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Abstract

Background The possible risk of colonic perforation
during endoscopic submucosal dissection (ESD) for colo-
rectal tumors is a barrier to wide application. This retro-
spective study was performed to evaluate the risk and the
predictive factors for perforation during ESD procedure.
Methods Between October 2006 and November 2010, a
total of 499 consecutive patients (mean age 60.0 £
11.3 years) who underwent ESD for large-sized (>20 mm),
nonpedunculated colorectal tumor were analyzed. First,
incidence rate and clinical course of perforation were evalu-
ated. Second, patient-related variables (age, sex, history of
aspirin or antiplatelet agents, and comorbidity), endoscopic
variables (tumor size, location, and type), procedure-related
variables (experience of procedures, procedure time, and
materials of submucosal injection), and pathologic diagnosis
were analyzed.

Results The mean size of the lesions was 28.9 mm. The
overall en bloc resection rate was 95.0%. Perforation
occurred in 37 out of 499 patients (7.4%). Thirty-four
patients could be successfully treated conservatively. The
type (laterally spreading tumor) and the location (right-sided
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colon) of the tumors, less experience of the procedure (<100
cases) in each endoscopist, and submucosal injection with-
out hyaluronic acid were associated with higher frequency of
perforation (all P < 0.05). On multivariate analysis, laterally
spreading type of tumor [odds ratio (OR) 4.10, 95% confi-
dence interval (CI) 1.17-14.34] and submucosal injection
with hyaluronic acid (OR 0.31, 95% CI 0.13-0.72) were
independent predictive factors.

Conclusions Perforation rate was 7.4%, and most cases
could be successfully managed nonsurgically. In case of
laterally spreading type of tumor, more caution is needed
during submucosal dissection and long-lasting submucosal
cushion is important for preventing perforation.

Keywords Colorectal tumor - Endoscopic submucosal
dissection (ESD) - Risk - Perforation

Recently, endoscopic submucosal dissection (ESD) has
emerged as a curative treatment for early gastrointestinal
tumors due to its capacity to resect tumors regardless of
size. However, when compared with gastric ESD, ESD of
colorectal tumors faces more barriers for wide application.
Perforation is one of the most serious concerns of colorectal
ESD, because peritonitis caused by colonic perforation and
secondary contamination by colonic bacteria and feces can
be more severe than peritonitis caused by gastric perfora-
tion. Moreover, the risk of perforation is higher in colorectal
ESD because of the thin colonic wall and tortuous structure
of the colon. Based on data from previous studies, the
perforation rate for colorectal ESD is 1.4-10.0% [1-5].
Some reports suggest that larger-sized lesions, fibrosis,
colonic location, and less experience performing ESD could
be risk factors for perforation during ESD of colorectal
tumors [4, 6, 7]. When such factors are combined, the risks
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of incomplete resection and perforation are thought to
increase substantially [8]. Also, the rate of colonic perfo-
ration is reported to decrease with increased experience of
the endoscopist [5, 6, 9].

There have been few studies using multivariate analyses
of clinical parameters including patient- and procedure-
related variables and pathologic parameters in relationship
to perforation. This study was performed to evaluate the
risk and predictive factors of perforation during ESD pro-
cedures of colorectal tumors.

Patients and methods
Patients and preparations

Between October 2006 and November 2010, a total of 499
consecutive patients who underwent ESD for large-sized
(=20 mm) colorectal tumors were analyzed. We excluded
colorectal tumors with stalk or endoscopic findings such as
hardness, ulceration, friability, and spontaneous bleeding,
which are suggestive of massive submucosal invasion. The
ESD procedures were performed by three colonoscopists
(E.-J.L., E.GY., and J.B.L.) who have individually per-
formed more than 1,000 diagnostic colonoscopies annually
and are highly experienced in the therapeutic procedures.
Before and during this study period, they visited medical
centers in Japan and introduced the latest technical methods
for ESD procedure. We arbitrarily defined “experienced” as
having successfully completed at least 100 ESD procedures.
This benchmark was chosen after pinpointing the cutoff
value where the colonoscopist’s experience began showing
a drastic reduction in the occurrence of perforation.

