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Introduction 

Minimally invasive surgery (MIS) represents a valid 
alternative to open techniques for selected patients and 
tumor location, especially in anterior segments (2 to 6) 
or in left lateral tumors. Even if literature demonstrates 
advantages as reduced blood loss, shorter postoperative stay, 
lower morbidity, and same oncological results compared to 
open surgery, major challenges remain opened. Actually, 
even if Louisville statement contraindicated the role of 
MIS for major hepatectomies and biliary resection, the last 
Morioka consensus in 2014 confirm the lack of evidence 
to generate new indications. Some progress needs to be 
performed, to allow a better performance of MIS. These 
include developing more efficient minimally invasive 
surgical techniques, improving patient selection for any 
given treatment modality, and eliminating the risk of 
recurrence, particularly in the liver. Future progress should 
develop the use of techniques involving virtual reality and 
robotic surgery is developing (1,2). 

At the beginning of the 1990s, MIS has revolutionized 
surgical practice, increasing the interest in the laparoscopic 
approach for benign and malignant pathologies. Even 
if such advances were very important, laparoscopy 
demonstrated some disadvantages that limited its wide 

adoption, especially in major hepatic resection and complex 
cases. Limited degree of motion of the instruments, 
assistant depending movement of the camera, bidimensional 
vision and poor freedom of movement were considered as 
factor that limited the diffusion of laparoscopic surgery to 
all liver resection cases. For this reason, hepatic surgery 
has slowly switched to the robotic approach due to its 
complexity, extensive dissection, and possible future 
integration with new technologies. With the development 
of advanced laparoscopic skills, increased evidence not 
only demonstrates the safety and feasibility of laparoscopic 
hepatic surgery (1) but also pinpoints a benefit in terms of 
postoperative outcome and yields equivalent oncological 
results. With the development of robotic surgery, all 
limitations related to the laparoscopic approach have been 
overcome. A three-dimensional view and an extended 
degree of freedom of movement allow to perform even 
more complex procedures. 

Recently, the development and diffusion of robotic 
surgery demonstrated the feasibility of living donor right 
hepatectomies in 13 consecutive patients in the series 
described by Chen et al. (3) with non-difference in term of 
postoperative patient and graft morbidity, consolidating 
the position of robotic surgery as solid alternative to 
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laparoscopy in minimally invasive procedures.

State of the art

Considering literature (4-17), contraindications to robotic 
liver surgery include all the contraindications of open 
liver surgery or laparoscopic liver surgery as well as 
pneumoperitoneum intolerance and extensive lesions which 
have invaded major vascular structures or which require 
vascular reconstruction.

With increased experience and learning curve development, 
operative time ranged between 141 and 720 minutes. 
Tsung et al. (4) demonstrated reduced operative times with 
increased experience. Malignant diseases were present 
in 6% to 52% of patients, and most common malignant 
pathologies were hepatocellular carcinoma in 216 (37.76%) 
patients, followed by colorectal liver metastasis in 140 
(24.5%) patients. Major resections varied from 0% in the 
study of Packiam to 100% in Spampinato’s study, published 
in 2014 (10). The rate of conversion varied from 0 to 
20% (42 patients out of all 551 RLS) in most cases due to 
difficult bleeding control or difficulties during dissection. 
Blood loss varied from 30 to 3,500 cc. Guilianotti et al. (6)  
showed a higher estimated blood loss (EBL) in major 
hepatectomies (300 vs. 150 mL). The report by Jin Lee  
et al. (17) had the higher complication rate (70%) with only 
10% of patients who had major complications. The only 
death patient was reported in the series by Montalti et al. (18) 
(2.8%, 1/36 patient) compared to zero mortality in all other 
series. Length of stay (LOS) lasted between 2 and 26 days. 

Robotic and laparoscopic liver surgery 
comparative studies

In the literature, there are nine series which statistically 
compare robotic liver resection to laparoscopic liver 
resection (3,4,12-15,18,19). The largest experience 
belongs to the group of Tsung et al. (4) at the University 
of Pittsburgh. Matched patients undergoing robotic and 
laparoscopic liver resections displayed no significant 
differences in operative and postoperative outcomes as 
measured by blood loss, transfusion rate, R0 negative margin 
rate, postoperative peak bilirubin, postoperative intensive 
care unit admission rate, LOS, and 90-day mortality. 
Patients undergoing robotic liver surgery had significantly 
longer operative times (median: 253 vs. 199 minutes)  
and overall room times (median: 342 vs. 262 minutes) as 
compared to their laparoscopic counterparts. However, the 

robotic approach allowed for an increased percentage of 
major hepatectomies to be performed in a purely minimally 
invasive fashion (81% vs. 7.1%, P<0.05). 

