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Endoscopic Management of Iatrogenic Colon Perforation

Yunho Jung
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Colon perforations are difficult to resolve because they occur unexpectedly and infrequently. If the clinician is unprepared or lacks
training in dealing with perforations, the clinical prognosis will be affected, which can lead to legal issues. We describe here the proper
approach to the management of perforations, including deciding on endoscopic or surgical treatment, selection of endoscopic devices,
endoscopic closure procedures, and general management of perforations that occur during diagnostic or therapeutic colonoscopy. Clin
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INTRODUCTION

The risk of complications associated with diagnostic and
therapeutic colonoscopies is increasing because of the focus
on the prevention, early diagnosis, and treatment of colorectal
cancer, as well as the expansion of the indications for endo-
scopic resection of precancerous and malignant lesions. A
colon perforation is defined as a full-thickness tissue defect
involving all four layers (mucosa, submucosa, muscularis
propria, and serosa) of the colon wall and resulting in pneu-
moperitoneum. The size of the perforation is estimated on the
basis of the length of the hemoclip when the hemoclip jaws
are fully opened.' Perforation is one of the most common
complications that can occur unexpectedly during diagnostic
and therapeutic colonoscopies. Colon perforation is rare but
important because there is a high possibility of peritonitis
caused by fecal materials, which can be life-threatening or
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associated with mortality if appropriate treatment is delayed.’
According to a meta-analysis of studies on perforation from
2001 to 2015, the pooled prevalence rates of perforation and
mortality were 0.5 in 1,000 (95% confidence interval [CI], 0.4
0.7) and 2.9 in 100,000 (95% CI, 1.1-5.5) colonoscopies. Colo-
noscopy with polypectomy was associated with a perforation
rate of 0.8 in 1,000 (95% CI, 0.6-1.0).” The rates of immediate
and delayed perforation were 4.2% (95% CI, 3.5%-5.0%) and
0.22% (95% CI, 0.11%-0.46%), respectively, in a meta-analysis
of 13,833 cases of colorectal endoscopic submucosal dissection
(ESD) from 1998 to 2014.*

The mechanisms of perforation associated with colonosco-
py are as follows: (1) direct mechanical trauma caused by the
forward movement of the tip of the colonoscope, (2) lateral
pressure against the bowel wall caused by bowing of a loop
of the scope, (3) passage of the endoscope through areas of
pathology (e.g., strictures, tumors, and diverticula), (4) baro-
trauma caused by excessive air insufflation, and (5) application
of electrosurgical current during therapeutic procedures (e.g.,
polypectomy and ESD)."** Resolution of perforations requires
a multidisciplinary approach, in which surgical treatment is
the basic principle. However, under appropriate circumstances
and indications, endoscopic closure of perforations is possible
and may result in better outcomes than those of surgical treat-
ment. Thus, we review the factors that should be considered
before deciding on endoscopic treatment, as well as the endo-
scopic closure techniques and prediction of post-procedure
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prognosis after iatrogenic colon perforation.

CHARACTERISTICS AND RISK FACTORS
OF COLON PERFORATIONS

The sigmoid colon is the most common site of perforation
and is the location of 51%-53% of perforations that occur
during a diagnostic colonoscopy.™ This is not only because
the sigmoid colon is the most tortuous and challenging sec-
tion, but also because it is a common location of peduncu-
lated polyps, diverticula, and postoperative adhesions. Rectal
perforation often occurs when retroflexion is performed,
and the cecum is the most common site of perforation from
barotrauma, typically in the setting of difficult colonoscopy
and overinflation.” Owing to its thinner mural wall, the right
colon is at an increased risk of perforation during therapeutic
procedures such as polypectomy.

