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Background and study aims: Many medical insti-
tutions in Japan perform endoscopic mucosal dis-
section (ESD) to treat early gastric cancer. Perfora-
tions can occur during ESD, and clipping has been
reported as useful for treating small pinhole per-
forations. However, it is often difficult to close
postoperative perforations because they usually
have large diameters, and the muscle layer
around the perforated region is often fragile, so
additional open surgery is the only currently
used method to treat large perforations and de-
layed perforations. Another method for large per-

foration is needed to treat perforations endoscop-
ically. Ono et al. reported a case in which a post-
operative perforation was closed using a polygly-
colic acid (PGA) sheet and fibrin glue. In addition,
it has been used by the authors’ group to repair
duodenal injuries that occur during ESD. We re-
port 3 cases in which PGA sheets and fibrin glue
were successfully used to repair postoperative
gastric perforations endoscopically. This method
is simple, safe, and effective, and is a new way to
treat large perforations and delayed perforations
that occur following ESD.

Introduction

v

Endoscopic submucosal dissection (ESD) has be-
come standard treatment for early gastric cancer,
but if postoperative perforation occurs, surgical
intervention is required [1]. Clip closure has been
reported to be useful for closing intraoperative
perforations [2], but it is often difficult to close
postoperative perforations because they usually
have large diameters, and the muscle layer
around the perforated region is often fragile.
Even if clip closure is applicable, we have en-
countered cases in which the clip subsequently
fell off, causing the perforation to recur.

Ono et al. reported a case in which a postopera-
tive perforation was closed using a polyglycolic
acid (PGA) sheet and fibrin glue [3]. This method
is currently used to occlude postoperative pulmo-
nary fistulas [4]. In addition, it has been used by
the authors’ group to repair duodenal injuries
that occur during ESD. We report 3 cases in which
PGA sheets and fibrin glue were successfully used
to repair postoperative gastric perforations endo-
scopically. Moreover, we were able to view the
healing of the postoperative perforations by using
a shielding method.

Case Reports

v

Of 1150 patients who underwent gastric ESD at
our hospital between 2004 and 2013, postopera-
tive perforation occurred in 5. We repaired the
perforations using PGA sheets (Neoveil® 015,
Gunze Limited, Japan) and fibrin glue (Bolheal®,
Kaketsuken, Japan, or Beriplast® P, CSL Berling,
USA) in 3 of these patients (© Table1). Applica-
tion of the current method had been approved
by the ethics committee for all possible cases in
advance. Thus, we were able to obtain the in-
formed consent from the patient before each ap-
plication of this method without delay.

All 3 patients developed symptoms of abdominal
pain and fever on the day of the ESD. In all cases,
computed tomography (CT) showed free air in the
intraperitoneal cavity. Emergency upper gastro-
intestinal endoscopy was performed, which re-
vealed extensive separation of the muscular lay-
ers around the perforated region in all cases. Clip-
ping was attempted, but the perforations were
large and could not be occluded.

Patient 1

The patient was a 74-year-old man with early-
stage gastric cancer (clinical type 0-Ila, diameter
20mm) in the greater curvature of the gastric for-
nix. The tumor was removed by ESD. During sur-
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Table1 Clinicopathological features and clinical outcomes of 3 patients treated with the shielding method.
Case Age Sex Multiple tumors Tumor Tumor Depth of Scarin Histological type Resected Time to post-
no. (years) location size tumor tumor specimen operative per-
(mm) size (mm)  foration (h)
1 74 M Post-gastric cancer surgery  Fornix 20 m - differentiated 30 6
2 85 F No Body 40 m - undifferentiated 50 8
3 79 F No Body 15 m - differentiated 30 9

gery, no perforation was observed. However, 6 hours after the
procedure, the patient suddenly developed severe abdominal
pain. After CT, emergency endoscopy was performed under CO,
insufflation. Endoscopy revealed a post-ESD ulcer and a post-
operative gastric perforation measuring 20 mm involving exten-
sive separation of all muscle layers (© Fig.1a). Because an at-
tempt at clipping failed, the endoscopic filling and shielding
method described here was used. The patient was discharged
from the hospital after 20 days.

