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The Endoscopic Treatment of latrogenic
Gastrointestinal Perforation

Arthur Schmidt, Karl-Hermann Fuchs, Karel Caca, Armin Kullmer, Alexander Meining

SUMMARY

Background: latrogenic gastrointestinal perforation is a life-threatening
complication that arises very rarely in routine endoscopic procedures, with an
incidence of 0.03-0.8%. It is more likely in highly complex and invasive thera-
peutic interventions. In certain situations, endoscopic closure of the perforation
and treatment with antibiotics can obviate the need for emergency surgical
repair.

Methods: This review is based on pertinent articles retrieved by a selective
literature search in PubMed and on a relevant position paper.

Results: Existing clinical studies of treatment for iatrogenic gastrointestinal
perforation are mainly retrospective and uncontrolled. No randomized and con-
trolled trials have been performed to date. If the perforation is discovered soon
after it arises, endoscopic treatment can be considered. Gastrointestinal
perforations that are less than 30 mm in size can be closed with a clip. In the
esophagus, expanding metal stents can be used as well. Clip application is
successful in 80-100% of cases of gastrointestinal perforation, and the per-
foration remains permanently closed in 60-100% of cases. Reports on the en-
doscopic treatment of esophageal perforation show mixed results, with closure
rates of roughly 90% and clinical success rates of roughly 80%. If endoscopic

treatment is not possible, timely laparoscopic or open surgical repair is needed.

Conclusion: The endoscopic treatment of iatrogenic perforations is safe and
reliable. Success depends on early detection, adequate endoscopic closure
with properly mastered technique, and the early initiation of concomitant anti-
biotic treatment, which must be continued for a full course. Most patients who
are treated in this way do not need emergency surgery.
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I atrogenic perforation of a hollow organ after diag-
nostic or therapeutic gastrointestinal endoscopic
procedures is a rare but potentially life-threatening
complication. The absolute incidence of iatrogenic
perforation is assumed to increase worldwide (1, 2).
The reason appears to be the more frequent use of
colonoscopy screening and the more widespread use of
interventional endoscopic techniques, such as endo-
scopic mucosal resection or endoscopic submucosal
dissection. Both interventions are recommended in the
guidelines to treat early neoplasia (3, 4).

In Germany, approximately 4.4 million screening
colonoscopies were performed between 2003 and 2012
(5). The incidence of iatrogenic perforation during
solely diagnostic endoscopic procedures is low; for
diagnostic colonoscopy/sigmoidoscopy, it is in the
range of 0.03 to 0.8% (1, 6, 7). While iatrogenic perfo-
ration occurs in approximately 1 in 3000 solely diag-
nostic colonoscopies, the risk of perforation grows with
increasing extent of the intervention (8). An almost
linear relationship between polyp size in the colon and
risk of perforation after endoscopic resection has been
reported (9). The Munich Polypectomy Study found
polypectomy-related perforations in altogether 1.1% of
cases; for sessile lesions in the right colon, the inci-
dence increased to 11.7% (9). In more recent studies,
perforation rates for colorectal adenomas >20 mm,
which were removed by means of endoscopic mucosal
resection (EMR), were considerably lower (0.003% to
1.3%) (10, 11). Likewise, the risk of complications in-
creases with the complexity of the intervention. With
the introduction of the endoscopic submucosal dissec-
tion (ESD) technique from Japan, the endoscopic treat-
ment of mucosal cancer <2 cm was performed for the
first time as an RO resection in line with the oncological
principals of tumor removal (12). As minimally
invasive procedures matching the effectiveness of
conventional surgical treatment, the new interventional
endoscopic procedures for endoluminal tumor therapy
offer significant benefits (12). However, ESD is techni-
cally demanding and even highly specialized experts in
the field report colorectal perforation rates in the range
of 1.9% to 12% (13-15). Thus, the supposed advantage
of endoscopic treatment must be balanced against the
associated risks. Consequently, new endoscopic inter-
ventions should also provide for an effective
endoscopic complication management. While colonic
perforations, if they are treated in a timely and
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| 304 articles identified |

—>| 5 not available |

| 299 full-text articles available |

6 articles additionally included
(manual search
or from references)

—>| 249 excluded |

56 full-text articles relevant |

Flow chart of the literature search: Selection criteria are discussed in the Methods section.

sufficient manner, are associated with a very low
mortality of 0% to 0.019%, mortality increases to up to
13.2% in perforations of the esophagus which can be
complicated by mediastinitis (16, 17). Based on the
latest literature, this narrative review discusses the new
techniques for closure of perforations against the back-
ground of the increasing use of diagnostic and, above
all, interventional endoscopic procedures.

