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Abstract

Background: Endoscopic submucosal dissection (ESD] is the first-line treatment for gastric
mucosal lesions. The artificial ulcers caused by ESD can lead to bleeding, perforation, and
other adverse events.

Objectives: This study aimed to evaluate the efficacy of alternate mucosa-submucosa clip in
preventing adverse events following ESD for gastric mucosal lesions.

Design: Multicenter retrospective observational study.

Methods: Data from 924 patients who underwent ESD for gastric mucosal lesions were
retrospectively collected and categorized into completely closed and unclosed groups based
on postoperative wound management. The incidence of adverse events and postoperative
wound healing rate at 1 and 3 months were compared between the groups, and the factors
related to delayed bleeding after ESD were analyzed.

Results: The rate of delayed hemorrhage was lower in the completely closed group than in
the unclosed group (0.8% vs 7.6%; p<0.001), and subgroup analysis showed that this effect
was consistent across all subgroups. The postoperative abdominal pain score was lower

in the completely closed group than in the unclosed group (0 vs 2, p<0.001). One month
postoperatively, the wound healing rate was higher in the completely closed group (77.6% vs
55.1%; p <0.001). Multivariable analysis showed that the presence of ulcers or scars on the
lesion surface, and lesions located in the lower one-third of the stomach were risk factors for
postoperative bleeding.

Conclusion: Application of alternate mucosa-submucosa clip closing the wound of ESD
reduced the risk of postoperative bleeding, alleviated postoperative abdominal pain, and
promoted artificial wound healing.
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Introduction

Endoscopic submucosal dissection (ESD) is the
first-line treatment for early gastric cancer and
precancerous lesions and has the advantages of
faster recovery and preservation of the digestive
tract.!-3 However, artificial ulcers caused by ESD
can lead to bleeding, perforation, and other
adverse events, among which bleeding is the most
frequent. Moreover, severely delayed postopera-
tive bleeding can lead to hemorrhagic shock.%5 A
Japanese study demonstrated that a mucosal
defect of >3 cm after gastric ESD was a risk fac-
tor for delayed hemorrhage.® Hammad et al.
reported that preventive clip closure of postopera-
tive mucosal defects in colonic lesions reduced
the rate of delayed bleeding by 1.8% in 463
patients.” However, few studies have focused on
the use of clips to prevent delayed hemorrhage
after ESD for gastric mucosal lesions. In clinical
practice, mucosal defects <1 cm in diameter can
be completely closed using clips, whereas mucosal
defects >2cm in diameter are difficult to close.
Globally, experts have explored several methods
such as endoscopic hand suturing (EHS),8 O-ring
blocking and ligation,? and “accordion” folding
to close large postoperative gastric ESD wounds, !0
to minimize postoperative adverse events. Over
the past decade, our center has applied the alter-
nate mucosa—submucosa clip method for com-
plete closure of artificial wounds after gastric
ESD. In this study, we retrospectively collected
data from patients with early gastric cancer and
precancerous lesions who underwent ESD to
evaluate the efficacy of the alternate mucosa—sub-
mucosa clip closure method in preventing adverse
events after ESD.

Methods

Study design

This quality research project was constructed as
a retrospective observational study. The report-
ing of this study conforms to the Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) statement.!!

Patients

This multicenter retrospective study enrolled 924
patients with gastric mucosal lesions who under-
went ESD at 3 hospitals in China between January
2013 and December 2023. The study cohort
included 562 patients from Zhongda Hospital

Southeast University, 264 from the Second
Affiliated Hospital Zhejiang University School of
Medicine, and 98 from the Affiliated Changshu
Hospital of Nantong University.

The inclusion criteria were: (1) Diagnosis of gas-
tric mucosal lesions, including low-grade and
high-grade intraepithelial neoplasia, and gastric
carcinoma in situ, by gastroscopy before ESD and
pathology after ESD; (2) single lesion with a
specimen diameter of =2cm; and (3) availability
of complete clinical, endoscopic, and pathologi-
cal data. The exclusion criteria were: (1)
Incomplete data; (2) presence of lymphovascular
tumor embolus, lymph node metastasis, or dis-
tant metastasis; (3) serious bleeding tendency; (4)
long- or short-term use of antiplatelet or antico-
agulant drugs; and (5) wound following ESD
sprayed with hemostatic powder, fibrin glue, and
other medications. All patients underwent magni-
fied gastroscopy and ultrasonic endoscopy to
determine lesion depth before ESD. The patients
were informed of the relevant risks of ESD and
signed an operative consent form. The gastric
ESD procedures were performed by expert
endoscopists who had performed more than 500
cases of gastric lesions.

