
Introduction
Colorectal diverticular bleeding is now being encountered with
increasing frequency in daily clinical practice, mainly because
of population aging and the increasing use of antithrombotic
agents. However, the endoscopic field of view is poor due to
large amounts of bloody stool, and it is sometimes difficult to
identify the bleeding source. Even if a bleeding diverticulum
can be found, the exposed blood vessels cannot always be ob-
served directly. Therefore, it is difficult to stop bleeding using a
clip, and rebleeding after hemostasis remains a major problem
[1–3].

Various hemostatic methods have been developed for diver-
ticular bleeding, and endoscopic ligation, which has been used
for hemostasis in patients with esophageal varices, has been re-
ported to be effective [4]. Unlike when using a clip, bleeding

can be stopped by suctioning, reversing, and ligating the bleed-
ing diverticulum even if the exposed blood vessels cannot be
observed directly. However, the field of view is poor when a
conventional EBL device is used. Furthermore, the current EBL
devices are single-use, and if ligation fails, it is necessary to re-
move the endoscope and attach an O-ring to the tip. Moreover,
complete aspiration is not always possible when ligating a
bleeding diverticulum. In collaboration with Asahi Intecc Co.
Ltd (Aichi, Japan), we have developed a novel EBL device that al-
lows multiple ligations to be performed in succession with a
better field of view and a stronger suction force.

A new device for endoscopic band ligation for colorectal
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ABSTRACT

Background and study aims Endoscopic band ligation

(EBL) has been reported to be effective for colorectal diver-

ticular bleeding. However, current EBL devices have some

limitations, and we have developed a novel EBL device.

Methods This novel EBL device has a tapered hood at-

tached to the tip of the endoscope and an outer cylinder

that loads two EBL bands. Twelve EBL procedures were per-

formed in a live porcine model alternately using a conven-

tional EBL device (Group C) and the novel EBL device

(Group N).

Results EBL was successful in all cases in both groups.

There were no cases of perforation in the 10 days after

EBL. After ligation, the mean major axis of the ridge was sig-

nificantly larger in Group N than Group C (9.7 ±1.4mm vs

7.2 ±1.4mm, P=0.011). Pathological examination revealed

disruption of the muscularis propria at four of the six liga-

tion sites in Group C and at five of the six ligation sites in

Group N.

Conclusions Using this novel EBL device, it was possible to

perform multiple ligation procedures in succession with a

good field of view. No perforation was observed, but dis-

ruption of the muscularis propria was observed at approxi-

mately three-quarters of the ligation sites pathologically.
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Methods
Description

The novel EBL device (Endoligar) consists of a tapered conical
hood and an outer cylinder with an O-ring for ligation on the
outside (▶Fig. 1). The tip of the hood is tapered for easier suc-
tion. Two O-rings are loaded, and it is possible to fire them sep-

arately depending on the amount of fluid injected from the
outside (▶Fig. 2). The outer cylinder loaded with the O-ring is
located behind the hood, so it does not interfere with the endo-
scopic field of view. The maximum diameter of this novel EBL
device is 19mm, and the tip diameter is 9mm.

Experimental method

We investigated the feasibility of this novel EBL device in a por-
cine model at the Fukushima Medical Device Development
Center. A 40-kg female pig was used. After intramuscular injec-
tion of a mixed solution of midazolam and medetomidine, tra-
cheal intubation was performed and the experiment was con-
ducted under general anesthesia. The experiment was ap-
proved by the Animal Experiment Committee of Toranomon
Hospital.

Twelve ligation procedures were performed in the normal
colonic mucosa alternately using the novel EBL device (Group
N) and a conventional EBL device (Group C) (Sumitomo Bakelite
Co. Ltd., Tokyo, Japan) between 30 cm and 16 cm from the anal
margin. The distance from the anal margin to the ligation site
was the same in both groups. Six ligation procedures were per-
formed using three novel EBL devices (▶Video 1). In both
groups, the ligation was performed after fully aspirating the
target colonic mucosa. In Group N, a 10-mL syringe was used
to perform a first injection of 5mL of distilled water and a sec-
ond injection of 10mL of distilled water. In Group C, air was in-
jected using a 5-mL syringe. A successful procedure was de-
fined as swelling of the aspirated colonic mucosa and the resi-
due of an O-ring at its base.

The pig was fasted on the day of the experiment with re-
sumption of a normal diet on the following day. Ten days after
the ligation procedure, the pig was euthanized after endo-
scopic observation under general anesthesia. The abdomen
was then opened and the large intestine was removed for
pathological examination. Each ligation site in the resected
specimen was identified, and a residual O-ring was confirmed.
Next, the size of the ridge at each ligation site was measured
using a caliper. After fixing with 10% formalin solution, hema-

▶ Fig. 1 Appearance of the new device.
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▶ Fig. 2 Schematic diagram of the novel EBL device and endoscopic
images. a Before endoscopic band ligation (EBL). Two O-ring are
mounted on the outer cylinder. The O-ring is behind the tip of the
endoscope and dose not interfere with the endoscopic view. b After
the first EBL. After suctioning of the colonic mucosa, the first O-ring
is fired. No particular change of the endoscopic view was observed
after first EBL. c After the second EBL. The second EBL can be per-
formed immediately after the first EBL. No particular change of the
endoscopic view was observed after the second EBL. d Endoscopic
view after EBL by conventional EBL device.

