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Abstract 

Background:  Currently, an increasing number of robotic major hepatectomies for hepatocellular carcinoma (HCC) 
are being performed. Despite the advantages of robotic surgery over laparoscopic procedures, studies comparing 
robotic with laparoscopic major hepatectomy in terms of short-term results remain scarce. This study was performed 
to compare robotic major hepatectomy and laparoscopic major hepatectomy in terms of their intraoperative and 
postoperative results.

Methods:  Data regarding demographics and intraoperative and postoperative results of 131 patients undergoing 
robotic or laparoscopic major hepatectomy between January 2017 and March 2022 were retrieved from their medical 
records and compared between the two types of surgery.

Results:  Between January 2017 and March 2022, 44 robotic major hepatectomies and 87 laparoscopic major hepa-
tectomies were performed at the Department of Hepatobiliary and Pancreatic Surgery, Shenzhen People’s Hospital. 
Patients undergoing robotic major hepatectomy were not significantly different from those undergoing laparoscopic 
major hepatectomy in terms of age (P = 0.397), sex (P = 0.624), body mass index (BMI) (P = 0.118), alpha-fetoprotein 
(AFP) (P = 0.09), tumor size (P = 0.176), cirrhosis (P = 0.384), fatty liver (P = 0.162), preoperative antiviral treatment 
(P = 0.934), hepatitis B virus (HBV) DNA (P = 0.646) and operation type (P = 0.054). Robotic major hepatectomy was 
associated with a longer operation time (median: 255.5 versus 206.8 min; P < 0.001) and less estimated blood loss 
(median: 118.9 versus 197.0 ml; P = 0.002) than laparoscopic major hepatectomy. However, robotic major hepatec-
tomy was not significantly different from laparoscopic major hepatectomy regarding length of postoperative hos-
pital stay (P = 0.849), open conversion (P = 0.077), ICU stay (P = 0.866), postoperative massive abdominal bleeding 
(P = 1.00), portal vein thrombosis (P = 1.00), abdominal infection (P = 1.00), pulmonary infection (P = 1.00), pulmo-
nary embolism (P = 1.00), cardiac complications (P = 1.00), liver failure (P = 1.00), kidney failure (P = 1.00), biliary leak 
(P = 1.00), positive resection margin (P = 1.00), 30-day mortality (P = 1.00) and 90-day mortality (P = 1.00).

Conclusions:  Robotic major hepatectomy was as effective as laparoscopic surgery in terms of intraoperative and 
postoperative results but took longer and could more efficiently control intraoperative blood loss.

Keywords:  Robotic major hepatectomy, Laparoscopic major hepatectomy, Intraoperative and postoperative results

Background
Laparoscopy techniques have been widely applied in the 
resection of malignant and benign tumors of the liver 
[1–5]. In clinical practice, three types of laparoscopic 
hepatectomy, including pure laparoscopic, hand-assisted 
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laparoscopic, and hybrid approaches, have been devel-
oped [6, 7]. Previously, due to less advanced nature 
of the surgical techniques, early laparoscopic resec-
tions were usually nonanatomic wedge resections of 
peripheral lesions, while some more recent studies have 
reported that anatomic major hepatectomy could be 
safely accomplished by experienced surgeons [8–10]. In 
some previously published studies, it was reported that 
in comparison with open surgery, laparoscopic hepatec-
tomy was associated with significantly less blood loss, 
less severe postoperative pain, a shorter length of hospi-
tal stay, improved cosmesis and greater cost-effectiveness 
[11–15]. Additionally, some other studies have also dem-
onstrated that for patients with hepatocellular carcinoma 
(HCC) or metastatic colorectal cancer (CRC), laparo-
scopic hepatectomy resulted in a comparable R0 resec-
tion rate and 5-year overall survival [16–18].

However, for complex liver surgery, widespread appli-
cation of laparoscopic surgery remains a significant 
challenge [19–21]. A few limitations of laparoscopic 
hepatectomy have been described. First, unlike in open 
surgery, the movement of laparoscopic instruments is 
significantly restricted (4 degrees of freedom in laparo-
scopic surgery versus 7 degrees of freedom of the human 
wrist in open surgery) [22]. Second, a satisfactory three-
dimensional perspective can not be provided by lapa-
roscopy [22]. Third, during laparoscopic surgery, hand 
tremor is enhanced due to the length of the instruments, 
and imperfect ergonomics is commonly encountered 
[22]. In one study by Nguyen et  al., 65% of all laparo-
scopic hepatic resections were left sectionectomies or 
nonanatomic resections, whereas only 9%, 7%, and 1% 
were major anatomic right, left, and extended hepatec-
tomies, respectively [2], indicating potential difficulties 
encountered during laparoscopic hepatectomies. How-
ever, these limitaitons have been remarkably improved 
due to the significant improvements in the skills of sur-
geons, and an increasing number of major laparoscopic 
hepatectomies are being performed each year [23].