Adequate cleansing of the whole colorectum was conducted
before performing endoscopic treatment, and the patients were
restricted to a low-fiber diet the day before treatment. The
patients ingested 90 ml oral sodium phosphate solution (Fleet
Phospho-soda®; C.B. Fleet Company, Lynchburg, USA) or 4 1
polyethylene glycol solution (Colyte Powder®; Taejoon
Pharm, Seoul, Korea) before each procedure to achieve good
bowel preparation. We chose each solution according to the
patient’s age and their hepatic and renal functions.

A history of using aspirin or antiplatelet agents was
recorded, and all applicable patients were asked to stop their
medication at least 7 days prior to the ESD procedure.
Comorbidity included hypertension, diabetes, cardiovas-
cular disease, or dyslipidemia, and multiple comorbidity
was defined as having more than one of the former diseases.

ESD procedure

The ESD procedures were carried out using a single-chan-
nel HD colonoscope (Olympus CF-H260AI; Olympus
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Optical Co., Tokyo, Japan) and a high-frequency generator
with an automatically controlled system (VIO300). A
transparent attachment (D-201-13404 or D-201-14304;
Olympus Optical Co., Ltd., Tokyo, Japan) was fixed to the
tip of the endoscope to provide a constant endoscopic view
and to apply tension to the connective tissue for submucosal
dissection. A CO, insufflation system was applied to reduce
any patient discomfort, particularly in the right colon by
promoting the absorption of leaked air from perforation.
At first, we used a mixed solution of normal saline,
epinephrine, and indigo carmine dye (Carmine; Korea
United Pharma, Inc., Seoul, Korea). Next, glycerol (cerol
injection; Choongwae Pharma Co., Seoul, Korea) and
hyaluronic acid (1:3 sodium hyaluronate injection; Huons,
Seoul, Korea) were introduced instead of saline to acquire
higher and longer lifting of the submucosal layer (Fig. 1).
After the tumor was lifted from the muscle layer, a mucosal
incision was made with the tip of a flex knife (Olympus KD-
630L). We adjusted the tip of the flex knife to a length of only
1-2 mm and gently pressed onto the mucosa to produce a
cutting effect, using the endocut I mode. The distal third of the
mucosa was incised first, and submucosal trimming was per-
formed for the introduction of the cap between the tumor and
the muscle layer. After trimming, dissection of the submu-
cosal layer with a flex knife using the forced coagulation mode
was completed. A hook knife (Olympus KD-620LR) was used
for cases with difficulties in further dissection and high risk of
muscular injury. The patient’s position was adjusted in order
to allow gravity to reposition the dissected tumor downwards.
To control bleeding, hemostatic forceps, such as a Coagrasper
(Olympus FD-410LR), were used in soft coagulation mode
(output 80 W). An additional mucosal incision to the proximal
part of the colon was then performed, and further submucosal
dissection was carried out. To prevent leakage of the sub-
mucosal solution, circumferential mucosal incisions were
staggered with submucosal dissection until the tumor was
completely resected. After complete resection of the tumor,
visible vessels in the exposed layer were treated with a
Coagrasper in soft coagulation mode. All procedures were
carried out in the inpatient setting, and the length of the hospi-
tal stay was 2-3 days unless immediate complications occurred.
Perforation was diagnosed when mesenteric fat or the
intraabdominal space was directly observed during the
procedure (frank perforation). Although visible colonic
wall defects were not present during ESD, any free air
could be detected through routine postprocedure radiologic
examinations such as plain chest X-rays, simple abdominal
X-rays, or computed tomographies (microperforation).

