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Abstract
Background Scope-induced duodenal perforation is a life-threatening complication and surgery remains the standard of care.
With the advent of over-the-scope clip (OTSC), scope-induced perforations are increasingly managed conservatively, though
there is no study comparing this form of non-surgical treatment with surgery. We aimed to compare OTSC and surgery in the
management of scope-induced perforation of the duodenum.
Methods We retrospectively collected data of scope-induced duodenal perforation patients. Perforations identified and treated
within 24 h of procedure were analyzed. Factors analyzed were spectrum, etiology, baseline parameters, perforation size,
outcome, comorbidities, and duration of hospital stay.
Results A total of 25 patients had type I duodenal perforations, out of whom five were excluded due to delayed diagnosis and
treatment. Of the twenty, eight were treated with OTSC placement while the rest underwent surgery. Agewas comparable and the
majority were females. Baseline parameters and comorbidities were similar in both the groups. The median size of perforation
was 1.5 cm in both the OTSC group and the surgical group. All patients were treated with standard of care according to
institutional protocols. Patients in the OTSC group were started orally after 48 h of OTSC placement, while in the surgery group
median time to oral intake was 7 days. Two patients in the surgical group died while there was no mortality in the OTSC group (p
= 0.48). Median hospital stay was shorter in the OTSC group (2 days vs. 22 days, p = 0.003).
Conclusions OTSC is a feasible and better option in type I duodenal perforations with a shorter hospital stay.

Keywords Adverse effects . Antibiotics . Endoscopy . Endoscopic retrograde cholangiopancreatography . Endoscopic
ultrasonography . Hospital stay . Intestinal perforation . Outcome . Pneumoperitoneum

Introduction

Endoscope-induced perforation is a rare but lethal complication
of diagnostic and therapeutic gastrointestinal (GI) endoscopy
[1–3]. The data are scarce due to the rarity of the occurrence
and underreporting of complications. Scope-induced perfora-
tion is generally full thickness defect in the GI wall and tradi-
tionally has been treated surgically. A side-viewing endoscope
used for endoscopic retrograde cholangiopancreatography
(ERCP) and echo-endoscope used for endoscopic ultrasound

(EUS) are more notorious for perforations due to their large
size, side and oblique viewing images, and stiff distal ends.
Duodenum is the most common site of injury with side-
viewing scope. Stapfer et al. classified such injuries as type I
and surgery has been the primary modality of treatment con-
sidering their grievous nature [2]. Surgery is definitely associ-
ated with morbidity and substantial mortality (up to 46.2%) [4].
Metallic clip has been in use for hemostatic purpose since long
time, but their use in GI defects is recent one [5]. Later metallic
clips were being increasingly used for closure of GI defects
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during endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) with encouraging outcomes [6,
7]. With recent innovation of the over-the-scope clip
(OTSC) by a German group (Ovesco Endoscopy AG,
Tubingen, Germany), OTSC nowadays is being used more
commonly [8]. Another new innovative padlock clip is also
on the horizon and can be used with similar effect without
occupying endoscopy channel [9]. To date, the data on the
OTSC for scope-induced perforation are scarce. First report
on OTSC was from a colonoscope-related perforation by
Kirschniak et al. [8]. Later porcine studies were done for colon,
stomach, and duodenal perforations, respectively, which found
encouraging results. It led to widespread acceptance and use of
the OTSC for post-EMR or post-ESDGI perforations and post-
surgical GI defects and leaks [10–12]. Type I duodenal perfo-
rationmanagement data are mostly from the surgical case series
[13]. Endoscopic management of type I perforation with the
OTSC is limited to case reports and series only [14–21].
Though this preliminary data is encouraging, to date there is
no comparative study with surgery, which is the standard of
care for type I perforations. We aimed to compare outcome of
duodenal perforations treated with either of the modalities, i.e.
surgery or OTSC.

Methods

This is a retrospective study carried out at G B Pant Institute of
Postgraduate Medical Education and Research (GIPMER),
New Delhi, India, from January 2008 to April 2019. Data on

scope-induced perforations were retrieved from endoscopic
registers and case sheets of admitted patients. Institutional
ethical committee provided waiver for this study as it
was retrospective.

Patients

The data on clinical spectrum of the patients, primary diag-
nosis, site of perforation, and size of perforation were noted.
Mode of treatment was noted as surgical or endoscopic.

