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Abstract

Aim Iatrogenic colonic perforation (ICP) is a rare serious complication of colonoscopy, where standard treatment is con-
troversial. This study aimed to characterize diagnostic ICP (DICP) compared to therapeutic ICP (TICP) and determine the
possible indication of endoscopic repair.

Methods We studied patients with ICP over 7 years starting in 2011. Their demographics and data regarding perforation,
treatment, and outcome were investigated by retrospective review of medical records, and the diagnostic and therapeutic
groups were compared.

Results Among 29,882 patients who underwent colonoscopy, ICP was identified in 28 (0.09%: diagnostic, 15/24,758, 0.06%;
therapeutic, 13/5124, 0.25%). A total of 56 patients (33 DICP and 23 TICP) including 28 referred cases were analyzed.
Mean age was 62.3 + 11.4 years, and 24 were men. Perforations occurred mostly in the rectosigmoid region and half were
detected during or immediately after colonoscopy. Endoscopic treatment was successful in 22 cases and 34 required surgery.
Mortality occurred in 4 (7.1%).

Compared to TICP, DICP was more prevalent in females and rectosigmoid region and more frequently detected immediately
(all p<0.05); DICP tended to occur in older patients, be larger and have better chance of endoscopic repair.

Regardless of type of ICP, female predominance, smaller perforation, more frequent immediate detection, and shorter hospital
stay (all p=0.01) were found in the endoscopic repair group.

Conclusion DICP was more frequent in the rectosigmoid area in older women and could be detected immediately. Immediate
detection and small perforation size could be important factors for endoscopic repair. Careful attention and gentle manipula-
tion should be required.
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Colonoscopy is a relatively safe diagnostic or therapeutic
tool for colorectal disease. However, with the increasing

number of procedures performed, colonic perforation is
an almost unavoidable, well-recognized complication of
diagnostic or therapeutic colonoscopy. The frequency of
colonic perforation during diagnostic and therapeutic colo-
noscopy has been reported to be 0.1~0.8% and 0.15~3%
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[1-3], respectively, and the risk increases to 1.9% in elderly
patients [4]. Increasing use of more invasive therapeutic
procedures such as endoscopic mucosal resection (EMR) or
endoscopic submucosal dissection (ESD) increase the risk
of complications.

Despite the rarity of colonic perforation, it is associated
with a high rate of morbidity and mortality. This complica-
tion could lead to operation, stoma formation, intra-abdom-
inal sepsis, prolonged hospital stay, and even death [2, 5, 6].
The standard treatment for iatrogenic colonic perforation
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(ICP) is controversial, because no randomized study has ever
been conducted. Furthermore, the indication, efficacy, and
complications of endoscopic treatment compared to surgical
treatment have not been fully elucidated.

The purpose of this study was to assess the frequency,
clinical characteristics, and management and outcome of
ICP related to diagnostic (DICP) compared to therapeutic
(TICP) colonoscopy, and to determine the possible indica-
tion of endoscopic repair.

Materials and methods
Patients

We studied patients who were admitted to our tertiary Gyeo-
ngsang National University Hospital for management of ICP
that occurred during diagnostic or therapeutic colonoscopy
from January 2011 to December 2017. Cases referred from
secondary or primary clinics were also included. Informed
consent was obtained from all study subjects.

The study protocol was approved by the Institutional
Review Board of Gyeongsang National University Hospital
(IRB Number: 2019-07-022).

Methods

We reviewed retrospectively the medical records of the
study patients with ICP. The patients were classified into
two groups; the diagnostic and therapeutic ICP groups,
DICP and TICP, respectively. We investigated the patients’
demographic data, comorbidity, prior abdominal surgery,
indication of colonoscopy, procedure performed, and the
data regarding perforation including location, size, present-
ing symptom, treatment and outcome, and compared the data
of the two groups. Additionally, we analyzed the character-
istics of the successful endoscopic repair group compared
to the surgical treatment group.

