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SUMMARY OF RECOMMENDATIONS

1 ESGE recommends that each center implements a writ-
ten policy regarding the management of iatrogenic per-
forations, including the definition of procedures that carry
a higher risk of this complication. This policy should be
shared with the radiologists and surgeons at each center.

2 ESGE recommends that in the case of an endoscopically
identified perforation, the endoscopist reports its size and
location, with an image, and statement of the endoscopic
treatment that has been applied.

3 ESGE recommends that symptoms or signs suggestive of
iatrogenic perforation after an endoscopic procedure
should be rapidly and carefully evaluated and documented
with a computed tomography (CT) scan.

4 ESGE recommends that endoscopic closure should be
considered depending on the type of the iatrogenic per-
foration, its size, and the endoscopist expertise available at
the center. Switch to carbon dioxide (CO2) endoscopic in-
sufflation, diversion of digestive luminal content, and de-
compression of tension pneumoperitoneum or pneumo-
thorax should also be performed.

5 ESGE recommends that after endoscopic closure of an
iatrogenic perforation, further management should be
based on the estimated success of the endoscopic closure
and on the general clinical condition of the patient. In the
case of no or failed endoscopic closure of an iatrogenic per-
foration, and in patients whose clinical condition is dete-
riorating, hospitalization and surgical consultation are
recommended.
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SOURCE AND SCOPE

This position paper is an official statement from the Euro-
pean Society of Gastrointestinal Endoscopy (ESGE). It up-
dates the 2014 ESGE recommendations on inadvertent
iatrogenic perforations occurring during gastrointestinal
endoscopy.

ABBREVIATIONS

ASGE  American Society of Gastrointestinal Endoscopy
BSG British Society of Gastroenterology

c02 carbon dioxide

CcT computed tomography

DBE double-balloon enteroscopy

DMI deep mural injury

EMR endoscopic mucosal resection

ERCP endoscopic retrograde cholangiopancreato-
graphy

ESD endoscopic submucosal dissection

EUS endoscopic ultrasound

EVT endoscopic vacuum therapy

ESGE European Society of Gastrointestinal Endoscopy
FCSEMS fully covered self-expandable metal stent

Gl gastrointestinal

oTS over-the-scope

PCSEMS partially covered self-expandable metal stent
PICO population, interventions, comparators,

outcomes
POEM peroral endoscopic myotomy
PPI proton pump inhibitor
RCT randomized controlled trial

SEMS  self-expandable metal stent
SEPS self-expandable plastic stent
TTS through-the-scope

Introduction

This Position Statement updates recommendations issued by
ESGE in 2014 regarding iatrogenic perforations occurring dur-
ing gastrointestinal (Gl) endoscopy, not including purposely
performed perforations. As in 2014 [1], these recommenda-
tions are defined as a position statement rather than a guide-
line because of the scarcity of high quality studies, mainly due
to the rarity of iatrogenic perforation.

latrogenic perforations are rare but severe adverse events,
therefore adequate diagnosis and management are of para-
mount importance.

Methods

ESGE commissioned this Position Statement. The development
process included meetings and online discussions among
members of the project committee during February 2019 and
December 2019.Subgroups were formed, each in charge of a

series of key questions that were clearly defined using PICO
(population, interventions, comparators, outcomes) methodol-
ogy [2]. The project committee chairs (G.P., ].v.H.) worked with
the subgroup leaders (A.R., M.B., ].M.D., S.Y.T., B.S.) to identify
pertinent search terms that included: iatrogenic perforation,
endoscopy, clips, surgery, as well as terms pertinent to specific
key questions.

Searches were performed on Medline (via Pubmed) and the
Cochrane Central Register of Controlled Trials up to October
2019. This time-point should be the starting point in the search
for new evidence for future updates to this Position Statement.
Articles were first selected by title; their relevance was then as-
sessed by reviewing full-text articles, and publications with
content that was considered irrelevant were excluded. Because
of the lack of well-designed studies, quality of evidence and
strength of recommendations were not formally graded [3].

Each subgroup developed draft proposals that were present-
ed to the entire group for general discussion during a meeting
held on October 2019 (in Barcelona, Spain). Further details on
the methodology of ESGE guidelines have been reported else-
where [3].

In February 2020, a draft prepared by G.P. was sent to all
group members for review. The draft was reviewed by two ex-
ternal reviewers and then sent for further comments to the
ESGE national societies and individual members. After agree-
ment on a final version, the manuscript was submitted to the
journal Endoscopy for publication. All authors agreed on the fi-
nal revised version. This Guideline was issued in 2020 and will
be considered for update in 2025. Any interim updates will be
noted on the ESGE website: http://www.esge.com/esgeguide-
lines.html.

Recommendations and statements

A summary of the recommendations and statements is pres-
ented at the beginning of this document.

General policy

RECOMMENDATION

ESGE recommends that each centerimplements a written
policy regarding the management of iatrogenic perfora-
tion, including the definition of procedures that carry a
higher risk of this complication. This policy should be
shared with the radiologists and surgeons at each center.

latrogenic perforation is associated with a high risk of mor-
bidity and mortality [4,5]. It is best managed by a multidisci-
plinary approach, including the competences of endoscopists,
radiologists, and surgeons that need to be promptly available.
The implementation in each center of a written policy/protocol
regarding the management of iatrogenic perforation may pre-
vent serious complications. For instance failure to use compu-
ted tomography (CT) scan instead of plain films to detect subtle
perforations may result in a diagnostic delay. Moreover, the
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simple awareness that a particular procedure carries a higher
risk of esophageal perforation should indicate not to perform
the procedure unless a surgeon with adequate thoracic compe-
tence is available. As mentioned in the previous Position State-
ment, the availability of dedicated protocols and the adoption
of the ESGE performance measures for complications in Gl
endoscopy may also represent structural quality indicators for
the health system [6,7].

The stratification of procedures between low and high risk
for iatrogenic perforation is of importance for patients’ in-
formed consent, evaluation of post-endoscopic symptoms,
and as a quality performance measure. In advanced endoscopic
procedures that are high risk and invasive, such as endoscopic
submucosal dissection (ESD), large endoscopic mucosal resec-
tion (EMR), peroral endoscopic myotomy (POEM), and large
balloon dilation in the papilla, perforation is an accepted and
anticipated event that is treated conservatively in most cases
[8-11]. All perforations should be reported, and measures
should be taken if they occur more frequently than defined
thresholds [7].

Reporting

RECOMMENDATION

ESGE recommends that in the case of an endoscopically
identified iatrogenic perforation, the endoscopist reports
its size and location with an image and statement of the
endoscopic treatment that has been applied.

Acute iatrogenic perforation related to Gl endoscopy is de-
fined as the recognition of gas or luminal fluids outside the Gl
tract [12] or any endoscopically identified definite visible sign
of perforation during or in time related to endoscopy. The tim-
ing of diagnosis is decisive in influencing the management and
the patient outcome [13-15]. Endoscopy is considered to be a
valuable tool in the early diagnosis of iatrogenic perforation
[16]. In the case of an endoscopically recognized iatrogenic
perforation, a comprehensive and clear written report has a
substantial part in deciding further management. Thus, incom-
plete reporting-that may be dictated by the fear of future
medicolegal litigation —may expose patients to pointless diag-
nostic or therapeutic delays and generate a suboptimal out-
come. A clear report, stating that the endoscopic therapy ap-
plied to the iatrogenic perforation was effective or not, might
decisively influence the strategy of treating the patient conser-
vatively or surgically. Photographic or video documentation of
the perforated area might be useful for the decision making,
and also for legal considerations.