Methods

This review is based on publications retrieved by a
selective literature search in PubMed for the period
March 2005 to March 2015, using the search terms
“gastrointestinal perforation management*, “endoclips
and gastrointestinal perforation* and “OTSC and gas-
trointestinal perforation“. In addition, new guidelines
and reviews on this topic published in the last two years
have been taken into account. The literature on which
this article is based is limited to perforations related to
esophagogastroduodenoscopy and colonoscopy as the
most commonly performed endoscopic procedures in
the gastrointestinal tract; articles on endoscopic retro-
grade cholangiopancreatography (ERCP)-related per-
foration were not included. Furthermore, relevant data
from animal-experimental studies on clip closure were
analyzed for this review. Case reports were not in-
cluded and clinical case series were only included if
they reported a minimum of 3 cases of iatrogenic per-
foration. Articles on fistula closure and postoperative
anastomotic leak were excluded. A flow chart of the
literature search is depicted in Figure 1.

latrogenic perforation — always surgery?

In many reviews, textbooks and lectures, immediate
surgical intervention is recommended for the treatment
of free perforation related to an endoscopic procedure.
Current teaching does allow conservative management
only in patients with small perforations, contained per-
forations (especially in the esophagus) and perforations
with comparably mild clinical symptoms. However, a

conservative approach requires intensive clinical moni-
toring in close consultation with the gastrointestinal
surgeons in the hospital to ensure that any deterioration
is identified early and can be treated surgically without
delay, if needed. Thus, whilst unfortunate, not every
perforation related to an endoscopic procedure repre-
sents an instance of malpractice, as long as the risk of
perforation was discussed with the patient when the
informed consent was obtained. However, if the perfo-
ration was not noticed or the patient did not receive
treatment according to standard guidelines in time, the
incident may have consequences (18). The point in time
at which the perforation is discovered is crucial for
further management and prognosis (8, 19). Therefore, it
is important to detect any perforation ideally already
during the endoscopic procedure and to document it in
detail (1). Unfortunately, this is not always possible in
clinical practice. In a retrospective study from 2010,
only 68% of cases with perforations after colonoscopy
were detected within 24 hours (20). Therefore, immedi-
ate post-interventional examination and initiation of
further diagnostic investigations are vital if a patient
presents with clinical signs and symptoms indicative of
a perforation, including:

® peritonism

® severe pain in the region of the shoulder or psoas

muscles
® subcutaneous emphysema.

Endoscopic conservative management

General measures

Should a perforation occur, thorough documentation of
location, size and time of the incident is critical (1). If
the perforation is detected immediately or early, endo-
scopic conservative management can be attempted,
subject to perforation size and type and the endoscopic
expertise available. Apart from endoscopic closure of
the defect, drainage of the gastrointestinal content
using a nasogastric or nasoduodenal tube is recom-
mended in patients with gastric or duodenal
perforations (1). If free air and the associated increase
in intraabdominal pressure results in cardiocirculatory
or respiratory problems, decompression should be per-
formed, e.g. by inserting a peripheral intravenous
catheter (16-18) into the abdominal cavity for tempo-
rary relief (1, 21, 22). Pneumothorax typically results
from intrathoracic procedures, such as peroral endo-
scopic myotomy. If the patient develops a tension pneu-
mothorax or respiratory compromise, insertion of a
chest drain may already be required during the endo-
scopic procedure. For therapeutic endoscopic proce-
dures, carbon dioxide (CO,) is the most widely used
insufflation gas. However, if room air was insufflated
during the procedure, it is important to immediately
switch to CO, upon detection of the perforation
because CO, is absorbed significantly more rapidly,
preventing complications of tension pneumothorax and
abdominal compartment syndrome (1, 23). Apart from
these measures, intravenous broad-spectrum antibiotic
therapy should be initiated immediately.
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Figure 2: latrogenic perforation in the upper rectum after endoscopic mucosal resection (EMR) of a flat adenoma.
a) The perforation at the lateral resection margin (arrows) was detected during the intervention.
b) The perforation was sequentially closed using through-the-scope (TTS) clips.