Based on the management of wounds after gastric
ESD, the enrolled patients were divided into two
groups: Completely closed (postoperative wound
was completely closed using the alternate mucosa—
submucosa clip method) and unclosed (postop-
erative wound was not closed using clips) groups.

Definitions of terms

In this study, delayed hemorrhage refers to bleed-
ing that occurs within 24h to 30days after ESD
and meets at least two of the following indicators:
(a) Vomiting blood, black stools, dizziness, and
other uncomfortable symptoms; (b) drop in
hemoglobin >20g/L; (c) drop in blood pressure
>20mmHg or increase in heart rate >20 beats/
min; and (d) gastroscopy suggesting bleeding.
Delayed perforation was defined as sudden post-
operative symptoms of peritoneal irritation, post-
operative abdominal plain films, or computed
tomography (CT) suggesting the presence of free
gas. Postoperative stenosis refers to a postopera-
tive scar after ESD resulting in the narrowing of
the digestive tract lumen. Postoperative abdomi-
nal pain was scored using a numeric rating scale
ranging from 0 to 10 to indicate the degree of
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pain, with 0, 1-2, 3-5, and =6 indicating no,
mild, moderate, and severe pain, respectively.
Patients selected a number from 0 to 10 to indi-
cate their pain level according to their most genu-
ine pain feelings, which were recorded by the
nurse on the postoperative day. For patients with
multiple pain scores, the highest score was
selected. Wound healing rate was calculated by
the percentage of ulcers that reached the healing
stage endoscopically out of the total number of
people that underwent gastroscopic follow-up.

Methodology

Data collection. Data related to lesion and endo-
scopic characteristics were collected, including
endoscopic lesion characteristics, postoperative
pathologic characteristics, and intraoperative
indicators. According to the Japanese Gastric
Cancer Association classification criteria, the
stomach was vertically divided into the upper
one-third (U), middle one-third (M), and lower
one-third (L) regions. Endoscopic features
included lesion morphology (elevated, flat,
depressed) and the presence of ulcers or scars on
the lesion surface.

ESD procedure

Main  instruments. Olympus GIF-Q290]
therapeutic gastroscope (Olympus Corp., Tokyo,
Japan), Olympus transparent cap (D-201-
11804), Alton injection needle (Alton Medical
Instruments, Shanghai, China), Olympus KD-
650L knife, Olympus FD-412LR hot biopsy
forceps, sureclip (SDNROCC-D-26-195-C,
SDNROCC-F-26-195-C; Nanjing Microtech,
Nanjing, China), and Erbe VIO 300D high-fre-
quency electrosurgical workstation (Erbe Elek-
tromedizin, Ttbingen, Germany).

Main steps

1. Before treatment, narrow-band light imaging
and magnifying endoscopy were performed
to determine the lesion boundary, and argon
plasma coagulation was used to mark the
point 0.5 cm from the edge of the lesion.

2. Submucosal injection of 1:10,000 epineph-
rine saline, containing methylene blue, was
administered to sufficiently lift the lesion.

3. The mucosa surrounding the lesion was
incised and progressively separated along
the outer ring circumference of the marking
point using a KD-650L knife. After com-
plete lesion excision, the visible vessels in

the artificial wound were routinely coagu-
lated using hemostatic forceps.

Completely closed group. After prophylactic
electrocoagulation of the artificial wound using
hot hemostatic forceps, the wound was com-
pletely closed using an alternate mucosa—submu-
cosa clip method. First, one side of the wound
was apically anchored using a clip. Subsequently,
the second clip closed one side of the mucosa and
the postoperative wound musculature on one side
to reduce the wound size. The third clip closed
the contralateral mucosa and muscularis externa
to further reduce the wound size. The above steps
were repeated until the width of the wound was
less than the maximum diameter of the clips after
release. Finally, the wound was completely closed
with a clip-to-mouth between the clips (Figure 1).

