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Abstract

Objectives A laparoscopic approach improves short-term outcomes and maintains long-term outcomes compared to
an open approach. In turn, the recent development of robotic surgery raises the question whether it performs as well
as laparoscopic surgery. The aim of this study was to compare the short- and long-term outcomes of laparoscopic
liver resection (LLR) and robotic liver resection (RLR) for malignancies.

Method From 2011 to 2017, the study population included 111 patients in the LLR group and 61 in the RLR group.
Short- and long-term outcomes were compared before and after propensity score matching (PSM).

Results Operative mortality rate was nil. The intraoperative blood transfusion rate was higher during RLR (15% vs.
2%, p = 0.0009). Major morbidity and hospital stay were not different between the two groups. The resection margin
width (LLR 7 mm vs. RLR 10 mm, p = 0.13) and R1 resection rates (resection margin width < 1 mm; LLR 15% vs.
RLR 11%, p = 0.49) were similar. After PSM (55 patients in each group), the blood transfusion, major morbidity,
hospital stay and R1 resection were similar between the two groups. When considering the largest subset of patients
with hepatocellular carcinoma including 114 patients (66%), the 3-year overall survival rate was 80% in the LLR
group and 97% in the RLR group (p = 0.10) and remained similar after PSM (p = 0.27). The 3-year recurrence-free
survival rate was 50% in the LLR group and 64% in the RLR group (p = 0.30) and remained similar after PSM
(» = 0.26).

Conclusions No differences were found in blood transfusion, incidence of positive resection margins and long-term
outcomes between the two techniques. RLR does not compromise short-term and oncologic outcomes in patients
with liver cancers.
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Introduction

The laparoscopic approach has been acknowledged as the
standard approach for liver resection for malignancies in
selected patients [1, 2]. While this approach maintains
similar oncological outcomes to the open approach, it
seems to decrease morbidity and length of hospital stay,
and lead to fast rehabilitation. This is important after
cancer surgery, where postoperative complications can
negatively impact long-term survival and recurrence [3]
and the recovery time may delay the initiation of adjuvant
chemotherapy [4].

The robotic approach is increasingly performed in many
specialized centers. The advantages of the robotic approach
include an improved range of movements and enhanced
instrument dexterity, a 3-dimensional view of the surgical
field and a reduction in surgeon tremors. In addition, sur-
geons using the robotic approach may benefit from
expertise with the laparoscopic technique, which may
shorten the learning curve for applying the robotic tech-
nique [5]. Beyond the ongoing medico-economic debate
about robotic technology [6], uncertainties remain regard-
ing patient safety and oncologic concerns, such as surgical
resection margin clearance.

As shown in Table 1, current comparisons of the short-
term outcomes between robotic liver resection (RLR) and
laparoscopic liver resection (LLR) are based on retro-
spective series. These reports showed low postoperative
mortality (ranging from 0 to 5% for LLR and O to 2.8% for
RLR) and similar postoperative morbidity (being high at
36% for LLR and 62% for RLR) between these two
approaches (Table 1) [6-21]. While existing studies com-
paring the long-term oncological outcomes following these
two procedures have reported no significant differences in
the quality of the resection margins
[6,7, 10, 12-14, 16-21], overall survival (OS) [16, 17, 20],
or recurrence-free survival (RFS) [7, 10, 17, 20], few
studies have compared these 2 techniques and adjusted for
confounding variables related to the choice of whether to
perform LLR or RLR [6, 14, 16], and few studies have
specifically focused on hepatobiliary malignancies
[7, 17, 21].

The aim of this Western bicentric study was to assess
whether RLR performs as well as LLR for primary and
secondary liver cancers using propensity score matching
(PSM) methodology.

Materials and methods
Patients

This study included all consecutive patients with primary
and secondary liver cancers who underwent RLR at two
Western hepatobiliary departments (Center 1: Henri Mon-
dor Hospital, Créteil, France, and Center 2: Cisanello
Hospital, Pisa, Italy) from 2011 to 2017. All these patients
were compared with all patients who underwent LLR at
Center 1 during the same study period.

