
Introduction
Endoscopic submucosal dissection (ESD) has recently been
gaining acceptance as an alternative to endoscopic mucosal re-
section (EMR). ESD can provide en bloc complete resection of
gastrointestinal mucosal lesions of any size [1–3]. Perforation
is one of the most serious adverse events (AEs) associated with
colorectal ESD. Although rates of perforation have been de-
creasing through improvements in techniques and equipment,
perforation still occurs in 1.4% to 10.0% of all colorectal ESDs
performed [4–7].

A perforation occurring during an ESD procedure must be
clipped [8]. If a perforation can be successfully closed by endo-
scopic clipping during ESD, the patient can be managed con-
servatively thereafter. Endoscopic clipping is usually a simple
closure performed by placing endo-clips to close a perforation.
No closure of mucosal defects is attempted during the proce-
dure. Complete closure is a more complicated procedure that
is performed using various methods. The methods for complete
closure reported in recent studies have included endoscopic
purse-string suture [9], the slip knot clip suturing method [10,
11], the string clip suturing method [12], the “loop clip” meth-
od [13], "Hold-and-drag" closure [14, 15], and the mucosa-sub-
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ABSTRACT

Background and study aims The efficacy of complete

closure versus simple closure for perforations during endo-

scopic submucosal dissection (ESD) has never been evaluat-

ed. We evaluated the efficacy of complete closure and sim-

ple closure for perforations and muscular layer injuries in-

curred during ESD.

Patients and methods Thirty-four consecutive patients

who underwent “complete closure” or “simple closure” for

correction of perforations and muscular layer injuries dur-

ing colorectal ESD were enrolled in this study. Complete

closure was performed by the mucosa-submucosa clip clo-

sure method using only conventional endo-clips. For simple

closure, endo-clips are placed just for perforation or mus-

cular layer injury, while leaving any mucosal defects open.

Results Among the 15 patients in the complete closure

group, eight developed perforations and seven developed

muscular layer injuries. Among the 19 patients in the sim-

ple closure group, six developed perforations and 13 devel-

oped muscular layer injuries during the ESD procedure.

There were no statistically significant differences between

the two groups in inflammatory reactions, adverse events,

or length of the hospital stay.

Conclusion Complete closure and simple closure for per-

forations and muscular layer injuries during ESD seem to

have similar efficacy. While simple closure for a perforation

during ESD seems sufficient, further study will be required

to confirm our results.
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mucosa clip closure method [16]. Complete closure of a muco-
sal defect after ESD appears to be effective in preventing AEs.
Efficacy of complete closure versus simple closure for a perfora-
tion during ESD, however, has never been previously evaluated.
In the current study we evaluated efficacy of complete closure
and simple closure for perforations and muscular layer injuries
during ESD.

Patents and methods
Patients

One hundred sixty-five patients underwent colorectal ESD at
Tokyo Medical Center between November 2016 and July 2019.
Of them, 34 patients experienced perforations or muscular lay-
er injuries during the ESD procedure (▶Fig. 1, ▶Fig. 2). A per-
foration was defined as a colonic mural defect (▶Fig. 2a). A
muscular layer injury was defined as a defect of the muscular
layer (▶Fig. 3).

During the initial period of the study, between November
2016 and April 2017, perforations and muscular layer injuries
were closed by the simple closure method, while mucosal de-
fects were left open. Between May 2017 and May 2018, muco-
sal defects ≤5cm were completely closed by the mucosa-sub-
mucosa clip closure method. In the latter period of the study,
between August 2018 and July 2019, the endoscopists per-
forming the ESD arbitrarily chose between the simple closure
method and complete closure method when closure was neces-
sary. This study protocol was approved by the Institutional Re-
view Board of Tokyo Medical Center (registration number: R17-
096). Written informed consent was obtained from all patients.

