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Abstract

Background Sigmoid colon cancer is a lethal disease and has a strong indication for surgery. Robotic-assisted surgery is
one of the promising alternative treatment for this disease. Nowadays, the MicroHand S surgical system and the Da Vinci
surgical system have been assembled in China. However, there is still no report to study the therapeutic effects of the two
robotic-assisted surgical systems. Thus, the purpose of this study was to compare clinical and economic outcomes of patients
with sigmoid colon cancer undergoing robot-assisted radical surgery via The MicroHand S or Da Vinci surgical system.
Methods The clinical data of 45 patients with sigmoid colon cancer undergoing the MicroHand S or Da Vinci robotic-assisted
surgery at The Third Xiangya Hospital of Central South University from January 2017 to January 2019 were retrospectively
analyzed.

Results Twenty-one patients received MicroHand S robotic-assisted radical surgery and 24 patients received Da Vinci robot-
assisted radical surgery. No significant differences were observed in terms of operation time, number of lymph node harvested,
blood loss, intestinal exhaust time, time of oral feeding resumption, volume of abdominal cavity 24-h drainage, hospital stay,
complication and rate of conversion, removal time of drainage tube and catheter between MicroHand S and Da Vinci group.
However, the MicroHand S group had significantly lower hospitalization costs (P =0.002) and shorter time to get out of
bed after surgery (P =0.04). In addition, no recurrence and metastases were observed in both groups during the follow-up.
Conclusions In patients with sigmoid colon cancer, the Da Vinci surgical system did not show obvious clinical advantages
compared to the MicroHand S surgical system in surgical outcomes. However, the MicroHand S surgical platform showed
advantages in terms of the hospitalization costs and length of postoperative bedtime. The outcome of this study will probably
result in a shift to the MicroHand S surgical system as treatment preference in China.

Keywords Sigmoid colon cancer - Robotic-assisted surgery - The MicroHand S robot - The Da Vinci robot - Surgical
outcomes

Dong Luo and Yunfei Liu have contributed equally to this study. Colorectal cancer (CRC) is a common malignant tumor
of the digestive system. It is the fourth most common can-
cer diagnosed among adults and the second leading cause
of death related to cancer [1] in the United States. Surgery
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open abdominal incision is associated with significant mor-
bidity and long period of convalescence. Therefore, patients
and providers are both increasingly interested in the utili-
zation, safety, and efficacy of minimally invasive surgery
(MIS). Since the first successful incorporation of laparos-
copy in colorectal surgery in 1991, MIS has yielded many
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4 The Xiangya School of Medicine, Central South University, [3]. Recently, robotic-assisted surgery has revolutlomze.d
Changsha, Hunan, People’s Republic of China and has expanded the field of MIS beyond laparoscopic
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surgery [4]. Robotic-assisted surgery has gradually become
the predominant MIS approach for CRC [5, 6] since 2009.

The Da Vinci surgical system was approved by the United
States Food and Drug Administration (FDA) in 2000 [7].
This system provides enhanced, controlled three-dimen-
sional high-definition vision, giving the visual field of opera-
tion a true sense of depth, seven degrees of freedom, and
tremor elimination with improved dexterity. Weber et al. first
performed robotic colorectal surgery in 2002 [8, 9]. Then
D’Annibale et al. reported several cases treated via robotic-
assisted colorectal surgery and concluded that a robotic sys-
tem might be useful for procedures such as dissection of the
inferior mesenteric artery and denitrification of the nerve
plexus [10].

Currently, the Da Vinci robotic-assisted surgical system
has been known as the most advanced surgical system all
over the world. The number of Da Vinci robotic-assisted sur-
gery is growing strongly in mainland China and the average
amount of surgery performed by each robot is far ahead of
that in other developed countries, which is twice the world’s
average rate of utilization in a few large medical centers in
China. However, just about 70 the Da Vinci surgical robots
have equipped in mainland China so far, the popularity of the
Da Vinci robotic surgery system is far from enough in main-
land China because of extremely high cost. Therefore, China
has developed our own robotic-assisted surgical system (The
“MicroHand S” surgical system, developed jointly by Cen-
tral South University and Tianjin University) recent years
and completed the first surgery of general surgery at The
Third Xiangya Hospital in 2014. Therefore, there has been
two robotic-assisted surgical system applied in China, The
Da Vinci surgical system and the MicroHand S surgical sys-
tem, but currently no clear evidence of clinical information
is available regarding minimally invasive surgery between
these two different robotic-assisted surgical systems. The Da
Vinci surgical system and the MicroHand S surgical system
in The Third Xiangya Hospital of Central South University
have been used for radical surgery for colorectal cancer since
2016. To date, 45 cases of robotic-assisted radical surgery
for sigmoid colon cancer have been completed. As such, we
did this single-center retrospective study to explore clini-
cal and economic outcomes of patients with sigmoid colon
cancer undergoing robotic-assisted radical surgery via The
MicroHand S or Da Vinci surgical system.