Histopathologic evaluation

All specimens were evaluated after being cut into 2-
2.5-mm slices and examined microscopically for histological
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Fig. 1 Submucosal injection of mixed hyaluronic acid, glycerol,
epinephrine, and indigo carmine solution. A The mixed solution of
hyaluronic acid lifts up the lesion sufficiently from the muscle layer.

type, classified in accordance with the Vienna classification
[10]. Laterally spreading tumors (LST) were defined as
lesions with a low vertical axis extending laterally along
the interior luminal wall. En bloc resection was defined as a
resection of one single piece of tumor, regardless of
pathologic-free margins. The tumor locations were divided
as follows: (1) cecum or ascending colon, (2) transverse
colon, (3) descending colon, (4) sigmoid colon, and (5)
rectum. The tumor locations were then grouped into right
colon (cecum, ascending and transverse colon), left colon
(descending and sigmoid colon), and rectum for logistic
regression analyses.

Statistical analysis

Patient-related variables (age, sex, history of aspirin or
antiplatelet agents, and comorbidity), endoscopic variables
(tumor size, location, and macroscopic type), procedure-
related variables (ESD experience, procedure time, and
materials of submucosal injection), and pathologic diag-
nosis were analyzed as potential risk factors for colon
perforation. All of the continuous variables are presented as
mean and standard deviation. In univariate analysis, a y>
test was used for comparisons between categorical vari-
ables, and an independent z-test was used for comparisons
between continuous variables. All calculations were con-
ducted using the SPSS statistical software package (SPSS
version 15.0; Chicago, IL, USA). In multivariate analysis, a
logistic regression model was used. Odds ratios (OR) and
95% confidence intervals (95% CI) were calculated for
predicting the relative risk of perforation. P-values less
than 0.05 were considered statistically significant.

B A sufficient submucosal fluid cushion and clear dissection plane
help to prevent perforation

Ethics

The study protocol was approved by the Institutional
Review Board at Daehang Hospital, and informed written
consent from all patients for each specific colonoscopic
treatment and all scheduled follow-up examinations were
received by clinicians and repeated by specially trained
nurses.

Results
Characteristics of the patients and the tumors

The mean age of the patients was 60.0 years (male:
female = 293:206). A total of 91 patients were taking aspirin
or antiplatelet agents for cardio- or cerebrovascular disease.
In all, 78 patients had multiple comorbidities. The mean size
of the lesions was 28.9 mm. The most common location of
the tumors was the cecum or ascending colon (n = 161),
followed by the sigmoid colon. Morphologically, LSTs (358/
499) were more common than non-LSTs (0-I). Pathologi-
cally, mucosal cancer was observed in 30.5% of cases (152/
499), and submucosal cancer was observed in 11.9% of cases
(59/499). Hospital stay was longer for patients with perfo-
ration-based complications compared with patients without
perforations (5.6 vs. 3.5 days) (Table 1).

Outcome of ESD (Table 1)

The overall en bloc resection rate was 95.0% (474/499).
The procedure time was shorter for patients without
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Table 1 Baseline characteristics

Colorectal tumors
(n = 499)

Age (years, mean = SD)
Sex (M:F)
Size of tumor (mm, mean + SD, range)
Location of tumor
Cecum or ascending (%)
Transverse (%)
Descending (%)
Sigmoid (%)
Rectum (%)
Type of lesion
Sessile (%)
LST (%)
En bloc resection (%)

Time of procedure
(min, mean £+ SD, range)

Pathologic diagnosis
Adenoma (%)
High-grade dysplasia (%)
Mucosal cancer (%)
Submucosal cancer (%)

Hospital stay (days,

60.0 £ 11.3 (25-86)
293:206
28.9 £ 11.5 (20-145)

161 (32.3)
98 (19.6)
27 (5.4)
123 (24.6)
90 (18.1)

141 (28.3)
358 (71.7)

474/499 (95.0)

61.3 + 43.2 (16-321)

102 (20.5)
185 (37.1)

152 (30.5)

59 (11.9)

3.6 + 1.4 (2-16)

mean £ SD, range)

LST laterally spreading tumor, M male, F female, SD standard
deviation

perforation (60.3 vs. 75.1 min). Perforation occurred in 37
out of 499 patients (7.4%). Forty-one patients with perfo-
rations were successfully treated nonsurgically with a
combination of endoscopic clipping (Fig. 2), fasting, and
broad-spectrum antibiotics; 3 patients among these 37 did
not complain of any subjective symptoms after perforation,
and for these patients, perforations were detected only by
routine radiologic examination (Fig. 3). Only three patients
underwent emergency surgery due to frank perforation
during ESD. In these exceptional cases, the perforated
colonic areas were too large to be directly repaired with
endoscopic clipping (Fig. 4).

