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Abstract
Background Most liver resections are currently performed using an open approach. Robotic hepatectomy has been suggested 
as a safe and effective approach for hepatocellular carcinoma; however, studies regarding oncological and surgical outcomes 
are still limited. Accordingly, we performed this study to compare the surgical and oncological outcomes between robotic 
and open approaches.
Methods Between June, 2013 and July, 2016, a total of 63 HCC patients undergoing robotic hepatectomy, and 177 patients 
undergoing open hepatectomy were included in this study to assess the surgical and oncological outcomes after hepatec-
tomy. The data of demographic, clinical features, hepatitis profile, tumor characters, TNM stage, surgical type, pathological 
outcomes, and postoperative results were collected prospectively and analyzed retrospectively.
Results The demographic and clinical features of patients with HCC in both groups were statistically comparable. The 
robotic group had longer operative times (296 ± 84 vs. 182 ± 51 min, p = 0.032). The postoperative complications rate was 
slightly lower in the robotic group (11.1 vs. 15.3%, p = 0.418). The rate of Ro resection was similar in both groups (93.7 vs. 
96%, p = 0.56). The length of hospital stay was significantly shorter in the robotic group (6.21 ± 2.06 vs. 8.18 ± 6.99 days, 
p = 0.001). The overall recurrence rate of HCC was lower in the robotic group (27 vs. 37.3%, p = 0.140). The 1, 2, 3 year 
disease-free survival rates were 72.5, 64.3, and 61.6%, respectively, for the open group, while they were 77.8, 71.9, and 
71.9%, respectively, for the robotic group, (p = 0.325). The 1, 2, 3 year overall survival rates were 95.4, 92.3, and 92.3%, 
respectively, for the open group, while they were 100, 97.7, and 97.7%, respectively, for the robotic group (p = 0.137).
Conclusion Robotic surgery is a safe and feasible procedure for liver resection in selected patients. The oncological and 
surgical outcomes of robotic hepatectomy were comparable to open surgery. The robotic hepatectomy carried significantly 
shorter length of hospital stay.
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Possible curative therapy for HCC includes liver resection, 
liver transplantation, and local ablation [1–3]. Resections 
remain the standard treatment of resectable HCC [4]. Open 

liver resection has traditionally been considered the gold 
standard procedure to treat HCC. Surgeons and patients, 
however, are interested in minimally invasive surgery. 
Minimally invasive liver surgery is associated with reduced 
postoperative pain, reduced postoperative complications, 
and lessened length of hospital stay, and improved cosmeses 
without compromising oncological outcomes [5–8].

Robotic hepatic resection is a growing option in the field 
of hepatic surgery with acceptable morbidity and mortality 
[9].

Currently, the robotic platform has controls and ergo-
nomics that closely mimic the movements of open surgery; 
improved three-dimensional visualization, seven-degrees of 
freedom, and allowing for precise dissection and intracor-
poreal suturing, thus expanding the scope and complexity of 
cases compared to conventional laparoscopy [10–12].
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The literature demonstrates that in properly selected 
patients, performed by surgeons trained in open and liver 
surgery that are skilled in minimally invasive techniques, 
robotic liver resection is a feasible and safe option [13, 14]. 
Many studies have been conducted to compare the clinical 
and oncological outcomes between robotic and laparoscopic 
approaches, Qiu et al. [15] drew the conclusion in a sys-
tematic review that robotic hepatectomy and laparoscopic 
hepatectomy both display similar safety, feasibility, and 
effectiveness for liver resection. However, the accuracy of 
robotic instruments even in a limited space can facilitate 
biliary reconstruction, while it is usually considered a sig-
nificant obstacle to laparoscopy [16, 17] Lai et al. [18] dem-
onstrated the robotic approach is an acceptable alternative 
to laparoscopic liver resection for hepatocellular carcinoma. 
With the potential advantage of robotic system in perform-
ing major hepatectomy and resection of tumor in difficult 
segments, robotic surgery may have an impact on the thera-
peutic strategy of HCC.

Most surgeons are still reluctant to adopt robotic liver 
surgery due to not only the complexity of the operation and 
the technical expertise required, but also concern about the 
capability for adherence to safe and oncologically appreci-
ated resection [19, 20]. In this study, the surgical and onco-
logic outcomes are compared between robotic and open liver 
resection. We attempted to demonstrate that the robotic plat-
form is safe and effective, does not compromise oncological 
outcome, and is a reasonable alternative when compared to 
the open approach.