Unclosed group. After prophylactic electroco-
agulation of the artificial wound using hot biopsy
forceps, the wound was not treated with clips.

Postprocedural management. The patients were
on bed rest; fasted for 24-48h after ESD; rou-
tinely treated with acid-suppressing drugs. The
patients were closely monitored for abdominal
pain, blood vomiting, black stools, and other
adverse events after ESD and were examined with
abdominal radiography or CT, if necessary.

Outcome assessed

The primary outcome was the rate of delayed
hemorrhage. The secondary outcomes were the
rate of delayed perforation, stenosis, perforation,
abdominal pain score, and 1- and 3-month wound
healing rates afterward ESD.

Follow-up

Gastroscopy was performed at 1 and 3 months
after ESD to observe the healing of the artificial
wounds. The endoscopic staging of peptic ulcers
was categorized into the active (Al, A2), healing
(H1, H2), and scarring (S1, S2) stages.

Statistical analyses

SPSS (version 27.0; IBM, Armonk, NY, USA)
software, was wused for statistical analyses.
Measured data are expressed as means * stand-
ard deviations for normal distributions and were
compared using independent samples 7 test for
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Figure 1. (a) Gastric ESD postoperative wound; (b) one side of the artificial wound is apically anchored using a
clip; [c, d) the second clip closes one side of the mucosa and the postoperative wound musculature on one side
to reduce the wound size; (e] the third clip closes the contralateral mucosa and muscularis externa to further
reduce wound size; (f-i) the aforementioned steps are repeated until the width of the wound is less than the
maximum diameter of the clips after release; finally, the wound is completely closed with a clip-to-mouth

between the clips.
ESD, endoscopic submucosal dissection.

comparisons between the two groups. Skewed
distribution quantitative data are expressed as
median (interquartile range (IQR)) and assessed
using the Mann—Whitney U test for comparisons
between the two groups. Categorical data are
expressed as frequencies (%) and were compared
between the groups using the Pearson y? test, cor-
rected y? test, or Fisher’s exact probability
method. Stratified analysis was analyzed by logis-
tic regression analysis. Risk factors for postopera-
tive bleeding after gastric ESD were analyzed
using logistic regression analysis. p<<0.05 was
considered statistically significant.

Results
Patient characteristics

A total of 924 patients fulfilled the inclusion crite-
ria, including 479 patients in the completely

closed group and 445 patients in the unclosed
group. Most patients were male (69.3%) in the
completely closed group with a median age of 65
(IQR, 57-72) years. In the unclosed group, there
were 317 male patients (71.2%) with a median
age of 66 (IQR, 58-71)years. The smoking his-
tory, alcohol consumption, and comorbidities of
the two groups are presented in Table 1.

Characterization of endoscopic lesions and
postoperative pathological features

In the completely closed group, the lesions were
mainly located in the lower one-third of the stom-
ach (39.9%), with predominantly elevated lesions
(45.1%). Ulcers or scars were present on the
lesion surface in 84 (17.5%) patients. However,
the lesions in the unclosed group were located
primarily in the lower one-third of the stomach
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Table 1. Baseline characteristics of patients.

Characteristics Completely closed group, N=479

Unclosed group, N=445

Sex, n (%)
Male 332 (69.3) 317 (71.2)
Female 147 (30.7) 128 (28.8)
Age (median (interquartile range), years] 65 (57-72) 66 (58-71)
History of smoking, n (%) 94 (19.6) 88 (19.8)
History of alcohol consumption, n (%) 74 (15.5) 61(13.7)
Comorbidities, n (%)
Cardiovascular disease 50 (10.4) 41(9.2)
Diabetes mellitus 51(10.7) 53 (11.9)
Chronic renal failure 14 (2.9) 8(1.8)

(164 (36.9%) patients), and the distribution of
lesion location significantly differed between the
two groups (p=0.031). The size of the specimens
in the completely closed group was similar to that
in the unclosed group (38 (30-48) and 40 (30—
50) mm, respectively; p=0.514). The postopera-
tive pathological types in the completely closed
group were low-grade dysplasia in 214 (44.7%)
patients, high-grade dysplasia in 94 (19.6%), and
gastric carcinoma in 171 (35.7%), with the lesion
mainly infiltrating the epithelial layer (57.0%).
No significant differences were evident between
the groups in terms of lesion morphology
(»p=0.504), ulcers or scars present on the lesion
surface (p=0.407), pathological type (p=0.058),
depth of infiltration (p > 0.05), and the horizontal
positivity rates (p=0.943; Table 2).

