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Abstract
Background  Appropriate tissue tension and clear visibility of the dissection area using traction are essential for effective 
and safe endoscopic submucosal dissection (ESD). We developed a robotic assistive traction device for flexible endoscopy 
and compared its safety and efficiency in ESD between experienced and novice endoscopists.
Methods  Robotic ESD was performed by experienced and novice endoscopist groups (n = 2, each). The outcomes included 
time to complete each ESD step, total procedure time, size of the dissected mucosa, rate of en bloc resection, and major 
adverse events. Furthermore, incision and dissection speeds were compared between groups.
Results  Sixteen gastric lesions were resected from nine live pigs. The submucosal incision speed was significantly faster 
in the expert group than in the novice group (P = 0.002). There was no significant difference in the submucosal dissection 
speed between the groups (P = 0.365). No complications were reported in either group.
Conclusions  When the robot was assisting in the ESD procedure, the dissection speed improved significantly, especially in 
the novice surgeons. Our robotic device can provide simple, effective, and safe multidirectional traction during ESD.

Keywords  Endoscopic submucosal dissection · Flexible endoscopy · Robotic-assisted flexible endoscope · Robot

Endoscopic submucosal dissection (ESD) is a well-estab-
lished, minimally invasive treatment for premalignant and 
early malignant gastrointestinal lesions [1]. Although ESD 
facilitates a higher rate of en bloc resection compared to 
other endoscopic resections, it is technically demanding and 
presents a high risk of complications [2, 3]. The biggest 
cause of complications is that the visibility of the dissec-
tion plane is not secured because of the mucosal flap [4]. 
Appropriate tissue tension and clear visibility of the tissue 
to be dissected using traction are essential for effective and 
safe ESD [5]. Although it is ideal to gather experiences 

through practice and to undergo training with a master for 
skill development, it is not accessible to everyone [6]. It 
is necessary to develop a device that can assist unskilled 
individuals in performing high-level ESD with a minimum 
learning curve. We developed a robotic assistive traction 
device for flexible endoscopy. An ex vivo pilot study showed 
that our robot improved the safety of ESD performed by 
novice endoscopists [7]. Our team revised the previous pro-
totype, naming it “ROSE” (RObot for surgical endoscope). 
This study compared the safety and efficiency of performing 
ESD between skilled and unskilled endoscopists who used 
ROSE in a live porcine model.

Materials and methods

Study design

This was a randomized, controlled, pilot study compar-
ing the outcomes of robot-assisted ESD (R-ESD) in an 
in vivo porcine stomach. ESD was performed by a group 
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of experienced endoscopists (n = 2) and a group of novice 
endoscopists who lacked ESD experience (n = 2). Experi-
enced endoscopists had > 5 years of experience perform-
ing > 200 ESDs. In contrast, the novices had performed 
diagnostic endoscopy > 500 times, but only observed ESD 
procedures.

Prior to performing the procedure, all participants were 
enrolled in a learning session that comprised 30 minute 
detailed instructions on the ESD steps, operation of endo-
scopic and robotic devices, and electrosurgical units. The 
participants then underwent a 30-min practice session on the 
robotic system before R-ESD. In total, 16 experiments were 
performed: six R-ESDs by the experienced endoscopists and 
10 by the novice endoscopists. No expert help or advice 
was provided during the experiment. The experiments were 
performed on nine 110-kg, 6-month-old female hybrid pigs. 
These pigs were fed a semi-fluid diet for 12 h and were 
fasted for 12 h before the experiments. Experiments were 
repeated 1–2 times for each pig.

The outcomes analyzed included the time to complete 
each step of R-ESD (incision, pre-dissection, grasping, 
and dissection), total procedure time, size of the dissected 
mucosa, rate of en bloc resection, and occurrence of perfo-
rations or major bleeding during the procedure. This study 
was approved by the Animal Test Center, College of Medi-
cine, Korea University (Institution Review Board No. Korea 
2017–0056).

Robot for surgical endoscope (ROSE)

ROSE comprises a surgical manipulator, an intuitive user 
interface (UI), and an actuation console to control the robotic 
arm (Fig. 1). The diameter of the minimalized robotic arm 
is 16 mm, which allows it to pass through a commercial 
overtube (Guardus Overtube-gastric; US Endoscopy, Men-
tor, OH, USA). The robotic arm and UI were attached to 
a standard endoscope (GIF-Q260; Olympus Medical Sys-
tems, Co., Tokyo, Japan). A motor, control board, and power 
supply are installed in the actuation console apparatus. The 
robotic arm has three degrees of freedom and grippers and 
can move along the circumference of the distal end of the 
endoscope. As the UI has the same structure and degrees 
of freedom as the robotic arm, it allows the robotic arm to 
be intuitively controlled. ROSE can be used simultaneously 
with commercial endoscopic surgical instruments such as 
an electric dual knife (Dual Electrosurgical Knife, Olympus 
Medical Systems, Co.).