The reported risk factors for diagnostic colonoscopy-asso-
ciated perforations are the presence of multiple comorbidities,
bowel obstruction, advanced age, female sex, and diverticu-
losis.” During a therapeutic colonoscopy, a lateral spreading
or nonpolypoid morphology, polyp location in the cecum or
right colon, a nonlifting polyp after submucosal injection ow-
ing to submucosal fibrosis or deep layer involvement, polyps
>1 cm in size, and multiple polyps are risk factors for perfora-
tion.”"* Sometimes, the dissected muscularis propria appears
as a white to gray central circular disc in the cross section of
the specimen, and the target is surrounded by a web of blue-
stained submersible connective tissue (after the injection),
which is called a “target sign” because it resembles a target.
The identification of a target sign after endoscopic mucosal re-
section on the underside of the specimen and a mirror target
at the resection site is potentially indicative of full-thickness
resection (perforation) and should be promptly treated with
endoscopic closure (Fig. 1).”

Diagnostic colonoscopy-associated perforations are rela-

tively large and have a greater likelihood of requiring surgery
than therapeutic colonoscopy-associated perforations. The
mean size of the perforation (19.3+12.8 mm vs. 5.8+2.9 mm,
p=0.01) and the frequencies of the peritoneal irritation sign
(61.5% vs. 24.0%, p=0.035) and emergency surgery (53.8%
vs. 8.0%, p=0.003) are significantly higher for diagnostic
colonoscopy-associated perforations than for therapeutic
colonoscopy-associated perforations. Irrespective of whether
hemoclipping is performed, the probability of improvement
after conservative treatment (92.0% vs. 46.2%, p=0.003) is
significantly higher for therapeutic colonoscopy-associated
perforations than for diagnostic colonoscopy-associated per-
forations."

SYMPTOMS AND DIAGNOSIS

The symptoms of colon perforation (e.g., no pain, localized
instantaneous pain, and severe cramp-like pain with disten-
sion of the abdomen) differ according to the cause, size, and
site of the perforation.™'® Most (94%) patients with colon
perforation develop abdominal pain, and the most frequent
sign is tachycardia (54%), followed by guarding and rebound
tenderness, abdominal distention, leukocytosis, fever, and
hypotension. However, 6% of colon perforations are asymp-
tomatic.” The time to the diagnosis of colon perforation is <24
h in about 75% of patients and <96 h in about 98%.” However,
caution is needed because colon perforation is diagnosed after
>2 weeks in some cases.”

Colon perforation can be diagnosed in various ways, such
as the identification of a mucosal defect during a colonoscopy
and detection (on plain radiography) of pneumoperitoneum

caused by free air in the peritoneal cavity, retroperitoneal
space, mesentery, or ligaments of organs.15 Computed tomog-
raphy (CT) of the abdomen and pelvis is the most useful di-
agnostic tool for colon perforations, and has great accuracy in
detecting small amounts of free air and fluid in the peritoneal

s »,

Fig. 1. (A) A7-mm sessile polyp was resected using a snare. (B) A perforation was observed at the site of polypectomy. (C) Mirror target sign of the specimen.

30



cavity. In addition, one of the important advantages of CT is

that it has a high probability of finding the perforation site."®

BASIC PRINCIPLES OF PERFORATION
MANAGEMENT

Approach is dependent on expertise

A novice endoscopist should stop air insufflation when an
iatrogenic perforation occurs during an endoscopic proce-
dure, and the supervisor or an expert endoscopist should be
contacted as soon as possible. Intraluminal fluid should be
suctioned out as much as possible and the position of the pa-
tient should be changed so that the perforation site is opposite
to gravity, to prevent the leakage of fluid or fecal content. The
supervisor or expert endoscopist should decide carefully and
promptly whether to observe, perform endoscopic closure, or
perform surgery."”

Surgical versus endoscopic management

The decision of endoscopic closure should be made taking
into account the quality of bowel preparation; time to diagno-
sis; comorbidities; clinical stability and symptoms; and endo-
scopic factors such as the available devices, endoscopist exper-
tise, and type and size of the perforation."”* The European
Society of Gastrointestinal Endoscopy guidelines recommend
considering endoscopic closure if the bowel is clean within
4 h of colon perforation.” Fujishiro et al.”* stated that there
are four criteria for closing an acute iatrogenic perforation
with metallic clips: (1) the perforation must be <1 cm; (2) the
gastrointestinal (GI) tract must be as clean as possible; (3) the
procedure must be conducted by an expert endoscopist; and
(4) there should be no deterioration of clinical symptoms or
laboratory indices, which should be monitored by an experi-
enced surgeon.