Risk factors of perforation
Univariate analysis

The type (laterally spreading tumor) and the location (right
colon) of the tumor, less experience with the ESD proce-
dure (<100 cases), and submucosal injection with either
saline or glycerol (without hyaluronic acid) were associ-
ated with higher frequency of perforation (P = 0.005,
P = 0.008, P =0.03, and P = 0.001, respectively). Age,
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sex, size of tumor, pathology, comorbidity, and use of
aspirin or antiplatelet agents were not associated with
higher frequency of perforation (Table 2).

Multivariate analysis

On multivariate logistic regression analysis, laterally
spreading type of tumor (OR 4.10, 95% CI 1.17-14.34) and
submucosal injection with hyaluronic acid (OR 0.31, 95%
CI 0.13-0.72) were significant factors for predicting colonic
perforation during ESD procedure. Procedure experience,
tumor type, and tumor location were not independently
related to perforation (Table 3).

Discussion

To date, en bloc resection of large and nonpedunculated
colorectal tumors has been a challenge to therapeutic col-
onoscopists because precise pathological evaluation is
difficult to achieve for piecemeal resection. For treating
early gastric cancer, several clinical studies have been
conducted to demonstrate the superiority of ESD over
piecemeal endoscopic mucosal resection [4, 5, 11, 12].
However, colorectal ESD is not widely used around the
world, and limited data regarding colorectal ESD have
been collected. The reason is that ESD is a newer tech-
nique, which is not only difficult and time consuming to
master but also carries an additional risk of perforation due
to anatomical features of the colon (i.e., thinner wall and
more tortuous structure when compared with the stomach).
In addition, the paradoxical movement of the endoscope
during ESD, due to the winding nature of the colorectum,
may cause knife coagulation on the muscularis propria and
perforation [13].

Similar to previous reports [1-5] from Japan, the rate of
perforation was 7.4% in this study, and most cases of
perforations could be successfully treated without opera-
tion, as reported in other previous studies [1, 14]. Although
the rate of delayed perforation is reported to be 0.3-0.7%
[4, 8, 15], there were no cases of delayed perforation in our
study. Peritonitis secondary to colonic perforation follow-
ing ESD can be more disastrous, particularly in delayed
perforation, because such perforations are typically large in
size and require emergency surgery.

There have been a few clinical studies focusing on the
risk factors predicting perforation during ESD for colo-
rectal tumors. Some reports suggested that large-sized
lesions, fibrosis, colonic location (due to a thinner wall than
in the rectum), and less experience performing ESDs might
be risk factors for perforation during ESD [4, 6, 7, 16].
According to another report on perforations, there were no
statistical differences regarding the location of the tumor,
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Fig. 2 Successful clipping. A During ESD on the ascending colon, was detected. C, D After applying four endoscopic clips, the patient
the muscle layer was mistaken as submucosal fibrosis. B The muscle recovered without severe complications
layer was cut with a flex knife, and the cut surface of the muscle layer

Fig. 3 Simple abdominal X-ray
after endoscopic submucosal
dissection for a 50-mm-sized
rectal mass. No definite rectal
perforation was detected during
the ESD procedure. This patient
did not complain of any
abdominal pain or fever.

A Subdiaphragmatic free air.

