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Abstract
Background The advantages of the robotic approach in minimally invasive liver surgery (MILS) are still debated. This 
study compares the short-term outcomes between laparoscopic (LLR) and robotic (RLR) liver resections in propensity score 
matched cohorts.
Methods Data regarding minimally invasive liver resections in two liver surgery units were retrospectively reviewed. A 
propensity score matched analysis (1:1 ratio) identified two groups of patients with similar characteristics. Intra- and post-
operative outcomes were then compared. The difficulty of MILS was based on the IWATE criteria.
Results Two hundred sixty-nine patients underwent MILS between January 2014 and December 2021 (LLR = 192; 
RLR = 77). Propensity score matching identified 148 cases (LLR = 74; RLR = 74) consisting of compensated cirrhotic 
patients (100%) underwent non-anatomic resection of IWATE 1–2 class (90.5%) for a solitary tumor < 5 cm in diameter 
(93.2%). In such patients, RLRs had shorter operative time (227 vs. 250 min, p = 0.002), shorter Pringle’s cumulative time 
(12 vs. 28 min, p < 0.0001), and less blood loss (137 vs. 209 cc, p = 0.006) vs. LLRs. Conversion rate was nihil (both groups). 
In RLRs compared to LLRs, R0 rate (93 vs. 96%, p > 0.71) and major morbidity (4.1 vs. 5.4%, p > 0.999) were similar, 
without post-operative mortality. Hospital stay was shorter in the robotic group (6.2 vs. 6.6, p = 0.0001).
Conclusion This study supports the non-inferiority of RLR over LLR. In compensated cirrhotic patients underwent resection 
of low-to-intermediate difficulty for a solitary nodule < 5 cm, RLR was faster, with less blood loss despite the shorter hilar 
clamping, and required shorter hospitalization compared to LLR.

Keywords Minimally-invasive · Robotic · Laparoscopic · Cirrhosis · IWATE

Minimally invasive surgery (MILS) is spreading among liver 
surgeons. The advantages of MILS over the classic open 
approach (open liver resection, OLR) have been showed for 
both short- and long-term outcomes for healthy livers and in 
the setting of chronic liver disease [1, 2]. Moreover, MILS 
seems to provide similar oncologic results to OLR for hepa-
tocellular carcinoma (HCC) and colorectal liver metastases 
(CRLM) [3–6].

MILS can be performed with two approaches: laparo-
scopic liver resection (LLR) and the more recently refined 
robotic-assisted liver resection (RLR). The latter has been 
introduced in 2003 by Giulianotti et al. [7]. There are the-
oretical advantages of RLR over LLR, such as an easier 
access to posterior–superior liver segments (once considered 
“non-laparoscopic” segments) [8]. The robotic instruments 
provide a vast range of motion thanks to the augmented 
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dexterity of the robotic wrist, allowing a better exposure 
of narrow cavities, easier dissection, easier vascular and 
biliary reconstruction, better control of unexpected bleed-
ing, and optimal camera stability [2, 9]. A shorter learning 
curve has also been suggested for RLR in comparison to 
LLR [10–12]. However, it must be noted that in most of 
surgical realities robotic liver surgery programs are devel-
oped once a solid experience in laparoscopic liver surgery 
is achieved, while only few centers reported the introduction 
of the two MILS techniques at the same time [13–15]. In a 
technical perspective, laparoscopic liver surgery disposes 
of a specific hepatic parenchymal dissection (CUSA) which 
is not currently available for the robotic platform; though, 
surgeons recur to the classic “clamp-crush” technique with 
the robotic instruments or to a hybrid technique using the 
laparoscopic CUSA handled by a second surgeon at the table 
(the so-called “RoboLap” approach) [16–19].

In recent years, awareness emerged on the fact that the 
difficulty of MILS does not rely merely on the number, size 
of the tumor, or volume of the resected liver, but it may be 
rather the resultant of several factors. Accordingly, difficulty 
score systems have been originally developed to optimize 
the selection of candidates for laparoscopic hepatectomy 
[20–22]. These criteria have been subsequently validated in 
the setting of RLR, providing a reliable tool to select patients 
for MILS irrespective of the technique (either LLR or RLR) 
and to compare the results of RLRs and LLRs [23–26].

