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Abstract

Background The field of robotic liver resection (RLR) has developed in the past decades. This technique seems to improve
the access to the posterosuperior (PS) segments. Evidence of a possible advantage over transthoracic laparoscopy (TTL) is
not yet available. We aimed to compare RLR to TTL for tumors located in the PS segments of the liver in terms of feasibil-
ity, difficulty scoring, and outcome.

Methods This retrospective study compared patients undergoing robotic liver resections and transthoracic laparoscopic resec-
tions of the PS segments between January 2016 and December 2022 in a high-volume HPB center. Patients’ characteristics,
perioperative outcomes, and postoperative complications were evaluated.

Results In total, 30 RLR and 16 TTL were included. Only wedge resections were performed in the TTL group, while 43% of
the patients in the RLR group had an anatomical resection (p < 0.001). The difficulty score according to the IWATE difficulty
scoring system was significantly higher in the RLR group (p <0.001). Total operative time was similar between the two
groups. Complication rates, either overall or major, were comparable between the two techniques and hospital stay was sig-
nificantly shorter in the RLR group. Patients in the TTL group were found to have more pulmonary complications (p =0.01).

Conclusion RLR may provide some advantages over TTL for the resection of tumors located in the PS segments.
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The field of laparoscopic liver resection (LLR) has devel-
oped in the past decades despite these procedures being tech-
nically demanding with a high risk of hemorrhage. LLR
is now accepted as a useful approach for both major and
minor resections [1]. LLR of posterosuperior (PS) segments,
defined as segments VII and VIII in Couinaud classification
[2], remains technically challenging due to difficult bleeding
control and liver mobilization. The 2008 Louisville State-
ment [3] only recommended the laparoscopic approach as
standard practice for resection of anterolateral segments.
In parallel with the development of the caudal approach
concept for major liver resections [4], some authors have
described a lateral approach for the resection of the PS seg-
ments [5]. Despite the patient being in semi-prone position,
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the lack of flexible instruments remains an obstacle. Tran-
sthoracic approach facilitates minimally invasive resections
involving the PS segments by placing one or two ports in
the right hemithorax [6-9]. These transthoracic ports pen-
etrate through the diaphragm into the peritoneal cavity. This
approach theoretically increases the risk of postoperative
thoracic complications, such as pleural effusion, pulmonary
infection / injury, or tumor seeding to the thoracic wall.
Another way to facilitate the access to the PS segment is the
use of the Da Vinci robotic system which provides articu-
lated instruments and a magnified 3D view of the operative
field [10]. Up to date, robotic surgery is reported as non-infe-
rior to the laparoscopic approach by the 2018 international
consensus statement on liver robotic surgery [11]. The Da
Vinci system seems to improve the access to the PS seg-
ments [12] yet its superiority has only been demonstrated
when compared to open surgery in the cases of minor resec-
tions in the PS segments [13]. However, evidence of a pos-
sible advantage over transthoracic laparoscopy (TTL) is not
yet available. The aim of the present study was to compare
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RLR to TTL for tumors located in the PS segments of the
liver in terms of feasibility, difficulty scoring, and outcome.
We therefore focused on the experience of a single surgeon
practicing both techniques in a high-volume hepato-pancre-
atico-biliary (HPB) center expert in LLR.

Patients and methods
Study design

All patients who underwent RLR or TTL between January
2016 and December 2022 performed by a single HPB / trans-
plant surgeon in a high-volume HPB center were reviewed.
The surgeon was experienced in liver laparoscopic resec-
tion (> 350 procedures). One hundred and eighteen RLR
were identified, all performed between December 2018 and
December 2022. A tumor located in a PS segment was iden-
tified in 33 RLR patients, regardless of whether the tumor
was benign or malignant. During the study period, 23 TTL
were performed. Combined extrahepatic surgery and/or
resection of more than one tumor were considered as exclu-
sion criteria. Considering the exclusion criteria, 30 patients
were included in the RLR group and 16 in the TTL group
(Fig. 1). All the surgical indications were validated during a
dedicated multidisciplinary meeting in presence of hepato-
biliary surgeons, hepatologists, oncologists, and radiologists.

Cirrhotic patients were considered eligible for surgery if
hepatic venous pressure gradient was below 10 mmHg [14].

The present study derives from a larger prospectively
designed, registered multicenter observational study inves-
tigating the objective and subjective determinants of the
postoperative course of hepatectomy. It was deemed unin-
terventional by the ethical committees of participating insti-
tutions and approved by the Data Protection Authority and
Health Information Protection Committee. All patients were
informed that data are collected in a prospectively main-
tained database.