Gastric ESD procedure analysis

The en bloc resection rates in the completely
closed and unclosed groups were 96% and 97.1%,
respectively. The median procedure times for the
completely closed and unclosed groups were sim-
ilar (60 (40-75) and 50 (40-77.5)min, respec-
tively; »p=0.593). There were no significant
differences in en bloc excision rate (p=0.385),
and muscular injury rate between the two groups
(»=0.539; Table 3).

Postoperative adverse events and follow-up
All patients successfully underwent ESD, however,
patients in the unclosed group had significantly

longer hospital stays than those in the completely
closed group (8 (7-10) and 8 (7-11) days, respec-
tively; p=0.018). In the completely closed group, 4
(0.8%) patients had delayed postoperative bleed-
ing, which was considerably lower than that in the
unclosed group (34 (7.6%) patients; p<<0.001).
No intra- or postoperative perforations were
observed in either group. Postoperative stenosis
occurred in 2 (0.4%) patients in the completely
closed group and 4 (0.9%) patients in the unclosed
group, with no significant difference between the
groups (p=0.617). The postoperative abdominal
pain scores were significantly lower in the com-
pletely closed group than in the unclosed group (0
(0-1) and 2 (2-3)days, respectively; p<<0.001;
Table 4).

One month after ESD, 232 (48.3%) patients in
the completely closed group underwent gastros-
copy, of whom 180 (77.6%) had ulcers com-
pletely healed to the white scar stage, with a
significantly higher healing rate than that in the
unclosed group (51.1%; p<<0.001). Gastroscopy
was repeated 3 months after ESD, and all patients
in both groups achieved full wound healing.

Subgroup analysis of postoperative bleeding

after ESD for gastric mucosal lesions with
different wound closure strategies

Figure 2 summarizes the effect of different wound
management strategies after gastric ESD on
delayed postoperative bleeding. No significant
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Table 2. Comparison of lesion characteristics and postoperative pathological features between groups.

Characteristics Completely closed Unclosed p-Value
group, N=479 group, N=445
Lesion location, n (%) 0.031
Upper one-third of the stomach 119 (24.8) 145 (32.6)
Middle one-third of the stomach 169 (35.3) 136 (30.6)
Lower one-third of the stomach 191 (39.9) 164 (36.9)
Lesion morphology, n (%) 0.504
Elevated 216 (45.1) 194 (43.6)
Flat 115 (24.01) 98 (22.0)
Depressed 148 (30.9) 153 (34.4)
Ulcer or scar present, n (%) 84 (17.5) 69 (15.5) 0.407
Specimen size (median (interquartile range), mm] 38 (30-48) 40 (30-50) 0.514
Pathological type, n (%) 0.058
LGIN 214 (44.7) 174 (39.1)
HGIN 94 (19.6) 78 (17.5)
Gastric carcinoma 171 (35.7) 193 (43.4)
Histological depth, n (%) 0.353
Epithelial layer 273 (57.0) 239 (53.7)
Mucosal lamina propria 54 (11.3) 52 (11.7)
Muscular layer of the mucosa 105 (21.9) 118 (26.5)
Submucosa 47(9.8) 36(8.1)
Horizontal margin positivity, n (%) 22 (4.6) 20 (4.5) 0.943

HGIN, high-grade intraepithelial neoplasia; LGIN, low-grade intraepithelial neoplasia.

Table 3. Comparison of gastric endoscopic submucosal dissection procedure and wound closure between

groups.
Outcomes Completely closed Unclosed p-Value
group, N=479 group, N=445
En bloc resection, n (%) 460 (96.0) 432 (97.1) 0.385
Muscular injury, n (%) 107 (22.3) 92 (20.7) 0.539
Operation time (median (interquartile range), min) 60 (40-75) 50 (40-77.5) 0.593
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Table 4. Comparison of postoperative adverse events and follow-up between groups.