Because the main goal of the present study was to
specifically focus on the impact of the surgical approach
(i.e., RLR or LLR) on the width and incidence of positive
resection margins, patients who required conversion to an
open approach were excluded from the analysis. Hand-as-
sisted or hybrid liver resections were never used in this
study. The institutional review boards of both centers
approved this study. Hand-assisted or hybrid liver resec-
tions were never used in this study. The institutional review
boards of both centers approved this study.

All patients with a diagnosis of liver cancer were dis-
cussed at multidisciplinary meetings at each institution
using the same general consensus guidelines to determine
the indications for surgery and to decide whether to use the
laparoscopic approach [1, 2]. A robotic or laparoscopic
approach was selected according to the policies of each
center, the surgeons’ recommendations, the location and
size of the tumors, the presence of cirrhosis, and the
patient’s general status.

Contraindications for LLR and RLR were patients with
bulky tumors and/or close to the hilum and the inferior
vena cava, those who required vasculary/biliary recon-
struction, and those who could not undergo
pneumoperitoneum.

Surgical procedures

All procedures were performed by at least one senior sur-
geon (CS and CL at Henri Mondor Hospital; UB at Cisa-
nello Hospital). The surgical techniques used for the
robotic approach at these two centers have been already
described in detail [6, 13, 22]. Briefly, RLR was performed
using three or four arms: a 12-mm trocar was used for the
30-degree camera, and two or three 8-mm trocars were
used for the robotic instruments arms. The liver par-
enchyma was divided using a Harmonic curved shears
(Ethicon, USA). All robotic procedures were purely robotic
compared to the Pittsburgh techniques [14].

All patients in the LLR group underwent pure LLR
using 5 or 6 ports, as previously described [6, 13].
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Table 2 Comparison of baseline characteristics between laparoscopic and robotic hepatectomy before and after propensity score matching

Before matching

After matching

Laparoscopic Robotic P value SMD Laparoscopic Robotic P value SMD
hepatectomy hepatectomy hepatectomy hepatectomy
(n=111) (n =61) (n =55) (n=55)
Variables used for matching
Male 83 (75) 41 (67) 0.29 020 41 (75) 37 (67) 0.53 0.20
Age (yrs) 63 £ 12 66 + 10 0.19 026 66 £ 10 65 £ 10 0.71 0.10
Age > 70 yrs 33 (30) 18 (30) 0.98 0.006 20 (36) 14 (26) 0.20 0.30
ASA score > 2 25 (23) 23 (38) 0.03 038 17 (3D 20 (36) 0.70 0.10
Cirrhosis 54 (49) 26 (43) 0.45 0.13 30 (55) 26 (47) 0.84 0.16
Portal vein embolization 1(1) 12 0.67 033 1@ 0 (0) 1.00 -
Preoperative 33 (30) 16 (21) 0.23 025 1527 12(22) 0.66 0.32
chemotherapy
Major hepatectomy (> 3 15 (14) 9 (15) 0.82 0.006 8 (15) 4(7) 0.36 0.42
segments)
Maximal tumor size, mm 33 + 23 44 + 28 0.005 044 40 £ 24 40 + 24 0.96 0
Number of tumors, mean 1.2 (1-3) 1.3 (1-4) 0.24 021 1.2(1-3) 1.3 (1-4) 0.64 0.10
(range)
Others
Body mass index (kg/m?) 26 £ 6 25+ 4 0.24 0.19 27£6 25+ 4 0.04 0.40
Repeat hepatectomy 7 (6) 12 0.16 077 4 () 1) 0.36 091
Tumor type 0.46 0.11 0.71 0.21
Colorectal liver 23 (21) 15 (25) 11 (20) 13 (24)
metastases
Hepatocellular 72 (65) 42 (69) 36 (66) 38 (69)
carcinoma
Cholangiocarcinoma 6 (5) 2 (3) 4 (7) 24
Other 10 (9) 23) 4(7) 24

Results are given as mean =+ standard deviation or n (%) or as stated

ASA American Society of Anesthesiologists; SMD standardized mean difference

The Pringle maneuver was performed before liver par-
enchyma division at the discretion of the surgeon [23].
Intermittent clamping was used for 15 min in patients with
normal liver parenchyma, and 10 min of clamping and
5 min of unclamping were used in patients with chronic
liver disease or cirrhosis. The resected liver specimen was
placed in a bag and removed through a suprapubic incision.
Abdominal drainage was placed at the end of the resection
procedure at the discretion of the surgeon.