Materials and methods

This is a retrospective review of previously collected data. 
This study was approved by the Institutional Review Board 
in this hospital. From June 2013 to July 2016, patients with 
primary, newly diagnosed HCC were selected for this study. 
Radiologic studies for HCC were reviewed in a multidisci-
plinary case management meeting held weekly.

Two hundred and two cases with primary HCC under-
going open hepatectomy; and 63 cases with primary HCC 
undergoing robotic hepatectomy were collected for this 
study.

The principles that we chose the patients to receive 
robotic liver resection were based on the following: (1) 
According to the consensus statements, 5 cm or less, located 
in peripheral liver segments II–VI. The international posi-
tion on laparoscopic liver surgery: the Louisville statement, 
2008 [4]. (2) Those who are willing to pay the expensive 
charge for robotic surgery. The charge is about USD 8000 
for every robotic liver surgery. It is not covered by NHI 
(National Healthcare Insurance) in Taiwan. (3) There is 

no history of upper abdominal surgery which could cause 
severe adhesion around the liver and perihilar region.

These procedures were performed by two experienced 
surgeons. We excluded 15 cases with right lobectomy, two 
cases with right extended lobectomy in the open group to 
match with the type of liver resection of the robotic group; 
also excluded seven cases of TNM stage 3C and one case 
stage 4B in the open group to match with the TNM stage of 
the robotic group.

Finally, 177 HCC cases with open hepatectomy and 
63 HCC cases with robotic hepatectomy were included in 
this study. The data of demographic preoperative clinical 
features, hepatitis profile, tumor character, TNM staging, 
surgical type, pathological results, and postoperative out-
come were collected and analyzed. All the patients were 
followed up until June 30 2017; the follow-up period was 
786.10 ± 248 days for the open group and 791.05 ± 323.48 
days for the robotic group. All the robotic procedures were 
performed using the da Vinci S and Si surgical system 
(Intuitive surgical, Sunnyvale, CA, USA). Intraoperative 
ultrasound assessment was conducted with the laparoscopic 
ultrasound (Xario 100-PET-805LA, Toshiba, Tokyo) to 
localize the lesion and identify the resection margin. The 
type of liver resection was adopted according to the Brisbane 
2000 classification [21]. Surgeons attempted to allow a 1 cm 
gross margin during tumor resection in both groups, with a 
R0 resection margin being defined as complete resection 
with histologically negative resection margin. Postoperative 
complications were recorded and classified according to the 
Clavien–Dindo system and major complication was defined 
as Clavien–Dindo classification ≥ 3 [22].

All patients were followed monthly for the first 6 months 
following the operation and then quarterly if no recurrence 
was found. Enrolled patients underwent tumor evaluation 
for efficacy by α-fetoprotein level and liver ultrasound on a 
bimonthly basis for both two groups. A suspected recurrence 
due to the above examination was confirmed by dynamic 
computed tomography or magnetic resonance imaging or if 
necessary, with tissue sampling.

Statistical analysis

The baseline characteristics of patients were expressed as 
mean standard deviation (M ± SD). The X2 test or Fish-
er’s exact test was used to compare the discrete variables. 
Student’s t test or one-way ANOVA was used to compare 
the continuous variables. The disease-free survival and 
overall survival rate of both groups were presented by 
Kaplan–Meier curve. A comparison of survival analysis 
was performed by the log-rank test. Independent risk factors 
analysis for HCC recurrence was assessed by multivariate 
Cox regression model. p < 0.05 was considered statistically 
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significant. A statistical analysis was performed by using 
SPSS ver. 180 (SPSS, Chicago, IL, USA).

Results

The demographic and clinical features of patients with HCC 
in both groups were statistically comparable. No significant 
HCC characteristics difference were noted between the two 
groups including α-fetoprotein, hepatitis profiles, tumor 
location, tumor size, tumor number, TNM stage, and post-
operative anti-viral treatment (Table 1).

The surgical outcomes and pathologic features are shown 
in Table 2. Most of the patients in the robotic group, how-
ever, underwent partial liver resection when compared to 
that of the open group (66.7 vs. 45.2%; p = 0.012). The 
operative time for robotic group was 296 ± 84 min, longer 
than the open group time of 182 ± 51 min (p = 0.032). The 
amount of blood loss was comparable (Robotic 206 ± 105 ml 
vs. open 267 ± 180 ml, p = 0.724) in both groups. Fifty-eight 
(93.7%) out of 63 robotic liver resections were Ro resec-
tion, comparable to the open group (96%) (p = 0.361). The 
resection margin was also comparable in both groups (open 
6.38 ± 6.79 mm vs. robotic 5.85 ± 5.15 mm, p = 0.586). The 
pathologic results, including histological grade, microscopic 
vascular invasion, satellite nodule, and Ishak’s score were all 
equivalent in both groups (p > 0.05). The most common his-
tological grading was grade 2 (robotic 76.2 vs. open 73.4%).

