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ARTICLE INFO ABSTRACT

Background: Laparoscopic liver resection is recommended as the standard operation for left lateral sectio-
nectomy (LLS). Robotic liver resection is theoretically better than laparoscopic liver resection in complex cases
of liver resection. However, in a complex case of LLS, whether robotic LLS (R-LLS) is still better than laparo-
scopic LLS (L-LLS) is unclear. This study aims to assess the perioperative outcomes of R-LLS and L-LLS in the
overall and in the subgroup of complex cases of LLS.

Methods: From January 2015 to June 2017, the data on consecutive patients who underwent R-LLS were ret-
rospectively compared with those who underwent L-LLS. Based on defined criteria for complex cases, the sub-
group of such patients who underwent R-LLS were compared with the subgroup of patients who underwent L-
LLS. The patient characteristics and surgical outcomes in the whole groups and subgroups of patients were
analyzed.

Results: The overall R-LLS and L-LLS groups showed no significance differences in operative time, intraoperative
blood loss, postoperative hospital stay, blood transfusion and morbidity rates. The overall medical costs were
significantly higher in the R-LLS group than in the L-LLS group (12786.4 vs. 7974.3 USD; p < 0.001). On
subgroup analysis of the complex cases, the estimated blood loss was significantly less in the R-LLS subgroup
than the L-LLS subgroup (131.9 vs. 320.8 ml, p = 0.003). The two subgroups showed no significant differences in
postoperative hospital stay (4.7 vs. 5.3 days; p = 0.054) and operative times (126.4 vs. 110.8 min; p = 0.379).
The R-LLS subgroup had significantly higher overall medical costs than the L-LLS subgroup (13536.9 vs. 9186.7
USD, p = 0.006).

Conclusion: The overall R-LLS group was comparable to the overall L-LLS group in perioperative outcomes.
Although the overall medical costs in the robotic subgroup was higher, R-LLS might be a better choice for the
subgroup of patients with complex cases when compared to L-LLS.
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1. Introduction However, several limitations of the laparoscopic procedure impede its

use in complex cases of liver resection [8].

Over 20 years have elapsed since Reich et al. reported on the first
successful case of laparoscopic liver resection (LLR) in 1991 [1]. Im-
provements in techniques and instruments have led to the increase use
of LLR [2]. The safety and benefits of minimally invasive surgery allow
LLR to grow from minor peripheral segmentectomy [3] to major and
extended hemi-hepatectomy [4,5]. When compared with open liver
resection, the short-term advantages of LLR include lower morbidity,
less operative blood loss and shorter length of hospital stay [6,7].

As the most advanced technology in minimally invasive surgery, the
robotic surgical system can overcome the shortcomings of the con-
ventional laparoscopic surgery [8]. Robotic surgery provides increased
dexterity to perform delicate dissection, a 3-dimensional stereoscopic
view with adjustable magnification, and a comfortably-seated operating
posture to reduce fatigue and physical stress [9]. Robotic liver surgery
allows technical ease in complex hepatic vein and hilar dissection,
intra-operative control of bleeding and biliary reconstruction [10].
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Fig. 1. Illustrative images of a complex-case LLS. A: HCC (arrow) more than 10 cm in diameter. B: Intrahepatic cholangiocarcinoma (arrow) adjacent to the left
hepatic vein. C: Liver abscess (arrow) adjacent to the left portal vein. D: Huge left lateral section which as embedded in the splenic fossa (arrow).

Although several studies have been conducted to compare robotic
versus laparoscopic liver resection [10-14], there is still very little
evidence to guide surgeons in the appropriate selection between these
two surgical approaches.

Left lateral sectionectomy (LLS) is considered by many surgeons to
be the easiest anatomical liver resection [15]. It accounts for the vast
majority of laparoscopic anatomical liver resections [2]. Several studies
[16-18] which compared laparoscopic with open LLS showed the la-
paroscopic approach to be superior to the open approach in short-term
outcomes, with significantly reduced intra-operative blood loss, shorter
hospital stay but comparable operative times. Laparoscopic LLS (L-LLS)
has now been recommended as a standard operation [19-21]. A recent
systematic review [12] showed robotic LLS (R-LLS) to account for the
second largest number of robotic anatomical liver resection, im-
mediately following right hepatectomy as the highest. Three non-ran-
domized studies [11,22,23] showed robotic and laparoscopic LLS to
result in similar surgical outcomes. However, a fourth study by Packiam
et al [24] suggested robotic LLS to be marginally inferior to laparo-
scopic approach in clinical outcomes.