Colonoscopy was classified as diagnostic when mucosal
biopsy with retrieval of specimen using forceps was the only
procedure performed, and it was therapeutic when an endo-
luminal procedure such as polypectomy, EMR, or ESD was
carried out.

Colonic perforation was diagnosed by direct visualization
of extraintestinal structures during colonoscopy, presence of
pneumoperitoneum or retroperitoneal gas with signs of peri-
tonitis after the procedure, and intraoperative findings of a
perforated colon. The perforation size was obtained from the
endoscopic and/or surgical records. Endoscopic repair indi-
cated closure of perforation by hemoclipping or ligation with
an elastic band, while surgical repair included simple clo-
sure or colonic resection with or without ileostomy via lapa-
roscopy or laparotomy. Once perforation was recognized,

immediate intravenous fluids and broad spectrum antibiotics
were administered concurrently with endoscopic or surgical
repair in all patients with ICP.

Statistical analysis

Statistical analysis was performed using SPSS version 19.0.0
(IBM Co., Armonk, NY, USA). The ¢ test, Fisher’s exact test,
and chi-square test were performed as appropriate. p values
less than 0.05 were considered statistically significant.

Results
Frequency of iatrogenic colonic perforation

A total of 56 cases of ICP were identified during 7 years
starting January 2011 and 33 of these were related to diag-
nostic colonoscopy and the other 23 were related to thera-
peutic procedures. Actually, 28 cases of colonic perfora-
tion occurred in 29,882 colonoscopic procedures (24,758
diagnostic and 5124 therapeutic) performed at Gyeongsang
National University Hospital (tertiary center) during the
same period, and the other 28 were referred from a primary
or secondary center (Fig. 1). Therefore, the overall frequency
of ICP was 0.09% (28/29,882), and diagnostic and thera-
peutic colonoscopy-related perforation rates were 0.06%
(15/24,758) and 0.25% (13/5124), respectively (Table 1).

Clinical characteristics of iatrogenic perforation;
DICP vs. TICP

The patients’ mean age was 62.3 +11.4 years and 30 (53.6%)
were males. Among 56 cases with ICP including the referred
cases, 24 (42.9%) had comorbidity and 12 (21.4%) had his-
tory of abdominal surgery. Indication for colonoscopy was
screening purpose (n=34, 60.7%), evaluation for gastroin-
testinal symptoms (n=9, 16.1%), and endoscopic removal
of neoplasm such as polypectomy, EMR, or ESD (n=13,
23.2%). The most common clinical presentation of perfo-
ration was abdominal pain (n=45, 80.4%), followed by
fever, abdominal distension, and bleeding, whereas 4 (7.1%)
patients did not have any symptoms. The most common site
of colonic perforation was the rectosigmoid area (n =36,
64.3%), followed by ascending colon (n=9, 16.1%), trans-
verse colon (n=5, 8.9%), descending colon (n=35, 8.9%),
and cecum (n=1, 1.8%). The median perforation size was
1.00 cm (0.3-7.0 cm). The colonic perforation was detected
during or immediately after the completion of procedure in
28 (50.0%) cases, and within 24 h in 15 (26.8%), while 13
(23.2%) cases were identified after 24 h. Endoscopic treat-
ment was successful in 22 cases (39.4%) without mortality,
but 34 cases (60.7%) required surgical repair. The median
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Fig. 1 Schematic flowchart
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colonic perforation during
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Retrospective review of prospectively collected data from
patients with iatrogenic colonic perforation during
colonoscopy, from January 2011 through December 2017
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Table 1 Nu,mber of Year Number of cases Number of perforations (%)
colonoscopies and the
frequency of iatrogenic colonic Diagnostic Therapeutic Total Diagnostic Therapeutic Total
perforation at Gyeongsang
National University Hospital 2011 3570 624 4194 0 (0.00%) 2(0.32%) 2 (0.05%)
(tertiary hospital) 2012 3610 503 4113 4(0.12%) 1 (0.20%) 5(0.12%)

2013 3458 567 4025 1 (0.03%) 2 (0.35%) 3 (0.07%)

