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Abstract
Background/Aims: It is important to appropriately manage patients with procedure-related 
artificial mucosal ulcers or procedure-related complications. Many endoscopic closure tech-
niques have been reported; however, they often require the use of special devices. We devel-
oped a single-channel endoscopic closure technique (SCCT) that can be performed with con-
ventional devices. In the present study, we describe the technique and evaluate its efficacy. 
Methods: Twenty-five consecutive patients who underwent endoscopic treatment and whose 
artificial ulcer was closed using the SCCT were enrolled in this study. The technical success 
rate, number of clips for closure, procedure time, complication rate on the day of the proce-
dure, clinical success rates on days 1 and 5, and incidence of severe stenosis of the gastroin-
testinal (GI) tract at 2 months after the procedure were evaluated. Results: The median ulcer 
diameter was 20 mm. The tumor locations were the stomach (n = 19), jejunum (n = 1), and 
colon (n = 5). The technical success rate was 100% (25/25), and the rate of incomplete closure 
was 0% (0/25). Eight clips were needed on average. The median procedure time was 18 min 
(range 5–49 min). The complication rate was 0% (25/25). The clinical success rates on days 1 

Received: July 2, 2019
Accepted: September 1, 2019
Published online: November 6, 2019

Eikichi Ihara, MD, PhD
Department of Medicine and Bioregulatory Science
Graduate School of Medical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku
Fukuoka 812-8582 (Japan)
E-Mail eikichi @ intmed3.med.kyushu-u.ac.jp

www.karger.com/gat

DOI: 10.1159/000503994

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribu-
tion for commercial purposes as well as any distribution of modified material requires written permission.



22Gastrointest Tumors 2020;7:21–29

Minoda et al.: The Efficacy of a Promising Single-Channel Endoscopic Closure 
Technique for Artificial Ulcers

www.karger.com/gat
© 2019 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000503994

and 5 were 100% (19/19) and 100% (9/9), respectively. No patients presented stenosis as a late 
complication at 2 months after the procedure (0/25). Conclusion: The SCCT could be applied 
in the treatment of artificial ulcers in several parts of the GI tract with a high clinical success 
rate and no complications. The SCCT appears to be a good option for closing artificial muco-
sal ulcers. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

It is generally accepted that endoscopic procedures, including endoscopic mucosal 
resection (EMR) and endoscopic submucosal dissection (ESD) are effective for the treatment 
of early-stage gastrointestinal (GI) neoplastic lesions [1–3]. It is important to appropriately 
manage patients with procedure-related artificial mucosal ulcers or, if they occur, procedure-
related complications such as bleeding and perforation [4–6]. Perforation is one of the most 
severe complications since it not only causes high fever and abdominal pain but also some-
times requires emergent surgical treatment [7, 8]. Recently, some reports have described the 
efficacy of closure for artificial ulcer after endoscopic treatment, such as ESD or EMR [9–12]. 
To date, artificial mucosal ulcers are most commonly closed using clip techniques, in order to 
prevent delayed perforation [9]. However, we sometimes encounter cases in which complete 
closure of an artificial mucosal ulcer is difficult due to its large size, complex shape, or location. 
Harada et al. [12] have reported the rate of complete clip closure after colonic ESD to be 
approximately 59%, which is not satisfactory.

An open biopsy, such as a mucosal incision-assisted biopsy (MIAB), for subepithelial 
lesions (SELs) requires closing the ulcer in order to prevent delayed bleeding and perforation 
after the procedure. This is because an MIAB for SELs, which arise from the muscular layer or 
submucosal layer with rich vascularization, carries a potential risk of delayed perforation or 
delayed bleeding after the procedure. We also sometimes encounter difficult cases in which 
complete closure of an artificial mucosal ulcer is difficult even for small ulcers, as the char-
acter of ulcers at SELs created by an MIAB is quite different from that of ulcers at superficial 
tumors created by ESD. The mucosa at SELs is stretched strongly by the lesion, and closing 
the ulcer using only clips without pinching the SEL is difficult.