The proper preoperative assessment of surgical difficulty for mini-
mally invasive hepatectomy is crucial in the selection of appropriate
patients. Several factors have previously been reported to affect the
operative difficulty of LLR and the peri-operative outcomes. These
factors included tumor location, tumor size, body mass index (BMI) and
repeated hepatectomy [25-30]. Ban et al. first proposed a difficulty
scoring system for LLR based on the sum of the calculated scores of five
factors [31]. This system has been validated in the prediction of the
difficulty levels and the peri-operative outcomes using a multicenter
analysis by the Endoscopy Liver Surgery Study Group in Japan [32].
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Recently, a new classification [33] reported by Kawaguchi et al., and a
novel model [34] reported by Hasegawa et al., were developed to
evaluate the difficulty of LLR, with highlights on the extent of resection,
location of tumor, obesity and platelet count. To our knowledge, the
difficulty classification systems for robotic liver resection are still cur-
rently lacking.

The proper selection of patients to undergo robotic or laparoscopic
liver resection for lesions in the left lateral section is still unclear. For an
ordinary case, LLS can be relatively straightforward. However, the
difficulty level of surgery can increase tremendously in complex cases.
The aims of the present study were to verify if there is any difference of
outcomes for patients who underwent R-LLS and L-LLS, as well as if
there is any difference of outcomes for selected complex cases who
underwent R-LLS and L-LLS.

2. Materials and methods
2.1. Study design

This retrospective study was approved by the Institutional Review
Board, and all patients gave informed written consent for their data to
be used for research purposes. From January 2015 to June 2017, the
data of consecutive patients who underwent R-LLS or L-LLS at the
Department of Hepatobiliary and Pancreatic Surgical Oncology,
Chinese PLA General Hospital were analyzed retrospectively. The work
has been reported in line with the STROCSS criteria [44].

Pre-operative investigations included routine blood examination,
serum tumor markers, dynamic contrast-enhanced magnetic resonance
imaging (MRI), contrast-enhanced computed tomography (CT),
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Table 1
Patient characteristics and pathology.

Characteristic L-LLS (n =54) R-LLS P power
(n = 58)
Age (years) 48.9 years) 52.2 years) 0.198 0.1563
Gender (male/female) 26/28 33/25 0.354
BMI (kg/m2) 23.8kg/m2) 0.9805
24.7 kg/m2)
0.201
ASA score 0.400
1 5 2
2 48 54
3 1 2
Lesion size (cm) 4.7 on siz4.7 0.6826
on siz0.984
Cirrhosis 18 (33.3%) 16 (27.6%) 0.509
Previous abdominal surgery 11 (20.4%) 5 (8.6%) 0.105
Pathology 0.454
Abscess 1 (1.9%) 0
Angiomyolipoma 1 (1.9%) 0
Cholangiocarcinoma 1 (1.9%) 4 (6.9%)
Colorectal liver metastases 2 (3.7%) 2 (3.4%)
Cystadenocarcinoma 0 1 (1.7%)
Focal nodular hyperplasia 9 (16.7%) 5 (8.6%)

Hepatocellular carcinoma 23 (42.6%) 25 (43.1%)

Hemangioma 14 (25.9%) 13 (22.4%)
Hepatolithiasis 1 (1.9%) 3 (5.2%)
Lung cancer liver metastasis 0 1 (1.7%)
Mixed HCC-CC 0 2 (3.4%)
Myofibroblastoma 1 (1.9%) 0
Nasopharyngeal carcinoma 0 1 (1.7%)
liver metastasis

Parasite 1 (1.9%) 0
Tuberculosis 0 1 (1.7%)

contrast-enhanced ultrasonography, and positron emission tomography
(PET) if necessary. The peri-operative variables evaluated were opera-
tive time, estimated blood loss, transfusion rate, conversion rate, length
of hospital stay, morbidity and mortality rates.

