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Abstract

Introduction: Robotic surgery is widely diffused in the surgical field and is becoming increasingly

prevalent, however several aspects need more detailed assessment. One of them concerns the role of

robotic liver surgery for lesions in contact with major vascular (CMV) pedicles. The aim of our study is to

evaluate and compare intra and post operative outcomes in patients undergoing robotic liver resections

between lesions in contact or free from major vessels.

Methods: A multicentric retrospective study was performed including 1030 patients who underwent

robotic liver resection. Patients were divided into two groups according to vascular contact. Intra and

post-operative outcomes were compared between the groups before and after Propensity Score

Matching.

Results: After propensity score matching 889 patients were included in the study. Among these lesions,

595 were not in contact with major vessels (NCMV) and 294 were in contact with major vessels (CMV).

Use of Pringle Manoeuvre was more associated with CMV resections (49.8 % vs 31.2 %, p = 0,0001). No

differences in terms of operative time, conversion rate, morbidity and type of complications were

observed after PSM.

Conclusion: The presents study shows how robotic surgery is a valid and safe technique also for

resection of tumors close to vascular pedicles.
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Introduction

In recent years, the introduction of more robotic platforms
helped to increase diffusion of robotic surgical procedures.
Due to the improved range of movements that robotic arms

and instruments are able to perform, researcher’s attention was
gradually drawn on robotic-assisted liver surgery.1

Compared to open resection, robotic liver surgery shows a
reduced incidence of intraoperative haemorrhage, this is probably
due to greater visualization of the surgical field and the possibility
of performing complex movements with greater agility.
This results in fewer postoperative complications and a

quicker postoperative recovery, assuming the same surgical
margin status.2

Robotic liver surgery seems to be superior to the laparoscopic
approach especially considering complex hepatectomies, such as
posterosuperior resection, hilar dissection, and bilio-enteric
anastomoses.3 The robotic approach might, also, lead to
slightly higher Textbook Outcomes in Liver Surgery (TOLS) rates
than laparoscopic Surgery.4

Despite the diffusion of robotic surgery and the growing focus
of researchers, several aspects still need to be discussed. One of
these concerns the role of robotic liver surgery for lesion in
contact with or in close proximity to major vascular (CMV)
pedicles.
To our knowledge, in literature there are no studies reporting

outcomes concerning this specific scenario.
The aim of our study is to evaluate and compare intra and post

operative outcomes in patients undergoing robotic liver re-
sections (RLR) between lesions in contact or free from major
vessels.
Figure 1 Intraoperative view of lesion in contact with major vascular

pedicle. RHV = Right hepatic vein
Methods

A multicentric retrospective study was performed including 1030
patients who underwent robotic liver resection. Among them, we
included in the study 889 patients who underwent liver resection
for malignancies.
Surgery was performed from January 2011 to March 2022 at

12 European tertiary hepatobiliary surgery centers.
Each center received both approval from its own ethics com-

mittee and the informed consent to collect individual patient
clinical data.
Patient demographic data and preoperative variables were

collected: Age, BMI, American Society of Anesthesiologists
(ASA) score; comorbidities; cause of cirrhosis; Child-Pugh and
the model for end-stage liver disease (MELD) scores; previous
surgery and indications to surgery.
All patients were staged preoperatively considering computer

tomography of the chest-abdomen-pelvis and/or abdominal
magnetic resonance.
The diagnosis was based on radiological findings (CT and/or

MRI) and biopsy was used for unclear radiological diagnosis. In
HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
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addition, each patient’s case was discussed with a multidisci-
plinary team.
The collected tumor data included: number of lesions, size,

location in the liver (anterior or posterior segments), vascular
contact, type of surgical resection and Iwate score.
Patients were divided into two groups according to tumor

contact or distance from vessels. Vascular contact was defined as
radiological evidence, at pre-operative staging, of portal branch
or hepatic vein contact without radiological signs of infiltration
(<1 mm) confirmed by surgeons at IOUS. Tumor without
vascular contact were defined as a minimum distance of at least
1 mm between the mass and vascular pedicles with an evident
plane of transition without sign of contact/infiltration
(Figs. 1–3).
All hepatic resections were performed by expert hepato-biliary

surgeons using DaVinci XI platform.
The Couinaud classification was used to define liver segmen-

tation and the Brisbane 2000 terminology was used to determine
the liver resections.5,6 Tumors involving segments VI-VII, VII,
VIII were defined as located in the postero-superior segments.7

Major hepatectomy was defined as the resection of three or
more segments.6

Intraoperative results analysed were: operative time, Pringle
maneuver, intra-operative blood transfusion, estimated blood
loss, conversion, and reason for conversion (anesthesiological
problems, bleeding, adhesion, oncological radicality).
Post-operative data considered were: post-operative compli-

cations (biliary leak, haemorrhage, post-operative infection)
according to Clavien-Dindo classification,8 median hospital stay,
90 days re-admission, 90 days mortality, and R0 resection.
Peri-operative data were retrospectively analyzed and

compared in both groups before propensity score matching (b-
PSM) and after 1:1 propensity score matching (a-PSM).
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Figure 2 Schematic view of lesions not in contact wiht major vascular

pedicles

Figure 3 Schematic view of lesions in contact with major vascular

pedicles
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Statistical analysis
Data are reported as median with interquartile range for
continuous variables or numbers (percentages) of patients for
categorical variables.
The Student’s t-test was used to compare continuous variables.