VIDEO

▶ Video 1 Endoscopic view of the experiment. During insertion
of the colonoscope, a good endoscopic field of view can be main-
tained. Two EBL procedures can be performed consecutively.
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toxylin-eosin staining and Masson’s trichrome staining were
performed (▶Fig. 3). Two pathologists determined the pres-
ence or absence of disruption of the muscularis mucosae, sub-
mucosal fibrosis, and disruption of the muscularis propria.

Statistical analysis

Data were analyzed using the Fisher’s test and Mann-Whitney
U-test. A P <0.05 was considered significant. All statistical ana-
lyses were performed using SPSS version 20 (SPSS IBM statis-
tics).

Results
The 12 EBL procedures were performed without any complica-
tions. In Group N, it was possible to fire the two O-rings sep-
arately, and all procedures were successful. No adverse events,
such as fever or signs of abdominal pain, were observed during
the 10-day observation, and food intake was good. The body
weight was 42.2 kg on the day of ligation and 43.8 kg at the
time of necropsy.

Endoscopic observation of the EBL site revealed that all O-
rings remained (▶Table1). No perforation was observed. The
average major axis of the ridge was significantly larger in Group
N than in Group C (9.7 ± 1.4mm vs 7.2 ± 1.4mm) (P=0.011).

Pathological examination revealed disruption of the muscu-
laris mucosae at all ligation sites (▶Table2). Fibrosis of the sub-
mucosal layer was also observed at all sites. Disruption of the
muscularis propria was observed at five of six sites in Group N
and at four of six sites in Group C. And the length of the disrup-
tion of the muscularis propria was 6.8 ± 3.5mm in Group N and
was 3.9 ± 3.6mm in Group C (▶Fig. 4). Average length of the
disruption of the muscularis propria did not significantly differ
between the groups (P=0.18).

Discussion
We developed a novel EBL device for diverticular bleeding, and
conducted a comparative experiment with a conventional EBL
device. Using this novel EBL device, ligation procedures can be
performed in succession with a good field of view. And the mu-
cosal ridge after ligation by the novel EBL device was signifi-
cantly larger compared to the conventional EBL device.

Diverticular bleeding is a common cause of acute lower gas-
trointestinal hemorrhage. It typically has a rapid onset without
abdominal pain and can be distinguished from other acute low-
er gastrointestinal bleeding disorders, such as ischemic colitis
and rectal ulcer. Diagnosis is more reliable when enhanced
computed tomography (CT) is performed and outflow of con-
trast medium is observed from the blood vessel. Enhanced CT
is useful for not only diagnosing diverticular bleeding but also
identifying the bleeding site, which is usually in the ascending
or sigmoid colon. An endoscopic finding of stigmata of recent
hemorrhage involving a diverticulum is an indication for endo-
scopic treatment. However, it may be difficult to identify the di-
verticulum that is the source of the bleeding endoscopically be-
cause of the presence of blood and residual stool [5].

Various treatments have been used for diverticular bleeding.
In the past, clipping was often performed but the rebleeding
rate was high because of the difficulties involved in identifying
the exposed blood vessels in the diverticulum [6–8]. More re-
cently, EBL that ligates the entire diverticulum has been prefer-
red, but its effectiveness varies depending on the site. It has
been reported that EBL has a higher success rate with less risk
of rebleeding in the ascending colon than in the sigmoid colon

▶Table 1 Technical results of the study.

Group C Group N

n 6 6

Success rate of ligation
(%, n/n)

100 (6/6) 100 (6/6) N.S.

Perforation (%, n/n) 0 (0/6) 0 (0/6) N.S.

Residue of the O-ring
10 days after EBL (%, n/n)

100 (6/6) 100 (6/6) N.S.

Average size of the ridge
(mm±SD)

7.2 ±1.4 9.7 ± 1.4 P=0.011

EBL, endoscopic band ligation; SD, standard deviation.

▶Table 2 Pathological results of the study.

Group C Group N

n 6 6

Disruption of the muscu-
laris mucosae (%, n/n)

100 (6/6) 100 (6/6) N.S.

Fibrosis of the sub-
mucosal layer (%, n/n)

100 (6/6) 100 (6/6) N.S,

Disruption of the muscu-
laris propria (%, n/n)

66.7 (4/6) 83.3 (5/6) N.S.

