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Abstract

Background The therapeutic methods of iatrogenic colon

perforation have not been performed despite the increasing

rates of successful management by endoscopic clip closure.

This study aimed to analyze the efficacy and complications

of endoscopic clip closure and to identify the risk factors

associated with the need for early surgery to avoid more

invasive surgical interventions and adverse complica-

tions after endoscopic clip closure for iatrogenic colon

perforation.

Methods A retrospective multicenter review of the clini-

cal course experienced by 32 patients with iatrogenic colon

perforation who were treated using immediate endoscopic

clip closure between January 2005 and December 2009 was

performed.

Results The technical success rate for endoscopic clip

closure was 91% (29/32). After endoscopic clip closure, 22

patients (76%) required medical treatment for colon per-

foration, and seven patients (24%) had surgical treatment.

Of the 22 patients who had only endoscopic clip closure, 17

(59%) had a favorable clinical course. Five patients had a

long hospital stay with complication including abscess

formation (three cases). Four patients underwent early

surgery within 24 h, and laparoscopic simple closure was

possible. But for three patients with surgery delayed more

than 48 h, open laparotomy with colon resection including

diversion were required. The risk factors associated with

the need for early surgical treatment within 24 h after

endoscopic clip closure were a large perforation [odds ratio

(OR), 9.25; 95% confidence interval (CI), 1.85–46.20],

leukocytosis (OR 6.58; 95% CI 1.86–23.29), fever (OR

5.05; 95% CI 1.05–24.28), severe abdominal pain (OR

4.30; 95% CI 1.17–15.83), and a large amount of peritoneal

free air (OR 4.05; 95% CI 1.40–11.71).

Conclusion The endoscopic clip closure procedure can

significantly reduce the frequency of surgery among

patients with iatrogenic colon perforations. However, the

decision for surgery must be made early after endoscopic

clip closure to prevent adverse complications for patients

with higher risk factors.
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Colonoscopy is an essential tool for both diagnosis and

therapy of colon lesions. Iatrogenic perforation of the colon

is a rare but serious feared complication. The frequency of

perforation after colonoscopy is estimated to be 0.03–0.9%

for diagnostic colonoscopy and 0.15–3% for therapeutic

colonoscopy [1–5]. Because the indications for endoscopic

resection of precancerous and malignant lesions have been

expanded recently with advances in therapeutic colonos-

copy such as endoscopic submucosal dissection (ESD), the

frequency of colon perforation associated with therapeutic
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colonoscopy is increasing [5]. Colon perforation can pro-

gress rapidly to peritonitis and sepsis, with significant

morbidity and mortality. Thus, colon perforations must be

treated immediately, and all colonoscopists must be fully

aware of treatment methods that prevent colon perforation.

The site of colon perforation must be closed immedi-

ately and completely to prevent related complications.

Traditionally, surgery has been the standard treatment.

Recently, endoscopic clip closure has become popular

as a noninvasive method for closing the site of iatrogenic

colon perforation with clean bowel preparation [3, 6].

However, the efficacy and complications of endoscopic

clip closure for iatrogenic colon perforation have not been

fully elucidated. For some patients with endoscopic clip

closure, the development of peritonitis has followed a slow

progression with ambiguous symptoms even when the

endoscopic clip closure was not complete. In such cases, it

is difficult to make a decision about additional surgery, and

the inadequate prolonged medical treatment may cause

complications such as relapsing peritonitis, abscess, and

fistula formation.

For cases with delayed surgical treatment, more invasive

surgery including open colon resection with diversion may

become inevitable. For cases of iatrogenic colon perfora-

tion, medical or surgical treatment should be chosen based

on such factors as the patient’s general condition, the

leakage of contaminants, the size and location of the per-

foration, the residual lesions, and the clinical symptoms

after the perforation.

The prompt and effective choice of a therapeutic method

may prevent both unnecessary and more invasive surgery,

including colon resection with diversion due to inadequate

prolonged medical treatment after endoscopic clip closure

in patients with iatrogenic colon perforation. This study

aimed to analyze the efficacy and complications associated

with endoscopic clip closure for iatrogenic colon perfora-

tion and to identify the predictors indicating the need of

early surgery so that invasive surgical treatment and severe

complications can be avoided.

