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Abstract
Background The impact of traction direction in traction-assisted gastric endoscopic submucosal dissection (ESD) has not 
been adequately investigated. A clip with line (CWL) is a classical single-directional traction device. In contrast, a spring 
and loop with clip (SLC; S–O clip) is a newly developed multidirectional traction device.
Aims To investigate the impact of traction direction in gastric ESD by comparing the procedure-related outcomes of CWL-
assisted ESD (CWL-ESD) and SLC-assisted ESD (SLC-ESD).
Methods We retrospectively examined 140 patients with superficial gastric neoplasms who underwent SLC-ESD or CWL-
ESD by a single ESD expert during November 2017–September 2020. The traction direction was classified based on the 
endoscopic finding in the following five categories: proximal, diagonally proximal, vertical, diagonally distal, and distal. In 
SLC-ESD, we set vertical traction, using the multidirectional traction function. Propensity score matching was conducted 
to compensate for the differences in lesion size, injection function of electrosurgical knife, ulcerative lesion, lesion location, 
and lesion position. The primary outcome was gastric ESD procedure time.
Results Propensity score matching created 42 pairs. The median gastric ESD procedure time in the SLC-ESD group was 
significantly shorter than that in the CWL-ESD group (28.3 min vs. 51.0 min, P = 0.022). All traction direction in the SLC-
ESD group was vertical, while only 16.7% in the CWL-ESD group. En bloc resection was attained without perforation in 
all the patients in both groups.
Conclusion Our findings suggest that SLC can provide vertical traction, which reduces the gastric ESD procedure time.

Graphical Abstract
Multidirectional traction devices can provide vertical traction in most cases of gastric ESD, unlike single-directional traction 
devices. Vertical traction may reduce the gastric ESD procedure time.
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Introduction

Endoscopic submucosal dissection (ESD) is a minimally 
invasive therapy for superficial gastric neoplasms with little 
metastatic potential [1, 2], which facilitates en bloc resection 
of lesions that are hard to resect in en bloc by endoscopic 
mucosal resection (EMR), aiding precise pathological diag-
nosis and a lower risk of local recurrence [3]. Nevertheless, 
the gastric ESD procedure has a longer procedure time and 
higher perforation rate than EMR owing to technical com-
plications, including a poor field of vision and inadequate 
tension for the submucosal dissection plane [4, 5]. To date, 
various traction methods have been developed to provide 
a good field of vision and adequate tension for the submu-
cosal dissection plane, making the gastric ESD procedure 
easier [6–10]. However, the traction direction is limited in 
most traction methods, leading to an unsatisfactory effect 
in some cases.

The clip with line (CWL; Fig. 1) could be the first traction 
device, which can provide per-oral and single-directional 
traction in the direction in which the line is pulled [6, 11]. 
In gastric ESD, the traction direction in CWL-assisted ESD 
(CWL-ESD) changes per the lesion site because the direc-
tion in which the line is pulled is limited to the cardia; this 
could cause a poor field of vision and inadequate tension 
for the submucosal dissection plane in some cases, result-
ing in an unsatisfactory effect. Indeed, a multicenter pro-
spective randomized controlled trial (RCT) comparing the 
conventional ESD and CWL-ESD demonstrated that CWL-
ESD did not decrease the gastric ESD procedure time [12]. 
Conversely, the spring and loop with clip (SLC; S–O clip; 
Zeon Medical, Tokyo, Japan; Fig. 2) can provide multidi-
rectional traction [13, 14]. Based on the result of a single-
center RCT, we reported that SLC-assisted ESD (SLC-ESD) 
decreased the procedure time of gastric ESD compared with 

conventional ESD [15]. In this single-center RCT, traction 
vertical to the gastric wall (vertical traction) was selected 
for SLC-ESD using its multidirectional traction function. 
Although the outcomes of both RCTs mentioned above 
indicated that the efficiency of the traction method varying 
per the traction direction and vertical traction is optimal in 
gastric ESD, limited research has been conducted to explore 
the optimal traction direction in traction-assisted gastric 
ESD. We hypothesized that SLC-ESD is more effective 
than CWL-ESD for treating superficial gastric neoplasms 
because SLC could provide vertical traction for lesions at 
any site by multidirectional traction function. Hence, this 
study aims to investigate the impact of traction direction in 
gastric ESD by comparing the procedure-related outcomes 
of CWL-ESD and SLC-ESD while setting the vertical trac-
tion in SLC-ESD.

Methods

Study Design and Study Sample

This retrospective, single-center, observational study evalu-
ated the procedure-related outcomes between CWL-ESD 
and SLC-ESD for superficial gastric neoplasms. Figure 3 
shows the patients’ enrollment process. We enrolled that the 
consecutive cases of gastric ESD performed at the Depart-
ment of Endoscopy, Shonan Fujisawa Tokushukai Hospital 
(Fujisawa, Kanagawa, Japan) from November 2017 (intro-
duction of SLC for gastric ESD at our hospital) to September 
2020. During this period, 191 patients with 196 superficial 
gastric neoplasms (early gastric cancer or gastric adenoma) 
underwent ESD by a single endoscopist (M.N.), who had 
the experience of > 500 ESD procedures, including > 30 
CWL-ESD procedures at the beginning of the study period. 

