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Abstract

Background Colonoscopic perforation (CP) has a low
incidence rate. However, with the extensive use of colon-
oscopy, even low incidence rates should be evaluated to
identify and address risks. Information on CP is quite
limited in China.

Objective Our study aimed to determine the frequency of
CP in colonoscopies performed by surgeons at a large
teaching hospital in China over a 12-year period.
Methods A retrospective review of medical records was
performed for all patients who had CPs from 1 January
2000 to 31 December 2012. Iatrogenic perforations were
identified mainly by abdominal X-ray or computed
tomography scan. Follow-up information of adverse events
post-colonoscopy was identified from the colorectal sur-
gery database of our hospital. Patients’ demographic data,
colonoscopy procedure information, location of perfora-
tion, treatment, and outcome were recorded.

Results A total of 110,785 diagnostic and therapeutic
colonoscopy procedures were performed (86,800 diagnostic
cases and 23,985 therapeutic cases) within the 12-year study
period. A total of 14 incidents (0.012 %) of CP were reported
(seven males and seven females), of which nine cases
occurred during diagnostic colonoscopy (0.01 %) and five
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after therapeutic colonoscopy (three polypectomy cases, one
endoscopic mucosal resection, and one endoscopic mucosal
dissection). Mean patient age was 67.14 years. One case of
CP (7.14 %) after colonoscopy polypectomy was treated
using curative colonoscopy endoclips. Other patients
underwent operations: six cases (46.15 %) of primary repair,
four cases (28.57 %) of resection with anastomosis, and two
cases (15.38 %) of resection without anastomosis. No
obvious perforation was found in one patient (7.69 %).
Surgeons attempted to treat one case laparoscopically but
eventually resorted to open surgery. The postoperative
course was uncomplicated in eight cases (57.14 %) and
complicated in six cases (42.86 %) but without mortality.
Conclusion CP is a serious but rare complication of
colonoscopy. A perforation risk of 0.012 % was found in
our study. The optimal management of CP remains con-
troversial. Treatment for CP should be individualized
according to the patient’s condition, related devices, and
surgical skills of endoscopists or surgeons. Selective
measures such as colonoscopy without intravenous seda-
tion and decrease of loop formation can effectively reduce
rates of perforation.

Keywords Colonoscopy - Colon perforation -
Complication - Surgeon - Risk factors - CP treatment

What is current knowledge?

The usual rate, risk factors and treatment of CP.

What is new here?

The recommended methods and new concepts about CP.

Flexible colonoscopy was introduced by the Department of
Surgery at Beth Israel Medical Center in New York City, USA,
in 1969 [1]. Colonoscopy has become a safe and cost-effective
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diagnostic and therapeutic procedure [2]. Colonoscopy is
widely used in the diagnosis of colorectal cancer (CRC) as well
as in the detection and removal of adenomatous polyps. Optical
colonoscopy has been endorsed as the preferred CRC screening
strategy for CRC prevention, beginning at the age of 50 years
[3, 4]. The number of colonoscopic procedures is expected to
continually increase in the aging population in China as a result
of increasing lifespans. The safety of the procedure must be
considered when a screening strategy is applied to a large
population. The most serious complication of colonoscopy is
perforation [5-10]. The frequency of perforations after
colonoscopy is estimated to be 0.03-0.8 % for diagnostic
colonoscopy and 0.15-3 % for therapeutic colonoscopy [11].
With the increasing frequency of colonoscopies performed for
screening purposes, the small possibility of perforations may
still result in a high number of clinical problems.

The US Multi-Society Task Force on Colorectal Cancer
has set targets for colonoscopic perforation (CP) at <1 in
1,000 for all colonoscopies, <1 in 2,000 for screening
colonoscopies, [12] and 1 in 100 as target for postpolyp-
ectomy bleeding. We designed our current study to deter-
mine the incidence of CP in a large teaching hospital in
China over a 12-year period and compare our data with
those presented in previous studies. Additionally, we hope
to share with gastroenterologists, endoscopists, and sur-
geons who perform colonoscopy worldwide the factors
behind the lower rate of CPs in China.