Initially introduced in the late 1980s for military pur-
poses, robotic surgery has become a focus of numer-
ous research and development efforts. Theoretically, the 
advantages of robotic surgery include improved dexterity 
and precision, higher visual magnification and markedly 
decreased tremor and fatigue [22, 24]. Early experiments 
performed in a porcine model included cholecystec-
tomy, choledochotomy, T-tube placement and repair 
of the bile duct [25]. The first reported robotic hepatic 
surgery performed on a patient was accomplished by 
surgeons from the Czech Republic [26]. Over the last 
decade, case reports, single-center series and large-scale 
studies have been published on robotic hepatic surgery 
[27–30]. Despite the encouraging results reported by 

these studies, studies comparing robotic hepatectomy 
and laparoscopic hepatectomy in terms of long-term and 
short-term outcomes are still scarce. Furthermore, in 
most studies comparing robotic hepatectomy and laparo-
scopic hepatectomy, both minor hepatectomy and major 
hepatectomy were included together. Therefore, studies 
comparing robotic major hepatectomy and laparoscopic 
major hepatectomy are still needed to help surgeons 
choose how hepatectomy should be performed.

This study was performed to summarize our experience 
with robotic major hepatectomy for HCC at the Depart-
ment of Hepatobiliary and Pancreatic Surgery, Shenzhen 
People’s Hospital, since it was first applied in 2020 and 
to compare the results with those of established laparo-
scopic hepatectomy. Additionally, we also reviewed the 
most recent studies on robotic hepatectomy.

Materials and methods
Patients
The present study was a retrospective study assessing the 
short-term outcomes of patients with HCC who under-
went robotic or laparoscopic major hepatectomy at the 
Department of Hepatobiliary and Pancreatic Surgery, 
Shenzhen People’s Hospital between January 2017 and 
March 2022. During this period, a total of 87 patients 
underwent laparoscopic major hepatectomy, and 44 
underwent robotic major hepatectomy. The follow-
ing clinicopathological variables were retrieved from 
the medical record system: age, sex, body mass index 
(BMI), alpha-fetoprotein (AFP), tumor size, cirrhosis, 
fatty liver, preoperative antiviral treatment, hepatitis B 
virus (HBV) DNA, operation type, estimated blood loss 
(EBL), operation time, length of hospital stay after hepa-
tectomy, open conversion, intensive care unit (ICU) stay, 
postoperative complications, 30-day mortality, 90-day 
mortality and resection margin status. Both laparoscopic 
major hepatectomy and robotic major hepatectomy were 
accomplished as previously described [2, 31]. Major 
hepatectomy was defined as resection of 3 or more liver 
segments. Treatment strategies were made at a case dis-
cussion conference, and a multidisciplinary teamwork 
framework was adopted. Lesion location, overall perfor-
mance status, liver function preservation and future liver 
remnant (FLR)/standard liver volume (SLV) were the 
main factors determining the range of resection. Con-
clusions drawn by the case discussion conference were 
final. For each patient scheduled to undergo major hepa-
tectomy, the robotic or laparoscopic approach was cho-
sen by the patient after the surgeon explained the cost, 
advantages and disadvantages of robotic and laparoscopic 
hepatectomy in detail. Major conditions specifically con-
traindicating robotic or laparoscopic major hepatec-
tomy include a history of upper abdominal surgery or 
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perforating diseases that may significantly increase the 
risk of extensive adhesion. Moreover, the surgeries in this 
study were performed by surgeons undergoing the same 
training programs.

Data regarding history, demographics, and intraop-
erative and postoperative results were obtained from the 
patients’ medical records. Intraoperative results such 
as EBL were identified from anesthesia and operative 
records. Operation time (OT) was defined as the dura-
tion between skin incision and wound closure. Postoper-
ative ICU stay was confirmed by browsing the discharge 
summary. Discharge summaries and cover sheets were 
also browsed to confirm postoperative complications, 
and postoperative complications were graded using the 
Clavien‒Dindo classification system [32]. Major com-
plications were defined as events that should be treated 
with surgery or endoscopic or radiological interventions 
(Clavien‒Dindo classification grade ≥ 3).

Definition of massive abdominal bleeding and liver failure
As massive abdominal bleeding and liver failure are the 
two most sever complications after hepatectomy, we 
specified their definitions for this study. Posthepatectomy 
liver failure was defined as the impaired ability of the 
liver to maintain its synthetic, excretory, and detoxifying 
functions, as characterized by an increased international 
normalized ratio and concomitant hyperbilirubinemia 
(according to the normal limits of the local laboratory) on 
or after postoperative day 5. The following criteria were 
used to define posthepatectomy liver failure: persistently 
elevated level of bilirubin > 100 mmol/L (i.e., 5.8 mg/dL), 
prothrombin time > 24  s [or requiring daily fresh frozen 
plasma (FFP)], and elevated levels of aminotransferase 
with associated encephalopathy. The following criteria 
were adopted to diagnose massive abdominal bleeding: 
more than 100  ml blood drained out per hour, signs of 
shock, and more than 1000 ml transfused within 4 h.