2014 3615 690 4305 3 (0.08%) 2 (0.29%) 5(0.12%)

2015 3639 804 4443 4(0.10%) 3(0.37%) 7 (0.16%)

2016 3326 1116 4442 2 (0.06%) 2 (0.18%) 4 (0.09%)

2017 3540 820 4360 1 (0.03%) 1(0.12%) 2 (0.05%)

Total 24,758 5124 29,882 15 (0.06%) 13 (0.25%) 28 (0.09%)

fasting time was 6.0 days (2-30 days), and the median hos-
pital stay was 13.6 days (2-71 days). 52 (92.9%) patients
recovered, but 4 (7.1%) patients died of colonic perforation-
related or other causes after surgical treatment.

There were 33 (58.9%) cases of DICP and 23 (41.1%)
of TICP. Compared to the TICP group, the DICP group
was older (72.8 £ 8.3 vs. 65.2+2.7 years, p=0.080) with
female predominance (52.6 vs. 30.4%, p =0.045). Pres-
ence of comorbidity (51.5 vs. 69.6%, p=0.177) and his-
tory of prior abdominal surgery (18.2 vs. 26.1%, p=0.177)
was similar in the two groups. There were no significant
differences in presenting symptom of colonic perfora-
tion (p =0.450). Abdominal pain was the most common
symptom in both groups. DICP developed most fre-
quently in the rectosigmoid region (84.8%, 28/33), while
TICP occurred in the colon anywhere the procedure was
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performed (p =0.000). The size of perforation was rela-
tively larger in the DICP than TICP group but without
statistical significance (1.21 vs. 0.91 cm, p=0.080). In all
DICP cases except one, perforation was detected immedi-
ately (24, 72.7%) or within 24 h (8, 24.2%). However, in
over half of patients in the therapeutic group, there was
a delay of over 24 h in identifying the perforation (12,
52.2%) (p =0.000). Endoscopic repair was successful in
48.5% of the diagnostic group and 26.1% of the thera-
peutic group; meanwhile, surgical repair was required in
51.5% of the diagnostic group and 73.9% of the therapeu-
tic group (p=0.091). Three DICP and one TICP patients
died (9.1 vs. 4.3%, p=0.498). There were no significant
differences in the fasting time (p =0.953) and length of
hospital stay (p =0.332) between the two groups (Table 2).
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Table 2 Clinical characteristics and outcome of patients with iatrogenic colonic perforation during diagnostic or therapeutic colonoscopy