Unlike therapeutic colonoscopy-associated perforations, di-
agnostic colonoscopy-associated perforations are often caused
by excessive manipulation of the colonoscope by an inexpe-

Table 1. Endoscopic Closure Methods according to Perforation Size
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rienced endoscopist. Because such perforations are usually
large, caution is required when deciding whether to perform
surgery.

General management

Immediately after the recognition of an iatrogenic perfo-
ration, a check for tension pneumoperitoneum should be
performed and, if present, it should be immediately decom-
pressed with wide-bore needle puncture.”” Concomitant ad-
ministration of intravenous fluids, broad-spectrum antibiot-
ics, and close clinical monitoring by a multidisciplinary team
of intensive care physicians, endoscopists, and surgeons are
needed.

ENDOSCOPIC MANAGEMENT OF
COLON PERFORATION

If a perforation is to be closed using an endoscopic method,
carbon dioxide endoscopic insufflation should be initiated
where possible. The endoscopic closure devices should be se-
lected according to the location, type, and size of the iatrogen-
ic perforation (Table 1).

Through-the-scope clips

Endoscopic closure of an iatrogenic perforation with metal-
lic clips after snare excision was first described by Binmoeller
et al.” in 1993. Through-the-scope clips (TTSCs) are used for
endoscopic mechanical hemostasis and, since the late 1990s,
for endoscopic closure of perforations. Several types of TTSC
are available, including Resolution Clip (Boston Scientific Inc.,
Natick, MA, USA), Instinct Clip (Cook Medical Inc., Bloom-
ington, IN, USA), and Quick Clip (Olympus America Inc.,
Center Valley, PA, USA).

Endoclips create mucosal and submucosal apposition,
whereas apposition of the muscularis propria and serosa is not
possible because of the superficial bite of the clips. In animal
models, superficial apposition of the colonic wall is sufficient

Size of perforation Endoscopic closure methods consideration
First Second Third
<l cm Hemoclips OTSC Band ligation
(cheap, easy to get, immediate use) (difficult location)
1-2cm Hemoclips or OTSC Endoloop-clip
2-3 cm Endoloop-clip OTSC
>3 cm Consider surgery

OTSC, over-the-scope clip.
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to obtain adequate healing of the perforation.* Moreover,
clinical studies have demonstrated the appropriateness of

perforation closure with TTSCs."**

In a recent meta-analysis,
the success rate of endoscopic closure of colon perforations
was 83.8% (212 of 253). However, most cases of perforations
occurred during therapeutic colonoscopy and most of the
perforations were small.””

The following are technical tips for the use of TTSCs for
iatrogenic perforations:”* (1) Position the wide-open clip
across the defect at a 90° angle. (2) Fix the clip arms on the
tissue surrounding the defect. (3) Slowly apply the endoclips
with proper approximation to prevent slippage on the grasped
tissue. (4) Place additional clips sequentially from one direc-
tion to the other, particularly for large perforations (top to
bottom for linear perforations and left to right for circular
perforations are recommended after satisfactory application
of the first clip). (5) Apply hemoclips until the perforation is
sealed. (6) Suction and decompress the lumen before with-
drawing the endoscope (Fig. 2).

If the first clip is incorrectly applied and interferes with the
application of the next clip, removal of the first clip should
be considered. However, it should be noted that the perfo-
ration can sometimes increase in size because of tearing of
tissue during removal. Transparent caps have the advantages
of reducing the amount of insufflated gas, anchoring the en-
doscope during the application of clips, and facilitating the
approach to a difficult position, which can be useful in the
management of perforations.

If perforation occurs during a therapeutic procedure, such
as ESD, immediate closure of the perforation with endoscopic
clips can interfere with the complete removal of the lesion.

Unless the perforation is large enough to require surgery, a
position change and suction are recommended to prevent the
leakage of fluid or fecal content. If an additional submucosal
dissection is required for making space for submucosal dis-
section or snaring after hemoclipping, it should be performed
as soon as possible. The lesion can be removed using hybrid
ESD” or endoscopic piecemeal resection before or after apply-
ing the hemoclips (Fig. 3).

