type II
patients, LM can also be carried out in selected patients
with smaller tumor size and without direct vascular inva-
sion. However, in type II, due to the difficult tumor loca-
tion and its close proximity to vascular branches, LM in
these patients were more challenging and it was more dif-
ficult to achieve tumor clearance or anatomic resection. In
our experience, type I'V patients and type II patients with a
direct vascular invasion may be contraindications for LM
in the present technical condition. After PSM, most of
patients in LM group were classified into type III (78.1%).
For patients in type III, tumors were located between seg-
ments [Va and VIII and segments V and IVb; thus, in
some cases, segments IV, V and VIII should be resected
to achieve anatomic resection [17]. In the present study,
we excluded patients undergoing only one Couinaud’s seg-
ment resection (such as segment V) owing to the heteroge-
neity in tumor parameters and surgical procedures.

In addition to liver function and tumor classification,
other prognostic indicators including anatomic resection and
several tumor biological parameters (MVI, differentiation
and capsulation) were also matched in PSM method. Admit-
tedly, it is more difficult to achieve anatomic resection in
LM technique, especially for patients in type II, because the
operative field is far from the conventional sites of abdomi-
nal trocar, and the liver poses a barrier to free movement of
the laparoscopic instruments. However, we reported simi-
lar rates of anatomic resection in both groups before and
after adjustment. In previous studies, non-anatomic resec-
tion has been demonstrated to be an independent risk factor
for postoperative local tumor recurrence and tumor-specific
survival for patients with HCC [21], thus anatomic resection
rate should be an indicator of feasibility and efficacy of LM
technique.

Previous reports showed that a reduced rate of PM was
observed in the laparoscopic group [40, 41], due to the
hemostatic effect of the pneumoperitoneum as well as the
use of ultrasonic dissection devices. However, we found a
longer vascular exclusion duration in patients undergoing
LM. Actually, in the present study, PM was a routine pro-
cedure during liver parenchyma transection in LM group
because most of patients in this study had liver cirrhosis
and intraoperative bleeding control was more challenging
in these patients. In our experience, benefits of PM (reduc-
tion of blood loss) may outweigh injuries caused by PM
technique (e.g., ischemia—reperfusion injury). For some
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type II patients, except for PM, the infra- and supra-hepatic
inferior vena cava were also exposed and encircled for prob-
able exclusion because tumors had a close proximity to the
vascular structures in the second porta hepatis. Additionally,
hepatic venous outflow stenosis or obstruction after LM is an
unusual but fatal complication, especially for patients with
severe liver cirrhosis [42]. For type II patients, hepatic out-
flow should be protected carefully during LM procedures.
In the present study, no significant differences were
observed in blood loss and intraoperative blood transfusion
between two groups. In LM technique, we acquired a bet-
ter visualization of vessels and high intra-abdominal pres-
sure caused by pneumoperitoneum. In addition, we utilized
series of blood control techniques and advanced instruments
(e.g., linear stapler and electric coagulator). However, the
present study did not demonstrate a significant reduction
in blood loss in the LM group. Total duration of operation
was also similar between two groups. Actually, time of liver
parenchyma transection was longer in LM group because
of the inherent more difficult procedures and more frequent
application of PM in LM group. However, patients in LM
group had shorter time for abdominal closure owing to the
smaller surgical incisions. Decreased length of hospital stay
has been shown to be a benefit of laparoscopic technique
[5, 22]. Similarly, in the present study, LM was associated
with a shorter hospital stay. This benefit was presumed to
be associated with the observed decrease in the time to oral
intake of nutrition and off-bed activity in LM group. Addi-
tionally, less postoperative morbidity rate was also related
to the decreased length of hospital stay in LM group. In the
current study, after PSM, the LM group had lower over-
all postoperative morbidity rate. It has been reported that
laparoscopic hepatectomy decreased rates of postoperative
complications such as infectious complications and intrac-
table ascites [7, 26, 43—45]. In our study, the incidences of
ascites, pulmonary infection and surgical site infection after
LM were lower than the incidences after OM. However, the
differences were not statistically significant. In addition,
90-day mortality rates were comparable between the groups.
Although the short-term benefits of laparoscopic hepa-
tectomy in patients with HCC were well established in pre-
vious reports [5, 7, 8, 16], there is no consensus regard-
ing the long-term benefits of this procedure. Cheung et al.
demonstrated favorable long-term outcomes of laparoscopic
hepatectomy in HCC patients [46]. The oncological benefit
of the laparoscopic approach over the open approach can
be explained by the reason that the anterior approach used
in laparoscopic procedures needed less tissue manipulation,
which reduces hematogenous spread of tumor cells during
hepatectomy [47]. In contrast, previous meta-analyses have
demonstrated comparable long-term outcomes in terms of
OS and DFS between open and laparoscopic techniques
[48-50]. However, this conclusion was not validated in those

@ Springer

undergoing LM. For patients undergoing mesohepatectomy,
our study showed that oncological prognosis was not altered
by laparoscopy. No significant differences were observed in
OS and DFS rates between the two matched groups. Addi-
tionally, multivariable analyses also did not find significantly
long-term prognostic difference between two groups after
adjusting potential confounding factors.

The current study carries some limitations related to its
retrospective nature. First, the small sample size and absence
of randomization may limit the strength and validity of the
outcomes. Second, longer follow-up time is still needed to
explore the long-term prognostic differences between two
groups. Third, there can be other confounders and potential
mediators that were not adjusted in the multivariable models
or PSM method. The generalizability and applicability of
the conclusion in the present study need to be validated in
specialized high-volume centers. At least one randomized
clinical trial is required to compare advantages and disad-
vantages of two techniques.

In conclusion, patients undergoing LM technique had
similar long-term prognosis compared to those who under-
went OM. For the superiority of LM procedures in some
postoperative outcomes, LM can be recommended to be a
reasonable method for patients with CL-HCC. However,
before carrying out LM procedure, a comprehensive under-
standing of liver anatomy, basic learning of laparoscopic
techniques in other abdominal surgeries, knowing well of
different energy devices and abundant open hepatectomy
experiences are necessary. LM for CL-HCC is more tech-
nically challenging and has a steeper learning curve that
should be considered. Nevertheless, we believe that with
the well-established standardized procedures and application
of advanced instruments that the learning period could be
decreased in the future.
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