Variable Total n=56 Diagnostic n=33 (58.9%) Therapeutic n=23 p value
(41.1%)
Age (years, mean + SD) 623+11.4 72.8+8.3 65.2+2.7 0.080
Gender 0.045
Male 30 (53.6%) 14 (42.4%) 16 (69.6%)
Female 26 (46.4%) 19 (52.6%) 7 (30.4%)
Hospital of occurrence 0.415
GNUH (tertiary) 28 (50.0%) 15 (45.5%) 13 (56.5%)
Referred (primary or secondary) 28 (50.0%) 18 (54.5%) 10 (43.5%)
Comorbidity 0.177
Presence 33 (58.9%) 17 (51.5%) 16 (69.6%)
Absence 23 (41.1%) 16 (48.5%) 7 (30.4%)
BMI (mean + SD) 21.9+2.14 21.5+2.11 22.5+2.08 0.862
Prior abdominal surgery 0.478
Yes 12 (21.4%) 6 (18.2%) 6 (26.1%)
No 44 (78.6%) 27 (81.8%) 17 (73.9%)
Indication of colonoscopy 0.000
Screening 34 (60.7%) 25 (75.8%) 9(39.1.3%)
Gastrointestinal symptoms 9 (16.1%) 8 (24.2%) 1(4.3%)
Endoscopic removal 13 (23.2%) 0 (0.0%) 13 (56.5%)
Clinical presentation 0.450
No symptom 4(7.1%) 1 (3.0%) 3 (13.0%)
Abdominal pain 45 (80.4%) 28 (84.8%) 17 (73.9%)
Abdominal distension 3(5.4%) 2 (6.1%) 1(4.3%)
Fever 3(5.4%) 2 (6.1%) 1(4.3%)
Bleeding 1(1.8%) 0 (0.0%) 1(4.3%)
Site of perforation 0.000
Rectosigmoid 36 (64.3%) 28 (84.8%) 8 (34.8%)
Descending colon 5(8.9%) 3(9.1%) 2 (8.7%)
Transverse colon 5(8.9%) 2 (6.1%) 3 (13.0%)
Ascending colon 9 (16.1%) 0 (0.0%) 9 (39.1%)
Cecum 1(1.8%) 0 (0.0%) 1(4.3%)
Size of perforation [cm, median (range)] 1.00 (0.3-7.0) 1.21 (0.3-7.0) 0.91(0.5-2.0) 0.080
Time of diagnosis 0.000
During examination or immediate 28 (50.0%) 24 (72.7%) 4 (17.4%)
<24h 15 (26.8%) 8 (24.2%) 7 (30.4%)
>24h 13 (23.2%) 1(3.0%) 12 (52.2%)
Management of treatment 0.091
Endoscopic treatment 22 (39.3%) 16 (48.5%) 6 (26.1%)
Surgical treatment 34 (60.7%) 17 (51.5%) 17 (73.9%)
Outcome 0.498
Recovery 52 (92.9%) 30 (90.9%) 22 (95.7%)
Death 4 (7.1%) 309.1%) 14.3%)
Fasting time [days, median (range)] 6.0 (2-30) 6.0 (2-19) 5.8 (3-30) 0.953
Hospital stay [days, median (range)] 13.6 2-71) 14.0 2-71) 12.0 (5-36) 0.332

SD standard deviation; GNUH Gyeongsang National University Hospital; BMI body mass index
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Comparison of clinical characteristics of iatrogenic
colonic perforation according to treatment option;
endoscopic vs surgical treatment

Compared to the surgical treatment group, the endoscopic
repair group was predominantly female (68.2 vs. 32.4%,
p=0.009). Perforation size was smaller (0.81 vs. 1.30 cm,
p=0.001), and immediate detection was more common
(86.45 vs. 26.5%, p=0.000) in the endoscopic repair group
than surgical treatment group. Meanwhile delayed detec-
tion over 24 h was more frequent in the surgical treatment
group than endoscopic repair group (35.3 vs. 4.5%). All in
the endoscopic repair group recovered without complication
(100%), 4 cases in the surgical treatment group died (11.8%).
Fasting time was shorter in the endoscopic repair than surgi-
cal treatment group but without statistical significance (5.3
vs. 6.5 days, p=0.090), but hospital stay was significantly
shorter in the endoscopic repair group (8.6 vs. 15.8 days,
p=0.007). There was no significant difference in patients’
age (69.3+11.20 vs. 65.9+11.51 years, p=0.284), center of
occurrence (p =0.274), comorbidity (p =0.258), history of
prior abdominal surgery (p =0.391), indication of colonos-
copy (p=0.910), clinical presentation (»p=0.919), and site
of perforation (p =0.510) between the two groups (Table 3).

Clinical characteristics of mortality cases

Four patients (7.1%) died; 3 (9.1%) were in diagnostic
group and the other one (4.3%) in the therapeutic group.
Three were males and all patients were over 60 years old.
The comorbidities in each of the four patients are shown in
Table 4. ICP was not identified during or immediately after
study in all mortality cases; that is, 3 were detected within
24 h, and the other one was identified after 24 h. The site of
colonic perforation had no character in common; 2 were sig-
moid colon and the others transverse and ascending colon.
The size of colonic perforation varied but over 1 cm in all
cases (1~2.5 cm). All patients with ICP required surgical
treatment. One patient died from postoperative sepsis, and
three patients died from multiple-organ failure.