RECOMMENDATION

ESGE recommends that symptoms or signs suggestive of
iatrogenic perforation after an endoscopic procedure
should be rapidly and carefully evaluated and documen-
ted with a CT scan.

latrogenic perforation is not always recognized at endos-
copy [17,18], therefore a high level of suspicion for such per-
foration is required when evaluating specific post-endoscopy
symptoms, especially following procedures carrying increased
risk for perforation. Early search for iatrogenic perforation
should be prompted by unusual abdominal pain with disten-
sion, chest pain, subcutaneous emphysema, or shortness of
breath, while iatrogenic perforation at a later stage is associat-
ed with more severe symptoms or signs, such as systemic in-
flammatory response, hypotension, and mental confusion. An
early diagnosis has been shown to substantially impact the
post-perforation outcome, mainly because it allows endoscopic
treatment or potential surgical intervention in an uncontamina-
ted setting [5,16,17,19-21].

Imaging modalities such as abdominal plain film radio-
graphy or CT scan are commonly performed in the case of clini-
cally suspected or diagnosed perforation, to verify the presence
of gas or fluid collections [22]. Cross-sectional imaging has an
improved sensitivity and specificity over conventional radiogra-
phy in detecting small amounts of free gas, liquids, and small
pneumothorax [16,23,24]. Moreover, CT scan can assess
whether a previously performed endoscopic closure was suc-
cessful. For suspected upper Gl perforations, the ingestion of
water-soluble contrast medium prior to CT scan adds accuracy
because it may display the site of extravasation or it may con-
firm the effective closure of the defect [25]. After endoscopic
resection, small bubbles of gas may be seen without true iatro-
genic perforation [14,26]. Thus, radiologic findings should al-
ways be evaluated in combination with the endoscopic and
clinical findings.

The 2010 American Society for Gastrointestinal Endoscopy
(ASGE) lexicon for endoscopic adverse events may be used to
stratify the severity of iatrogenic perforation [12]. It includes
four grades of severity based mainly on the need for
hospitalization.

Treatment: general considerations

RECOMMENDATION

ESGE recommends that endoscopic closure should be
considered depending on the type of the iatrogenic per-
foration, its size, and the endoscopist expertise available
at the center. Switch to carbon dioxide (CO2) endoscopic
insufflation, diversion of digestive luminal content, and
decompression of tension pneumoperitoneum or pneu-
mothorax should also be performed.

The therapy recommended for iatrogenic perforation de-
pends on the timing of diagnosis (intra- or post-procedural),
the presence of luminal contents and their character (“clean”
or not), the characteristics of the perforation (size, location),
the patient’s general status, the experience of the endoscopist,
and the availability of closure devices. The therapeutic options
can be immediate endoscopic closure of the perforation, con-
servative, or a surgical approach. In the cases where the iatro-
genic perforation is recognized during the endoscopy, the
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completion of the interventional procedure is advised, if at all
possible and reasonable.

Immediate, if possible, endoscopic closure results in the pre-
vention of peritonitis or mediastinitis and reduces the need for
a surgical intervention [27-29]. A variety of endoscopic clips
have been applied according to the size of iatrogenic perfora-
tion. Through-the-scope (TTS) clips are useful for closing a
small iatrogenic perforation, provided that the tissue surround-
ing the edges is compliant and nonfibrotic. TTS clips vary in
terms of their diameter, rotation capacity, and deployment
capability after multiple openings [30,31]. Generally, they
may only be used to treat small defects (<10mm) because of
their limited wingspan [32]. Larger perforations (>10mm but
<20-25mm) may be treated with over-the-scope (OTS) clips
[30]. Defects larger than 30 mm are rather difficult to close
endoscopically. However, the wide use of OTS clips or, less of-
ten, suturing systems in everyday practice has enhanced the ef-
ficacy of endoscopic closure, even in larger perforations [33 -
38]. Nasogastric or nasoduodenal tube insertion may be bene-
ficial for decompression and diversion of Gl fluids. In the case of
hemodynamic instability or respiratory failure due to gas under
tension, decompression should be emergently performed [39].
Tension pneumoperitoneum should properly be treated aiming
to avoid development of the compartment syndrome. A large-
diameter venous catheter is used and is advanced over the nee-
dle in order to minimize the risk of injury to the abdominal or-
gans (»Video 1). The use of CO2 in Gl endoscopy has become a
standard practice for most procedures, but this is even more
important in the setting of procedures with increased risk of
iatrogenic perforation (e.g. ESD) or in the case of suspected or
confirmed iatrogenic perforation [40-43].

D Video 1 Drainage of a pneumoperitoneum performed by
Professors H. Inoue and P. Fockens.

Online content viewable at:
https://doi.org/10.1055/a-1222-3191

RECOMMENDATION

ESGE recommends that after endoscopic closure of an
iatrogenic perforation, further management should be
based on the estimated success of the endoscopic clo-
sure and on the general clinical condition of the patient.
In the case of no or failed endoscopic closure of an iatro-
genic perforation, and in patients whose clinical condi-
tion is deteriorating, hospitalization and surgical consul-
tation are recommended.

Because of the complexity of management of iatrogenic
perforation, a multidisciplinary approach that includes the
endoscopist, radiologist, and surgeon should be available. The
follow-up of an iatrogenic perforation depends on both its type
and site and the patient’s clinical condition.

Hospitalization after an iatrogenic perforation is almost
mandatory. Same-day discharge in an asymptomatic perfora-
tion successfully treated endoscopically may be considered in
selected patients, although close follow-up should be adopted
[44].

The conservative approach consists of intravenous antibio-
tics, nothing by mouth, hemodynamic monitoring, and close
multidisciplinary follow-up [45]. Parenteral nutrition is recom-
mended in undernourished patients or in well-nourished indi-
viduals who will not be able to be fed for>7 days [46]. If the
conservative approach is failing and the patient’s condition de-
teriorates (e.g. presenting with septic or peritonitis signs), sur-
gery is strongly considered [47 -49]. Moreover, in the case of
unsuccessful endoscopic closure of the perforation, surgical
management is strongly recommended [41]. Early surgery is
generally to be preferred in patients with large perforations,
generalized peritonitis, ongoing sepsis, or deteriorating clinical
condition, or after failure of percutaneous drainage, or in the
presence of an active leak or a significant amount of free fluid
as seen at CT scan that cannot be drained percutaneously.

The type of surgical management of iatrogenic perforation
(laparoscopy vs. open procedure) depends mainly on the loca-
tion of the perforation and the surgeon’s decision. Minimally
invasive laparoscopic treatment of perforations has become
the preferred surgical option for colonic iatrogenic perforation
as it provides better outcomes than open surgery [4,50].