In the study by Tranchart et al. (11), twenty-eight 
patients were included in each group. Despite the matching 
on patients, more tumors were solitary in the RLR group 
(P=0.02), and more were localized in the superior and 
posterior segments in the LLR group (P=0.003). The 
median duration of surgery was 210 min in the RLR group 
and 176 min in the LLR group (P=0.12). Conversion rate, 
blood loss, morbidity, and LOS were comparable in both 
groups. 

Troisi et al. (12) showed a higher major hepatectomy 
rate in the LLR group (16.6% vs. 0%, P=0.011) while a 
parenchyma-preserving approach was favored in the RLR 
group (55% vs. 34.1%, P=0.019). The overall conversion 
rate was 8/40 (20%) in the RLR group and 17/223 (7.6%) 
in the LLR group (P=0.034). EBL mean was 330±303 and 
174±133 mL for the RLR and LLR groups respectively 
(P=0.001), and they concluded that despite higher 
conversion rates and higher blood loss, robot-assisted 
surgery might allow for the resection of more liver lesions, 
especially those located in the posterior superior segments, 
facilitating parenchyma-saving surgery with a similar 
complication rate with respect to LLR. 

Lee et al. (17) reported sixty-six LLR, and 70 RLR were 
performed between November 2003 and January 2015. 
The two groups were comparable in terms of demographic 
data and disease characteristics. Major hepatectomies were 
more frequently performed in the RLR group (20.0% 
versus 3.0%, P=0.002). There was no mortality. No 
significant differences were noted in terms of morbidity 
(LLR: 4.5%, RLR: 11.4%), conversion rate (LLR: 12.1%, 
RLR: 5.7%), EBL (both 100 mL), and median LOS (both 
5 days). However, operative time was longer in the RLR 
group (251.5 min versus 215 min, P=0.008). No difference 
was noted in all perioperative outcomes between the two 
groups. 

Montalti et al. (18) reported thirty-six patients who 
underwent robot-assisted liver resection and who were 
matched with 72 patients who underwent laparoscopic 
liver resection. No significant differences were shown in 
postoperative outcomes as measured by blood loss, hospital 
stay, R0 negative margin rate, and mortality. In addition, 
the overall morbidity was similar for the robotic and the 
laparoscopic approach respectively (34.6±33 vs. 18.4±11.3). 

Spaminato et al.  (10) compared 25 patients who 
underwent LLR with 25 patients who underwent RLR. The 



Annals of Laparoscopic and Endoscopic Surgery, 2017 Page 3 of 5

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.   Ann Laparosc Endosc Surg 2017;2:98ales.amegroups.com

two groups were comparable for all baseline characteristics 
including type of resection (major hepatectomy) and 
underlying pathology. Conversion to open surgery was 
required in one patient in each group (4%). No difference 
was noted in terms of operative time, EBL, and necessity 
of blood transfusions. Intermittent pedicle occlusion was 
required only in LLR (32 % vs. 0, P=0.004). LOS, including 
time spent in intensive care unit, was similar between 
the two groups. No difference was noted in terms of 
complication rate, 90-day mortality, and readmission rate. 

Future perspectives

The introduction of the indocyanine green camera on 
robotic system could reveal a real benefit in operative 
period. The possibility to recognize the anatomy of biliary 
tree, vascular structure, identification of vascular variations, 
evaluation of perfusion, identification of lymph nodes, 
could represent the future and the difference compared to 
laparoscopic and open surgery.

The fusion between three dimensional models of the 
liver, built up with the reconstruction made on preoperative 
CT scan, could be considered as an integrated system with 
the robot to allow an intraoperative GPS-like navigation 
system during surgery. The multitasking use of robot, with 
the possibility to superpose the 3d model with the three-
dimensional view of the robot could be considered as a 
milestone in future for the image guided surgery. On the 
same way, the possibility to identify missing lesion that 
disappeared with chemotherapy with the superposition of 
the 3d model could eventually allow the resection of the 
suspected zone in which the lesion was present. All these 
concepts are basically considered as a digitalization of the 
operative room. All technologies are interfaced directly with 
the robot, as demonstrated by the TilePro function (20), 
who allows to simultaneously appreciate operative fields and 
additional sources of data, allowing to obtain a real time 
navigation during surgery.