Inclusion criteria

All adult patients with scope-induced perforation in duode-
num were included.

Diagnosis of perforation was confirmed on endoscopy as
full thickness defect or on computed tomography (CT) scan of
the abdomen showing active contrast leak or intra-operatively
by surgeon.

Exclusion criteria

Patients were excluded from the study if any one or more of
the following was present:

1. Age below 18 years
2. Diagnosed after 24 h of endoscopic procedure
3. Treatment started after 24 h of endoscopic procedure
4. Conservative management.

What is already known?
Type I duodenal perforation is a dreadful complication and surgery is standard of care.
Surgery has high morbidity and mortality.
Over-the-scope-clip (OTSC) can be used as an alternative to surgery.

What is new in this study?
OTSC has lesser day of hospital stay and antibiotics duration compared to surgery.
Post closure complications are less in OTSC.
OTSC can be preferred as the first choice over surgery.

What are the future clinical and research implications of the study findings?
OTSC shall be the choice of treatment in Type I duodenal perforation.
Multicentre data with large number of patients can further prove this finding.

Bullet points of the study highlights
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Treatment protocol

All patients were treated by the team of gastroenterologist, GI
surgeon, and a dedicated radiologist with institutional protocol
for management of iatrogenic perforations. The protocol in-
cluded keeping patient nil by mouth and Ryle’s tube insertion
with continuous drainage to divert gastric contents.
Intravenous (IV) antibiotics were given to all (imipenem,
ofloxacin, and metronidazole for broad spectrum coverage
followed by change as per sensitivity pattern). Abdominal
roentgenogram was done in all patients. CT scan with oral
contrast was done in patients in whom the diagnosis was in
doubt. If endoscopic view of full thickness defect or documen-
tation of air under the diaphragm or active leak of contrast on
CT was seen, patients were taken for definitive treatment
without waiting for abdominal signs to develop. Informed
consent was taken from patients for further definitive treat-
ment either by surgery or OTSC.

Surgical management

Surgery done was primary duodenal repair with pyloric exclu-
sion, with gastrojejunostomy, feeding jejunostomy (FJ), and
drain placement in peritoneal cavity. Additional surgical pro-
cedure for underlying disease was done if the situation
demanded and was feasible. FJ feed was started within 48 h
while oral feeds were started as per judgement of the treating
clinician. Intravenous antibiotics were continued until remov-
al of drain. Patients were discharged after removal of drain.

Endoscopic management

For the OTSC patients, size and site of perforation were iden-
tified. Size of perforation was determined by measuring
against opened biopsy forceps (open cup size of 5 mm).
OTSC clip size 12/6 or 11/6 (Ovesco, Tübingen, Germany)
was used for closure of defect. Post-OTSC placement, patients
were kept nil by mouth overnight followed by oral contrast
study. If no leak was demonstrated, then oral feed was started.
After 24 h of the well-tolerated oral feed, patients were
discharged with advice to follow-up weekly as outpatient for
2 weeks, then monthly.

Decision to treat with surgery or OTSC was subject to
availability of the latter and was taken by team consisting of
gastroenterologist, GI surgeon, and radiologist. Most patients
before 2014 were treated with surgery; later, with the avail-
ability of the OTSC, most of the patients were treated with the
OTSC.

All patients were followed up for 6 months. Duration of
hospital stay and cause of death were compared in both
the groups.

OTSC placement

After confirmation of perforation, patient was taken for the
OTSC placement. All procedures were done using a therapeu-
tic forward viewing endoscope TJF-C180V, (Olympus Inc.,
Tokyo, Japan). Procedure was done with patient in left lateral
decubitus position in conscious sedation. Endoscope with the
clip mounted on distal tip was advanced to the site of perfo-
ration. Endoscope was positioned so as to bring perforation
site in center of vision. After this, suction was applied until
both the ends of perforation were inside the clip applicator.
Immediately after this, with suction continuing, clip was ap-
plied with same maneuver as endocopic variceal bands are
applied. Post-deployment, the clip was inspected for position
and residual perforation, if any. We did not use an anchor or
twin grasper in any patient as we were successful with the
suction method in all the patients.