Esophageal perforations

RECOMMENDATION

ESGE suggests that endoscopic dilations, mucosal resec-
tion/submucosal dissection, septotomy for Zenker’s di-
verticulum, and foreign body removal should be consid-
ered to carry increased risk of esophageal iatrogenic
perforation.
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A systematic review (52 studies, 2830 patients with esopha-
geal perforations) concluded that iatrogenic causes were
responsible for 46.5% of esophageal perforations [16]. Most
esophageal iatrogenic perforations are associated with thera-
peutic endoscopic maneuvers and are localized in the thoracic
part of the esophagus [51,52]. Endoscopic procedures respon-
sible for this adverse event include balloon dilation for esopha-
geal stricture or achalasia, septotomy for Zenker’s diverticu-
lum, endoscopic resection (EMR or ESD), and removal of for-
eign bodies [52].

latrogenic perforation is the most frequently reported
major complication of esophageal dilation [52]. The risk is
low (0.09%-2.2%) for simple ring, peptic, or anastomotic
strictures, and higher for complex (angulated, multiple, or
long), caustic, radiation-induced, or malignant strictures: in a
national database (591187 hospitalizations for esophageal
strictures, including 4.2 % of malignant strictures), iatrogenic
perforation was more common in malignant versus benign
strictures (0.9% vs. 0.5%, P=0.007) [53]. Over-the-wire bal-
loon and bougie dilations seem to be safer than blind dilation
[54]. A systematic review (5 randomized controlled trials
[RCTs], 461 patients with benign stricture) found no differ-
ence between balloon and bougie dilation in the incidence of
iatrogenic perforation [55]. Finally, nonadherence to the “rule
of three” did not appear to increase dilation-related iatro-
genic perforation in two retrospective studies including a
total of 461 patients [56]. In achalasia, the rate of perforation
for pneumatic dilation has been reported to broadly range be-
tween 0.4% and 14%, and it seems lower if a 30-mm balloon
is used first with an interval, stepwise approach [52, 57]. In a
recent RCT, comparing balloon dilation (n=66) to POEM (n=
64), only one patient in the balloon dilation group had an ia-
trogenic perforation [58].

For septotomy of Zenker’s diverticulum, a meta-analysis (23
studies and 997 patients) showed an overall iatrogenic perfora-
tion rate of 5.3% [59]. For endoscopic resection, in the setting
of early Barrett’s and esophagogastric neoplasia, a meta-ana-
lysis including 16 studies with EMR and ESD (all ESD studies
were performed in Japan) showed a similar perforation rate
(1.2% for EMR vs. 1.5% for ESD) [60]. Regarding complete mu-
cosal resection for Barrett’s, another meta-analysis (8 studies)
revealed a perforation rate of 2.3% [61]. A more recent RCT
comparison of EMR and ESD reported a higher perforation risk
with ESD (0% for EMR vs. 10% for ESD) [62]. Similar iatrogenic
perforation rates (1.4 %-2.4%) have been reported for ESD of
squamous cell cancer, by Japanese authors [63, 64]. A retro-
spective cohort (n=147) identified mucosal deficiency larger
than 75 % of the circumference of the esophagus as an indepen-
dent risk factor for intraoperative iatrogenic perforation during
ESD (odds ratio [OR] 7.37, 95%C| 1.45-37.4, P=0.016) [65].
Finally, a systematic review concerning submucosal tunnelling
endoscopic resection including 28 studies (n=1041), reported
a pooled prevalence of iatrogenic perforation of 5.6% (95 %Cl
3.7%-8.2%) [66].

A meta-analysis including 1122 patients from 22 studies re-
ported on adverse effects of POEM [67]. Capno-/pneumoperi-
toneum (30.6 %), capno-/pneumothorax (11.0%) and subcuta-

neous emphysema (36.1%) were frequent; nevertheless, major
adverse events such as mediastinal leakage requiring endo-
scopic or surgical treatment were rare (0.3%) [67]. A subse-
quent retrospective cohort that was focused exclusively on
POEM-related adverse effects confirmed these results [68].

Finally, large, irregular, sharp foreign bodies, or foreign bod-
ies impacted in the esophagus for a very long duration as well
as a history of repeated intentional foreign body ingestion are
all risk factors for esophageal perforation [69]. A retrospective
study of 194 patients with foreign body impaction in the upper
Gl tract and removal showed an iatrogenic perforation rate of
1.5%[70].

RECOMMENDATION

ESGE suggests to diagnose delayed esophageal iatrogenic
perforation based on patient history, physical examina-
tion, blood tests, and imaging using CT scan with orally
administered water-soluble contrast. Delayed diagnosis
and treatment, beyond 24 hours, may be related to in-
creased morbidity and mortality.

Although an iatrogenic perforation is readily evident in most
cases of endoscopy-related perforation, a high index of suspi-
cion for iatrogenic perforation should be considered in patients
who present shortly after a higher-risk Gl endoscopy proce-
dure. The early clinical presentation of esophageal iatrogenic
perforation may be different according to the perforation site.
If the perforation involves the cervical esophagus, clinical pre-
sentation is characterized by dysphagia, subcutaneous emphy-
sema, odynophagia, or dysphonia; in the thoracic esophagus
prevalent symptoms are chest pain, dyspnea, tachypnea, and
subcutaneous emphysema; in the distal esophagus there may
be retrosternal/epigastric pain, nausea, and vomiting, with
signs of acute peritonitis. Conversely, symptoms of the late
stage can be nonspecific (e.g. signs of systemic inflammation
and sepsis), and often confused with other diseases. Delay of
treatment may be associated with significant increase of mor-
bidity and mortality [16].

Patient history, physical evaluation, blood tests, and ima-
ging should be the first diagnostic approach for patients with a
suspected esophageal perforation. If the patient is presenting
with consistent and suspicious symptoms and signs of perfora-
tion, a CT scan with orally administered water-soluble contrast
should immediately be considered; it is very specific and sensi-
tive in diagnosing perforation, defining the anatomical site, and
detecting subsequent collections of fluid and air in extra-
esophageal organs and spaces [71].

Of note, after endoscopic procedures, especially esophageal
ESD, limited gas bubbling out of the esophageal lumen may be
detected in the absence of iatrogenic perforation, even though
the routine use of CO2 has reduced the risk of extraluminal gas
detection [72,73].

Endoscopy has a limited indication as a purely diagnostic
test. Diagnostic endoscopy should be performed only in select-
ed cases and with caution because it may increase the size of
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the wall defect or spread contaminated fluids out from the
esophagus. In general endoscopy is indicated when, according
to the clinical situation, endoscopic therapy can be provided
during the same procedure or before surgery after discussion
with the surgeon [74].

Treatment: esophagus

RECOMMENDATION

ESGE recommends first-step endoscopic treatment for
endoscopy-related esophageal iatrogenic perforation.
TTS clips can be used for perforations <10 mm, and OTS
clips are recommended for perforations >10mm. Stents
can be used for larger defects (>20 mm).

Conservative therapies include intravenous broad spectrum
antibiotics, nil per mouth, nasogastric suction, pain control,
and gastric acid suppression, as well as hemodynamic monitor-
ing and support [45]. If collections are present, percutaneous
drainage is suggested, and a sample of the fluid should be sent
for bacteriological analysis [45]. A perforation located in the
cervical esophagus has more likelihood for successful conserva-
tive management because of anatomical factors reducing the
risk of contamination of the mediastinum [25, 75].

The main endoscopic management options for esophageal
iatrogenic perforation include closure with clips, diversion of
enteral contents with stents, or endoscopic vacuum therapy
[30, 45].