Surgical procedures
Laparoscopic hepatectomy is a mature technique, the 
surgical procedures of which were consistent with some 
previous studies [33, 34]. Similar to laparoscopic major 
hepatectomy, all inflow-occlusion techniques adopted 
in open major hepatectomy could be utilized dur-
ing robotic major hepatectomy. The most commonly 
adopted method was the Pringle method. The rubber 
band plus Hemolok device was commonly used. Using 
the rubber band plus Hemolok, we repeatedly occluded 
the first porta hepatis. For robotic major hepatectomy, 
we usually adopted the “first porta hepatis” method. The 
hepatic artery and portal vein supplying the lobes where 
HCC lesions were located were carefully exposed and 
dissected to minimize blood loss during parenchyma 

division. The low central vein pressure technique has 
been widely accepted at most centers to minimize blood 
loss during hepatectomy. However, at our center, the low 
central vein pressure technique is not routinely used in 
all patients. Low central vein pressure is adopted when 
it was expected that a large hepatic vein would be man-
aged or tumors located in the caudate lobe or caudate 
process were to be resected. At our center, during surgery 
for these patients, a blocking band was placed in case of 
emergent situations. Conventionally, a three-arm robotic 
system were used to perform major hepatectomy. Even 
when the hemorrhage was not easy to address, the third 
arm was used to compress sites of bleeding, while the 
other two arms were used to perform sutures or other 
treatments.

To date, an increasing number of devices have been 
developed for dividing the parenchyma. Regardless of 
the device used, the purpose of properly treating ves-
sels and bile ducts remains unchanged. Unfortunately, 
during robotic liver surgery, the parenchyma division 
devices we could choose were limited, and the main 
tools we used were ultrasonic scalpels and Maryland 
bipolar electrocoagulation forceps. The ultrasonic scal-
pel was mainly used to disconnect the liver plane in a 
straight line. Since the ultrasonic scalpel could not be 
freely bent like other instruments, in certain situations, 
Maryland bipolar electrocoagulation forceps were to 
divide the hepatic parenchyma in a nonstraight plane 
or to manage parts that the ultrasonic scalpel could not 
reach. For a hepatic parenchyma within 1  cm beneath 
the surface, the slow speed gear of the ultrasonic scal-
pel could be used to perform dissection since at these 
depths, there are no large pipeline structures. How-
ever, for deep hepatic parenchymas or those located 
in the visceral surface, dissection was performed using 
the fast speed gear of the ultrasonic scalpel (shallow to 
deep and inferior to superior), and some hepatic paren-
chyma was smashed due to vibration of the ultrasonic 
scalpel, while the rest was smashed by closed forceps. 
For pipeline structures encountered during paren-
chyma division, due to magnification effects, it was not 
easy to accurately assess the diameter. Pipelines smaller 
than the coagulating shear were directly managed by 
the scalpel in the slow speed gear, while those larger 
than the coagulating shear (especially those larger 
than 3  mm) were carefully ligated using titanium or 
Hemolok clips. For extremely thick vessels, such as the 
right hepatic vein, left hepatic vein or middle hepatic 
vein, linear cutting closure devices were used. How-
ever, sometimes, to reduce costs, we did not use linear 
cutting closure devices, and instead occluded the large 
vessels using Hemolok clips after they were constricted 
by silk sutures. It should be emphasized that we did not 
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advocate direct clamping of these extremely large ves-
sels using Hemolok clips because direct clamping might 
lead to uncontrollably massive bleeding. Sometimes, 
accidents might occur during parenchyma division. If 
vessels in the liver section retracted after dissection or 
small tears formed on the surface of large vessels due 
to blunt separation, it was impossible to achieve ideal 
hemostasis by clamping or electric coagulation. Under 
these circumstances, the superiority of robotic sur-
gery seemed more apparent, given its increased dex-
terity and three-dimensional visibility, tremor limiting 
and comfortable operating platform. These advantages 
of robotic surgery could overcome the inherent short-
comings of laparoscopic surgery, and the surgeons 
could perform stable and accurate suturing in a narrow 
space. During the whole process of parenchyma divi-
sion, hemorrhage was effectively managed to maintain 
a clean operative field, since bleeding could not only 
affect the surgeons’ mood but also lead to a less satisfy-
ing and safe division process.

Ethical approval
This study was approved by the Ethical Committee, 
Shenzhen People’s Hospital. All patients provided writ-
ten informed consent. The Declaration of Helsinki was 
adhered to during the whole process of this study [35].