Cost-effective analysis

The costs related to the use of the da Vinci™ robotic 
surgical system is about $1.2 million with maintenance fees 
of about $140,000 per year (21). In the series of Ji et al. (7),  
hospital costs of open ($10,500) and laparoscopic ($7,600) 
resections were lower as compared to the robotic approach 
($12,000). Recently, Yu et al. (14) found that the robotic 
liver surgery cost was almost twice as high ($11,475 vs. 

$6,762, P<0.05). The reasons for higher costs are more 
likely multifactorial including generally longer operating 
room time and equipment, without significant decrease in 
LOS. These findings of equivalent outcomes and higher 
costs are similar when comparing robotic surgery to 
laparoscopic surgery. These findings are comparable to 
studies of robotic hysterectomy and prostatectomy (22,23). 
As more learning curves, have been achieved and further 
experience has been gained, it comes with no surprise that 
operating room times have come down, which will help 
offset some of these costs. Indeed, Tsung et al. (4) showed 
significantly reduced operating room times in the second 
part of his experience in liver resections. Further studies are 
required to maximize the benefits of the robotic platform 
considering the inherent costs. 

Discussion

MIS is considerate as the gold standard in most of surgical 
procedure. Despite this, in hepatobiliopancreatic surgery, 
the diffusion is slower due to the complexity of surgery 
and due to the necessity of solid expertise in open surgery. 
For this reason, robotic liver surgery is still considered an 
emerging procedure, due to its technical difficulties and the 
unavailability of all surgical instruments, which are available 
for laparoscopic and open surgery. Today, laparoscopic 
hepatectomies are feasible and safe either for benign  
lesion (24) on normal liver that for malignant lesion 
on pathologic liver (25). Key instruments used during 
hepatectomies such as ultrasonic dissectors, robotic 
ultrasound probes and automatic staplers are appearing in 
robotic surgery. This will spread the use of robotic surgery 
even more and will consolidate the results of this review 
which confirms that robotic-assisted liver resection is a 
feasible and safe option in selected patients. No difference is 
shown in terms of intraoperative outcome, with no increased 
rate of complications and mortality. Oncological results are 
still a matter of debate due to the short-term follow-up for 
oncological patients, even if encouraging results shown on 
pathological findings demonstrate a non-inferiority in terms 
of complete resection margin and lymph nodes harvesting. 
Currently, most of minimally invasive hepatectomies are 
non-anatomical resections, and consequently the use of 
highly expensive surgical instruments does not seem to be 
justified. The true advantage of the robotic approach could 
be demonstrated when performing major hepatectomies 
requiring complex dissection (16) and reconstruction. 
Future technologies such as image-guided surgery (26) 
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and fluorescence could be integrated into the robotic 
approach. Ideally, the limitation inherent to conventional 
laparoscopy could be overcome by the 360-degree mobility 
of robotic instruments, which could offer benefits in terms 
of precision and efficiency of hepatectomy, expanding 
the repertoire of complex minimally invasive procedures. 
Prospective randomized study could finally consolidate the 
role of robotic surgery as compared to the laparoscopic 
approach. It is undisputable that MIS has confirmed its 
role in terms of postoperative morbidity benefit (LOS, 
postoperative pain, morbidity, mortality, and cost-
effectiveness), and considering these results, it is difficult 
to imagine that robotic surgery could be inferior. However, 
data on cost analysis are not sufficient, and the influence of 
the learning curve could well distort these results, which 
could be improved with more consistent series and with 
ever-increasing training so that robotic pancreatic surgeons 
become more skilled. Ideally, a reduction in terms of LOS 
with a rapid postoperative recovery could well rebalance 
high operative costs.

Conclusions

Robotic surgery is becoming a standard of care in most 
abdominal procedures. The introduction of innovative 
technologies in liber surgery could finally identify the role 
of liver robotic surgery, which up to now, apart from some 
rare cases, could not be defined as the standard of care.
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