A systematic review including all types of leaks (38 studies,
127 patients) identified 31/32 patients with esophageal iatro-
genic perforation who underwent successful closure with TTS
clips [32]. In a multicenter European cohort study, enrolling 36
consecutive cases of iatrogenic perforation, all of 5 esophageal
perforations were successfully closed endoscopically, using a
combination of OTS and TTS clips (n=3) or only OTS clips (n=
2) to close the defect [38]. A similar multicenter cohort study
(n=188) included 10 patients with esophageal iatrogenic per-
foration, all treated successfully with OTS clipping [33]. A large
systematic review of patients all treated with OTS clipping (n=
1517 cases; total Gl perforations, n=351) concluded that the
mean success rate when using OTS clips for treatment of per-
foration was 84.6% (297/351 cases) [37]. These results includ-
ed perforations throughout the Gl tract; nevertheless, iatro-
genic perforation in the esophagus may be difficult to close be-
cause of the tubular esophageal anatomy [37,76]. Hagel et al.
concluded that defects located in the proximal and mid esoph-
agus, greater than 20mm in size, with ischemic or congested
margins, or present for longer than 72 hours, were least amen-
able to OTS clip closure [76].

Temporary treatment with self-expandable metal stents
(SEMSs) has also been proposed for the treatment of mid and
lower esophageal iatrogenic perforation. Stents are deemed
particularly useful for treatment of large defects and in cases
of malignancy-associated perforation, where they also contrib-
ute to relieving dysphagia [77]. A large retrospective US cohort

study (2007-2014), using a commercial claims database of
659 patients with esophageal iatrogenic perforation or anasto-
motic leaks, observed a fourfold rise in the use of SEMSs over
the 8-year period [78]. A systematic review (25 studies and
267 patients), including 66 patients (25 %) with esophageal ia-
trogenic perforation, showed high technical (99 %) and overall
clinical (85%) success rates, without showing any differences
between the fully covered SEMS (FCSEMS), partially covered
SEMS (PCSEMS) and self-expandable plastic stent (SEPS) [79].
An additional meta-analysis (27 studies, 340 patients), includ-
ing 88 patients with esophageal iatrogenic perforation con-
firmed these results [80]. Subsequent studies, including pa-
tients with iatrogenic perforation, anastomotic leaks, and fistu-
las, confirmed the role of stents in the management of these
conditions, with clinical success rates ranging from 67.8% to
85% [77, 81-88]. Stent-related adverse effects include stent
migration (with FCSEMS) and tissue ingrowth (with PCSEMS),
requiring a stent-in-stent technique for definitive SEMS retrie-
val [81]. A retrospective cohort with calculation of a predictor
rule identified patients with iatrogenic perforation as having a
higher probability of obtaining successful treatment with
SEMS, compared to those with fistulas [87]. Recently OTS clips
have been used for esophageal stent fixation [89]. Caution is
advised against the placement of a SEMS after insertion of an
OTS clip as this may erode major vessels [90].

Endoscopic vacuum therapy (EVT) uses negative pressure to
absorb secretions and promote wound healing by secondary in-
tention [30]. A systematic review including 11 studies and 180
patients with esophageal leaks (28 with iatrogenic perforation)
reported a healing rate of 91 %, with mean healing times rang-
ing from 11 to 29 days [91]. Furthermore, a recent meta-ana-
lysis, including 4 retrospective comparative studies in mostly
patients with postoperative anastomotic leaks, revealed signifi-
cantly higher healing rates with EVT compared to SEMS (pooled
OR 5.51,95%Cl 2.11-14.88; P<0.001) [92]. Additionally, EVT
had shorter treatment duration (pooled mean difference -9.0
days, 95%Cl -16.6 to - 1.4; P=0.021)], and lower rates of major
complication (P=0.011), and in-hospital mortality (P=0.002)
compared to SEMS [92]. In fact, the estimate of whether an
iatrogenic perforation has completely healed after stent place-
ment is rather difficult to confirm and the exact period required
for healing is still unknown. However, the time period of 4-6
weeks until removal of esophageal stents placed for treatment
of iatrogenic perforation has been proposed, in order to
achieve both adequate sealing of the defect and reduction of
the complications associated with stent placement [81, 85,93].

In a systematic review that compared SEMS insertion (371
patients) versus surgery (368 patients) for esophageal leaks,
success/mortality rates were 88%/7.5% and 83 %/17 %, respec-
tively [94]. These data should be interpreted with caution as no
study was randomized or even comparative, implying a high
risk of bias. In another systematic review including 2830 pa-
tients with esophageal leaks (1933 with iatrogenic perfora-
tion), nonsurgical and surgical management were performed
in approximately one half of patients each, with an overall mor-
tality rate of 13.3% [16]. Additional individual published co-
horts disclose varying 30-day mortality rates, reflecting the
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heterogeneity in the patient populations and therapeutic man-
agement [51, 95-100]. Nonsurgical management seemed to
be related to a lower rate of morbidity [51,95]. A 12-year
English multicenter retrospective study including 2564 pa-
tients with esophageal perforation (152 cases with iatrogenic
perforation) revealed that high hospital case volume was asso-
ciated with significant reductions in 30-day mortality (OR 0.68,
P=0.001) and 90-day mortality (OR 0.69, P=0.001) [101].

Gastric perforations

RECOMMENDATION

ESGE suggests that endoscopic dilations and mucosal re-
section/submucosal dissection should be considered to
carry increased risk for gastric iatrogenic perforation.

latrogenic gastric perforations are most often related to
therapeutic procedures, including: gastroenteric anastomosis
dilation (2%) [102]; overdistension during argon plasma coagu-
lation or cryotherapy (<0.5%); standard snare polypectomy;
EMR (0.5%); and, more frequently, ESD [103]. Additional risk
factors during EMR and ESD are the presence of an ulcer or un-
healthy (e.g. irradiated) tissues [104], age >80 years, large
tumor size, location of the lesion in the thinner upper region,
and long duration of the resection [103,105, 106].

RECOMMENDATION

ESGE recommends endoscopic treatment for gastric
iatrogenic perforation, using TTS clips for perforations
<10mm, and OTS clips or omental patching or the com-
bined technique using endoloop and TTS clips for per-
forations >10 mm.

At the outset of endoscopic management, only TTS clips
were available but their use seemed to be hazardous in the
case of large perforations [107-112]. In such cases omental
patching added to TTS clip closure seemed to be more effective
and also extended the possibility of endoscopic closure for lar-
ger perforations [113,114]. The OTS clip has become the most
popular endoscopic tool for closing gastric perforations, giving
the possibility of closing 30-mm diameter defects [36,38,
115-117]. Band ligation has been performed only in a very
small series [118]. The nonsurgical treatment of gastric per-
forations may include removable FCSEMS or self-expanding
plastic stents (SEPSs) only if the perforation occurred on the
site of a stricture. These stents are indicated for perforations
caused by dilation of a gastroenteric anastomosis, or of an an-
tral stricture, or after cystogastrostomy [119].

When iatrogenic perforation is diagnosed during or within
24 hours of endoscopy, endoscopic closure has been associated
with good patient outcome. If the perforation is recognized la-
ter than 24 hours the outcome of endoscopic management

could be worsened and surgery may be required, as shown in a
large series after ESD [120].