Perioperative management

No enhanced recovery after surgery (ERAS) protocol
specifically designed for minimally invasive liver resection
was registered during the study period in both centers. Both
centers adopted a local protocol based on the center’s
experience and the literature. Briefly, whatever the surgical
technique and the center, the central venous pressure was
maintained < 5 mmHg  during liver  parenchyma

@ Springer

transection. Intravenous fluid administration was done once
the liver parenchyma transection was achieved. Oral food
intake started from the day of surgery.

Postoperative computed tomography was performed at
the discretion of the surgeon. Hospital discharge was
decided at the discretion of the surgeon based on patient
and biological results.

Following discharge, patients were followed up at the
outpatient consultation 1 month after the surgery, every
3 months for the first 2 years, and every 6 months
thereafter.

Definition and outcomes

Tumors located in the posterosuperior segments were those
located in segments VII and VIII. Tumors located in the
anterolateral segments were those located from segments 11
to VI. Major hepatectomy was defined as a resection
involving > 3 Couinaud segments. Multiple hepatectomy
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Table 3 Comparison of perioperative variables between laparoscopic and robotic hepatectomy before and after propensity score matching

Before matching

After matching

Laparoscopic Robotic P value Laparoscopic Robotic P value
hepatectomy hepatectomy hepatectomy hepatectomy
(n=111) (n=61) (n =55) (n =55)
Intraoperative events
Major hepatectomy 15 (14) 9 (15) 0.82 8 (15) 4 (7) 0.36
Minor hepatectomy 96 (86) 52 (85) 0.71 47 (85) 51 (93) 0.76
Segments II to VI 70 41 - 35 41 -
Segments I, VII, and VIII 18 8 - 9 7 -
Both 8 3 - 3 3 -
Anatomical minor hepatectomy 40 (36) 16 (26) 0.16 23 (42) 16 (29) 0.10
Multiple hepatectomy 8 (7) 2 (3) 0.29 3(5) 24 0.65
Inflow clamping 33 (30) 11 (18) 0.09 18 (33) 10 (18) 0.08
Duration of inflow clamping, 36 +£ 21 27 +£ 27 0.55 33 £ 24 31 £ 28 0.79
minutes
Operative time, minutes 263 £+ 109 277 £ 156 0.48 257 £ 102 254 + 143 0.89
Blood transfusion 2(2) 9 (15) 0.0009 2 @) 6 (11) 0.14
Postoperative data
90-day mortality 0 () 0 (0) - 0 (0) 0 (0) -
90-day overall morbidity 17 (15) 15 (25) 0.13 7 (13) 12 (22) 0.21
90-day severe morbidity 2(2) 1) 0.94 0 (0) 12 0.32
Hospital stay, days 76 9+ 12 0.19 7£5 9+£13 0.49
Reoperation 0 (0) 1) 0.18 0 (0) 1) 0.32
Readmission within 90 days 1(1) 0 (0) 0.46 0 (0) 0 (0) -
Specimen analysis
Margin width (mm) 7+£9 10 £ 10 0.13 6£7 10 £+ 24 0.054
R1 resection (< 1 mm) 17 (15) 7(11) 0.49 9 (16) 6 (11) 0.40

Results are given as mean =+ standard deviation or n (%) or as stated
Severe morbidity defined as > Dindo—Clavien grade 3

was defined as more than one resection. The operative time
was defined as the time from incision to wound closure.
The time required to dock and undock the robotic arm for
RLR was included in the operative time.

Mortality was defined as mortality occurring within
90 days of liver resection or at any time during the hospital
stay. All complications were assessed up to 90 days after
liver resection. Readmission within 90 days after hospital
discharge was recorded. Morbidity was graded according
to the Clavien—-Dindo classification system, and the most
severe grade for each patient was retained [24]. Cirrhosis
was based on noninvasive criteria or histology (METAVIR
F4). R1 resection was defined as a margin width < 1 mm,
and RO resection was defined as a margin width > 1 mm.

