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In the past decade, the induction of minimal invasive 
surgery (MIS) has revolutionized liver surgery, because 
this approach greatly improves the clinical course of 
postoperative patients (1). At its inception, laparoscopic 
liver resection (LLR) was limited to minor resection, but 
improvements in the technique mean that the majority of 
the liver is now amenable to resection. Whereas minor 
resections are now performed worldwide, major and 
complicated resections remain concentrated in a limited 
number of expert centers. A recent study from four 
specialized hospitals showed an average annual percentage 
change of 12.5% vs. −4.1% over a 15-year period for 
laparoscopic and open procedures, respectively. Indeed, 
the curative rates of laparoscopy for diseases such as 
hepatocellular carcinoma and metastatic liver cancer are 
comparable to those of open surgery, and the incidence of 
surgical complications are lower (2). It can therefore be 
concluded that LLR is now an established first-line choice 
for optimal liver resection.

Robotic surgery has been widely adopted as an effective 
means of MIS to replace laparoscopic surgery in other 
fields such as gastric surgery, colorectal surgery, and 
urology. The introduction of robotics has introduced a 
higher degree of precision and has dramatically reduced the 
incidence of issues associated with tremor. Despite these 
clear advantages, liver resection centers have been slow 
to integrate the robotic approach, which is reminiscent 
of the delayed adoption of laparoscopic surgery by the 
liver resection field. In recent years, however, the number 
of papers on robotic liver resection (RLR) has increased 

rapidly.
Many retrospective studies have demonstrated the 

superiority of RLR compared to open liver resection 
(OLR) (3). For example, a meta-analysis study reported 
that RLR was associated with lower overall morbidity rates 
and a shorter hospital stay, whereas OLR was associated 
with shorter operative time (3). There were no differences 
between the two groups with regard to blood loss, blood 
transfusion requirements, R0 resection and mortality rates. 
The cumulative conversion rate was 4.6% in the RLR 
group. In addition, a shortened hospital stay is associated 
with reduced total costs, which may counterbalance the 
increased costs due to use of robotic devices. RLR may also 
be more cost-effective than conventional OLR, owing to 
lower total hospital direct costs such as ICU admissions and 
inpatient nursing and pharmacy costs (4). However, RLR 
is significantly more costly than LLR. A recently published 
meta-analysis demonstrated that RLR was associated 
with longer operative times, more blood loss and higher 
total cost (5). Of note, the authors pointed out that the 
increased blood loss in RLR has caused by limited energy 
devices that can be used and could also be attributed to the 
procedure being performed by less experienced surgeons. 
The prolonged operative time was attributed to lack of 
experience, a high percentage of major hepatectomies, and 
the length of time the robot was docked and undocked (5).

T h e o r e t i c a l l y,  l a p a r o s c o p i c  a p p r o a c h  t o  t h e 
posterosuperior segment is difficult due to the rigidity of 
the straight laparoscopic instruments; these ergonomic 
restrictions prevent surgeons from performing the optimal 
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operative procedure. Melstrom et al. suggested that 
robotically-assisted hepatectomy should be employed in 
cases where the location of tumors prohibits a classical 
laparoscopic approach (for example, in the case of superior/
posterior tumors), and in cases where the incision for an 
open operation dominates the course of recovery (6). Their 
policy of selecting incision-dominant cases for RLR is a 
very sympathetic concept when considering the advantages 
of MIS. Indeed, the benefit of RLR for minor resection of 
the posterosuperior segments has been demonstrated in 
several reports (7).

Generally, there is a learning curve for the MIS procedure. 
One of the major proposed advantages of RLR is the 
possibility of a shortened learning curve, especially in the 
context of parenchymal sparing resections. Although there are 
few published comparisons, it does appear that the learning 
curve for RLR is shorter than that associated with LLR (8).

Although the robotic approach seems more suitable 
for the minor parenchymal sparing resection of the 
posterosuperior segments, recent developments now mean 
that the laparoscopic approach can also be used safely in this 
context. In particular, several unique techniques have been 
developed in order to overcome the disadvantages of the 
laparoscopic approach (9). Compared with OLR, a meta-
analysis study recently published by Zheng et al. showed 
that operations using LLR took longer, but were associated 
with lower complication rates and shorter hospital stays. 
No difference was observed in oncological outcomes 
between the two groups, and this finding was supported by 

a randomized controlled trial that obtained similar short-
term results (10). The postoperative hospital stay was 
shorter in the LLR group (2 vs. 4 days, P<0.001). Based on 
these results, it appears that LLR is safe and feasible, even 
for posterosuperior liver lesions, when it is performed in 
experienced centers (Table 1).

The number of studies comparing LLR and RLR 
is increasing. However, very few have described minor 
resection of lesions located posterosuperior segments. 
(Table 2) Montalti et al. performed a propensity score-
matched analysis and compared the operative outcomes of 
LLR and RLR for posterosuperior lesions (11). Matched 
patients displayed no significant differences in blood loss, 
surgical time, hospital stay or R1 resection rate. On the 
other hand, the use of RLR was significantly associated 
with more intensive use of the Pringle maneuver and 
longer inflow occlusion times. Frequent use of the Pringle 
maneuver in RLR when compared to LLR was attributed 
to differences in the methods of liver transection. In LLR, 
liver transection was performed using a Cavitron Ultrasonic 
Surgical Aspirator (CUSA); such a device is not available in 
RLR, which is instead performed using the crush technique. 
This latter technique often requires intermittent Pringle 
maneuver, and the prolonged inflow occlusion time may 
affect the postoperative course. This may explain the trend 
of more severe complications in RLR group when compared 
to LLR, although this difference was not statistically 
significant. In addition, reduced instrumentation is one of 
the major limitations of RLR.

Table 1 Laparoscopic liver resection of posterosuperior segment

Author/year n
Operation time  

(min)
Conversion  

(%)
Positive margin  

(%)
Blood loss  

(mL)
Length of stay 

(days)
Mortality  

(%)

Montalti et al. (11)/2016 72 295 [75–590] 9.7 12.5 437 [0–2,200] 4.9 [2–20] 0

Lee et al. (12)/2016 60 357.5 [160–930] 13.3 3.3 550 [150–14,300] 8.0 [4–97] 1.6

Scuderi et al. (13)/2017 86 215 [52–540] 3 10 200 [0–2,000] 4 [1–11] 0

D’Hondt et al. (14)/2018 35 140 [70–260] 2.8 2.8 150 [50–1,500] 6 [3–39] 0

Okuno et al. (15)/2018 29 217 [62–586] 13 13.8 100 [10–800] 4 [1–12] 0

Table 2 Robotic liver resection of posterosuperior segment

Author/year n
Operation time  

(min)
Conversion  

(%)
Positive margin  

(%)
Blood loss  

(mL)
Length of stay  

(days)
Mortality 

(%)

Montalti et al. (11)/2016 36 306 [53–790] 13.9 11.1 415 [0–1,500] 6 [2–91] 2.8

Nota et al. (7)/2019 51 198 [141–381] 8 16 180 [100–400] 4 [3–6] 0

Melstrom et al. (6)/2018 29 191±75 18 0 125±159 3 [1–6] 0
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Although RLR is still developing and is a relatively new 
procedure, several encouraging positive steps have been 
taken that may lead to its widespread adoption by the field. 
In the future, development of robotic technology and new 
robotic instruments will overcome the current weak points 
of RLR. We look forward to more studies designed to 
evaluate the role of RLR in transforming patients’ lives.
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