Materials and methods
Patient and data
In this single-center retrospective trial, 45 patients who path-

ologically confirmed sigmoid colon cancer at the Depart-
ment of General Surgery, The Third Xiangya Hospital of

Central South University, undergoing radical resection
of sigmoid colon cancer, by either The Da Vinci surgical
system (n=24) or MicroHand S surgical system (n=21)
between January 2017 and January 2019 were included.

Inclusion criteria: (1) Adult patients (age from 18 to 80).
(2) Colonoscopy biopsy confirmed sigmoid colon cancer. (3)
No distant metastasis (including pelvic cavity, peritoneum,
liver, lung, brain, bone, etc.) determined by Ultrasound or
CT. (4) Not receive radiotherapy and chemotherapy before
surgery. (5) No history of other malignant tumors or associ-
ated with other organ dysfunction. (6) Willing to choose
robot surgery. Exclusion criteria: (1) Partial resection. (2)
Multiple colorectal malignancies. (3) Combined with other
sites of colectomy or other adjacent organ resection. (4)
American Society of Anesthesiologists (ASA) Classifica-
tion > Level II1.

Clinical data including demographic baseline charac-
teristics, operation time, number of lymph node harvested,
intraoperative blood loss, intestinal exhaust time, time of
oral feeding resumption, abdominal cavity 24-h drainage
volume, removal time of drainage tube, removal time of
catheter, hospital stay, Visual Analogue Score, the time to
get out of bed after surgery, hospitalization costs, complica-
tion, and the rate of conversion were collected.

All operations were performed by the same well-experi-
enced and qualified surgical team (who have done more than
100 cases of robotic-assisted General Surgery such as gastric
and colorectal cancer radical surgery) of the Department of
General Surgery, The Third Xiangya Hospital, Central South
University. All of the work was reviewed and approved
by the Medical Council’s ethics committee of The Third
Xiangya Hospital of Central South University (D14002 and
Clinical Trials. gov No. NCT02752698). All patients or
their legal representatives had signed the informed consent
before enrollment. According to Chinese law, this work was
regarded as quality-assured activity.

Robot-assisted surgical techniques

The “MicroHand S” surgical system consists of three parts:
the doctor’s console, the patient’s console, and the acces-
sories (Fig. 1).

The doctor’s console includes the engine base, column,
armrest, main mechanical arm (left/right main arm), image
display device, and the control system, and completes func-
tion such as acquiring information of doctor’s movement,
boosting robotic arm lifting, and adjusting height of arm-
rest. The patient’s console includes engine base, lifting
column, suspension arm, and electrical control system of
slave robotic arm (left/right slave arm), and performs func-
tion as follow: master—slave communication (between the
doctor’s console and the patient’s console), adjustment of
lifting column, holdup of electric push rod of the base and
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Fig.1 The “MicroHand S” surgical system. A The doctor’s con-
sole: 1, image display device; 2, left main arm; 3, right main arm; 4,
engine base; 5, armrest; 6, control system; 7, column. B The patient’s
console: 1, suspension arm; 2, lifting columns; 3, slave arm; 4, elec-

warning sound, etc. Accessories include three-dimensional
laparoscopic and camera system, surgical instruments, ster-
ile protective covers, and trocars.