Associations between categorical variables were evaluated by
using Chi-squared test or Fisher test as appropriate. We assessed
a propensity score-matched cohort by using an automated pro-
cedure to pair patients according to lesion distance from vessels.
The propensity score was based on a multivariable logistic

regression model including: Age, BMI, ASA>2, Previous surgery,
Comorbidities >2, Cirrhosis, Number of tumors, tumor size,
anatomical resection, major resection, Iwate >7. Matching was
performed in a 1:1 ratio using a caliper width of 0.25 of the
HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
access
standard deviation of the linear predictor of the estimated pro-
pensity score.9 Variables were compared before and after match-
ing using a test for paired data. A p value < 0.05 was considered
statistically significant. All analyses were conducted using STATA
software, version 16 (Stata-Corp LP, College Station, Tex).

Results

The study included 889 patients. Among them, 595 lesions were
free from contact with major vessels (NCMV) and 294 were in
contact with major vessels (CMV). HCC were the most common
tumor’s type (39.5 %), followed by colorectal liver metastasis
(38.2 %). 294 lesions were in contact with major vessels; 127
(43.2 %) with portal vein (PV), 118 (40.1 %) with hepatic vein
(HV) and in 49 (16.7 %) cases lesions were in contact with both
vascular structures. Mean tumor’s size was 32 ± 19 mm.
Anatomical resection was performed in 48.4 % of cases. Major
hepatectomies were 12.7 % while Iwate score was �7 in 27.1 %
of the surgical procedures.

Patient characteristics and perioperative outcomes
in the overall cohort, before PSM
Baseline characteristics of patients in the overall cohort, before
propensity scorematching, shows in both groups a predominance
of male patients (63.2 % and 60.5 %), with a mean age of 66 years
old in both groups. Patients in the NCMV group were frailer with
more comorbidities (ASA>2 50.3 % vs 32.7 %, p = 0.001). Pa-
tients in the NCMV group were more likely to have undergone
previous surgery (56.4%vs46.8 %, p = 0.009). Cirrhosis and
therefore HCC, were more observed in the NCMV group,
(cirrhosis 42.9 % vs 30.8 %; HCC 42.7 % vs 33 %). Instead,
intrahepatic cholangiocarcinomawas more prevalent in the CMV
group (16.7vs6.2, p = 0.001). Other tumor types were equally
observed between the two groups. No difference was observed in
grade of cirrhosis (Child Pugh A grade 96.1 % vs 98 %), while
mean MELD score were higher in NCMV (7.8 ± 2.6 vs 6.9 ± 1.5).
No differences were observed between locations and number of
lesions. In the CMV group larger tumor size (mean size 39 ± 22
vs29 ± 16, p = 0.001), higher rate of anatomical resections (60.9%
vs 42.2%, p = 0.0001) andmajor hepatectomies (26.9% vs 5.7%,
p = 0.0001) and lower rate of wedge resections (38.4 % vs 57 %,
p = 0.0001) were observed. Resections in the CMV group were
more complex, so their Iwate score was �7 in 34.7 % vs 23 %
(p = 0.002) in the NCMV group. In the CMV group the mean
operative time was longer (264 ± 106 vs 239 ± 107, p = 0.001) and
a higher rate of conversion was observed (10.2 % vs 4.7,
p = 0.002). No difference was found between the two groups
regarding conversion’s reasons except for adhesions (32%NCMV
vs 10 % CMV p = 0.002). No differences were found in terms of
blood loss and blood transfusions. More Pringle maneuvers were
performed in the CMV group (55.8 % vs 33.2 %, p = 0.0001).
Regarding post operative outcomes, no differences were found in
terms of morbidity (17.8 vs 18.3 %), instead severe morbidity
(Clavien Dindo III/IV) was more common in the CMV group,
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even if it didn’t show any statistical significance (7 % vs 11.8,
p = 0.064). No differences were observed when comparing types
of complications. Reoperation rate was similar between the two
groups, the same is true for length of stay, R0 rate, readmission at
90-days and 90-daysmortality. Re-hepatectomy rate was higher in
the CMV group (8.3 % vs 5 %), without, however, achieving
statistical significance (p = 0.058). All the results are shown in
Table 1.