Characteristics Completely closed Unclosed p-Value
group, N=479 group, N=445
Length of hospital stay (median (interquartile range), days) 8 (7-10) 8(7-11) 0.018
Adverse events, n (%)
Delayed bleeding 4(0.8) 34 (7.6) <0.001
Delayed perforation 0 (0) 0 (0) —
Stenosis 2(0.4) 41(0.9) 0.617
Abdominal pain score 0 (0-1) 2 (2-3) <0.001
Gastroscopy follow-up 1 month after ESD, n (%) 232 (48.3) 231 (51.9) 0.291
Wound healing rate 1 month after ESD, n (%) 180 (77.6) 118 (51.1) <0.001
Gastroscopy follow-up 3months after ESD, n (%) 454 (94.8) 428 (96.2) 0.308
Wound healing rate 3months after ESD, n (%) 454 (100) 428 (100) —
ESD, endoscopic submucosal dissection.
Subgroup Unclosed group* Completely closed group* OR (95% CI) Pvalue Pforinteraction
Overall 34/445 (7.6) 4/479 (0.8) — 0.10 (0.03,0.26) <0.001
Sex : 0.487
Female 4/128 (3.1) 1147 (0.7) —————e——  0.21(0.01,1.46) 0.168
Male 30/317 (9.5) 3/332 (0.9) — 0.09 (0.02,0.25) <0.001
Age 0.441
<60 13/127 (10.2) 1/165 (0.6) 5
>60 21/318 (6.6) 3/314 (1.0) — 0.14 (0.03,0.40) 0.001
Diabetes mellitus : 0.989
No 32/392 (8.2) 4/428 (0.9) — 0.11(0.03,0.27) <0.001
Yes 2/53 (3.8) 0/51 (0.0) E
Chronic renal failure E 0.999
No 0/8 (0.0) 0/14 (0.0) :
Yes 34/437 (7.8) 4/465 (0.9) —— 0.10(0.03,0.26) <0.001
Cardiovascular disease E 0.462
No 22/404 (5.4) 3/429 (0.7) — 0.12(0.03,0.36) 0.001
Yes 12/41 (29.3) 1/50 (2.0) 5
Muscle layer injury E 0.901
No 27/353 (7.6) 3/372 (0.8) — 0.10(0.02,0.28) <0.001
Yes 7/92 (7.6) 1/107 (0.9) —C—| 0.11(0.01,0.66) 0.045
Ulcer or scar present : 0.463
No 14/376 (3.7) 2/395 (0.5) — 0.13(0.02,0.48) 0.008
Yes 20/69 (29.0) 2/84 (2.4) —— : 0.06 (0.01,0.22) <0.001
Lesion location E 0.145
Lower one-third of the stomach 24/164 (14.6) 1/189 (0.5) E
Middle one-third of the stomach 5/136 (3.7) 2171 (1.2) —0—~— 0.31(0.04,1.46) 0.166
Upper one-third of the stomach 5/145 (3.4) 1119 (0.8) '—O—f— 0.24 (0.01,1.50) 0.192
Specimen size : 0.243
<40 2/210 (1.0) 1/246 (0.4) ————————0.42(0.02,4.46) 0485
>40 31/234 (13.2) 3/233 (1.3) —e— | 0.09 (0.02,0.24) <0.001
0.2 1 4

* no. of delayed bleeding after gastric ESD/ total no. (%)

Complete closure of wound better Unclosed closure of wound better

Figure 2. Subgroup analysis of postoperative bleeding after ESD for gastric mucosal lesions with different
management of wound closure. Odds ratios and 95% confidence intervals were estimated with the use of
logistic regression models, stratified according to sex, age, history of diabetes mellitus, history of chronic
renal failure, history of cardiovascular disease, muscle injury, presence of ulcers or scars, lesion location, and

specimen size.
ESD, endoscopic submucosal dissection.
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Table 5. Univariable analysis for delayed bleeding in patients after ESD for gastric mucosal lesions.