Robot-assisted surgery were performed as follows:
Patients were in the lithotomy position, a 12-mm right
supraumbilical port was used to establish a pneumoperito-
neum, then the peritoneum was accessed and the robotic
camera (named the observational port) were inserted. Two
abdominal 8-mm ports were placed at the umbilical level of
double lower abdomen, which were 8 cm from the obser-
vational port, and another one 5 mm-incision were cut at
the right upper abdomen for the fourth operational port
(five puncture ports were selected for “The MicroHand S”
robotic-assisted surgery, including a 12 mm trocar, placed in
a three-dimensional laparoscope; two 10 mm “MicroHand
S” dedicated trocar, using for connecting to the left and right
arms, a 12 mm trocar and a 5 mm trocar as auxiliary operat-
ing hole. The incisions were respectively located in upper
umbilicus, left lower abdomen, right lower abdomen and
left and right front line at the umbilical level). After that the
operating instrument was placed, intra-abdominal condition
was routinely probed to determine the location of the tumor.
During the process of anatomy, the inferior mesenteric arte-
riovenous and superior rectal arteries and veins were first
dissected, then the inferior mesenteric arteriovenous and
rectal superior arteriovenous were disconnected from the
root and the titanium clip was attached. The rooted peri-
toneums were cut on both sides of the sigmoid mesenteric
until to the upper end of the rectum from left to right, and
then they were dissipated downward to the lower edge of
the mass about 5 cm. A 5 cm-diameter incision in the lower
left abdomen against the Mc Burney point was made, the
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trical control system; 5, engine base. C Three-dimensional laparos-
copy and camera system: 1, camera module; 2, ergonomics car and
display; 3, three-dimensional laparoscopy; 4, image display unit; 5,
control panel; 6, cold light; 7, locker. Refer Guohui et al. [29]

sigmoid colon was pulled out of the incision, then the speci-
men was removed between 5 cm at the lower end of the mass
and descending colon (10 cm from the mass), and closed
respectively by the clamp. The descending colon and the
upper rectum were anastomosed on the colonic band with
the Johnson 60-cut closure, and the stump was closed and
the abdomen was also closed.

Statistical analysis

Patients characteristics were summarized with frequencies
and percentages (for categorical variables) or with mean
values + standard deviation. SPSS 22.0 software was used
for data analysis. The measurement data was tested by ¢ test
and the counting data was tested by y? test. P <0.05 showed
significant difference.

Results

Forty-five patients with sigmoid colon cancer were included
from January 2017 to January 2019, 21 patients received
MicroHand S robotic-assisted radical surgery and 24 patients
received Da Vinci robotic-assisted radical surgery respec-
tively. The patient’s general information including age, gen-
der, body mass index (BMI), maximum diameter of tumor,
clinical stage, pathological type, ASA Grade, tumor mark-
ers (CEA, CA-199) had no significant difference (P> 0.05).
Baseline characteristics were equally distributed between
groups (Table 1).

No significant difference was observed in operation time,
number of node harvested, intraoperative blood loss, intestinal
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Table 1 Baseline characteristics Variables MicroHand S Da Vinci group (n=24) T/ P
group (n=21)
Sex
Male 12(57.1) 13(54.2) 0.040 0.841
Female 9(42.9) 11(45.8)
Age 65.43+9.38 59+12.74 1.903 0.064
Maximum diameter of tumor 4.39+1.86 4.44+0.95 —-0.109 0914
BMI (kg/m?) 22.85+3.14 22.43+3.95 0.385 0.702
Clinical stage 0.068 0.795
I 2(9.5) 0(0.0) 5.858 0.098
1T 10(47.6) 7(29.2)
I 8(38.1) 11(45.8)
v 1(4.8) 6(25.0)
Pathological type
Highly differentiated adenocarcinoma 9(42.9) 10(41.7) 0.010 0.995
Medium differentiated adenocarcinoma  7(33.3) 8(33.3)
Poor differentiated adenocarcinoma 5(23.8) 6(25)
ASA score
1 2(9.5) 3(12.5) 0.222 1.000
1T 12(57.1) 13(54.2)
1 7(33.3) 8(33.3)
CEA
Normal 8(38.1) 10(41.7) 0.060 0.807
Up 13(61.9) 14(58.3)
CA19-9
Normal 9(42.9) 16(66.7) 2.571 0.109
Up 12(57.1) 8(33.3)

Values are presented as mean + standard deviation, or n (%)

ASA American Society of Anesthesiologists, BMI body mass index

exhaust time, time of oral feeding resumption, abdominal
cavity 24-h drainage volume, removal time of drainage tube,
removal time of catheter, hospital stay, Visual Analogue
Score, complication, and the rate of conversion to open sur-
gery between groups. However, the time to get out of bed
was shorter [(2.14 +0.36) vs. (2.42+0.50) days, P=0.04)] in
the “MicroHand S” group than that in the Da Vinci group.
More importantly, the hospitalization costs was significantly
lower [(81719.48) +(17388.81) vs. (107081.21 +30969.83) ¥,
P=0.002] in the “MicroHand S” group compared to that in
the Da Vinci group (Tables 2, 3).

