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Abstract

Background The recent development of 3D vision in laparoscopic and robotic surgical systems raises the question of whether
these two procedures are equivalent. The aim of this study was to evaluate the surgical and long-term oncological outcomes
of 3D laparoscopic (3D-LLR) and robotic liver resection (RLR) for hepatocellular carcinoma (HCC).

Methods The data for operative time, morbidity, margins, and survival were reviewed for 3D-LLR and compared with RLR.
Results From 2011 to 2017, 93 patients with HCC, including 58 (62%) with cirrhosis, underwent 3D-LLR [49 (53%)] or
RLR [44 (47%)]. No difference was observed in operative time (269 vs. 252 min; p=0.52), overall (27% vs. RLR: 16%;
p=0.49) and severe morbidity (4% vs. 2%; p=0.77) or in the surgical margin width (9 vs. 11 mm; p=0.30) between the
3D-LLR and RLR groups. The 3-year overall and recurrence-free survival rates after 3D-LLR and RLR were 82% and 24%
and 91% (p=0.16) and 48% (p =0.18), respectively.

Conclusions The 3D-LLR and RLR systems provide comparable surgical margins with similar short- and long-term onco-

logical outcomes.
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Curative surgery is the mainstay for the management of
selected patients with hepatocellular carcinoma (HCC).
Laparoscopic liver resection (LLR), whenever feasible, has
been shown to decrease blood loss, postoperative morbid-
ity, and hospital stay compared to an open approach without
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hampering long-term oncological outcome. These advan-
tages have been acknowledged in the recent update of the
EASL guidelines (European Association for the Study of
the Liver) for the management of HCC [1].

In addition to intraoperative ultrasonography, optimal
vision is paramount to achieve the double objective of
resection: to be both curative, i.e., with a safe margin, and
parenchyma-sparing to prevent postoperative liver function
due to a too small remnant liver. Whereas studies comparing
laparoscopic with 2D vision to robotic-assisted laparoscopic
LR (see Table 1) [2] are available, no comparison of 3D
laparoscopic (3D-LLR) and robotic-assisted LR (RLR) has
been reported so far. The aim of the study was to compare
short-term and long-term oncological outcomes following
3D-LLR or RLR in a consecutive series of patients with
HCC.
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Table 1 Patient and . 3D Laparoscopic hepatec- Robotic hepatectomy p value
pathological characteristics tomy (n=49) (n=44)
Patient-related variables
Male sex 40 (82) 36 (82) 0.98
Age (years) 65+12 64+9 0.94
Age>70 years 17 (35) 10 (23) 0.20
Body mass index (kg/m?) 27+5 25+4 0.13
Body mass index > 30 kg/m? 9 (18) 5(11) 0.35
Cirrhosis 31 (63) 27 (61) 0.85
Child—Pugh grade 0.13
A 48 (98) 40 91)
B 12 409
MELD score 8+2 8+2 0.26
Underlying liver disease 0.88
Alcohol 11 (22) 10 (23)
Virus 21 (43) 21 (48)
Metabolic syndrome 10 (20) 6 (14)
Hemochromatosis 1(2) 2(5)
Healthy 6(12) 5(11)
Tumor-related variables
Serum AFP (ng/ml) 68 +247 145+405 0.31
BCLC stage 0.15
A 46 (94) 36 (82)
B 24) 7(16)
C 1(2) 1(2)
Tumor size (mm) 40+25 42 +28 0.65
Tumor size > 50 mm 14 (29) 12 (27) 0.89
Multiple tumor 24 6 (14) 0.10
Macrovascular invasion 1(2) 1(2) 0.94
Microvascular invasion 10 (20) 16 (36) 0.09
Satellite nodules 8 (16) 8 (18) 0.81
Tumor differentiation 0.16
Well 10 (20) 10 (23)
Moderate 36 (73) 26 (59)
Poor 3(6) 8 (18)
Margin width (mm) 9+9 11+12 0.30
Margin width > 10 mm 17 (35) 19 (43) 0.40

Categorical variables are given as number (percentage) and continuous variables as mean (standard devia-

tion)

MELD model for end stage liver disease; AFP alfa-fetoprotein; BCLC Barcelona Clinic Liver Disease

Materials and methods
Study design

The present study included all consecutive patients who
underwent minimally invasive liver resection for HCC at
3 Western hepatobiliary centers. All patients with HCC
who underwent RLR at two hepatobiliary centers (Center
1: Henri Mondor Hospital, Créteil, France, and Center 2:

University of Pisa Hospital, Pisa, Italy) from 2011 to 2017
were compared with all patients who underwent 3D-LLR
at Pitié-Salpétriere Hospital, Paris, France (Center 3)
from 2015 to 2017 (the first case of 3D-LLR for HCC
was performed in 2015). All procedures, regardless of the
approach, were purely laparoscopic with or without robot
assistance.