The inclusion criteria were benign or malignant lesions localized to
the left lateral section (Couinaud's segment II and III) and the liver
function was Child-Pugh class A or B. The tumor size was not a factor
for patient selection for surgery. The exclusion criteria included a his-
tory of a previous complex upper abdominal operation, tumor invasion
of main portal vein or inferior vena cava (IVC), and the need for vas-
cular or biliary reconstruction.

Defined criteria of a complex case for LLS were: (i) tumor size more
than 10 cm in diameter (Fig. 1A); (ii) proximity of tumor to major
vessels (Fig. 1B and C); (iii) obesity (BMI > 30 kg/mz); (iv) combined
lymphadenectomy or choledochoscopy; (v) huge left lateral section
(Fig. 1D) which was embedded in splenic fossa. Patients who met any
one of the above criteria were included into the complex case group for
LLC. Those who did not meet any one of the criteria were included in
the ordinary-case group.

2.2. Surgical technique

All robotic liver resection were performed using the da Vinci Si
System (Intuitive Surgical Inc., Sunnyvale, CA, USA) by our surgical
team. The patient was placed in a supine and reversed Trendelenburg
position with splitting of the 2 lower limbs. The body of the robot was
docked over the head of the patient, and the assistant surgeon stood
between the patient's legs. Four trocars were used, including three 12-
mm trocars and an 8-mm trocar. The robotic camera was inserted
through a 12-mm trocar placed in the sub-umbilical site and the other
three trocars were inserted under laparoscopic guidance. The 8-mm 1st
arm and the 12-mm 2nd arm were placed through the trocars which
were located in the left subcostal location and the right hypogastrium,
respectively. The assistant's 12-mm trocar was positioned in the left
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hypogastrium for suction, passing on needles, handling of the BiClamp
and argon beam coagulation (EREB, Germany). The 12-mm trocar in
the right hypogastrium was also used by the assistant surgeon for
vascular stapling.

The surgeon performed mobilization of the left lateral section using
an ultrasonic scalpel (Ethicon Endo-Surgery, Cincinnati, OH, USA). The
round, falciform, left coronary, left triangle, and hepatogastric liga-
ments were sequentially divided. In some complex cases, the left portal
vein and left hepatic vein were isolated early. The liver parenchymal
transection plane was along the falciform ligament using an ultrasonic
scalpel. Ultrasonic coagulation, bipolar electrocoagulation and BiClamp
were used for hemostasis during parenchymal transection. An endo-
scopic linear cutter-stapler (EC-60, Ethicon Endo-Surgery) was used to
transect and seal the Glissonian pedicles of segments 2 and 3. The left
hepatic vein was identified and then divided by a linear cutter-stapler.
Hemostasis of the transected liver surface was performed by bipolar
electrocoagulation and argon beam coagulation. The resected specimen
was placed into a disposable sterile endobag (Covidien, Mansfield, OH,
USA) and the endobag was retrieved through an extension of the sub-
umbilical port incision. A peritoneal drain was placed if necessary.

The surgical approach of L-LLS was conducted using the procedures
as previously described [35] and the operative procedure was similar to
the robotic approach. In this study, the L-LLS was totally laparoscopic
surgery, without using the hand-assisted or hybrid method.

2.3. Statistical analysis

All statistical analyses were performed using the SPSS 22.0 statis-
tical software package (SPSS Inc., Chicago, IL). Continuous data were
expressed as means * standard deviations. The Student's t-test was
used to compare normally distributed quantitative data while the
Mann-Whitney U test was used for non-normally distributed quantita-
tive data. For non-statistically quantitative data, the calculations of
power were conducted to test whether the means of two groups are
equivalent [36]. The Type I error probability associated with tests of
null hypothesis is 0.05. All qualitative data were expressed as number
(%) and compared using the Chi-squared test. A P-value less than 0.05
was considered statistically significant.