Fig. 1  A clip with line (CWL) can be made by tying commercially 
available dental floss to the arm part of the clip

Fig. 2  A spring and loop with clip (SLC; S–O clip; Zeon Medical, 
Tokyo, Japan) has a 5-mm-long spring and a 4-mm-long nylon loop 
at one side of the clip claws
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Of these, the following were excluded: lesions resected by 
conventional ESD (n = 44); lesions of the remnant stomach 
after gastrectomy because the ESD procedure in the remnant 
stomach is more difficult than in the stomach without gas-
trectomy (n = 4) [16]; in cases that underwent gastric ESD 
for ≥ 2 gastric lesions on the same day, only the first lesion 
was included, and other lesions were excluded (n = 5); and 
lesions suspected of superficial gastric neoplasms preopera-
tively but diagnosed as non-neoplastic lesions pathologically 
after ESD (n = 3). Finally, 140 lesions from 140 patients who 
underwent CWL-ESD or SLC-ESD were extracted. Based 
on the treatment approach adopted, all patients were cat-
egorized into two groups—CWL-ESD group (n = 42) and 
SLC-ESD group (n = 98).

Ethics

The study protocol was approved by the Institutional 
Review Board (Mirai Iryo Research Center; Tokyo, Japan), 
registered in the University Hospital Medical Information 
Network (registration number: UMIN 000047922, regis-
try URL: https:// www. umin. ac. jp/), and conducted per the 
tenets of the Declaration of Helsinki. Furthermore, writ-
ten informed consent was obtained from all patients before 

ESD after explaining the potential adverse events of the ESD 
procedure.

Indications for Gastric ESD

All lesions were assessed histologically by forceps biopsy 
preoperatively. Per the Japanese guidelines, the indications 
of ESD for early gastric cancers were the lesions with little 
lymph node metastasis [17, 18]: (i) clinically intramucosal 
(cT1a)-differentiated carcinomas of any size, without ulcer 
findings; (ii) cT1a-differentiated carcinomas (size: ≤ 30 mm) 
with ulcer findings;  and (iii) cT1a-undifferentiated carcino-
mas (size: ≤ 20 mm) without ulcer findings. Gastric adeno-
mas were included in indications for ESD owing to a poten-
tial risk of canceration.

Outcomes

The primary outcome was the gastric ESD procedure time. 
The secondary outcomes were as follows: dissection speed, 
en bloc resection rate, complete resection rate, perforation 
rate, traction device attachment time, number of traction 
device applications, rate of traction device slip-off, traction 
direction, conversion rate to conventional ESD, and gastric 

Fig. 3  Flowchart of the study 
sample. SGN, superficial gastric 
neoplasm; ESD, endoscopic 
submucosal dissection; CWL-
ESD, clip with line-assisted 
endoscopic submucosal dissec-
tion; SLC-ESD; spring and loop 
with clip-assisted endoscopic 
submucosal dissection

https://www.umin.ac.jp/
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ESD procedure time or dissection speed based on the lesion 
location and lesion size.

In the SLC-ESD group, the learning curve for SLC 
attachment was evaluated as this procedure could be poten-
tially more complicated than that for the CWL attachment. 
The SLC-ESD group (n = 98) was divided into the first half 
and the second half, and median SLC attachment time was 
compared between the two subgroups.

Definitions

The gastric ESD procedure time (min) was defined as the 
time from the first injection to the completion of submu-
cosal dissection, including the traction device attachment 
time. Dissection speed  (mm2/min) was defined as the 
specimen area divided by the gastric ESD procedure time. 
The resected specimen was pinned on the board, and the 
length (mm) of the longer axis and the shorter axis of the 
resected specimen were measured immediately after ESD. 
Specimen size was defined as the longest axis length of the 
resected specimen. Specimen area  (mm2) was calculated 
using the ellipse formula: specimen area = [(shorter axis 
length)/2] × [(longer axis length)/2] × 3.14. Lesion size was 
measured pathologically after resection and defined as the 
long axis of the lesion. Lesion location (i.e., upper-, mid-
dle-, or lower-third of the stomach) and lesion position (i.e., 
greater curvature, lesser curvature, posterior wall, or anterior 
wall of the stomach) were defined per the Japanese clas-
sification of gastric carcinoma [19]. En bloc resection was 
defined as the removal of the neoplastic area in a single piece 
by an electrosurgical knife, without using a snare. Complete 
resection was defined as en bloc resection with pathologi-
cally negative margins at both the horizontal and vertical cut 
ends. Perforation was diagnosed by endoscopy or the pres-
ence of free air on a scheduled chest X-ray in the standing 
position a day after ESD. Post-ESD bleeding was defined as 
that requiring endoscopic intervention to attain hemostasis.

The specific traction device-related factors were defined 
as follows. The SLC attachment time was defined as the time 
from starting to insert the clip applicator into the accessory 
channel to completing the anchoring of the SLC loop on the 
gastric wall. The CWL attachment time was defined as the 
time from starting to pull out the endoscope to completing 
the CWL attachment on the lesion. If traction device reat-
tachment was performed, the time needed for reattachment 
was included in the traction device attachment time. Trac-
tion device-related damage to the specimen was defined as 
any tear or split of the specimen due to the traction force. In 
SLC-ESD, removal of the anchor clip was considered suc-
cessful when it had been pulled from the gastric wall and 
extracted out from the body.