In summary, despite more than 15 years of co-existence, 
the superiority of one MILS technique over the other has not 
been confirmed [2, 27–29].

With this study we compare the short-term results of 
RLRs and LLRs stratified according to the IWATE criteria. 
For the purpose of the study, we hypothesized the non-infe-
riority of the robotic approach over the well-settled laparos-
copy for liver resections.

Methods

Study design and setting

This is a retrospective analysis of patients who underwent 
minimally invasive liver resections (either robotic or lapa-
roscopic) at two referral centers: the Hepatobiliary surgery 
and Liver transplant Unit at the University of Pisa Medical 
School Hospital in Italy (robotic and laparoscopic proce-
dures) where the MILS program was developed alongside 
the activity of liver transplantation (LT) and the Hepatobil-
iary surgery Unit at the Regional Hospital of Lugano, Swit-
zerland (laparoscopic procedures). The study period ranged 
from January 2014 to 31st December 2021. Patients were 
followed up for at least 90 days after surgery. This study was 

conducted in compliance with the STROBE guidelines for 
reporting observational studies [30].

Participants

All MILS patients and relative procedures were extracted 
from each institute’s prospectively maintained database and 
were reviewed. We focused on population features, tumors, 
details of the surgical procedures, and surgery-related 
outcomes.

One of the centers (Pisa) provide high-volume liver trans-
plant activity alongside liver resections, within a region 
(Tuscany, Italy) where the overall donor rate reach up to 49 
per million of population (www. trapi anti. salute. gov. it). In 
this center HCC represents roughly 40% of the indications 
to liver transplant. The allocation of patients to resection 
or transplantation was initially based on the BCLC crite-
ria and then the indications to liver transplant progressively 
expanded following the Extended Toronto criteria and a 
treatment hierarchy policy [31–34]. Practically, MILS was 
considered first in the case of a single HCC with favorable 
location (i.e., subcapsular) in the setting of compensated cir-
rhosis (i.e., Child A) with or without signs of portal hyper-
tension, especially when contraindications to liver transplant 
exist (i.e., age > 70 years old, general comorbidities, refusal 
of the patient to undergo liver transplant). MILS could be 
eventually followed by salvage transplantation in case of 
liver-limited recurrence or liver function decompensation 
in selected cases as described elsewhere [15]. Liver trans-
plant was the first option considered in case of single-nodule 
patients with advanced cirrhosis or with 2 or more HCC 
nodules. However, in the presence of the abovementioned 
contraindications, resection may be offered to those patients.

Inclusion criteria

Elective minimally invasive liver resections (either robotic 
or laparoscopic) for malignant or benign indications based 
on intention-to-treat principle in adult patients (> 18 years). 
Cirrhotic patients were considered for MILS at both insti-
tutions in case of well-compensated cirrhosis (Child–Pugh 
score A or B).

Exclusion criteria

Hand-assisted procedures, cyst’s fenestration, and non-elec-
tive surgery.

Patients were divided in two groups according to the 
minimally invasive technique used to perform the resection: 
robotic liver resection (RLR) or laparoscopic liver resection 
(LLR). All resections were stratified as per level of difficulty 
according to the IWATE criteria [22]. In case of patients 
with multiple liver resections, the resection with the highest 

http://www.trapianti.salute.gov.it
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score was considered to calculate the difficulty index. Type 
of resections were defined according to the updated Brisbane 
nomenclature [35]. Posterior–superior segments of the liver 
were defined as Segment 4a, 7, 1, and 8. Parenchymal spar-
ing surgery (PSS) was adopted whenever oncologically and 
technically feasible.

Surgery details

Laparoscopic approach

Patients were placed in dorsal decubitus with French posi-
tion (open legs) or left partial decubitus according to the 
location of the tumor to be resected (i.e., left partial decu-
bitus for resection involving the posterior–superior liver 
segments). The surgeon operated standing between the legs 
in most of the cases or standing at the right of the patient 
(i.e., resection involving the posterior–superior liver seg-
ments) with the assistant on the left and/or the right side of 
the patient. Four to five operative ports were placed along 
a J-shaped line that could be used in case of conversion to 
open surgery. Parenchymal transection was performed by 
laparoscopic CUSA in both the institutions. Pringle maneu-
ver was used according to surgeon’s preference.