Over-the-scope clips

The over-the-scope clip (OTSC) system (Ovesco Endosco-
py AG, Tiibingen, Germany) is composed of a super-elastic
and shape-memory alloy (nitinol) and is designed to achieve
full-thickness closure with teeth arranged in the shape of a
bear trap. The nitinol clip is mounted on a clear distal cap at
the end of the endoscope and is deployed by turning a wheel.
In animal models, reliable full-thickness closure of defects of
about 30 mm was achieved using this device.”**” The OTSC
produces more durable closure than standard endoclips™
because of its ability to grasp more tissue, include the entire
thickness of the visceral wall, and apply a greater compressive
force.

According to a meta-analysis of the clinical results of OTSC
from 2010 to 2018, the success rate of GI perforation was 85%
(n=351)." OTSC closure of colonic perforations was successful
in 100% of the cases (n=14; colon, 8 cases; rectum, 4 cases)”
and in 92% (12 of 13 cases)™ of colonic perforations associated
with polypectomy.

Very small perforations can be closed using an OTSC after
suction without the aid of accessory devices to enable perfo-
ration sealing. Bidirectional grasping forceps (twin grasper;

Fig. 2. (A) A6-mm penetrating perforation occurred in the sigmoid colon during a diagnostic colonoscopy. (B) Successful closure of the perforation with hemoclips.
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Ovesco Endoscopy, Tiibingen, Germany) are useful for ap-
proximation of both edges of a defect. The closure process
with OTSCs is as follows™: (1) Grasp one of the lateral edges
of the perforation using one arm of the twin grasper. (2)
Grasp the opposing edge of the perforation with the second
arm of the OTSC twin grasper to bring the two sides of the
perforation into contact. (3) Pull the re-apposed tissue into
the OTSC cap and maintain enough suction to aspirate the
tissue surrounding the perforation into the cap. (4) Release the
OTSC by turning a wheel on the shaft of the endoscope like
in the endoscopic band-ligation technique (Fig. 4).

Band-ligation technique

A small perforation at a position where it is difficult to
use an endoscopic clip can be closed using the band-ligation
method. There have been few reports on the use of band liga-
tion for colon perforations; however, the technique was useful
in a clinical case,™ as well as in pig” (100% of six cases) and
dog™ (100% of seven cases) models.

When using the band-ligation technique, it is important to
maintain adequate distance between the perforation site and
the endoscopic banding cap so that the surrounding tissues,
including the perforation site, are sufficiently sucked into the
banding cap before deploying the band; a “pink or red out

Jung Y. Endoscopic Management of Colon Perforation

sign” indicates sufficiency in this regard (Fig. 5). However, be-
cause of the limited size of the endoscopic cap, it is indicated
only for small perforations.”

Endoloop-clips technique

The combined use of TTSCs and an endoloop is one of the
methods that can be attempted if an OTSC device is unavail-
able when a >20-mm colon perforation, which is difficult to
close with hemoclips, occurs.” A >3-cm oval rectal perfora-
tion™ and six cases of 2-cm colon perforations™ were reported
to be successfully closed using this combination technique.

The endoloop-clips technique is performed as follows: (1)
Place an endoloop through one channel around the perforat-
ed tissue using a double-channel endoscope. (2) Apply several
hemoclips through the other channel to fix the endoloop and
surrounding perforated tissues. (3) Tighten the endoloop to
close or reduce the perforation. (4) Completely close any re-
maining defect using additional hemoclips with or without an
endoloop (Fig. 6).

Self-expendable metal stents
Self-expandable metal stents (SEMSs) are indicated for per-
forations such as Boerhaave's syndrome and iatrogenic perfo-

ration and GI tract leaks (e.g., fistula) after bariatric surgery, as

Fig. 3. (A) A 2-cm nodular mixed-type lateral spreading tumor in the rectosigmoid colon. (B) A 4-mm perforation occurred during an endoscopic submucosal dissec-
tion (ESD). (C) After further dissection of the submucosal layer, hemoclips were applied to the perforation and the circumferential incision was completed. (D) The

lesion was removed using the hybrid ESD technique.

