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Abstract

Background: Until now, there is little knowledge about the value of laparoscopic liver resection (LLR) for
patients with multiple hepatocellular carcinomas (HCC). This study was performed to assess the efficacy and
outcomes of LLR versus open liver resection (OLR) for patients with multiple HCC meeting the Milan criteria.
Methods: One hundred fifteen patients with multiple HCC meeting the Milan criteria who underwent liver
resection from April 2015 to March 2018 were enrolled into this study. According to the different surgical
procedures, patients were divided into LLR group and OLR group. Perioperative and oncological outcomes
were compared between the two groups after propensity score matching (PSM) with 1:1 match.
Results: Thirty three patients were included into each group after PSM with well-balanced basic level. The
intraoperative blood loss in LLR group was less than OLR group before PSM (median, 200 vs. 300 mL,
P = .004), but the difference was not statistically significant after PSM (median, 200 vs. 300 mL, P = .064). LLR
group showed shorter postoperative hospital stay when compared with OLR group (median, 7 vs. 8 days,
respectively, P = .014). The perioperative complications and early mortality were comparable in both groups.
There were no significant differences in the term of overall survival (OS. P = .502) or recurrence-free survival
(RFS. P = .887) between the two groups after PSM.
Conclusions: LLR could be safely and feasibly performed for patients with multiple HCC meeting the Milan
criteria in selected patients. It does not increase the risks of postoperative complications and has a similar
oncological outcomes compared to OLR.

Keywords: laparoscopic liver resection, multiple hepatocellular carcinomas, Milan criteria, complications,
survival rate

Introduction

L iver transplantation is the most effective treatment
for patients with multiple hepatocellular carcinomas

(HCC) meeting the Milan criteria, but hepatic resection is
still selected as first-line treatment due to the limitation of
organ shortages.1,2 However, patients with multiple HCC
have unique characteristics, including major resection extent

more likely to be performed, R0 resection more difficult to be
achieved, require multiple resections in different segments,
and poor long-term outcomes. For these patients, some trials
have indicated that liver resection may offer significantly
better oncological outcomes than other treatments, such as
radiofrequency ablation (RFA), transarterial chemoemboli-
zation (TACE), and so on.3–5 According to a review reported
by Chow and colleagues1 and many related trials,3–7 open
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liver resection (OLR) as the potentially curative therapy is
widely adopted for patients with multiple HCC, and it re-
mains the standard treatment for these patients.

Laparoscopic liver resection (LLR) has been widely per-
formed following improvements of surgical instruments and
surgeons’ experience since the First International Consensus
Conference on Laparoscopic Liver Surgery Convened in
Louisville in 2008.8 The indications have been expanded,
beginning with local resections and evolving to major re-
sections, posterior-superior resections, consolidated cirrho-
sis, and anatomic resections.9–11 The diseases of patients
under LLR were selected from benign to malignancy. As
being a minimally invasive surgery, LLR was reported with
advantages compared with traditional operation, including
less intraoperative blood loss, fewer complications, shorter
hospital stays, and equivalent long-term outcomes.12,13 Even
many studies have been carried out to evaluate the outcomes
of LLR in terms of age, body mass index (BMI), surgical
position, surgical approaches, location of the tumor, size of
the tumor, contact with major vessel, previously abdominal
surgery history, liver cirrhosis, resection extent, surgical in-
strument and techniques, and learning curve.9–11,14–17

Although a study had evaluated the safety of LLR for
patients with multiple HCC,18 there were some limitations in
it. First, the size of sample was too small. Second, it was
performed to assess the feasibility of laparoscopic approach
for multiple HCC compared with a single HCC, and patients
under laparoscopic RFA were also enrolled into the study.
Last but not least, it did not calculate the outcomes of LLR for
multiple HCC compared to OLR, especially for the long-term
outcomes. However, OLR as the standard approach is widely
used for patients with multiple HCC, but there is little
knowledge about the value of LLR for these patients com-
pared with OLR. In the previous published studies about the
outcomes of LLR versus OLR, the number of tumors was
served as a variety of the baseline characteristics, whereas
patients with solitary tumor were also mixed in these studies.

Therefore, the purpose of this study was performed to
analyze the perioperative and oncological outcomes of LLR
for patients with multiple HCC meeting the Milan criteria
compared to OLR.