On an intention-to-treat basis, all patients who required
conversion to the open approach were included in the anal-
ysis. This study was approved by the institutional review
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board in each center. All patients in this study provided
informed consent.

Preoperative assessment

The diagnosis of HCC relied on previous guidelines [1].
Preoperatively, cirrhosis was diagnosed based on noninva-
sive criteria or histology whenever available. The confir-
mation of cirrhosis was obtained on the specimen analysis.
All candidates with a diagnosis of HCC were discussed at
multidisciplinary liver cancer meetings at each center using
the same algorithms to proceed for surgery and whether to
use a laparoscopic approach [2—4]. AFP level and portal
hypertension were not considered in the decision to proceed
with surgery.

Contraindications for the laparoscopic approach include
large tumors or tumors close to the hepatic hilum, the infe-
rior vena cava, or the hepatocaval confluence.

Fig. 1 The 3D vision system for 3D laparoscopic (A) and robotic (B)
approaches. Note that for the 3D laparoscopic procedures, the assis-
tants used 3D polarized glasses for surgery (A). For the robotic pro-
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3D laparoscopic liver resection

The 3D-LLRs were performed since November 2014
[5]. The surgical technique used for 3D-LLR has pre-
viously been described in detail [5]. In brief, 3D-LLR
was performed using five or six trocars and a 3D flex-
ible laparoscope (Olympus 3D Vision System, Olym-
pus, Tokyo, Japan) [6]. The 3D images were displayed
on LCD HD screens and viewed with passive polarizing
glasses (Fig. 1A). The liver parenchyma was divided using
an ultrasonic dissector associated with bipolar cautery
(CUSA Excel; Integra LifeSciences, USA) and a Thun-
derbeat scalpel (Olympus). An abdominal drainage was
placed at the discretion of the surgeon.

cedures, unlike the primary surgeon, who uses the 3D visual console
of the robot, the surgical assistants still have to depend on 2D images
projected onto a flat-screen monitor (B)



Surgical Endoscopy (2021) 35:3258-3266

3261

Robotic liver resection

The surgical techniques used for the robotic approach at these
two centers have previously been reported [5, 7-13]. RLR
was performed using a da Vinci robot (first version or Si da
Vinci Surgical System; Intuitive Surgical Inc., Sunnyvale, CA,
USA) with 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 instrument arms. The robot includes a console
where the operator sits while operating. The 3D images were
displayed on a screen located at the surgeon console (Fig. 1B).
The liver parenchyma was divided using either Harmonic
curved shears (Ethicon, USA) or a combination of bipolar
and monopolar energy devices [14]. All robotic procedures
were purely robotic. An abdominal drainage was placed at the
discretion of the surgeon.

In both approaches, an optimized CO, insufflator with
pneumoperitoneum maintenance (AirSeal™; SurgiQuest
Inc., Milford, USA) was used. Similarly, the liver pedicle was
tapped and intermittent vascular clamping used at the discre-
tion of the surgeon.

Perioperative management and follow-up
after surgery

Resection was defined as per the Couinaud classification [15].
In nonanatomic resection, surgery was aimed at resecting all
detectable lesions with tumor-free margins > 10 mm [16].
When a tumor-free margin > 10 mm could not be obtained
due to proximity/contact with major vasculobiliary structures,
resection was still performed, provided that this surgery was
macroscopically complete.

At the laparoscopic center, the Pringle maneuver was liber-
ally applied, whereas at the robotic centers, this maneuver was
applied only in cases of significant bleeding.

The following points were common to all three centers: (1)
during the liver parenchyma transection, low central venous
pressure was maintained (<5 mmHg) with limited intravenous
fluid administration; (2) large fluid administration, whenever
needed, was performed once transection was achieved; (3) fol-
lowing hospital discharge, the patients were followed up at the
outpatient visit at 1 month after the surgery, every 3 months for
the first 2 years, and every 6 months thereafter; and (4) HCC
recurrence was defined as the presence of typical radiological
signs of new intra- and/or extrahepatic nodules.