A series including 38 patients with perforations initially
treated nonsurgically showed that the majority of patients did
not present with clinical signs of peritonitis nor require inter-
ventions beyond conservative management, whereas only 7
(18 %) required surgery [121]. The only factors associated with
failure of nonsurgical treatment were free fluid or contrast
extravasation on CT scan (75% vs. 23%, P<0.005; and 33 % vs.
0%, P=0.047; respectively). The morbidity in patients requiring
surgery after initial nonsurgical management was equivalent to
that observed in patients who underwent direct surgical man-
agement (63 % vs. 61 %, not significant). However, mortality ap-
peared to be greater in those who underwent surgery after
failed endoscopic treatment than in those who underwent ini-
tial surgical management (43 % vs. 21%, P=0.09). Late recogni-
tion of gastric iatrogenic perforation with septic symptoms is
generally associated with peritonitis due to leakage of intra-
abdominal fluid. These patients generally require surgical
management.

Endoscopic treatment for small gastric defects
(£10mm)

In the case of iatrogenic perforations smaller than 10 mm (the
opening width of TTS clips) with a linear shape, endoscopic clip-
ping is an acceptable method and should be attempted [113].
Sometimes, clip placement may be difficult because of the lo-
cation of the perforation. In such cases, the recently described
band ligation technique could be an interesting alternative
[118]. In the literature there are only a few publications on
acute endoscopic iatrogenic perforation of the stomach, re-
porting a total of 145 patients treated with TTS clips [122]. In
detail, 8 studies have been reported on acute iatrogenic per-
forations after EMR or ESD procedures and all were treated
using TTS clips. Pooling these studies, the overall success rate
of TTS clips was >99% (Table 1s, available online-only in Sup-
plementary Material). The limitation of T0mm in the size of
the defect could be reconsidered with both the improvement
of TTS clips (jaw distance reaching 16mm) and better
knowledge of the closure of mucosal defects after POEM and
EMR/ESD.

Endoscopic treatment for large gastric defects
(>10mm)

In the case of defects measuring 10-30mm, the OTS clipping
system has been the most evaluated technique and has already
demonstrated its efficacy in clinical studies for the manage-
ment of postoperative leaks or fistulas [123 -126]. Regarding
acute gastric iatrogenic perforation, many relevant publica-
tions have highlighted the efficacy of OTS clips (Table2s) [36,
37,115-117,123 -128] with an overall success rate of 88 %. All
these experimental and clinical studies recommend OTS clips
for the management of gastric defects between 10 and 30 mm
in diameter, with or without the use of grasping devices. In a
single-center study assessing the role of OTS clips in 233 pa-
tients during routine endoscopic practice, the efficacy for clo-
sure of acute perforations was 90.3% (65/72 cases), with 24%
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of them being gastric perforations [127]. An abovementioned
review including 280 cases concluded that the overall efficacy
of OTS clipping for iatrogenic perforation was 81% [36]. When
the omentum is visible through the defect, the omental patch
technique may be recommended [113,114], especially if the
defect is very large (Table 3s). In the case of OTS clipping una-
vailability, the combined technique using TTS clips plus endo-
loop can be recommended [128,129]. A recent review asses-
sing the results for OTS clipping over 9 years in 1517 cases,
found clinical success of 84.7% in 351 cases of iatrogenic per-
foration [37]. The efficacy for gastric perforation was restricted
to defects of size <40mm, and OTS clip deployment was
contraindicated in cases of stenosis. In some cases, the OTS
clipping system was efficient in delayed-onset perforation
[37]. The use of the new suturing devices must be restricted to
expert centers and/or the setting of clinical trials.

Endoscopic management should be avoided in cases of diag-
nosis delayed >24 hours or of clinical features suggestive of in-
fection. In cases of late recognition (nonintraoperatively), a CT
scan should first be performed to search for peritoneal effusion.
In cases of peritoneal effusion, surgical management is strongly
recommended. If no peritoneal effusion could be demonstrat-
ed and if the patient does not present signs of infection, an
attempt at endoscopic closure could be performed with a close
follow-up.

Periampullary and biliopancreatic
ductal perforation

RECOMMENDATION

ESGE suggests that endoscopic retrograde cholangiopan-
creatography (ERCP) in the setting of a papillary lesion, a
dilated common bile duct, or sphincter of Oddi dysfunc-
tion, or when the ERCP involves sphincterotomy, precut
sphincterotomy, or biliary stricture dilation, should be
considered to carry increased risk for iatrogenic per-
foration.

ERCP may cause perforation in different locations, as recog-
nized in the Stapfer classification which includes four categories
of decreasing severity (Table4s) [130]. A systematic survey of
21 prospective studies (16 855 patients) reported ERCP-related
duodenal or biliary perforations in 0.60% of patients (95 %Cl
0.48%-0.72%) and a perforation-related mortality rate of
9.90% (95%Cl 3.96%-15.84%) [131]. An identical perforation
rate of 0.6 % has been reported in a more recent systematic re-
view (12 retrospective studies, 42374 patients) [132].

Excluding Stapfer type | perforations, which are included in
the next section (Duodenal and small-bowel perforation), the
following risk factors for ERCP-related perforation have been
identified in a retrospective study (33 perforations): sphinc-
terotomy (OR 9.0, 95%Cl 3.2-28.1), biliary stricture dilation
(OR 7.2, 95%Cl 1.84-28.11), dilated common bile duct (OR
4.07, 95%Cl 1.63-10.18), sphincter of Oddi dysfunction (OR

3.8,95%Cl 1.4-11.0), and long procedure duration (OR 1.021,
95%Cl 1.006-1.036) [133]. The presence of a papillary lesion
necessitating endoscopic papillectomy (OR 18.0, P<0.01) and
the performance of a precut (OR 3.0, P=0.04) were independent
risk factors in another study (37 perforations) [134].

RECOMMENDATION

ESGE suggests nonsurgical management in the majority
of ERCP-related periampullary or biliopancreatic ductal
iatrogenic perforations. The indications for surgery in-
clude a major contrast medium leak, severe sepsis de-
spite nonsurgical management, severe peritonitis, and
fluid collections or unsolved problems (e.g., retained
hardware) that cannot be solved by nonsurgical means.

A majority of patients with ERCP-related perforations can be
managed nonsurgically but they need to be carefully selected,
therefore a therapeutic algorithm is proposed according to the
Stapfer type of the perforation (Fig.1s).

Stapfer type Il perforations communicate with the retroper-
itoneal space which is more contained than the intra-abdominal
space. When a Stapfer type Il perforation is identified during
ERCP, the endoscopist should attempt to cover the perforation
and to direct away the bile flow from the perforation site by
providing endoscopic biliary drainage [135]. The two relatively
large studies that have compared nasobiliary drainage versus
FCSEMS insertion have reported better results with FCSEMS in
terms of pain (P=0.005), length of hospital stay (P=0.053) and
absence of retroperitoneal abscess formation (P=0.018) [135,
136] (Table5s). Emergency surgery is indicated only in rare
cases where a major contrast leakage is insufficiently sealed.
Patients with a delay in the detection of a Stapfer type Il per-
foration who were clinically stable have successfully undergone
repeat ERCP to insert a biliary stent [137-140]. Persisting
retroperitoneal fluid collections that might occur in these pa-
tients can be treated with percutaneous drains [21, 141]. In ad-
dition, endoscopic ultrasound (EUS)-guided drainage of bilo-
mas might be an attractive alternative that enables internal
drainage [142]. Table6s shows that 5% of patients undergo
primary surgery, and that 11% of the patients initially managed
nonsurgically eventually need surgery. Patients who require sal-
vage surgery present a worse prognosis with a mortality rate of
38% [143].