Robotic approach

The robotic procedures were performed using the Da Vinci 
Si® for few cases at the beginning of the experience and 
then with Da Vinci Xi® robotic platform (Intuitive). In case 
of resections involving the antero-lateral liver segments, 
the patient was placed in supine position. A total of 4 or 5 
ports were used: three-to-four 8-mm ports for the robotic 
instruments (monopolar scissors, bipolar forceps, or Mary-
land® bipolar forceps, prograsp, robotic vessel sealer) and 
the camera in a transversal linear fashion and one 11-mm 
assistance port in umbilical (resections in segments 2 and 
3) or left para-umbilical position (resections in segment 4). 
In case of resections in the posterior–superior segments or 
in the right hemi-liver, we used three-to-four 8-mm ports for 
robotic instruments and camera in a right subcostal linear 
approach, with one 11-mm assistance port along the right 
pararectal line (resections in segments 6 and 7) or in umbili-
cal position (resections in segments 5 and 8). Parenchymal 
transection was performed by the clamp-crush technique; 
laparoscopic assistance with CUSA was not used in robotic 
procedures. Pringle maneuver was applied according to sur-
geon’s preference.

For both LLR and RLR, intra-operative ultrasound (IO-US) 
was routinely performed to assess the anatomy of the liver, 
the relation within tumors and intra-hepatic vessels or biliary 
structures, and to confirm resectability.

All the procedures were performed by senior hepatobiliary 
surgeons who were in their learning curve for MILS during the 
study period (both the institutions). As previously published, 
in the center of Pisa robotic and laparoscopic liver surgery 
programs were introduced simultaneously [15]. Indication to 
surgery was validated case by case by weekly multidisciplinary 
team discussion and according to current guidelines.

Variables and outcomes

The endpoint of the study was the non-inferiority of RLR 
over LLR. The outcomes of interest were operative time, 
adoption and duration of Pringle’s maneuver, conversion 
to open surgery, intraoperative blood loss, 90-day overall 
and major post-operative morbidity (complications), and 
90-day mortality rates. Complications were graded accord-
ing to Clavien–Dindo classification of surgical complica-
tions; major complications included grade IIIA or higher 
complications [36]. Bile leak was categorized according the 
International study group for liver surgery (ISGLS) defini-
tion [37].

Statistical analysis

According to their level of measurement and distribution, 
continuous variables were expressed as means and standard 
deviations (SD) or medians and ranges, while categorical 
variables were described as frequencies. Data were com-
pared with the t test for continuous values with normal dis-
tribution, the Mann–Whitney U test or Kruskal–Wallis test 
for continuous values without normal distribution, and the 
Pearson’s χ2 or Fisher’s exact tests for categorical values. 
The level of significance was set at 5%. A 1:1 propensity 
score matching (PSM) analysis was performed to reduce 
the risk of selection bias. We included in the PSM the fol-
lowing 4 variables: underlying cirrhosis (yes or no), previ-
ous abdominal surgery (yes or no), size of the largest lesion 
(≥ 5 cm), and technical difficulty according to the IWATE 
score (1 = low; 2 = intermediate; 3 = advanced; 4 = expert). 
All analyses were conducted with MedCalc® Statistical 
Software version 22.002 (MedCalc Software Ltd, Ostend, 
Belgium; https:// www. medca lc. org; 2023).

Results

A total of 269 patients underwent MILS in the two institu-
tions between January 2014 and October 2021 (LLR = 192; 
RLR = 77).

https://www.medcalc.org
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Before PSM analysis