Fig. 4. (A) One of the lateral edges of the defect was grasped using one arm of the twin grasper. (B) The other edge of the defect was grasped using the second arm
of the twin grasper. (C) The re-apposed tissue was pulled into the over-the-scope clip (OTSC) cap. (D) The OTSC was released by turning a wheel on the shaft of the
endoscope.
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Fig. 5. (A) An approximately 7-mm perforation in the intestine. (B) The surrounding perforated tissues and the perforation were suctioned sufficiently into the banding
cap until a “pink or red out sign” was observed. (C) The iatrogenic perforation was successfully closed using the band-ligation method (Adapted from Jung'®).

Fig. 6. (A) The endoloop was placed around the perforated tissue through one channel of a double-channel endoscope. (B) Several hemoclips were applied through
the other channel to fix the endoloop and surrounding perforated tissues. (C) The endoloop was tightened to close or reduce the perforation. (D) Complete closure of
the perforation was achieved (Adapted from Jung™).

well as for other postoperative fistulae.”**” SEMSs are mostly
employed in the upper GI tract and are particularly useful for
large esophageal perforations.” There are few reports on the
use of SEMSs for colon perforations. A fully covered SEMS
was successfully used to close an iatrogenic perforation during
dilatation of a colonic anastomotic stricture.” Use of a fully
covered SEMS may be considered for colon perforations with
a stricture.

POST-ENDOSCOPY MANAGEMENT

Broad-spectrum intravenous antibiotics and bowel rest are
important after endoluminal closure of a perforation. The
patient should be closely monitored in collaboration with the
surgeon for signs of peritoneal irritation, to prevent clinical
deterioration.””

The risk factors associated with the need for surgery within
24 h of endoscopic clip closure are a large perforation (odds
ratio [OR], 9.25; 95% CI, 1.85-46.20), severe abdominal pain
(OR, 4.30; 95% CI, 1.17-15.83), fever (OR, 5.05; 95% CI, 1.05-
24.28), leukocytosis (OR, 6.58; 95% CI, 1.86-23.29), and a large
amount of peritoneal free air (OR, 4.05; 95% CI, 1.40-11.71)."
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In addition, endoscopic clipping followed by diffuse perito-
neal symptoms is a major risk factor for surgery.” Early rec-
ognition of a perforation and immediate closure to decrease
the likelihood of bacterial contamination are associated with a
satisfactory outcome. If the clinical condition deteriorates be-
cause of contamination, early surgical consultation should be
suggested. Oral food intake can be resumed after the resolu-
tion of pain and fever, return of appetite and bowel function,
and normalization of laboratory signs of inflammation (e.g.,
leukocytosis and an elevated C-reactive protein level).”

Endoscopic clip closure of colon perforations has several
limitations. First, evaluation of the closure of the perforation
after endoscopic clip closure is difficult. Second, delayed
complications (e.g., peritoneal abscess) can develop because
of extraluminal contaminants or intermittent minor leakage.
Third, procedure-related adverse events can occur. A pro-
longed procedure time and an increase in the air supply can
aggravate abdominal distention and increase the risk of peri-
toneal infection. Fourth, laparoscopic closure after endoscopic
clipping can interfere with the attachment of multiple clips at
the perforation site.”

The instrument used for OTSC or band ligation should
be equipped with a clip or band on the cap, and the en-



doloop-clips technique should be performed using a dou-
ble-channel endoscope. For these reasons, the colonoscope
should be withdrawn and re-inserted, which limits the
approach to perforations of the right colon. However, these
methods are feasible because most large perforations during
diagnostic colonoscopy occur in the sigmoid colon.

CONCLUSIONS

Endoscopic closure of iatrogenic colon perforations can
prevent hospitalization and unnecessary surgery. However, the
decision to perform endoscopic closure, as well as the method
used, should take into consideration the patient’s condition,
bowel preparation quality, time to diagnosis, available devices,
endoscopist expertise, and type and size of the perforation.
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