Patients and methods

We performed a retrospective study of iatrogenic perforations
caused by colonoscopies at our center between 1 January 2000
and 31 December 2012. Iatrogenic perforations were identi-
fied mainly by abdominal X-ray or computed tomography
(CT) scan. We obtained the information for all patients from
the colorectal surgery database. Our study was approved by
The Committee on Ethics of Biomedicine Research of the
Second Military Medical University, Shanghai, China. We
compiled and analyzed the following variables: demographic
characteristics of patients, type and indication of colonos-
copy, clinical manifestations during perforation and diagno-
sis, type of treatment applied, intraoperative findings, duration
of hospital confinement, and complications encountered
during confinement.

Results
Patient demography

A total of 110,785 recorded colonoscopies were performed
by surgeons in the colorectal department over a 12-year
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period from 1 January 2000 to 31 December 2012. Nearly
all (98.44 %) patients who underwent colonoscopic
examination received mechanical bowel preparation using
either polyethylene glycol or 120 ml 50 % magnesium
sulfate with 4 liters of water. Nearly all (99.35 %) proce-
dures were performed without sedation. Patients were
informed of possible complications associated with the
procedure prior to signing appropriate informed consent.
Over the 12-year period, 14 patients (seven males and
seven females) were found to have CP (0.012 %). How-
ever, the percentage of male and female patients who
underwent colonoscopy was unknown; thus, relative risk
based on gender cannot be calculated. Patient age ranged
from 32 to 85 years, with a median age of 76.14 years
(Table 1).

Indications and type of colonoscopic procedure

Indications for colonoscopy in patients with perforation
were polyps (N = 5), obstructive tumor (N = 3), consti-
pation (N = 3), bowel obstruction (N = 2), and unknown
cause (N = 1). A diagnostic procedure was performed for
nine cases and a therapeutic procedure for five cases. All
therapeutic procedures consisted of polypectomies,
including one endoscopic mucosal resection (EMR) and
one endoscopic submucosal dissection (ESD). Our hospital
is a teaching hospital, thus, all procedures were performed
by or under the supervision of experienced colorectal sur-
geons. Nearly all (99.35 %) procedures were performed
without sedation. Patients cooperated with examiners dur-
ing the whole examination. During examination, the pro-
cedure is halted if the patient is in obvious discomfort or in
case of loop formation. Prompt and effective release of the
colon loop, as well as careful maneuvering of the instru-
ment, was performed.

Symptoms and diagnosis

CP during colonoscopy may result from visualization of
extra-intestinal tissue during the procedure. Early symp-
toms of perforation include persistent abdominal pain and
distention. Later symptoms are the result of peritonitis,
which includes fever and leukocytosis. Plain radiographs of
the chest and abdomen may demonstrate free air. However,
we concur with previous studies that an abdominal CT scan
should be considered for patients with unremarkable plain
film results in cases of highly probable perforation [13].

Perforations
Perforation was observed in one case (6.7 %) by an

examiner through visualization of extra-intestinal tissue
during the procedure, prompting the immediate endoscopic
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endoclip closure. Most perforations were diagnosed shortly
after the procedure because of indicative signs and symp-
toms. A total of three patients (21.4 %) underwent surgery
on the same day as the colonoscopy, five (35.7 %) on the
second day, and five (35.7 %) more than 2 days after
colonoscopy. Four perforations (28.57 %) occurred in the
sigmoid colon, two perforations each (14.28 %) occurred
in the conjunction of sigmoid and descending colon or
descending colon or cecum, one case each occurred
(7.14 %) in the rectum, recto sigmoid, splenic flexure of
colon, and ileum. Only one patient did not undergo surgery.
Serosal tears were seen with no actual perforation in one
case. Four types of surgical correction were performed:
primary repair, resection with anastomosis, primary repair
with colonic diversion, and resection with colonic diver-
sion. Primary repair was performed on six of the actual
perforations (42.86 %). Resection with anastomosis was
performed on four patients (28.57 %). Primary repair with
colonic diversion was performed on one patient (7.14 %),
and resection with colonic diversion was performed on two
patients (14.28 %). The CP rate for diagnostic colonoscopy
is 0.01 %, and for therapeutic colonoscopy is 0.021 %.

