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Abstract

Background Colonoscopy is the standard of care for the diagnosis and treatment of many colonic disorders. Over the past few
years, endoscopic closure of colonoscopy-related perforation has become more common. Endoscopic closure of perforation
secondary to colonoscopy has been undertaken in patients in the hospital setting and often during the same colonoscopic
procedure in which the perforation itself occurred. The aim of our study was to analyze our experience with emergency
endoscopic closure of colonoscopy-related perforation with over-the-scope clip (OTSC) technique.

Methods We report five cases of colonic perforation that occurred during colonoscopy in an outpatient facility remotely
located from our hospital and then referred as an emergency to our institution for endoscopic closure.

Results Bowel preparation was reported to be adequate in all cases. Prior to attempting endoscopic closure of colonic per-
foration, all patients were in stable clinical condition, early broad-spectrum antibiotic coverage was initiated, and a surgical
consult was obtained. All patients had sigmoidoscopy and were found to have sigmoid colon perforations. In three cases,
the perforations were closed successfully using an OTSC clip device 14 mm type t. Two patients were found to have greater
than 4-cm sigmoid perforations with irregular margins, incompatible with OTSC closure, and were referred for emergency
surgery. All patients had an uneventful course following either OTSC closure or surgery.

Conclusions Based on the characteristics of the five cases and a review of the literature, we suggest a practical approach
for undertaking closure of colonic perforations occurring during colonoscopy in the outpatient setting, focusing on clinical
criteria to determine eligibility of patients for attempted endoscopic closure and outlining required therapeutic and monitor-
ing steps needed to optimize outcomes.
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Introduction

Colonoscopy is a common and safe procedure for the diag-
nosis and treatment of colonic disorders. Rarely, perfora-
tion during colonoscopy may occur either in the hospital
04 T. Khoury or ambulatory settings. The incidence of colonic perfora-
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1 . .. . between 0.07 and 0.1%. The risk increases to 0.2% after
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Materials and methods

Between March 2015 and March 2018, five patients with
outpatient colonic perforation that occurred during colonos-
copy were included in our study. Written informed consent
was obtained from all participants. All OTSC closure pro-
cedures were performed by one physician (HJ) with more
than 25 years expertise in the field of advanced endoscopy.
The procedures were performed under sedation using mida-
zolam, ketamine and fentanyl, depending on the clinical
situation. We used a therapeutic upper endoscope (Olympus
Corp, Japan) equipped with water jet function. After evaluat-
ing the lesion, the endoscope was then withdrawn and the
OTSC clip device 14 mm type t (Ovesco Endoscopy AG,
Germany) was applied to the endoscope. The endoscope was
then re-advanced to the perforation site. We positioned the
OTSC cap such that the perforation was located inside the
perimeter of the cap. Upon achieving a satisfactory position,
we applied suction and securely placed the clip on the sur-
rounding tissue of the perforation.

Results
Demographics and clinical presentations

Five patients who underwent outpatient colonoscopy were
included in the study. The mean age of our cohort was
69.4 years and all patients were female. The indication of
outpatient colonoscopy was for screening purposes in two
patients, evaluation of constipation in one patient, evaluation
of weight loss in one patient, and evaluation of positive fecal
occult blood test in one patient. Following the outpatient
procedures with perforations, all patients reported lower
abdominal pain and abdominal distension, and one reported
mild rectal bleeding. Upon arrival at our medical center,

on physical examination, all patients were afebrile, had
abdominal tenderness, and their respiratory and hemody-
namic status was stable (Table 1). The diagnosis of colonic
perforation occurred in two patients upon colonoscope with-
drawal, on entry of the colonoscope in two patients, and
after resection of a large pedunculated polyp in one patient.
All perforations were suspected and subsequently diagnosed
after the patient was noted to have sudden onset abdominal
pain and distention.

Imaging, endoscopic findings, and treatment plan

All patients had an imaging study when perforation had
been suspected after index colonoscopy. One patient had an
abdominal X-ray that revealed subdiaphragmatic free air.
Two patients had a chest X-ray that revealed a large amount
of subdiaphragmatic and perihepatic free air and small
amount of perihepatic free air, and two patients had com-
puted tomography (CT) scan that revealed a large amount of
intra-abdominal free air. All patients were diagnosed with
sigmoid perforation at the index colonoscopy with two of
the patients having sigmoid diverticular perforations. After
transfer to our medical center, all patients had therapeutic
flexible sigmoidoscopy for closure attempts by OTSC, and
successful perforation closure was achieved in three out
of five patients. Treatment details are shown in Table 2. A
representative OTSC procedure of one patient is shown in
Fig. 1.