Patient characteristics and perioperative outcomes
in the overall cohort, after PSM
After propensity score matching, NCMV and CMV groups
both included 216 patients. NCMV group no longer exhibited
Table 1 Preoperative characteristics before and after propensity matc

Before PSM (n:889)

No Contact
vessels (n:595)

Contact vessels
(n:294)

Male n (%) 375 (63.2 %) 178 (60.5 %)

Age (yr) median (range) 66 ± 11 66 ± 12

BMI (kg/cm2) median (range) 26.3 ± 3.9 26.4 ± 4.0

ASA�2 n (%) 298 (50.3 %) 96 (32.7 %)

Previous surgery (%) 332 (56.4 %) 125 (46.8 %)

Cirrhosis n (%) 251 (42.9 %) 89 (30.8 %)

Child Pugh n(%)

A 240 (96.1 %) 87 (98 %)

B 11 (3.9 %) 2 (2 %)

MELD median (range) 7.8 ± 2.6 6.9 ± 1.5

Histological tumor’s type n(%)

HCC 254 (42.7 %) 97 (33 %)

CRLM 220 (37 %) 120 (40.8 %)

NCRLM 67 (11.3 %) 24 (8.2 %)

iCCA 37 (6.2 %) 49 (16.7 %)

pCCA 1 (0.2 %) 0 (0 %)

Gallbladder 16 (2.7 %) 4 (1.4 %)

Benign 0 0

Tumors number n(%)

Single 417 (70.3 %) 202 (68.7 %)

Multinodular 176 (29.7 %) 92 (31.3 %)

Tumors size biggest lesion
(mm) median (SD)

29 ± 16 39 ± 22

Type of vein’s contact n (%)

Portal Vein / 127 (43.2 %)

Hepatic Vein / 118 (40.1 %)

Both / 49 (16.7 %)

Tumor locations n (%)

Anterior 455 (77.9 %) 225 (77.6 %)

Posterior 331 (56.7 %) 178 (61.4 %)

The numbers in bold are the significant values.

HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
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a higher rate of patients with ASA>2 and with more
comorbidities, however it was still associated with several
patients who had already undergone previous surgery (56.7 %
vs 47.1 %, p = 0.035). Between the two groups, no further
differences were observed in terms of cirrhosis, MELD score
and tumor’s type. Only non-colorectal liver metastasis were
more represented in the NCMV group without, however,
reaching statistical significance (p = 0.071). Tumor sizes were
now similar between the two groups. Anatomical resection
and major hepatectomy rate were found to be comparable.
All these preoperative characteristics are in Table 1. The rate
of complex resections (Iwate score �7) was comparable be-
tween the two groups. No differences were observed in
hing, according to vessel contact

After PSM (n:432)

P value NO Contact
Vessels (n:216)

Contact vessels
(n:216)

P value

0.436 129 (59.7 %) 138 (63.9 %) 0.371

0.538 66 ± 10 66 ± 12 0.563

0.570 26.3 ± 3.5 26.4 ± 3.9 0.988

0.001 78 (36.3 %) 82 (38.1 %) 0.663

0.009 118 (56.7 %) 98 (47.1 %) 0.035

0.001 62 (30.1 %) 65 (31.6 %) 0.729

0.340 60 (96.1 %) 64 (99 %) 0.531

2 (3.9 %) 1 (1 %)

0.002 7.1 ± 2.1 6.9 ± 1.6 0.938

0.005 67 (31 %) 73 (33.8 %) 0.522

0.268 90 (41.7 %) 93 (43.1 %) 0.761

0.152 28 (13.0 %) 17 (7.9 %) 0.071

0.001 23 (10.6 %) 29 (13.4 %) 0.366

1.000 1 (0.5 %) 0 (0 %) 1.000

0.209 7 (3.2 %) 4 (1.9 %) 0.549

0 (0 %) 0 (0 %)

0.622 154 (71.6 %) 152 (70.7 %) 0.831

0.622 61 (28.4 %) 63 (29.3 %) 0.830

0.001 35 ± 18 35 ± 16 0.980

/ 104 (48.1 %)

/ 81 (37.5 %)

/ 31 (14.4 %)

0.913 159 (76.8 %) 152 (73.4 %) 0.453

0.185 127 (61.4 %) 119 (57.5 %) 0.454
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operative time and conversion rate after PSM. Use of Pringle
Maneuver remained more associated with CMV resections
(49.8 % vs 31.2 %, p = 0,0001). No difference in terms of
morbidity and type of complications was observed between
the two groups. Re-hepatectomy remained higher in in CMV
Table 2 Perioperative characteristic before and after propensity score

Before PSM (n:889)

No Contact
vessels (n:595)

Contact ves
(n:294)

Iwate score �7 94 (23 %) 77 (34.7 %)

Major resection 34 (5.7 %) 79 (26.9 %)

Anatomical resection 251 (42.2 %) 179 (60.9 %)