Complications

Of the 14 patients, eight (57.14 %) had no complications
and fast postoperative recovery. The remaining six patients
(42.86 %) experienced complications: three had wound
infection, one had both wound and urinary infection, one
patient had pneumonia, and one patient had wound infec-
tion and cardiovascular accident (CVA). No patient died
after surgery. The duration of hospital confinement ranged
from 3 to 45 days, with a mean of 21.93 days.

Discussion

Our department was one of the pioneers of colonoscopy in
China; it has been performed in our colorectal department
since the early 1980s. Our academic leader, Professor Yu,
spearheaded colonoscopy at our institution. Professor Yu
trained at St. Mark’s Hospital in London and he has
accomplished nearly 60,000 cases, which includes diag-
nosis and therapy, with no incidence of perforation in
diagnostic cases and only two cases reported during ther-
apeutic colonoscopy. The present study evaluated CP in a
large teaching hospital in China over a 12-year period.
Results showed that perforation occurred in 0.012 %. Nine
perforations occurred during a diagnostic colonoscopy
(0.01 %), and the others occurred after therapeutic colon-
oscopy (0.021 %, including three cases for polypectomy
and one case each for EMR and ESD). The frequency of
CP in our present study seems lower than that previously
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Table 2 Incidence of colonic perforation, management, and out-
comes from recent series with sample size >30,000 cases after the
year 2000

Author Year Patients CP Death rate Surgical
(N) rate in CP cases treatment
(%)

Araghizadeh 2001 34,620 0.090 3.2 74
et al. [14]

Sieg et al. 2001 82,416  0.005 NA NA
[15]

Gatto et al. 2003 74,584 0.145 5.6 NA
[16]

Korman et al. 2003 116,000 0.032 0.0 95
[17]

Cobb et al. 2004 43,609 0.032 0.0 93
[18]

Igbal et al. 2005 78,702  0.084 8.0 94
[19]

Liining et al. 2007 30,366  0.115 8.6 100
[11]

Rabeneck 2008 97,091 0.085 NA NA
et al. [20]

Igbal et al. 2008 258,248 0.070 7.0 92
[21]

Teoh et al. 2009 37,971 0.113 256 91
[22]

Arora et al. 2009 277,434 0.082 NA NA
(23]

Mai et al. 2010 35,186 0.065 174 91
[24]

Rabeneck 2011 67,632 0.055 2.7 68
et al. [25]

CP colonoscopic perforation, NA not available

reported in the literature. No death was directly associated
with the procedure, and a very low rate of adverse effects
was observed. The frequency of CP in some larger series
(sample size >30,000 cases) published from 2000 onwards
are shown in Table 2 [1, 14-25]. Sieg et al. [15] prospec-
tively evaluated 82,416 colonoscopies using a mailed
questionnaire and found a very low incidence estimated at
0.005 %. This phenomenon is most likely explained by
selection bias because of the physician self-reported cases
of perforations. No significant lowering of CP perforation
rate over a decade (2000-2010) was found. More studies
are needed to evaluate this phenomenon because learning
curves, performance of a colonoscopy by trainees, and
performance by inadequately trained endoscopists are
insufficient to elucidate this phenomenon. Therefore, with
the extensive use of colonoscopy worldwide, the safety,
learning curve, risk factor, and possible complications of
colonoscopy should be evaluated. Our paper fills a gap
created by the lack of data regarding the perforation rates
of diagnostic and therapeutic colonoscopy performed by
surgeons in a teaching hospital in China. Moreover, given



Surg Endosc (2014) 28:2309-2316

2313

the limited data available from China, our study contributes
important information for the geographically adjacent areas
from East Asia.

The present study is retrospective and reports perfora-
tion rates that are lower than previously reported rates,
which may cause anxiety among experts fearing that the
risk of CP may be underestimated. There is concern that
patients who sustain complications may be hospitalized at
other facilities, leading to imprecise recording of CP inci-
dents. There are three reasons to eliminate those concerns.
First, patients will be outpatients, followed-up within
2 weeks after the colonoscopy inspection or treatment.
Second, in China, the majority of patients are of poor
economic status, leading to difficulties obtaining and pay-
ing for medical treatment. The doctor—patient relationship
is usually tense. If a patient feels uncomfortable after any
outpatient examination, he/she must return to the primary
hospital whenever possible. The patient automatically
assumes a problem was encountered during his examina-
tion. Thus, we can confirm the presence of CP via infor-
mation held for the relevant operation and records of recent
colonoscopy. Third, to ensure accuracy of the study, all
relevant data were kept, and none were omitted.