Discussion

In this retrospective study, we found that ICP developed in
0.09% of the subjects who had undergone diagnostic or ther-
apeutic colonoscopy during 7 years, and the rate of DICP
was 0.06%. DICP mostly occurred in the rectosigmoid area
and it was more frequent in women, especially older ones,
compared to TICP. Fortunately, it could be identified imme-
diately, and there was a chance of endoscopic repair, avoid-
ing surgery. In particular, the perforation size was signifi-
cantly smaller (0.8 cm, 0.3-1.0 cm) and immediate detection
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was more common in the successful endoscopic repair group
compared to surgical treatment group, regardless of type of
ICP. These findings suggest that smaller size and immediate
detection of perforation could be important for indication of
endoscopic repair.

Regarding the ICP rate, our results are comparable to
those of previous studies in high-volume centers, with esti-
mations of between 0.01 and 0.6% [7, 8]. This wide variation
is explained by differences in the proficiency of endoscopist
and how many total or difficult therapeutic procedures are
performed. Actually, our data also showed variations in
annual perforation rate from 0.05 to 0.16%, depending on
the number of therapeutic colonoscopies. The risk of per-
foration in therapeutic colonoscopy is usually higher than
that in diagnostic colonoscopy. Excluding TICP, the overall
DICP rate was 0.06%, lower than the 0.25% rate of thera-
peutic colonic perforation. In addition, the variation may
be explained by how reliably the medical records and cent-
ers were managed and searched for data on ICPs. Moreo-
ver, some small perforations can be missed completely,
remain subclinical, and heal spontaneously. We, however,
collected the consecutive cases with ICP retrospectively so
that the patients’ medical records were reviewed thoroughly.
Even though subclinical colonic microperforation could be
missed, it would not be significant clinically.

There are probably different mechanisms in perforation
between diagnostic colonoscopy and therapeutic colonos-
copy. Perforations associated with diagnostic colonos-
copy most often result from pressure on the colonic wall
or excessive air insufflation [9]. The tip of the endoscope
can directly cause mechanical damage, and also, forceful
stretching of the bowel, especially when loops are formed,
causes the mechanical tear of the bowel wall. If there is a
narrow lumen, due to stenosis or obstruction, too competent
an ileocecal valve, and prolonged procedure with poor bowel
preparation and difficult introduction of the endoscope, trap-
ping a large amount of air in an isolated segment of the colon
can be dangerous [9]. On the other hand, in therapeutic pro-
cedures, ischemia of the colonic wall caused by electrical or
thermal injury after electrocoagulation results in perforation.
Thus, most DICPs can be diagnosed immediately during
the procedure due to visualization of the perforation site
and extraintestinal fat or vessels by the endoscopist. Mean-
while, perforations after therapeutic procedures are often
diagnosed late because they present a few hours or days later
with symptoms. Our results also showed that most patients
with DICP (72.7%) were detected immediately, compared
to TICP, in which diagnosid was immediate in only 17.4%
but in most cases delayed after the procedure (p =0.000,
Table 2).