OS was measured from resection to the last follow-up
visit or death for any reason. RFS was defined as the time
from resection to the date of first clinical or radiological
diagnosis of tumor recurrence. All data were retrieved from

prospectively maintained data files at each center. Data
were evaluated on May 1, 2018.

Statistical analysis

Categorical variables are shown as numbers and percent-
ages. Continuous variables are expressed as medians and
ranges. Statistical analyses were performed using the
Mann—Whitney U test for nonparametric ordinal variables
and the Fisher exact test for categorical variables. Survival
analysis was calculated using the Kaplan—-Meier method
and compared using the log-rank test. A p value <0.05 was
considered statistically significant. All statistical analyses
were performed with SPSS software (IBM SPSS Statistics,
version 23; IBM, Armonk, NY).

PSM was performed to avoid potential confounders in
patient selection [25]: age, sex (male vs. female), American
Society of Anesthesiologists (ASA) score, portal vein
embolization, preoperative chemotherapy, presence of

@ Springer
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cirrhosis, largest tumor size, largest number of tumors, and
extent of liver resection (major vs. minor) were recorded. A
matched group of patients was created with a 1:1 ratio. PS
match method is nearest neighborhood method with the
caliper width of 0.20. Standardized mean difference (SMD)
was used to assess balance clinical backgrounds between
the two groups. SMD < 0.1 indicated very small differ-
ences between the means; this implies that optimal balance
on a variable is generally achieved; SMD between 0.1 and
0.5 indicated small/modest differences, and SMD > 0.5
indicated considerable differences.

@ Springer

Results
Patients

A total of 188 patients underwent LLR or RLR for hepato-
biliary malignancies during the study period: 16 (9%)
patients who required conversion to an open approach were
excluded from the analysis including 14 in the LLR group
and 2 in the RLR group. The study population included the
172 remaining patients: 111 (65%) in the LLR group and 61
(36%) in the RLR group. In the RLR group, 38 cases were
from the Center 1 and 28 cases were from the Center 2.
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The baseline characteristics of the LLR and RLR groups
are shown in Table 2. Patients in the RLR group had higher
ASA scores (p = 0.03) and larger tumor sizes (p = 0.005)
than those in the LLR group, whereas the other baseline
variables were not different between both groups. After
PSM, 55 of 111 LLR patients could be matched (1:1) with
55 of 61 RLR patients (Table 2).

Intra- and postoperative outcomes

Patients in the RLR group (15%) more often required blood
transfusion than those in the LLR group (2%, p = 0.0009;
Table 3), but the difference did not reach statistical sig-
nificance after PSM (p = 0.14; Table 3). Although not
significant, hepatic pedicle clamping was more frequently
used in the LLR group (30%) than in the RLR group (18%,
p = 0.09; Table 3). This difference remained similar after
PSM (p = 0.08; Table 3).

There was no postoperative mortality, and the two
groups were similar in terms of overall and severe mor-
bidity rates, length of hospital stay, reoperation, and
readmission rates before and after PSM (Table 3).

To investigate the impact of the learning curve on RLR
technique, we have divided the study period into two
periods and RLR cases performed before April 2014
(March 2011-March 2014; n = 27) were compared with
RLR cases performed after March 2014 (April 2014-De-
cember 2017; n = 34). Significant difference was observed
in inflow clamping rate between the two groups (early
period: 1/27, 4% vs. late period: 10/34, 29%; p = 0.01).
Although statistically not significant, there was a trend
toward a lower rate of blood transfusion rate after RLR
performed later in this study (early period: 5/27, 19% vs.
late period: 4/34, 12%; p = 0.46). These results show fea-
sibility of the RLR technique with maintained safety as the
RLR’s experience increased.

Analysis of resection margins

The R1 resection rate was similar in both groups (15% in
the LLR group vs. 11% in the RLR group, p = 0.49). The
mean surgical margin width (7 mm in the LLR group vs.
10 mm in the RLR group, p = 0.13) was also similar in
both groups (Table 3). These remained similar after PSM
(Table 3).