Many closure techniques, including over the scope clip (OTSC) techniques [13, 14], and 
combination clip and loop techniques [15–17], were developed for cases in which the closure 
of artificial mucosal ulcers is difficult to achieve by simple clip methods. These techniques 
have been shown to be useful; however, they require the use of special devices or an uncommon 
endoscope equipped with two working channels, which prevents these methods from being 
widely applied in clinical practice. Thus, a new method has been desired. 

We recently developed a modified single-channel endoscopic closure technique (SCCT) 
using a conventional endoloop and clips. The purpose of this study is to evaluate the efficacy 
and safety of the SCCT.

Methods

Study Population and Protocols
Between December 2017 and September 2018, a total of 96 consecutive patients who underwent ESD 

for GI superficial tumors, EMR for duodenum superficial tumor, or a MIAB for SELs were enrolled in this study 
(ESD 79 cases, EMR for duodenum 1 case, MIAB 15 cases). All procedures were performed at Kyushu University. 
The patients in whom postprocedure ulcer closure was attempted endoscopically using SCCT were analyzed. 
In particular, in the ESD group, 11 patients in whom the ulcer size was over 40 mm, which is the maximum 
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size of the endoloop and the largest size indicated for SCCT, did not undergo endoscopic closure and were 
therefore excluded from this study. In addition, 59 patients in whom the muscular layer was not damaged 
during the procedure and who were expected to have a low risk of delayed perforation were also outside of 
the indication for endoscopic closure and were thus excluded from the study. All endoscopic closures for 
ulcers < 40 mm were performed using the SCCT technique. As a result, 25 consecutive patients (male, n = 12, 
female, n = 13) who underwent SCCT for artificial mucosal ulcers after ESD, EMR for GI tumors, or a MIAB for 
SELs were analyzed retrospectively in the present study (Fig. 1). The steps of ESD, and MIAB were followed 
according to those described in a previous report [18, 19]. Written informed consent for the procedure was 
obtained from all patients. To evaluate the efficacy and safety of this technique, we evaluated the technical 
success rate, number of clips for closure, procedure time, and complication rate on the day of procedure, the 
clinical success rate on the next day (day 1) and the 5th day (day 5) after the procedure, and the incidence of 
severe stenosis of the GI tract after ulcer healing at 2 months after the procedure. 

Technical success was defined as complete closure of the ulcer and the procedure time was calculated 
as the time from the insertion of the endoloop into the endoscope to the completion of loop closure. This time 
was calculated retrospectively, based on the time on the endoscopic images. Clinical success was defined by 
the X-ray findings that the clips remained in the proper position in the stomach without any procedure-
related symptoms (Fig. 2). Severe stenosis was defined by a complaint (from the patient) of stenosis-related 
symptoms or relevant air-fluid findings on abdominal X-ray suggesting severe bowel stenosis or obstruction. 
To determine whether severe stenosis occurred after discharge, a follow-up clinical examination was 
performed at 2 months after the procedure, and late-onset complications were recorded. This study was 
approved by the institutional ethics committee.

Preparation of SCCT
Preparation for the SCCT was performed as follows (Fig.  3). First, the stopper was moved slightly 

forward to the top of the loop (Endoloop; Olympus Corporation, Tokyo, Japan) (Fig.  3a). Second, after 
releasing the loop once, the loop tail was then sufficiently widened by hand (Fig. 3b, c). Third, the loop was 
placed directly into the outer sheath without fixing the ligation device (Fig. 3d). 