B Free air density around the
rectum

L
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Fig. 4 Large perforation. A This case required emergency laparoscopic surgery because the perforated colonic area was too large to be directly
repaired with endoscopic clipping. B Here, we can see the stomach and omental fat

i.e., in the colon or in the rectum [17]. Isomoto et al. [8]
reported that right-side colonic location and fibrosis were
the significant contributors to incomplete resection and that
perforation was associated with large tumor size (>30 mm)
and presence of fibrosis. They also reported that, when the
contributive factors for each were combined, the risks of
incomplete resection and perforation increased substan-
tially. Matsumoto et al. reported that, in cases of lesions
with severe fibrosis, the rate of complete en bloc resection
was low and the perforation rate was high even when ESD
was performed by an experienced operator. However,
clarification of the presence and extent of fibrosis before
actual colorectal ESD was obviously impossible [18]. In
fact, in our study, we could not find any contributor pre-
dicting presence of fibrosis. We did not include presence of
fibrosis in this analysis since this study was designed to
clarify a clinical predictive factor before performing ESD
procedure. However, fibrosis encountered during ESD
procedure can be an important factor for complete sub-
mucosal dissection without complication, hence further
study to predict presence of fibrosis as well as risk of
colonic perforation is necessary.

Tanaka et al. [5, 9] have previously reported that an
increase in operator experience is associated with a
reduction in the rate of perforation during ESD. In a recent
novel multicenter study in Japan, Saito et al. [7] reported
that less experience performing ESDs (fewer than 50 cases)
was an independent risk factor for complications. In our
study, the perforation rate was lower in cases where each
operator’s skill seemed to be mature and experienced
(=100 cases) than immature and less experienced (<100
cases) (10.1% vs. 5.0%); however, this experience was not
an independent risk factor on multivariate analysis. This
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insignificance associated with experience may be explained
through various considerations. First, it was observed that,
the more experienced the operators were, the larger the
tumors were indicated. The mean size of tumors was
273 £ 87 cm in less-experienced (<100) cases and
30.4 £ 13.4 cm in experienced (>100) cases (P < 0.01).
Second, despite this insignificance on multivariate analysis,
subgroup analysis demonstrated that experience was not a
significant risk factor in small-sized tumors (<30 mm) but,
on the other hand, a significant risk factor in large-sized
tumors (>30 mm). Third, techniques and devices for per-
forming ESD developed over time, and they were intro-
duced regardless of the number of cases. Therefore, we
should acknowledge that experience performing ESDs can
be a significant factor but a variety of factors exist that
influence the perforation risk of the ESD procedure beyond
the absolute numbers of cases. The indication of ESD
according to the colonoscopist’s skill, appropriate appli-
cation of ESD, and the choice of suitable devices in each
case are important in preventing perforations.

Hyaluronic acid is a macromolecular polysaccharide
composed of D-glucuronate and N-acetyl-glucosamine,
which is physicochemically very water retentive and vis-
coelastic. Yamamoto et al. [19] reported that, when hyal-
uronic acid was injected into the submucosal layer during
endoscopic mucosal resection (EMR), mucosal lesions
could be adequately lifted for sufficient duration to allow
safe, reliable, and complete resection without sodium
hyaluronate diffusion or absorption by the submucosal
layer. Some experimental studies have described the
effectiveness of sodium hyaluronate for EMR [20, 21].
Fujishiro et al. [22] reported that a mixed solution of high-
molecular-weight hyaluronic acid, glycerin, and sugar for
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treatment of gastrointestinal (GI) tumors gave far better
results in comparison with the treatments used in previous
studies. They recommended the mixed solution of