Survival

During a mean follow-up period of 25 + 22 months (me-
dian = 18; range 0.4-87.3 months), 4 (7%) patients who
underwent RLR and 12 (11%) patients who underwent
LLR died. The 1-, 2-, and 3-year OS rates were 93, 88, and
83%, respectively, in the LLR group and 98, 98, and 98%,

respectively, in the RLR group. The 2 groups had similar
OS (p = 0.22) and remained similar after PSM (p = 0.12).

The 1-, 2-, and 3-year RFS rates were 76, 61, and 44%,
respectively, in the LLR group and 85, 64, and 57%,
respectively, in the RLR group (p = 0.38) and remained
similar after PSM (p = 0.60).

Subgroup analysis of patients with hepatocellular
carcinoma (HCC)

This is the largest subset of patients including 114 patients
(66% of the study population). Subanalysis was performed
in these patients with HCC in the unmatched and matched
cohorts of patients. Of them, 72 underwent LLR and 42 had
RLR. After PSM, 33 of 72 LLR patients could be matched
(1:1) with 33 of 42 RLR patients.

The R1 resection rate was similar in both groups (11%
in the LLR group vs. 2% in the RLR group, p = 0.10). This
remained similar after PSM (15% in the LLR group vs. 3%
in the RLR group, p = 0.09).

Rates of resection margin > 10 mm (22% in the LLR
group vs. 31% in the RLR group, p = 0.30) and anatomical
resection (51% in the LLR group vs. 36% in the RLR
group, p =0.11) were similar in both groups. This
remained similar after PSM for margin width > 10 mm
(18% in the LLR group vs. 30% in the RLR group,
p = 0.25). For anatomical resection, this difference reached
statistical significance after PSM (61% in the LLR group
vs. 36% in the RLR group, p = 0.049).

The 3-year OS rate was 80% in the LLR group and 97%
in the RLR group (p = 0.10; Fig. 1a) in the unmatched
groups of patients and remained comparable in the matched
groups of patients (p = 0.27; Fig. 1c). In the unmatched
groups of patients, the 3-year RFS rate was 50% in the LLR
group and 64% in the RLR group (p = 0.30; Fig. 1b); this
rate remained comparable in the matched groups of
patients (p = 0.26; Fig. 1d).

Analysis of the entire cohort including converted
patients

Although this was not the main goal of this study, we
performed an analysis of the entire cohort (n = 188)
including the 16 (9%) patients who required conversion to
open surgery to investigate the fact that excluding con-
verted patients might have artificially increased blood
transfusion in RLR group (because of a lower rate of
conversion in these patients).

In this analysis, 125 patients (66%) in the LLR group
were compared with 63 patients (34%) in the RLR group.
Among these 16 converted patients, 10 had HCC, 5 had
colorectal liver metastases, and 1 had cholangiocarcinoma.
Although not significant, the conversion rate was higher in

@ Springer
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the LLR group (14/125, 11%) than in the RLR group (2/63,
3%; p = 0.06). When compared to non-converted patients,
transfusion rate (8/16, 50% vs. 11/172, 6%; p < 0.0001)
was significantly higher in converted patients. When
including converted patients in such analysis, blood
transfusion rate was similar between RLR (3/63, 5%) and
LLR (9/125, 7%) groups (p = 0.95).

Discussion

This bi-institutional propensity score-matched study found
that blood transfusion rate, postoperative morbidity, sur-
gical margins, and long-term outcomes were similar
between the LLR and RLR for hepatobiliary malignancies.

Given the current absence of available randomized
controlled studies or ongoing prospective studies (as
assessed on August 11, 2018, at ClinicalTrial.gov) com-
paring RLR with LLR for the management of liver cancer,
we used PSM to minimize the risk of patient selection bias
that can occur in a retrospective comparative series.
Matching analyses and PSM comparing LLR and RLR
have been performed in only 4 [6, 14—16] and 2 studies
[6, 16], respectively. The main caveats of these studies are
as follows: they included patients with benign diseases
[10-12, 15] (ranging from 29 to 40% in the LLR group and
25-46% in the RLR group), or they specifically focused on
patients who underwent robotic and laparoscopic left lat-
eral sectionectomy [6] or those who had tumors located in
the posterosuperior segments of the liver [16].