Figure 3: Perforation closure using an over-the-scope (0TS) clip
a) The gastric iatrogenic perforation occurred during an endoscopic submucosal dissection (ESD) procedure.
b) Using an OTS clip, immediate sufficient closure was achieved.

Endoscopic perforation closure/closure techniques

The primary aim of endoscopic perforation closure is to
prevent extraluminal spillage of gastrointestinal con-
tent to avoid potentially life-threatening peritonitis or
mediastinitis. Randomized  animal-experimental
studies showed that mediastinitis or peritonitis can be
prevented by endoscopic closure of the perforation (24,
25). Furthermore, significantly less adhesions were ob-
served after endoscopic closure of colon perforations
compared with open surgery (26.1% vs. 56.5%) (24). A
variety of endoscopic closure techniques are available
which are mostly used regardless of the size of the
perforation. Apart from animal-experimental data, most
of the evidence regarding the effectiveness of the vari-
ous closure techniques is based on retrospective case
series and retrospective studies. So far, no randomized,
controlled clinical trials evaluating these techniques
have been conducted. Being rare incidents creating
emergency situations, iatrogenic  gastrointestinal
perforations are difficult to study in a randomized con-
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trolled setting. Most data are available on the technique
of endoscopic clip closure and in esophageal perfo-
rations on the use of covered stents in addition to clips.
Presently, all other techniques should be considered ex-
perimental, either because of insuffienct availability or
because of insufficient data.

Through-the-scope clips: Standard clips, so-called
through-the-scope (TTS) clips, are applied through the
working channel of the endoscope and can be used for
sequential closure of gastrointestinal perforations
(Figure 2). Pre-requisite for the success of the closure
is sufficient tissue capture at the edges of the perfor-
ation. Here, the limiting factor is the opening width of
the clip jaws. Furthermore, it has to be considered that
these clips anchor on the mucosa and submucosa only,
unlike the typically full-thickness surgical suture. How-
ever, this appears to be sufficient to achieve adequate
wound healing, at least in animal models (26). Thus,
small perforations <10 mm and those with easily
“gatherable” slit-shaped perforation edges in the
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Overview of the literature on perforation closure using over-the-scope clips
Author, year | Study type Number | Location Technical Clinical Follow-up | Size of per-| OTS clip-associated
of pa- success success (WEES) foration complications
tients **
Baron, Retrospective Esophagus (n=1) Clip-related obstruction of
2012 (40) case series Stomach (n=2) lumen of jejunum (n=1)
Jejunum (n=1)
Colon (n=1)
Gubler, Prospective 14 Duodenum (n=2) 93% 78% 4-92 6-30mm | None
2012 (40) case series Stomach (n=3)
Colon (n=9)
Hagel, Retrospective 4 Esophagus (n=2) 50% 0% NI 4-14mm | None
2012 (e1) case series Rectum (n=2)
Kirschniak, Retrospective 4 Stomach (n=1) 100% 100% 1-4 4-8 mm None
2007 (e2) case series Colon (n=3)
Kirschniak, Retrospective | 11 Upper Gl tract (n=7) | 100% 100% 1-4 NI None
2011 (e3) case series Colon (n=4)
Nishiyama, Retrospective | 10 Esophagus (n=1) 100% 90% 1-30 25-50 mm | None
2013 (e4) case series Stomach (n=3)
Duodenum (n=2)
Colon (n=2)
Rectum (n=2)
Sandmann, Retrospective 3 Stomach (n=1) 100% 100% 4-32 NI None
2011 (e5) case series Duodenum (n=1)
Colon (n=1)
Seebach, Retrospective 4 Stomach (n=1) 75% 50% 10-37 NI None
2010 (e6) case series Colon (n=3)
Voermans Prospective, 31 Esophagus (n=4) 92% 89% 4 Upto One esophagus perfora-
2012 (e7) non-controlled Stomach (n=4) 30 mm tion related to OTS clip
study Duodenum (n=11) during insertion
Colon (n=12)
Haito-Chavez = Retrospective | 48 Esophagus (n=10) 97.5% 90% 30 4-11.5mm | None
2014 (e8) multicenter Stomach (n=13)
study Duodenum/small
intestine (n=12)
Colorectum (n=12)
Farnik Retrospective | 15 Upper Gl tract 97.1%* 71%* 38 Upto None
2015 (e10) study 30 mm

In this table, only studies with = 3 patients were included.
*! Perforations only; fistulas or hemorrhages treated with OTS clips during the study were not counted.
2 hased on the total number of patients OTS, over-the-scope; n, number of affected patients; n. s., non-significant; NI, no information

stomach can generally be closed successfully using
standard clips. Success rates of 98 to 99% are reported
in the literature (1, 27). However, these clips are not
suitable for larger gastric wall perforations (1, 28). In
the colon, it is generally easier to close perforations
using standard clips as the colonic wall is thinner than
the wall of the esophagus or stomach. In a retrospective
study by Magdeburg et al., the clinical success rate
after closure of iatrogenic colon perforations using TTS
clips was 83.3% (29). A recent meta-analysis reported
an overall success rate of 90.2% for perforations at
various locations, especially in the stomach and the
colon (30).

