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Abstract
Purpose The significant advantages of robotic surgery have
expanded the scope of surgical procedures that can be per-
formed through minimally invasive techniques. The aim of
this study was to compare the perioperative outcomes between
robotic and laparoscopic liver surgeries at a single center.
Methods From July 2007 to October 2011, a total of 206
patients underwent laparoscopic or robotic liver surgery at
the Asan Medical Center, Seoul, Korea. We compared the
surgical outcomes between robotic liver surgery and laparo-
scopic liver surgery during the same period. Only patients
who underwent left hemihepatectomy or left lateral
sectionectomy were included in this study.
Results The robotic group consisted of 13 patients who
underwent robotic liver resection including 10 left lateral
sectionectomies and three left hemihepatectomies. The lapa-
roscopic group consisted of 17 patients who underwent lapa-
roscopic liver resection during the same period including six
left lateral sectionectomies and 11 left hemihepatectomies.
The groups were similar with regard to age, gender, tumor
type, and tumor size. There were no significant differences in
perioperative outcome such as operative time, intraoperative
blood loss, postoperative liver function tests, complication
rate, and hospital stay between robotic liver resection and

laparoscopic liver resection. However, the medical cost was
higher in the robotic group.
Conclusions Robotic liver resection is a safe and feasible
option for liver resection in experienced hands. The authors
suggest that since the robotic surgical system provides sophis-
ticated advantages, the retrenchment of medical cost for the
robotic system in addition to refining its liver transection tool
may substantially increase its application in clinical practice in
the near future.

Keywords Robotic liver resection . Laparoscopic liver
resection . Perioperative outcome . Safe

Introduction

Surgery of the liver has progressed tremendously because of a
clearer understanding of its functional anatomy, enhanced
knowledge of its regenerative capability, and its functional
reserve [1]. Improved techniques to achieve vascular control
and technological advancements have facilitated parenchymal
transection, resulting in decreased mortality and morbidity
due to liver surgery [1]. All the available knowledge and
technology has been used to extend the scope of liver surgery
to incorporate minimally invasive techniques (laparoscopic
and robotic) to practically all types of hepatic resections [1,
2]. Over the past decade, although laparoscopic liver resection
has been revealed to be feasible, due to the two-dimensional
view and awkward laparoscopic instrumentation, there are
still some limitations in terms of obtaining adequate visuali-
zation and meticulous manipulation of the tissues [3, 4]. Since
the development of robotic surgical technology, these limita-
tions are progressively being overcome [5]. The advantages of
robotic surgery have expanded the scope of surgical proce-
dures performed through minimally invasive techniques [1,
6]. However, to date, there have been only few studies,
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comparing the outcomes between robotic and laparoscopic
liver surgeries. The aim of this preliminary study was to
compare the perioperative outcomes between robotic and
laparoscopic liver surgeries at a single center. In addition,
the medical cost involved in both the techniques was also
compared to determine the feasibility of robotic liver surgery
for routine use in clinical practice.

Methods

From July 2007 to October 2011, a total of 206 patients
underwent laparoscopic or robotic liver surgery at the Asan
Medical Center, Seoul, Korea. Since robotic liver surgery was
first performed in May 2010, the authors compared the surgi-
cal outcomes between robotic liver surgery and laparoscopic
liver surgery during the same period. All robotic cases were
performed in parallel with the laparoscopic resections. Be-
cause there were few patients who underwent robotic liver
wedge resection and because robotic right hepatectomy has
not been performed yet, to provide a more accurate analysis,
only patients who underwent left hepatectomy or left lateral
sectionectomy were included in this study. All the procedures
were performed consecutively by a single surgeon. The selec-
tion of either approach depended on patient’s preference and
the availability of equipments and familiarity of the surgeon
with the robotic procedure. Furthermore, patient demo-
graphics, preoperative and postoperative liver function tests,
tumor type and size, operative time, estimated blood loss
(EBL), resection margin, complications, length of hospital
stay, and medical cost were also documented. Data were
collected into an institution review board-approved database.
Specifically, data regarding postoperative complications were
obtained and graded according to the Clavien-Dindo classifi-
cation [7]. Operative time was defined as the time from skin
incision to wound closure. Statistical analyses were performed
using the Mann-Whitney U test for non-parametric ordinal
variables and Χ2 test for categorical variables. SPSS version
12.0 (SPSS Inc., Chicago, IL) was used for all the statistical
analyses. A p value less than 0.05 was considered statistically
significant.