Descriptive data

At baseline before the PSM analysis, LLR and RLR popu-
lation were similar in terms of age (both mean age of 66, 
p = 0.74), male sex (63.6 vs. 57.3%, p = 0.63), mean BMI 
(26.0 vs. 25.0 kg/m2, p = 0.05), and previous abdominal 
and liver surgery rate (respectively, 59.0 vs. 53.0%, p = 0.66 
and 8.6 vs. 10.4%, p = 0.72). Chronic liver disease was sig-
nificantly more frequent in RLR cohort (100 vs. 61.5%, 
p < 0.01). In LLR group, there was a higher number of nod-
ules per patient of 312/192 (1.6) vs. 87/77 (1.1) in RLR 
(p = 0.007) without differences in median size (24.0 vs. 
25.0 mm, p = 0.30). Tumor location did not differ between 
the two groups except for segment 8 which was more fre-
quently involved in RLR than in LLR group (25.3 vs. 13.1%, 
p = 0.02) and segment 1 which tended to be more frequently 
involved in RLR (2.3 vs. 0.3%, p = 0.06).

Procedures consisted in wedge or non-anatomic resec-
tions (61.5 vs. 84.4%, p = 0.12), followed by segmentecto-
mies (16.7 vs. 7.8%, p = 0.10), bi-segmentectomies (13.5 
vs. 5.2%, p = 0.074), and major hepatectomies (8.3 vs. 0%), 
respectively, in LLR vs. RLR group. Pringle maneuver was 
used more often during laparoscopic vs. robotic procedures 
(60.0 vs. 21.0%, p = 0.0003) but the median duration of hilar 
clamping was similar (40.0 vs. 45.0 min, p = 0.60 for LLR 
and RLR, respectively). Of note, the laparoscopic group con-
sisted in more difficult resections (mean IWATE score of 
4.9 vs. 4.3; p = 0.047 in LLRs vs. RLRs, respectively), with 
10% of expert level resections which instead were absent in 
the robotic group.

Outcomes

Operative time was longer in LLRs vs. RLRs (median of 270 
vs. 210 min, p = 0.0001), but conversion rate was not signifi-
cantly different (14.0 vs. 9.1, p = 0.32) as well as intraop-
erative transfusion rate (2.1 vs. 2.6%, p = 0.80), intraopera-
tive estimated blood loss (median of 100 ml in each group, 
p = 0.13), and length of hospital stay (median of 6 days in 
each group, p = 0.16). 90-day morbidity and major morbid-
ity rate also did not differ significantly in both groups (21.0 
vs. 18.0%, p = 0.70 and 6.2 vs. 3.9%, p = 0.50, respectively). 
90-day mortality was nihil in the entire series. R0 rate was 
94.0 vs. 92% (p = 0.92) in LLRs vs. RLR.

Indications to surgery and the subsequent final pathology 
were also slightly different in the two groups: the robotic group 
consisted mainly of patients with HCC (88%) with underly-
ing cirrhosis; while in the laparoscopic cohort the indica-
tions were more evenly distributed, with the most frequent 
being HCC (46%), followed by CRLM (22.4%), other liver 
metastases (14%), benign tumors (10%), and intra-hepatic 

cholangiocarcinoma (iCCA) (5.7%). Baseline characteris-
tics of the unmatched populations, procedures, and outcomes 
before the PSM are reported in Table 1. Intra- and post-oper-
ative results of MILS stratified by the technique used and by 
level of difficulty (IWATE criteria) are provided in Supple-
mentary Material, Table S1. The final pathology after MILS 
in the unmatched population is reported in Supplementary 
Material, Table S2.

After PSM analysis

Descriptive data

After a 1:1 PSM a total of 148 cases were included in the 
analysis (LLR = 74; RLR = 74). The two cohorts of patients 
were well balanced in terms of baseline characteristics. The 
propensity score analysis identified two subgroups represented 
by well-compensated cirrhotic patients (100%) who under-
went non-anatomic liver resection (laparoscopic or robotic) of 
IWATE 1–2 class (90.5%) and 3–4 (9.5%) mostly for a solitary 
nodule of < 5 cm diameter (93.2%). Final pathology revealed 
HCC in 85.1 vs. 70.3% of RLRs and LLRs. The distribution of 
the procedures according to the difficulty score after the PSM 
is reported in Fig. 1. The balanced characteristics of LLR and 
RLR cohorts before and after PSM are displayed in Table 2. 
The final pathology and the liver status of laparoscopic and 
robotic resections after the PSM are summarized in Supple-
mentary material Table S3.