Materials and Methods

Study design

Between April 2015 and March 2018, all patients with
multiple HCC who received curative hepatectomy in our
center were retrospectively collected from a prospectively
established database. The inclusion criteria were as follows:
(1) male or female patients aged 18–75 years; (2) with Child-
Pugh A or B hepatic function; (3) histopathological confir-
mation of HCC; and (4) multiple HCC within Milan criteria:
the number of HCC was 2 or 3 and the diameter of the biggest
tumor p3 cm, without the presence of extrahepatic metas-
tasis, or tumor thrombus in portal vein or other major vas-
cular. The exclusion criteria were as follows: (1) liver
resection combined with other abdominal organ resection
except for gallbladder; (2) the surgical procedures combined
resection and RFA; and (3) repeated liver resection.

According to the different surgical procedures, patients
were divided into LLR group and OLR group. The selection
between the LLR and OLR was depended on the consultation

of patients and surgeons. After surgeons fully informed pa-
tients about the pros and cons of LLR versus OLR, the final
decision was made by the patients. Preoperative evaluations
included complete blood count, liver function, and tumor
markers, triphasic computed tomography (CT), or magnetic
resonance imaging (MRI). To prevent the omissions of tu-
mors, contrast-enhanced ultrasound was routinely performed
in preoperative evaluations. This study was undertaken in
accordance with the principles of the Declaration of Helsinki
and was approved by the clinic trial Ethics Committee of
West China hospital.

Surgical procedures

The detailed techniques for laparoscopic liver surgery
have been described in our previous studies.19,20 In general,
all patients were tilted into left lateral decubitus position
followed by intravenous total anesthesia. The operator stood
on the patient’s right side, and the assistant and scopist were
positioned on the left side. Pneumoperitoneum was estab-
lished by carbon dioxide and maintained at 12–14 mmHg.
A 12-mm port was used for laparoscope, whereas two 12-mm
ports and 5-mm ports were applied for operation. Intrao-
perative ultrasonography was routinely used to confirm the
positions of tumors, prevent the omissions of small tumors,
and guide the transection line. The superficial liver paren-
chyma was transected by harmonic scalpel (Ethicon Endo-
Surgery), whereas the deeper parenchyma transaction was
completed with a combination of harmonic scalpel and lap-
aroscopic cavitron ultrasonic surgical aspirator (CUSA�;
Valleylab, Inc.) or Ligasure� (Valleylab, Inc.). Small bran-
ches of Glisson’s pedicles and hepatic vein (q5mm) were
ligated by Hem-o-lok� or titanium clips, whereas the main
Glisson’s pedicle or hepatic vein were all dissected by the
laparoscopic linear stapler(Endopath� Endocutter; Ethicon
Endo-surgery). The resected specimens were placed into a
specimen bag and removed through a suprapubic incision or
an upper abdominal midline incision. After hemostasis and
irrigation of the resected liver surface, drainage tube was
placed near the surgical bed.

For open procedure, a reverse L-incision was conducted
with patients under intravenous total anesthesia. The oper-
ating procedure was similar to LLR, but the clamp crushing
or CUSA was performed as the main methods for liver
parenchyma dissection.

For all patients, local resection or anatomical resection was
performed according to the extent of the tumor. Anatomical
resection was mainly achieved using the Glissonian pedicle
approach as previously reported.21 Pringle maneuver and the
central venous pressure within 5 mmHg were applied to control
the blood loss in both groups. The Pringle’s maneuver technique
of LLR had been described in detail in our previous study.19

Postoperative management and follow-up

Postoperative evaluations, including complete blood count
and liver function tests were usually conducted on postop-
erative days 1, 3, 5, and 7. An abdominal ultrasonography
was routinely conducted before outpatient to detect whether
the omissions of small tumors exist.

All patients were followed after discharge, and the follow-up
was carried out at 1 month after surgery, quarterly in the first
year, and every 3–6 month thereafter. Routine investigations
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included complete blood count, hepatic function, tumor
markers, and abdominal ultrasonography, even CT or MRI if
necessary.

Definition

The Milan criteria was defined as a single tumor p5 cm or
no more than 3 tumors with the biggest tumor p3 cm in
patients without extrahepatic metastasis and tumor throm-
bus in major vascular.22 Major complication was identified
as Clavien–Dindo grade III and above.23 Liver failure was
defined according to the ‘‘50–50’’ criterion.24 Ascites was
defined as postoperative abdominal daily drainage fluid
>10 mL/kg of body weight.25 Hemorrhage was determined
according to the drop of postoperative hemoglobin level
>3 g/dL compared with postoperative basic level.26 Biliary
leakage was identified as the concentration of bilirubin in the
abdominal drainage q3 times than that in serum after post-
operative 2 days.27

Statistical analysis

A propensity score-matched (PSM) analysis was used to
limit the selection biases and reduce confusion of the retro-
spective study. The propensity score was estimated using
logistical regression and enrolled following factors: age,
BMI, American Society of Anesthesiologists (ASA), co-
morbidities, prior TACE, prior RFA, previously abdominal
surgery history, alpha fetoprotein, cirrhosis, tumor number,
the biggest tumor diameter, total tumor diameter, distribution
(one lobe vs. bi-lobe), and resection extent (major vs. minor).
PSM was conducted by using a 1:1 ratio based on the nearest
neighbor matching method without replacement.