3. Results
3.1. Patient characteristics

From January 2015 to June 2017, 112 patients who underwent L-
LLS (n = 54) or R-LLS (n = 58) entered into this study. The clinical
characteristics are shown in Table 1. The two groups of patients (the L-
LLS group and the R-LLS group) were comparable in age, BMI, gender,
American Society of Anesthesiologists (ASA) scores, lesion size, and a
history of previous abdominal surgery (all p > 0.05).

Twenty-six (45%) L-LLS patients and 36 (62%) R-LLS patients had
malignant tumors. The major indications for L-LLS were hepatocellular
carcinoma (HCC) (n = 23) and hemangioma (n = 14), as well as for R-
LLS HCC (n = 25) and hemangioma (n = 13). The mean sizes of the
lesions were similar between the two groups (4.7 + 2.8 vs
4.7 * 2.6cm; p = 0.984).

3.2. Perioperative outcomes

The perioperative outcomes are summarized in Table 2. All patients
who underwent either L-LLS or R-LLS had RO resection on the final
histopathologies. The Pringle's maneuver was not employed in any
patient. One patient with a cholangiocarcinoma in the L-LLS group
required conversion to open LLS owing to failed lymphadenectomy,
while no patients in the R-LLS group required conversion to lapar-
otomy. Patients in the L-LLS group had an insignificantly shorter op-
erative time than those in the R-LLS group (95.7 = 47.5 vs.
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Table 2

Perioperative outcome.
Characteristic L-LLS (n = 54) R-LLS (n = 58) P power
Operative time (min), mean + SD 95.7 + 47.5 107.0 = 45.2 0.074 0.1147
Estimated blood loss (ml), mean *+ SD 108.9 = 180.8 80.1 = 144.4 0.523 0.052
Blood transfusion 1 (1.9%) 3 (5.2%) 0.344
Conversion to laparotomy 1 (1.9%) 0 0.298
Postoperative hospitalization (days), mean = SD 4.4 + 1.8 43 = 1.8 0.448 0.5118
Overall medical costs (USD), mean = SD 7974.3 + 1967.4 12786.4 + 3330.2 < 0.001
Morbidity 2 (3.7%) 1 (1.7%) 0.517
Mortality 0 0 N/A
R1 Resection 0 0 N/A

107.0 = 45.2min; p = 0.074). There were no significant differences
between the two groups in estimated blood loss (108.9 + 180.8 vs.
80.1 *+ 144.4ml; p = 0.523), blood transfusion rates (1.9% vs. 5.2%)
and morbidity rates (3.7% vs. 1.7%). No postoperative mortality oc-
curred in either group in this study.

The postoperative hospital stay was similar for the two groups
(p = 0.448). The overall medical costs were significantly higher in the
R-LLS group (mean 12786.4 USD) than in the L-LLS group (mean
7974.3 USD; p < 0.001).

3.3. Outcomes for L-LLS in the complex-case subgroup versus the ordinary-
case subgroup

The patient characteristics and surgical outcomes for the two sub-
groups of patients are shown in Table 3. The two subgroups were
comparable in age, gender, cirrhosis, ASA scores and a history of pre-
vious abdominal surgery. Patients in the complex-case subgroup who
underwent L-LLS had a significantly higher BMI (25.9 + 3.8 vs.
23.2 = 2.8kg/m? p = 0.010) and larger lesion size (7.5 = 3.9 vs.
3.9 £ 1.9cm; p < 0.001) than those in the ordinary-case subgroup
who underwent L-LLS owning to the defined criteria used for complex
cases. There were no significant differences between the two subgroups
in operative time (110.8 = 44.5 vs. 91.4 * 47.9min; p = 0.080) for
patients who underwent L-LLS. The complex-case subgroup, when
compared with the ordinary-case subgroup, had significantly more es-
timated blood loss (320.8 = 293.5 vs. 48.3 + 47.6ml; p < 0.001),
longer postoperative hospital stay (5.3 * 1.2 vs. 4.1 = 1.9 days;
p = 0.010), and higher medical costs (9186.7 + 2123.8 vs.
7627.9 = 1800.1 USD; p = 0.014).