Statistical analysis

Mean and median were used for continuous data expression.
Continuous parametric data were compared using indepen-
dent Student t test. Continuous nonparametric data were com-
pared using the Mann-Whitney U test. Categorical variables
were compared using Fischer’s exact test. P-value < 0.05 was
considered significant. All statistical analyses were done using
Statistical Products and Services Solution (SPSS) software
version 20.0 (SPSS, Chicago, IL, USA).

Results

During the study period, 26,257 therapeutic ERCP and
5987 EUS were done. Twenty-seven (0.08%) had scope-
related perforations of whom 25 (0.07%) had duodenal
perforations and the rest two had stomach and gastroesoph-
ageal junction perforation. Of duodenal perforations, one
patient had only retroperitoneal perforation and was treated
conservatively, who was excluded from the analysis. Of
the remaining four, two had delayed diagnosis and two
had delayed treatment, all of whom were excluded from
the analysis. Total 20 patients were enrolled for analysis
in this study. Of them, eight underwent OTSC as definitive
treatment while 12 underwent surgery (Fig. 1).

OTSC group

OTSC was applied in the eight patients of type I duodenal
perforation (Figs. 2 and 3). Median age was 65 years (range
45–67 years) and seven of them were females. Four patients
had carcinoma gallbladder and one had carcinoma head of
pancreas, while the other three had gallstone with choledocho-
lithiasis. Four patients with the malignant etiology had
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evidence of metastasis and two had diabetes mellitus and hy-
pertension as comorbidities. Two perforations occurred dur-
ing EUS while in six during ERCP. Four patients had perfo-
ration in D1 and D2 junction extending into D2 along the
posterolateral wall while the remaining four had it on the
lateral wall of the second part of the duodenum. Median size
of perforation was 1.5 cm (range 1.4–2 cm). All patients were
detected during endoscopy itself and were treated within 12 h

of detection. Only one OTSC for each perforation was need-
ed. No additional closure devices or clip of any type was used.
Suctionmethod was used for approximation of edges. Closure
was confirmed endoscopically on table. After closure, the pa-
tients were kept nil by mouth overnight followed by an oral
Gastrografin study to document closure and clip position.
Additional CT with oral contrast was done for the initial four
patients to ensure success of procedure and to look for any

Fig. 1 Patients with type I
perforations analyzed for study.
OTSC Over-the-scope clip

Fig. 2 Lateral duodenal wall perforation Fig. 3 Same perforation after over-the-scope clip application
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collection. Later, we reserved it only for those having
suspected collection, pain, or fever. Once closure was con-
firmed, all patients were allowed orally on the second day
and discharged after 24 h. IV antibiotics were given during
hospitalization followed by oral antibiotics for 2 weeks
during discharge and the patients were followed weekly for
an initial 1 month, then monthly for the next 2 months.
Median stay of patients was 2 days (range 2–3 days). There
was no complications related to OTSC. There was no mor-
tality within 3 months. At 6 months, two patients died due to
underlying metastatic disease unrelated to perforation event.

Surgery group

Surgery was done in twelve patients for type I duodenal
perforation. Four patients had carcinoma gallbladder, one
had periampullary carcinoma, and seven had gallstone dis-
ease with choledocholithiasis. Median age was 57 years
(range 40–75 years) with 9 females. All patients had per-
foration in the duodenum (Fig. 4) and all perforations oc-
curred during ERCP with a side viewing endoscope. Four
had perforation at D1 and D2 junctions extending into D2,
while others had perforation in D2. All perforations were
on the posterolateral wall. Median size of perforation was
1.5 cm (range 1–3 cm). All patients were operated within
24 h of perforation of whom 11 were operated within 12 h.
Surgery undertaken was primary duodenal repair (Fig. 5)
with pyloric exclusion, with gastrojejunostomy, FJ, and
drain placement. The patients with cholelithiasis with cho-
ledocholithiasis also underwent cholecystectomy and com-
mon bile duct exploration with stone removal and T tube
placement. Four patients with carcinoma gallbladder were
unresectable and underwent additional tube biliary drain-
age. One patient with periampullary carcinoma also
underwent cholecystojejunostomy. FJ feed was started for

