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Introduction
!

Gastrointestinal cancers remain the most com-
mon and important cancer worldwide [1]. Early
diagnosis of gastrointestinal cancers will lead to
improvement in clinical outcomes and survival.
For early gastrointestinal cancers with minimal
risk of lymph node metastasis, endoscopic resec-
tion is the current standard of treatment [2].
Endoscopic resection with the technique of endo-
scopic submucosal dissection (ESD) achieved a
high rate of en bloc resection. Retrospective co-
hort studies showed that ESD reduced the rate of
local recurrence when compared to endoscopic
mucosal resection (EMR) [3,4]. Despite the ad-
vantages in oncological clearance, ESD is techni-
cally challenging. A study on the learning curve
for ESD showed that the en bloc resection rate in-
creased from 45% to 85% after the first 40 cases,

while the perforation rate decreased after the ini-
tial 20 cases [5].
We conducted a study of the preclinical training
for experienced endoscopists to perform ESD in a
porcine model [6]. Despite their vast experience
in esophagogastroduodenoscopy (EGD), colonos-
copy, and endoscopic retrograde cholangiopan-
creatoscopy (ERCP), 62% of the participants
achieved a perforation upon first performance of
ESD. The development of Master and Slave Trans-
luminal Endoscopic Robot (MASTER) aimed to im-
prove the performance of complex endoluminal
procedures by mounting two robotic arms onto
an ordinary double channel endoscope [7]. Amul-
ticenter prospective cohort study had confirmed
the feasibility and safety in performing ESD using
MASTER to treat early gastric cancer in five pa-
tients [8]. The current study aimed to investigate
the enhancement of proficiency in performing
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Background and study aims: One of the challen-
ges in performing endoscopic submucosal dissec-
tion (ESD) is the lack of counter traction during
submucosal dissection. MASTER (Master and
Slave Transluminal Endoscopic Robot) was de-
signed to allow performance of complex endo-
luminal procedures using two arms with excel-
lent control. This study aimed to compare the per-
formance of ESD between endoscopists and novi-
ces using MASTER.
Methods: This is a prospective study comparing
the differences in performing ESD using MASTER
in an ex vivo porcine stomach model among indi-
viduals with or without experience in surgery
and endoscopy. Multiple standardized lesions of
20mm2 were pre-marked on an ex vivo porcine
stomach. Each participant received basic training
in controlling MASTER before the ESD procedure.
The operative time and size of specimen obtained
by each participant were noted.
Results: Nine individuals (three ESD expert
endoscopists, three ESD non-expert endoscopists,

and three non-clinician novices) participated in
the experiment. All participants completed the
ESD procedure for en bloc resection of standard-
ized lesions using EndoMASTER without perfora-
tion. The mean times (mean ± SD) taken by ESD
expert endoscopists, ESD non-expert endos-
copists, and novices to complete Robotic ESD
were 122±58s, 203±150s, and 561±496s,
respectively. There was no statistically significant
difference in themean operative time to complete
the ESD between the three groups (P=0.242).
When the performance of the six endoscopists
was compared to that of the three novices, the
endoscopists took an average of 162±111s to
complete the ESD, while the non-clinicians re-
quired an average of 561±496s (P=0.085).
Conclusions: There was a trend to shorter opera-
tive time when comparing endoscopists to non-
endoscopists in performing ESD using MASTER.
The use of MASTER enabled the novice without
endoscopy experience to complete the ESD proce-
dure.
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ESD using MASTER through a comparison of ESD experts, ESD
non-experts, and novices in an ex vivo porcine stomach model.

Method
!

This is a prospective preclinical study investigating the effects of
use of a prototype robotic endoscope on the proficiency of per-
forming ESD in an ex vivo porcine stomach model. Three groups
of participants were invited to perform ESD using the Master and
Slave Transluminal Endoscopic Robot (MASTER). The first group
consisted of ESD expert endoscopists who had performed more
than 100 cases of ESD. The second group consisted of ESD non-
expert endoscopists with vast experience in performing esopha-
gogastroduodenoscopy (EGD), colonoscopy as well as endoscopic
retrograde cholangiopancreatoscopy (ERCP). They either had ex-
perience with less than 10 cases of ESD or had never performed
the procedure. The third group consisted of novices who had
never performed any endoscopic procedure. They were engi-
neers involved in material design not related to endoscopy.
All of the procedures were performed using the MASTER endo-
scopic robot which was held by a single endoscopist (KYH) ex-
perienced in handling the MASTER robot (●" Fig.1). In order to
standardize the size of the lesion for the trial, we created a stand-
ard 20mm circular cardboard disc which was then used to create
standard 20mm circular lesions with diathermy markings (ERBE
300D, ERBE, Germany) in an ex vivo porcine stomach. After sub-
mucosal injection of normal saline mixed with indigo carmine, a
circumferential mucosal incision was made using an IT2 knife
(Olympus Co Ltd, Japan) (●" Fig.1). The study started after
completion of the circumferential mucosal incision. All partici-
pants completed the ESD procedure using the MASTER robot
(●" Fig.2). The steps for performance of ESD were standardized
as: 1.Grasping of the mucosa using the right arm of the MASTER;
2.Elevation of the mucosa after grasping to expose the submuco-
sal plane; 3.Submucosal dissection using the left arm with the
diathermy hook; and 4.Repeating the procedure until complete
dissection of the gastric lesion had been achieved.
Each of the participants performed three ESD procedures, and all
procedures were video-recorded and timed. The outcomes in-