Type of hepatectomy (%)

Wedge 331 (57 %) 111 (38.4 %)

Segmenctectomy 133 (22.9 %) 58 (20.1 %)

Left Lateral sectorectomy 60 (10.3 %) 30 (10.4 %)

Right Posterior sectorectomy 11 (1.9 %) 12 (4.2 %)

Right Anterior sectorectomy 2 (0.3 %) 1 (0.3 %)

Other sectorectomy 18 (3.1 %) 6 (2.1 %)

Left hepatectomy 20 (3.4 %) 42 (14.5 %)

Right hepatectomy 14 (2.4 %) 36 (12.5 %)

Central hepatectomy 0 (0 %) 1 (0 %)

Rehepatectomy 29 (5.0 %) 22 (8.3 %)

Operative time (min) median (SD) 239 ± 107 264 ± 107

Conversion 28 (4.7 %) 30 (10.2 %)

Reasons of conversion

Anesthesiological problems 3 (12 %) 7 (24 %)

Adhesions 8 (32 %) 3 (10 %)

Bleeding 6 (24 %) 8 (28 %)

Oncological radicality 8 (32 %) 11 (38 %)

Estimated blood loss (mL) (SD) 215 ± 239 231 ± 181

Blood transfusion n (%) 43 (30 %) 5 (12 %)

Pringle Manoeuvre n (%) 196 (33.2 %) 164 (55.8 %)

Postoperative complication n(%) 104 (17.8 %) 53 (18.3 %)

Dindo Clavien III-IV n (%) 33 (7 %) 18 (11.8 %)

Type of complication n(%)

Ascites 28 (5.5 %) 15 (5.4 %)

Biliary leakage 12 (2.1 %) 9 (3.1 %)

Hemorrhage 10 (2 %) 9 (3.3 %)

Pulmonary infection 32 (6.3 %) 17 (6.2 %)

Other infection 26 (5.2 %) 16 (5.9 %)

Reoperation n(%) 6 (1.2 %) 5 (1.8 %)

Length of hospital stay median (SD) 5.9 ± 3.2 6 ± 4.5

Resection R1 n(%) 42 (7.1 %) 26 (8.9 %)

Readmission at 90-days 25 (4.5 %) 13 (6.2 %)

Mortality 90 days n(%) 2 (1.8 %) 1 (1.6 %)

The numbers in bold are the significant values.

HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
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group although it didn’t reach statistical significance (8.8 %
vs 4.4 %, p = 0.093). Reoperation rate stayed similar in the
two groups, the same occurred for length of stay, R0 rate,
readmission at 90-days and 90-days mortality. All results are
shown in Table 2.
matching

After PSM (n:432)

sels P value No Contact
vessels (n:216)

Contact vessels
(n:216)

P value

0.002 34 (29.8 %) 29 (25.4 %) 0.475

0.001 25 (11.6 %) 30 (13.9 %) 0.383

0.001 114 (52.8 %) 114 (52.8 %) 1.000

0.001 95 (46.3 %) 94 (45.9 %) 0.914

0.344 42 (20.5 %) 51 (24.9 %) 0.299

0.980 27 (13.2 %) 22 (10.7 %) 0.456

0.050 7 (3.4 %) 10 (4.9 %) 0.629

1.000 1 (0.5 %) 1 (0.5 %) 1.000

0.386 9 (4.4 %) 6 (2.9 %) 0.607

0.001 17 (8.3 %) 19 (9.3 %) 0.839

0.001 8 (3.9 %) 9 (4.4 %) 1.000

0.332 0 (0 %) 1 (0.5 %) 1.000

0.058 9 (4.4 %) 18 (8.8 %) 0.093

0.001 250 ± 117 262 ± 108 0.144

0.002 12 (5.6 %) 21 (9.7 %) 0.106

0.309 0 (0 %) 0 (0 %) /

0.049 1 (100 %) 0 (0 %) /

0.764 0 (0 %) 1 (0 %) /

0.649 0 (0 %) 0 (0 %) /

0.323 225 ± 202 222 ± 182 0.725

0.03 9 (4.5 %) 6 (3 %) 0.607

0.001 67 (31.2 %) 107 (49.8 %) 0.001

0.856 41 (19.7 %) 32 (15.4 %) 0.249

0.064 5 (5 %) 8 (8 %) 0.549

0.964 6 (3.5 %) 9 (5.2 %) 0.581

0.349 7 (3.3 %) 5 (2.4 %) 0.774

0.265 3 (1.8 %) 3 (1.8 %) 1.000

0.942 13 (7.6 %) 10 (5.8 %) 0.648

0.684 9 (5.3 %) 10 (5.9 %) 1.000

0.532 2 (1.2 %) 5 (2.9 %) 0.453

0.757 5.6 ± 2.8 5.7 ± 3.6 0.932

0.464 16 (7.4 %) 11 (4.9 %) 0.754

0.352 6 (4 %) 8 (5.3 %) 0.791

1.000 0 (0 %) 0 (0 %) /
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Discussion

