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ABSTRACT

Background and study aims Complete closure of large
defects after colorectal endoscopic submucosal dissection
(ESD) can be problematic, especially in challenging areas
or lesions larger than half the lumen circumference. We re-
port a reopenable clip-over-the-line method for such de-
fects and aim to investigate its feasibility through a case se-
ries.

Patients and methods We retrospectively evaluated data
from 30 consecutive patients who underwent ESD with de-
fect closure using the reopenable clip-over-the-line method
between October 2020 and September 2022. This method
requires the first clip-with-line grasp of the oral side's de-
fect edge and muscle layer. The next reopenable clip (with
a line fed through a hole in the reopenable clip tooth) is
placed on the opposing mucosal defect edge and muscle
layer. This process is repeated until complete closure. The
primary study outcome was the rate of complete mucosal
defect closure. We also reported post-procedure bleeding
or perforation.

Results The median dimensions of the resected specimens
were 45mm (range, 35-70) by 39mm (range, 29-60).
Complete closure was achieved for all defects, including
nine rectal defects, of which three bordered the anal verge.
Of the 30 defects included in this study, nine were larger
than half the lumen circumference. The median closure
time was 25 minutes (range, 14-52), and the median clip
number was 17 (range, 9-42). No post-procedure bleeding
or perforation occurred.

Conclusions The reopenable clip-over-the-line method is
a feasible technique for the complete closure of large colo-
rectal defects after endoscopic submucosal dissection, re-
gardless of location.

Introduction

Colorectal endoscopic submucosal dissection (ESD) is a tech-
nique that can be used to resect large colorectal tumors [1].
While ESD is an excellent minimally invasive treatment, post-
operative bleeding and perforation after colorectal ESD are ad-
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verse events (AEs) that should be prevented. An increased risk
of post-ESD bleeding has been reported for rectal lesions and
large defects [2]. Some methods of prophylactic mucosal de-
fect closure using clips have been reported to reduce the risk
of AEs [3,4,5]. However, mucosal defect closure with clips is
especially difficult in the rectum, which has a thick mucosa
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» Fig.1 Scheme for the reopenable clip-over-the-line method (ROLM). a A clip with an affixed line is placed such that it is grasping the defect
edge and muscle layer. b Line from the accessory channel is threaded through the hole in one tooth of the clip. The clip is then inserted through
the accessory channel. We continue by grasping the opposing edge of the mucosal defect and muscle layer. ¢ Clip-with-lines (threaded through
the tooth hole of each clip) are alternately placed to close mucosal defect closure. d, e, f If there is a gap between the defect edges, a clip-with-
line is fastened to the muscle layer alone. Grasping the opposing defect edge and muscle layer with the clip, the line is pulled taut to approxi-
mate the defect edges. g After complete defect closure using ROLM, a locking-clip technique is used to secure the line to the clip base. h The clip
is placed on the normal mucosa. The thread is then pulled by hand, and the line is cut at the base of the clip.

and muscularis propria [6,7]. While various closure devices
have been investigated, complete closure of the rectum has
been achieved using an over-the-scope clip (OTSC, Ovesco
Endoscopy AG, Tuebingen, Germany) system [8] and endo-
scopic ligation with O-ring closure (E-LOC). The OTSC system is
a special device for closure of full-thickness defects of the gas-
trointestinal tract with a strong grasping force. In the E-LOC
technique, conventional hemostatic clips and O-rings are used
in combination to achieve closure of post-ESD mucosal defects
[9]. These are new techniques that differ from simple closure
with clips and are expected to reduce the incidence of adverse
events in rectal ESD. However, mucosal defect closure by OTSC
or E-LOC may be more difficult than colorectal ESD itself if one
or more of the following conditions exist in the colon rather
than the rectum: narrow lumen, too long colon, right-sided
deep colon, or limited endoscopic maneuverability. To over-
come these difficult conditions, we have invented and reported
the reopenable clip-over-the-line method (ROLM) using only a
clip and a nylon line, and this does not require withdrawal and
reinsertion of the endoscope [10, 11]. Although ROLM is a novel
closure method, it is difficult to demonstrate its feasibility
based on our case reports alone. Therefore, the present study
was designed to demonstrate the feasibility of ROLM in a series
of 30 consecutive cases without limitations of lesion location or
size.