Statistical analysis
Statistical Package for the Social Sciences 22.0 (SPSS 
22.0, SPSS Inc, Chicago, IL) was used to perform the 
statistical analyses involved in this study. Categorical 
variables are presented as numbers and percentages, 
while continuous variables are presented as the means 
with standard deviations. Categorical variables were 
analyzed using the chi2 test, while continuous variables 
were analyzed by the t test. All the statistical analyses 
performed in this study were two-sided in nature, and 
P values < 0.05 were considered statistically significant.

Results
Baseline characteristics
Patients undergoing robotic major liver resection 
(n = 44) were compared with those undergoing laparo-
scopic major liver resection (n = 87) in terms of base-
line characteristics. The results demonstrated that the 
two groups were not significantly different regarding 
age (P = 0.397), sex (P = 0.624), BMI (P = 0.118), AFP 
(P = 0.09), tumor size (P = 0.176), cirrhosis (P = 0.384), 
fatty liver (P = 0.162), preoperative antiviral treatment 

(P = 0.934), HBV DNA (P = 0.646) and operation type 
(P = 0.054) (Table 1).

Robotic major hepatectomy versus laparoscopic major 
hepatectomy in terms of short‑term outcomes
For patients undergoing robotic or laparoscopic major 
hepatectomy, surgery-related, postoperative and onco-
logical results are presented in Table  2. Significant dif-
ferences were observed in operation time (206.8 ± 69.2 
versus 255.5 ± 56.3  min, P < 0.001) in favor of laparo-
scopic major hepatectomy. However, the two groups 
were not significantly different from each other in terms 
of length of postoperative hospital stay (P = 0.849), open 
conversion (P = 0.077), ICU stay (P = 0.866), postopera-
tive massive abdominal bleeding (P = 1.00), portal vein 
thrombosis (P = 1.00), abdominal infection (P = 1.00), 
pulmonary infection (P = 1.00), pulmonary embolism 
(P = 1.00), cardiac complications (P = 1.00), liver failure 
(P = 1.00), kidney failure (P = 1.00), biliary leak (P = 1.00), 
positive resection margin (P = 1.00), 30-day mortality 
(P = 1.00) and 90-day mortality (P = 1.00). Addition-
ally, we also revealed that the estimated blood loss dur-
ing laparoscopic major hepatectomy was significantly 
greater than that during robotic major hepatectomy 
(197.0 ± 186.3 versus 118.9 ± 99.1, P = 0.002).

Discussion
Unlike colorectal, gynecological and urological surgeries, 
the laparoscopic approach has not been widely adopted 
in liver surgery, and most laparoscopic liver surgeries 
have been performed in large tertiary care centers. Con-
cerns about laparoscopic hepatectomy mainly lie in the 
complexity of its procedures, difficulties in controlling 
massive bleeding, and a significantly steep learning curve 
[36, 37]. Additionally, according to a previously published 
study reviewing a large number of laparoscopic liver sur-
geries performed around the globe, the majority of mini-
mally invasive hepatectomies were nonanatomic wedged 
resections for lesions located in peripheral segments 
[2]. With the maturation of laparoscopic techniques, an 
increasing number major laparoscopic liver surgeries are 
being performed each year. More studies are needed to 
elucidate the roles of the laparoscopic approach in liver 
surgery. An increasing number of studies have favored 
laparoscopic hepatectomy since in comparison with 
open surgery, the laparoscopic approach was associated 
with much better short-term outcomes and similar long-
term outcomes [11–15]. However, some disadvantages of 
laparoscopic surgery have also been reported. According 
to a study by Rodrigues TFDC et  al., the limited image 
amplification, two-dimensional tremor, the fulcrum 
effect, limited freedom of movement and low ergonomics 
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of laparoscopic hepatectomy could be overcome by a 
robotic approach [38].

In the present study, we performed a matched com-
parison between laparoscopic major hepatectomy and 
robotic major hepatectomy. Robotic major hepatectomy 
was not significantly different from laparoscopic major 
hepatectomy in terms of most short-term outcomes 
except operation time and estimated blood loss during 
surgery. Of these short-term outcomes, resection margin 
status is the most important factor indicating the qual-
ity of oncological surgery, and in this study, the rate of 
positive resection margins after robotic major hepatec-
tomy was not significantly different from that after lapa-
roscopic major hepatectomy, meaning that oncological 
quality was not compromised due to technical reasons. 
The longer time it took to perform robotic major hepa-
tectomy was expected, given that additional time was 

needed to dock the robot, to install the instruments and 
to redock or reposition the instruments if a change to 
the viewing field was needed. In a study by Allan Tsung 
et al., it was reported that early robotic hepatectomy took 
longer than laparoscopic hepatectomy, while late robotic 
hepatectomy was not significantly different from lapa-
roscopic hepatectomy in terms of operation time [21]. 
Thus, considering these findings, we may conclude that 
the difference in operation time is caused by the learn-
ing curve, which can be overcome, similar to the results 
reported reported by other studies [39, 40].