Robotic surgery is gaining increasing acceptance in liver surgery,
even for complex cases.10–12 However, the role of robotic surgery
in the resection of lesions in contact with major vascular (CMV)
pedicles remains controversial and no data on this specific aspect
have been reported in the literature. To our knowledge, this is the
first study reporting the results of the robotic approach in this
specific scenario. Our results showed no difference in terms of
short-term outcomes between lesions distant from vessels
(NCMV) and lesions in contact with vessels (CMV) when using
the robot (Table 2). After propensity score matching, the robotic
approach allowed complex resections without sacrificing addi-
tional parenchyma due to its increased capacity for “vessel
sparing” surgery. This resulted in comparable rates of major liver
resection between the two groups (13.9 % vs 11.6 %) (Table 2).
Despite involving lesions in contact with vascular structures, so
with a high risk of bleeding, no difference in terms of blood loss,
transfusions, open conversion and operating time was observed
(Table 2.) This could be attributed to the robotic platform’s
enhanced precision, able to facilitate complex maneuvers such as
hemorrhage control and suturing. It should be noted that there
was a higher rate of Pringle maneuver in the vessel-contact group
(49.8 % vs 31.2 %, p = 0.001). Although we don’t have trans-
aminase curves in the postoperative period, the absence of dif-
ferences in hospital stay and postoperative course suggests that
the increased use of Pringle didn’t lead to postoperative effects in
terms of cytolysis or liver failure (Table 2). As mentioned above,
no differences were observed in post-operative complications
(19.7 % vs 15.4 %, p = 0.249). Regarding short-term outcomes,
it’s worth noting that re-intervention rate, hospital stay and re-
admissions within 90 days were similar in the two groups. No
mortality was reported in both groups. In addition, the onco-
logical radicality of resections was comparable (R1 resection
7.4 % vs 4.9 %, 0.754). It’s important to highlight that the
NCMV group had a significantly higher proportion of patients
that had already undergone surgery (56.7 % vs 47.1 %,
p = 0.035). However, it’s noteworthy that the rate of re-
hepatectomy is higher and almost statistically significant in
favor of the CMV group (4.4 % vs. 8.8 %, p = 0.093) showing
how robotic surgery may facilitate resections even in complex
scenarios like re-hepatectomies. Therefore, there was no differ-
ence between the two groups in terms of lesion location (anterior
vs posterior). A well-established finding in minimally invasive
liver surgery literature is the significant difference in difficulty
between resecting lesions located in the posterior versus anterior
sectors. This difference is so important that it is included into
several difficulty scores,13–16 so this aspect deserves careful
analysis. The IWATE score, a widely recognized critical score for
stratifying the difficulty of a liver resection, considers among its
variables factors such as precise tumor location and proximity to
vessels.17 The result of our study shows how robotic surgery
somehow revolutionizes this concept of difficulty, questioning
HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
access
the validity of the score for robotic surgery.15 This aspect was
analyzed by several authors who compared the main difficulty
scores (IWATE, IMM and Southampton) for robotic re-
sections.18 IWATE and IMM systems can predict certain out-
comes, such as intra-operative complications and unplanned
conversions, with reasonable accuracy. However, overall perfor-
mance across all assessed metrics was suboptimal, as evidenced
by AUCs below the 700 benchmark. The Southampton model
showed the highest accuracy for predicting Clavien - Dindo� III
complications, however this accuracy didn’t consistently extend
to other categories.18 So, as mentioned by Lamberty et al. in their
study, the IWATE score remains a valid tool for assessing pre-
paratory difficulty, planning resection, and training young sur-
geons, however it may be less accurate regarding robotic
surgery.19 Therefore, “Tampa” a specific robotic difficult score
was recently proposed by Sucandy I. et al. To fill this critical
gap.20 It not only includes but uniquely uses factors that are
important in robotic hepatectomy, such as the need for radical
portal lymphadenectomy and extra-hepatic biliary resection with
Roux-en-Y reconstruction. By incorporating these specific ro-
botic surgery considerations, the Tampa Difficulty Score provides
a more accurate and predictive tool for assessing the complexity
of robotic hepatectomies compared to laparoscopic-focused
scoring systems like IWATE, IMM, and Southampton.20 Had
we considered the tampa score in our study, we would have
noticed how in both groups, the scores would probably have
been lower because >70 % of the lesions are located in the
anterior site (score 1–3) and about 50 % are wedge resection (+0
points). However, a significant proportion of cases would still
have been classified as complex resections considering that they
were all neoplastic lesions >3 cm (6 points), >20 % complex
resections (right hepatectomies, left hepatectomies, sectorec-
tomies (12 points) and in 13 % of cases they needed a
lymphadenectomy (12 points). Thus, while laparoscopy remains
the more commonly used surgical approach for minimally
invasive hepatectomy, its inherent technical limitations including
straight, fixed, handheld instruments with restricted range of
motion, can hinder the resection of nonanatomic anterolateral
and peripheral liver tumors. Robotic surgery seems to overcome
some of these limitations, expanding the technical applications
and complexity level of liver operations.21,22 To our knowledge,
in literature, there are no studies reporting a series of robotic
resections of lesions in contact with vessels. There are sporadic
case reports that nevertheless show these advantages of robotic
surgery. Song et al. report the robotic resection of a voluminous
hepatocarcinoma with inferior vena cava thrombosis, Machado
et al. report a Robotic Right Hepatectomy with Portal Vein
Thrombectomy for Colorectal Liver Metastasis, and finally
Magistri P. et al report a series of robotic resections in the setting
of cholangiocarcinomas (from type I to type IV according to
Bismuth-Corlette classifications) including portal vein en-bloc
resection at the confluence with end-to-end reconstruction.23–
25 Further prospective randomized studies of the various
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techniques will help to precisely define the role of robotic plat-
form in liver surgery. Indeed, if robotic complex vessels sparing
resection might be feasible from a technical point of view, data
on oncological validity are still preliminary. Certainly, there are
also some limitations of this technique. First, the limited avail-
ability of robotic systems, often restricted to one maximum two
consoles per hospital shared among all the sub-specialties. Sec-
ondly, the learning curve associated with robotic surgery, often
influenced by infrequent use due to limited access, is very steep,
even for surgeons who already have experience in laparoscopic
liver surgery.26 Bernandi et al. declare that to overcome the
learning curve it is necessary to carry out at least 40 robotic re-
sections of low and intermediate difficulty, which is still not a
properly low number.27 This study has several limitations, first, it
is a retrospective study, although with application of propensity
score matching; second, all centers included in the study are
tertiary centers for minimally invasive liver surgery, so it may not
be reproducible in other contexts; third, a comparison with the
laparoscopic technique, but especially with the open technique,
is lacking. Indeed, the robotic technique still suffers from the
economic limitation and from longer operative times compared
to open surgery, despite achieving the same oncologic outcomes.
However, the big advantage of the robotic approach could prove
to be precisely in complex scenarios, (such as lesions in contact
with vessels) overcoming the technical limitations of laparoscopy
but maintaining the advantages of short-term outcomes over
open surgery.28–30
Conclusion