Patients and methods
Study design and patients

This study included 30 patients who underwent colorectal ESD
at the Ise Red Cross Hospital and Mie Prefectural Shima Hospital
between October 2020 and September 2022. The ROLM closure
procedures were performed consecutively by one endoscopist
(T.N.). Study-eligible patients were those with mucosal defects
>30mm after ESD for colorectal tumors, aged = 20 years, and
who provided informed consent. The exclusion criterion was a
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circumferential intestinal defect post-ESD. This study was per-
formed in compliance with the principles of the Declaration of
Helsinki. We obtained approval from the ethics committees of
the Ise Red Cross Hospital (Approval Number ER2020-100 da-
ted March 5, 2021) and Mie Prefectural Shima Hospital (Ap-
proval Number 16 dated November 29, 2022) as well as written
informed consent for study participation from all the patients
involved in this study.

ROLM procedure

Although various endoscopes were used while carrying out
ROLM closure, the endoscopes primarily employed were the
PCF-H290ZI (Olympus Medical Systems, Tokyo, Japan) and the
GIF-Q260] endoscope (Olympus Medical Systems Corp., Tokyo,
Japan) models. The attachment cap was a calibrated small-cali-
ber tip with a transparent hood (CAST hood; TOP, Tokyo, Japan)
or a cylindrical hood (D-201-10804, Olympus) hood. Addition-
ally, the clip and line used for ROLM closure were a reopenable
clip (Sure clip, Micro-tech, Nanjing, China) and a line (4-0 ny-
lon) (» Fig. 1, Fig. 2,Fig. 3, Video 1). First, a clip tied with a line
(the first clip) was inserted through an accessory channel. Un-
der the endoscopic view, the first clip grasped the edge of the
mucosal defect and muscle layer. Next, the end of the line exit-
ing the accessory channel of the endoscope was passed
through the hole in one tooth of a second reopenable clip (the
second clip). Finally, the second clip was inserted into the endo-
scope and grasped the mucosal defect edge and muscle on the
opposite side of the first clip. Similarly, the next clip with a line
through it was placed on the contralateral defect edge. By re-
peating this procedure, the mucosal defect was gradually
closed. Following the complete closure of the defect, the line
was cut and the procedure was completed. The line can also
be fixed to the clip and normal mucosa using a locking-clip
technique as we have previously reported [9]. Alternatively, it
is possible to leave approximately 1cm of thread by cutting
the thread using scissor forceps (FS-3L-1, Olympus. Tokyo, Ja-
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» Fig.2 Mucosal defect closure after the endoscopic submucosal
dissection (ESD) of a rectal lesion using ROLM. a Mucosal defect
after ESD of a rectal lesion present over half of the 60-mm rectal
lumen. b First, a clip with an affixed line is placed to grasp the mu-
cosal defect margin and the muscle layer on the oral side. c After
passing the line through the tooth hole of the clip, the clip is inser-
ted through the accessory channel. We continue by grasping the
defect edge and the adjacent muscle layer on the side opposing the
first clip. d, e, f With the clips fastened to the tissue, the line at hand
is pulled taut to approximate the defect edges, under endoscopic
visualization. g Alternation in the placement of clips-with-line (with
the line threaded through the tooth hole of each clip) completely
closes the mucosal defect. h The mucosal defect is completely
closed on the retroflex view.

pan) or a loop cutter (FS-5L-1; Olympus). The frictional force
between the line, clip, and tissue does not cause wound rupture
breakage.

Outcome assessment

The outcome measures were the success rate, duration of the
ROLM procedure, and AEs, including post-ESD bleeding and
perforation. ROLM procedure success was defined as approxi-
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QVIDEO

Method

> Video 1 Details of the reopenable clip-over-the-line method
(ROLM) technique and post-endoscopic submucosal dissection
(ESD) defect closure for cases described in this study.

mated mucosa after closure without visible submucosa. ROLM
procedure duration was the time from the first clip placement
until the last clip placement for defect closure. Post-ESD bleed-
ing was assessed based on the need for emergency endoscopic
hemostasis or blood transfusion for bleeding or when hemoglo-
bin levels decreased to > 2 g/dL on post-procedure Day 1.Post-
ESD perforation was assessed when free air was confirmed on
abdominal computed tomography accompanied by patient
complaints of abdominal pain, despite no perforation during
the procedure.