Over-the-scope clips: Unlike TTS clips, over-the-
scope (OTS) clips are not applied through the
endoscope’s working channel but with the help of an

application cap mounted onto the endoscope. A
grasping device can be advanced through the free
working channel of the endoscope and used to grasp
and adapt the perforation edges and pull them into the
cap. Then, the nitinol clip is released from the cap using
a string mechanism and grips the pulled-in tissue like a
bear trap (Figure 3).

Compared with the TTS clip, the OTS clip captures
more tissue and closes the deeper tissue layers, too
(31). Furthermore, the perforation can be closed in one
step, translating into time savings compared with the
sequential closure using standard clips (32, 33). Fur-
thermore, OTS clips can close larger perforations
(maximum 2-3 cm), if it is possible to effectively adapt
the edges of the perforation (1). The closure of artifi-
cially created gastrointestinal perforations using OTS
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| Immediate initiation of IV antibiotic therapy |

Y

'
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Delayed/late diagnosis (>24 h) |

'
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No peritonitis/
sepsis
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/

Endoscopic
closure possible

Endoscopic ¢
possible/defect too large

CT: no significant
fluid/air
accumulation

losure not

Endoscopic
closure
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If required

| sufficient | | mnsufficient |

!

Continued IV antibiotic therapy; nil

per os; drainage tube, if required

!

Clinical
monitoring

—

Patient Pertionitis/

stable sepsis

| Surgery |

Conservative treatment

Algorithm for the management of iatrogenic gastrointestinal perforation according to the position statement of the der European Society of Gastrointestinal

Endoscopy (ESGE) from 2014
IV, intravenous; CT, computed tomography

clips has been studied extensively in animal models. A
survival study, using a porcine model, showed a signifi-
cant advantage of OTS clips over standard clips. This
was attributed to the lower rate of leakages with result-
ing peritonitis after closure of artificial gastric wall
perforations with OTS clips (34).

In direct comparison between manually placed
sutures and OTS clips, no significant differences in the
burst pressures of duodenal, gastric and colonic lesions
closed with the two techniques were found in animal
models (35-38). Several mostly retrospective studies
evaluating OTS clips for the closure of iatrogenic
gastrointestinal perforation in a clinical setting are
currently available (39-40; el-e8) (Table). These
studies included between 3 and 48 patients. The
duration of the follow-up periods ranged between 1
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week and 92 weeks and the technical success rates
between 50% and 100%. The wide variation in the
reported clinical success rates can be attributed to the
significant heterogeneity of the patient populations
with regard to size, location and time of diagnosis.

In the so far only prospective, multicenter study,
CLIPPER, altogether 36 patients with iatrogenic gas-
trointestinal perforations <30 mm were included (e7).
The technical and clinical success rates were 92 and
89%, respectively. A systematic review by Weiland et
al. from 2013 compiled and compared data for alto-
gether 17 clinical prospective as well as retrospective
studies published between 2007 and 2013, including
cases of acute anastomotic leaks (€9). The OTS clips
were successful applied in 80% to 100% of cases. The
rates of clinical success—defined as permanent closure
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of the perforation—ranged between 60% and 100%. A
recently published retrospective multicenter study in-
cluded 106 patients with leakages in the upper gastroin-
testinal tract. Of the included patients, 72 were treated
with covered stents (cCSEMS) and 34 with OTS clips.
The group treated with OTS clips included 15 patients
with iatrogenic complications after endoscopy: The
technical success rate was 97.1%, the clinical success
rate 71% (el10).

The authors of another retrospective multicenter
study including 48 patients with iatrogenic perforation
reported comparable data. Here, the long-term clinical
success was even higher (90%) (e8). Based on these
results, gastric and colonic closure using OTS clips was
included in the recommendations of the current
position statement of the European Society of Gastroin-
testinal Endoscopy (ESGE) (1).

