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Abstract

Background Proper traction allows safer and easier endoscopic submucosal dissection; however, single-point traction may not
be sufficient. In this study we assessed the safety, efficacy, and feasibility of our newly developed multipoint traction device.
Methods During an ex vivo study using a Konjac training model, two experts and two trainees resected 80 mock lesions
of 20-mm diameter by performing endoscopic submucosal dissection with and without multipoint traction. The primary
outcome was the success rate of the procedure involving traction. The secondary outcomes were the submucosal dissection
time, dissection speed, and perforation during endoscopic submucosal dissection. During the in vivo study, to clarify the
initial clinical outcomes, we used data from the electronic medical record of patients at our institution who underwent gastric
and colorectal endoscopic submucosal dissection, which was performed by experts with our newly developed multipoint
traction device, from March to December 2022.

Results The ex vivo study indicated that all traction procedures were successful. Higher resection speeds were observed
with endoscopic submucosal dissection with traction than without traction (P <0.001). Perforations were not observed. Dur-
ing the first in vivo clinical study, traction was feasible during 20 gastric and colorectal endoscopic submucosal dissection
procedures. No adverse events occurred.

Conclusions Our multitraction device can increase the submucosal dissection speed and simplify endoscopic submucosal
dissection techniques, thus safely reducing technical challenges. The application of this device for endoscopic submucosal
dissection could lead to safer and more efficient procedures.

Clinical registration UMIN Clinical Trials Registry, Japan (registration number UMIN000053384).
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P4 Tatsuki Ichikawa
ichikawa@nagasaki-u.ac.jp Endoscopic submucosal dissection (ESD), which was ini-
tially developed in Japan for the treatment of superficial
gastric neoplasms [1], allows en bloc resection of super-
ficial gastrointestinal tumors regardless of the lesion size
and location. For early gastrointestinal neoplasms with a
negligible risk of lymph node metastasis, ESD has been
widely accepted as the standard of care in many countries,
as favorable short-term and long-term outcomes have been
reported [2—4]. However, ESD remains a difficult and time-
consuming procedure because of intestinal motility, thin sub-
mucosa, and intrinsic muscles, poor scope maneuverability,
frequent fibrosis, and anatomy of the folds [5]. Therefore,
extensive training is required to master this technique [6, 7].
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A lack of traction is one factor that contributes to the
technical difficulty of ESD. During ESD with a single
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endoscope, direct traction cannot be applied to the tissue.
Gravity and endoscopic caps are helpful tools that are rou-
tinely used to provide some traction during ESD; however,
these tools are not always adequate. To compensate for the
lack of traction, various methods have been developed to
improve ESD in the gastrointestinal tract [8]. The devices
that are currently available provide only single-point trac-
tion; therefore, an additional device may be required to
provide sufficient traction or change the direction of trac-
tion for large lesions and lesions with scarring [9, 10].
Although methods involving multipoint traction have been
explored, none have involved multitraction with the use of
a single device. During this study, we developed a novel
multipoint traction device consisting of a clip, intermaxil-
lary rubber, and nylon thread. This device can be placed at
three points on the lesion instead of at just one point. If the
direction of traction needs to be changed after application,
then further traction can be applied by pulling the inter-
maxillary rubber in a different direction. We performed

ex vivo and in vivo studies to assess the feasibility, effi-
cacy, and safety of our device.

Materials and methods
Ethics statement

This study was approved by the Ethics Committee of Naga-
saki Harbor Medical Center, Nagasaki, Japan (no. R04-019),
and it conformed to the provisions of the Declaration of
Helsinki.

Ex vivo model

We used an innovative training model of the colon compris-
ing Konjac flour to simulate tissue (VTT-MCS; Kotobuki
Medical, Inc., Saitama, Japan) (Fig. 1a). This model con-
sisted of a 0.5-mm mucosal layer as the first layer, 1-mm
submucosal layer as the second layer, and 2-mm muscular

submucosa

muscle

Fig. 1 Experimental model and multipoint traction device and attach-
ment procedure. a Colon model comprising Konjac used for endo-
scopic submucosal dissection. b Three layers of the model. The first
layer is the mucous membrane (thickness 0.5 mm). The second layer
is the submucosa (thickness 1 mm). The third layer is the muscle
layer (thickness 2 mm). ¢ Multipoint traction device comprising a
clip, intermaxillary rubber, and nylon thread. d After making a full