Patients and methods

A retrospective multicenter review of patients with iatro-

genic colon perforations was performed at three hospitals

in Gwangju province, the Republic of South Korea from

January 2005 to December 2009. The patients included in

this study had colon perforation confirmed by peritoneal

free air detected by plain chest or abdominal X-rays after

endoscopic clip closure. The criteria for exclusion from the

study specified cases that had suspected perforation with

endoscopic clip closure but no peritoneal free air detected

by X-ray, colon perforation caused by the underlying

disease such as a malignant obstruction or colon divertic-

ulum, and patients with delayed perforation.

A skilled endoscopist performed endoscopic clip closure

at the perforation site immediately. If the colonoscope was

difficult to handle during closure of the lesion by clipping,

a hood or thin upper endoscope was used. The mean

number of endoscopic clips used was 7.4 (range, 1–14).

After the endoscopic clip closure for colon perforation,

the patient fasted and was treated with antibiotics. The

patient also was monitored for the presence of peritonitis in

consultation with a colon surgeon.

Decompression of the pneumoperitoneum by percuta-

neous needle aspiration was attempted for patients who

reported severe abdominal distension. The signs and

symptoms of peritonitis and sepsis were evaluated through

review of symptoms, physical examination, blood testing,

and abdominal computed tomography (CT). If clinical

aggravation was observed, the patient proceeded to surgery

immediately based on the clinician’s judgment. For the

surgery, a laparoscopic procedure was used where possible.

Simple closure or colon resection with diversion was per-

formed depending on the severity of the peritonitis and the

degree of colon inflammation.

A large perforation was defined as 10 mm or larger, and

a small perforation was defined as smaller than 10 mm. A

favorable prognosis after treatment of the colon perforation

was defined as complete resolution of the perforation

without complications and a hospital stay shorter than

2 weeks. An unfavorable prognosis was defined as the

development of complications and a hospital stay of

2 weeks or longer.

The amount of peritoneal free air was estimated by

measuring the distance between the right diaphragm and

the upper margin of the liver using plain chest X-ray. If the

distance was 3 cm or longer, the amount of free air was

considered large.

If abdominal pain could be controlled with antispas-

modic or non-narcotic analgesic medications, it was con-

sidered mild pain. If it was aggravated or required the use

of narcotic analgesic medications on two occasions or

more, the pain was considered severe.

The clinical characteristics were analyzed according to

the outcome of endoscopic clip closure in terms of perfo-

ration size, perforation site, degree of bowel preparation,

and clinical data including abdominal pain, abdominal

distention, physical examination findings, blood testing

over 24 h, and hospital length of stay. For patients who had

surgical treatment, the elapsed time from colon perforation

to surgery was investigated.

Statistical analysis used SPSS version 15.0 (SPSS Inc.,

Chicago, IL, USA). Nominal variables were analyzed using

chi-square testing, and the Student’s t-test was used to

analyze continuous variables. The risk factors for early
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surgery were analyzed by Cox regression analysis. Statis-

tical significance was accepted as a P value less than 0.05.

Results

Incidence and clinical characteristics

During 4 years at three hospitals, 51,738 patients under-

went colonoscopy, with colon perforation occurring in 32

(0.06%) cases. During 43,115 diagnostic colonoscopy

procedures, 13 colon perforations (0.03%) occurred.

Endoscopic mucosal resection (EMR) was performed in

8,623 cases, 19 (0.2%) of which resulted in colon perfo-

ration. A snare was used in 8,275 EMRs, which resulted in

eight cases (0.1%) of colon perforation. The endoscopic

knife was used in 348 ESDs, with colon perforation

occurring in 11 cases (3%). From these patients, 29 who

had endoscopic clip closure immediately after the colon

perforation were enrolled in this study (Fig. 1). Of these 29

patients, 16 (55%) were men and 13 (45%) were women.