Stapfer type lll perforations should initially be managed con-
servatively as nonsurgical management is successful in 95% of
patients (Table7s). These perforations can be difficult to de-
tect but if a substantial extravasation of contrast medium from
the biliary or pancreatic duct is detected during ERCP, decom-
pression of the perforated duct using an FCSEMS or a plastic
stent should be considered [130, 144, 145]. Stapfer type Ill per-
forations have a good prognosis [143].
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Treatment measures

Local treatment aims to close the perforation (Stapfer types |

and Il) and/or to divert bile from the perforation (Stapfer types

Il'and I1I), awaiting spontaneous wound healing.

= TTS clips may be used for Stapfer types | and Il perforations;
limitations relate to the size of the defect, its location that
may require a tangential approach, and the duodenoscope
elevator that may hinder the deployment of TTS clips. To
help resolve these issues, multiple TTS clips may be used,
possibly delivered using a cap-fitted endoscope with an axial
view [146]; duodenoscope-friendly TTS clips are another
option currently under evaluation [147]. Another option for
large defects is to combine TTS clips with endoloops
according to different techniques, using a single-channel
[148] or double-channel endoscope [149].

= Temporary biliary drainage has been used to divert bile from
the perforation (Stapfer types Il and Ill perforations), by
means of plastic stents, FCSEMS, and nasobiliary drains. For
type Il perforation, this can be used alone or combined with
perforation closure.

Regional treatment consists in draining collections. This can
be performed through percutaneous access or during surgery,
which also allows evacuation of debris. More recently EUS-
guided drainage has also been proposed [150].

General measures include hospital admission and administra-
tion of broad spectrum antibiotics. The majority of patients re-
ported in the literature were treated with a nil-per-mouth strat-
egy that was regularly combined with a nasogastric or nasoduo-
denal tube (with suction) and proton pump inhibitors (PPIs),
aiming to minimize the fluid load upon the perforation site. No
available studies have addressed the benefit of gastric/duode-
nal tube suction and PPIs as compared to a nil-per-mouth strat-
egy, so that such a treatment regimen is advised on the basis of
theoretical considerations. If the perforation has been success-
fully closed by means of endoscopy or surgery, oral intake can
be reinitiated. Parenteral nutrition has been advised for pa-
tients expected to be without enteral intake for long periods
or who are severely malnourished [46].

If endoscopic treatment of the iatrogenic perforation is like-
ly to have been successful, it may be important to complete the
intended procedure [151]. Patients in whom the primary pro-
cedure is not completed may have a worse clinical course and
increased mortality mainly due to uncontrolled cholangitis
[152].

When primary endoscopic closure has been successful, re-
gardless of the type of perforation, approximately 90% of pa-
tients recover without the need for surgery (Tables 5s-7s).
However, publication biases towards positive outcomes prob-
ably contribute to an unduly favorable estimate.

General indications that warrant surgery include major con-
trast medium leak, unsolved problems (e. g. perforation during
endoscopic treatment of an ampullary tumor) [134], severe
peritonitis, severe sepsis despite nonsurgical management, or
retroperitoneal fluid collections not amenable to percutaneous

or EUS-quided drainage [1, 48,153 -156]. Clinical signs such as
fever, tachycardia, guarding, or leukocytosis are suggestive
that conservative measures are failing and emergency surgery
is indicated [47-49]. Nevertheless, the clinical condition of
the patient might deteriorate only when full-blown peritonitis
has already developed. This means that relying on clinical con-
dition may lead to delayed surgery, which has been associated
with increased morbidity and mortality [157, 158].

Surgical options include primary repair of the defect, ab-
dominal washout, drain placement, and duodenal diversion
[132]. No prospective comparative studies between surgical
approaches are available, and the most suitable technique de-
pends on the size and location of the defect and the time from
perforation to surgery, as well as the underlying condition and
current clinical condition of the patient; this implies that a case-
by-case strategy to determine operative modality should be
adopted.

Duodenal and small-bowel iatrogenic
perforation

RECOMMENDATION

ESGE suggests that risk factors for nonperiampullary
duodenal iatrogenic perforation include ERCP in patients
with Billroth Il reconstruction, EMR, and particularly ESD.
Risk factors for jejunoileal iatrogenic perforation related
to enteroscopy include stricture dilation or patients hav-
ing altered anatomy or having inflammatory bowel dis-
ease being treated with steroids.

Duodenal perforations

At ERCP, duodenal perforations caused by the duodenoscope
are classified as type | according to Stapfer et al. [130]). A re-
cent systematic review of ERCP-related iatrogenic perforations
found that type | was the second most frequent type (overall
incidence of 0.12%, with 54 perforations in a total of 305 per-
forations among 42 374 procedures [0.7 %]) [132]. Billroth Il re-
section and a procedure described as “difficult” are the main
risk factors for duodenal perforation during ERCP [134, 159 -
161]. In a retrospective series of 165 patients with a Billroth Il
gastrectomy, 1.8 % of patients experienced the adverse event
of perforation [162]. A more recent retrospective study showed
that, in patients with Billroth Il reconstruction, loop-shaped in-
sertion of the endoscope is a risk factor for perforation (P=
0.01) [163].

Duodenal EMR and ESD may cause duodenal perforation. In
a meta-analysis (7 studies, 203 patients), duodenal ESD was
associated with intraoperative and delayed perforation in 15%
and 2% of the patients, respectively [164]. This is remarkably
higher than for ESD performed in the stomach or the colon
[165]. Duodenal ESD carries a higher risk of perforation than
duodenal EMR (16.2% vs. 2.3% in a recent series of 150 pa-
tients, P=0.001) [166], but ESD is performed only for specific
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indications, and novel techniques are being developed to de-
crease this risk [167]. The relatively high risk of delayed perfora-
tion is probably due to the thinness of the duodenal wall, cou-
pled with proteolysis or chemical irritation by pancreatic en-
zymes and bile juice. Overall, EMR seems to be safer than ESD
in the duodenum [168, 169].

Jejunal and ileal perforations

In obese patients with a Roux-en-Y gastric bypass, the dilation
of gastrojejunal anastomotic strictures has been reported to
be associated with perforation in 1.6%-10% of patients
[170-174].

Small-bowel perforation during enteroscopy has been re-
ported for all techniques. With respect to double-balloon en-
teroscopy (DBE), a perforation incidence of 0.1%-0.4% has
been reported in three studies with a total of >33 000 proce-
dures; factors associated with perforation included polypecto-
my, altered surgical anatomy, and patients’ having inflamma-
tory bowel disease (IBD) that was being treated with steroids
[175-177]. Fewer data are available for single-balloon entero-
scopy, but perforation has been reported that was associated
with dilation of a radiation stricture [178] and with altered sur-
gical anatomy [179]. With respect to spiral enteroscopy, per-
foration has been reported in 0.34% of 1750 patients in a pro-
spective study [180]; it has been associated with low operator
experience [180] and surgically altered anatomy [181,182].
Finally, there have been case reports on capsule endoscopy in
patients with obstructive small-bowel cancer or Crohn’s disease
leading to retention and perforation [183-186].