all the patients on the second or third day. Oral feeds were
started after 5 days; the decision to start oral feed was
subject to patient’s condition and healing of perforation.
Median time to start oral feed was 6.5 days (range 2–25
days). The median duration of antibiotics given was19.5
days (range 7–45 days). The patients were discharged once
the drain was taken out and the patients were tolerating
orally well. Later, FJ was removed on outpatient basis after
3 to 4 weeks. The patients in the surgical group had a
median hospital stay of 22.5 days (range 9–51 days).
Two patients did not survive (16%). Cause of death in both
was sepsis and multiorgan failure. One died on postopera-
tive day 30 while the other succumbed on the 37th postop-
erative day. There was one or more complications in seven
patients. Two patients had leak from the wound site and
were managed conservatively. Two had delirium and had
spontaneous recovery within 2 days, one of whom also had
left lower foot gangrene as thromboembolic phenomenon.
One patient had local wound site infection, which was
treated with wound care and antibiotics. Two patients had
sepsis with multiple organ failure, one whom also had type
1 respiratory failure while another had persistent leak from
the wound site, both of whom did not survive.

Comparison (Table 1)

Baseline blood parameters, etiology, and comorbidities
were comparable in both groups. Size of perforation was
slightly larger in the surgical group but statistically insig-
nificant. Hospital stay was significantly shorter for the
OTSC group (2.4 days vs. 24 days, p-value 0.001).
Surgical group received IV antibiotics for more duration
(2 days vs. 20 days, p-value 0.001). There was no mortality
in the OTSC group compared to 16% in the surgical group,
but this difference was not statistically significant (p-value
0.52).Fig. 4 Lateral duodenal wall perforation at surgery

Fig. 5 Primary duodenal repair is being done in one patient
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Discussion

To the best of our knowledge, this is the largest and first study
comparing surgical management with OTSC for type I duo-
denal perforations. Although this is a retrospective study, uni-
formity in management protocol makes it robust. At our cen-
ter, depending upon the availability of OTSC and if type I
perforation is detected on the table, we prefer to manage the
same with OTSC. OTSC has been available in India since
2014, so all the patients undergoing OTSC placement had it
after 2014; while in the surgical group, seven cases were from
before the year 2014 and five were after the year 2014.

Prevalence of all types of perforation during ERCP was
0.6%, while that during EUS reported was 0.09% [22, 23].
Type I duodenal perforations are rarer and have a frequency of
0.12%; in our study, the figure is 0.07% [24]. Type I perfora-
tion, which is the scope-induced perforation, is a full thickness
defect in the wall of the duodenum, mostly on the lateral wall.
It is an unexpected emergency and is fatal, if not managed
promptly. Surgical management has been the standard of care
for all scope-induced perforations. Even with the standard
surgical management, morbidity and mortality are quite high
as reported in the literature, varying from 10% to 46.2% [13].
In addition, a patient might require multiple drainage tubes,
local wound management, and prolonged hospital stay (aver-
age stay 10 to 60 days) [13]. In the present study, mortality
was 20% while hospital stay was 22.5 days in the surgical
group.

To date, enough data are available for use of the metallic
clips in post-EMR and post-ESD GI defects [7]. Development
of the OTSC has made larger defects to be covered by use of
single or multiple clips. Animal studies have established effi-
cacy of the OTSC in esophageal, gastric, and duodenal full

thickness perforations [10–12]. But data on real-world use of
OTSC in scope-induced type I perforation in patients are scarce
and published only as case reports and case series. To date,
only eight reports comprising of 17 patients were published.
Seven of these occurred during EUS, six during ERCP, and
four during resection of duodenal adenoma [14–21]. The clips
were applied with 100% technical and clinical success rate but
three patients needed additional closure methods like
endoclips, band ligation, or stenting. Similarly, in our study,
we had 100% technical and clinical success.

Type I perforation is a big stress on normal physiology.
Surgery adds to this stress causing more chances of postoper-
ative complications including delayed healing. In our study,
the OTSC was superior to surgery with shorter hospital stay
and shorter duration of intravenous antibiotics. Surgery in
perforation is also complicated by associated comorbidities.
All our patients in the surgical group had drains postoperative-
ly and required prolonged hospital stay. Surgical patients also
required prolonged antibiotic compared to the OTSC group.
In the surgical group, postoperative complications further in-
crease morbidity of the patients. In our study, post-surgical
complications were seen in seven patients (58%) compared
to none in the OTSC group. Also, the OTSC patients had been
started oral feeds much earlier leading to earlier return to
physiological process with no or minimal depletion of nutri-
tional reserves. Though mortality was higher (16%) in the
surgery group, this finding did not reach significance mostly
due to small number of patients.