A likely reason for immediate detection of DICP is
that diagnostic perforations have been found to produce a
larger defect than therapeutic ones (mean size of 1.9~3.3
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Table 3 Clinical characteristics and outcome of patients with iatrogenic colonic perforation according to treatment of perforation
Variable Endoscopic treatment Surgical treatment p value
Total (n=22) Diagnostic (n=16) Therapeutic (n=6) Total (n=34) Diagnostic (n=17) Therapeutic
(n=17)
Age (years, 69.3+11.20 70.4+10.08 66.3+14.40 659+11.51 70.4+7.82 61.4+13.02 0.284
mean + SD)
Gender 0.009
Male 7 (31.8%) 4 (25.0%) 3 (50.0%) 23 (67.6%) 10 (58.8%) 13 (76.5%)
Female 15 (68.2%) 12 (75.0%) 3 (50.0%) 11 (32.4%) 7 (41.2%) 4 (23.5%)
Hospital of occur- 0.274
rence
GNUH (tertiary) 13 (59.1%) 9 (56.2%) 4 (66.7%) 15 (44.1%) 6 (35.3%) 9 (52.9%)
Referred 9 (40.9%) 7 (43.8%) 2 (33.3%) 19 (55.9%) 11 (64.7%) 8 (47.1%)
(primary or
secondary)
Comorbidity 0.258
Presence 15 (68.2%) 10 (62.5%) 5(83.3%) 18 (52.9%) 7 (41.2%) 11 (64.7%)
Absence 7 (31.8%) 6 (37.5%) 1 (16.7%) 16 (47.1%) 10 (58.8%) 6 (35.3%)
Prior abdominal 0.391
surgery
Yes 16 (72.7%) 12 (75.0%) 4 (66.7%) 28 (82.4%) 15 (88.2%) 13 (76.5%)
No 6 (27.3%) 4 (25.0%) 2 (33.3%) 6 (17.6%) 2 (11.8%) 4 (23.5%)
Indication of colo- 0.910
noscopy
Screening 14 (63.6%) 13 (81.2%) 1(16.7%) 20 (58.8%) 12 (70.6%) 8(47.1%)
Gastrointestinal 3 (13.6%) 3 (18.8%) 0 (0.0%) 6 (17.6%) 5 (29.4%) 1(5.9%)
symptom
Endoscopic 5(22.7%) 0 (0.0%) 5(83.3%) 8 (23.5%) 0(0.0%) 8(47.1%)
removal
Clinical presenta- 0.919
tion
No symptom 2 (9.1%) 1(6.2%) 1(16.7%) 2 (5.9%) 0 (0.0%) 2 (11.8%)
Abdominal pain 18 (81.8%) 13 (81.2%) 5 (83.3%) 27 (79.4%) 15 (88.2%) 12 (70.6%)
Abdominal 1(4.5%) 1(6.2%) 0 (0.0%) 2 (5.9%) 1(5.9%) 1(5.9%)
distension
Bleeding 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(2.9%) 0 (0.0%) 1(5.9%)
Fever 1(4.5%) 1(6.2%) 0 (0.0%) 2 (5.9%) 1(5.9%) 1(5.9%)
Site of Perforation 0.510
Rectosigmoid 15 (68.2%) 15 (93.8%) 0 (0.0%) 21 (61.8%) 13 (76.5%) 8 (47.1%)
Descending 1(4.5%) 1(6.2%) 0 (0.0%) 4 (11.8%) 2 (11.8%) 2 (11.8%)
colon
Transverse colon 1 (4.5%) 0 (0.0%) 1(16.7%) 4(11.8%) 2(11.8%) 2(11.8%)
Ascending colon 5 (22.7%) 0 (0.0%) 5(83.3%) 4(11.8%) 0 (0.0%) 4 (23.5%)
Cecum 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(2.9%) 0 (0.0%) 1(5.9%)
Size of perfora- 0.81 (0.3-1.0) 0.81 (0.3-1.0) 0.58 (0.5-1.0) 1.30 (0.5-7.0) 1.70 (1.0-7.0) 1.09 (0.5-2.0) 0.001
tion [cm, median
(range)]
Time of detection 0.000
Immediate 19 (86.4%) 15 (93.8%) 4 (66.7%) 9 (26.5%) 9 (52.9%) 0 (0.0%)
<24h 2(9.1%) 1(6.2%) 1 (16.7%) 13 (38.2%) 7 (41.2%) 6 (35.3%)
>24h 1(4.5%) 0 (0.0%) 1 (16.7%) 12 (35.3%) 1(5.9%) 11 (64.7%)
Outcome 0.095
Recovery 22 (100.0%) 16 (100.0%) 6 (100.0%) 30 (88.2%) 14 (82.4%) 16 (94.1%)
Death 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (11.8%) 3 (17.6%) 1(5.9%)

@ Springer



5944

Surgical Endoscopy (2022) 36:5938-5946

Table 3 (continued)