Surgical procedure

Laparoscopic liver surgery

The patient was placed supine in the 30° reversed
Trendelenburg position, with the surgeon standing between
the patient’s legs. The authors inserted five trocars, and the
middle trocar was used as a main working port as shown in
Fig. 1a. A carbon dioxide pneumoperitoneum was established
through a 10-mm umbilical port and was maintained at less

than 12 mmHg to reduce the potential risk of air embolism.
The authors employed a 30° laparoscope to inspect the liver
surface, the porta hepatis surface, and the peritoneal surface.
In patients with liver tumors, laparoscopic ultrasonography
was used for precise tumor localization and to identify satellite
nodules of hepatocellular carcinoma (HCC) and to demarcate
an adequate liver resection margin. Vascular inflow was se-
lectively controlled and the Pringle maneuver was not used.
Although the superficial hepatic parenchyma was transected
using a harmonic scalpel (Ethicon Endo-Surgery Inc., Cincin-
nati, OH), the parenchyma was mainly transected using a
laparoscopic cavitron ultrasonic surgical aspirator (CUSA;
Valleylab, Inc., Boulder, CO). During transection of the pa-
renchyma, small Glissonian pedicles and hepatic vein
branches were ligated using Hem-o-lok clips (Weck Closure
System, Research Triangle Park, NC, USA) or titanium clips
and were transected. During left lobectomy, the left hepatic
artery and portal vein were individually dissected and ligated
and the left hepatic vein was transected using an Endo-GIA
stapler (Covidien, Mansfield, MA, USA). The resected spec-
imen was inserted into a protective endobag and retrieved by
making an additional suprapubic transverse incision. After
specimen extraction, the suprapubic wound was closed and
the abdominal cavity was reinsufflated with CO2 gas to ex-
amine for bleeding and bile leakage; furthermore, hemostasis
and biliostasis were performed on the cut surface of the liver.
Fibrin glue sealant (Greenplast, Green Cross Corp., Seoul,
Korea) was sprayed over the resection surface to prevent bile
leakage and postoperative bleeding. Two closed-suction
drains were inserted to prevent fluid collection around the
resection site.

Robotic liver surgery

The patient was placed supine in the 15° reverse
Trendelenburg position, with an assistant standing between
the patient’s legs. A 12-mm trocar for the robotic camera was
placed on either right or left side of the patient’s umbilicus
depending on the procedure (left lateral sectionectomy vs. left
hepatectomy). Carbon dioxide was insufflated, and pneumo-
peritoneum was maintained at 12 mmHg. Three 8-mm trocars
were placed in the right subcostal, paramedian, and left
subcostal areas. A 12-mm trocar for an assistant was placed
in the right lower quadrant area. The surgical cart of the 4-arm
da Vinci surgical system was placed and docked coming from
the patient’s head towards the camera port, and the trocar for
the robotic harmonic scalpel was placed along the target lesion
(Fig. 1b). The surgeon moved towards the surgeon’s cart to
control the robotic arms. The assistant stood between the
patient’s legs to change the robotic instruments and perform
clipping, stapling, suction, irrigation, and retraction through a
12-mm trocar placed at the right lower quadrant. The right
subcostal port was used for liver retraction with the robotic
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arm. The left triangular and falciform ligaments were divided
with the permanent cautery hook for mobilization of the left
liver. Using a Maryland bipolar forceps, the left hepatic artery
and portal vein were dissected and identified. These vessels
were divided using metal or Hem-o-lok clips (Weck Closure

System, Research Triangle Park, NC, USA) or ligated with the
robotic needle holder (Fig. 2a, b). The parenchymal division
was carried out along the demarcation line using the robotic
harmonic scalpel (Fig. 2c). The larger Glissonian pedicles
were ligated, clipped, and divided. The Pringle maneuver

Fig. 1 Trocar positions for laparoscopic and robotic liver resections. a
Laparoscopic liver resection. The solid arrow indicates the main working
port of the surgical aspirator (cavitron ultrasonic surgical aspirator) and

the dotted arrow represents the graft retrieval site. b Robotic liver resec-
tion. The solid arrow indicates the direction of the surgical cart and the
dotted arrow represents the graft retrieval site
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was not used during parenchymal division. The left hepatic
duct and left hepatic vein were exposed after complete divi-
sion of the remnant hepatic parenchyma and were divided
using an Endo-GIA stapler (Covidien, Mansfield, MA,
USA) (Fig. 2d). The specimen was placed in an endobag
inserted through a 12-mm trocar and retrieved through a 10-
cm suprapubic incision site. A closed suction drain was
inserted to prevent fluid collection, and fibrin glue was applied
to the resection site after hemostasis and biliostasis have been
achieved.