Mortality rates for duodenal and jejunal/
ileal iatrogenic perforations

latrogenic duodenal perforation has been a feared complica-
tion with a high mortality rate compared to jejunalfileal iatro-
genic perforation. Avgerinos et al. [157] found in a retrospec-
tive review of 15 cases of duodenal iatrogenic perforation that
mortality dramatically increases with late (>24 hours) surgical
management. The overall mortality rate was 20% and similar
high mortality rates have been reported in several cohorts (Ta-
ble8s). However, there is a clear tendency for a shorter hospi-
tal stay in the cohorts treated endoscopically [146,187-190].
The difference between mortality rates after iatrogenic per-
foration in the duodenum and in the jejunum/ileum is probably
explained by differences in surgical procedures combined with
a greater systemic response to leak of duodenal contents.

Treatment: small bowel

RECOMMENDATION

ESGE recommends endoscopic treatment of duodenal ia-
trogenic perforation if this is recognized immediately or
early (<12 hours) after the procedure. In the case of
failed endoscopic treatment, the patient requires im-
mediate surgery. If the duodenal iatrogenic perforation
is diagnosed late (>12 hours), management should be
surgical in the case of contrast medium extravasation at
CT scan and/or deterioration of the patient’s condition.
If the patient is clinically well, without contrast medium
extravasation, the patient may be treated conservatively.

RECOMMENDATION

ESGE suggests that jejunal and ileal iatrogenic perfora-
tion should be treated endoscopically when recognized
immediately, and surgically in the case of failed endo-
scopic closure or postprocedural recognition of perfora-
tion with intraperitoneal leak of air and fluids.

Nonperiampullary duodenal perforations: treatment

Stapfer type | perforations are detected during the procedure
in the majority of cases (Table8s). Recently, successful endo-
scopic closure techniques in an increasing proportion of cases
have decreased the need for emergency surgery. If the defect
cannot be sealed or if the patient deteriorates with a standing
endoscopic closure, then emergency surgical repair is indica-
ted. If the iatrogenic perforation is diagnosed several hours
after the endoscopy and the patient shows symptoms of gener-
alized peritonitis and/or sepsis, the only option is surgery [132].
Percutaneous drainage of collections with no major contrast
leak or solid debris is a reasonable alternative for patients in
whom endoscopic closure was not possible and who are consid-
ered unfit for surgery [21,191].

The surgical approach depends on the intraoperative find-
ings. However, the morbidity and mortality of surgical repair is
high (Table8s) and therefore immediate endoscopic closure
should be the first choice for treatment.

Techniques for endoscopic closure

Clips have been used to close Stapfer type | perforations in the
majority of cases (Table8s). For large perforations, a combina-
tion of an endoloop and TTS clips can enable successful closure
[149,190], although TTS clips alone may be sufficient [189,
192]. Recently, OTS clips have been used for perforations of up
to 20mm in diameter, using two clips in some cases [193 -
199]. In a retrospective series, the introduction of the use of
OTS clipping at one center was followed by a reduction in sur-
gery for gastrointestinal iatrogenic perforation from 62.5% to
12.5% [200]. The use of covered and semi-covered SEMSs is
currently evolving as a treatment option in upper Gl perfora-
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tions [201] and could be a possible tool in the future manage-
ment of iatrogenic perforation. The increased feasibility of
endoscopic closure of Stapfer type I perforations accounts for
some of the changes in management algorithms recommen-
ded for ERCP-related perforations [144]. However, the real-
world success of endoscopic closure is difficult to estimate be-
cause of publication bias.

Jejunal and ileal perforations: treatment

In the jejunum and ileum, endoscopic closure is only an option
if the perforation is recognized immediately [192, 198], as
endoscopic reintervention can entail renewed risk and it may
be difficult to locate the site of perforation. If endoscopic clo-
sure fails, ink-marking the site of perforation should be consid-
ered in order to facilitate the subsequent surgical procedure.
Surgical treatment of iatrogenic perforation in the jejunum
and ileum requires primary suture of the perforation or a small
resection and primary anastomosis.

Colorectal iatrogenic perforations

RECOMMENDATION

ESGE suggests that complex EMR, ESD and balloon dila-
tion procedures should be considered to carry increased
risk of colorectal iatrogenic perforation. Older age, co-
morbidity, inflammatory colonic disease, and endos-
copist inexperience are other significant risk factors for
iatrogenic perforation at colonoscopy.

Risk factors include female gender (presumably related to
pelvic adhesions), major comorbidities, and older age (asso-
ciated with weakened colonic wall tissues) [202-206]. Risk
may also be increased in patients with IBD. In one case-con-
trol study, the rate of perforation was 18.91 per 10000 and
2.50 per 10 000 procedures for IBD and non-IBD endoscopy,
respectively [207]. Patients with IBD taking systemic corticos-
teroids were at a higher risk of perforation-associated compli-
cations [207]. Colonoscopic surveillance however, for long-
standing extensive ulcerative colitis has proved to be safe
with no significant complications when biopsies are obtained
with caution [208]. The risk of iatrogenic perforation appears
to be operator-dependent; non-gastroenterologist endos-
copists and endoscopists performing at volumes in the lowest
quintile (<141 procedures annually, median 63) being asso-
ciated with an increased risk [204,209]. The use of anesthesia
assistance to achieve deep sedation with propofol during colo-
noscopy has previously been associated with increased risk of
iatrogenic perforation, with one study reporting the risk to be
26% higher among those undergoing polypectomy with no
such association in nonpolypectomy cases [210]. In a more re-
cent large population-based cohort study, use of propofol was
not associated with a significantly increased risk of perforation
[211].

The sigmoid colon and the rectosigmoid junction are the
most common sites of iatrogenic perforation during a diagnos-
tic procedure, because of direct mechanical injury via shearing
forces applied by the shaft or tip of the colonoscope during in-
sertion [19,212,213]. Pericolonic adhesions (from previous gy-
necological surgery or abdominal inflammation) and severe di-
verticular disease may increase the risk of perforation, particu-
larly when large-caliber instruments and excessive force are
used [214,215]. Traumatic antimesenteric tears of the colonic
wall are less common elsewhere but can occur at the flexures
because of excessive tip force or in the rectum during retroflex-
ion [216]. Cecal perforation can also occur because of barotrau-
ma, particularly if gas is introduced above an area of stenosis
[217]; barotrauma is probably less likely when CO2 is used com-
pared to air, as the former is absorbed more quickly [40].

latrogenic perforation has been reported in 0.03%-0.8% of
diagnostic colonoscopies and flexible sigmoidoscopies, in both
the symptomatic and screening settings [215,218 -220]. Ther-
apeutic colonoscopy, carries a small but significant risk of iatro-
genic perforation, particularly following advanced polypecto-
my. However, high risk procedures such as endoscopic balloon
dilation, applied to treat Crohn’s strictures, may be associated
with iatrogenic perforation rates up to 3% [221,222]. latro-
genic perforation is related to colonic stent placement [223].
The perforation risk in colorectal stenting has been reported
as 7.4 % in one meta-analysis [224]. Most perforations occurred
in the first week after stent placement. Stent design, benign
etiology, and concomitant bevacizumab therapy were identi-
fied as risk factors [224]. The British Society of Gastroenterolo-
gy (BSG) audit of colonoscopy demonstrated that the risk of
perforation at diagnostic examinations was 1:923 compared
with 1:460 following polypectomy [225]. The largest prospec-
tive study, the Munich Polypectomy Study, reported a risk of
1.1% for colorectal perforation from 3976 snare polypectom-
ies. Major complications were more common where polyps
were over 20 mm in size or located in the right colon. Most per-
foration events were delayed [226].