The postoperative complications rate was slightly higher 
in the open group, not statistically significant (15.3% open 
vs. 11.1% robotic, p = 0.418), while major complication 
rates were similar between the two groups (1.6% robotic vs. 
2.6% open, p = 1.0). One (0.6%) case of hepatic failure and 
4 (2.3%) cases of bile leakage occurred in the open group, 
while 1 (1.6%) case in the robotic group needed endoscopic 
retrograde biliary drainage (ERBD) (Table 3).

The length of hospital stay was significantly shorter for 
the robotic group than the open group (6.21 ± 2.06 day vs. 
8.16 ± 6.99 days, p = 0.001).

The robotic group had better short-term oncological out-
comes, although it did not reach statistically significant dif-
ference. During the follow-up period, 17 (27%) cases of the 
robotic group were found to have HCC recurrence, as did 66 
(37.3%) cases for the open group (p = 0.140).

Time to HCC recurrence was also comparable 
between the two groups (robotic 585.40 ± 353.06 days 
vs. open 540.08 ± 315.80 days; p = 0.346). The differ-
ence of survival period was not statistically signifi-
cant, although the robotic group had longer survival 
time (760.47 ± 317.94  days vs. 686.89 ± 271.81 days, 
p = 0.115). Most of the recurrence of HCC occurred in the 
liver itself; however, there was neither recurrence on the 
surgical stump nor the port site. The location of recurrence 

was also similar in both groups (Table 4). The 1, 2, 3 year 
disease-free survival rates were 77.8, 71.9, and 71.9%, 
respectively, for the robotic group, while it was 72.5, 64.3, 
and 61.6%, respectively, for the open group (p = 0.325) 
(Fig. 1). The 1, 2, 3 year overall survival rate was 100, 
97.7 and 97.7%, respectively, for the robotic group and 
95.4, 92.3, and 92.3%, respectively, for the open group 
(p = 0.37) (Fig. 2). No conversion to open or laparoscopic 
approach was necessary in the robotic group, while no 
surgical mortality case was found in either group.

Table 1  The demographic and clinical features of HCC patients 
undergoing liver resections

Variable Open group
(n = 177)

Robotic group
(n = 63)

p value

Sex
 Female 53 (29.9%) 20 (31.7%) 0.789
 Male 124 (70.1%) 43 (68.3%)

Age
 ≤65 years 95 (53.7%) 39 (61.9%) 0.258
 >65 years 82 (46.3%) 24 (38.1%)

Tumor number
 Solitary 142 (80.2%) 55 (87.3%) 0.209
 Multiple 35 (19.8%) 8 (12.7%)

Tumor size (cm) 3.63 ± 2.54 3.05 ± 1.82 0.050
Tumor location
 S1 3 (1.7%) 0 (0%) 0.569
 S2 17 (9.6%) 9 (14.3%) 0.305
 S3 16 (9%) 10 (15.9%) 0.134
 S4 24 (13.6%) 8 (12.7%) 0.112
 S5 30 (16.9%) 10 (15.9%) 0.872
 S6 30 (16.9%) 11 (17.5%) 0.926
 S7 46 (26%) 10 (15.9%) 0.103
 S8 32 (18.1%) 14 (22.2%) 0.473

TNM stage
 1 107 (60.5%) 44 (69.8%) 0.234
 2 50 (28.2%) 17 (27%)
 3A 15 (8.5%) 1 (1.6%)
 3B 5 (2.8%) 1 (1.6%)

Child–Pugh A 168 (95.1%) 59 (93.9%) 0.717
Child–Pugh B 4 (2.2%) 1 (1.5%) 0.716
Hepatitis profile
 HBV 79 (44.6%) 36 (57.1%) 0.088
 HCV 59 (33.3%) 17 (27%) 0.352
 HBV + HCV 5 (2.8%) 3 (4.8%) 0.438

Double cancer 22 (12.5%) 7 (11.1%) 0.772
Postoperative anti-viral treatment
 HBV 27 (81.8%) 18 (90%) 0.695
 HCV 6 (18.2%) 2 (10%)

Albumin (gm/dl) 4.19 ± 0.46 4.30 ± 0.40 0.091
Platelet (× 103/µl) 170.03 ± 70.08 182.81 ± 100.57 0.272
α-Fetoprotein (ng/ml) 485.99 ± 1822.88 210.72 ± 582.17 0.082
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We performed risk factors analysis for HCC recurrence 
using Cox regression model in this study, the multivariate 
analysis showed that the independent risk factors for HCC 
recurrence were Child–Pugh classification B (HR = 5.89, 
p = 0.005 95% CI 1.712–20.307), presence of satellite module 

(HR = 2.46, p = 0.02 95% CI 1.409–4.286), and Ishak score 6 
(HR = 1.942, p = 0.010 95% CI 1.175–3.207); while the TNM 
stage and surgical procedure (open vs. robotic) were not risk 
factors for HCC recurrence (Table 5).