cluded the time for first successful grasp of the mucosa, time to
achieve adequate elevation and exposure of the submucosa,
time for performance of submucosal dissection, and total time
for the procedure.We recorded all perforations during the proce-
dure. This study was approved by National University of Singa-
pore Institutional Animal Care and Use Committee (IACUC proto-
col no: 024/12).
All of the data were analyzed using SPSS version 11.0.The analy-
sis of continuous data was performed using the Student's t test,
while the categorical data were analyzed with the Chi-squared
test. Intergroup comparison was conducted using one-way
ANOVA. We defined statistically significant results as having a P
value less than 0.05.

Results
!

A total of nine participants completed the ESD procedures for re-
section of the standardized 20mm lesion using the MASTER
endoscopic robot. ●" Table1 shows the baseline demographics
for the different groups of participants. The ESD expert group
consisted of one surgeon and two gastroenterologists. The ESD
non-expert endoscopists group consisted of two surgeons and
one gastroenterologist. The non-clinician novice group consisted
of three engineers focusing on material design and development
without experience in performing endoscopy. ●" Table1 illus-
trates that the endoscopists in the ESD expert group were more
experienced and had performed many more endoscopic proce-
dures than the ESD non-expert group of endoscopists.
All participants were able to complete the ESD procedures and
there were no perforations during the procedure. When the op-
erative times were compared between the three groups, there
was no difference in the time for first grasping of mucosa, time
to expose the submucosa, time for submucosal dissection, and to-
tal time for the procedure (●" Fig.3). There was a trend towards
longer operative time for the non-clinician novice to complete
the submucosal dissection though the difference was not statisti-
cally significant. The average operative time for MASTER ESD was
121.7±57.7s for the ESD expert group, 202.7±149.5s for the ESD

Fig.1 Setting for con-
duction of the preclini-
cal ex vivo porcine
stomach ESD using the
MASTER robotic endo-
scope. a Setting for the
ex vivo model and the
MASTER. b Standard-
ized gastric lesions for
performing ESD using
the robotic endoscopic
platform.

Fig.2 a External view
demonstrating submu-
cosal dissection using
the MASTER robotic
endoscope. b Endo-
scopic view showing
lifting of mucosa and
submucosal dissection
using the MASTER
robotic endoscope.
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non-expert group, and 561.0 ± 495.6s for the novice group (P=
0.242) (●" Fig.4). When all the clinicians were grouped to com-
pare with the non-clinicians, we found that there was a trend to-
wards a longer total dissection time (P=0.085; 95%CI=–70.8 to
868.5) and submucosal dissection time (P=0.078; 95%CI=–48.5
to 705.8) for the non-clinician group as compared to clinician
group, however these differences were not significant.

Discussion
!