Fig. 1. Flowchart of patients with lesions enrolled in this study.
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Fig. 2. Representative abdominal 
X-ray image, which shows clips 
remaining in the proper position 
in the stomach.

a b

c d

Fig. 3. A schematic illustration depicting the preparations for the SCCT. a, b Moving the stopper forward to 
the top of the loop. c Releasing the loop from the ligation device and widening the loop tail sufficiently. d Put-
ting the loop directly into the outer sheath. The modified loop is stored in the outer sheath. 
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Steps of SCCT
The SCCT was then performed using a single channel endoscope (GIF-Q260J, PCF-Q260JI, PCF-Q260AZI; 

Olympus) as follows (Fig. 3, 4). First, the endoloop was dropped around the ulcer (Fig. 4a). Second, it was 
fixed using clips (ZEOCLIP®, Zeon Medical, Japan; EZ clip®, Olympus) (Fig.  4b). Then, the endoloop was 
tightened using a closure device in the GI tract (Fig. 4c, d), and the endoloop was closed (Fig. 4e, f).

Tips for SCCT
The main point to bear in mind when performing the SCCT is to align the direction of the loop tail with 

that of the scope. To make this alignment, the scope should be pulled back a little after inserting the ligation 
device into the hole of loop tail. Pulling back the scope causes the direction of the scope and the loop to align. 
After that, the ligation device should be closed slowly.

a b

c d

e f

Ulcer

Fig. 4. A schematic illustration of the SCCT. a Dropping the tail of the loop. b Fixing the loop to the mucosa 
surrounding the ulcer by clips. c, d Catching the tail of the loop with the ligation device. e, f Closing the loop 
tightly.
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Results

The patient characteristics are shown in Table 1. The median age of the patients was 65 
years (range 36–81 years). Artificial ulcers were caused by ESD (n = 9), MIAB (n = 15), and 
EMR (n = 1). The median diameter of the ulcer was 20 mm (range 10–40 mm). The locations 
of the artificial ulcers included the stomach (n = 19 [ESD, n = 5; MIAB, n = 14]), jejunum (n = 
1 [EMR, n = 1]), and colon (n = 5 [ESD, n = 5]).

The technical success rate was 100% (25/25), and the rate of incomplete closure was 0% 
(0/25). The number of clips for closure was 8 (range 5–12) on average. The median procedure 
time was 18 min (range 5–49 min). The complication rate was 0% (0/25). The clinical success 
rates on days 1 and 5 were 100% (19/19) and 100% (9/9), respectively. No patients experi-
enced stenosis as a late complication at 2 months after the procedure (0/25) (Table 2). 

Discussion

The closure technique using clips and an endoloop has been reported useful for treating 
ulcers after ESD, EMR, or EFTR [15, 20, 21]. However, few reports have so far described a way 
to close artificial ulcers easily without using a special scope or device [16, 17, 22]. To complete 
closure using conventional clips, an endoloop, and a single-channel scope, we had to release 
the endoloop in the GI tract. However, we had to capture the tail of the endoloop after its 

Age, years 65 (range 36–81) 
Males/females 12/13
Ulcer location, n casesa

Stomach (upper) 8 (1/7/0)
Stomach (middle) 6 (0/6/0)
Stomach (lower) 5 (3/2/0)
Duodenum 1 (0/0/1)
Colon (ascending) 1 (1/0/0)
Colon (transverse) 2 (2/0/0)
Colon (descending) 1 (1/0/0)
Rectum 1 (1/0/0)

Type of treatment, n cases
ESD 9
MIAB 15
EMR 1

Median diameter of ulcer, mm 20 (range 10–40) 
ESD
MIAB
EMR

26 (range 15–40)
15 (range 10–40)
10 

a Total (ESD/MIAB/EMR).