Outcomes

After the PSM analysis, the robotic group had significantly 
shorter operative time [227 (78) vs. 250 (104) min, p = 0.002], 
shorter Pringle’s cumulative time [12 (23) vs. 28 (27) min, 
p ≤ 0.0001], and less blood loss [137 (71) vs. 209 (179) cc, 
p = 0.006] vs. the laparoscopic group. The R0 resection rate [69 
(93%) vs. 71 (96%), p > 0.71] was similar in RLRs vs. LLRs, 
and the conversion rate was nihil in both groups. Regarding 
post-operative outcomes, the robotic group had similar post-
operative major morbidity [3 (4.1) vs. 4 (5.4), p > 0.999], as 
well as incidence of bile leak [0 (0) vs. 4 (5.4%), p > 0.11] (all 
grade A according to ISGLS definition). Post-operative mor-
tality was nihil in both groups. Patients who underwent robotic 
hepatectomy had shorter length of hospital stay compared to 
laparoscopy [6.2 (2.5) vs. 6.6 (3.2), p = 0.0001]. Table 3 sum-
marizes the intra- and post-operative outcomes of RLRs and 
LLRs after the PSM.
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Table 1  Baseline characteristics 
of the two populations, 
procedures, and outcomes 
before the propensity score 
matching

Bold values highlight statistical significance
BMI body mass index (k/m2), ASA American Society of Anesthesiologists, S segment

LLR (n = 192) RLR (n = 77) p value

Baseline population
 Age (years), mean (SD) 66 (12.0) 66 (12.1) 0.74
 Male, n (%) 110 (57.3) 49 (63.6) 0.63
 BMI (kg/m2), mean (SD) 25 (4.9) 26 (9.3) 0.03
 ASA score, median [range] 3 (1–4) 3 (1–4) 0.40
 Previous abdominal surgery,  n (%) 113 (59.0) 41 (53.2) 0.66
 Previous liver surgery,  n (%) 17 (8.6) 8 (10.4) 0.72
 Cirrhosis,  n (%) 118 (61.5) 77 (100)  < 0.01
 Total number of nodules, n 312 87 0.045
 Nodules per patient, median (range) 1.6 (1–12) 1.1 (1–2) 0.007
 Solitary nodule,  n (%) 148 (77.1) 67 (87) 0.09
 Multiple nodules (≥ 2),  n (%) 44 (22.9) 10 (13)
 Largest nodule diameter (mm), median (range) 25 (6–150) 24 (8–65) 0.30

Tumor nodule site,  n (%)
 S1 1 (0.3) 2 (2.3) 0.06
 S2 35 (11.2) 5 (5.7) 0.17
 S3 53 (17.0) 13 (15.0) 0.70
 S4a 24 (7.7) 6 (6.9) 0.82
 S4b 18 (5.8) 6 (6.9) 0.71
 S5 28 (9.0) 12 (14.0) 0.24
 S6 75 (24.0) 14 (16.1) 0.20
 S7 37 (11.8) 7 (8.0) 0.36
 S8 41 (13.1) 22 (25.3) 0.02

Procedures
 Wedge resection,  n (%) 118 (61.5) 65 (84.4) 0.12
 Segmentectomy,  n (%) 32 (16.7) 6 (7.8) 0.095
 Bi-segmentectomy,  n (%) 26 (13.5) 4 (5.2) 0.074
 Major hepatectomy,  n (%) 16 (8.3) 0 (0)  0.08

Difficulty level (IWATE criteria)
 Low,  n (%) 79 (41.1) 36 (47.0) 0.60
 Intermediate,  n (%) 64 (33.3) 34 (44.2) 0.26
 Advanced,  n (%) 30 (15.6) 7 (9.1) 0.21
 Expert,  n (%) 19 (10) 0 (0)  0.04
 IWATE score, mean (sd) 4.9 (2.8) 4.3 (1.9) 0.047