There is substantial heterogeneity among studies reporting
iatrogenic perforation rate after EMR, because of differences in
perforation definition, polyp size, polyp morphology, and cen-
ter experience. Two recent meta-analyses report pooled rates
of 0.9% and 1.1%[227,228]. The perforation rate for colorectal
ESD is higher, ranging from 4 % to 10 %, with lower complication
rates reported from high volume centers [165,227,228]. Pre-
dictive risk factors include endoscopist experience (<50 ESDs),
tumor size, and presence of submucosal fibrosis [229,230]. Ab-
dominal CT is the most sensitive examination for detecting gas
or liquid leaks [24]; water-soluble contrast enema per rectum is
seldom used to detect concealed perforation.
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Treatment: colorectum

RECOMMENDATION

ESGE recommends the use of TTS clips for iatrogenic per-
foration <10mm and consideration of the use of the OTS
clip for defects >10mm. Adequate colon preparation is
an important factor when contemplating endoscopic
treatment of iatrogenic perforation. All patients treated
conservatively should be watched closely by a multidisci-
plinary team in the post-procedure period. Larger iatro-
genic perforations or patients with failed closure or dete-
riorating clinical condition may require immediate surgi-
cal repair.

Air or gas entry into the peritoneal cavity is a hallmark of ia-
trogenic perforation but does not necessarily cause infective
peritonitis unless leakage of luminal contents occurs. Urgent
endoscopic intervention with clip placement and the use of
CO2 may limit the volume of extraluminal insufflation and sub-
sequently the need for surgery [231,232].

When there is no evidence of intraperitoneal contamination
by fecal contents, free air may either resolve spontaneously
within a week or progress to compartment syndrome [233]. In
the latter case, a tension pneumoperitoneum develops that re-
quires an immediate release of trapped intraperitoneal air. On
the other hand, if fecal contents are present then the optimal
management is surgery.

The decision to attempt endoscopic closure of an iatrogenic
perforation depends on multiple factors including the size and
the cause of the perforation, the endoscopist’s experience, and
the accessories available at the time. With immediate endo-
scopic closure of the defect, superficial apposition of the muco-
sa and submucosal layers seems sufficient to obtain adequate
wound healing at the perforation site and to achieve a good
nonsurgical outcome [234]. In the largest retrospective obser-
vational case series in Europe describing post-perforation out-
comes, endoclips were successfully used to close perforations
in 83.3% of cases where the perforation was visualized by the
endoscopist [215].

The recognition of colorectal wall tears may be immediate
at the time of the procedure or can be delayed for up to 3
days [17,18]. After all endoscopic resections, careful inspec-
tion of the mucosal defect should be performed. The Sydney
deep mural injury (DMI) classification, derived from outcomes
of 911 lesions 220mm treated by EMR, describes the full
breadth of bowel wall injury, ranging from muscularis propria
exposure to full-thickness transection and observed contami-
nation (Table9s) [235].

The risk of perforation following a type 1 DMI is thought to
be low and prophylactic treatment with clips is generally not re-
quired. Clip placement in cases of type 2 injury is recommen-
ded to reduce the risk of delayed perforation. The “target
sign” is an easily recognized endoscopic sign of partial- or full-
thickness muscularis propria resection (DMI types 3, 4, and 5)

during the post-polypectomy examination of the resected
polyp specimen. This is characterized by a white to grey circle
of resected muscularis propria on the transected undersurface
of the specimen surrounded by blue-stained submucosa from
the injection solution [236]. In one study of 445 patients with
polyps >20mm, all ten patients with histologically confirmed
muscularis propria resection were identified intraprocedurally
by a target sign and were satisfactorily treated with TTS clips
with no requirement for subsequent surgery [44]. Type 4 and
5 DMls correspond to complete transection of the muscle layer
and should be closed to avoid extension of the injury or extra-
luminal fecal contamination.

In some circumstances, it may be appropriate to complete
polyp resection adjacent to the perforation prior to clip applica-
tion, particularly if the defect is small and bowel preparation
good. Clearance of polyp close to the perforation may assist ap-
position of the muscle layer. During TTS clip closure, luminal
gas insufflation should be minimized to reduce wall tension
and the defect should be orientated to the antigravity position
to reduce the risk of peritoneal contamination whilst maintain-
ing adequate visualization. It may be helpful to place a tattoo at
a safe distance from the perforation, whether closed or not, to
aid location of the site should subsequent surgery be required.

Early endoscopic closure of an iatrogenic perforation smaller
than 20 mm using either TTS or OTS clips is likely to be effective,
with overall technical and clinical success rates, respectively, of
93% and 89% [38,237,238]. Electrocautery injury may induce
colorectal perforations which are amenable to both TTS and
OTS clipping, in particular during ESD where there is a high
risk of microperforation [125, 239]. It has been reported that
TTS clipping is more effective for closure of therapeutic per-
forations that are less than 10 mm than for diagnostic perfora-
tions, where defects have an irregular edge and may be largerin
size [240,241].

Recent systematic reviews based mainly on case series, re-
port that the OTS clipping system is also a safe, easy to handle,
and efficacious method to treat both diagnostic and therapeu-
tic colorectal perforations [242-244]. Band ligation has been
reported as a salvage therapy after failed clipping [245]. In
one small study, a novel purse-string suture technique was suc-
cessfully used to close perforations developed during diagnos-
tic colonoscopy, using a dual-channel endoscope with an endo-
loop and clips, without complications or subsequent surgery
[246]. Endoscopic closure of perforations using suturing devi-
ces may also be effective, with promising results in a small ret-
rospective study, but requires endoscope exchange and rein-
sertion, thereby risking extraluminal contamination [247].

Occasionally, a perforation is diagnosed post-procedurally
and if preparation is still adequate (within 4 hours after the pro-
cedure) endoscopic therapy may also be considered (Fig.2s).
Concomitant administration of intravenous fluids, broad spec-
trum antibiotics, and close monitoring of vital signs are always
recommended in each suspected or diagnosed colorectal per-
foration, to prevent and monitor possible clinical deterioration.

A clear indication for surgery is a complicated or failed endo-
scopic closure with an ongoing leak that causes feculent perito-
nitis [248]. Minimally invasive laparoscopic treatment of
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perforations has become the preferred surgical option and is
now widely accepted and practiced [50]. Preliminary data dem-
onstrated that the laparoscopic approach resulted in decreased
morbidity and length of hospital stay as well as reduced abdom-
inal wall scarring [249].

Disclaimer

ESGE position statements represent a consensus of best prac-
tice based on the available evidence at the time of preparation.
They may not apply to all situations and should be interpreted
in the setting of specific clinical situations and resource avail-
ability. They are intended to be an educational tool to provide
information that may support endoscopists in providing care
to patients. They are not rules and should not be utilized to es-
tablish a legal standard of care.
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