The mean age of the patients was 58.1 ± 9.9 years. The

site of perforation was the sigmoid colon in 13 cases

(45%), the rectum in six cases (21%), the transverse colon

in six cases (21%), the splenic flexure in two cases (7%),

the hepatic flexure in one case (3%), and the ascending

colon in one case (3%). In all cases, the perforation was

large for the diagnostic colonoscopy procedures and small

for the therapeutic colonoscopy procedures. The pathology

of the polyp was low-grade dysplasia in eight cases, high-

grade dysplasia in six cases, and mucosal cancer in five

cases. The polyp size was smaller than 10 mm in two

cases, 11 to 20 mm in seven cases, 21 to 30 mm in seven

cases, and 30 mm or larger in three cases. The shape of the

polyp was semipedunculated in six cases, sessile in five

cases, and laterally spreading tumor in eight cases.

Clinical symptoms in 24 h

The frequency of severe abdominal pain was significantly

greater for the patients who had a diagnostic perforation

(70%) than for the patients who had a therapeutic perfo-

ration (32%) (P = 0.048). A large amount of peritoneal

free air was found in ten cases (100%) among the diag-

nostic perforation patients and in ten cases (45%) among

the patients with therapeutic perforations (P = 0.009).

Among the diagnostic perforation patients, one patient had

a high fever (C38�C), and three patients had a mild fever

(37–38�C). No patient had a leukocyte count increased to

more than 15,000/mm3 within 24 h after perforation. Eight

diagnostic perforation patients (80%) and six therapeutic

perforation patients (32%) showed a mild increase reaching

10,000–15,000/mm3 (P = 0.013).

Efficacy and complication of endoscopic clip closure

The technical success rate for initial endoscopic clip clo-

sure was 91% (29/32). Of the 29 patients, 22 (76%) had

continued medical treatment after endoscopic clip closure

for colon perforation, and 7 (24%) had surgical treatment.

Four diagnostic perforation patients (40%) and three ther-

apeutic perforation patients (16%) received surgical treat-

ment. A favorable course after endoscopic clip closure was

experienced by 17 patients (59%). Five patients had a long

hospital stay of 2 weeks or longer, including three patients

with abscess formation. The mean hospital stay was

Fig. 1 Patient flow chart of

initial endoscopic clip closure

for iatrogenic colon perforation
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7.7 ± 3.0 days for favorable cases and 28.3 ± 14.4 days

for cases with complications.

Four of the patients who required surgery had a simple

laparoscopic closure, and three patients had an open lapa-

rotomy with colon resection and diversion. The elapsed

time from colon perforation to surgery was less than 24 h

in four cases, 52 h in one case, 76 h in one case, and 120 h

in one case. For all the patients who had early surgery

within 24 h, laparoscopic simple closure was possible.

However, for the patients whose surgery was delayed more

than 48 h, open laparotomy with colon resection and

diversion was required due to the development of perito-

nitis and edema of the colon at the site of perforation. The

mean hospital stay was 6.8 ± 0.9 days for the patients with

laparoscopic simple closure, whereas the stay was 22, 25,

and 120 days for the patients who required colon resection

and diversion (Table 1).

Risk factors for consideration of early surgical

treatment after colon perforation

Of the 29 patients, 12 (41%) had failed or unfavorable

clinical outcomes after endoscopic clip closure including

the patients who underwent surgery (seven patients) and

those who required a long hospital stay (five patients).

After endoscopic clip closure for iatrogenic colon perfo-

ration, a decision about surgery should be made as soon as

possible to avoid colon resection with diversion and to

enable the use of less invasive laparoscopic simple closure

procedures where possible. The risk factors for considering

early surgical treatment within 24 h after colon perforation

were large perforation [odds ratio (OR), 9.25; 95% confi-

dence interval (CI), 1.85–46.20], leukocytosis (OR 6.58;

95% CI 1.86–23.29), fever (OR 5.05; 95% CI 1.05–24.28),

severe abdominal pain (OR 4.30; 95% CI 1.17–15.83), and

a large amount of peritoneal free air (OR 4.05; 95% CI

1.40–11.71) (Table 2; Fig. 2).