Baseline characteristics collected consisted of age, sex,
body mass index (BMI; kg/m2), American Society of Anes-
thesiologists (ASA) physical status, abdominal surgery his-
tory, presence of underlying cirrhosis, and MELD score.
Surgical parameters collected were resected segments, oper-
ative time (time from incision to wound closure), intraopera-
tive drain placement (abdominal or thoracic), blood loss,
need and duration of Pringle maneuver, and conversion to
open surgery. Postoperative outcomes collected were 90-day
complications (according to the Clavien—-Dindo classifica-
tion [15]), intensive care unit admission, length of hospital
stay, and 30- and 90-day mortality. A complication of grade
IIT or higher was considered as major. A postoperative pul-
monary event was defined as the occurrence of either pleu-
ral effusion, postoperatively drained pneumothorax, or the
need for intensive physiotherapy due to the persistence of

Fig. 1 Flowchart of patient
inclusion
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non-drained pneumothorax on the postoperative day 2 chest
X-ray examination.

Preoperative imaging (CT scan and / or MRI) was ana-
lyzed to assess the tumor location according to Couinaud
classification [2] and the IWATE difficulty score [16] taking
into account the tumor size and its proximity to a major ves-
sel, mainly the right hepatic vein.

Tumors were classified according to their pathologi-
cal type: hepatocellular carcinoma, cholangiocarcinoma,
metastasis, or benign tumors, including adenoma and cys-
tadenoma. Histological tumor margin was reported as R1
when microscopically evaluated as inferior to 1 mm.

For each resected specimen, an experienced pathologist
performed a specific histological analysis of representa-
tive sections of non-neoplastic hepatic parenchyma. Fatty
accumulation was considered pathological for a hepatic fat
content involving 30% or more of hepatocytes. Liver fibrosis
was quantified according to the METAVIR score [17].

Laparoscopic procedure

Patients were placed in a semi-prone position. Four to five
abdominal ports were required (Fig. 2). Access to the peri-
toneal cavity was created in an open fashion on the right
anterior axillary line for introduction of the 30-degree scope.
The surgeon initially stood on the left side of the patient for
the abdominal time. Pringle maneuver was systematically
prepared. After liver mobilization, 1 or 2 transthoracic trans-
diaphragmatic 10-mm ports were inserted. This procedure
was always performed under vision control and while patient
was not ventilated. One-lung ventilation was not necessary.
The surgeon then moved to the right of the patient to perform
the resection after routine ultrasonic exploration of the liver
parenchyma. Parenchymal transection was performed using
either the CUSA Excell (Integra) or LigaSure (Medtronic)
device. Minor bleeding was controlled with bipolar forceps.
Larger structures were controlled with nonabsorbable poly-
mer locking clips or stapler as needed. After thoracic port

Fig.2 Installation and port
placement for transthoracic
laparoscopic approach
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removal, cutaneous scar was closed and the diaphragmatic
breach was systematically closed using a 3—0 barbed suture
to prevent diaphragmatic hernia. The created pneumotho-
rax was aspirated with a conventional laparoscopic suction
device. The right hemithorax was drained only if the previ-
ous procedure had failed. The abdomen of cirrhotic patients
was systematically drained to prevent postoperative pleural
effusion in case of postoperative ascites. Respiratory physio-
therapy was proposed at early postoperative stage and lasted
at least 5 days.

Robotic procedure

All procedures were performed using the Da Vinci X surgi-
cal system (Intuitive Surgical). The patient was placed in
French position and the operating table was rotated to the
left to facilitate liver mobilization. The surgical cart came
from above the head. The optical port was positioned on the
right anterior axillary line, 1 robotic port on the right, and 2
robotic ports on the left were added in accordance with the
good practice rules for docking. A 12-mm port for the assis-
tant was placed between the optical port and the right one.
Parenchymal transection was performed using the Vessel
Sealer device (Intuitive Surgical). An articulated robotic sta-
pler was applied as needed. No transthoracic port was used.
During robotic procedure, Pringle maneuver was systemati-
cally prepared, using an intracorporeal rubber loop. Thus,
the main operator remains autonomous for manipulation of
the hepatic pedicle clamp. Intermittent portal triad clamp-
ing was easily used as we know that bleeding can be more
important during RLR than laparoscopy. In both TTL and
RLR, intermittent clamping was used (15 min of ischemia
followed by reperfusion for 5 min or 10-5 min in case of
cirrhosis).
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Aim of the study

The purpose of our study was to compare RLR and TTL
for PS hepatic lesions. The main objective was to show that
robotic surgery could allow performing a more difficult
procedure according to difficulty score without altering the
postoperative course. Secondary endpoints were the inci-
dence of postoperative pulmonary events and the quality
of the resection assessed by pathological tumor margins
evaluation.