Length of the disruption
of the muscularis propria
(mm ± SD)

3.9 ±3.6 6.8 ± 3.5 P=0.18

SD, standard deviation.

▶ Fig. 3 Excised specimen. All O-rings remained in the colonic
mucosa. The size of the ridge is significantly larger in group N than
in group C.
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[9]. There has also been a report of a similar ligation method
that uses a detachable snare [10]. When using that method,
the detachable snare is inserted as soon as a bleeding source is
found; the diverticulum is then aspirated and the detachable
snare is ligated. The major advantage of using this method is
that there is no need to remove and reinsert the endoscope. Re-
cently, the usefulness of the over-the-scope clip system for di-
verticular bleeding has also been reported [11]. Non-endo-
scopic treatment methods include embolization, surgery, and
barium filling, each of which has its strengths and weaknesses
[12].

The rebleeding rate is an indicator of the effectiveness of
treatment for diverticular bleeding. The short- and long-term
rebleeding rates are reported to be lower for EBL than for the
clipping [13]. In our experiment, extensive fibrosis of the sub-
mucosal layer was observed at the EBL site. One possible reason
for this finding is that blood flow to the diverticulum had been
blocked for a lengthy period due to widespread fibrosis. Per-
foration is one of the safety indicators of hemostasis for colonic
diverticular bleeding. According to Sato et al. [14], perforation
can occur after EBL. In our study, no signs of perforation were
observed in the 10 days following the EBL procedure; however,
disruption of the muscularis propria was observed at nine of 12
EBL sites, suggesting that safety needs to be verified in the fu-
ture.

When a bleeding diverticulum is found, a clip is placed in the
vicinity and the endoscope is removed for attachment of the
EBL and then reinserted. Next, the diverticular bleeding source
near the clip is identified and aspirated, after which the entire
diverticulum is ligated. However, removal and reinsertion of an
endoscope is a time-consuming and labor-intensive procedure,
and ideally ligation would be performed immediately when a
bleeding diverticulum is found on endoscopy. Moreover, rein-
sertion of the endoscope into the ascending colon is painful,
so treatment immediately after discovery is desirable for les-
sening the burden on patients. Conventional EBL devices have
an O-ring attached to the tip of the hood, which obstructs the
field of view. This problem is avoided when using the novel EBL
device because the O-ring is placed at the base of the hood in-
stead of at its tip. Therefore, the field of view is not obstructed
when the endoscope is inserted.

The diverticulum may not be reversed even if the diverticu-
lum is aspirated during EBL. If the O-ring is fired without the di-
verticulum being inverted by firm suction, ligation might fail.
When ligation is inadequate using a conventional device, the
endoscope needs to be removed and then reinserted after at-
tachment of the O-ring. However, when using the novel EBL de-
vice, two O-rings are loaded and it is possible to attempt liga-
tion again even if the first attempt has failed. Moreover, unlike
a conventional EBL device, the tip of the hood is longer and
tapered, so the suction power may be higher. In this experi-
ment, the mucosal ridge after ligation was larger in Group N,
suggesting that it may be effective for diverticula that cannot
be aspirated by a conventional EBL device. A device that can be
used to perform multiple ligation procedures for esophageal
varices is available. Shiratori et al. have compared that device
with the EBL device we used in our conventional group and
have reported a similar postoperative course and pathological
findings [15]. However, Shiratori et al. encountered problems,
including a poor field of view and a lengthy insertion time.

This research and the device used have some limitations.
First, the outer diameter of this novel EBL device is 19mm,
which is relatively large, and resistance may be encountered
when it is inserted deep into the sigmoid colon. The sigmoid
colon with diverticula can be stiff and this can be a major clini-
cal problem. Therefore, further studies are needed to assess its
safety in clinical practice. Second, the EBL procedures were per-
formed in normal mucosa between the rectum and sigmoid co-
lon, and the results may be different when performed for a
bleeding diverticulum. Even in a normal colon wall, we con-
firmed disruption of the muscularis propria at five of six ligation
sites in Group N and at four of six sites in Group C. In the experi-
ment by Shiratori et al., the muscle layer was ligated at a high
rate, but no perforation was observed. However, these studies
were small, and large-scale prospective studies of the safety of
these devices are needed in the future.

Conclusions
In conclusion, we developed a novel EBL device for diverticular
bleeding. Our experimental findings suggest that the suction
power of the novel EBL device may be superior to that of a con-
ventional EBL system. Despite a high rate of disruption of the
muscularis propria, there were no complications, such as per-
foration or fever. This novel device has the potential to be useful
for treatment of diverticular bleeding.
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▶ Fig. 4 Histopathological image of group N. a Hematoxylin-eosin
staining. Inflammatory cell infiltration and fibrosis are observed
from the submucosal layer to the subserosal layer. b Masson’s tri-
chrome staining. The muscularis propria was completely ruptured
and the length of disruption was 9.2mm (yellow arrow).
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