Rabeneck et al. [25] found that after outpatient colon-
oscopy, the use of a 7-day period for reporting would
capture all perforations requiring hospital admission. In the
present study, the last report of the occurrence of perfo-
ration happened 6 days after diagnostic colonoscopy. This
patient only had a minor serosal tear without transmural
perforation. Perforations after therapeutic procedures are
often diagnosed late, probably because of different patho-
physiologic mechanisms [14, 26]. In diagnostic procedures,
perforations most often result from pressure applied to the
colonic wall and can be noticed immediately via visuali-
zation of extra-intestinal tissue by examination. In thera-
peutic procedures, ischemia of the colonic wall caused by
electrical or thermal injury after electrocoagulation or laser
can cause delayed perforation [11]. Patients with CP
caused by therapeutic colonoscopies also tend to have a
smaller-sized perforation and delayed presentation and
diagnosis than do those caused by diagnostic colonoscopy
[17, 22]. In this report, we compared the time of perfora-
tion diagnosis after diagnostic and therapeutic colonoscopy
between nonparametric Wilcoxon test. No significant dif-
ference was found between CP diagnosis times after
diagnostic and therapeutic colonoscopies. These results
may still have errors due to bias or a low number of cases,
therefore, further reevaluation and study are recommended.

The most common site of colonic perforation is in the
sigmoid or rectosigmoid junction [11, 17, 21, 22, 27-29].
In our report, 50 % of perforations happened in the sig-
moid. Redundant colon and more tight curves are more
common in this bowel segment. Diverticular disease is also

common in this bowel segment [17].The muscular layer of
the bowel wall may be thin or fragile because of previous
inflammation (diverticulitis), although this condition is
usually uncommon in Chinese patients. This bowel seg-
ment is vulnerable to injury because of several factors such
as a sharp angulation at either the recto-sigmoid junction or
the sigmoid-descending colon junction and the great
mobility of the sigmoid colon. Perforation can occur when
maneuvering the scope around tight curves by applying
pressure that may create a kink in the scope [16, 27, 30].

Many studies have shown that some CP risk factors may
be associated with demography. Old age was indepen-
dently associated with CP. Patients over 75 years of age
also have an approximately four to sixfold increase in the
CP rate compared with younger patients [20, 29]. A newly
published meta-analysis showed that elderly patients,
especially octogenarians, appear to have higher risk of CP
[31]. A possible explanation for this finding is that the
elderly might have declining colonic wall mechanical
strength. Moreover, a greater frequency of abnormal
colorectal findings that require endoscopic intervention has
been detected in the elderly [32]. Although the ages of the
majority of our CP patients were known, not all ages of
subjects in our study were known. Thus, we cannot verify
whether age is a risk factor for CP. Several studies have
suggested that more perforations occur in female patients
[6, 11, 14, 17, 19]. There was also adverse results in the
study of Arora et al. [23]. A previous study has also
reported differences between males and females in the
anatomy of the large intestine [33]. Typically, females have
a more mobile transverse colon and longer colon. In our
study, nine cases of CP occurred during diagnostic colon-
oscopy, of which six patients were females (66.67 %).
However, the overall gender ratio in our study is unknown.
Therefore, we cannot verify whether sex is a risk factor for
CP. According to previous studies, other risk factors for CP
include previous abdominal surgery, colonic obstruction,
previous polypectomy, and complications from previous
procedures carried out by inexperienced endoscopists. [17,
20, 23, 34].

Numerous studies have elucidated the risk factors for
CP. Only a few clinical studies have discussed practical
colonoscopy procedures in an attempt to decrease the
incidence of CP. In this paper, we present our experiential
knowledge.

Colonoscopy may be performed without using intrave-
nous sedation and analgesia, although several studies have
shown that use of sedation improved the overall success of
colonoscopy [35, 36]. We surmise that sedation posts more
disadvantages than advantages in colonoscopy [37]. The
ability of the patient to cooperate with the examiner is
reduced if the patient is sedated, which is disadvantageous
when a change in position is required during examination.
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Analgesia and loss of pain sensation will also hamper the
recognition of excessive pressure on the bowel wall.
Hence, the possibility of mechanical injury to the bowel
wall will be higher in colonoscopy under sedated condi-
tions. Non-sedated patients undergoing colonoscopy will
be able to fully interact with the examiner and immediately
provide crucial feedback of discomfort, which can direct
the examiner to maneuver the scope gently, reducing the
chances for trauma or perforation [29].