Stents

Covered self-expandable metal stents (CSEMS) are an
established option for the treatment of esophageal per-
forations which cannot be closed using clips because of
their size, location or condition (1). The results of
studies evaluating this technique are mixed and the
available evidence primarily consists of non-controlled
data from heterogeneous patient populations (el1, e12).
Nonetheless, cCSEMS appears to be highly effective in
the treatment of esophageal perforation. According to a
recent meta-analysis, the technical and clinical success
rates were 91% and 81%, respectively (e13).

Endoscopic suturing techniques

Endoscopic suturing techniques currently have no de-
fined role in perforation closure. Of all experimentally
tested endoscopic suturing techniques, only instru-
ments developed for endoscopic reflux treatment have
been approved for clinical use. Retrospective studies
have reported the successful use of these systems in
iatrogenic gastric perforations (el4, el5). However,
these devices are not everywhere available and
typically expensive (single-use products). In addition,
their use requires a certain level of experience of the
examining endoscopist.

Endoscopic conservative versus surgical
treatment

With the advent of the new endoscopic closure
techniques, operative surgical treatment, both as open
and laparoscopic procedures, is now less frequently per-
formed. This makes the careful consideration of the most
appropriate procedure increasingly important. Experts in
the field of endoscopy publish best results with the new
endoscopic closure techniques (19) when their experi-
ence puts them in the position to detect the perforation
during the primary therapeutic intervention and when
they have the equipment, the staff and the manual skills
to immediately and competently achieve secure closure
of the perforation. In this situation, it appears justified to
refer to these new developments in the management of
iatrogenic perforations as a paradigm shift.

Ultimately, the risk is with the patient. Therefore, it
is certainly better to establish the safety of the patient
with a competently performed endoscopic closure in-
stead of a more invasive operative surgical procedure
which takes more time, causes more pain and imposes
more restrictions on the patient. On the other hand, it is
definitely a less acceptable approach to leave the
patient exposed to a high-risk situation resulting from
poor endoscopic closure and to delay or complicate sur-
gical treatment. Instead, operative surgical treatment,
ideally using a minimally invasive technique (el6),
should be sought. Left untreated, the tissue at the per-
foration site will undergo inflammatory changes and
soften so that sutures can no longer be firmly anchored
and the chances of a favorable outcome dwindle by the
hour.

Endoscopists performing complex therapeutic
procedures where the risk of perforation is high should
always critically evaluate this risk. According to the
ESGE’s current position statement, decision making
should include a written definition of high-risk
procedures and the implementation of a complication
management algorithm at each center, agreed after in-
terdisciplinary consultation (1). The local resources are
critical because the quality and expertise of the
endoscopic team has a strong impact on both the risk of
perforation and the secure endoscopic perforation clo-
sure. Likewise, the performance and availability of the
gastrointestinal surgeon who treats the perforation
either primarily or after the endoscopic treatment has
failed plays an important role. Another critical factor is
the quality of the monitoring undertaken once the per-
foration has been treated, i.e. the required staff and the
competent assessment of the patient’s condition in
order to not miss the right point in time for operative
surgical or endoscopic revision. If the 24/7 availability
of all listed parameters is assured in a hospital and/or in
an interdisciplinary team, the step towards the para-
digm shift is justified.

Conclusion

The extension of the indication for interventional endo-
scopic treatment which continues to become more and
more invasive goes along with an increased risk of
iatrogenic perforation. Hence, advanced endoscopic
closure techniques and new insights into the conser-
vative management of hollow organ perforation have
started a learning process which has found its way into
the current international recommendations. The
accepted basic principles of endoscopic treatment in-
clude:

® carly detection of perforation

® adequate knowledge of interventional endoscopic

procedures, especially with new techniques such
as the OTS clips

® endoscopy with CO, insufflation.

Last but not least, close cooperation between the dis-
ciplines most involved— gastrointestinal endoscopy
and gastrointestinal surgery—is an indispensable
requirement for the use of endoscopic techniques.
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Open, interdisciplinary discussion of any complication
that may occur is imperative to achieve the best result
in the best interest of the patient. Type, extent, location,
and time of the perforation should be well documented.
Standard operating procedures (SOPs) for the various
situations should be in place to help achieve the best
possible outcome, defined in an interdisciplinary effort.
Based on the current literature and the current
recommendations, we propose the algorithm shown in
Figure 4.
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