Definition and outcomes

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.

Postoperative mortality was defined as mortality occur-
ring within 90 days of surgery or at any time during the
hospital stay. All complications were assessed for up to
90 days after surgery. Postoperative liver failure, ascites,
biliary fistula, and hemorrhage were defined according to
the International Study Group of Liver Surgery [17-19].
Infectious complications were diagnosed on a spectrum of
clinical and/or radiological signs, along with increased levels
of inflammatory markers, the positivity/negativity of fluid/
blood cultures and the requirement of antibiotics or further
intervention. Morbidity was graded according to the Cla-
vien—Dindo classification system, and the most severe grade
for each patient was retained [20]. Severe morbidity was
defined as any complication graded III or IV. The cumula-
tive morbidity was also measured using the comprehensive
complication index (CCI ®) [21]. The CCI ® integrates all
postoperative complications, including their severity, on a
continuous numeric scale from 0 (no complications) to 100
(postoperative mortality).

Readmission within 90 days after hospital discharge
was recorded. Overall survival (OS) was measured from
resection to the last follow-up visit or death for any reason.
Recurrence-free survival (RFS) was defined as the time from
resection to the date of the first clinical or radiological diag-
nosis of HCC recurrence or death of any cause.

Statistical analysis

Categorical variables are given as numbers and percentages.
Continuous variables are expressed as medians and ranges.
Statistical analyses were performed using the Mann—Whit-
ney 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. Statistical analyses were performed
using StatView version 5.0 (SAS Institute, Inc., Cary, NC,
USA). The present study complies with the Reporting of
Studies Conducted Using Observational Routinely collected
Health Data (RECORD) guidelines [22].

Results

The study population included 93 consecutive patients: 49
(53%) in the 3D-LLR group and 44 (47%) in the RLR group.
No surgeon reported any side effects, ocular symptoms, or
vision-related complaints during the study period. As shown
in Table 1, relevant patient and tumor-related variables
were not different between the two groups. Patients in the
3D-LLR group more often underwent a Pringle maneuver
(»<0.0001) and required less blood transfusion (p =0.03)
than did those in the RLR group. Although not significant,
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the conversion to an open approach was more frequently
observed in the 3D-LLR group than in the RLR group
(p=0.11).

No significant difference was observed in operative
time between the two groups (Table 2). When stratified
according to the extent of resection, 3D laparoscopic major
hepatectomy was shorter than robotic major hepatectomy
(394 73 vs. 509 + 105 min; p =0.05; Fig. 2A). When strati-
fied according to the location of the minor resection, no dif-
ference was observed between the two procedures (p > 0.05;
Fig. 2C).

The postoperative mortality was nil in both groups. The
two groups were not different in terms of overall and severe
morbidity rates (p =0.77) or hospital stay (p=0.27, Table 3).
The overall median post-resection morbidity index (CCI ®)
did not differ between the two groups (p=0.22). The read-
mission rate was nil in both groups.

In the specimen analysis, margin width (p =0.30) and
rate of resection margin> 10 mm (p =0.40) were similar
between both groups. When stratified according to the extent
of resection, the surgical margin width was comparable
between 3D-LLR and RLR (p> 0.05 for major and minor
hepatectomies; Fig. 2B). When stratified according to the
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location of the minor resection, no difference was observed
between the two procedures (p >0.05; Fig. 2D).

The mean follow-up period was 29 + 19 months (3D-
LLR: 26 + 13 vs. RLR: 32 +24 months; p=0.12). The
3-year OS rate was 82% in the 3D-LLR group and 91% in
the RLR group (p =0.16; Fig. 3A). The 3-year RFS rate
was 24% in the 3D-LLR group and 48% in the RLR group
(p=0.18; Fig. 3B).

Discussion

The present study was the first to show that for simi-
lar consecutive patients, LLR with 3D visualization and
RLR achieved similar operative times and short-term out-
comes and similar safe margins and long-term oncological
outcomes.