Based on the relationship between the endoscope tip 
and the gastrointestinal wall, the traction direction can be 

divided into the following five categories: proximal, diago-
nally proximal, vertical, diagonally distal, and distal (Fig. 4) 
[20]. Vertical traction was defined as traction applied at a 
right angle to the gastric wall, where the gastric wall around 
the lesion was assumed to be in the horizontal plane. Other 
traction directions were defined using the same approach. 
The traction direction of each case was classified as one of 
these categorizations by endoscopic findings. If ≥ 2 traction 
devices were used in one case, the traction direction was 
determined per the use for the longest time.

Propensity Score Matching Analysis

Propensity score matching analysis was conducted to mini-
mize the sampling bias and confounding. Reportedly, the 
gastric ESD procedure time can be prolonged by techni-
cal complications associated with lesions located at the 
upper- and middle-third of the stomach, lesions positioned 
at the greater curvature of the upper- and middle-third of 
the stomach, ulcerative lesions, and lesion size [4, 5, 12, 21, 
22]. Moreover, the injection function of an electrosurgical 
knife could shorten the gastric ESD procedure time [23]. 
Thus, the propensity score was calculated using a logistic 
regression model with the traction method for gastric ESD 
(CWL-ESD group or SLC-ESD group) as an objective vari-
able. The above-mentioned factors were included for propen-
sity score matching analysis as explanatory variables. The 
CWL-ESD and SLC-ESD groups were matched according 
to the propensity score using the following algorithm: one 
to one, nearest neighbor within a caliper of 0.2, and without 
replacement.

Subgroup Analysis

The subgroup analyses for gastric ESD procedure time and 
dissection speed by the lesion size and location after pro-
pensity score matching were performed for the statistical 
adjustment of potential confounding.

Setting of Gastric ESD

All patients were hospitalized and underwent ESD under 
intravenous sedation. Blood tests and chest X-ray in the 
standing position were performed routinely on the day after 
ESD to diagnose adverse events. The ESD procedure was 
performed using a single-channel endoscope with a water 
supply function (GIF-Q260J; Olympus, Tokyo, Japan) 
and a straight transparent hood (D-201-11804; Olympus). 
A multibending endoscope (GIF-2TQ260M; Olympus), 
which has two bent sites at its tip, was used only when it 
was hard to access the lesion with a GIF-Q260J owing to 
anatomic reasons [24]. A straight needle-type electrosurgi-
cal knife (i.e., DualKnife; KD-650L; Olympus) or a straight 
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needle-type electrosurgical knife with an injection function 
(i.e., DualKnifeJ [KD-655L; Olympus] or FlushKnifeBT-S 
[DK2620JI-B20; Fujifilm, Tokyo, Japan]) was used to per-
form mucosal incision and submucosal dissection with an 
electrosurgical generator (VIO300D; ERBE Elektromedizin 
GmbH, Tübingen, Germany). Endoscopic hemostasis was 
attained using an electrosurgical knife or hemostatic forceps 
(FD-412LR, CoagrasperG; Olympus). A mixture of 0.4% 
hyaluronic acid (MucoUp; Boston Scientific, Marlborough, 
Massachusetts, USA) and saline solution in a 1:1 ratio was 
injected into the submucosa. The stomach was extended 
using carbon dioxide  (CO2) insufflation. An overtube (TOP, 
Tokyo, Japan) was used to decrease the risk of aspiration. If 
the distended stomach was difficult to maintain because of 
belching, a leak cutter (TOP) was attached to the overtube.

CWL‑ESD Procedure (Video 1)

The CWL-ESD procedure did not include the traction 
method other than CWL-ESD, underwater techniques 

[25–27], the pocket creation method [28], the endoscopic 
submucosal tunnel dissection method [29], or any other 
special technique. The endoscope was withdrawn after a 
circumferential mucosal incision. The clip applicator was 
inserted into the accessory channel of the endoscope. The 
CWL, the clip (HX-610-090; Olympus) with a commer-
cially available waxed nylon dental floss tied to its arm, 
was attached to the clip applicator (Fig. 5A). Then, the 
endoscope was reinserted through the overtube, and the 
CWL was attached to the oral or anal edge of the lesion 
(Fig. 5B). These steps ensured that the line came out of 
the mouth without passing through the accessory channel 
of the endoscope, while avoiding the interference between 
the devices positioned from the accessory channel and the 
line. Finally, pulling the line provided per-oral traction 
(Fig. 5C). To sustain the traction force, a sinker (~ 10 g) 
was attached to the line. After resection, the specimen with 
the CWL was extracted from the body.