Variable Endoscopic treatment Surgical treatment p value
Total (n=22) Diagnostic (n=16) Therapeutic (n=6) Total (n=34) Diagnostic (n=17) Therapeutic
(n=17)
Fasting time [days, 5.3 (2-14) 5.3 (2-14) 5.3(3-9) 6.5 (3-30) 7.0 (3-19) 6.1 (4-30) 0.090
median (range)]
Hospital stay 8.6 (3-30) 9.3 (3-30) 8.0 (5-18) 15.8 (2-71) 19.0 2-71) 14.5 (8-36) 0.007

[days, median
(range)]

SD standard deviation; GNUH Gyeongsang National University Hospital

Table 4 Detailed summary of the 4 patients who died

Sex Age Comorbidity = Type/institu- Site of perfora- Size of perfora- Time to detect Treatment Cause of death Hospital stay
tion tion tion
M 66 CVA,COPD, Diagnostic/ Sigmoid colon 2.5 cm <24h Ileostomy with Sepsis 63 days
DM GNUH wedge resec-
tion
F 64 LC, angina Diagnostic/ Transverse 1.5cm >24h Ileostomy with Multi-organ 44 days
GNUH colon wedge resec-  failure
tion
M 60 LC Therapeutic/ Ascending 1.5cm <24h Right hemi- Multi-organ 2 days
referred colon colectomy failure
M 70 DM,HT Diagnostic/ Sigmoid colon 1 cm <24h Primary repair Multi-organ 25 days
GNUH failure

M male; F female; CVA cerebrovascular accident; COPD chronic obstructive pulmonary disease; DM diabetes mellitus; LC liver cirrhosis; HT

hypertension; GNUH Gyeongsang National University Hospital

vs. 0.9~ 1.5 cm, respectively) [10, 11]. This difference may
also be explained by the different mechanism of perfora-
tion in diagnostic and therapeutic colonoscopies. In our
study, the size of perforation was larger in DICP than TICP,
but the difference was not statistically significant (1.21 vs.
0.91, p=0.080, Table 2). Our patients with ICP were elderly
(62.3 + 11.4 years), and moreover, DICP patients tended to
be older and mostly females, compared to TICP patients.
In the elderly, colonic wall mechanical strength might have
declined partly as a consequence of changes in collagen
structure [12]. Perhaps increased diverticular disease in the
elderly may contribute to a higher rate of ICP because an
endoscopist could inadvertently push a scope through a large
diverticulum, or snare an inverted diverticulum simulating a
polyp [13]. In this study, we also had one case of diverticular
perforation occurred during diagnostic colonoscopy in an
84 years old female patient with left colonic diverticulo-
sis. After colonoscopy, abdominal pain and distention were
noted and ICP was recognized by simple abdominal x rays.
Laparoscopy was performed immediately, and the diverticu-
lar perforation was identified and treated with laparoscopic
wedge resection. She was discharged without sequela one
week after surgery.

In this study, the most frequent site of DICPs was the rec-
tosigmoid region, compared to TICPs, which occurred in any
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segment of the entire colon, especially 67% other than the
rectosigmoid segment (84.8 vs. 34.8%, p=0.000, Table 2).
The anatomical characteristics of the rectosigmoid colon
may explain its vulnerability to mechanical damage during
colonoscopy. Since the rectosigmoid colon has redundancy
and sharp angulation [14], the sinuous sigmoid segment is
the most difficult portion to negotiate with the colonoscope
[15]. Additionally, the sigmoid colon is the narrowest por-
tion in the large intestine. The caliber of the colon gradually
diminishes distally, from a maximal diameter at the cecum
(about 8.5 cm) to a minimal diameter in the sigmoid segment
(about 2.5 cm) [15].

Retroflexion was the main cause of perforations in the
rectum, while perforation in the sigmoid and rest of colon
was attributed to excessive pushing of the colonoscopic tip
[16]. Thus, the endoscopist, especially beginner, should be
careful to avoid iatrogenic perforation of the rectosigmoid
segment during colonoscopy.