Intra- and post-operative outcomes
 Operative time (min), median (range) 270 (65–1000) 210 (95–405) 0.0001
 Conversion,  n (%) 27 (14.0) 7 (9.1) 0.32
 Pringle’s maneuver,  n (%) 115 (60.0) 16 (21.0) 0.0003
 Pringle’s cumulative time (min), median (range) 40 (7–235) 45 (10–105) 0.60
 Intra-operative transfusion,  n (%) 4 (2.1) 2 (2.6) 0.80
 Blood loss (ml), median (range) 100 (50–2500) 100 (25–350) 0.13
 Length of stay (days), median (range) 6 (2–21) 6 (3–15) 0.16
 Overall morbidity,  n (%) 40 (21.0) 14 (18.2) 0.70
 Major morbidity,  n (%) 12 (6.2) 3 (3.9) 0.50
 90-Day mortality, n (n%) 0 (0) 0 (0) 1.0
 Resection margin (R0),  n (%) 180 (94.0) 69 (92.0) 0.92
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Discussion

The superiority of one MILS technique (laparoscopic 
and robotic) over the other is debated. The laparoscopic 
approach has spread in the last 30 years and is now largely 
adopted by liver surgeons; while the more recently intro-
duced robotic assistance for liver resections is still in a 
developing phase, with more and more centers at the early 
stages of their robotic activity. We conducted this study to 
add further insights in the advantages and drawbacks of the 
two techniques. The short-term results of 269 consecutive 
MILS cases (of which approximately 30% RLRs), performed 
according to the principles of PSS from two referral centers 
for liver surgery, were analyzed.

In the unmatched analysis, we found similar outcomes of 
both approaches (blood loss, overall and major morbidity, 
hospital stay) at the expense of longer operative time with a 
tendency to more conversions to open surgery in LLR group.

Fig. 1  Distribution of the procedures according to the difficulty score 
after the propensity score matching

Table 2  Balance of covariates 
achieved between the two 
groups (laparoscopic and 
robotic) after the propensity 
score matching

Covariates Pre-matching cohort Post-matching cohort 1:1

LLR (n = 192) RLR (n = 77) p value LLR (n = 74) RLR (n = 74) p value

Age,  n (%)
  < 65 76 (39.6) 34 (44.2) 0.50 21 (28.4) 31 (41.9) 0.12
  ≥ 65 116 (60.4) 43 (55.8) 53 (71.6) 43 (58.1)
Sex,  n (%)
 Male 110 (57.3) 49 (63.6) 0.41 46 (62.2) 46 (62.2)  > 0.999
 Female 82 (42.7) 28 (36.4) 28 (37.8) 28 (37.8)

BMI,  n (%)
  < 30 170 (88.5) 67 (87) 0.83 66 (89.2) 65 (87.8)  > 0.999
  ≥ 30 22 (11.5) 10 (13) 8 (10.8) 9 (12.2)
ASA score,  n (%)
 1–2 67 (34.9) 25 (32.5) 0.77 19 (25.7) 25 (33.7) 0.36
 3–4 125 (65.1) 52 (67.5) 55 (74.3) 49 (66.2)

Histology,  n (%)
 Benign 34 (17.7) 9 (11.7) 0.27 13 (17.6) 9 (12.2) 0.48
 Malignant 158 (82.3) 68 (88.3) 61 (82.4) 65 (87.8)

Cirrhosis,  n (%)
 Yes 118 (61.5) 77 (100)  < 0.01 74 (100) 74 (100)  > 0.999
 No 74 (38.5) 0 (0) 0 (0) 0 (0)

Previous abdominal surgery,  n (%)
 Yes 113 (58.9) 41 (53.2) 0.41 38 (51.4) 38 (51.4)  > 0.999
 No 79 (41.1) 36 (46.8) 36 (48.6) 36 (48.6)

Size largest lesion,  n (%)
  < 5 cm 164 (85.4) 72 (93.5) 0.09 69 (93.2) 69 (93.2)  > 0.999
  ≥ 5 cm 28 (14.6) 5 (6.5) 5 (6.8) 5 (6.8)
Number of lesions,  n (%)
 Single 148 (77.1) 67 (87) 0.09 59 (79.7) 64 (86.5) 0.38
 Multiple 44 (22.9) 10 (13) 15 (20.3) 10 (13.5)