In conclusion, robotic surgery proves to be a valid and safe
technique for resections also for tumors close to vascular pedi-
cles. Further randomized studies are expected to discuss this
emerging issue. In the future, it is hoped that there will be studies
comparing this technique with laparoscopic and open surgery in
this specific setting.

Conflict of interest

The authors have no conflict of interest to declare.

References

1. Fagenson AM, Gleeson EM, Pitt HA, Lau KN. (2021) Minimally invasive

hepatectomy in north America: laparoscopic versus robotic.

J Gastrointest Surg 25. https://doi.org/10.1007/s11605-020-04703-6.

2. He ZQ, Mao YL, Lv TR, Liu F, Li FY. (2024) A meta-analysis between

robotic hepatectomy and conventional open hepatectomy. J Robot

Surg 18. https://doi.org/10.1007/s11701-024-01882-1.

3. Liu R, Wakabayashi G, Kim HJ, Choi GH, Yiengpruksawan A, Fong Y

et al. (2019) International consensus statement on robotic hepatectomy

surgery in 2018. https://doi.org/10.3748/wjg.v25.i12.1432.

4. Sijberden JP, Hoogteijling TJ, Aghayan D, Ratti F, Tan E-K, Morrison-

Jones V et al. (2024) Robotic versus laparoscopic liver resection in various

settings. Ann Surg. https://doi.org/10.1097/SLA.0000000000006267.
HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
access
5. Couinaud C (1980). Definition of hepatic anatomical regions and their

value during hepatectomy. Chirurgie 106.

6. Strasberg SM, Phillips C. (2013) Use and dissemination of the Brisbane

2000 nomenclature of liver anatomy and resections. Ann Surg 257.

https://doi.org/10.1097/SLA.0b013e31825a01f6.

7. Fiorentini G, Ratti F, Cipriani F, Cinelli L, Catena M, Paganelli M et al.

(2019) Theory of relativity for posterosuperior segments of the liver. Ann

Surg Oncol 26. https://doi.org/10.1245/s10434-019-07165-6.

8. Clavien PA, Barkun J, De Oliveira ML, Vauthey JN, Dindo D,

Schulick RD et al. (2009) The clavien-dindo classification of surgical

complications: five-year experience. Ann Surg 250. https://doi.org/

10.1097/SLA.0b013e3181b13ca2.