Variables Univariable analysis

OR 95% ClI p-Value
Cardiovascular disease history 1.82 0.88-3.75 0.11
Diabetes mellitus history 2.34 0.56-9.87 0.25
Muscle layer injury 1.03 0.46-2.28 0.941
Surface ulceration or scarring 7.92 4.05-15.49 <0.001
Lesions located in the middle 1/3 of stomach 1.00 0.33-3.02 0.99
Lesions located in the lower 1/3 of stomach 3.28 1.32-8.11 0.01

Cl, confidence interval; ESD, endoscopic submucosal dissection; OR, odds ratio.

interaction was observed between the different
wound management strategies in all subgroups
including sex, age, history of diabetes mellitus,
history of chronic renal failure, history of cardio-
vascular disease, muscle injury, presence of ulcers
or scars, lesion location, and specimen size (p for
interaction > 0.05). The benefit of complete
wound closure compared to wound non-closure
was consistent across all subgroups.

Risk factors of delayed bleeding after ESD for
gastric mucosal lesions

Univariable and multivariable logistic regres-
sion analysis of delayed postoperative bleeding
after ESD for gastric mucosal lesions was per-
formed in the two groups, and the presence of
ulcers or scars on the lesion surface (»p <0.001;
odds ratio (OR) =6.91; 95% confidence interval
(CI), 2.7-15.42), lesions located in the lower
one-third of the stomach (p=0.002; OR=3.32;
95% CI, 0.05-10.93) in this study were identi-
fied as risk factors for postoperative bleeding
(Tables 5 and 6).

Discussion

This multicenter retrospective study reports a
new technique to close the artificial wound after
gastric ESD, which was first proposed interna-
tionally and performed in our center in 2013. The
results demonstrate that the alternate mucosa—
submucosa clip closure technique could reduce
postoperative adverse events including delayed
bleeding, and postoperative abdominal pain.

Previous studies have shown that the rate of
delayed hemorrhage after gastric ESD ranges
from 1.8% to 15.6%.12-14 The role of clips in pre-
venting postoperative bleeding following ESD for
gastric mucosal lesions has rarely been reported.
Our study revealed that the postoperative bleed-
ing rate decreased to 0.5% by the alternate
mucosa—submucosa clip closure technique, sug-
gesting that wound closure has advantages, which
is consistent with previous findings. A prospective
observational study employed the endoscopic
ligated O-ring closure technique, which combines
an O-ring with an endoscopic variceal ligation
device to prevent submucosal pouch formation by
immobilizing the muscularis propria in patients
with gastric ESD on long-term antithrombotic
therapy, significantly reduced the rate of delayed
hemorrhage after gastric ESD in this population.®
In contrast to our findings, another prospective
study used a detachable snare to close post-ESD
ulcers and examined its effect on postoperative
bleeding rates. In that study, there was no signifi-
cant difference in delayed bleeding rates between
the closed and unclosed groups,!> which may be
due to the fact that the wound was effectively
closed in only 60% of the cases in this study.

Nevertheless, it is difficult to directly close defects
>2cm using conventional clips due to the thick
gastric mucosa. Ikenoyama et al. reported the
successful closure of a 10 cm postoperative gastric
ESD wound using a floss-assisted mucosal-sub-
mucosal clip and the wound remained completely
closed on the third postoperative day of gastro-
scopic follow-up.!® Over the past 10years, our
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Table 6. Multivariable analysis for delayed bleeding in patients after ESD for gastric mucosal lesions.

Variables Model 1 Model 2 Model 3
OR(95% CI)  p-Value OR(95% CI)  p-Value OR(95% CI)  p-Value
Surface ulceration or scarring
No 1.00 1.00 1.00
(Reference) (Reference) (Reference)
Yes 8.15 (3.97- <0.001 7.64 (3.32- <0.001 6.91 (2.70- <0.001
16.67) 16.05) 15.42)
Lesions located in the lower 1/3 of stomach
No 1.00 1.00 1.00
(Reference) (Reference) (Reference)
Yes 4.65 (1.79- <0.001 3.94(1.19- <0.001 3.32(0.55- 0.002
12.09) 11.42) 10.93)

Model 1: no adjusted variables. Model 2: the factors of diabetes mellitus history, and cardiovascular disease history were
adjusted. Model 3: the factors of diabetes mellitus history, cardiovascular disease history, muscle layer injury, lesions
located in the middle 1/3 of the stomach, and specimen size were adjusted were adjusted.