Since bleeding control is the most difficult aspect 
of minimally invasive major liver surgeries, a robotic 
approach may significantly reduce blood loss during 
major hepatectomy due to the ease with which blood 
vessel bleeding can be prevented. Several characteris-
tics of robotic surgery could contribute to preventing 

Table 1  Comparisons between robotic major hepatectomy and laparoscopic major hepatectomy regarding baseline characteristics

* P < 0.05: statistical significance

Characteristics No Laparoscopic Robotic χ2/t P value
(n = 87) (n = 44)

Age 51.49 ± 13.27 49.82 ± 9.06 0.85 0.397

Sex

 Male 90 61 29 0.24 0.624

 Female 41 26 15

BMI 22.28 ± 3.61 23.29 ± 3.12 − 1.575 0.118

AFP

 < 20 95 59 36 2.875 0.090

 > 20 36 28 8

Tumor size

 < 5 cm 82 58 24 1.834 0.176

 ≥ 5 cm 49 29 20

Cirrhosis

 No 44 27 17 0.757 0.384

 Yes 87 60 27

Fatty liver

 No 111 71 40 1.954 0.162

 Yes 20 16 4

Preoperative antiviral treatment

 No 84 56 28 0.007 0.934

 Yes 47 31 16

HBV DNA

 ≤ 104 81 55 26 0.211 0.646

 > 104 50 32 18

Operation type

 Right hemihepatectomy 51 40 11 9.303 0.054

 Left hemihepatectomy 53 28 25

 Central bisectionectomy 18 14 4

 Extended right hemihepatectomy 5 3 2

 Extended left hemihepatectomy 4 2 2
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the bleeding of major vessels. First, the EndoWrist 
technology and the three-dimensional optics of the 
robotic system can effectively avoid injury to major 
vessels. Second, using the robotic system, surgeons 
can easily control extrahepatic inflow before transec-
tion, while during laparoscopic hepatectomy, we prefer 
use of a stapler to control the portal vein; however, the 
ideal angle for firing the stapler is not always easy to 
obtain, which may result in injury to other vessels dur-
ing this process. Unlike in laparoscopic hepatectomy, 
the increased dexterity and three-dimensional field of 
view of robotic surgery help surgeons perform a much 
safer portal vein dissection and allow them to control 
major vessels using suture ligation rather than staples, 
avoiding the difficulties in placing the latter. Addition-
ally, the increased movement freedom of movement 
could also enable surgeons to perform safer dissec-
tions posterior to the right hepatic vein or middle/left 
hepatic vein common trunk to achieve better control of 
extrahepatic venous outflow. Apart from better inflow 
and outflow control, the significantly improved magni-
fication and field of view provided by robotic surgery 
enable surgeons to more accurately identify vessels 
for blood control and ligation. In fact, in this study, 
we demonstrated that robotic major hepatectomy was 
more efficient than laparoscopic major hepatectomy in 
controlling bleeding.

We then compared robotic major hepatectomy with 
laparoscopic major hepatectomy in terms of other short-
term outcomes, such as length of hospital stay after the 
operation, open conversion, ICU stay, postoperative 
massive abdominal bleeding, portal vein thrombosis, 
abdominal infection, pulmonary infection, pulmonary 
embolism, cardiac complications (such as heart failure, 
cardiac arrhythmia), liver failure, kidney failure, biliary 
leak, 30-day mortality and 90-day mortality, revealing 
that robotic major hepatectomy was not significantly 
different from laparoscopic major hepatectomy in these 
regards. Thus, considering all these results, we may con-
clude that the two surgical approaches were not signifi-
cantly different except for operation time and estimated 
blood loss and that robotic hepatectomy could better 
control intraoperative bleeding. However, these conclu-
sions need to be verified with more randomized con-
trolled studies.

Some inherent shortcomings of this study should be 
acknowledged. First, all the data involving demograph-
ics, clinicopathological variables, and intraoperative and 
postoperative outcomes were retrospectively retrieved 
from the patients’ medical records. Therefore, these 
data, recorded by different individuals from various 
departments, were subject to selection biases. Second, 
a relatively small number of patients were included in 
this study, and a larger study involving more patients is 

Table 2  Comparisons between robotic major hepatectomy and laparoscopic major hepatectomy regarding intraoperative and 
postoperative outcomes