This series included two homogenous populations of
patients who underwent minimally invasive LR for HCC
during a recent period by three teams with expertise in lapa-
roscopic and robotic liver resections. From 2011 to 2017,
a total of 133 consecutive patients underwent RLR at the
2 robotic centers (Centers 1 and 2). Of these, 44 patients
had RLR for HCC. Since the first 3D laparoscopic case
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Fig.2 Operative time and margin width stratified according to the extent of resection (A and B) and the location of minor resection (C and D)
(RLR robotic liver resection, 3D-LLR 3D laparoscopic liver resection, n.s not significant)
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Table 2 Intraoperative events

3D Laparoscopic ~ Robotic p value
hepatectomy hepatectomy
(n=49) (n=44)
Repeat hepatectomy 3(6) 1(2) 0.36
Major hepatectomy 10 (20) 5(11) 0.25
(=3 segments)
Minor hepatectomy 39 (80) 39 (89) -
Location of minor 0.58
hepatectomy
Anterolateral seg- 33 (67) 33 (75)
ments
Segments I and 6 (12) 5(11)
posterosurperior
segments
Both 0(0) 1(2)
Multiple hepatectomy 1 (2) 1(2) 0.94
Pringle maneuver 32 (65) 9 (20) <0.0001
Duration of Pringle 47+29 34+29 0.24
(minutes)
Blood transfusion 1(2) 6 (14) 0.03
Conversion to open 7 (14) 2(5) 0.11
approach
Operative time (min- 269+ 100 252 +137 0.52

utes)

Categorical variables are given as number (percentage) and continu-
ous variables as mean (standard deviation)

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 II to VI

performed in November 2014, a total of 187 consecutive
patients underwent 3D-LLR at the laparoscopic center
(Center 3) between 2015 and 2017. Of these, 49 patients
had 3D-LLR for HCC. Before 2015, more than 300 cases

were performed using the 2D laparoscopic approach at the
laparoscopic center.

The two groups were similar in terms of the presence
and severity of underlying liver disease and tumor burden.
Pringle maneuver was more frequently used in the 3D-LLR
group, and blood transfusion was more frequent in the RLR
group (Table 2). Beyond the debate on the impact of clamp-
ing [23-25] and transfusion [26-28] on short- and long-term
outcomes, the difference in transfusion observed herein was
a consequence of the policies of different centers on the use
of the Pringle maneuver. With similar indications for clamp-
ing, it is reasonable to hypothesize that the difference in
transfusion would vanish, as both approaches are essentially
the same (i.e., laparoscopic). Second, the higher propor-
tion of major hepatectomy in the 3D-LLR group (almost
twice the number of major hepatectomy in the RLR group)
might partly explain the higher rate of Pringle maneuver in
the 3D-LLR group [29]. Third, the rate of major hepatec-
tomy in the robotic group was probably biased by a learn-
ing curve effect, which is probably not the case in the 3D
laparoscopic group: this might lead to longer operative
time, possibly increasing the blood loss. Finally, it is well
known that the use of bipolar crush clamping technique in
the robotic approach may increase bleeding, whereas the
parenchymal transection is performed by the CUSA in the
3D laparoscopic approach: applying more liberally the
Pringle maneuver in the laparoscopic group may explain
why Pringle maneuver was more frequently used in the 3D
laparoscopic group, and blood transfusion was more fre-
quent in the robotic group.

Despite differences in clamping and transfusion, the two
techniques achieved a nil mortality and similar morbidity,
which is in accordance with the available knowledge.

Despite the differences in clamping and transfusion, the
surgical margin width was also similar between the two
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Fig.3 Outcomes after 3D laparoscopic and robotic liver resection. Overall survival (A). Recurrence-free survival (B)
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Table 3 Postoperative outcomes

3D Laparoscopic hepa- Robotic hepatec-  p value
tectomy (n=49) tomy (n=44)

90-day mortality 0 (0) 0@ -
90-day overall morbidity 13 (27) 9 (16) 0.49
90-day severe morbidity* 24 1(2) 0.77
CCI ® points 7+13 4+10 0.22
Infectious complications 4(8) 1(2) 0.29
Surgical complications

Liver failure 1(2) 00 0.40

Biliary complications 1(2) 1(2) 0.76

Ascites 1(2) 3(5) 0.11

Hemoperitoneum 0(0) 1(2) 0.21

Delayed gastric empting 1(2) 0(0) 0.40
Non-surgical complications

Cardiac complications 24 12) 0.80

Pulmonary complications 5(10) 3(5) 0.85

Renal complications 24 24 0.65
Hospital stay (days) T+5 9+14 0.27
Reoperation 0(0) 12) 0.29
Readmission within 90 days 0(0) 0(0) -

Categorical variables are given as number (percentage) and continuous variables as mean (standard devia-

tion)

CCI ® indicates the comprehensive complication index [21]

Severe morbidity was defined as any complication graded III or IV [20]

groups, including surgical width of tumors located in the
posterosuperior segments of the liver (segments VII and
VIII), which are considered to be more difficult to safely
access and resect [30-33].