9. Rosenbaum PR, Rubin DB. (1985) Constructing a control group using

multivariate matched sampling methods that incorporate the propensity

score. Am Statistician 39. https://doi.org/10.1080/00031305.1985.1047

9383.

10. Sucandy I, Shapera E, Syblis CC, Crespo K, Przetocki VA, Ross SB

et al. (2022) Propensity score matched comparison of robotic and open

major hepatectomy for malignant liver tumors. Surg Endosc 36. https://

doi.org/10.1007/s00464-021-08948-3.

11. Shapera EA, Ross S, Syblis C, Crespo K, Rosemurgy A, Sucandy I.

(2023) Analysis of oncological outcomes after robotic liver resection for

intrahepatic cholangiocarcinoma. Am Surg 89. https://doi.org/10.1177/

00031348221093933.

12. Delvecchio A, Conticchio M, Inchingolo R, Ratti F, Magistri P, Belli A

et al. (2024) Robotic major hepatectomy in elderly patient. Cancers

(Basel) 16. https://doi.org/10.3390/cancers16112083.

13. Berardi G, Muttillo EM, Colasanti M, Mariano G, Meniconi RL, Ferretti S

et al. (2023) Challenging scenarios and debated indications for laparo-

scopic liver resections for hepatocellular carcinoma. Cancers (Basel) 15.

https://doi.org/10.3390/cancers15051493.

14. Buell JF, Cherqui D, Geller DA, O’Rourke N, Iannitti D, Dagher I et al.

(2009) The international position on laparoscopic liver surgery: the

Louisville statement, 2008. Ann Surg 250.

15. Sijberden JP, Hoogteijling TJ, Aghayan D, Ratti F, Tan EK, Morrison-

Jones V et al. (2024) Robotic versus laparoscopic liver resection in

various settings: an international multicenter propensity score matched

study of 10.075 patients. Ann Surg 280:108–117. https://doi.org/

10.1097/SLA.0000000000006267.

16. Delvecchio A, Inchingolo R, Laforgia R, Ratti F, Gelli M, Anelli MF et al.

(2021) Liver resection vs radiofrequency ablation in single hepatocellular

carcinoma of posterosuperior segments in elderly patients. World J

Gastrointest Surg 13:1696–1707. https://doi.org/10.4240/

wjgs.v13.i12.1696.

17. Ban D, Tanabe M, Ito H, Otsuka Y, Nitta H, Abe Y et al. (2014) A novel

difficulty scoring system for laparoscopic liver resection. J Hepato-

Biliary-Pancreatic Sci 21. https://doi.org/10.1002/jhbp.166.

18. Sucandy I, Ross SB, Adorno Flores J, Syblis C, Pattilachan TM,

Christodoulou M et al. (2024) Comparison of IWATE, institut mutualiste

montsouris, and Southampton laparoscopic liver resection difficulty

scoring systems for predicting intra and postoperative outcomes in

robotic hepatectomy. Am Surg. https://doi.org/10.1177/0003134824

1241616.

19. Lamberty SA, Hoelzen JP, Katou S, Becker F, Juratli MA, Andreou A

et al. (2024) Validation of the IWATE criteria in robotic-assisted liver

resections. J Clin Med 13. https://doi.org/10.3390/jcm13092697.
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1007/s11605-020-04703-6
https://doi.org/10.1007/s11701-024-01882-1
https://doi.org/10.3748/wjg.v25.i12.1432
https://doi.org/10.1097/SLA.0000000000006267
https://doi.org/10.1097/SLA.0b013e31825a01f6
https://doi.org/10.1245/s10434-019-07165-6
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1080/00031305.1985.10479383
https://doi.org/10.1080/00031305.1985.10479383
https://doi.org/10.1007/s00464-021-08948-3
https://doi.org/10.1007/s00464-021-08948-3
https://doi.org/10.1177/00031348221093933
https://doi.org/10.1177/00031348221093933
https://doi.org/10.3390/cancers16112083
https://doi.org/10.3390/cancers15051493
http://refhub.elsevier.com/S1365-182X(24)02327-X/sref14
http://refhub.elsevier.com/S1365-182X(24)02327-X/sref14
http://refhub.elsevier.com/S1365-182X(24)02327-X/sref14
https://doi.org/10.1097/SLA.0000000000006267
https://doi.org/10.1097/SLA.0000000000006267
https://doi.org/10.4240/wjgs.v13.i12.1696
https://doi.org/10.4240/wjgs.v13.i12.1696
https://doi.org/10.1002/jhbp.166
https://doi.org/10.1177/00031348241241616
https://doi.org/10.1177/00031348241241616
https://doi.org/10.3390/jcm13092697
http://creativecommons.org/licenses/by/4.0/


28 HPB
20. Sucandy I, Dugan MM, Ross SB, Syblis C, Crespo K, Kenary PY et al.

(2024) Tampa difficulty score: a novel scoring system for difficulty of

robotic hepatectomy. J Gastrointest Surg 28. https://doi.org/10.1016/

j.gassur.2024.02.022.