Technical difficulty,  n (%)
 IWATE 1–2 148 (74.5) 67 (90.9) 0.03 67 (90.5) 67 (90.5)  > 0.999
 IWATE 3–4 44 (25.5) 10 (9.1) 7 (9.5) 7 (9.5)
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The two populations were slightly different for the pres-
ence of chronic liver disease, number of nodules, and histol-
ogy: the robotic group consisted mostly of single HCC in 
cirrhotic patients, while CRLMs and multiple nodules on 
non-cirrhotic livers were more frequent in the laparoscopic 
group. Technical difficulty of MILS measured according 
to the IWATE criteria was also different in the two groups 
(mean IWATE score of 4.9 vs. 4.3, p = 0.047 in LLRs vs. 
RLRs). Because of such differences we decided to conduct 
a PSM analysis. In the post-matching analysis, we identi-
fied two groups represented by well-compensated cirrhotic 
patients (100%) who underwent non-anatomic resection 
(laparoscopic or robotic) of low-to-intermediate difficulty, 
mostly for a solitary HCC of < 5 cm. Despite the absence of 
a specific robotic instrument to perform the parenchymal 
dissection, we found shorter operative time with less blood 
loss and shorter duration of the Pringle maneuver in the 
robotic group compared to laparoscopy. Hospital stay was 
also in favor of robotics. These findings suggest an easier 
parenchymal dissection with the robotic approach along the 
nonlinear planes of non-anatomic resections, further sup-
porting the facilitating role of robotics over laparoscopy in 
liver resections [14, 38].

For parenchymal transection, our preference for the 
clamp-crush technique was to use bipolar forceps (i.e., 
Maryland®, Intuitive) and monopolar curved scissor. Our 
experience is still quite limited, but we hypothesized a more 
precise dissection with these instruments (i.e., compared to 
the harmonic scalpel) when dealing with stiff livers like in 
the setting of cirrhosis. However, we do not have any data 
to compare the impact of different instruments on operative 
time and other outcomes.

The use of CUSA in a hybrid fashion for RLR is used 
from around 25% of robotic liver surgeons according to a 
recent survey [39]. However, while the technical benefit of 
CUSA in RLRs remains debated, it surely requires a second 
surgeon with experience in MILS at the operating table, 

leaving to the robotic surgeon/instruments a “secondary” 
role of exposure/mobilization/hemostasis. For such reasons, 
we did not use the laparoscopic CUSA for robotic resections.

In the preliminary study about the implementation of 
MILS in the center from Pisa, we found shorter operative 
time in favor of laparoscopic resections [15]. The former 
study included a smaller population of patients operated 
during the learning curve, and the use of the Da Vinci Si® 
robotic platform at the beginning of the program could have 
impacted the duration of surgery (time-consuming docking). 
Moreover, we did not use any propensity score strategy to 
mitigate selection bias nor any stratification of liver resec-
tions as per difficulty score. We believe that these elements 
could explain the different results of the current analysis 
especially concerning the operative time.

Several papers attempted a comparison between the two 
MILS approaches in the last 10 years [2, 13, 15, 26, 40–43].

A recent multicenter study by Cipriani et al. compared 
pure LLRs to RLRs stratified according to three available 
difficulty scores for MILS. The study found lower conver-
sion rates to open surgery, reduced blood loss, and intra-
operative transfusions for high-complexity robotic proce-
dures compared to laparoscopic resections. Conversely, the 
advantages of robotic assistance progressively decreased 
for minor complexity procedures. The authors concluded 
that robotics did not add a clinical benefit for MILS of low-
to-intermediate difficulty [26]. A recent meta-analysis by 
Ciria et al. grouped the whole body of robotic hepatectomies 
reported in the literature up to November 2019 (more than 
2700 operations); slightly reduced morbidity and hospital 
stay were noted in favor of robotics, in spite of a shorter 
operative time and less blood losses for laparoscopic hepa-
tectomies (overall and minor resections). Only in case of 
major resections the robotic approach was faster than lapa-
roscopy [2]. In line with the abovementioned studies, the 
recent multicenter trial from Chong et al. adopted a PSM 
strategy to compare high-difficulty resections (robotic vs. 