Table 2  The surgical outcomes 
and pathological features 
of HCC patients after liver 
resection

Variable Open group
(n = 177)

Robotic group
(n = 63)

p value

Operative time (min) 182 ± 51 296 ± 84 0.032
Blood loss (ml) 267 ± 180 206 ± 105 0.724
Resection margin (mm) 6.38 ± 6.79 5.85 ± 5.95 0.586
R0 resection
 No 7 (4%) 4 (6.3%) 0.361
 Yes 170 (96%) 59 (93.7%)

Histological grade
 1 14 (7.9%) 6 (9.5%) 0.706
 2 130 (73.4%) 48 (76.2%)
 3 33 (18.6%) 9 (14.3%)

Microvascular invasion 40 (22.6%) 14 (22.2%) 0.951
Satellite nodule 62 (35%) 17 (27%) 0.243
Ishak’s score
 1–5 115 (68.5%) 45 (75%) 0.341
 6 53 (31.5%) 15 (25%)

Type of liver resection
 Partial resection 80 (45.2%) 42 (66.7%) 0.012
 One segmentectomy 75 (42.4%) 17 (27%)
 Two segmentectomy 14 (7.9%) 1 (1.6%)
 Left lobe hepatectomy 8 (4.5%) 3 (4.8%)

Length of hospital stay (day) 8.18 ± 6.99 6.21 ± 2.06 0.001
Postoperative complication (%) 27 (15.3%) 7 (11.1%) 0.418
Recurrence rate 66 (37.3%) 17 (27%) 0.140
Time to recurrence (day) 540.08 ± 315.80 585.40 ± 353.06 0.346
Survival period (day) 686.89 ± 271.81 760.47 ± 317.94 0.115

Table 3  Postoperative complications of HCC patients after liver 
resections

Variable Open group
(n = 177)

Robotic group
(n = 63)

p value

Clavien–Dindo classification
I 0 0
II 0.225
 Ascites 10 (5.6%) 1 (1.6%)
 Lung atelectasis 5 (2.8%) 3 (4.8%) 0.436
 Bleeding 4 (2.3%) 2 (3.2%) 0.654
 Pleural effusion 3 (1.7%) 0 (0%) 0.569

IIIa
Bile leakage 4 (2.3%) 1 (1.6%) 1
IVa
 Hepatic failure 1 (0.6%) 0 (0%) 1

Table 4  Location of HCC recurrence after liver resection

Variable Open group
(n = 177)

Robotic group
(n = 63)

p value

Liver 59 (33.3%) 16 (25.4%) 0.243
Lung 3 (1.7%) 1 (1.6%) 1
Regional lymph node 7 (4%) 3 (4.8%) 0.725
Bone 4 (2.3%) 1 (1.6%) 1
Others 5 (2.8%) 1 (1.6%) 1
Port site 0 0 1
Surgical stump 0 0 1
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Discussion

In this study, after matching with the type of liver resection 
and tumor stage, the demographic features, tumor characters, 
TNM stage, liver function, and hepatitis profile were similar 
in both groups and were statistically comparable (p > 0.05), 
although the case number was largely discrepant between 
the two groups.

Our comparisons showed that the robotic group had sig-
nificantly longer operative time when compared with the 
open group (p = 0.0032). Longer operative time was also 
found in many investigations [23–25]. The robotic group 
requiring longer operative time could be caused by the 
requirement to dock the robot, exchange instruments, and 
dissect delicately under magnified views [26, 27].

Our experience demonstrated the safety profile of the two 
groups was comparable. Amount of blood loss and rates of 
major complications (Clavien–Dindo Classification IIIa or 
more) were similar. The reported complication rate of the 
robotic approach ranged from 10.9 to 22%. Our data were 
comparable with previous reports [28–30].

The R0 resection rate and resection margin were also 
equivalent in both groups in this study. The Ro resection rate 
for the robotic approach was 93.7% in this series, which is 
comparable with previous reports of 93 to 96% [18, 31, 32].