Cl, confidence interval; ESD, endoscopic submucosal dissection; OR, odds ratio.

center has widely used the alternate mucosa—sub-
mucosa clip closure technique for postoperative
gastric ESD defects. In our study, there are still
three cases of postoperative bleeding in the com-
plete group, and the reason was high-risk behav-
iors, such as weight-bearing and strenuous
activities after discharge from the hospital, lead-
ing to premature dislodgement of the clips that
triggered delayed hemorrhage. The subgroup
analysis of our study showed that the advantage
of complete closure of the wound to reduce the
delayed bleeding rate was consistent across sub-
groups, suggesting that the alternate mucosa—
submucosa clip closure technique is suitable for
different locations and sizes of lesions in the
stomach.

Currently, studies on the relief of postoperative
pain after gastric ESD are limited to drug-related
studies, wherein the causes of postoperative pain
include ulcers and electrical burns. Lee et al.
reported that intravenous dexamethasone
(0.15mg/kg) was effective in reducing postopera-
tive abdominal pain after ESD for early gastric
cancer.!® Another study showed that the use of a
fentanyl patch could reduce immediate postop-
erative pain on the second day after ESD.!”
Conversely, in our study, closing the postopera-
tive ulcers significantly reduced the abdominal

pain score, and all patients in the complete clo-
sure group had no or mild pain without further
need for analgesic medication. The reduction in
pain in the completely closed group was attrib-
uted to the fact that the exposed muscle layers
were protected from direct stimulation by acid
and bile after the complete closure of the artificial
wound.

Furthermore, in terms of postoperative wound
healing, a randomized controlled trial demon-
strated that routine closure with a detachable
snare and clips after gastric ESD decreased the
percentage of open ulcerated wounds from 43%
to 18% after 8weeks.!> Akimoto et al. reported
that EHS promoted the healing of artificial ulcers
after gastric ESD in a living porcine model and
that sutured mucosal defects were completely
covered by regenerating epithelium within 14 days
of suturing.!® In our study, we found that after
complete closure of the wound using the alternate
mucosa—submucosa clip method, the complete
healing rate of the wound was as high as 80% at
1 month postoperatively, which was higher than
that in the unclosed group, consistent with the
findings of previous studies.

Additionally, the multivariable analysis in this
study showed that the presence of ulcers or scars
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on the lesion surface was a risk factor for bleeding
after ESD, possibly because ulcers or scars lead to
unclear layers of lesion peeling, insufficient hemo-
static electrocoagulation, and therefore an
increased risk of bleeding. This finding is consist-
ent with the results of two previous studies.!9:20
However, the presence of scars and ulcers did not
influence postprocedural bleeding in some other
studies.?!-23 Multivariable analysis also revealed
that lesions located in the lower one-third of the
stomach were a risk factor, and the reasons for
this result may be as follows: (1) The artificial
wound formed in this location after ESD is
exposed to high concentrations of gastric acid and
stimulated by refluxed bile, which makes artificial
wounds in this area more susceptible to postop-
erative hemorrhage, and (2) during ESD proce-
dures, wounds in this area are less frequently
subjected to routine prophylactic coagulation,
thus increasing the rate of postoperative
bleeding.

Limitations

Our study had some limitations. First, this was a
retrospective study, and the management of post-
ESD wounds was not randomized. Second, we
did not confirm whether the wound remained
completely closed after gastric ESD by second-
look endoscopy. Therefore, further validation is
required in future multicenter, prospective, and
large-sample clinical studies.

Conclusion

In conclusion, complete closure of post-ESD
defects by alternate mucosa—submucosa clip
could reduce the risk of postoperative bleeding,
alleviate patients’ postoperative abdominal pain,
and shorten the healing time of the artificial
wounds. In addition, this technique requires no
additional equipment and is simple to perform,
making it a safe and effective defect closure tech-
nique that should be promoted.
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