Robot‑assisted endoscopic submucosal dissection 
procedure

R-ESD was performed according to a clinically established 
pattern. The pig was positioned in the supine position, and 

an overtube was inserted. The endoscope attached to the 
robotic assistive device was passed through the overtube and 

Fig. 1   Overview of the RObot for surgical endoscope (ROSE). A 
ROSE comprises of a surgical manipulator (robotic arm), an intuitive 
user interface (UI), and an actuation console to control the robotic 
arm. B Close view of surgical manipulator adapted to the endoscope 
and intuitive user interface. The UI has the same structure and degree 
of freedom as the robot arm, allowing intuitive control of the robot 
arm
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inserted into the stomach. An imaginary lesion with a diam-
eter of 5–7 cm was marked on the distal stomach with a dual 
knife. The mucosal layer was lifted from the muscular layer 
using saline solution along with indigo carmine, and a cir-
cumferential mucosal incision was made using a dual knife. 
The partial area of the lesion was pre-dissected to allow 
grasping with the robotic assistive device. After the grasp-
ing step, the mucosal flap was kept elevated by the robotic 
assistive device during dissection. Resection was completed 
at a power of 80 W on the ERBE VIO 200D (ERBE Elektro-
medizin GmbH, Tübingen, Germany). Major adverse events, 
such as bleeding or perforation, were recorded.

Results

In the experiments conducted on nine live pigs, 16 gastric 
lesions were resected en bloc. Six procedures were per-
formed by two experienced endoscopists, and ten procedures 
were performed by two novices. Both groups succeeded in 
en bloc resection in all the cases. There were no signifi-
cant differences in the average size of the ESD specimens 
in each group (Table 1). Because the sizes of the dissected 
samples were different, the “area per time required” was 
calculated and compared. The dissected area per dissection 
time was defined as the dissection speed (cm2/min), and the 
incised length per incision time was defined as the incision 
speed (cm2/min). The mean incision speed was significantly 
faster in the experienced group than in the novice group 
(3.25 vs. 0.64 cm2/min, P = 0.002). The experienced group 
showed a faster submucosal dissection speed than the novice 
group, without statistical significance (3.21 vs. 2.30 cm2/
min; P = 0.365). There was no significant difference between 
the two groups in the grasp time, which is the time taken 
to grasp the flap with the robotic arm after pre-cutting. No 
perforation or major bleeding occurred during the procedure. 
The procedure is illustrated in Video 1.

Discussion

In Japan and Korea, ESD is generally taught using the 
master-apprentice model [8]. The trainee is educated sys-
tematically through observation and assistance in ESD 
procedures and performing supervised ESD in patients 
with small lesions in the distal stomach. It is difficult to 
apply this model in Western countries because there are 
not as many cases as in East Asian countries [6]. It is 
necessary to develop a device that can assist unskilled 
individuals in performing high-level ESD with a minimal 
learning curve [9].

The most difficult part of the ESD procedure for novices 
is elevation of the flap and visualization of the submucosal 
dissection plane. We developed a robot-assisted system 
that can operate in a preexisting flexible endoscopic para-
digm. Our robotic arm can be mounted simply by attaching 
it to the tip of a flexible endoscope. It not only provides 
multidirectional traction, but also provides a clear visuali-
zation of the submucosal layer (Fig. 2).

When R-ESD was performed in this study, no sig-
nificant complications such as bleeding or perforation 
occurred. R-ESD may potentially increase the safety of 
performing ESD in learners by facilitating exposure to 
the submucosal dissection plane. The robot can lift the 
mucosal flap so that the approach angle between the dual 
knife and the dissection plane is close to parallel, thus 
reducing the risk of adverse events.

The ROSE system exhibited several significant advan-
tages. The difference in dissection speed between begin-
ners and experienced participants was significantly 
reduced compared to the difference in incision speed. It 
seems that the beginner’s dissection speed increased sig-
nificantly with the help of the robot. Considering that the 
endoscopists only received approximately 30 min of train-
ing for operating the robot, it seems that the operation of 