Fig. 4  Classification of the 
traction direction. A Vertical 
traction; B proximal traction; 
C proximal traction combined 
with hood traction; D distal 
traction; E diagonally proximal 
traction; and F diagonally distal 
traction (Nagata [20])
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SLC‑ESD Procedure (Video 2)

All procedures not specific to the SLC were performed as 
described in the CWL-ESD procedure. If both the forward 
and retroflexed endoscopic positions had similar degrees of 
difficulty performing submucosal dissection, the forward 

endoscopic position was prioritized, as it was less likely to 
cause interference between the endoscope and the spring 
(Figs. 6A). First, the SLC was attached to the oral or anal 
edge of the lesion after a circumferential mucosal incision 
(Fig. 6B). Second, the regular clip captured the loop part of 
the SLC and then anchored it to the gastric wall (Fig. 6C). 
Finally, the spring extension provided traction for the lesion, 
providing a good field of vision and adequate tension for the 
dissection plane (Fig. 6D). A noteworthy advantage of the 
SLC is that its traction direction can be controlled in any 
direction by the anchor site. We set traction vertical to the 
gastric wall (vertical traction) as much as possible, using 
the multidirectional traction function of the SLC. Contrary 
to the CWL-ESD procedure, SLC and anchor clip could be 
delivered to the stomach through the accessory channel of 
the endoscope without the endoscope withdrawal during 
SLC attachment. For the SLC-ESD procedure, a modified 
attachment method was used to streamline the attachment 
procedure and avoid interference between the endoscope and 
the spring part of the SLC [15, 30, 31]. After resection, the 
anchor clip was removed from the gastric wall with forceps, 
and the specimen, SLC, and anchor clip were extracted from 
the body.

Statistical Analysis

All statistical analyses were performed in R version 4.1.2 (R 
Foundation for Statistical Computing, Vienna, Austria). Cat-
egorical variables were analyzed using the Fisher exact test 
and were presented as plain numbers and percentages. The 
normality of the distribution of continuous variables was 
evaluated by the Kolmogorov–Smirnov test. Then, continu-
ous variables were reported as medians (interquartile range), 
and differences between the groups were analyzed using the 
Mann–Whitney U test. In this study, all tests were two-sided, 
and differences between variables were considered statisti-
cally significant for P < 0.05.

Results

Baseline Characteristics, Procedure‑Related 
Outcomes, and Traction Device‑Related Factors 
Before Propensity Score Matching

The baseline characteristics revealed no significant differ-
ences (Table 1), but some differences were found in the 
procedure-related outcomes and traction device-related 
factors (Table 2). Although not statistically significant, 
the median gastric ESD procedure time in the SLC-ESD 
group was shorter than in the CWL-ESD group (35.6 min 
vs. 51.0 min, P = 0.213). In addition, the median dis-
section speed in the SLC-ESD group was significantly 

Fig. 5  The procedure of clip with line-assisted endoscopic submu-
cosal dissection (CWL-ESD). A The CWL was attached to the clip 
applicator. B The CWL was attached to the edge of the lesion. C Pull-
ing the line from outside the body provided a good field of vision and 
sufficient tension for the dissection plane
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faster than in the CWL-ESD group (22.4  mm2/min vs. 
17.1  mm2/min, P = 0.002). The median specimen size in 
the SLC-ESD group was significantly larger than in the 
CWL-ESD group (36.0 mm vs. 31.0 mm, P = 0.045). The 
median specimen area in the SLC-ESD group was sig-
nificantly larger than in the CWL-ESD group (825.4  mm2 
vs. 647.2  mm2, P = 0.031). Furthermore, en bloc resec-
tion was attained without perforation in all the cases in 
both groups. The traction direction significantly differed 
between the SLC-ESD and CWL-ESD groups (P < 0.001). 
Although almost traction direction in the SLC-ESD group 
was vertical (95.9%), it was only 16.7% in the CWL-ESD 
group. Moreover, the median attachment time in the SLC-
ESD group was significantly shorter than in the CWL-ESD 
group (100 s vs. 115 s, P = 0.002). In the SLC-ESD group, 
the median SLC attachment time was not significantly dif-
ferent between the first half and the second half (100 s vs. 
97.5 s, P = 0.973). Although not statistically significant, 
slip-off occurred more frequently in the CWL-ESD group 
than in the SLC-ESD group (9.5% vs. 3.1%, P = 0.197). 
While no damage to the specimen was observed in the 
SLC-ESD group, it was significantly more in the CWL-
ESD group by 11.9% (P = 0.002). While there was no case 
in which the traction method (CWL-ESD or SLC-ESD) 
was switched to the other traction method, conversion to 
conventional ESD was needed in some cases. Notably, 
the conversion rate to conventional ESD was significantly 

lower in the SLC-ESD group than in the CWL-ESD group 
(1.0% vs. 11.9%, P = 0.009).