Statistical analysis

Continuous variables were expressed as median (range).
They were compared using the Mann—Whitney U test, Wil-
coxon’s test, or Student’s ¢ test, as appropriate. Categorical
variables were compared using Fisher’s exact test or y” test
as appropriate. The threshold for statistical significance was
set to p <0.05. All analyses were performed using SPSS ver-
sion 17 (SPSS, Chicago, IL).

Results

After application of the inclusion and exclusion criteria, a
total of 46 patients were included in the study comprising 30
RLR and 16 TTL. Patients’ demographics, clinical charac-
teristics, and indications for liver resection are summarized
in Table 1. Only wedge resections were performed in the
TTL group, while 43% of the patients in the RLR group had
an anatomical resection (p <0.001). In the RLR group, the
right hepatic vein was resected in one patient during seg-
mentectomy VII (allowed by the presence of an inferior right
hepatic vein for the venous drainage of segment VI) and was
sutured (5-0 polypropylene suture) in another patient with
a metachronous metastasis in the segment VII (Fig. 3). This
last procedure required a continuous clamping of 22 min.
The right hepatic vein was never dissected during TTL.

Overall, the difficulty score according to the IWATE dif-
ficulty scoring system was significantly higher in the RLR
group (p <0.001). The IWATE grade of the first 41 RLR
performed is presented in Fig. 4. The first PS RLR was per-
formed after 13 RLR procedures, and the first IWATE grade
8 procedure for PS segment was the 28th. RLR resection
in the PS segments reached a median IWATE grade of 7
(5-11).

The intra- and postoperative data are summarized in
Table 2. Total operative time was similar between the
two groups. Blood losses were higher in the RLR group
(p=0.51) with three patients in the RLR group and one
in the TTL group requiring blood transfusion. In the RLR
group, the first transfused patient was the first RLR one (2
units), due to both intraoperative hemorrhage and low initial

Table 1 Patient demographics, indication for liver resection, and clin-
ical and radiological characteristics

RLR (N=30) TTL (N=16) P value

Sex ratio M/F 15/15 97 0.76
Age 68 (20-75) 61 (26-76)  0.43
BMI 27 (20-45) 28 (17-45)  0.90
ASA score>3 9 7 0.51
Previous abdominal surgery 9 3 0.50
Cirrhosis 11 7 0.75
MELD 7 (6-27) 8 (6-12) NS
HCV 3 1
Hemochromatosis 1 0
Alcoholic disease 4 4
NASH 3 2
Malignancy 21 11 1
HCC 9 6
Cholangiocarcinoma 3 2
Metastasis 5 3
Other 3 0
Tumor location VII/VIII 18/12 9/7 1
Size (mm) 19 (7-90) 24 (11-45)  0.76
IWATE score 7(5-11) 5(5-8) <0.001
Wedge / anatomical resec- 17/13 16/0 <0,001
tion

RLR robotic liver resection, TTL transthoracic laparoscopy, M male, F
female, BMI body mass index, ASA score American society of anes-
thesiologists score, MELD model for end-stage liver disease, HCV
hepatitis ¢ virus, NASH non-alcoholic steatohepatitis, HCC hepato-
cellular carcinoma

hemoglobin level. In the TTL group, four units of blood
were transfused to the patient whose procedure was con-
verted to open surgery. The cause of the conversion was a
hemorrhage of the inferior vena cava injured during liver
mobilization, concomitant with a massive gas embolism
requiring the interruption of the procedure. This patient was
the ninth in the TTL group. The postoperative evolution was
very favorable after emergency recompression therapy in
a hyperbaric chamber, with no complication from the gas
embolism, allowing discharge from hospital on day 9 and
open surgery performed 6 weeks later for the treatment of
the liver metastasis left behind. The patient is alive at 3 years
without hepatic recurrence (though receiving second-line
chemotherapy for evolving pulmonary micronodulation).
In only one patient, the conversion from RLR to open
surgery occurred due to technical difficulties in liver mobi-
lization and exposure of the operative field. The patient was
obese (BMI 36) with confirmed cirrhosis and 60% steatosis.
The right hepatic vein was controlled by robotic approach
but for technical difficulties, conversion to open surgery
was decided without any context of emergency (total blood
loss of 600 mL, 400 mL at the time of conversion). During
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Fig.3 Preoperative (A) and
postoperative (B) CT findings
of a 52-year-old man with soli-
tary metastasis in the segment
VII operated on with Da Vinci
robotic system allowing intra-
operative lateral resection of
the right hepatic vein. IWATE
grade 7. *tumor, + surgical site,
white arrow: right hepatic vein

Fig.4 IWATE score of the first
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hospitalization, this patient presented bile leakage and pleu-
ral effusion justifying thoracic drainage and prolonged anti-
biotic therapy.