Outcomes, safety and adverse events

In three cases, we achieved complete closure of sigmoid
perforations using OTSC as assessed by complete sympto-
matic resolution and disappearance of intra-abdominal free
air as evaluated by imaging studies. In two cases (patients
4 and 5), the perforations were deemed ineligible for endo-
scopic closure upon assessment by the expert endoscopist

Table 1 Patients’ characteristics
and clinical presentation

Patient no. 1 2 3 4 5
Age (years) 63 68 74 69 73
Gender Female Female Female Female Female
Indication of colonoscopy Screening  Constipation ~ Weight loss  +ve fecal Screening
occult
blood
Colon preparation Adequate  Adequate Adequate Adequate Adequate
Presenting symptoms
Abdominal pain Yes Yes Yes Yes Yes
Distention Yes Yes Yes Yes Yes
Rectal bleeding Yes No No No No
Vital signs Stable Stable Stable Stable Stable
Time to arrival to our hospital (h) 2 2 2 2 2
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Table 2 Detailed treatment plan, safety, adverse events and outcomes
Patient no. 1 2 3 4 5
Site of perforation Sigmoid (diverticula) Sigmoid Sigmoid (diverticula) Sigmoid Sigmoid
Size of perforation (cm) 2 1.2 1 4 5
Distance of perforation from anal verge 18 30 22 20 25
(cm)
Treatment OTSC OTSC OTSC Anterior resection Hartmann
resec-
tion + colos-
tomy
Hours elapsed from perforation to 4 3 35 - -
closure
Hospitalization time days 6 7 6 12 10
Hospitalization course Uneventful Uneventful Uneventful Uneventful Uneventful
Outcome Complete closure Complete closure Complete closure - -
Adverse events None None None None None
Follow-up (months) 6 1 1 - -

Fig.1 a CT scan demonstrating
free air in the abdomen. b One-
centimeter sigmoid perforation.
¢ Endoscopic view showing
complete closure of sigmoid
perforation. d Abdominal CT
scan demonstrating no free
intra-abdominal air

performing the procedure, and thus they were surgically
treated. There were no adverse events related to the endo-
scopic closure, recovery was uneventful, and there was
no mortality (Table 2). It is important to note that in all
cases the sigmoidoscopy neither exacerbated the colonic
perforation nor the patients’ clinical condition.