Table 2 Univariate analysis of risk factors for perforation during
colonic ESD

With Without P-value
perforation  perforation
(n=37) (n = 462)
Age (years) 60.5 £ 11.7 593 £ 11.2 0.53
Sex 0.78
Male (%) 22 (7.5) 271 (92.5)
Female (%) 15 (7.3) 191 (92.7)
Procedural experience 0.03
<100 cases (%) 24 (10.1) 214 (89.8)
>100 cases (%) 13 (5.0) 248 (95.0)
Location of tumors <0.01
Right colon (%) 26 (10.0) 233 (90.0)
Left colon (%) 9 (6.0) 141 (94.0)
Rectum (%) 2(2.2) 88 (97.8)
Size of tumors 0.50
<30 mm (%) 22 (6.8) 300 (93.2)
>30 mm (%) 15 (8.5) 162 (91.5)
Type of tumors <0.01
Sessile (%) 32.1) 138 (97.9)
LST (%) 34 (9.5) 324 (90.5)
Pathology 0.27
Adenoma (%) 9 (8.8) 93 (91.2)
High-grade dysplasia (%) 18 (9.7) 167 (90.3)
Mucosal cancer (%) 7 (4.6) 145 (95.4)
Submucosal cancer (%) 3(5.D 56 (94.9)
Submucosal injection <0.01
Saline (%) 3 (18.8) 13 (81.2)
Glycerol (%) 5(22.7) 17 (77.3)
Hyaluronic acid (%) 29 (6.3) 432 (93.7)
Multiple comorbidity 0.92
Present (%) 6 (7.7) 72 (92.3)
Absent (%) 31 (7.4) 390 (92.6)
History of aspirin or 0.32
antiplatelet agents
Present (%) 9 (9.9) 82 (90.1)
Absent (%) 28 (6.9) 380 (93.1)

hyaluronic acid for ESD of GI tumors, especially for dif-
ficult ESD cases, because hyaluronic acid creates a long-
lasting and sufficiently thick submucosal fluid cushion.
This thick submucosal fluid cushion sufficiently lifts up the
lesion from the muscle layer and prevents perforation.
However, to our best knowledge, no clinical studies have
proven that long-lasting submucosal cushioning such as
that provided by hyaluronic acid injection could lessen the
risk of perforation during colorectal ESD significantly. Our
study showed that submucosal injection with hyaluronic
acid is an independent factor to prevent perforation during
colorectal ESD. The significant decrease in the rate of
perforation associated with use of hyaluronic acid may be
the result of the following technique: After mucosal inci-
sion, we blindly dissected submucosal tissue, making a gap
between the specimen and muscle layer to introduce a
transparent hood. During this trimming step, a submucosal
injection of hyaluronic acid was used to maintain sufficient
thickening of the submucosal tissue to prevent perforation.
Finally, a transparent hood is used to open up the incised
mucosa as a substitute for countertraction. With this
method, not only the lateral margin but also the vertical
margin of the resection can also be precisely determined, as
submucosal dissection is carried out under direct visuali-
zation of the submucosal tissue [23].

Our study has a few limitations. First, the potential
protective effect of hyaluronic acid might be biased by a
learning curve because it was introduced at a latter phase of
the study, hence we carried out multivariate analysis of
relatively large numbers of cases to overcome the bias
of this retrospective study as far as possible. Second, there
were three therapeutic colonoscopists involved. Our study
could have been more authoritative if all procedures were
performed by a single colonoscopist. However, the intro-
duction of these procedures and the learning curve of the
three colonoscopists were similar. Third, we did not define
a clear-cut value for experienced cases (100 cases or more),
although we attempted to determine a cutoff value for each
colonoscopist’s cases statistically. Fourth, procedure time
was excluded from this risk analysis because the time for
managing the perforation was included in perforated cases.
However, longer procedure time can be an important factor
which affects the operator’s mental or physical exhaustion.

Table 3 Multivariate analysis
of risk factors for perforation

during colonic ESD

p SE P-value OR (odds ratio) 95% CI
Less experience (<100 cases) 0.50 0.39 0.20 1.65 0.77-3.54
Location (right colon) 0.61 0.42 0.13 1.85 0.84-4.10
Large size (=30 mm) 0.39 0.36 0.28 1.48 0.73-3.00
Type of tumors (LST) 1.41 0.64 0.03 4.10 1.17-14.34
Submucosal injection —1.14 0.49 0.02 0.32 0.12-0.84

with hyaluronic acid
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In conclusion, our perforation rate was 7.4%, and most

cases could be successfully managed without operation. In
the case of laterally spreading type of tumor, more cautious
management is needed during submucosal dissection and
long-lasting submucosal cushion such as that provided by
hyaluronic acid injection is important for preventing per-
foration during ESD procedure.
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