The follow-up period was 4-24 months, with a median
follow-up time of 15 months. During the follow-up period, no
recurrence (at the primary site) and metastases was observed
both groups.

Discussion

Robotic-assisted surgery has advantages such as less
intraoperative bleeding, rapid postoperative recovery, and
radical cure [11], compared to the traditional open sur-
gery or laparoscopic surgery. Because of extremely expen-
sive price of Da Vinci surgical system and the increasing
demand for clinical application for robotic-assisted sur-
gery, we have developed our own robotic-assisted surgical
system—the “MicroHand S” surgical system (developed
jointly by Central South University and Tianjin Univer-
sity) in China and completed clinical phase I study at
The Third Xiangya Hospital. We performed a study to
explore the clinical efficacy of two surgical systems (The
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Table 2 Comparison of main clinical variables between the two groups

Variables

MicroHand S group (n=21)

Operation time (min)

Number of lymph node harvested (n) 14.19+5.86
Intraoperative blood loss (ml) 118.57+55.43
Intestinal exhaust time (day) 4.33+1.68
Time of oral feeding resumption (day) 6.38+2.56
Time to get out of bed (day) 2.14+0.36
Abdominal cavity 24-h drainage volume (ml) 120+53.85
Time of drainage tube removal (day) 7.81+2.09
Time of removal of catheter (day) 3.19+1.17
Hospital stay (day) 9.14+1.59

Hospitalization costs (¥)
VAS

First day after surgery 3.67+0.66

Second day after surgery 3.48+0.51

Third day after surgery 2.1+0.62
Conversion to open

Yes 1(4.8)

No 20(95.2)

81719.48 +17388.81

Da Vinci group (n=24) T/ P
241.71+£49.18 —0.566 0.574
14.08 +£8.57 0.048 0.962
256.67 +£444.36 -1.509 0.144
4.62+1.86 —0.548 0.586
5.71+£2.46 0.898 0.374
2.42+0.50 -2.119 0.040*
171.67+113.58 —1.904 0.064
8.46+0.78 —1.344 0.191
2.92+1.86 0.598 0.553
9.79+1.84 -1.256 0.216
107081.21 +30969.83 —3.320 0.002*
3.92+0.65 -1.276 0.209
3.58+0.5 -0.707 0.484
2.25+0.61 —0.841 0.405
2(8.3) <0.001 1.000
22(91.7)

Values are presented as mean + standard deviation,or n (%)
VAS visual analogue score

*Statistically significant

Table 3 Comparison of complications between the two groups

Variables MicroHand S Da Vinci Ve P
group (n=21) group
(n=24)
Hemorrhage 1(4.8) 2(8.3) <0.001 1.000
Incision infectin 1(4.8) 1(4.2) <0.001 1.000
Anastomotic leak 2(9.5) 1(4.2) 0.014 0.905
Intestinal obstruction 0(0.0) 1(4.2) <0.001 1.000
Total 4(19.0) 5(20.8) <0.001 1.000

Values are presented as mean =+ standard deviation, or n (%)

Da Vinci surgical system and the “MicroHand S” surgi-
cal system) for radical resection in sigmoid colon cancer.
Current experience has shown that the first laparoscopic
colorectal surgery is best to start with sigmoidectomy. It is
safe and reliable for surgical robots to apply for colorectal
resection at the junction between rectal and sigmoid colon
[12] and it has advantages in controlling intraoperative
bleeding, reducing the rate of conversion, shortening the
postoperative hospital stay. What’s more, while intestine is
located in the peritoneum, the process of free and ligation
for vascular is relatively easy and the visual field does not
move too much [13] for robotic-assisted surgery. There-
fore, the selection of sigmoid colon cancer as the initial
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robotic-assisted colorectal surgery in our center was also
based on those considerations above.

In our study, no significant differences were observed in
operation time, number of lymph node harvested, intraop-
erative blood loss, intestinal exhaust time, time of oral feed-
ing resumption, abdominal cavity 24-h drainage volume,
removal time of drainage tube, removal time of catheter, hos-
pital stay, complication, and the rate of conversion between
groups. While the time to get out of bed after surgery was
shorter in the “MicroHand S” group than that in the Da
Vinci group, those factors are important indicators reflecting
the clinical effect of surgery and the concepts recommended
by Enhanced recovery after surgery (ERAS).