Table 1   Outcomes of robotic 
endoscopic submucosal 
dissection

Outcomes Experienced 
endoscopists group

Novice endoscopists 
group

P value

Traction achieved, % 100 100 –
En bloc resection rate, % 100 100 –
Mucosal incision time, min 2.11 ± 0.24 2.46 ± 0.39 –
Size of the specimen 8.32 ± 1.12 7.38 ± 0.66 –
Grasp time, min 0.96 ± 0.27 1.19 ± 0.25 0.580
Dissection time, min 3.03 ± 0.50 4.84 ± 0.90 –
Total procedure time, min 9.07 ± 1.24 11.24 ± 1.26 –
Mean incision speed (cm2/min) 3.25 ± 0.88 0.64 ± 0.14 0.002
Mean dissection speed (cm2/min) 3.21 ± 0.75 2.30 ± 0.60 0.365
Major bleeding during procedure, % 0 0 –
Perforations during the procedure, % 0 0 –
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the robot was intuitive and not difficult to control. When 
using the conventional ESD method, novices could not 
accurately visualize the dissection plane, and thus expe-
rienced difficulties in dissection. In this study, as shown 
in Table 1, there was no significant difference between 
beginners and experienced users in terms of grasp time. 
That is, the advantage of this device is that even beginners 
can grasp flaps and visualize the dissection plane without 
much difficulty.

Additionally, if the mucosal flap widens as the dissec-
tion proceeds, it requires a process of releasing the flap held 
by the robotic arm, then grabbing it from the inside of the 
plane, and lifting it in order to secure the dissection plane. 
Because the robotic arm of ROSE system has three degrees 
of freedom, endoscopists can easily continue dissection 
without re-grabbing the flap (Fig. 3A and Video 1]. The 
robotic arm of the ROSE system can perform roll motion 
along the circumference of the front end of the endoscope; 
hence, it shows good adaptability to the location of the 
lesion (Fig. 3B).

This study had some limitations. Comparison between 
conventional and robot-assisted methods was not per-
formed in either of the endoscopist groups. However, the 
main end point of this study was to evaluate whether a 
person without sufficient ESD training could perform ESD 
as safely and quickly as an expert group with the help of 
robotic devices. In our previous study using this robotic 
model’s prototype, the experienced group did not show a 

significant difference in procedure speed or safety between 
the conventional and robot-assisted methods [7]. On the 
other hand, when the robot-assisted method was used in 
the novices, the procedure speed and safety were signifi-
cantly improved compared to those of the conventional 
method [7]. We started this experiment on the premise that 
it is the beginner’s group who would receive greater help 
from a robotic device. We further improved the robotic 
device so that beginners could use it easily and intuitively. 
In this feasibility study, rather than a comparison with the 
conventional method, the focus was on how a beginner 
could perform ESD skillfully as an expert using our new 
robotic device.

There was a limitation of scope movement due to the 
robotic device. The scope movement was relatively restricted 
after the robot grasped the flap, as this robot was attached to 
the scope. To improve this problem, we upgraded the robot 
arm to move smoothly from side to side through roll motion 
[Video 1]. If tension is applied by roll motion in considera-
tion of the dissection direction, ESD can be performed more 
efficiently. Making improvement in roll motion in robot and 
adequate endoscopist training for robot ESD are further 
required. Owing to the size of the robotic arm, dissection 
was performed, while the distance between the endoscope 
and the dissection plane was relatively large. Performing 
ESD in a narrow space, such as the duodenum or retroflexion 
of the endoscope with a robot installed, seems to be chal-
lenging. The robotic arm should be further miniaturized.

Fig. 2   ESD procedure with 
ROSE. A Grasping pre-dis-
sected lesion with the robotic 
arm. B Elevating the flap with 
the robotic arm and visualiz-
ing the submucosal dissection 
plane. C The dissection plane 
was exposed through left side 
traction. D As robot arm of the 
ROSE system has 3 degrees of 
freedom, it can easily continue 
with the dissection by providing 
more upward tension without 
having to re-grab the flap
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In this study, the experiment was performed in the distal 
stomach, where ESD was relatively easy. However, in a more 
difficult location, it could be more challenging to control the 
robot stably. Therefore, the robot may need further improve-
ments, and future ESD experiments should be conducted in 
diverse locations with more samples.

In conclusion, ROSE can provide simple, effective, 
and safe multidirectional traction and countertraction dur-
ing ESD. While performing robotic ESD, experienced 

endoscopists expressed satisfaction, and novices could per-
form ESD safely and efficiently. We expect our device to 
help trainees perform ESD in places where ESD education 
is difficult to obtain. The device must be made smaller, and 
its safety and efficacy in humans should be assessed in future 
studies.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00464-​021-​08510-1.

Fig. 3   Surgical manipulator 
of ROSE. A Three degrees of 
freedom that can be operated on 
ROSE. B Workspace of the sur-
gical manipulator. It can move 
along the circumference of the 
front end of the endoscope to 
cover a wide range

https://doi.org/10.1007/s00464-021-08510-1
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