Methods for complete closure and simple closure

The mucosa-submucosa clip closure method was used for com-
plete closure [16, 17]. The endo-clip (EZ Clip®, HX-610-090 L
(long-type), OLYMPUS, Tokyo, Japan) was placed at the edge
of each mucosal defect after colorectal ESD. The two arms of
the endo-clip respectively gripped the mucosa and submucosa
in a direction parallel to the short axis of the defect. Though the
placement of the clip significantly reduced the size of the mu-
cosal defect, additional endo-clips had to be placed on the two
sides of the defect to achieve complete closure. Finally, endo-
scopic inspection was performed to visually confirm that the
closure was complete (▶Fig. 1).

Simple closure was performed by placing endo-clips just for
perforations and muscular layer injuries, while leaving any mu-
cosal defects open (▶Fig. 2).

The procedures in this study were performed by four endos-
copists, each of whom was considered an expert in ESD and had
performed more than 50 colorectal ESD procedures before the
study began. Trainee physicians often took part in the ESD pro-
cedures, always under the direct supervision of an expert staff
physician.

Evaluation of the procedure

The following parameters were evaluated: size of the resected
specimen, procedure time required to attain complete closure
or simple closure, number of clips, blood test results (white

blood cell count [WBC] and C-reactive protein) on the day after
ESD, AEs (delayed perforation and delayed bleeding), abdomi-
nal pain, fever, emergency surgery, and length of hospital stay.

Procedure time was measured from insertion of the first clip
to completion of the procedure. Delayed perforation was de-
fined by presence of free air on postoperative x-ray, with severe

▶ Fig. 1 Complete closure. a Mucosal defect after colonic ESD.
b Complete closure by the mucosa-submucosa clip closure method.

▶ Fig. 2 Simple closure. a Perforation during ESD. b Endo-clips
were placed just for perforations.

▶ Fig. 3 Representative image of a muscular layer injury.
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abdominal pain in patients without intraoperative perforation.
Delayed bleeding was defined as bleeding symptoms or hemo-
globin loss (≥2g/dL) [18]. Abdominal pain was defined as sus-
tained spontaneous pain or regional rebound tenderness after
ESD. Fever was defined as a body temperature of ≥38°C devel-
oping at any time from 4 hours to 3 days after ESD.

Statistics

All continuous variables were expressed as mean ± standard de-
viation. Differences between the two groups were detected
using the Student’s t-test or Welch’s t-test for continuous
data. Categorical secondary outcomes were compared using
the chi-squared test. P <0.05 was considered statistically signif-
icant. All statistical analyses were performed using Stat Mate IV
software (ATOMS, Tokyo, Japan).

Results
Among the 34 patients, 15 patients underwent complete clo-
sure and 19 underwent simple closure. ▶Table 1 summarizes
characteristics and outcomes of the complete closure group
and simple closure group. Among the 15 patients in the com-
plete closure group, eight developed perforations and seven

developed muscular layer injuries during the ESD procedure.
Among the 19 patients in the simple closure group, six devel-
oped perforations and 13 developed muscular layer injuries
during the ESD procedure.

Mean procedure time for complete closure was 790±279
sec (▶Table2). The time for simple closure was significantly
shorter than that for complete closure (P <0.001). Mean num-
ber of clips was significantly lower in the simple closure group
than in the complete closure group (P <0.001). There were no
significant differences between the two groups in the findings
on WBC, C-reactive protein, delayed perforation, delayed
bleeding, abdominal pain, fever, emergency surgery, or length
of hospital stay.

Discussion
There were no statistically significant differences in inflamma-
tory reactions, AEs, or length of hospital stay between the com-
plete closure and simple closure procedures for correction of
perforations and muscular layer injuries incurred during ESD.
Considering the longer clipping time and cost of the clips re-
quired for complete closure, we propose that a simple closure
may suffice.

Recent studies have reported that patients with colonic per-
foration can be managed conservatively with endoscopic clip-
ping [19–21]. Hotta et al. obtained successful results by endo-
scopic clipping in 10 of 11 patients (90.9%) with perforations

▶ Table 1 Baseline patent characteristics.