Results

The characteristics of patients treated with ROLM and their tu-
mors are shown in »Table 1. One lesion was located in the ce-
cum, six in the ascending colon, four in the transverse colon,
one in the descending colon, nine in the sigmoid colon, and
nine in the rectum. This included nine rectal defects of which
three bordered the anal verge. Nine of the 30 defects were lar-
ger than half the lumen circumference. The median long axis of
the resected specimens measured 45 mm (range, 35-70), and
the short axis measured 39 mm (range, 29-60).

The results of ROLM are listed in » Table 2. Defect closure
was achieved in 100% (30/30) of cases. The median procedural
time of ROLM was 25 minutes (range, 14-52); the median num-
ber of clips was 17 (range, 9-42). No postoperative bleeding or
perforation was observed after ESD.

Discussion

The ROLM technique enables closure of large mucosal defects.
This technique can be used for mucosal closure in areas with
thick mucosa and intrinsic muscles, such as the rectum, and in
sites with poor scope maneuverability, such as the colon, in-
cluding the right colon. In the present study, mucosal defect
closure was achieved for all lesions. This included the closure
of defects that exceeded half of the bowel circumference and
those that were close to the anal verge.
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» Fig.3 Mucosal defect closure post-endoscopic submucosal dissection (ESD) using ROLM on lesions close to the anal verge. a The first incision
is placed above the anal verge. b A 56-mm mucosal defect bordering the anal verge. ¢ The first clip-with-line is placed to grip the defect edge and
muscle layer of the oral side. d The next clip-with-line (with the line threaded through the tooth hole) is placed on the opposing mucosal defect
edge and muscle layer. e The defect is gradually closed with the continued placement of clips-with-line. f The lumen narrowed accordingly, but
the use of a calibrated, small-caliber tip and transparent hood (CAST hood) enables clip placement without burying the clip. g The defect is
completely closed by placing the clip at the defect edge to the proximal anal verge. h The post-ESD mucosal defect after complete closure.

> Table1 Characteristics of patients and lesions. > Table2 Reopenable clip-over-the-line method (ROLM) case results.
Patient characteristics Outcome
Age, years 69 (53-86) Defect closure success rate of ROLM, % 100
Sex, male/female 19/11 Procedure time of ROLM, min 25(14-52)
Lesion location Number of clips used for each lesion 17 (9-42)
Cecum 1 No. patients with post-ESD adverse events
Ascending colon 6 Post-ESD bleeding, % 0
Transverse colon 4 Post-ESD perforation, % 0
Descending colon 1 Continuous variables are presented as median (range) and categorical vari-

) ) ables as numbers. The success rate and post-ESD adverse events are report-
Sigmoid colon 9 ed as percentages for 30 patients.

ROLM, reopenable clip-over-the-line method; ESD, endoscopic submucosal

Rectum 9 dissection.

Mucosal defect characteristics

Close to the anal verge 3

Larger than half the colorectal lumen circumference The most valuable advantage of ROLM is the ability to com-

pletely close a mucosal defect simply by placing a reopenable

clip on one side of the defect edge. Unlike conventional tech-

Resected specimen major axis, mm 45(35-70) niques in which clip closure requires a special device to approx-

39(29-60) imate the defect edges and an extra clip to secure the edges to-
gether, ROLM does not require an additional reopenable clip to

Lesion characteristics

Resected specimen minor axis, mm

Adenoma adenocarcinoma/ SSL 13/15/2 secure the bilateral edges of defect [12]. Endoscopic hand-su-
Adenocarcinoma, Tis (M)/T1a (SM < 1,000 pm)/ 11/4/0 turing [13] and an endoscopic suturing device (OverStitch,
T1b>1,000 pm Apollo Endosurgery, Austin, Texas, United States) [14] can reli-
Continuous variables are presented as median (range), whereas categorical ably close mucosal defects, but they both require an adequate
variables are presented as numbers. intestinal working space to manipulate the endoscope. In con-