Patient 2

The patient was an 85-year-old woman who presented with ear-
ly-stage gastric cancer (clinical type 0-Ilc, diameter 40 mm) in the
posterior wall of the gastric body. The tumor was removed by
ESD. During surgery, no perforation was observed, but the pa-
tient developed abdominal pain 8 hours after the procedure. Up-
per gastrointestinal endoscopy revealed a post-ESD ulcer and a
postoperative gastric perforation (size 30 mm) involving exten-
sive separation of all muscle layers of the greater curvature of
the stomach. Because clipping failed, endoscopic filling and
shielding were performed. The patient was hospitalized for 28
days.

Patient 3

The patient was a 79-year-old woman with early-stage gastric
cancer (clinical type 0-Ila, diameter 15mm) in the posterior wall
of the gastric body. The tumor was removed by ESD. No perfora-
tion was observed during the ESD. However, the patient devel-
oped abdominal pain 9 hours after the procedure. The following
day, upper gastrointestinal endoscopy was performed, which re-
vealed a post-ESD ulcer and a postoperative gastric perforation
measuring slightly less than 10 mm. Because we judged that the
clip might have become detached, endoscopic filling and shield-
ing were performed. The patient was hospitalized for 12 days.

In each case, the procedure was performed in accordance with
our previously described method [5].

Step 1. If the perforation was large, we first inserted a large sheet
(measuring about 20x20mm) into the cavity and placed it over
the perforation site to make a bed-like space for building up the
PGA sheets.

Step 2. A PGA sheet (0.15mm thick) was cut into 15mmx7 mm-
to 20 %20 mm-sized pieces, which were then placed over the per-
forated site with biopsy forceps (FB-230, Olympus).

Step 3. The cut pieces were packed into the perforation, and a
shield was inserted to cover the filled section and fixed in place
with fibrin glue.

Step 4. Fibrin glue was applied using a spray tube for endoscopy.
We advanced the spray tube into the PGA sheet-filled region so
that solution A (fibrinogen) was a) inserted between the sheets
and b) passed through them to the other side of the perforation.

Step 5. Next, solution B (thrombin) was injected deeper inside
the PGA sheet-filled region using another spray tube to form

fibrin gel, which bonded the pieces of PGA sheet together
(© Fig.1b).

In our cases, upper gastrointestinal endoscopy was performed 2
days to 4 days after the procedure, and revealed that the perfora-
tions had been completely covered by the PGA sheets. The PGA
sheets were still visible 1 week to 2 weeks later (© Fig.1c). Four
weeks after the procedure, granulation tissue had completely
covered the perforated sections in all cases, and the PGA sheets
were no longer present. The duration of the procedure was 15
minutes on average, and there were no adverse events. During
endoscopic examinations performed 7 weeks to 9 months after
the procedure, it was found that the perforation site was scarred
in all cases, and complete occlusion of the perforation without
any intraperitoneal communication was confirmed (© Fig.1d).
None of the patients required additional surgery.

Discussion

v

Several studies have reported that, in most cases of postoperative
perforation, emergency surgical procedures are employed be-
cause large and fragile perforations cannot be closed. [1,3]

At our hospital, we encountered 2 other cases of postoperative
perforation in which additional open surgery was required. The
spontaneous healing of postoperative perforations might be
very rare. First, we employed a method of clip closure. When
clip closure could not be occluded, we employed a method invol-
ving endoscopic filling and shielding. We always consult with a
surgeon and the patients who are candidates for this surgery.
When the surgeon determines that a watchful-waiting strategy
is appropriate, we follow up carefully without additional surgery.
In addition, we confirm that a patient is not suffering from sepsis
or pan-peritonitis before perform the PGA filling and shielding
method.

Ono et al. reported a case in which PGA sheets were used [3]. In
our cases, the perforations were much larger than that described
in the latter report. Moreover, an examination of the perforation
healing process revealed that granulation tissue formed below
the PGA sheet, which was gradually pushed out of the perforated
site.

Hanaoka et al. reported that emergency surgery was required in
83% (5 of 6, 95% CI 54-100%) of cases of postoperative perfora-
tion [1]. Emergency surgery is challenging and is associated with
high risks in hospitals with limited resources. There are also risks
associated with general anesthesia, and an omentum patch or
subtotal gastrectomy might be required after postoperative per-
foration.