Complication rates, either overall or major, were similar
between groups (Table 2). No gas embolism occurred during
RLR and only four pulmonary events. In the TTL group, the
total number of pulmonary event was 8 including 4 intra-
operative thoracic drainages and 4 persistent postoperative
pneumothoraxes on postoperative day 2 chest X-ray exami-
nation. This difference in pulmonary events between the two
groups reached statistical significance (p=0.01). Length of
hospital stay and intensive care unit stay were shorter in the
RLR group.

After a subgroup analysis comparing the wedge resec-
tions in the RLR group with the TTL group, the IWATE
score and the proportion of segment VII / VIII are similar.
Operative time was shorter using the Da Vinci (126 min

@ Springer
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[57—163]), although there were no statistically significant
differences. One patient experienced severe complication
(parietal bleeding, Clavien—Dindo IIIb) in the RLR sub-
group. However, regarding overall complications, there
was no statistical difference between the two groups. No
pulmonary event was described after robotic wedge resec-
tion (p <0.01).

There was no difference in the quality of resection
(pathological R1 margin on surgical specimen). The R1
resections in the RLR group were reported for anatomical
segmentectomies and involved for example contact with
the right hepatic vein (anatomical resection of an HCC
with close contact with the vein in a patient not fit for a
right hepatectomy). In the TTL group, R1 resection was
observed for one case of liver metastasis and was a paren-
chymal R1.
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Table 2 Intra- and postoperative characteristics

RLR TTL P value
(N=30) (N=16)
Operative time 150 148 (115- 0.98
(75-272)  263)
Blood loss 300 (50- 150 (50-  0.51
1500) 2000)
Need of transfusion 3 1
Number of blood unit 5 4
Pringle maneuver (N) 28 14 0.60
Time of pringle maneuver (min) 26 (0-63) 24 (0-44) 0.30
Conversion rate 1 (techni- 1 (bleed- 1
cal) ing)
POD discharge 4 (1-13) 6 (2-14) 0.01
ICU stay (days) 1 (0-10) 3(0-7) <0.01
Postoperative complication 9 8 0.21
Minor complication 8 5 NS
Pneumothorax 0 4
Pleural effusion 2 0
Ascites 0 1
Cardiac decompensation 1 0
Urological complication 2 0
COVID 19 1 0
Anemia 2 0
Severe complication 3 3 NS
Evisceration 0 1
Repeat surgery for hemor- 2 0
rhage
Gas embolism 0 2
Bile leakage 1 0
Any pulmonary event 4 8 0.01
Liver failure 0 1 NS
30-day / 90-day mortality 0/0 0/0 NS
Microscopic positive margin 5 1 0.65

RLR robotic liver resection, TTL transthoracic laparoscopy, POD
postoperative day, /CU intensive care unit

Discussion

To our knowledge, only one retrospective study with pro-
pensity score has compared RLR and laparoscopic resec-
tion in the PS segments of the liver [18]. It was published
in 2016 by an Italian team and enrolled 36 RLR from two
HPB centers. However, the authors only use a pure lapa-
roscopic approach without using transthoracic ports. The
study mainly concluded in the feasibility of this approach
with an advantage to laparoscopy in terms of complications
and hospital stay. This study is really important because it
includes a large number of patients but significant techno-
logical advances may challenge their conclusions. First of
all, during robotic procedures, a port was inserted in the
right intercostal space between the 10th and 11th rib. The

described RLR technique is thus transthoracic which could
perhaps explain the complication rate and difference in hos-
pital stay as they did not use any transthoracic port in the
laparoscopic group. Secondly, there is a huge generation gap
between the Da Vinci S or Si system used in the Italian
report and the Da Vinci X or Xi system, which possesses an
articulated energy device and that allows the use of a robotic
articulated stapler. In our HPB center, we have carried out
some procedures with the Da Vinci S system but it did not
convince us about the interest of such system due to several
technical limitations. The main limitation was the lack of
available energy device for liver parenchymotomy. We now
use the Vessel Sealer which combines a sealing device with
a bipolar device and is well sized for clamp crushing.