Discussion

Iatrogenic colon perforation is the most feared complica-

tion among colonoscopists. Recently, with expansion of the

indications for EMR, an endoscopic knife often is used to

resect neoplastic lesions of the colon, in addition to the

conventional snaring [7, 8]. The frequency of colon per-

foration has increased with the introduction of ESD for

early colon cancer and flat or depressed lesions that cannot

be removed properly using conventional snaring [7, 8].

The frequency of colon perforation caused by ESD

varies according to the pattern of colonic lesion or the

colonoscopist’s skill and is known to be approximately 5%

(1.4–10%) [5, 8–11]. In the current study, colon perforation

occurred for 8 (0.1%) of 8,275 patients who received EMR

using snaring and for 11 (3%) of 348 patients who had

lesion removal using endoscopic knives. This shows that

Table 1 Clinical outcomes after endoscopic clip closure in patients with iatrogenic colon perforation

Colon perforation P value

Total n (29, %) Diagnosis n (10, %) Therapeutic n (19, %)

Success rate for endoscopic clip closure 22 (76) 6 (60) 16 (84) 0.148

Favorable course after endoscopic clip closure 17 (59) 2 (20) 15 (79) 0.002

No. of hemoclips 7.4 ± 3.5 9.1 ± 2.8 6.6 ± 3.6 0.601

Abscess formation 3 (10) 3 (30) 0 (0) 0.012

Hospital stay (days) 0.000

Complication (-) 7.7 ± 3.0 11.0 7.5 ± 3.0

Complication (?) 28.3 ± 14.4 27.8 ± 16.0 31

Patients treated with surgery 7 4 3

Type of operation 0.659

Laparoscopic primary closure 4 (57) 2 (50) 2 (67)

Segmental resection with colostomy 3 (43) 2 (50) 1 (23)

Time to operation (h) 0.646

B24 4 (57) 2 (50) 2 (67)

24–72 1 (14) 1 (25) 0 (0)

[72 2 (29) 1 (25) 1 (23)

Hospital stay (days) 0.129

Laparoscopic primary closure 6.8 ± 0.9 7.5 ± 0.7 6.0 ± 0

Segmental resection with colostomy 55.7 ± 32.2 23.5 ± 2.1 120
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the most common cause of colon perforation is the endo-

scopic knife in advanced therapeutic colonoscopy centers.

The clinical symptoms of iatrogenic colon perforation

are variable. Depending on the cause, size, and site of the

perforation, the patient may experience no pain, a sudden

onset local instantaneous pain only, severe crampy pain, or

abdominal distention [12, 13]. If a small perforation

occurred by the snaring or the endoscopic knife used in

polypectomy, the patient have only local pain or no

symptoms. It is important to recognize the presence of

perforation during therapeutic colonoscopy [5]. Moreover,

a perforation must be distinguished from the so-called

‘‘pseudoperforation,’’ which appears as a localized hole

caused by different incision depths within the swollen

submucosal layer by use of the endoscopic knife or snaring.

The treatment of a patient with a colon perforation

requires rapid assessment of risk and treatment options.

Surgical procedures include simple closure, resection with

primary anastomosis, and resection with diversion (stoma)

based on the presence of colon inflammation, the severity

of peritonitis, and the presence of residual lesions.

Recently, less invasive laparoscopic surgery is used more

Table 2 Clinical risk factors within 24 h that predict an unfavorable clinical course after endoscopic clip closure in patients with iatrogenic