In general, clipping has been the only endoscopic method used to
treat perforations. However, it can be extremely difficult or even
impossible to close large perforations with clipping. Even if clip
closure can be performed, the perforated section and the sur-
rounding mucous membrane are often extremely fragile, and
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the clips can easily become detached. Furthermore, in postopera-
tive perforations, all muscle layers become separated. Even if the
mucous membrane is closed, there is a high risk of re-perforation
secondary to insufficient blood flow.

Clip closure using an Endoloop can close large gastrointestinal
perforations [6], but clips are easily detached after postoperative
perforation because the perforated site can be very fragile.

The Over-the-Scope Clip (OTSC) system might be useful for treat-
ing postoperative perforation of the gastrointestinal tract. How-
ever, Ono H et al. reported that special care is required when em-
ploying the OTSC in organs with a narrow lumen, such as the
duodenum, because of the risk of stenosis. Furthermore, there
are difficulties associated with using the OTSC for perforation
closure. For example, the OTSC Twin Grasper can be awkward to
manipulate, and treatment is sometimes difficult [7].

PGA sheets and fibrin glue are safe and have been used in the
clinical setting in various surgical fields [5,8]. PGA sheets and fi-
brin glue are not recognized as foreign substances because they
degrade in the human body within 4 weeks and 8 weeks, respec-
tively, after application. In addition, they may have healing effects
because they function as scaffolds for tissue regeneration [9].
Granulation tissue fills and covers perforations, generating scaf-
folds that can promote their closure. Indeed, granulation tissue
formed in all 3 cases reported in the current study and none of
the patients suffered reperforation, eliminating the need for sur-
gery. In addition, follow-up endoscopy after the coating proce-
dure detected residual PGA sheet material. The adhesive strength
of the fibrin glue was strong enough to prevent the PGA sheets
from detaching during gastrointestinal peristalsis. In the pres-
ence of perforation or inflammation, adhesion may be increased
by the healing capacity of the human body. In the field of regen-
erative medicine, inflammation is considered to be essential for
regeneration [10]. In the current study, inflammation might
have contributed to the early formation of granulation tissue.

In our hospital, we employed clip closure. We perform endo-
scopic filling and shielding for postoperative perforations when
the following three criteria are met:

Case report

Fig.1 Patient 1 of the case series. a A postopera-
tive perforation about 20 mm occurred at POD 1
(yellow arrow). b Endoscopic tissue shielding with
polyglycolic acid (PGA) sheets and fibrin glue for
postoperative perforation. ¢ Seven days after endo-
scopic mucosal dissection, the PGA sheets re-
mained and covered the perforated site. d Ten
weeks after the shielding method, the PGA sheets
did not remain and the ulcer became scarred (yel-
low arrow).

1. The patient is in good condition and free from pan-peritonitis
and sepsis;
2. A surgeon has been consulted, and a watchful waiting strategy
is employed; and
3. The diameter and depth of the perforated site make its cover-
ing and filling with PGA sheets feasible.
In cases in which a patient meets the above 3 requirements, we
use the PGA filling and shielding method. After that, together
with surgeons, we follow a patient carefully, and monitor his or
her condition so as not to miss the window for further surgery,
should a procedure be required.
We believe that patients who develop postoperative perforation
and are still in good condition should have surgery. We always
consulted with surgeons and patients who were candidates for
those procedures. Fortunately, in 3 cases in which surgeons re-
commended a watchful-waiting strategy, the patients got better
while being monitored. But we think this method is an explora-
tory treatment.
The method described here was performed in a single institution
in a small number of subjects. Further cases should be accumula-
ted to confirm the safety and efficacy of the filling and shielding
method. At present, clipping closure is the only endoscopic meth-
od for closing postoperative perforations; therefore, when clip-
ping closure fails, we propose that the method described in this
study might be an alternative. In the current study, the shield
did not become detached in any case. However, shield detach-
ment is a possible complication that warrants further investiga-
tion.
The use of the method described here should be thoroughly ex-
plored because it may reduce the need for open surgery in pa-
tients with postoperative perforation. Endoscopic treatment
using PGA sheets and fibrin glue might be of limited use for clos-
ing postoperative perforations involving very large and deep cav-
ities.
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