3.4. Outcomes for R-LLS in the complex-case subgroup versus the ordinary-
case subgroup

The patient characteristics and surgical outcomes for the two sub-
groups of patients are shown in Table 4. The two subgroups were

comparable in age, gender, cirrhosis, ASA scores and a history of pre-
vious abdominal surgery. Patients in the complex-case subgroup who
underwent R-LLS had an insignificantly higher BMI (26.7 + 5.0 vs.
23.6 + 2.7kg/m?% p = 0.003) and a significantly larger lesion size
(6.3 £ 3.3 vs.3.8 = 1.5cm; p < 0.001) than those in the ordinary-
case subgroup who underwent R-LLS owing to the defined criteria used
for complex cases. There were no significant differences between the
two subgroups in postoperative hospital stay (4.7 + 2.6 vs. 4.0 = 1.1
days; p = 0.713) for patients who underwent R-LLS, The complex-case
subgroup of patients, when compared with the ordinary-case subgroup
of patients, had significantly more estimated blood loss
(131.9 = 221.9 vs. 50.7 = 56.8ml; p = 0.034), and significantly
longer operative time (126.4 *+ 55.3 vs. 95.9 * 34.5min; p = 0.015).
There were no significant differences in medical costs between the two
subgroups (13536.9 + 4768.6 vs. 12360.4 = 2100.2 USD;
p = 0.199).

3.5. Outcomes for R-LLS in the complex-case subgroup versus the L-LLS in
the complex-case subgroup

Table 5 shows the patient characteristics and surgical outcomes for
R-LLS for the complex-case subgroup versus L-LLS for the complex-case
subgroup. The two subgroups were comparable in age, gender, BMI,
lesion size, cirrhosis, ASA scores and a history of previous abdominal
surgery. R-LLS for the complex-case subgroup, when compared with L-
LLS for the complex-case subgroup, resulted in significantly less esti-
mated blood loss (131.9 + 221.9 vs. 320.8 + 293.5ml, P = 0.003).
The two subgroups were similar in postoperative hospital stay
(4.7 £ 2.6 vs. 5.3 = 1.2 days; p = 0.054) and operative times
(126.4 = 55.3 vs. 110.8 = 44.5min; p = 0.379). The overall medical
costs were significantly higher in the R-LLS subgroup than the L-LLS
subgroup (13536.9 + 4768.6 vs. 9186.7 + 2123.8 USD, p = 0.006).

Table 3
Patient characteristics and surgical outcome of ordinary-case L-LLS and complex-case L-LLS.
Characteristic ordinary-case L-LLS (n = 42) complex-case L-LLS (n = 12) P power
Age (years) 47.3 years) 54.8 years) 0.080 0.0232
Gender (male/female) 19/23 7/5 0.423
BMI (kg/m?) 23.2 kg/mal25.9 kg/mal0.010
ASA score 0.855
1 4 (9.5%) 1 (8.3%)
2 37 (88.1%) 11 (91.7%)
3 1 (2.4%) 0 (0.0%)
Lesion size (cm) 3.9 on siz7.5 on siz < 0.001
Cirrhosis 15 (35.7%) 3 (25.0%) 0.487
Previous abdominal surgery 10 (23.8%) 1 (8.3%) 0.240
Postoperative hospitalization (days), mean + SD 41 £ 1.9 53 = 1.2 0.010
Operative time (min), mean * SD 91.4 + 479 110.8 = 445 0.080 0.1025
Estimated blood loss (ml), mean + SD 48.3 + 47.6 320.8 + 293.5 < 0.001

Overall medical costs (USD), mean = SD

7627.9 + 1800.1

9186.7 = 2123.8

0.014
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Patient characteristics and surgical outcome of ordinary-case R-LLS and complex-case R-LLS.