Loop formation may be decreased, and advancing the
scope may be performed more carefully. Generally, per-
foration occurs in three principal mechanisms, i.e., perfo-
ration by the tip or shaft of the endoscope, barotraumas of
overinsufflation, and therapeutic procedures such as poly-
pectomy and stricture expansion. Lohsiriwat et al. [29]
stated that 40 % of CPs were due to direct trauma from the
endoscope shaft and 33 % by direct trauma from the
endoscope tip. We consider that most perforations caused
by the shaft of an endoscope were caused by colon loop
formation. Excessive axial pressure of colonoscopy will
lead to lacerated wound of the colon wall and develop into
CP. By contrast, CP caused by the tip of an endoscope
happens because of crudely advancing colonoscopy during
examination. Therefore, prompt and effective release of the
colon loop during colonoscopy can obviously improve the
successful rate of cecal intubation, reduce procedural time,
decrease pressure on the colon wall, enhance patient
comfort, and more importantly reduce the CP rate.

The optimal management of CP remains a controversial
program. Treatment for CP should be individualized. CP
patients may be managed conservatively, by colonoscopic
closure, or by surgical operation. We believe that conser-
vative management is only suitable for patients with no
obvious perforation, such as transmutable bowel injury,
which is common after polypectomy and more commonly
known as postpolypectomy coagulation syndrome or
transmural burn syndrome [38, 39]. Patients with trans-
mural burn syndrome will have abdominal pain, fever,
local peritonitis, and leukocytosis. Plain abdominal radio-
graph and CT scan are often negative in this condition [40,
41]. We agree that conservative management should be
very carefully selected only for patients with very few
latent perforations and transmural burn syndrome. The first
successful colonoscopic clip closure of CP was reported in
1997 [42]. In our study, one patient underwent this pro-
cedure. We consider the following preconditions necessary
for this procedure: good medical conditions, clean bowel
preparation, small perforation size, an examiner with high
endoscopic skills, appropriate endoscopic devices, broad-
spectrum antibiotics, and nutritional support. Patients with
perforations of less than 10 mm are suitable for this pro-
cedure and should be placed under careful observation after
treatment [43, 44]. Surgical intervention is the most
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commonly used treatment for CP, as shown in our study.
Selection of surgical method depends on the size of per-
foration, patient condition, quality of bowel preparation,
pathology of damaged intestine, time between injury and
operation, and experience of surgeon [45]. Operations have
increasingly been performed laparoscopically for patients
with CP [46-49]. We attempted to perform laparoscopic
repair of perforation in one of the cases in this study.
However, it was later converted to open surgery because of
apprehension surrounding the safety of the repair. In our
opinion, laparoscopic surgery is not suitable for situations
in which there is a long delay between injury and surgery,
severe stool contamination of the peritoneum, diffuse
peritonitis, and lack of advanced laparoscopic surgery
skills.

Our study presents several potential limitations. First, it
is a retrospective study. Second, some demographic data
were not included, such as ages and sex of all patients,
prior surgical history, and use of drugs, which include non-
steroidal anti-inflammatory and antiplatelet agents. Thus,
effective prediction of risk factors for CP is quite difficult.
Third, patients were not identified as either outpatient or
inpatient. Finally, a very few patients who suffered perfo-
ration may not have sought treatment at our hospital; thus,
they would not have been included in our study.

Conclusion

Colonoscopy is a remarkably useful procedure for CRC
surveillance and treatment of other related diseases. CP is a
severe complication of colonoscopy. Examiners should be
thoroughly aware of the usual risk factors and related
inherent characteristics or presentations indicative of CP.
Patient safety takes precedence in all management strate-
gies for CP. The optimal management of CP remains
controversial. Implementation of methods and skills such
as withholding administration of intravenous sedation,
decreasing loop formation, and careful maneuvering of the
endoscope can effectively improve the safety of colonos-
copy and decrease complications such as perforations.
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