Results

From May 2010 to June 2011, 13 patients underwent robotic
liver resection including 10 left lateral sectionectomies and
three left hepatectomies. These patients comprised the robotic
group. The laparoscopic group consisted of 17 patients, who
underwent laparoscopic liver resection during the same period
including 11 left hepatectomies and six left lateral
sectionectomies. The groups were similar with regard to age,
gender, tumor type, and tumor size (Table 1). The performed
procedures were similar in both the groups with the exception
of the robotic group performing liver parenchymal transection
using the harmonic scalpel due to the unavailability of the
CUSA for robotic surgery. In addition, there were no signifi-
cant differences in mean operative time (Robot vs. Lap; 291.5
±85.1 vs. 240.9±68.6 min, p=0.082) and mean estimated
blood loss (Robot vs. Lap; 388.5±65.0 vs. 342.6±84.7 ml,
p=0.114) between the two groups (Table 2). Of the 13 patients
who underwent robotic liver resection, there was no difference
in terms of mean operative time between the last five robotic
operations and the first five robotic operations.

Although there were more HCC patients in the robotic
group, there were no significant differences in terms of tumor

size and surgical margin (Table 3). In both groups, there was
no patient who required conversion to an open operation.
There were two complications in the laparoscopic group; all
of which were retrieval site wound seromas. There were no
postoperative complications in the robotic group. However,
there was no significant difference regarding complication
rates between the two groups (p=0.208). Also, no mortality
was present in either group. Although there was a tendency for
a longer hospital stay in the laparoscopic group (p=0.053), the
total medical cost was significantly higher in the robotic group
(Robot vs. Lap; 11,475±2,174 vs. 6,762±1,436 USD, p=
0.001) (Table 4). Of the 13 patients who underwent robotic
liver resection, there was no difference in terms of total
medical cost between the last five robotic operations and the
first five robotic operations.

Discussion

Laparoscopic techniques for liver resection are gaining in-
creased popularity. With increasing experience, laparoscopic
liver resection has resulted in comparable and, in some as-
pects, more improved outcomes when compared to the cases
undergoing open surgery [2, 5]. Although there are many
technical differences in the laparoscopic approach as reported
in the literature, laparoscopic liver resection is reported to
have lower morbidity, intraoperative blood loss, blood trans-
fusion rate, need for postoperative analgesic drugs, and shorter
hospital stay when compared to open liver resection [4, 8, 9].
The first consensus meeting on laparoscopic liver surgery held
in Louisville, KY concluded that laparoscopic liver surgery is
a safe and effective approach for the management of surgical
liver disease if performed by surgeons with experience in

Fig. 2 Procedures involved during robotic liver resection. a Cutting the
left hepatic artery. b Ligation of the left portal vein. c Division of the
hepatic parenchyma. d Division of the left hepatic duct using Endo-GIA
stapler

Table 1 Preoperative characteristics

Laparoscopic
group (n=17)

Robotic group
(n=13)

p value

Number 17 13

Sex (male/female) 9:8 7:6 0.967

Age 52.5±9.7 50.4±12.2 0.785

Liver cirrhosis 3 (17.6 %) 4 (30.8 %) 0.408

Hemoglobin (g/dl) 14.1±1.4 13.6±1.8 0.379

Hct (%) 41.9±3.7 40.6±4.8 0.414

Platelet count (×103/mm3) 228.2±90.1 208.8±50.4 0.851

INR 0.99±0.05 1.02±0.04 0.18

Serum total bilirubin (mg/dl) 0.89±0.25 0.8±0.53 0.246

AST (IU/l) 27.5±11.7 26.8±3.9 0.516

ALT (IU/l) 25.1±14.0 23.3±9.5 0.967

ICG test (15 %) 13.7±6.8 11.2±3.2 0.305

Hct hematocrit, INR international normalization ratio, AST aspartate
aminotransferase, ALT alanine aminotransferase, ICG indocyanine green
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hepatobiliary and laparoscopic surgery [10]. Currently, indi-
cations for laparoscopic liver resection are patients with soli-
tary lesions, 5 cm or less, located in liver segments 2 to 6. The
laparoscopic approach for left lateral sectionectomy should be
considered as a standard practice [6].