circumferential incision, attachment to the center of the lesion is
performed. e Next, a ring of nylon thread is attached to the sides of
the lesion. f If the lesion is large and traction is insufficient, then an
additional nylon thread can be attached to the lesion as an anchor (red
clip). g Finally, a ring of nylon thread is placed slightly in front of the
mucosa contralateral to the lesion
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layer as the third layer (Fig. 1b). Each layer was manufac-
tured using different formulations according to the desired
strength and properties. To create this model, a plastic tube
with a hole (similar to an overtube) was attached to one side.
A plastic tube without a hole was attached to the other side
and to a metal butt with an electrode (Fig. 1a). A simulated
lesion was created by using a knife to make a circle with a
20-mm diameter.

Multipoint traction device

We created our multipoint traction device using a clip (Zeo
clip; Zeon Medical, Inc., Tokyo, Japan), intermaxillary rub-
ber (Elastics; Tomy International, Inc., Tokyo, Japan), and
nylon thread (Fig. 1c). We cut a piece of nylon thread to
approximately half the length of the intermaxillary elastic,
threaded it through the wing hole of the clip, and tied the
two ends of the nylon thread to the intermaxillary elastic
on both sides to form a ring that could be moved along the
intermaxillary elastic. We created a ring so the clip could be
fixed when it was attached to the contralateral mucosa. This
device can be stored in a Zeoclip system (Zeon Medical,
Inc.) and delivered to the lesion through the scope.

Traction method

Before starting the ESD procedure, we prepared the mul-
tipoint traction device by placing it on a reusable catheter
(Zeo clip; Zeon Medical, Inc.) that was designed to deliver
and deploy the device. When performing ESD with the mul-
tipoint traction device (ESD-MT), we followed a specific
process after creating the initial mucosal incision and apply-
ing the device directly to the lesion in the following order
(Fig. 1d-g):

(1) Front edge of the lesion,

(2) Right edge of the lesion,

(3) Left edge of the lesion,

(4) A nylon thread ring that was connected to the intermax-
illary elastic was secured to the mucosa on the opposite
side of the tumor.

Trainees and experts

Two trainees and two experts participated in this study. The
trainees’ experience involved performing fewer than 20 gas-
trointestinal ESD procedures, whereas the experts’ experi-
ence involved performing more than 200 gastrointestinal
ESD procedures. Both the trainees and experts were physi-
cians at our hospital.

@ Springer

ESD procedure

Conventional ESD techniques have been described in detail
[11, 12]. Briefly, ESD was performed using a single-chan-
nel endoscope (GIF-Q260J; Olympus, Tokyo, Japan) with
a transparent hood (D-201-11804; Olympus) attached to
the tip and a dual knife (Olympus) with the VIO300D elec-
trosurgical unit (ERBE Elektromedizin GmbH, Tiibingen,
Germany). A hyaluronic acid solution (MucoUp®; Bos-
ton Scientific Co., Ltd., Marlborough, MA, USA) with a
small amount of indigo carmine stain was injected (01841;
Top Corporation, Tokyo, Japan) in the submucosal layer of
the area surrounding each mock lesion. After injection, a
circumferential mucosal incision was created around each
lesion using a dual knife in the EndoCut I mode (effect,
3; interval, 3; duration, 3). Submucosal dissection was per-
formed using a dual knife in the forced coagulation mode
(effect, 3; 50 W). Either ESD-MT or ESD without the mul-
tipoint traction device (ESD-C) was performed. Traction
was applied to the lesion after completing the mucosal inci-
sion around the marked area when ESD-MT was performed
(Fig. 2a-f).

Four endoscopists (expert A, expert B, trainee A, and
trainee B) performed the ESD procedures for 20 simulated
colon lesions; 10 lesions were resected using ESD-C and 10
lesions were resected using ESD-MT. The order in which
the different types of procedures was performed was stand-
ardized to minimize bias (Fig. 3). The data of 80 lesions
resected using ESD (40 using ESD-MT and 40 using ESD-
C) were included in our analysis.

Outcome measurements

The efficacy and safety of the traction method were deter-
mined by comparing the ESD-C and ESD-MT groups. The
primary outcome was the success rate of the procedure.
Secondary outcomes were the en bloc resection rate, sub-
mucosal dissection time (measured from the start to the
completion of the submucosal dissection procedure), sub-
mucosal dissection speed, and perforation rate during the
procedure. En bloc resection was defined as the removal of
the entire lesion as one piece. A perforation was defined as
any hole created in the muscle layer during ESD. The techni-
cal results of ESD-C and ESD-MT based on the experience
of the endoscopist were compared during a sub-analysis.