colon perforation

OR 95% CI P value

Diagnostic or large perforation 9.25 1.85–46.20 0.007

Leukocytosis ([10,000/mm3) 6.58 1.86–23.29 0.003

Fever (C37�C) 5.05 1.05–24.28 0.043

Severe abdominal pain 4.30 1.17–15.83 0.028

Large amount of free air in peritoneal cavity (C3 cm) 4.05 1.40–11.71 0.010

OR odds ratio, CI confidence interval

Fig. 2 The difference in clinical courses between patients with large

and small colon perforations. (A) Endoscopic photograph showing

large colon perforation during screen colonoscopy. (B) Initial endo-

scopic clip repair of perforation site. (C) Chest X-ray showing a large

amount of peritoneal free air. The patient experienced complete

recovery after early laparoscopic primary repair. (D) Endoscopic

photograph showing a small colon perforation during endoscopic

submucosal dissection (arrow). (E) Initial endoscopic clip repair for

perforation. (F) Chest X-ray showing a small amount of peritoneal

free air. The patient experienced complete recovery without surgery
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frequently than the more traditional open laparotomy

approach.

When treatment is delayed after perforation, colon

inflammation or peritonitis around the site of perforation

may worsen, requiring more invasive surgery and intensive

medical management. Thus, a surgical decision should be

made as early as possible within 24 h after a colon perfo-

ration [14]. For low-risk patients such as those with good

colon preparation and a small perforation, medical treat-

ment alone with endoscopic clip closure, fasting, and

antibiotics might be adequate [4, 15, 16]. Even if the per-

foration is larger than 10 mm, it can be sutured using clips

from the edge of the perforation. If the endoscopic view or

handling of the scope is too difficult for endoscopic clip-

ping of the perforation, a hood or a thin upper endoscope

may be preferred.

In this study, the technical success rate for endoscopic

clip closure was 91% (29 patients) among the 32 patients

with colon perforations. The rates of successful endoscopic

clip closure without the need for surgery have increased for

patients with iatrogenic colon perforation.

Endoscopic clip closure, however, has its limitations and

problems for the treatment of colon perforation. First,

complete closure of the perforation site after endoscopic

clip closure is difficult to evaluate. If endoscopic clip

closure is incomplete or the clips detach early, minor

leakage can develop, and this may delay the appearance of

the symptoms associated with peritonitis. In such cases, the

symptoms may not be clear-cut, and it may be difficult to

make a decision about surgery. The surgery may be

delayed beyond the optimal period. Three cases in this

study had delayed surgery after endoscopic closure, and as

a result, aggressive surgical treatment including colon

resection with diversion had to be performed.

Second, delayed complications such as peritoneal

abscess formation can develop because of extraluminal

contaminants or intermittent minor leakage. In this study,

peritoneal abscess formation developed in three (50%) of

six patients who underwent continuous medical treatment

after endoscopic clip closure for a large perforation.

Third, procedure-related adverse events can develop. If

the procedure time for endoscopic clip closure is prolonged

and the air supply increases, these factors can aggravate

abdominal distention and may increase the risk of perito-

neal infection.

Fourth, if laparoscopic surgery is performed after

endoscopic clipping, laparoscopic closure can interfere

with attachment to multiple clips at the perforation site.

Prompt endoscopic clip closure should be considered a

noninvasive method that can be used to avoid surgery for

patients with iatrogenic colon perforation. In this study, 22

(76%) of the 29 patients were recovered with medical

treatment only. However, the five patients who had a long

hospital stay of more than 2 weeks included three patients

who experienced a peritoneal abscess. For four of the seven

patients who underwent surgery after endoscopic clip clo-

sure, a simple laparoscopic closure was performed within

24 h after the perforations, and they all were discharged

from the hospital within 1 week with no complications.

However, the three patients who underwent delayed sur-

gery (after [48 h) had colon resection with diversion. In

addition, they had a long hospital stay, and a second

reconstruction surgery was required.

The decision to perform surgery should be made promptly

within 24 h after colon perforation. The high-risk clinical

factors also should be determined within 24 h. The high-risk

factors identified in this study included a large perforation

(10 mm or larger or perforation by the scope), leukocytosis,

fever, severe abdominal pain, and a large volume of peri-

toneal free gas within 24 h after colon perforation.

In conclusion, the endoscopic clip closure procedure

could significantly reduce the frequency of surgery among

patients with iatrogenic perforation of the colon. However,

an early decision about further surgery after endoscopic

clip closure is needed to prevent adverse outcomes for

patients at high risk for complications.
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