21. Chong Y, Prieto M, Gastaca M, Choi SH, Sucandy I, Chiow AKH et al.

(2023) An international multicentre propensity score matched analysis

comparing between robotic versus laparoscopic left lateral sectionec-

tomy. Surg Endosc 37. https://doi.org/10.1007/s00464-022-09790-x.

22. Shapera E, Crespo K, Syblis C, Ross S, Rosemurgy A, Sucandy I. (2023)

Robotic liver resection for hepatocellular carcinoma: analysis of surgical

margins and clinical outcomes from a western tertiary hepatobiliary

center. J Robot Surg 17. https://doi.org/10.1007/s11701-022-01468-9.

23. Magistri P, Pang NQ, Guidetti C, Caracciolo D, Odorizzi R, Catellani B

et al. (2023) Robotic approach for perihilar cholangiocarcinoma: from

Bismuth 1 to vascular resection. Eur J Surg Oncol 49. https://doi.org/

10.1016/j.ejso.2023.107002.

24. Song C, Chen M, Zhu Z, Chen J, Jin R, Zhang Y et al. (2023) Robot

assisted laparoscopy combined with thoracoscopy in the treatment of

hepatocellular carcinoma with inferior vena cava tumor thrombus. Ann

Surg Oncol 30. https://doi.org/10.1245/s10434-023-13512-5.

25. Machado MA, Mattos BH, Lobo Filho MM, Makdissi FF. (2021) Robotic

right hepatectomy with portal vein thrombectomy for colorectal liver

metastasis (with video). J Gastrointest Surg 25. https://doi.org/10.1007/

s11605-021-04954-x.
HPB 2025, 27, 21–28 © 2024 The Author(s). Published by Elsevier Ltd on
access
26. D’Hondt M, Devooght A, Willems E, Wicherts D, De Meyere C,

Parmentier I et al. (2023) Transition from laparoscopic to robotic liver

surgery: clinical outcomes, learning curve effect, and cost-effective-

ness. J Robot Surg 17. https://doi.org/10.1007/s11701-022-01405-w.

27. Bernardi L, Balzano E, Roesel R, Ghinolfi D, Vagelli F, Menconi G et al.

(2024) Concomitant training in robotic and laparoscopic liver resections

of low-to-intermediate difficulty score: a retrospective analysis of the

learning curve. Sci Rep 14. https://doi.org/10.1038/s41598-024-54253-

z.

28. Croner RS, Perrakis A, Hohenberger W, Brunner M. (2016) Robotic liver

surgery for minor hepatic resections: a comparison with laparoscopic

and open standard procedures. Langenbeck’s Arch Surg 401:707–714.

https://doi.org/10.1007/s00423-016-1440-1.

29. Chang W, Ye Q, Xu D, Liu Y, Zhou S, Ren L et al. (2023) Robotic versus

open surgery for simultaneous resection of rectal cancer and liver

metastases: a randomized controlled trial. Int J Surg 109:3346–3353.

https://doi.org/10.1097/JS9.0000000000000581.

30. Fukumori D, Tschuor C, Hamada T, Penninga L, Hillingsø J,

Svendsen LB et al. (2024) Efficacy and safety of robotic liver sur-

gery for the elderly: a propensity-score matched analysis of short-

term outcomes with open liver surgery at a single center in

Denmark. J Hepatobiliary Pancreat Sci. https://doi.org/10.1002/

jhbp.12015.
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.gassur.2024.02.022
https://doi.org/10.1016/j.gassur.2024.02.022
https://doi.org/10.1007/s00464-022-09790-x
https://doi.org/10.1007/s11701-022-01468-9
https://doi.org/10.1016/j.ejso.2023.107002
https://doi.org/10.1016/j.ejso.2023.107002
https://doi.org/10.1245/s10434-023-13512-5
https://doi.org/10.1007/s11605-021-04954-x
https://doi.org/10.1007/s11605-021-04954-x
https://doi.org/10.1007/s11701-022-01405-w
https://doi.org/10.1038/s41598-024-54253-z
https://doi.org/10.1038/s41598-024-54253-z
https://doi.org/10.1007/s00423-016-1440-1
https://doi.org/10.1097/JS9.0000000000000581
https://doi.org/10.1002/jhbp.12015
https://doi.org/10.1002/jhbp.12015
http://creativecommons.org/licenses/by/4.0/

	Is robotic liver resection feasible in patients with lesions in close proximity to major vessels? A propensity score matchi ...
	Introduction
	Methods
	Statistical analysis

	Results
	Patient characteristics and perioperative outcomes in the overall cohort, before PSM
	Patient characteristics and perioperative outcomes in the overall cohort, after PSM

	Discussion
	Conclusion
	Conflict of interest

	References