ERAS is a multidisciplinary and multi-modal approach
to taking care of individuals undergoing surgery through
implementation of evidence-based perioperative prac-
tices, it aims to maintain physiologic function, reduce
pain, enhance early mobilization and facilitate early oral
nutrition postoperatively by reducing perioperative stress
[14-16]. It was developed initially for elective colorectal
surgery [17]. The concept and pathway of ERAS have been
widely accepted and proved to be beneficial in terms of
improving postoperative outcomes in China. Early post-
operative activities can promote recovery of multiple sys-
tems such as respiratory, gastrointestinal and musculoskel-
etal system etc. And help prevent lung infection, pressure
sores and deep vein thrombosis of lower extremities [18].
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As far as perioperative complications, including hem-
orrhage, incision infection, anastomotic leak, intestinal
obstruction, there was no significant difference between
two groups. The “MicroHand S” group was better than the
Da Vinci group regarding early ambulation of ERAS and
did not increase the incidence of complications.

The hospitalization costs were significantly lower in
the MicroHand S group than that in Da Vinci group in
our study. The application of Da Vinci robotic-assisted
surgery for complex operations in colonic oncology can
be facilitated for its main advantages [19]. However,
robotic-assisted approach has been challenged because of
the high costs of the Da Vinci robotic platform [20-23].
The only commercially available robotic equipment (da
Vinci®, Intuitive Surgical Inc. CA, USA) is characterized
by high cost, including the cost of equipment, acquisition,
training, maintenance of the robotic system. We believed
that the absence of competition in the market of robotic
equipment is one of the most important factors for the high
costs of robotic instrumentation [24]. The question must
be answered if such a belief is correct, especially in devel-
oping China with extremely uneven economic develop-
ment. The emergence of this new robotic-assisted surgery
platform with completely independent intellectual prop-
erty rights, the “MicroHand S robotic-assisted surgical
system, is good news for reducing costs of robot-assisted
surgery in China. Our research showed that the cost of hos-
pitalization for each patient in the “MicroHand S group
is nearly 20,000 ¥ lower than that of Da Vinci surgical
group, while 20,000 ¥ is a huge expense for the majority
of Chinese families in developing countries. It is believed
that the cost of robot-assisted surgery will definitely drop
significantly with the widespread use of “MicroHand S”
surgical system, which is more conducive to the promo-
tion and application of robotic-assisted system. It can be
expected to break the monopoly of robotic-assisted surgi-
cal technology around the world in the near future.

The rate of conversion to open surgery was up to 8.3% in
the Da Vinci group in our study, while 4.8% in MicroHand
S group, but no significant difference was observed between
two groups. Robotic-assisted colorectal surgery, compared
with conventional laparoscopic surgery, did reduce the risk
of conversion [25], but it still had certain rate of conversion,
which was to 1.5-7.7% [26, 27]. Guend’s data suggested
that establishing a robotic-assisted colorectal cancer surgery
program require approximately 75 cases. Once a program
was well established, the learning curve was shorter and
surgeons required fewer cases (25-30) to reach proficiency
[28]. The rate of conversion was up to 8.3% in the Da Vinci
group, slightly higher than existing reported data. Maybe
it was in acceptable range, but our learning curve has been
met, one reason may be that the size of sample enrolled was
relatively small.

During follow-up time, no recurrence (at the primary
site) and metastases was observed both groups. It seem
that no significant trend of differences were founded in
tumor free survival between groups, but the follow-up
time was relatively short, the difference were not enough
for statistical analysis. Currently, it should be regarded as
no trend of differences regarding to disease-free survival,
however, further research is needed.

Our study has some limitations. Firstly, as mentioned
above, our sample size was still relatively small. Sec-
ond, this is just a single-center respective study, because
“MicroHand S” surgical robotic system only has been
assembled in our hospital currently, multicenter rand-
omized trials are needed for further research. Third, given
that the follow-up time is relatively short, long-term fol-
low-up results should be especially focused on disease-free
survival and overall survival, making data more compre-
hensive and reliable.

In conclusion, we found that Da Vinci surgical system
did not show the significant clinical advantages as the most
advanced robotic-assisted surgical platform in the world
today compared to the MicroHand S surgical system in sur-
gical outcomes for patients with sigmoid colon cancer. How-
ever, the MicroHand S surgical platform showed advantages
in terms of the hospitalization costs and length of postopera-
tive bedtime. The outcome of this study will probably result
in a shift to the MicroHand S surgical system as treatment
preference in China.
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