Matching Factors, Procedure‑Related Outcomes, 
and Traction Device‑Related Factors After 
Propensity Score Matching

This propensity score model was reliable (Likelihood Ratio 
Test; P < 0.001) and demonstrated acceptable discrimination 
between the two groups (c statistic = 0.725). Multicollinear-
ity was less probable because all the variance inflation fac-
tors of explanatory variables were < 1.102. Propensity score 
matching generated 42 pairs. Table 3 shows matching fac-
tors, procedure-related outcomes, and traction device-related 
factors after propensity score matching. No significant dif-
ferences were observed in matching factors, specimen size, 
and specimen area between the two groups. The median gas-
tric ESD procedure time in the SLC-ESD group was signifi-
cantly shorter than that in the CWL-ESD group (28.3 min 
vs. 51.0  min, P = 0.022). The median dissection speed 
in the SLC-ESD was significantly faster than that in the 
CWL-ESD (24.8  mm2/min vs. 17.1  mm2/min, P = 0.001). 
All traction direction was vertical in the SLC-ESD group, 
while only 16.7% in the CWL-ESD group. Moreover, the 
median attachment time in the SLC-ESD group was sig-
nificantly shorter than in the CWL-ESD group (100 s vs. 
115 s, P = 0.002). Damage to the specimen and conversion 

Fig. 6  Spring and loop with 
clip (SLC; S–O clip; Zeon 
Medical, Tokyo, Japan)-assisted 
endoscopic submucosal dissec-
tion (SLC-ESD). A Interference 
between the endoscope and 
spring part of the SLC during 
submucosal dissection rarely 
occurs. B After circumferential 
mucosal incision, the SLC is 
delivered via the accessory 
channel of the endoscope 
and attached to the lesion; C 
the regular clip captures the 
loop part of the SLC and then 
anchors it on the gastric wall; 
D the traction provides a good 
field of vision and sufficient 
tension for the dissection plane 
(Nagata [31])
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to conventional ESD occurred more frequently in the CWL-
ESD group than in the SLC-ESD group, although not statis-
tically significant (7.1% vs. 0%, P = 0.241 and 11.9% vs. 0%, 
P = 0.055, respectively).

Endoscopic Position During Submucosal Dissection

Table 4 presents the endoscopic position during submucosal 
dissection after propensity score matching. Overall, we 
observed a trend for selecting the forward endoscopic posi-
tion in the SLC-ESD group than in the CWL-ESD group, 
although the difference was not statistically significant. In 
both groups, the selection of the forward endoscopic posi-
tion tended to be in the lesions located at the upper- and 
lower-third of the stomach, and more selection of the retro-
flexed endoscopic position in the middle-third of the stom-
ach, although the difference was not statistically significant.

Subgroup Analysis

Table 5 presents the results of the subgroup analysis for the 
gastric ESD procedure time and dissection speed by lesion 

location and lesion size after propensity score matching. The 
median gastric ESD procedure time in the SLC-ESD group 
was shorter than in the CWL-ESD group in any subgroups 
although not statistically significant. The median dissection 
speed for lesions at the upper-, middle-, and lower-third of 
the stomach, and for those measuring ≤ 20 mm in size, was 
significantly faster in the SLC-ESD group than in the CWL-
ESD group.

Discussion

This study was conducted to investigate the impact of trac-
tion direction in gastric ESD by comparing the procedure-
related outcomes of CWL-ESD and SLC-ESD. Propensity 
score matching analysis revealed that SLC-ESD was signifi-
cantly associated with shorter gastric ESD procedure time 
and higher dissection speed. Traction direction was signifi-
cantly different between the two groups, and all traction 
direction was vertical in the SLC-ESD group and was only 
16.7% in the CWL-ESD group. These findings indicate that 
vertical traction shortens the gastric ESD procedure time and 

Table 1  Baseline characteristics 
of patients who underwent 
CWL-ESD or SLC-ESD for 
superficial gastric neoplasms 
before propensity score 
matching

Values are n (%) unless otherwise indicated
CWL-ESD clip with line-assisted endoscopic submucosal dissection, IQR interquartile range, SLC-ESD 
spring and loop with clip-assisted endoscopic submucosal dissection

CWL-ESD
n = 42

SLC-ESD
n = 98

P

Age, years,
 Median (IQR) 75 (69–80) 74 (68–81) 0.731

Sex, male/female 30 (71.4)/12 (28.6) 70 (71.4)/28 (28.6) 1.000
Lesion size, mm
 Median (IQR) 12 (8–20) 14 (9–21) 0.341
 Range 1–70 2–57

Lesion location 0.970
 Upper 8 (19.0) 17 (17.3)
 Middle 21 (50.0) 49 (50.0)
 Lower 13 (31.0) 32 (32.7)

Lesion position 0.653
 Greater curvature 8 (19.0) 25 (25.5)
 Lesser curvature 15 (35.7) 39 (39.8)
 Anterior wall 8 (19.0) 16 (16.3)
 Posterior wall 11 (26.2) 18 (18.4)

Morphology 0.075
 Depressed (0–IIc, 0–III) 17 (40.5) 57 (58.2)
 Flat (0–IIb) 2 (4.8) 1 (1.0)
 Protruded (0–I, 0–IIa) 23 (54.8) 40 (40.8)

Histology 0.367
 Adenoma 8 (19.0) 14 (14.3)
 Differentiated adenocarcinoma 31 (73.8) 81 (82.7)

Undifferentiated adenocarcinoma 3 (7.1) 3 (3.1)
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Table 2  Comparison of 
procedure-related outcomes 
and traction device-related 
factors with CWL-ESD and 
SLC-ESD for superficial gastric 
neoplasms before propensity 
score matching

Values are n (%) unless otherwise indicated
CWL-ESD clip with line-assisted endoscopic submucosal dissection, ESD endoscopic submucosal dissec-
tion, IQR interquartile range, NA not applicable, SLC-ESD spring and loop with clip-assisted endoscopic 
submucosal dissection
*Intramucosal cancers and adenomas are included in this category
† P < 0.05