With equally matched groups, the present study did not
demonstrate any differences in blood transfusion, inflow
clamping, operative time, length of hospital stay, overall or
severe morbidity, and mortality between the 2 groups.
However, there is one point which should be addressed.
Before matching, the rate of intraoperative blood transfu-
sion was found significantly higher in the RLR group than
in the LLR group. Although this was not the main goal of
the study, the analysis of the entire cohort including con-
verted patients allowed to support the fact that excluding
converted patients might have artificially increased blood
transfusion in RLR group (because of a lower rate of
conversion in these patients).

Yet, blood loss and transfusion may lead to impaired
perioperative [26, 27] and oncologic outcomes (intrahep-
atic cholangiocarcinoma [26], colorectal liver metastases
[28], and hepatocellular carcinoma [29]). As patients
requiring conversion to open surgery may have higher rate
of blood loss and transfusion, excluding converted patients
may also introduce a bias in the analysis of survival.
Although an analysis including converted patients would
represent real-life situation, the limited number of
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converted patients (9%) and the presence of various types
of malignant disease do not allow for robust survival
analysis.

The similar readmission rate between both groups in the
current study is an important finding, as this endpoint has
been previously reported in only one study [13]. Here
again, further larger studies are needed to draw any con-
clusions on this assertion.

Margin status did not appear to be altered by RLR when
compared to LLR in the current study. This finding has
been confirmed in other recent studies (Table 1)
[7, 12, 17, 18, 21]; however, patient selection bias likely
influenced these results. Indeed, as already mentioned,
previous studies included patients with benign diseases
(Table 1) [12, 18] and patients in whom conversion to an
open approach was required (ranging from 4% to 11% in
the RLR group and 6% to 14% in the LLR group; Table 1)
[7, 17, 21].

The high OS rate (> 80% at 3 years) observed after
minimally invasive liver resection in the current study may
be explained by the selection of patients with low tumor
burden and noncirrhotic underlying liver parenchyma
(53%). The heterogeneity of malignancies does not allow
for general extrapolation of the 3-year OS and RFS rates of
98 and 57%, respectively, after RLR. These survival rates
are particularly higher than the 3-year OS and RFS of 56%
and 38%, respectively, observed in a recent international
multicenter study that included 61 patients who underwent
RLR [30]. In addition to the issue of patient selection, this
finding may be partly explained by our mean follow-up
period, which was limited to 25 months. However, when
we limited long-term outcome comparisons to the largest
subset of patients with hepatocellular carcinoma (66% of
the study population), the 5-year OS and RFS rates for
patients with hepatocellular carcinoma were similar
between the two groups.

This study has some limitations. First, its retrospective
nature may have led to patient selection bias. Second,
although the sample size is one of the largest series to date
[30], it still may lack sufficient power to obviate type 2
error. Third, the high OS rate (> 80% at 3 years) in this
study compared with that reported in the recent study
published by Khan et al. [30] (56%) was likely related to
patient selection and inclusion of patients without cirrhosis
(> 50% in each group) who frequently had tumors located
in the more anterolateral segments of the liver (> 60% in
each group), which are more suitable for minimally inva-
sive liver resection.

This study has several strengths, including the large
number of patients who underwent surgery within a short
and recent period. To our knowledge, this is the first and
largest European matched study on RLR versus LLR to
date. In contrast to the technique used in a recent



World J Surg (2019) 43:1594-1603

1603

international multicenter study [14, 30], all RLR proce-
dures were considered purely robotic because our tech-
nique included robotic docking for all patients prior to
mobilization and adhesiolysis.

In conclusion, this study did not demonstrate any dif-

ferences in short- and long-term outcomes or in the quality
of surgical margin clearance among patients who under-
went robotic or laparoscopic approaches for hepatobiliary
cancer.
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