M, mucosa; SM, submucosa; SSL, sessile serrated lesion. . . . .
trast, ROLM places a single clip on one side of the defect margin
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and does not require a large working space. In addition, ROLM
can close the defect as long as an attachment cap is used and
the edge where the clip is placed is visible through the endo-
scope. Because the endoscope does not need to be removed
to achieve closure, it is possible to close the defect of the colon
on the oral side of the transverse colon following ESD. A total of
11 lesions in the cecum, ascending colon, and transverse colon
were included in this study, and closure was achieved in all de-
fects.

Clip closure of large mucosal defects after endoscopic mu-
cosal resection (EMR) can prevent postoperative bleeding [15].
However, the limited clip opening width and an inability to
grasp the edges of large mucosal defects can result in uncertain
closures. Moreover, EMR is performed for large tumors mainly
in Western countries. In this technique, clip closure is especially
difficult with the bulging residual mucosa after injections of lo-
calized fluids, including hyaluronic acid with its high viscosity.
In our experience, when the surrounding mucosa continues to
bulge, the tension is increased, making it especially difficult to
grasp the defect edges and clip them together. We achieved
complete defect closure in this study after ESD using ROLM
and hyaluronic acid solution only. We were also able to achieve
complete closure of defects at the anal verge and of those that
were more than half the bowel circumference. ROLM can be ap-
plied to complex defect closures after EMR, as long as at least
one defect edge is visible endoscopically. With the ROLM meth-
od, using a tapered tip with a hood, including the CAST hood,
enables visualization of the defect margins without interfer-
ence from the previously placed clips [11].

Various closure methods using a loop attached to a clip or
line have been devised to close mucosal defect margins [16,
17,18]. However, the closure of the thick mucosa and muscu-
laris propria of the rectum is difficult because of the narrow
width of the clip and the limited grasping force. A specific
strong clip, such as the OTSC mentioned previously, is needed.
The endoscope must be withdrawn to attach the OTSC to the
endoscope tip [8]. With ROLM, the normal mucosa is grasped
on one side along with the nearby muscle layer. Pulling the su-
ture line can manually approximate the defect edges. The
greater the number of clips, the more force is distributed along
the defect edges, thereby bringing the edges together with
tension. For large defect closures, a reopenable clip-with-line
was placed running through the muscle layer in the center of
the mucosal defect only, to minimize the submucosal dead
space between the mucosa and muscle layers [3]. E-LOC is a
similar method of grasping the muscle layer with a clip; how-
ever, the median defect closure of the mucosal defect in the
rectum was 29 mm, and closure was achieved in only 24 of 30
defects (80%) [19]. Our study included nine rectal mucosal de-
fects, and all mucosal defects were completely closed with no
adverse events.

Although ROLM is a simple technique to implement, there is
a learning curve. With a method such as endoscopic hand su-
turing, it is difficult to achieve closure in the deep colon and
good endoscope maneuverability is required [13,20]. With
ROLM, the first deep colon closure will be difficult for a begin-
ner. We previously carried out a prospective study of 50 conse-
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cutive cases of mucosal defect closure after gastric ESD [21].
During that time, we identified several technical improvements
that enable proper ROLM implementation. We recommend that
the endoscopist first acquire experience in implementing this
procedure in the stomach and rectum, after which the proce-
dure can be performed in the deep colon, an area that offers
less maneuverability. For these reasons, a single expert endos-
copist performed all ROLM procedures in this study.

Our study has some limitations. First, this was a small, retro-
spective case study; therefore, we were unable to investigate
the absence of adverse events after ESD. Second, the longevity
of closure should be confirmed by additional colonoscopies; it
is currently unknown how long the defect closure is main-
tained. To resolve these issues, a multicenter randomized con-
trolled trial is warranted in the future, with reduced adverse
events as the primary objective.

Conclusions

In conclusion, ROLM is a feasible method for the closure of large
colorectal mucosal defects. Moreover, ROLM has the potential
for complete closure of rectal defects near the anal verge and
ESD defects over half the colon circumference, including the
right colon.
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