Furthermore, a few meta-analyses comparing robotic to
laparoscopic hepatectomy were published recently showing
similar feasibility and safety and comparable oncological
results [19-21]. These studies showed also the feasibility
to use robotic resection for major hepatectomy, despite the
fact that they were less frequent with only 20% of major
robotic resection [21]. The largest meta-analysis was con-
ducted by Kamarajah et al. [21] and included 26 studies and
2630 patients of which 950 had robotic resection. Results of
these three studies are similar to ours including no signifi-
cant differences in blood loss, overall complications, and RO
resection rate. However, we had a significant shorter hospital
stay in the RLR group. In two of these meta-analyses [19,
21] operation time was longer in the robotic group which
probably results from factors, like set-up and docking time.
It is interesting to note that in our study operation time was
similar between the two groups. It can be assumed that,
despite the set-up and docking time, operative time depends
considerably on the surgeon’s experience. In agreement with
these studies, Cipriani et al. [22] showed in a multi-centric
propensity score-based study that the robotic approach in
highly difficult resections represents increased intraoperative
safety and could possibly extend the indication of surgery of
major hepatectomy.

However, these studies included all type of hepatectomy
and did not analyze specifically robotic resections of the
PS segments versus the TTL approach. Available data are
scarce. Recently, one case series reporting only 5 patients
[12] and one retrospective study [23] of the robotic approach
of the PS segments were published. Zhao et al. [23] analyzed
retrospectively 100 robotic resections of the PS segments of
the liver and concluded that this approach was safe and fea-
sible, but without comparing these results to an alternative
approach, like laparoscopic resection or TTL.

This is therefore the first report of a comparison between
RLR and TTL for PS liver lesions. Yet RLR is an emerging
technique for tumors that are difficult to remove by laparos-
copy. Furthermore, our experience suggests that RLR may
be superior to TTL for two main reasons. The first argument
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is that postoperative course and intraoperative bleeding are
not worse compared to TTL. Pulmonary events and poten-
tial of thoracic tumor implantation are clearly less frequent
in the RLR group and this is not negligible in the era of
enhanced recovery development [23]. We also observed a
significantly shorter ICU stay in the RLR group which was
consistent with other studies [20, 24]. The second argument
lays in the technical possibilities offered by the robotic surgi-
cal system like, for example, a stable 3D view and wristed
instrumentation with higher grade of mobility and filtration
of tremor [25, 26]. The learning curve seems really short-
ened compared to laparoscopy [27] and our experience
shows a significant increase in the difficulty of the interven-
tions performed after a surgical experience of 30 procedures.
This appears especially marked regarding procedures in the
PS segments. This threshold of 30 RLR has already been
reported in the literature [28, 29]. The originality of our
work was to demonstrate that, after a really fast learning
curve, the robotic approach makes it possible to perform
more technically challenging procedures than those that
would have been accomplished by traditional laparoscopy.
This means that almost half of our RLR would not have been
possible in a mini-invasive fashion without the Da Vinci X
system. Nota et al. reported in 2019 [13], a multi-centric
study comparing RLR to open resections in the PS seg-
ments. The hospital length of stay in the RLR group was 4
(3-6) days, which is similar to our study. It was significantly
shorter than in the open surgery group (10 days). The switch
from open surgery to RLR for 11 patients who would not
have been eligible for TTL in our institution theoretically
allowed us to save up to 66 days of hospitalization.

Other advantages of the robot can be discussed and
may explain why experienced operators prefer this surgi-
cal approach. Five ports are sufficient to explore and resect
almost all hepatic segments and the interchangeability of
the optical port with any other port allows multiple resec-
tions with a limited number of wall incisions. In our series,
two excluded patients underwent multiple resections (left
lateral sectionectomy + wedge resection in segment VII and
segmentectomy VI+ wedge resection in segment VIII). No
additional port was needed to operate on these two cases. In
addition, transthoracic accesses are known to cause chronic
pain [30]. In our experience, thoracic incision was never nec-
essary during RLR. Ten percent of our RLR were performed
for intrahepatic cholangiocarcinoma. This number is even
more important in the whole cohort of 118 RLR patients.
Indeed, robotic approach is often preferred because of the
ease of carrying out the lymphadenectomy of the hepatic
pedicle.

However, one major inconvenience of the robotic
approach are the economic costs. A recent review [31]
showed significantly higher operative, hospitalization,
and overall costs for robotic resection versus laparoscopic
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resection, minor, and major hepatectomy included. Conse-
quently, those costs should be taken into account, but should
also be balanced by the above advantages of this innovative
approach.

The present study has several limitations. First, there is
a selection bias due to the retrospective nature of the study.
Secondly, we included a small number of patients which
could have led to a lack of statistical power. Randomized
trials are needed to lessen these biases and to support our
results.

In conclusion, RLR may provide some advantages over
TTL for the resection of tumors located in the PS segments
and lead to drive more patients to mini-invasive surgery.
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