Table 3  Intra- and post-
operative outcomes between 
laparoscopic (LLR) and robotic 
resections (RLR) after the 
propensity score matching

Bold values highlight statistical significance

LLR (n = 74) RLR (n = 74) p value

Intra-operative outcomes
 Operative time (min), mean (ds) 250 (104) 227 (78) 0.002
 Pringle cumulative time (min), mean (ds) 28 (27) 12 (23)  < 0.0001
 Blood loss (cc), mean (ds) 209 (179) 137 (71) 0.006
 Resection margin (R0),  n (%) 71 (96) 69 (93) 0.71
 Conversion,  n (%) 0 (0) 0 (0)  > 0.999

Post-operative outcome
 Bile leak,  n (%) 4 (5.4) 0 (0) 0.11
 Major morbidity,  n (%) 4 (5.4) 3 (4.1)  > 0.999
 Length of stay (days), n (ds) 6.6 (3.2) 6.2 (2.5) 0.0001
 90-Day mortality,  n (%) 0 (0) 0 (0)  > 0.999
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laparoscopic right and right-extended hepatectomy). The 
authors found lower conversion rate and shorter hospital stay 
with the robotic approach (supporting the facilitating role 
of robotics in very complex procedures), but no differences 
in blood loos and Pringle adoption [44]. This study dif-
fered from our one not only in the complexity of the proce-
dures but also in the design (multicenter, larger size, mixed 
East–West) and in the population included (roughly half of 
HCCs and less than 30% of cirrhotic patients after the PSM). 
We believe that these differences prevent a real comparison 
between the two studies and may explain the different results 
(i.e., conversions, Pringle adoption, and blood loos).

Our study adds further evidence to the topic and mitigates 
the conclusions of previous studies, suggesting an advan-
tage of robotics even for anatomically and technically minor 
hepatectomies (operative time, bleeding, hospital stay).

This study has some limitations. First, this is a retrospec-
tive study of a small sample size including neither high dif-
ficulty RLRs (IWATE class 4) nor major robotic hepatecto-
mies. However, complex minimally invasive resections may 
be those for which robotics could provide the highest benefit 
[25, 26]. Similarly, our series did not include any vascular or 
biliary reconstruction in either of the two cohorts, thus mak-
ing impossible to comment on the superiority of one tech-
nique in the reconstructive phases of liver surgery. Second, 
a selection bias cannot be completely excluded even after 
proper PSM: data were collected from two expert centers in 
hepatobiliary surgery in which the selection of patients to 
MILS may reflect different protocols, clinical practice, and 
phases of the learning curve. One of the centers provides 
liver transplantation activity with high availability of liver 
donors (University of Pisa); this indeed could have had an 
impact in the decision-making process to allocate patients to 
resection or transplantation. In the case of cirrhotic patients 
with HCC inside Milan criteria, who represent the major-
ity in the population examined, single-nodule patients were 
referred to MILS whether patients with two or three HCCs 
were generally listed for upfront liver transplant if indicated 
[31]. Finally, the robotic approach has been classically ques-
tioned about its cost-effectiveness compared to laparoscopic 
liver surgery with the recent literature showing discordant 
data [2, 14, 45]. We did not perform any cost analysis due 
to existing differences in calculating interventions costs 
between Italy and Switzerland and the absence of RLRs in 
the Swiss center.

The availability of the robotic platform is another impor-
tant aspect to consider which is often underestimated. While 
laparoscopy is basically available on demand, the robotic 
platform is usually shared with other surgical specialties and 
access can be limited. Moreover, a specific training is nec-
essary not only for the surgeon but also for the other mem-
bers of the operating room team. These could be sources of 
selection bias as well as factors slowing the progression of 

robotic resections toward more difficult cases and should be 
considered in future prospective studies.

In conclusion, this study supports the non-inferiority of 
RLR over LLR performed in centers with extensive liver sur-
gery practice. Moreover, in compensated cirrhotic patients 
who underwent low-to-intermediate resections of single 
HCC of < 5 cm in diameter, RLR was associated with shorter 
duration of surgery, less blood loss, and shorter hospitaliza-
tion after the PSM. Further studies with prospective design 
are needed to compare robotics to laparoscopy in the setting 
of high difficulty liver resections (IWATE class 3–4).
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