Robotic surgery has received increased attention as a result
of advancements in its technology. Although introduced in the
late 1990s, robotic surgery has generated enthusiasm outside
the specialties of urology, gynecology, and cardiac surgery.
With technology refinement, improved image quality, and
smaller robotic systems, there has been a recent interest in
using the robot for complex laparoscopic procedures such as
complex hepatopancreatobiliary cases, rectal surgery, and thy-
roidectomy [11].

The da Vinci Surgical System (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA), a robotic surgical system approved
by the US Food and Drug Administration for surgery, is the
only commercially available therapeutic robotic system in the
market, which allows surgeons to perform advanced laparo-
scopic procedures with greater ease. Similar to a human hand,
the robotic articulating instruments translate the natural

movements of the surgeon’s hand into precise movements
inside the abdominal cavity. The system allows three-
dimensional views of the operative field, has tremor filtration
capacity, and permits 7° of freedom. Such properties allow
surgeons to dexterously perform delicate dissections and pre-
cise intracorporeal suturing, thus leading to its potential to
mimic open liver resection [1, 5]. In our experience, when
performing left hepatectomy in a patient with intrahepatic duct
stones, suturing the left main hepatic duct after opening the
duct for additional stone removal was easier and less time
consuming in the robotic method than in the conventional
laparoscopic method. The indications for robotic liver resec-
tion are similar to those for laparoscopic liver resection [1, 12].

However, robotic surgery has several limitations including
high cost, inadequate coverage by medical insurance, lack of
tactile, lack of training systems, time-consuming setup, and
difficulty in converting to open surgery [11, 13–15]. Further-
more, the da Vinci system is not attached to the operating
table, and thus requires undocking to change table position.
When perilous circumstances such as massive bleeding occur,
the assistant can compress bleeding focus with laparoscopic
instruments until conversion to open surgery [11]. Also, a
“team approach” is necessary when using the robotic system

Table 2 Operative characteristics

LH left hepatectomy, LLS left lat-
eral sectionectomy, CUSA
cavitron ultrasonic surgical
aspirator

Laparoscopic group (n=17) Robotic group (n=13) p value

Operation type 11 LH, 6 LLS 10 LLS, 3 LH

Operation time (min) 240.9±68.6 291.5±85.1 0.082

Main transection method CUSA Harmonic scalpel

Pringle maneuver 0 0 1

Blood loss (ml) 342.6±84.7 388.5±65.0 0.114

Blood transfusion (n) 0 0 1

Table 3 Pathological findings

Laparoscopic
group

Robotic
group

p value

Pathology

Malignant lesions

HCC 3 (17.6 %) 10 (76.9 %)

Colorectal metastasis 1 0

Peripheral
cholangiocarcinoma

1 0

Benign lesions

Biliary cyst 1 1

Intrahepatic stone 8 1

Hepatic cyst 1 0

FNH 1 1

Adenoma 1 0

Tumor size (mm) 34.8±18.2 31.1±16.0 0.728

Surgical margin (mm) 20.0±19.6 18.7±9.9 0.498

Weight of specimen (g) 243.0±92.7 213.7±112.6 0.276

HCC hepatocellular carcinoma, FNH focal nodular hyperplasia

Table 4 Postoperative characteristics

Laparoscopic
group

Robotic
group

p value

Postoperative day 1 Hb 12.6±1.3 12.4±1.8 0.801

Postoperative day 1 Hct (%) 37.4±3.0 26.9±5.0 0.66

Peak AST 148.9±59.1 184.8±145.0 0.851

Peak ALT 146.9±62.5 173.2±133.4 0.786

Nadir of PT (%) 74.7±10.5 70.3±10.6 0.438

Conversion to open
operation

0 0 1

Complication rate 2 (11.7 %) 0 (0 %) 0.208

Time to oral diet (days) 2.2±0.4 2.0±0.0 0.281

Hospital stay (days) 9.5±3.0 7.8±2.3 0.053

Cost (USD) 6,762±1,436 11,475±2,174 0.001

Mortality 0 0 1

Hb hemoglobin, Hct hematocrit, AST aspartate aminotransferase, ALT
alanine aminotransferase, PT prothrombin time, USD US dollar
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for minimally invasive liver surgery. In particular, it is essen-
tial that there be an experienced assistant surgeon on the
patient’s bedside. The role of this assistant in suctioning and
retracting the tissue for optimal exposure and for safe stapling
is crucial [12].