*P < 0.05: statistical significance; C–D: Clavien‒Dindo classification

Outcomes Laparoscopic (n = 87) Robotic (n = 44) χ2/t P value

Length of postoperative hospital stay 10.3 ± 3.5 10.2 ± 2.2 0.190 0.849

Open conversion 5 2 3.124 0.077

ICU stay 2 2 0.028 0.866

Postoperative massive abdominal bleeding
I/II/IIIa/IIIb/IVa/IVb/V

2
0/0/0/1/1/0/0

1
0/0/0/0/1/0/0

0 1.00

Portal vein thrombosis 0 0 0 1.00

Abdominal infection 0 0 0 1.00

Pulmonary infection 0 0 0 1.00

Pulmonary embolism 0 0 0 1.00

Cardiac complications 0 0 0 1.00

Liver failure
C-D I/II/IIIa/IIIb/IVa/IVb/V

3
0/0/0/0/3/0/0

1
0/0/0/0/1/0/0

0 1.00

Kidney failure
C-D I/II/IIIa/IIIb/IVa/IVb/V

1
0/0/0/0/1/0/0

0
0/0/0/0/0/0/0

0 1.00

Biliary leak 0 0 0 1.00

30-day mortality 0 0 0 1.00

90-day mortality 0 0 0 1.00

Positive resection margin 0 0 0 1.00

Estimated blood loss 197.0 ± 186.3 118.9 ± 99.1 3.133 0.002

Operation time (min) 206.8 ± 69.2 255.5 ± 56.3 − 4.036 0.000
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necessary to minimize the underestimation regarding the 
significance between the robotic group and laparoscopic 
group. Third, in this study, the surgical modality was 
not chosen randomly. Thus, likely differences in select-
ing patients and/or determining the surgical approach 
between the robotic group and laparoscopic group were 
not accounted for in this study. However, these poten-
tial selection biases have been minimized, since all the 
patients had to at least meet the indications for mini-
mally invasive liver resection. Fourth, each robotic liver 
resection at our center was performed by senior sur-
geons. Thus, the results of our study are unlikely to be 
applicable to centers without surgeons sufficiently expe-
rienced in complex minimally invasive liver surgery since 
both robotic and laparoscopic major hepatectomy should 
be performed at centers by experienced general surgeons. 
Fifth, we did not assess whether the surgical approach 
affected the overall and recurrence-free survival of HCC 
patients. Further studies are needed to overcome these 
aforementioned shortcomings. Prospective randomized 
controlled multicenter studies should be performed to 
further compare robotic major hepatectomy and laparo-
scopic major hepatectomy.

Although we demonstrated that robotic hepatectomy 
could significantly reduce estimated blood loss, we did 
not reveal a significantly shorter operation time, reduced 
complications or shorter hospital stay. The downsides of 
robotic hepatectomy included added costs (at our center, 
an additional 30,000 Yuan is needed to accomplish 
robotic hepatectomy) and longer operation times. How-
ever, the results of this study suggest that through robotic 
approaches, surgeons could successfully complete a 
major hepatectomy purely minimally invasively. In con-
clusion, robotic major hepatectomy was demonstrated 
to have comparable feasibility and safety to laparoscopic 
major hepatectomy, but our findings should be further 
verified by more in-depth studies.

Conclusion
In conclusion, robotic major hepatectomy was demon-
strated to have comparable feasibility and safety to lap-
aroscopic major hepatectomy, but our findings should 
be further verified by more in-depth studies.

Abbreviations
HCC: Hepatocellular carcinoma; ASA: American Society of Anesthesiologists; 
BMI: Body mass index; AFP: Alpha-fetoprotein; ICU: Intensive care unit; ICGR15: 
Indocyanine green rate 15; CRC​: Colorectal cancer; EBL: Estimated blood loss; 
OT: Operative time; SPSS22: Statistical Product and Service Solutions 22; IQR: 
Interquartile range; FLR: Future liver remnant; SLV: Standard liver volume.

Acknowledgements
The authors would appreciate Lyvjia Cheng for his help with statistical analysis.

Author contributions
LSL, YW and TLA designed this study. LSL, TCW, and JWL collected the data. 
TLA supervised this study. LSL, YW and TLA performed the statistical analysis. 
LND assessed resection margin status. LSL and TLA wrote the manuscript. JLJ 
revised the manuscript. LSL and TLA submitted this study. All the authors read 
and approved the final manuscript.

Funding
This study was supported by the Shenzhen Healthcare Research Project (No. 
SZFZ2017080) and the Science and Technology Innovation Foundation of 
Shenzhen (No. JCYJ20180228164603659, No. JCYJ20180507182437217).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee, Shenzhen People’s Hospital 
(NO. LL-KY-2021864).

Consent to publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Hepatobiliary and Pancreatic Surgery, Shenzhen People’s Hos-
pital, Dongmen North Road 1017, Luohu District, Shenzhen 518020, Guang-
dong, People’s Republic of China. 2 Department of Radiology, Shenzhen Peo-
ple’s Hospital, Dongmen North Road 1017, Luohu District, Shenzhen 518020, 
Guangdong, People’s Republic of China. 3 Department of Pathology, Qing Yuan 
People’s Hospital, Yinquan Road B24, Qingcheng District, Qingyuan 511518, 
Guangdong, People’s Republic of China. 4 The First Department of Surgery, 
Shenzhen Traditional Chinese Medicine Hospital, Fuhua Road 1, Futian District, 
Shenzhen 518033, Guangdong, People’s Republic of China. 