Before PSM, continuous variables were compared by
Mann–Whitney U test and categorical data were compared
by the Chi-square test or 1-tailed Fisher’s exact test. After
PSM, continuous variables were compared using the Wil-
coxon signed-rank test and categorical data were compared
using the McNemar’s test. Survival outcomes were calcu-
lated by using Kaplan–Meier method and compared with the
log-rank test.

P-value <.05 were regarded as significant. All statistical
analyses above were conducted with SPSS� software version
22.0 (IBM Corp. Released 2013. IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY: IBM Corp.).

Results

Patients

Between April 2015 and March 2018, 136 patients with
multiple HCC within the Milan criteria underwent liver
hepatectomy were identified in our center. Twenty one pa-
tients were excluded for the surgical procedures that com-
bined liver resection and RFA. Eventually, 115 patients
satisfied the criteria and were eligible for analysis; of which,
35 patients were in the LLR and 80 patients were in the OLR
according to the different surgical procedures. After PSM, 33
patients were in each group, respectively.

Baseline characteristics

The preoperative basic characteristics are shown in the
Table 1. Before PSM, the distribution of tumors was statis-

tically different between the two groups (P = .019). After
PSM, the basic levels of two groups were well matched.

Surgical outcomes

LLR group showed less intraoperative bleeding compared
to OLR group before PSM (median, 200 vs. 300 mL,
P = .004), but the difference was not statistically significant
after PSM (median, 200 vs. 300 mL, P = .064). Operative
time, blood transfusion, resection extent, and R0 resection
between the two groups were comparable both before PSM
and after PSM. One case was converted to open surgery be-
cause of the unclear field exposure (Table 2).

Postoperative outcomes

Overall complications, major complications (Clavien-
Dindo grade q3), liver-specific complications (liver failure
and biliary leakage, except for ascites), surgical-related
complications (hemorrhage and wound infection), and gen-
eral complications (respiratory infection, pleural effusion,
and urinary tract infection) were comparable in both groups
before PSM and after PSM. Although the incidence of ascites
was not significantly different in the two groups before and
after PSM (0% vs. 11.3%, P = .091; 0% vs. 15.2%, P = .063,
respectively), there is a tendency that ascites occurred less
frequency in LLR group than OLR group. The postoperative
hospital stay was significantly shorter in LLR group com-
pared to OLR group before and after PSM (median, 7 vs. 8
days, P = .015; median, 7 vs. 8 days, P = .014, respectively).
The early mortality (within 90 days after operation) was 0 in
the both groups (Table 3).

Long-term outcomes

The median follow-up time was 13 months (range, 1–40
months). There were no significant differences in the term of
overall survival (OS. P = .502) and recurrence-free survival
(RFS. P = .887) between the two groups after PSM (Fig. 1).
The 1- and 3-year OS rates were 95.8% and 77.0% in the LLR
group, and were 92.8% and 77.1% in the OLR group
(Fig. 1A). The 1- and 3-year RFS rates were 71.9% and
51.4% in the LLR group, and were 79.1% and 46.2% in the
OLR group (Fig. 1B).

Discussion

For patients with multiple HCC meeting the Milan criteria,
liver transplantation has been widely accepted as the optimal
treatment. However, due to the limitation of organ shortages,
liver resection is still performed as the first-line treatment.1,2

Until now, there is little knowledge about the value of LLR
for patients with multiple HCC, thus the aim of this study was
to assess the short-term and long-term outcomes of LLR
versus OLR for these patients. According to our analysis,
patients in the LLR group had less intraoperative blood loss
and shorter postoperative hospital stay when compared to
OLR group. Moreover, the postoperative complications,
early mortality, and oncological outcomes were comparable
in both groups.

In this study, we used PSM to limit the selection biases and
reduce confusion of the retrospective study. Before PSM,
rates of tumors located in both liver lobes in the LLR group
were significantly higher than that in the OLR group.
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According to the previous study, patients with multiple tu-
mors located in the both lobes had the poor oncological
outcomes compared with whose tumors located in the left or
right lobe.28,29 After PSM, the baseline characteristics of the
two groups were well matched.