Contrary to the enthusiasm for robotic liver resection, there
have been few reports comparing robotic liver resection with
the conventional laparoscopic approach. In a study by Berber
et al. which compared nine robotic liver resections with 23
laparoscopic liver resections and only included segmental
resections and left lateral sectionectomies for liver tumors, it
concluded that for selected liver lesions, a robotic approach
provides similar perioperative outcomes when compared with
laparoscopic liver resection [5]. One patient was converted to
an open operation due to parenchymal bleeding after liver
resection [5]. The complication rate after robotic and laparo-
scopic liver resections was 11 and 17 %, respectively and
there were no cases of mortalities [5]. In addition, the patients
were followed up for a mean of 14 months and disease-free
survival (DFS) was found to be equivalent in both the groups.
Although a case-by-case cost analysis was not carried out,
medical cost was also a matter of concern in their study [5].
Despite a larger number of major liver resections in our study
including 14 left hepatectomies (11 in the laparoscopic group
and three in the robotic), the results of our study were similar
in that there were no differences in perioperative outcome
between robotic liver resection and laparoscopic liver resec-
tion including operative time, estimated blood loss, and com-
plication rate. However, the authors believe that the availabil-
ity of CUSA arm for robotic surgery would have shortened the
operative time and reduced the estimated blood loss. The
conversion rate in the laparoscopic group was 0 % which
is lower than the 5 to 15 % conversion rate, as reported in
the literatures for laparoscopic liver resection [4, 16–18].
Also, the conversion rate in the robotic group was lower
than the 5.7 % conversion rate reported in the literature
[12]. Although our 11.7 % complication rate after laparo-
scopic liver resection was similar to the study conducted
by Berber et al. [5], there were no complications after
robotic liver resection. The medical cost was also signifi-
cantly higher in the robotic group.

However, there are some limitations in the present study.
The small sample size due to the preliminary nature of this
study and heterogeneity within the study groups (non-tumor
lesions were also included) must be taken into account when
interpreting the results. In addition, comparison of only left
hepatectomies and left lateral sectionectomies might have
resulted in the low complication rate in both the groups and
low conversion rate in the robotic group so that the results of
this study may not apply to other forms of liver resection
including segmental resections or right hepatectomies. Also,
the small sample size or less experience may have influenced
the result that there was no difference in terms of mean

operative time and total medical cost between the last five
robotic operations and the first five robotic operations.

Although laparoscopic liver resection has demonstrated its
safety in resections for malignancy, only a limited number of
robotic liver surgeries have been reported in the literature and
only preliminary experience exists for robotic liver resection
[8–10, 19]. Since the first robotic liver resection at our center
was performed inMay 2010, the follow-up period in our study
was relatively short and comparison of recurrence or survival
with the laparoscopic method was not possible. Furthermore,
this study was limited due to its non-randomized design. The
authors believe that future prospective randomized studies
with larger numbers of patients, more diverse liver resections,
and longer follow-up are warranted to precisely compare
robotic liver resection and laparoscopic liver resection.

Conclusion

Robotic liver resection is a safe and feasible option for liver
resection in experienced hands. Although the medical cost
was higher in the robotic group, there were no significant
differences regarding perioperative outcome between robotic
liver resection and laparoscopic liver resection. The authors
further suggest that since the robotic surgical system provides
sophisticated advantages such as three-dimensional image and
a 360° rotating endowrist comfortable for suture enabling
robotic surgery to further expand the application of the min-
imally invasive approach to liver surgery, the retrenchment of
medical cost for the robotic system in addition to refining its
liver transection tool by incorporating a CUSA arm may
substantially increase its application in clinical practice in
the near future.
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