Complete

closure

Simple

closure

P value

Patient

▪ Number 15 19

▪ Male:female 8:7 9: 0 1

▪ Age 65.8 ±11.1 72.9 ±10.2 0.06

Complications during ESD 0.353

▪ Perforation during ESD 8 6

▪ Muscular layer injury 7 13

Resected specimen

▪ Size 31.6 ±8.65 38± 10.4 0.06

Location 0.10

▪ Cecum 1 4

▪ Ascending colon 4 3

▪ Transverse colon 4 4

▪ Descending colon 0 3

▪ Sigmoid colon 3 0

▪ Rectum 3 5

Operator

▪ Experts (> 50 ESD cases) 8 12 0.82

▪ Non-experts (< 50 ESD
cases)

7 7

ESD, endoscopic submucosal dissection.

▶ Table 2 Comparison of clinical courses and outcomes between com-
plete closure and simple closure

Complete

closure

Simple

closure

P value

Patient

▪ Number 15 19

Closure

▪ Procedure time (sec) 752± 277 161± 91.8 < 0.001

▪ Number of clips 9.73 ±2.89 2.68±1.49 < 0.001

Blood test

▪ WBC 9220±2962 8694±2508 0.579

▪ C-reactive protein 1.87±1.65 2.612.1 0.275

Adverse event

▪ Delayed perforation 0 0 –

▪ Delayed bleeding 0 0 –

▪ Abdominal pain 3 9 0.195

▪ Fever 7 8 0.935

Emergency surgery 0 0 –

Length of hospital stay 7.2 ±1.48 7.79±1.34 0.205

WBC, white blood count.
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[20]. Criteria for non-surgical treatment of a perforation caused
by colonic ESD in their study were an absence of diffuse perito-
nitis and successful perforation closure [20]. Our study also
showed that patients with colonic perforations treated by com-
plete closure or simple closure could be managed conservative-
ly.

Several studies have compared complete closure and non-
closure after colonic ESD [22–24]. A retrospective study by Fu-
jihara et al. showed that complete closure significantly reduced
inflammatory reactions and abdominal pain [22]. A randomized
controlled trial (RCT) by Osada et al. found no significant differ-
ences between complete closure and non-closure for AEs, al-
though complete closure accelerated wound healing at 4 weeks
after ESD [24]. A recent meta-analysis of RCTs has compared ef-
ficacy of prophylactic clipping for colorectal endoscopic resec-
tion, including two RCTs with ESD cases [25]. Prophylactic clip-
ping did not decrease occurrence of AEs after colorectal endo-
scopic resection. Theoretically, prophylactic clipping to avoid
AEs may seem attractive and safe [26]. Data from available
trials, however, are too scarce to prove this conjecture.

In monetary terms, the cost of one clip is approximately 788
yen (USD 7.9). In this study, a mean of 9.8 were placed in the
complete closure group and a mean of 2.8 clips were placed in
the simple closure group. Thus, 5516 yen (USD 55.3) could have
been saved in every intervention in which a simple closure was
performed in lieu of a complete closure.

This study had some limitations. First, the small number of
patients was a limiting factor. This study may have lacked statis-
tical power and may have failed to detect unrevealed but statis-
tically important differences. While the current data suggested
that complete closure reduced abdominal pain and the length
of the hospital stay, they were not definitive. Second, the study
was a retrospective review of patients treated at a single insti-
tution. Third, background differences may have introduced bias
between the simple closure and complete closure groups, as
the patients were not randomized to the two groups. Complete
closure of a large mucosal defect is technically difficult, hence
the differences between the groups indicate a significant selec-
tion bias. Furthermore, many of the simple closures performed
were for muscular layer injuries. A muscular layer injury can be
managed more easily than a perforation, which improved the
outcome in the simple closure group. A prospective random-
ized study directly comparing a complete closure group with a
simple closure group would have had advantages.

Conclusion
In conclusion, complete closure and simple closure for perfora-
tions and muscular layer injuries during ESD seem to have sim-
ilar efficacy. Although simple closure for perforation during ESD
might suffice, further study is required to confirm our results.
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