Statistical analysis

Because this was a pilot study, there were no previous
data regarding the clinical outcomes of ESD using a mul-
titraction device. Therefore, the sample size could not be
calculated a priori. Continuous data are expressed as the
median and interquartile range (IQR). Between-group
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Fig.2 Endoscopic submucosal dissection with multipoint traction.
a A circular lesion with a 2-cm diameter was created. b A full cir-
cumferential incision is made. ¢ Attachment at three places (center,
left, and right) on the lesion and attachment of the elastic on the con-
tralateral side. d—f Traction allows an expanded field of view of the

submucosa, and the sides of the lesion can be moved outward to pro-
vide a view of the sides as well as the center of the lesion. Traction is
effective throughout the procedure and the lesion is resected without
perforation

Four endoscopists
Expert A, Expert B, Trainee A, Trainee B

Expert A, Trainee A

Performed ESD with multipoint traction
for ten mock lesions

Performed ESD without multipoint traction
for ten mock lesions

Fig.3 Schedules created for the endoscopists

Expert B, Trainee B

Performed ESD without multipoint traction
for ten mock lesions

Performed ESD with multipoinr traction
for ten mock lesions
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comparisons (ESD-MT and ESD-C) were performed using
the Mann—Whitney U test for continuous variables with
non-normal distribution. All analyses were performed using
Bell Curve for Excel (Microsoft, Redmond, WA, USA), and
P <0.05 was considered significant.

Evaluation of the clinical feasibility of gastric
and colorectal ESD using a multipoint traction
device

In vivo studies were also conducted for the purpose of con-
firming the performance of our traction devices in vivo with
peristalsis and bleeding and the performance of insertion
and deployment of the traction devices in the in vivo scope
geometry.

To clarify the initial clinical outcomes of gastric and
colorectal ESD using a multipoint traction device performed
only by experts, the data of 20 consecutive patients who
underwent gastric and colorectal ESD using our novel mul-
tipoint traction device performed only by experts between
March and December 2022 at our institution were collected
from the electronic medical records.

Results

Technical outcomes of ESD according to the traction
method

Eighty colorectal ESD procedures were performed
(Table 1). All procedures involving the multipoint traction
device were successful. The median submucosal dissec-
tion time was significantly shorter for the ESD-MT group
(median, 5.9 min; IQR, 4.5-8.7 min) than for the ESD-C
group (median, 10.6 min; IQR, 7.8—16 min, P <0.001).
The en bloc resection rate was 100% for both groups.
Using elliptical approximation, the area of the excised

Table 1 Comparison of technical outcomes of ESD-C and ESD-MT

mucosa was larger in ESD-MT group than in the ESD-C
group. Furthermore, the dissection speed of the ESD-MT
group (median, 75 mm*/min; IQR, 42.9-104.5 mm?/min)
was faster than that of the ESD-C group (median, 41.6
mm?/min; IQR, 28.8-64.8 mm?*/min, P < 0.001). Perfora-
tions were not observed in either group.

Comparison of technical outcomes based
on the experience of the endoscopist

Both the experts and trainees had shorter submucosal dis-
section times and faster dissection speeds when perform-
ing ESD-MT, and these results were similar to the over-
all results. However, the experts had significantly longer
procedure times when performing ESD-MT compared to
those when performing ESD-C (Table 2).

Evaluation of the clinical feasibility of gastric
and colorectal ESD using a novel multipoint traction
device

A total of 20 lesions were included in the evaluation of the
clinical outcomes of gastric and colorectal ESD using a
multipoint traction device: 10 lesions were resected using
gastric ESD-MT and 10 were resected using colorectal
ESD-MT. The dissection speed during gastric ESD-MT
was 37.5 mm?/min (IQR 23.3-59.5), and that during colo-
rectal ESD-MT was 23.5 mm?*/min (IQR 20.8-45.8). The
procedure completion, en bloc resection, and RO resection
rates were 100%. The successful multipoint traction device
attachment rate was 100%. The median multipoint traction
device attachment times for gastric and colorectal ESD
when performing ESD-MT were 3 min (IQR 4.2—-5 min)
and 3.7 min (IQR 4-6.9 min), respectively, and the median
multipoint traction device retrieval times were 0.5 min