CWL-ESD
n = 42

SLC-ESD
n = 98

P

Gastric ESD procedure time, min
 Median (IQR) 51.0 (25.9–81.3) 35.6 (22.8–67.1) 0.213
 Range 12.8–294.4 10.0–168.0

Dissection speed,  mm2/min
 Median (IQR) 17.1 (9.3–23.2) 22.4 (15.3–32.3) 0.002†

 Range 3.3–46.4 6.2–84.7
Specimen size, mm
 Median (IQR) 31.0 (26.0–40.3) 36.0 (29.3–44.5) 0.045†

 Range 16.0–90.0 21.0–86.0
Specimen area,  mm2

 Median (IQR) 647.2 (482.2–931.4) 825.4 (593.5–1206.7) 0.031†

 Range 201.0–4874.9 296.7–3843.4
Depth 0.925
 Mucosa* 36 (85.7) 84 (85.7)
 Submucosa (< 500 μm) 2 (4.8) 6 (6.1)
 Submucosa (≥ 500 μm) 4 (9.5) 8 (8.2)

Presence of ulcer findings 5 (11.9) 15 (15.3) 0.793
En bloc resection 42 (100) 98 (100) NA
Complete resection 39 (92.9) 94 (95.9) 0.428
Adverse events
 Post-ESD bleeding 0 (0) 3 (3.1) 0.554
 Perforation 0 (0) 0 (0) NA
 Use of a multibending endoscope 3 (7.1) 0 (0) 0.026†

 Use of an electrosurgical knife with an 
injection function

0 (0) 40 (40.8)  < 0.001†

Traction device-related factors
Traction direction  < 0.001†

 Vertical 7 (16.7) 94 (95.9)
 Proximal 13 (31.0) 0 (0.0)
 Diagonally proximal 2 (4.8) 4 (4.1)
 Distal 16 (38.1) 0 (0.0)

Diagonally distal 4 (9.5) 0 (0.0)
Attachment time, second
 Median (IQR) 115 (99–140) 100 (82–119) 0.002†

 Range 61–288 53–281
Application, n
 Median 1 1 0.860
 Range 1–4 1–2

Reattachment 6 (14.3) 15 (15.3) 1.000
Slip-off 4 (9.5) 3 (3.1) 0.197
Damage to the specimen 5 (11.9) 0 (0) 0.002†

Successful removal of anchor clip NA 94 (95.9) NA
Conversion to conventional ESD 5 (11.9) 1 (1.0) 0.009†



2540 Digestive Diseases and Sciences (2023) 68:2531–2544

1 3

Table 3  Comparison of 
matching factors, procedure-
related outcomes, and traction 
device-related factors with 
CWL-ESD and SLC-ESD for 
superficial gastric neoplasms 
after propensity score matching

Values are n (%) unless otherwise indicated
CWL-ESD clip with line-assisted endoscopic submucosal dissection, ESD endoscopic submucosal dissection, IQR 
interquartile range, NA not applicable, SLC-ESD spring and loop with clip-assisted endoscopic submucosal dissec-
tion, GC greater curvature of the stomach, M middle-third of the stomach, U upper-third of the stomach
*Intramucosal cancers and adenomas are included in this category
† P < 0.05

CWL-ESD
n = 42

SLC-ESD
n = 42

P

Matching factors

Lesion size, mm

 Median (IQR) 12 (8–20) 13 (8–19) 0.911

 Range 1–70 5–48

Lesion position (GC of U and M) 5 (11.9) 5 (11.9) 1.000

Lesion location (U and M) 28 (66.7) 30 (71.4) 0.814

Presence of ulcer findings 5 (11.9) 5 (11.9) 1.000

Use of electrosurgical knife with an injection 
function

0 (0) 0 (0) NA

Procedure-related outcomes

Gastric ESD procedure time, min

 Median (IQR) 51.0 (25.9–81.3) 28.3 (18.0–52.9) 0.022†

 Range 12.8–294.4 11.3–105.3

Dissection speed,  mm2/min

 Median (IQR) 17.1 (9.3–23.2) 24.8 (18.0–34.2) 0.001†

 Range 3.3–46.4 9.0–66.6

Specimen size, mm

 Median (IQR) 31.0 (26.0–40.3) 34.5 (30.0–38.8) 0.254

 Range 16.0–90.0 22.0–61.0

Specimen area,  mm2

 Median (IQR) 647.2 (482.2–931.4) 752.8 (632.7–983.8) 0.222

 Range 201.0–4874.9 345.4–2684.7

Depth 1.000

 Mucosa* 36 (85.7) 37 (88.1)

 Submucosa (< 500 μm) 2 (4.8) 2 (4.8)

 Submucosa (≥ 500 μm) 4 (9.5) 3 (7.1)

En bloc resection 42 (100) 42 (100) NA

Complete resection 39 (92.9) 37 (88.1) 1.000

Adverse events

 Post-ESD bleeding 0 (0) 2 (4.8) 0.494

 Perforation 0 (0) 0 (0) NA

Use of a multibending endoscope 3 (7.1) 0 (0) 0.241

Traction device-related factors

Traction direction  < 0.001†

 Vertical 7 (16.7) 42 (100)