The commonly reported advantage of robotic liver resec-
tion when compared to open resection is shorter length of 
hospital stay [23, 25, 28, 32–34]. Our analysis confirmed 
the reports of significantly shorter length of hospital stay in 
comparison with the open group.

In our series, the pathologic outcomes, including his-
tological grade, microvascular invasion, satellite nodule, 
and Ishak’s score were equivalent to that of open resection. 
These results were also consistent with a previous report 
[25]. The robotic group had a trend towards better disease-
free and overall survival rates; however, the difference did 
not reach statistical significance. The disease-free survival 
rate was better in the robotic group vis-à-vis the open group, 
although the difference was not statistically significant 
(robotic 72.2 vs. open 61.6% at 3 year, p = 0.325); also, as 
was the overall survival rate (robotic 97.7 vs. open 92.3%, 
p = 0.137) in this study. These results were also consistent to 
the previous reports from Chen et al. [25] and Lai et al. [31].

Fig. 1  Kaplan–Meier analysis of oncological outcomes for robotic 
and open hepatectomy. The disease-free survival rate for two group at 
3 years were 71.9 vs. 61.6%, respectively (p = 0.325)

Fig. 2  Kaplan–Meier analysis of oncological outcomes for robotic 
and open hepatectomy. The overall survival rate of the two groups at 
3 years were 97.7 vs. 92.3%, respectively (p = 0.317)

Table 5  Independent risk factors analysis of HCC recurrence using 
multivariate Cox regression model

Variable Multivariate analysis

HR p value 90% CI

Child–Pugh B 5.896 0.005 1.712, 20.307
Satellite nodule 2.457 0.002 1.409, 4.286
Ishak score 6 1.942 0.010 1.175, 3.207
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Performance of a large liver resection can be done safely 
without mortality. Chen et al. [25] demonstrated more than 
half of their cases underwent major liver resection and 
among them, 15 cases had major liver resection for living-
related liver donor.

However, in a study of case-matched comparisons, King-
ham et al. [28], using the robotic approach, favored minor 
liver resection and demonstrated that a tumor in segment 7 
was removed via a segment 7 wedge resection or segmen-
tectomy, as opposed to a posterior section resection or even 
a right hepatectomy.

In the current study, 38% of HCC cases were located in 
the posterior and superior segment, 66.7% of cases under-
went partial liver resection, and right lobectomy was never 
performed in the robotic group. This is a reflection of our 
patient’s population that is dominated by patients with HBV 
or HCV hepatitis and liver cirrhosis who need small paren-
chyma-preserving resections and careful patient selection.

In the recent literature, Kingham et al. [28] and Casciola 
et al. [34] demonstrated the feasibility and safety of paren-
chyma-sparing liver surgery using the robotic approach. 
There were a high number of non-anatomic wedge resections 
in the robotic group, suggesting that parenchyma preserva-
tion was upheld when using robotic technique [28, 35–37].

Wider surgical margin is not justified to prevent HCC 
recurrence [38]. Recent evidence supports change of a stand-
ard anatomical or major liver resection for HCC. Matsui 
et al. [39] demonstrated that limited resection with no mar-
gin did not affect the HCC recurrence and overall survival 
rates. Dahiya et al. [40] observed the extent of resection for 
HCC did not seem to affect HCC recurrence and long-term 
survival.

Recently, this trend has been enhanced by progress in 
ultrasound-guided liver resection, reducing the need for 
major hepatectomies even in complex situations such as 
tumor invasion of the hepatic vein [41]. In their study, Torzill 
et al. [42] concluded that the systematic use of intraoperative 
ultrasonography allowed sparing of the liver parenchyma 
without tumor recurrence and enabled safe operation while 
maintaining adequate oncological radicality and broaden-
ing the indication for surgery. In our series, intraoperative 
ultrasound-guided liver resection was done for every case 
in both groups, especially for HCC lesion located in poste-
rior and superior segments. By this technique, parenchyma-
preserving liver resection became more feasible and safe.

The limitations of this study included its retrospective 
basis, the small size series, and limited cases of major liver 
resection; however, it clearly shows the potential of robotic 
techniques vis-a-vis outcomes of open liver resection. We 
have demonstrated that robotic and open approaches appear 
similar in the important areas of surgical and oncological 
outcomes. As the experience grows, we believe additional 
advantages of the robotic platform will be demonstrated.

In conclusion, robotic surgery is a safe and feasible pro-
cedure for liver resection. The surgical and oncological out-
comes are comparable between robotic and open hepatec-
tomy, the robotic platform is effective, does not compromise 
oncological outcome, and is a reasonable alternative when 
compared to the open approach.
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