The high OS rate (> 80% at 3 years) observed in the pre-
sent study may be explained by the selection of patients with
low tumor burdens (> 80% of BCLC stage A in each group)
and noncirrhotic livers (>37% in each group). Similar OS
and RFS between the two groups were observed in this
study. In addition to the issue of patient selection, this find-
ing may be partly explained by the mean follow-up period,
which was limited to 29 months. Although not statistically
significant, the RFS at 3 years was 48% in the robotic group
and 24% in the laparoscopic group. The short follow-up
period (26 months) and the sample size limit might explain
this difference.

Finally, from a technical point of view, although a 3D
vision is shared between the two techniques, several points
differ between the 3D vision laparoscopic and robotic sur-
gery. Good vision is important not only for the surgeon but
also for the assistants [34]. For the 3D laparoscopic proce-
dures, the assistants used 3D polarized glasses for surgery
(Fig. 1A). For the robotic procedures, unlike the primary
surgeon, who uses the 3D visual console of the robot, the
surgical assistants still have to depend on 2D images pro-
jected onto a flat-screen monitor (Fig. 1B). As the use of 3D
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vision improves the efficiency of the assistants in the setting
of robotic urologic surgery, further studies are needed to
assess the benefits of its routine use for assistants of robotic
liver surgery. Yet, compared to rigid conventional O or
30° 3D optics, the use of a flexible 3D endoscope in LLR
allows to expose vessels in any position (right, left, up, and
down). The flexible endoscope allowed the alignment and
maintenance of the vision and transection plane. In a previ-
ous study, we demonstrated the benefit of flexible 3D in
right hepatectomy [6]. Finally, a main difference between
the two procedures was the systematic use of CUSA in the
LLR group, which is not yet available in robotic surgery.
Although difficult to demonstrate, sharp dissection associ-
ated with pedicle clamping and 3D vision likely contributes
to the low bleeding and transfusion rates we observed in the
LLR series. Finally, the obvious lack of ergonomic in LLR
compared to robotic surgery has probably been overcome
owing to excellent vision and the transection technique.
We acknowledge the obvious limits of the present analy-
sis. First, as in any retrospective study, patient selection bias
cannot be ruled out. Second, the potential type 2 errors due
to sample size could not be obviated, as in any preliminary
study. Third, no cost analysis was performed in the present
study. With regard to the costs of 3D technology, 3D lapa-
roscopy is more affordable than robotic systems. However,
previous studies have shown that whereas perioperative costs
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(due to robotic instruments) were significantly higher for the
robotic procedure, total costs, including peri- and postopera-
tive costs (i.e., the costs of the stay), were similar between
the two procedures [8]. Fourth, no evaluation or comparison
of the visualization between 2D and 3D surgical assistants
was performed in this study. Fifth, another important point
may be the fact that all cases were collected with different
time frame (2011-2017 for the robotic group vs. 2015-2017
for the 3D laparoscopic group). This point represents an
inherent bias of the comparison of two different technolo-
gies: the robotic approach was first performed in 2011 and
the 3D laparoscopic approach was first performed in Novem-
ber 2014. Finally, there are substantial differences in the
surgical technique that may have an impact on outcomes: (1)
Pringle maneuver was done in 65% of cases in laparoscopy
vs. 20% in robotic surgery, (2) the technique of parenchymal
transection was different (CUSA for laparoscopic cases vs.
Harmonic/Bipolar for robotic cases), and (3) the proportions
of major and minor hepatectomies were different: almost the
double of major resections in the laparoscopic group.

This multicenter comparative analysis suggests that
3D-LLR and RLR achieve similar operative times and
short-term outcomes and similar safe margins and oncologi-
cal long-term outcomes. This study shows the efficacy of
using 3D vision during minimally invasive LR and provides
a basis for recommending the 3D system in future prospec-
tive observational trials comparing laparoscopic and robotic
approaches for liver cancer resection.
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