 Proximal 13 (31.0) 0 (0.0)

 Diagonally proximal 2 (4.8) 0 (0.0)

 Distal 16 (38.1) 0 (0.0)

 Diagonally distal 4 (9.5) 0 (0.0)

Attachment time, second

 Median (IQR) 115 (99–140) 100 (82–121) 0.020†

 Range 61–288 59–281

Application, n

 Median 1 1 0.726

 Range 1–2 1–2

Reattachment 4 (9.5) 5 (11.9) 1.000

Slip-off 2 (4.8) 1 (2.4) 1.000

Damage to the specimen 3 (7.1) 0 (0) 0.241

Successful removal of anchor clip NA 42 (100) NA

Conversion to conventional ESD 5 (11.9) 0 (0.0) 0.055
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increases the dissection speed compared with other traction 
directions.

While surgeons can alter the traction direction for the tar-
get lesion manually in general surgery, it is challenging for 
endoscopists to change that in traction-assisted ESD owing 
to complex procedures. Thus, it is crucial to examine the 
optimal traction direction in traction-assisted ESD. Despite 
limited research focusing on the traction direction, some 
studies indicated that the efficiency of the traction method 
depends on the traction direction. A single-center, prospec-
tive RCT comparing the conventional ESD and SLC-ESD 
in gastric ESD confirmed that median gastric ESD proce-
dure time was significantly decreased in SLC-ESD, while 
the vertical traction was selected for SLC-ESD using the 
multidirectional traction function of SLC [15]. However, in 
a multicenter, prospective RCT comparing CWL-ESD and 
conventional ESD, CWL-ESD did not achieve a significant 
reduction in the gastric ESD procedure time in the total pop-
ulation, although CWL-ESD was found to shorten the gas-
tric ESD procedure time for lesions at the greater curvature 
of the upper- and middle-third of the stomach [12]. As the 
traction direction of the CWL-ESD in the stomach is lim-
ited to the cardia, it provides the vertical traction for lesions 
primarily at the greater curvature of the upper- and middle-
third of the stomach. Hence, the two RCTs mentioned above 
suggest that the most effective traction direction in gastric 
ESD is vertical to the gastric wall [32]. Traction direction 
in CWL-ESD can be controlled, and vertical traction can 
be obtained in combination with the pulley method. There-
fore, the pulley method may improve the gastric ESD pro-
cedure time and dissection speed in CWL-ESD. However, 

feasibility and effectiveness should be investigated and com-
pared with conventional ESD in clinical practice because the 
pulley method in gastric ESD has been mainly reported in a 
small number of cases or ex vivo studies [33–35].

All subgroup analyses revealed considerably shorter 
median gastric ESD procedure time in the SLC-ESD than 
in the CWL-ESD groups although without a statistically 
significant difference. Furthermore, the SLC-ESD exhib-
ited a significant increase in the dissection speed for lesions 
regardless of the location. Thus, SLC-ESD could be more 
effective than CWL-ESD, irrespective of the lesion location. 
Nevertheless, the SLC-ESD procedure is more expensive 
than the CWL-ESD procedure, which costs around ¥6000 
and ¥1000 (US $46.15 and US $7.69, at an exchange rate 
of ¥130 = US $1), respectively. Regarding the cost-effec-
tiveness, CWL-ESD should be preferred over SLC-ESD for 
lesions at the greater curvature where the vertical traction 
can be attained with both SLC-ESD and CWL-ESD.

Despite limited research on the efficacy of traction direc-
tions other than the vertical traction for submucosal dis-
section, some studies suggested its utility for submucosal 
dissection in specific conditions. In a multicenter RCT 
comparing the conventional ESD and CWL-ESD in the 
esophagus, the CWL-ESD group demonstrated a significant 
reduction in the procedure time of esophageal ESD than the 
conventional ESD group [36]. In the esophageal ESD, as the 
esophagus is a narrow cylindrical lumen, submucosal dissec-
tion is performed in the forward endoscopic position and the 
CWL is attached to the oral side of the lesion, thereby natu-
rally providing the proximal traction. The endoscope tip can 
approach parallel to the lesion owing to a narrow cylindrical 
esophageal lumen and can easily access the submucosa with-
out the vertical traction by the CWL. After getting under the 
mucosa, the vertical traction by the hood and proximal trac-
tion using the CWL are combined, permitting strong vertical 
traction to the submucosa (Fig. 4C). Hence, this multicenter 
RCT suggested that the proximal traction is effective when 
the endoscope tip can approach the lesion parallelly.

In CWL-ESD in the stomach, the proximal traction can 
be used when the forward endoscopic position is selected. 
Compared with esophageal ESD, the endoscope cannot 
approach parallel to the lesion in gastric ESD per the 
lesion location because the stomach lumen is larger and 
more angulated than the esophagus. If the endoscope can-
not approach parallel to the lesion, the mucosal flap falls 
proximally owing to the proximal traction, resulting in dif-
ficulty approaching the submucosa. Hence, the proximal 
traction might not always be effective in gastric ESD.