Gastrointestinal cancers are important causes of cancer world-
wide [1]. Colorectal, gastric, and esophageal cancers ranked the
second, fourth, and fifth most common cancers in Asia [9]. The
majority of gastrointestinal cancers are diagnosed at late stage
with grave prognosis despite major surgery and oncological
therapies. On the other hand, early stage gastrointestinal cancers
carry excellent prognosis with 5-year survival of over 85% if
treated appropriately [10]. Intramucosal early gastrointestinal
cancers can be treated by endoscopic resection with adequate
oncological clearance due to minimal risk of lymph node metas-
tasis [11]. ESD has emerged as a safe and effective method of
endoscopic resection with a high rate of en bloc resection. Re-
cently, ESD is being increasingly practiced in countries outside
Japan and Korea. A European series reported 82 cases of epithelial
or submucosal lesions treated with ESD [12]. The en bloc resec-
tion rate was 77.1%, while the local recurrence was 0% after R0
resection compared to 38.5% after piecemeal resection. Although
the procedural time per specimen size was significantly shorter
in the second half of the study, the authors commented that ESD
was difficult, time consuming, and required a prolonged learning
curve.
One of the reasons for the difficulties in ESD is the lack of appro-
priate endoscopic instruments and platform for performing the
dissection. Unlike minimally invasive surgery where surgeons
performed dissection using two instruments under the laparo-
scope in a triangulation manner, ESD is performed in a single
handed manner with the instrument co-axially aligned with the
endoscope. The advantages of the Da Vinci Robotic surgical sys-
tem was clearly demonstrated in performing complex surgical
tasks within a confined space during radical prostatectomy [13].
The development of the MASTER aimed to improved surgical dis-
section within the gastrointestinal lumen through a flexible
endoscopic platform mounted with two robotic arms [7,14].
The current study employed the first generation of MASTER ro-
botic endoscope which has two robotic arms, one with a dissec-
tion hook and the other with a forceps attached to an ordinary
dual channel endoscope. Our results demonstrate that the tech-
niques and outcomes of ESD can be standardized using the MAS-
TER. Standardization of ESD technique using devices such as the
MASTER raises hope for a large number of endoscopists world-

wide to practice ESD, who may find the procedure to be techni-
cally challenging, requiring prolonged procedural times, and
associated with a high complication rate. The other challenge fa-
cing the widespread applicability of ESD is the learning curve. It
is well known that this can be very long especially in centers with
a small case load and few experts. In our study, the non-clinician
group with no experience in endoscopy managed to grasp the
concept of ESD and complete the procedure within 20min. This

Table 1 Baseline demographics for the participants.

Participant groups Years as specialist endoscopist

(Gastroenterologist/Surgeon)

No.of EGD

performed

No.of colonoscopies

performed

No.of ERCP

performed

ESD expert endoscopists 12.67 10666.7 5000.0 438.0

ESD non-expert endoscopists 12.33 6766.7 2266.7 333.3

Novices 0 0 0 0

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatoscopy.
ESD expert group consisted of one surgeon and two gastroenterologists; ESD non-expert group consisted of two surgeons and one gastroenterologist; Novice group consisted of
engineers without experience in performing endoscopy.

P value 0.428 0.279 0.232 0.242

600

500

400

300

200

100

0

ESD expert Non-ESD expert Novice

P = 0.428

Time to
achieve 1st

grasping

Time to
achieve
mucosal

retraction

Time to
perform

submucosal
dissection

Total
dissection

time

Fig.3 Comparison of the operative time (s) for MASTER ESD among ESD
experts, non-experts, and novice study groups.

P value 0.435 0.332 0.078 0.085
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400
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Time to
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mucosal grasp

Endoscopists
Non-endoscopists

Time to
achieve 1st
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retraction

Time to
perform

submucosal
dissection

Total
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Fig.4 Comparison of the operative time (s) for MASTER ESD between
endoscopist and non-endoscopist study groups.
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may suggest that devices such as the MASTER can significantly
shorten the learning curve for ESD.
The procedure for ESD was greatly enhanced by using the two
end effectors for dissection, one of the aims being to attain ade-
quate exposure of the submucosal planewith the other aim being
safe dissection. As participants in the novice group were engi-
neers with no previous experience in performing endoscopy or
ESD, robotic technology is one of the methods used to overcome
inadequate experience and learning curve. This is important evi-
dence to demonstrate that flexible robotic technologies will en-
hance the performance of complex dissection within the gastro-
intestinal lumen.
This study was limited by several factors. The model employed
was an ex vivo porcine stomach, hence bleeding during ESD could
not be simulated. Moreover, the size of the lesion was small,
which might not be representative of a true gastric ESD, especial-
ly from the viewpoint of risk of perforation. The number of parti-
cipants and the number of MASTER ESD procedures performed
were limited. As it was an ex vivo model study, the results may
not be directly applicable to human patients. The prototypeMAS-
TER robotic system also had limitations. In the clinical setting,
one of the major limitations was the inability to interchange the
two robotic arms. This led to the need for twisting and torque of
the endoscope to facilitate dissection. We can expect future re-
finement of the MASTER robot before clinical application.
In summary, we have demonstrated that the procedure for ESD
and its outcomes can be standardized and enhanced using the
MASTER robot, and produced comparable results between ESD
experts and non-experts. We also demonstrated that MASTER
enabled novices to learn and perform simple ESD procedures to
acceptable standards after a short training period.
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