Intraoperative blood loss still remains the focus issue for
liver surgery procedures. Our study revealed that the in-
traoperative bleeding in LLR group was less than that in OLR
group, even though it did not reach a significant statistical
difference after PSM. The result was in compliance with
some previous published studies, which could be attributed
that the intraoperative pneumoperitoneum, meticulous he-
mostasis with the image magnification, and minimally in-
vasive of the abdominal wall caused less bleeding in the LLR
group compared with the OLR group.9–13,30 In our center,
Pringle maneuver was routinely performed to control the
bleeding in liver resection procedure, combined with the
central venous pressure within 5 mmHg, the surgical field of
resected liver surface was cleaned with the less bleeding.
What’s more, CUSA or LigaSure was usually applied for

dissection of liver parenchyma, which could further reduce
the intraoperative blood loss.

In our study, the incidence of tumor omissions was 0 in
both groups. The issue of tumor omission in procedure is a
matter of great concern to surgeons. Especially for multiple
HCC within the Milan criteria, the tumors could be left out in
liver resection due to some tumors less than 1cm in diameter,
which lead to an early recurrence of tumors. However, some
surgeons could have a concern that the tumor omissions could
easily occur in LLR for the absence of touch feeling. In our
center, CT, MRI, and contrast-enhanced ultrasound were
routinely performed in preoperative evaluations to prevent
the omissions of tumors. In addition, instead of palpation,
laparoscopic ultrasonography was routinely conducted to
confirm the positions of tumors and prevent the omissions of
small tumors, and ICG fluorescence imaging was gradually
used to help us identify the location and number of tumors in
any time. Moreover, an abdominal ultrasonography was
routinely conducted before discharge to detect whether the
omissions of small tumors exist, and no tumor omissions

Table 2. Surgical Outcomes Before Propensity Score Matching and After Propensity Score Matching

Variables

Before PSM After PSM

LLR (n = 35) OLR (n = 80) P LLR (n = 33) OLR (n = 33) P

Operative time (min) 225 (80–505) 210 (105–340) .123 225 (80–505) 210 (120–205) .432
Blood loss (mL) 200 (20–1500) 300 (50–1200) .004 200 (20–1500) 300 (50–1000) .064
Blood transfusion 1 (2.9%) 8 (10.0%) .350 1 (3.0%) 4 (12.1%) .375
Conversion 1 (2.9%) — — 1 (3.0%) — —
Resection extent .376 1.000

major 18 (51.4%) 34 (42.5%) 17 (51.5%) 16 (48.5%)
minor 17 (48.6%) 46 (57.5%) 16 (48.5%) 17 (51.5%)

R0 resection 35 (100.0%) 79 (98.8%) 1.000 33 (100.0%) 33 (100.0%) 1.000
Satellites present 6 (17.1%) 15 (18.8%) .837 5 (15.2%) 4 (12.1%) 1.000
Microvascular invasion 11 (31.4%) 21 (26.3%) .569 10 (30.3%) 10 (30.3%) 1.000
Capsular invasion 10 (28.6%) 23 (28.8%) .984 9 (27.3%) 12 (36.4%) .607
Poor differentiation 18 (51.4%) 31 (38.8%) .206 17 (51.5%) 17 (51.5%) 1.000

LLR, laparoscopic liver resection; OLR, open liver resection; PSM, propensity score matching.

Table 3. Postoperative Outcomes Before Propensity Score Matching

and After Propensity Score Matching

Variables

Before PSM After PSM

LLR (n = 35) OLR (n = 80) P LLR (n = 33) OLR (n = 33) P

Overall complications 6 (17.1%) 20 (25.0%) .354 6 (18.2%) 7 (21.2%) 1.000
Major complications 1 (2.9%) 5 (6.3%) .766 1 (3.0%) 1 (3.0%) 1.000
Liver specific complications 4 (11.4%) 14 (17.5%) .410 4 (12.1%) 5 (15.2%) 1.000
Liver failure 3 (8.6%) 6 (7.5%) 1.000 3 (9.1%) 1 (3.0%) .625
Ascites 0 (0%) 9 (11.3%) .091 0 (0%) 5 (15.2%) .063
Biliary leakage 1 (2.9%) 0 (0%) .304 1 (3.0%) 0 (0%) 1.000
Surgical related complications 1 (2.9%) 4 (5.0%) .983 1 (3.0%) 0 (0%) 1.000
Hemorrhage 1 (2.9%) 3 (3.8%) 1.000 1 (3.0%) 0 (0%) 1.000
Wound infection 0 (0%) 1 (1.3%) 1.000 0 (0%) 0 (0%) 1.000
General complications 2 (5.7%) 5 (6.3%) 1.000 2 (6.1%) 2 (6.1%) 1.000
Respiratory infection 1 (2.9%) 3 (3.8%) 1.000 1 (3.0%) 1 (3.0%) 1.000
Pleural effusion 1 (2.9%) 2 (2.5%) 1.000 1 (3.0%) 0 (0%) 1.000
Urinary tract infection 0 (0%) 1 (1.3%) 1.000 0 (0%) 1 (3.0%) 1.000
Postoperative stay (days) 7 (2–12) 8 (5–38) .015 7 (2–12) 8 (5–38) .014
Early mortality 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000