Although SLC is a special device and is available in 
limited countries, internal traction devices, which can 
provide vertical traction may substitute SLC. An internal 
traction device is defined as a device in which the device 
acts only inside the gastrointestinal tract. Such traction 

Table 4  Endoscopic position during submucosal dissection after pro-
pensity score matching

Values are n (%) unless otherwise indicated
CWL-ESD clip with line-assisted endoscopic submucosal dissection, 
SLC-ESD spring and loop with clip-assisted endoscopic submucosal 
dissection

CWL-ESD SLC-ESD P

Total n = 42 n = 42 0.266
 Retroflexed endoscopic position 19 (45.2) 14 (33.3)
 Forward endoscopic position 23 (54.8) 28 (66.7)

Lesion location
 Upper n = 8 n = 9 1.000
 Retroflexed endoscopic position 3 (37.5) 3 (33.3)
 Forward endoscopic position 5 (62.5) 6 (66.7)
 Middle n = 21 n = 21 0.536
 Retroflexed endoscopic position 13 (61.9) 10 (47.6)
 Forward endoscopic position 8 (38.1) 11 (52.4)
 Lower n = 13 n = 12 0.593
 Retroflexed endoscopic position 3 (23.1) 1 (8.3)
 Forward endoscopic position 10 (76.9) 11 (91.7)
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devices involve a ring thread [37], multiloop [38], double 
clip and rubber band [39], clip band [40], and multiloop 
traction device [41]. However, these devices are made of 
thread, band, or polyethylene instead of a spring, which 
may result in a shortage of elasticity for the large lumen of 
the stomach. If the endoscope interferes with these materi-
als, specimen laceration may be a concern owing to lower 
elasticity. The modified attachment method we reported 
to avoid the interference between the endoscope and the 
spring part of the SLC can be adapted for these traction 
devices [15, 30, 31]. Nevertheless, most reports on the 
use of these devices are for colorectal ESD. Therefore, 
the feasibility of these devices for gastric ESD needs to 
be assessed.

This study has several limitations worth acknowledging. 
First, bias cannot be eliminated because of the retrospective 
study design. Propensity score matching analysis can mini-
mize bias due to observed differences between groups but 
are still subject to biases due to unobserved differences. Sec-
ond, the gastric ESD procedure time and dissection speed 
could be affected by the learning curve of ESD because all 
ESD procedures were performed by only one operator. The 

CWL for gastric ESD was introduced before the SLC, and 
SLC was used instead of CWL after its introduction in our 
department. However, due to concerns about the supply 
shortages associated with the Coronavirus Disease 2019 
pandemic, the SLC was used only for difficult cases in 2020 
during the study period. This approach was adopted because 
the SLC was a special device that could not be manufactured 
in-house. Alternatively, the CWL could be manufactured 
in-house using a regular clip and commercially available 
dental floss. Hence, due to the ease of procurement, the 
CWL was used instead of the SLC for standard cases after 
the Coronavirus Disease 2019 pandemic during the study 
period and the operator’s proficiency was more advanced 
in the CWL-ESD group, which might be favorable to the 
CWL-ESD group. Nevertheless, this study suggested that 
SLC-ESD was more effective than CWL-ESD in the stom-
ach. Finally, the cases that were converted from CWL-ESD 
or SLC-ESD to the conventional ESD were included in the 
analysis. However, the conversion cases were found in the 
CWL-ESD group considerably more than in the SLC-ESD 
group, suggesting that SLC-ESD is more effective than 
CWL-ESD in the clinical practice of gastric ESD.

Table 5  Subgroup analysis 
comparing the gastric ESD 
procedure time and dissection 
speed by lesion location and 
lesion size after propensity 
score matching

CWL-ESD clip with line-assisted endoscopic submucosal dissection, ESD endoscopic submucosal dissec-
tion, IQR interquartile range, SLC-ESD spring and loop with clip-assisted endoscopic submucosal dissec-
tion
† P < 0.05

CWL-ESD SLC-ESD P
n = 42 n = 42

ESD procedure time, min (IQR)
Lesion location

n = 28 n = 30
 Upper, middle 53.1 (34.8–85.9) 41.9 (26.0–64.3) 0.050

n = 14 n = 12
 Lower 23.8 (18.5–54.3) 17.2 (15.0–24.2) 0.100

Lesion size
n = 32 n = 35

 ≤ 20 mm 35.2 (21.8–57.2) 26.5 (16.9–44.7) 0.100
n = 10 n = 7

 > 20 mm 111.1 (80.5–145.8) 71.0 (39.9–91.8) 0.051
Dissection speed, mm2/min (IQR)
Lesion location

n = 28 n = 30
 Upper, middle 15.4 (9.0–19.9) 20.7 (17.0–27.3) 0.002 †

n = 14 n = 12
 Lower 23.9 (16.7–31.4) 41.1 (33.0–44.2) 0.005 †

Lesion size
n = 32 n = 35

 ≤ 20 mm 17.7 (11.3–22.9) 25.4 (19.0–35.9) 0.002 †
n = 10 n = 7

 > 20 mm 13.8 (8.4–22.9) 21.4 (15.1–28.2) 0.143
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In conclusion, this study suggests that SLC can provide 
vertical traction in most cases of gastric ESD, unlike CWL. 
Vertical traction may reduce the gastric ESD procedure time.
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