ESD-C (n=40) ESD-MT (n=40) P-value
Total procedure time, min, median (IQR) 14.8 (10-23.2) 159 (11.9-21.1) 0.535
Dissection time excluding the time required for traction, min, 14.8 (10-23.2) 9.4 (7.3-14.7) 0.326
median (IQR)
Submucosal dissection time, min, median (IQR) 10.6 (7.8-16) 5.9 (4.5-8.7) <0.001
Resection area, mm?, median (IQR) 659.4 (549.5-735.5) 706.5 (593.5-792.7) 0.0495
Dissection speed, mm?/min, median (IQR) 41.6 (28.8-64.8) 75 (42.9-104.5) <0.001

Multipoint traction clip attachment time, s, median (IQR) -

Multipoint traction clip removal time, s, median (IQR) -

306 (244.8-362.2)
34.5 (21.8-51.2)

ESD endoscopic submucosal dissection, ESD-C endoscopic submucosal dissection without traction, ESD-MT endoscopic submucosal dissection

with multipoint traction, /QR interquartile range

@ Springer
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Table 2 Comparison of technical outcomes of ESD-C and ESD-MT performed by experts and trainees

Experts

Trainees

ESD-C (n=20) ESD-MT (n=20) P-value ESD-C (n=20) ESD-MT (n=20) P-value

Total procedure time, min, median (IQR) 9.9 (7.2-11.7)

Dissection time excluding the time required for 9.9 (71.2-11.7)
traction, min, median (IQR)

Submucosal dissection time, min, median (IQR) 8 (5-10.6)

68.1 (42.6-89)
Multipoint traction clip attachment time, s, median —

(IQR)
Multipoint traction clip removal time, s, median -

(IQR)

Dissection speed, mm?%min, median (IQR)

259.5 (228-310) -

25 (20.5-42.8) -

11.8 (11-12.8) 0.0138  23.5(18.7-27) 21.2(19-25.6) 0.3941
7.2 (5.9-8.3) 0.0083 23.5(18.7-27) 14.8(13.2-17.3) <0.001
43(3.3-54) 0.0013 15.7(12.7-21) 8.9 (7.2-10) <0.001
105.3 (98.4-130) <0.001 28.7 (20.8-41) 42.6 (35.4-51.5) 0.0032

344 (304.2-370)

47.5 (26.2-89.5)

ESD endoscopic submucosal dissection, ESD-C endoscopic submucosal dissection without traction, ESD-MT endoscopic submucosal dissection

with multipoint traction, /QR interquartile range

Table 3 Clinical outcomes of gastric and colorectal ESD performed using the multitraction device by experts

Gastric ESD-MT (n=10) Colorectal ESD-MT (n=10)

Age, years, median (range)

Sex, n (male:female)

Location, n, upper/middle/lower (gastric) or ascending/transverse/descend-

ing/sigmoid/rectum (colorectal)
Lesion size, long axis, mm, median (IQR)
Lesion size, short axis, mm, median (IQR)
En bloc resection rate, % (n)
RO resection rate, % (n)
Adverse event rate, % (n)
Multipoint traction device attachment time, min, median (IQR)
Multipoint traction device retrieving time, min, median (IQR)
Successful multipoint traction device attachment rate (%)
Successful multipoint traction device retrieval rate (%)
Total local injection volume, median (IQR)
Total procedure time, min, median (IQR)
Submucosal dissection time, min, median (IQR)
Specimen area, mm?, median (IQR)
Dissection speed, mm?/min, median (IQR)

78 (59-88) 71 (40-77)
6:4 8:2
1/6/3 2/3/1/1/3

23 (18.5-27.3)
16 (13.5-19.8)

24.5 (23.3-29.3)
20 (18.3-20.8)

100 (10/10) 100 (10/10)
100 (10/10) 100 (10/10)
0 (0/10) 0 (0/10)

3 (4.2-5) 3.7 (4-6.9)
0.5 (0.4-0.7) 1.6 (0.6-1.6)
100 (10/10) 100 (10/10)
100 (10/10) 100 (10/10)
15 (14.3-15.8) 18 (17.2-22)
43.5 (26.8-53.8) 43 (28-59)

22 (16.2-28.5)
1252 (1052-1637)
37.5 (23.3-59.5)

20.5 (14.8-28.5)
1092 (842-1323)
23.5 (20.8-45.8)

ESD endoscopic submucosal dissection, ESD-C endoscopic submucosal dissection without traction, ESD-MT endoscopic submucosal dissection

with multipoint traction, /QR interquartile range

(IQR 0.4-0.7 min) and 1.6 min (IQR 0.6—1.6 min), respec-
tively (Table 3).