LLR, laparoscopic liver resection; OLR, open liver resection; PSM, propensity score matching.
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were found in all the patients. These could be the reasons for
tumor omissions that did not occur in the two groups in our
study.

This present study showed that postoperative complica-
tions were no statistically different in the two groups, but
there is a tendency that ascites occurred in LLR group less
frequently than OLR group. This result was in compliance
with our previous study,31 as we reported earlier, that pa-
tients with HCC were often accompanied with liver cirrhosis
in China, which led to portal hypertension and increasing of
abdominal collateral circulation. But minimally invasive of

abdominal collateral circulation in LLR could decrease the
occurrence of ascites, which could be the reason of our re-
sults. However, according to a meta-analysis reported by
Michal Pedziwiatr et al.,13 the major complications were less
in LLR than in OLR, which was different from our results.
Reason for this could be that the meta-analysis included
patients with different baseline levels. In addition, with
thousands of liver resection experience in our center, the
major complication rate was relatively low. Due to the small
sample size, the difference between the two groups was not
obvious.

FIG. 1. (A) Overall survival (P = .502) after PSM; (B) Recurrence-free survival (P = .887) after PSM. PSM, propensity
score matching.
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Based on this study, our analysis demonstrated that LLR
group had shorter postoperative hospital stay. The result was
similar to other literature’ reports, due to the less postoper-
ative pain, early mobilization, and the early recovery of
gastrointestinal function, the postoperative hospital stay in
the LLR group was significantly shorter than the OLR
group.32–34 With the proposition of enhanced recovery after
surgery (ERAS) program, ERAS also has been conducted to
patients in our department, in a broad sense, LLR as a min-
imally invasive surgery follows the concept of ERAS.

With regard to oncological outcomes, there remains debate
about whether LLR is safe for patients with HCC compared
with OLR. In our study, the long-term outcomes, including
OS and RFS, were no significant difference between the LLR
group and the OLR group. Up to now, most of previous
published reports suggested that the survival outcomes were
comparable in both groups.9–11,13,31 But the control of re-
section margin for multiple HCC is more difficult than that
for isolated tumor during liver resection producers, and many
articles indicated that patients with multiple tumors have a
poorer long-term survival rates than those who are with a
solitary tumor.35,36 Especially for LLR, some surgeons could
have a concern that R0 resection cannot be guaranteed due to
the absence of touch feeling. However, this study indicated
that the R0 resection seems to be similar between the two
groups. In our center, laparoscopic ultrasonography was
routinely used to confirm the positions of tumors and guide
the transection line, so that the negative resection margin was
secured. What’s more, pathologic variables, including poor
differentiation, satellites present, capsular invasion, and mi-
crovascular invasion, which could affect the oncological
outcomes, were not different in both groups. Thus, the on-
cological outcomes were comparable in LLR and OLR
groups, which were in compliance with previous published
study.37

The small sample size of patients is the first limitation in
our study, thus the potential differences of some outcomes
between the two groups may not show up. Another limitation
of this study is its retrospective, nonrandomized design.
However, there is little knowledge about the value of LLR for
patients with multiple HCC, and we try to decrease the se-
lection bias by using the PSM. Nevertheless, even with the
utilization of PSM in this comparative study, it is still asso-
ciated with selection bias. Therefore, further large sample
size and well-designed trials are needed.

In conclusion, this study was the first time to calculate the
efficacy and outcomes of LLR versus OLR in patients with
multiple HCC meeting the Milan criteria worldwide. Our
analysis indicated that LLR had less intraoperative bleeding
and shorter postoperative hospital stay when compared with
OLR, and the R0 resection, postoperative complications, early
mortality, and OS seem to be similar between the two groups.
Therefore, LLR could be safely and feasibly performed for
patients with multiple HCC meeting the Milan criteria com-
pared to OLR. Further large sample size and well-designed
trials should be conducted to validate our results.
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