ICP can also occur because of adhesions after previ-
ous abdominal operations [14]. Abdominal surgery can be
accompanied by postoperative adhesion, which can be an
important cause of perforation during diagnostic or thera-
peutic colonoscopy. Here, 12 cases (21.4%) had a previous
abdominal operation, and its frequency was higher in the
TICP than DICP group but without statistical significance
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(18.2 vs. 26.1%, p=0.478, Table 2). Therefore, care is
needed during colonoscopy regardless of purpose in those
subjects who had prior abdominal surgery.

The management of ICP may be endoscopic or surgi-
cal and should be selective. The decision on endoscopic
or surgical treatment depends on the possible mechanism
and size of the perforation, timing of diagnosis, quality of
bowel preparation, clinical stability of patients, underlying
colonic pathology, and endoscopist’s expertise [17-23].
Traditionally, ICPs have been managed by surgical treat-
ment, but endoscopic closure may result in better outcomes
than those of surgical treatment in appropriately selected
cases. Recent studies have demonstrated the possibility of
endoscopic perforation treatment [24]. In our study, suc-
cessful endoscopic closure was possible for 39.3% (22/56)
of ICPs. In fact, endoscopic treatment was tried in 25 cases
with ICPs, but 3 cases needed operative treatment because
of endoscopic treatment failure. Therefore, endoscopic
repair of ICPs was successful in 88.0% (22/25).

Regardless of type of ICP, the patients with successful
endoscopic repair were mostly females (68.2% vs. 32.4%,
p=0.009) and had smaller median size of perforation
(0.81 vs. 1.30 cm, p=0.001), more frequent immediate
detection (86.4 vs. 26.5%, p=0.000), and shorter hospital
stay (8.6 vs. 15.8 days, p=0.007) compared to the surgical
repair group (Table 3). These findings suggest that endo-
scopic treatment can be applied to immediately detected,
small ICPs. Especially, the time of detection is a critical
factor, since the patients diagnosed after 24 h following
colonoscopy have a higher rate of fecal contamination.
Immediate detection of perforation makes endoscopic
treatment possible and results in a shorter hospital stay. In
addition, the perforation size is also important as found in
our results. All 16 cases with perforation 1 cm or smaller
in diameter among 33 patients with DICP were eligible for
endoscopic repair, while the other 17 with DICP over 1 cm
were managed surgically (Table 3).

There was no statistical difference in the fasting period
between the surgical and the endoscopic treatment groups.
However, surgery is associated with significant morbidity
and mortality. Patients with ICP could have a high morbidity
and mortality rate depending on the patient’s medical condi-
tions, nature of the perforation, and methods of colonic per-
foration management. The 30-day morbidity and mortality
rates are 21-53 and 0-26%, retrospectively [2, 25, 26]. The
average length of hospital stay with colonoscopy perforation
is 1-3 weeks [5, 26, 27]. The current study showed a mortal-
ity of 7.1%, and most fatalities were found to have serious
comorbidities such as cerebrovascular accident, liver cir-
rhosis, and chronic obstructive pulmonary disease (Table 4).
Surgical infection is the most common complication, while
cardiopulmonary complications and multiple-organ failure
are the leading causes of death [5, 6]. In our study, patients

also died of multiple-organ failure or sepsis due to postop-
erative infection.

There were several limitations to our study. First, data
were collected retrospectively, which is an important aspect
in deciding between endoscopic treatment and surgery. This
was not investigated thoroughly because of the retrospective
design. Therefore, prospectively randomized-controlled data
are needed to establish management strategies with strong
evidence. Second, despite the large number of colonoscopies
investigated, the number of enrolled patients was relatively
small and did not allow us to show statistical significance
in clinical outcome according to management of perfora-
tion, and in the clinical outcome according to the purpose
of colonoscopy.

In conclusion, DICP was most frequent in the rectosig-
moid area and in older women, and it could be detected
immediately. Immediate detection and small size of perfo-
ration could be important factors for successful endoscopic
repair, regardless of type of ICP. Careful attention and gentle
manipulation in colonoscopy are needed to avoid the devel-
opment of ICP or to detect it early, especially at the time of
passing through rectosigmoid area of older women.
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