Discussion

Using a versatile training model of the colon, our findings
indicated that our novel traction device reduced the ESD
duration without causing any adverse events, thus benefit-
ing the experts and trainees.

Recently, various traction methods have been intro-
duced for technically challenging ESD procedures. A

comprehensive review of these methods for different
organs (5 methods for the esophagus, 13 for the stomach,
and 12 for the colon and rectum) revealed that although
traction devices did not significantly reduce the procedure
time during gastric ESD, they effectively reduced both
time and adverse events associated with colorectal ESD
[13]. For both gastric and colorectal ESD, several traction
methods, such as the S—O clip [14] and multi-loop traction
devices, have been used; these methods provided traction
without affecting endoscopic manipulation and allowed
direct application of traction to the lesion independently
of the endoscope [15-18]. Our traction device provided
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several advantages. First, the use of intermaxillary rub-
ber at the center of the device enabled stronger traction,
clearer exposure of the submucosa and dissection line, and
more precise incision and coagulation, and it reduced the
risks of bleeding and perforation [19, 20]. Additionally,
although single-point traction often becomes insufficient
as the procedure progresses, our multipoint traction device
maintained consistent force throughout the procedure and
allowed a broader submucosal view and safer and quicker
resection. Second, our device is a three-point traction sys-
tem that attaches to the left and right edges and center
edge of the area to be resected; however, additional clips
can be used if needed. Therefore, if more tension or a
change in direction is required, then the device can be eas-
ily adjusted. Third, the device can be delivered through an
endoscope and stored within a clip system, thus eliminat-
ing the need for endoscope removal. Fourth, unlike other
gravity-based traction systems [21-23], our device does
not require repositioning of the patient to adjust the trac-
tion direction.

Using the single-point traction method, we often achieved
clear visibility of the submucosal layer at the traction site.
However, the visibility of the sides of the lesion was typi-
cally poor, thereby diminishing the effectiveness of traction.
Although the use of multiple single-point traction devices
has been reported [9], this approach may not be efficient
because each device exerts traction in a different direction.
In contrast, the multitraction device not only provides central
traction but also applies coordinated traction to the sides of
the lesion. This coordinated approach facilitates precise tar-
geting of the lesion, enhances the visibility of its boundaries
along the submucosal and muscle layers, and enables more
accurate and faster ESD. Throughout our study, we did not
encounter inadequate traction during dissection or damage
to the specimen or mucosa caused by excessive traction.

During our study, we found that the multipoint traction
method increased the overall procedure time of the experts,
possibly because the lesions were small and easy to resect
without traction. Furthermore, the attachment of multiple
clips resulted in a longer procedure time than that of the sin-
gle-point method [18, 24]. In vivo multicenter and prospec-
tive studies should be performed to further explore whether
single-point or multipoint traction is more effective for dif-
ferent types of lesions.

Additionally, this report presents the initial clinical out-
comes of gastric and colorectal ESD using a multitraction
device. The results of the current study showed that ESD-
MT could be performed using our device for all gastric and
colorectal lesions without any adverse events. Moreover,
traction appeared to reduce the stress experienced by the
practitioner, improve the visibility of the dissected line, and
reduce visual field disruption, even in cases of bleeding.

@ Springer

Our study had some limitations. This prospective study
was conducted in the absence of bleeding or peristalsis. Fur-
thermore, the number of ESD procedures performed using
the multitraction device included in the clinical feasibility
evaluation was limited, which might have introduced selec-
tion bias attributable to undefined inclusion criteria. Further
multi-center prospective clinical studies, including single-
traction, are needed to demonstrate the utility of this multi-
traction device.

In conclusion, using a versatile training model of the
colon, we demonstrated that our multitraction device
resulted in increased submucosal dissection speeds not only
for experts but also for trainees. This multitraction device
has the potential to significantly reduce the technical dif-
ficulty of ESD, thus benefiting both experts and trainees.
Further studies involving humans are required to confirm
these results.

Supplementary Information The online version of this article (https://
doi.org/10.1007/s00464-024-10987-5) contains supplementary mate-
rial, which is available to authorized users.
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