Received: 29 March 2022   Accepted: 9 December 2022

References
	1.	 Hobeika C, Fuks D, Cauchy F, et al. Benchmark performance of laparo-

scopic left lateral sectionectomy and right hepatectomy in expert cent-
ers. J Hepatol. 2020;73(5):1100–8.

	2.	 Nguyen KT, Gamblin TC, Geller DA. World review of laparoscopic liver 
resection-2,804 patients. Ann Surg. 2009;250(5):831–41.

	3.	 Goumard C, Farges O, Laurent A, et al. An update on laparoscopic liver 
resection: the French Hepato-Bilio-Pancreatic Surgery Association state-
ment. J Visc Surg. 2015;152(2):107–12.

	4.	 Cleary SP, Han HS, Yamamoto M, et al. The comparative costs of lapa-
roscopic and open liver resection: a report for the 2nd International 
Consensus Conference on Laparoscopic Liver Resection. Surg Endosc. 
2016;30(11):4691–6.

	5.	 Fretland AA, Dagenborg VJ, Bjornelv GMW, et al. Laparoscopic versus 
open resection for colorectal liver metastases: the OSLO-COMET rand-
omized controlled trial. Ann Surg. 2018;267(2):199–207.

	6.	 Liu F, Wei Y, Li B. Pure laparoscopic right upper transversal hepatectomy. 
Ann Surg Oncol. 2022;29:2977.

	7.	 Fiorentini G, Swaid F, Cipriani F, et al. Propensity score-matched analysis 
of pure laparoscopic versus hand-assisted/hybrid major hepatectomy at 
two western centers. World J Surg. 2019;43(8):2025–37.

	8.	 Cardinal JS, Reddy SK, Tsung A, et al. Laparoscopic major hepatectomy: 
pure laparoscopic approach versus hand-assisted technique. J Hepatobil-
iary Pancreat Sci. 2013;20(2):114–9.

	9.	 Cheek SM, Sucandy I, Tsung A, et al. Evidence supporting laparoscopic 
major hepatectomy. J Hepatobiliary Pancreat Sci. 2016;23(5):257–9.



Page 8 of 8Liu et al. BMC Surgery          (2022) 22:432 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	10.	 Yoshida H, Taniai N, Yoshioka M, et al. Current status of laparoscopic 
hepatectomy. J Nippon Med Sch. 2019;86(4):201–6.

	11.	 Hildebrand N, Verkoulen K, Dewulf M, et al. Short-term outcomes of 
laparoscopic versus open hepatectomy in the elderly patient: systematic 
review and meta-analysis. HPB (Oxford). 2021;23(7):984–93.

	12.	 Kasai M, Cipriani F, Gayet B, et al. Laparoscopic versus open major 
hepatectomy: a systematic review and meta-analysis of individual patient 
data. Surgery. 2018;163(5):985–95.

	13.	 Yan C, Li BH, Sun XT, et al. Laparoscopic hepatectomy is superior to open 
procedures for hepatic hemangioma. Hepatobiliary Pancreat Dis Int. 
2021;20(2):142–6.

	14.	 Han ES, Lee KW, Suh KS, et al. Shorter operation time and improved surgi-
cal outcomes in laparoscopic donor right hepatectomy compared with 
open donor right hepatectomy. Surgery. 2021;170(6):1822–9.

	15.	 Fu XT, Tang Z, Chen JF, et al. Laparoscopic hepatectomy enhances 
recovery for small hepatocellular carcinoma with liver cirrhosis by 
postoperative inflammatory response attenuation: a propensity score 
matching analysis with a conventional open approach. Surg Endosc. 
2021;35(2):910–20.

	16.	 Schiffman SC, Kim KH, Tsung A, et al. Laparoscopic versus open liver 
resection for metastatic colorectal cancer: a metaanalysis of 610 patients. 
Surgery. 2015;157(2):211–22.

	17.	 Cheung TT, Poon RT, Yuen WK, et al. Long-term survival analysis of pure 
laparoscopic versus open hepatectomy for hepatocellular carcinoma 
in patients with cirrhosis: a single-center experience. Ann Surg. 
2013;257(3):506–11.

	18.	 Takahara T, Wakabayashi G, Beppu T, et al. Long-term and perioperative 
outcomes of laparoscopic versus open liver resection for hepatocellular 
carcinoma with propensity score matching: a multi-institutional Japanese 
study. J Hepatobiliary Pancreat Sci. 2015;22(10):721–7.