Table 1. Characteristics of the 
patients enrolled in this study

Technical success rate (complete closure) 100% (25/25)
Procedure time, min 16 (5–49) 
Number of clips 8 (5–12)
Complication rate 0% (0/25)
Clinical success on day 1 100% (19/19)
Clinical success on day 5 100% (9/9)
Severe stenosis 0% (0/0)

Table 2. Efficacy and safety of 
the modified single-channel 
endoscopic closure technique
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release in order to make it work. Most ligation devices are not appropriate for this procedure 
as it stands, since the shape of the loop tail is too straight and narrow to hold in the final step. 
In many countries, the conventional endoloop has a straight tail. We have improved this point 
and developed our method. It is important to address two points in order to keep the tail of 
the endoloop round when preparing to perform the SCCT. First, the tail of the endoloop should 
be widened to make the loop tail easier to catch in the final step. A round and wide loop tail 
is suitable for the SCCT. Second, the loop should be placed directly into the outer sheath 
without fixing the tail of the loop to the ligation device. Although the preliminary trials of the 
SCCT using a conventional straight-tail endoloop often failed, the adoption of the two above-
mentioned points enabled us to perform the SCCT more easily. One strength of this method 
is that SCCT can be applied to almost all types of ligation loops. The loop tail needs to be large 
and wide enough to hold during live endoscopy.

Because the shape of the endoloop is changed and deformed to some degree, it has not 
fully been determined whether this SCCT method can be applied in other sites in the GI tract, 
including the stomach, duodenum, and colon. Thus, the present study was performed. In the 
present study, artificial ulcers could be successfully managed by the SCCT regardless of the 
location. The locations in which the technique was applied included the upper stomach, 
middle stomach, lower stomach, duodenum, ascending colon, transverse colon, and rectum. 

In the present study, we also showed that the technical success rate of the SCCT was 
100%, while the incomplete closure rate and complication rate were both 0%. Using this tech-
nique, all artificial ulcers could be closed completely, easily, and safely. Moreover, the clinical 
success rate on day 5 was also 100%. In general, delayed complications such as perforation 
or bleeding after endoscopic treatment occur within several days after the procedure. Our 
data suggest that SCCT may reduce the occurrence of delayed perforation or the bleeding risk 
of artificial ulcers.

In the present study, the median procedure time was 18 min. We consider it to be 
acceptable. It is more time consuming to use the special devices required for OTSC, where the 
endoscope is pulled out once, then the OTSC device is set up and the endoscope is inserted to 
access the lesion. The SCCT enables us to perform the closure of the mucosal ulcers immedi-
ately after the resection procedure without the reinsertion of the scope. The SCCT can be 
performed in general clinical practice, since it does not require any special devices or endo-
scopes.

The performance of EFTR for submucosal tumors has been reported and has gradually 
spread throughout the world [23–27]. The techniques of EFTR have advanced with methods 
for closing wall defect. Many techniques to close the wall defect require special devices such 
as OTSCs and suturing devices. However, some studies have reported that a combination 
method using endoloops and conventional clips is sufficient to close mucosal defect after 
EFTR [20, 28]. Thus, the SCCT would be useful not only for ESD but also for EFTR.

Another advantage of this technique is its cost-effectiveness. SCCT required approxi-
mately eight clips and one endoloop, which comes to an approximate cost of USD 80–100 
(USD 8–9 for 1 clip × 8 clips and USD 20–25 for 1 endoloop). This cost is markedly lower than 
that of OTSCs (USD 700–800 for a single OTSC).

The present study has several limitations. The first limitation is selection bias. In this 
study, there were many cases in which several different procedures, such as ESD, EMR, or 
MIAB, were used. In addition, the concerned organs in the enrolled patients varied (stomach, 
duodenum, colon, and rectum). Second, this was a retrospective study. Further studies, 
including multicenter prospective studies, will be required to establish these methods. Third, 
we did not evaluate the clinical success or stenosis endoscopically, although on the abdominal 
X-ray images the clips remained in the proper position in all cases on the first days. Since 
X-ray images are two-dimensional evaluations, our findings do not show the complete closure 
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of the ulcers. This remains one of the limitations of this study. Finally, the examined ulcer size 
was set at < 40 mm because the maximum size of the endoloop is 40 mm.

In conclusion, the SCCT was applicable in the treatment of artificial ulcers in several parts 
of the GI tract and showed a high clinical success rate with no complications. The SCCT appears 
to be a good option for closing artificial mucosal ulcers.
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