Despite this, there are few advantages of offering surgery
as the primary mode of treatment like additional definitive
surgical procedures for primary diagnosis. But this is not rou-
tine and decision is largely based on underlying etiology, gen-
eral condition of patient, and urgency of procedure.

Table 1 Demographic, clinical,
and outcome parameters of the
over-the-scope clip (OTSC) and
surgical group

Parameter OTSC group (n = 8) Surgery group (n = 12) p-value

Age (years) 65 (45–67) 57 (40–75) 0.77

Sex (male:female) 1:7 1:11 0.25

Hemoglobin (gm/dL) 11.20 11.90 0.66

Total leukocyte count (cells/μL) 9800 10550 0.60

Bilirubin (mg/dL) 1.2 0.75 0.10

Albumin (gm/dL) 2.90 3.05 0.53

Etiology (benign:malignant) 3:5 (40%:60%) 7:5 (60%:40%) 0.35

Comorbidities present 4 (50%) 4 (33%) 0.63

Size of perforation (cm) 1.5 (1.4–2.0) 1.5 (1–3) 0.86

Duration of intravenous antibiotics in days 2 (2–3) 19.50 (7–45) 0.001

Oral feed started on day 2 6.5 (2–25) 0.013

Post-procedure complications 0 7 (58%) 0.02

Mortality 0 2 (16%) 0.48

Hospital stay (days) 2 (2–3) 22.5 (9–51) <0.005

Values in bracket are percentage and range wherever mentioned
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Considering morbidity and mortality of surgery, it appears
better to go for definitive procedure later once perforation is
tackled by the OTSC, unless it is an emergency. Although
there is a report of perforation size of 40 mm being closed
using OTSC, defects more than 20 mm in size are unlikely
to be tackled by OTSC effectively, so surgery is definitely on
cards for such size perforations [20].

Large numbers of our patients were having underlying ma-
lignant disease. Considering the underlying nature of the dis-
ease, OTSC offers a better option in this group of patients,
which cuts down the time to start cancer-directed treatment.

OTSC had a technical and clinical success rate of 100%.
However, the success rate depends on the time of the proce-
dure after perforation. In acute perforations, edges are viable
and non-necrotic; also, there is no collection and infectious
component, which increase clinical success rate. Thus, their
use is justified in an acute setting, rather than in chronic set-
ting, in which success rate is relatively low [25]. Size covered
by OTSC in our patients ranged from 1.4 to a maximum of 2
cm. A study had already proved OTSC can be used in defects
of size 5–20 mm in the stomach and up to 30 mm in the colon.
Even defects larger than these can be closed in the colon with
the use of multiple clips [11]. After OTSC placement, closure
can be confirmed with an oral contrast study, either oral
Gastrografin or CT abdomen with oral contrast. CT may be
more useful where delayed closure was done or in symptom-
atic patient in whom a collection may be expected.

Available comparative data on OTSC for the duodenal per-
foration is only from the pig models [12]. Though the
European Society of Gastrointestinal Endoscopy (ESGE) rec-
ommends attempt of endoscopic closure of type I duodenal
perforations, evidence is weak and comes from small number
of patients as mentioned earlier [3]. In this scenario, our study
being the only comparative study gains importance.

There are a few limitations to our study. Our study is a
single-center, non-randomized, retrospective study and num-
bers of patients included are small. Apart from this, only those
patients who were treated in an acute setting (within 24 h)
were included for this study, and the others were excluded.
Since surgery is the standard treatment recommended for late
detection of leaks (beyond 24 h), we excluded these patients to
avoid ambiguity [3, 26]. Though both groups are comparable
on most parameters, addition of definitive surgical procedures
makes the data heterogeneous. Prospective randomized trials
comparing the OTSC vs. surgery are unlikely to occur in the
future due to rarity of condition, ethical issues, and difficulty
in creating an ideal situation in complex clinical scenarios.
Also, our center is a high volume teaching and training uni-
versity hospital with good expertise in endoscopy; extrapola-
tion of the results of this study to routine clinical practice shall
be difficult. Nevertheless, this study gives a proof of concept
that type I perforations can be safely and effectively managed
without surgery at centers with expertise.

In conclusion, OTSC is not inferior to surgery for scope-
induced perforation in terms of hospital stay and duration of
antibiotics. OTSC may be offered as a first-line therapy in
scope-induced perforation.
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