	19.	 Dorovinis P, Machairas N, Kykalos S, et al. Safety and efficacy of 
laparoscopic caudate lobectomy: a systematic review. J Clin Med. 
2021;10(21):4907.

	20.	 Li H, Wei Y. Laparoscopic extended left hemi-hepatectomy plus caudate 
lobectomy for caudate lobe hepatocellular carcinoma. J Gastrointest 
Surg. 2019;23(3):617.

	21.	 Liu F, Wei Y, Li B. Laparoscopic isolated total caudate lobectomy for hepa-
tocellular carcinoma located in the paracaval portion of the cirrhotic liver. 
Ann Surg Oncol. 2019;26(9):2980.

	22.	 Tsung A, Geller DA, Sukato DC, et al. Robotic versus laparoscopic hepa-
tectomy: a matched comparison. Ann Surg. 2014;259(3):549–55.

	23.	 Wei Chieh AK, Chan A, Rotellar F, et al. Laparoscopic major liver resections: 
current standards. Int J Surg. 2020;82S:169–77.

	24.	 Becker F, Morgul H, Katou S, et al. Robotic liver surgery—current stand-
ards and future perspectives. Z Gastroenterol. 2021;59(1):56–62.

	25.	 Raison N, Poulsen J, Abe T, et al. An evaluation of live porcine simulation 
training for robotic surgery. J Robot Surg. 2021;15(3):429–34.

	26.	 Ryska M, Fronek J, Rudis J, et al. Manual and robotic laparoscopic liver 
resection. Two case-reviews. Rozhl Chir. 2006;85(10):511–6.

	27.	 Packiam V, Bartlett DL, Tohme S, et al. Minimally invasive liver resection: 
robotic versus laparoscopic left lateral sectionectomy. J Gastrointest Surg. 
2012;16(12):2233–8.

	28.	 Yu YD, Kim KH, Jung DH, et al. Robotic versus laparoscopic liver resec-
tion: a comparative study from a single center. Langenbecks Arch Surg. 
2014;399(8):1039–45.

	29.	 Wakabayashi G, Sasaki A, Nishizuka S, et al. Our initial experience with 
robotic hepato-biliary-pancreatic surgery. J Hepatobiliary Pancreat Sci. 
2011;18(4):481–7.

	30.	 Hu Y, Guo K, Xu J, et al. Robotic versus laparoscopic hepatectomy 
for malignancy: a systematic review and meta-analysis. Asian J Surg. 
2021;44(4):615–28.

	31.	 Lai ECH, Tang CN. Training robotic hepatectomy: the Hong Kong experi-
ence and perspective. Hepatobiliary Surg Nutr. 2017;6(4):222–9.

	32.	 Zhang GW, Lin JH, Qian JP, et al. Analyzing risk factors for early postopera-
tive bile leakage based on Clavien classification in bile duct stones. Int J 
Surg. 2014;12(8):757–61.

	33.	 Palanisamy S, Sabnis SC, Patel ND, et al. Laparoscopic major hepatec-
tomy-technique and outcomes. J Gastrointest Surg. 2015;19(12):2215–22.

	34.	 Kim JH. Pure laparoscopic right hepatectomy using modified liver hang-
ing maneuver: technical evolution from caudal approach toward ventral 
approach. J Gastrointest Surg. 2018;22(8):1343–9.

	35.	 World Medical A. World Medical Association Declaration of Helsinki: 
ethical principles for medical research involving human subjects. JAMA. 
2013;310(20):2191–4.

	36.	 Lim C, Goumard C, Salloum C, et al. Outcomes after 3D laparoscopic 
and robotic liver resection for hepatocellular carcinoma: a multicenter 
comparative study. Surg Endosc. 2021;35(7):3258–66.

	37.	 Chen TH, Yang HR, Jeng LB, et al. Laparoscopic liver resection: experience 
of 436 cases in one center. J Gastrointest Surg. 2019;23(10):1949–56.

	38.	 Rodrigues T, Silveira B, Tavares FP, et al. Open, laparoscopic, and robotic-
assisted hepatectomy in resection of liver tumors: a non-systematic 
review. Arq Bras Cir Dig. 2017;30(2):155–60.

	39.	 Ji WB, Wang HG, Zhao ZM, et al. Robotic-assisted laparoscopic anatomic 
hepatectomy in China: initial experience. Ann Surg. 2011;253(2):342–8.

	40.	 Berber E, Akyildiz HY, Aucejo F, et al. Robotic versus laparoscopic resection 
of liver tumours. HPB (Oxford). 2010;12(8):583–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Robotic versus laparoscopic major hepatectomy for hepatocellular carcinoma: short-term outcomes from a single institution
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Patients
	Definition of massive abdominal bleeding and liver failure
	Surgical procedures
	Ethical approval
	Statistical analysis

	Results
	Baseline characteristics
	Robotic major hepatectomy versus laparoscopic major hepatectomy in terms of short-term outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