Characteristic ordinary-case R-LLS (n = 37) complex-case R-LLS (n = 21) P power
Age (years) 51.4 years) 53.7 years) 0.541 0.2822
Gender (male/female) 18/19 15/6 0.092
BMI (kg/m2) 23.6 kg/m2)26.7 kg/m2)0.003
ASA score 0.518
1 1 (2.7%) 1 (4.8%)
2 34 (91.9%) 20 (95.2%)
3 2 (5.4%) 0 (0.0%)
Lesion size (cm) 3.8 on siz6.3 on siz < 0.001
Cirrhosis 9 (24.3%) 7 (33.3%) 0.461
Previous abdominal surgery 3(8.1%) 2 (9.5%) 0.854
Postoperative hospitalization (days), mean + SD 4.0 = 1.1 47 = 26 0.713 0.1398
Operative time (min), mean * SD 95.9 *+ 34.5 126.4 = 55.3 0.015
Estimated blood loss (ml), mean + SD 50.7 + 56.8 131.9 + 221.9 0.034
Overall medical costs (USD), mean + SD 12360.4 = 2100.2 13536.9 = 4768.6 0.199 0.0306

4. Discussion

L-LLS is considered to be the most straight-forward anatomical la-
paroscopic liver resection. It was first reported in 1996 [3,37]. The past
decades have witnessed the development of laparoscopic hepatectomy
from the exploratory stage gradually to become a standard practice.
The 2008 Louisville Statement recommended that L-LLS should be
considered as a standard practice [20]. Since then, the number of L-LLS
carried out around the world increased from 463 to 1890 within a few
years [38,39]. Owing to it being a relatively standardized and re-
producible procedure, L-LLS is also an appropriate technique to train
inexperienced surgeons in LLR [40].

The major advantage of the robot surgical system over laparoscopic
surgery is its high degree of dexterity and accuracy. Many surgeons
consider it to be the extension and breakthrough of the traditional la-
paroscopic technique. Robotic surgery has a shorter learning curve than
laparoscopic surgery, mainly due to the improved ergonomics and deft
controls [41,42]. However, whether robotic surgery is superior to la-
paroscopic surgery in minimally invasive hepatectomy is still con-
troversial.

The present study showed R-LLS to produce similar peri-operative
outcomes when compared with L-LLS in operative time, intraoperative
blood loss, red blood cell transfusion and complication rates.
Interestingly, even though an additional docking time was added to the
robotic group, there was no significant difference in the operative time
between the R-LLS and the L-LLS groups. This result can be explained
by the extra time-consumed in docking being saved by the advantages
offered by robotic in LLS. Our study agreed with the results of pre-
viously reported studies [11,23,24] that the overall medical costs in R-
LLS was significantly higher than L-LLS. Thus, in a straight-forward
patient with a lesion in the left lateral section of liver, L-LLS should still

Table 5

be the standard practice.

Recent studies have proposed various difficulty scoring systems in
laparoscopic liver surgery using several preoperative factors
[31,33,34]. Among these factors, the extent of liver resection plays the
most important role in determining the difficulty of LLR. Our study
stratified patients with lesions in the left lateral section of liver into a
complex-case and an ordinary-case subgroups. Several factors were
used to separate these patients into the two subgroups which include
large tumor size, tumor proximity to major vessels, obesity, combined
lymphadenectomy and huge left lateral section. The presence of any
one of these factors would put a patient into the complex-case sub-
group. Our results showed both L-LLS and R-LLS in the complex-case
subgroups had significantly higher estimated blood loss, operative time
and hospital stay than the ordinary-case subgroups.

In the subgroup analysis of the complex-case subgroups, R-LLS,
when compared with L-LLS, resulted in significantly less intraoperative
blood loss, probably because of the enhanced vision and meticulous
manipulation of the robotic system. Thus, for complex cases requiring
minimally invasive liver resection, robotic liver resection might be a
better choice than laparoscopic liver resection. It is worth noted that
the difference of intraoperative blood loss using robotic technique and
conventional laparoscopic technique for complex subgroup was
(131.9 = 221.9 vs. 320.8 = 293.5ml, P = 0.003), which is less than
200 ml and might not be clinically significant. This can also explain
why there was no difference of transfusion rate. However, the above
result were based on an analysis of two subgroup, and for a single case,
the difference of blood loss are high likely to be more than 200 ml, thus
the application of robotic technique might change the outcome of se-
lected patient, which is a reason why the technique should be re-
commended for complex cases.