Discussion

Acute perforation of the colon is a rare but serious com-
plication of endoscopy that may result when excessive
mechanical forces are applied to the bowel wall by the
endoscope or as a result of therapeutic interventions, such
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as the application of electrosurgery. As compared to per-
forations caused by electrocautery, perforations second-
ary to diagnostic colonoscopy are typically larger and
traditionally have required surgical repair [2, 3]. In 1997,
Yoshikane reported the first case of endoscopic closure of
a small (4 mm) perforation that occurred after electrosur-
gical removal of a polyp [4]. Four years later, Mana was
the first to report endoscopic closure of a perforation com-
plicating diagnostic colonoscopy, utilizing three hemoclips
[5]. Following the development of OTSC, there have been
reports describing the utility of these clips in closing per-
forations resulting from diagnostic colonoscopy. Benedetto
et al. described closure of an 8-mm perforation complicat-
ing a diagnostic colonoscopy [6]. Nevertheless, the man-
agement of iatrogenic colonic perforation continues to be
controversial, and no clear criteria have been proposed
for undertaking endoscopic closure before progressing to
surgical management. Several series of endoscopic clo-
sures of colonic perforations were published, some using
hemoclips and others using OTSCs. Both techniques had a
high degree of success. Lee et al. reported successful clo-
sure of a 15-mm rectal perforation utilizing six hemoclips.
These authors detailed the following conditions facilitat-
ing endoscopic repair: excellent bowel preparation, early
detection, stable vital signs, and a cooperative patient [7].
Fujishiro et al. suggested four criteria for closing acute
iatrogenic perforation endoscopically: perforation size less
than 1 cm, the content of the gastrointestinal tract has to be
as clean as possible, procedure must be conducted by an
expert endoscopist, and there should be no deterioration
of clinical symptoms or laboratory indices. With respect to
perforations complicating diagnostic colonoscopy, authors
have favored surgical treatment over endoscopic closure
[8]. Various authors have emphasized that endoscopic clo-
sure must be performed at the time the perforation occurs,
and not in a second endoscopic procedure, so as to avoid
possible abdominal contamination [8]. Voermans et al.
published a prospective series of 36 cases of endoscopic
closure of acute perforations utilizing OTSCs, 13 of which
were colonic, with an overall success rate of 89%, and the
mean time from perforation to closure was 6 min [9]. In
that series, one patient in whom a colonic perforation after
polypectomy was endoscopically closed (and shown to be
adequately closed on postprocedural contrast study) dete-
riorated 5 h later and had an immediate laparotomy that
showed a detached clip and persistent perforation. Despite
successful resection of the perforation site and construc-
tion of a colostomy, the patient died within 36 h, yielding
a mortality rate of 3% in the series, an acceptable figure
compared to 7% according to largest published series of
surgical management of perforations [10, 11]. This case,
however, exemplifies that endoscopic and radiographic
results are not always predictive of long-term success.
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Intensive clinical observation for 24 h and immediate sur-
gical intervention in case of deterioration are of utmost
importance. A large international retrospective series by
Yamile et al. summarized 188 cases of gastrointestinal
defects treated endoscopically with OTSCs, with a total
of 48 perforations, 8 being colonic, and a median size of
7 mm. Primary OTSC placement was performed in 43
cases, while in 5 patients it was used as rescue therapy
following failed previous closure attempt within 7 days (4
patients) and 30 days (1 patient). Overall long-term clini-
cal success was achieved in 90% of patients. Though not
reaching statistical significance, there was a trend toward
a better outcome with immediate closure as compared to
rescue therapy (91.4% vs. 80% success rates, respectively)
[1]. The European Society of Gastrointestinal Endoscopy
(ESGE) published guidelines on the management of iat-
rogenic endoscopic perforation of the colon. The ESGE
recommends the application of through the scope or OTSC
clipping within 4 h of iatrogenic colonic perforation given
that the bowel is clean and depending on the type and size
of perforation and the endoscopic expertise available at
that center [12]. Moreover, the 2011 American Society of
Gastrointestinal Endoscopy (ASGE) guidelines state that
in cases of endoscope induced perforation, surgical con-
sultation should be obtained in all cases. The guidelines
also state that nonsurgical management may be appropri-
ate in selected individuals depending on the degree of
bowel cleaning and size of the perforation [13].

To the best of our knowledge, three of the five cases we
report here are the first reported cases of endoscopic closure
of an iatrogenic perforation occurring in an ambulatory care
center after which the patient was transferred to a tertiary
health care center with a request for endoscopic closure.
In addition, as the perforation was induced by the endo-
scope, the defects were larger than many of those treated
in the reported literature. With the increasing number of
colonoscopies being performed in ambulatory care centers
and with increasing experience being attained with closure
devices, the scenario we describe in this report is likely to
become more common. Therefore, we suggest the following
approach for undertaking closure of perforations occurring
in the outpatient setting. The attempted closure should occur
no later than approximately 4 h after the perforation has
occurred and broad-spectrum antibiotics should be admin-
istered before undertaking attempted closure. The bowel
preparation should have been adequate at the time of the ini-
tial colonoscopy. The patient should have stable vital signs
and should be cooperative with no evidence of generalized
peritonitis. A CT scan should be performed immediately
following the endoscopic closure with 750 ml of water-sol-
uble contrast per rectum with no leakage of contrast. Care-
ful inpatient monitoring should ensue until the patient has
demonstrated sustained stability.
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Conclusions

Perforations occurring during colonoscopy in an outpatient
setting remote from a hospital may be able to be closed
endoscopically in a second and separate endoscopic pro-
cedure if the appropriate conditions are present. Obviously,
clinical judgement plays a major role in the application of
the criteria suggested and the final decision to undertake
endoscopic or surgical closure.
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