In the patients who underwent L-LLS in our study, the costs of the

Patient characteristics and surgical outcome of complex-case L-LLS and complex-case R-LLS.

Characteristic complex-case L-LLS (n = 12) complex-case R-LLS (n = 21) P power
Age (years) 54.8 years) 53.7 years) 0.846 0.1281
Gender (male/female) 7/5 15/6 0.443
BMI (kg/m2) 25.9 kg/m2)26.7 kg/m2)0.607 0.9109
ASA score 0.679

1 1 (8.3%) 1 (4.8%)

2 11 (91.7%) 20 (95.2%)

3 0 (0.0%) 0 (0.0%)
Lesion size (cm) 7.5 on siz6.3 on siz0.374 0.1565
Cirrhosis 3 (25.0%) 7 (33.3%) 0.616
Previous abdominal surgery 1 (8.3%) 2 (9.5%) 0.909
Postoperative hospitalization (days), mean + SD 53 x 1.2 4.7 £ 2.6 0.054 0.1942
Operative time (min), mean * SD 110.8 = 44.5 126.4 = 55.3 0.379 0.2009
Estimated blood loss (ml), mean + SD 320.8 + 293.5 131.9 += 221.9 0.003

Overall medical costs (USD), mean + SD 9186.7 = 2123.8

13536.9 + 4768.6 0.006
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complex-case subgroup were significantly higher than that of the or-
dinary-case subgroup. However, there was no significant difference
between the ordinary-case and the complex-case subgroups for patients
who underwent R-LLS. Thus, R-LLS did not increased the medical cost
for the complex-cases. The major hindrance to the development of ro-
botic surgery is its relatively high costs. The huge costs include the
expensive purchase fee and its annual maintenance fee [43]. As is
known, Da Vinci robotic system is costly, and how to use it cost-effec-
tively is extremely important, especially for those patients who have to
afford all the cost of robots or all the cost of hospitalization in some
countries, which is why we designed the present study. According to
our results, to maximize the cost-effectiveness of minimally invasive
surgery for lesions in the left lateral section of liver, L-LLS should be
used as a standard practice for ordinary cases, while R-LLS could be
used for complex cases. We do know that financial analysis is a so-
phisticated issue, involving the cost of involve training of staff using the
novel equipment, investment in infrastructure and some other factors,
and a full-scale analysis should be performed in further study, to guide
the medical strategy in a more comprehensive perspective. However,
although limited, a single analysis of hospital stay is still useful and
worth to be analyzed, especially for those patients who pay for their
own bill.

We have to admit it that the present study still has some limitations.
First of all, there is no consensus on the evaluation criteria of the dif-
ficulty for LLS. Therefore, the evaluation of surgical difficulty in this
paper is based on previous studies. In addition, considering the nature
of small sample retrospective study, selection bias is inevitable, for
some cases, the statistical power was also low. Further prospective
randomized controlled studies need to confirm the long-term and short-
term outcomes comparison between R-LLS and L-LLS. Third, the study
was limited by the relatively small sample size, and benign or malig-
nant cases were not compared separately. Besides, as is proved in the
previous studies, the worsted instruments of robotic surgical system can
benefit for some complicated procedure, dissection near the hepatic
hilum and major blood vessels, lymphadenectomy and suture or re-
construction [41,42], which were not involved in our present study and
might be a cause of type II error. However, those procedures are very
unlikely to be involved in left lateral sectionectomy, thus the results
might be still the same even in a larger sample study. In future research
we will further enlarge the sample size and make a stratified compar-
ison, with the analysis of the mid- and long-term oncologic results.
However, according to our present results, we are still confident that
robotic technique is helpful in some selected cases, and a rational se-
lection criterion might be a good way to improve the cost-effectiveness
of robotic surgery.

In conclusion, this study showed that R-LLS was comparable to L-
LLS in perioperative outcomes. Although the overall medical costs in
the robotic group was higher, robotic surgery might be a better choice
for complex cases when compared to the laparoscopic approach.
Further studies are required to determine the advantages of robotic
surgery in other complex hepatectomies.
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