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Management of complications related to colorectal endoscopic
submucosal dissection
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Compared to endoscopic mucosal resection (EMR), colonoscopic endoscopic submucosal dissection (C-ESD) has the advantages of
higher en bloc resection rates and lower recurrence rates of colorectal neoplasms. Therefore, C-ESD is considered an effective treatment
method for laterally spread tumors and early colorectal cancer. However, C-ESD is technically more difficult and requires a longer pro-
cedure time than EMR. In addition to therapeutic efficacy and procedural difficulty, safety concerns should always be considered when
performing C-ESD in clinical practice. Bleeding and perforation are the main adverse events associated with C-ESD and can occur
during C-ESD or after the completion of the procedure. Most bleeding associated with C-ESD can be managed endoscopically, even if
it occurs during or after the procedure. More recently, most perforations identified during C-ESD can also be managed endoscopically,
unless the mural defect is too large to be sutured with endoscopic devices or the patient is hemodynamically unstable. Delayed perfora-
tions are quite rare, but they require surgical treatment more frequently than endoscopically identified intraprocedural perforations or
radiologically identified immediate postprocedural perforations. Post-ESD coagulation syndrome is a relatively underestimated adverse
event, which can mimic localized peritonitis from perforation. Here, we classify and characterize the complications associated with
C-ESD and recommend management options for them.
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treatment of colorectal lesions. The technical difficulty and an-

INTRODUCTION

atomical features of the colorectum, including the thin wall lay-

Endoscopic submucosal dissection (ESD) is an advanced ther-
apeutic procedure for the removal of large, albeit superficial,
colorectal neoplasia, such as laterally spreading tumors and
early colorectal cancer.' In comparison to endoscopic mucosal
resection (EMR), ESD is advantageous owing to its high en bloc
resection and reduced local recurrence rates. However, ESD is
technically more challenging than conventional EMR for the
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ers, haustra, and long tubular structure with flexuosity, severely
enhance the risk of complications, such as bleeding and perfo-
ration.” Most complications related to colorectal ESD (C-ESD)
can be treated medically and endoscopically, and surgical inter-
vention is rarely required. Therefore, endoscopists should focus
on the incidence, risk factors, and management of the major
complications associated with C-ESD.

INTRAPROCEDURAL COMPLICATIONS

Bleeding

Bleeding is a frequent complication associated with C-ESD.
Large vessels are more frequently exposed during C-ESD,
compared with EMR and polypectomy, because submucosal
dissection involves the deeper layer of the submucosa.’ Notably,
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a standardized definition of minor and major bleeding during
C-ESD has not been established to date, and intraprocedural
bleeding, which can be controlled by contact coagulation using
the tip of a knife, is generally not considered a complication of
C-ESD. Therefore, the intraprocedural bleeding rate has been
poorly investigated and may have been underestimated in re-
al-world clinical practice. Intraprocedural bleeding, defined as
blood oozing or spurting during C-ESD, was reported in 1.8%
(4/220) of cases.”

Bleeding can be controlled using either electrocoagulation or
hemoclipping. The technique for hemostasis of intraprocedural
bleeding during C-ESD is similar to that used for postpolypec-
tomy or lower gastrointestinal bleeding. However, in contrast to
postpolypectomy bleeding, electrocoagulation using hemostatic
forceps is the first-choice technique in C-ESD, because the ap-
plied hemoclips may interfere with the next step of C-ESD. The
bleeding point should be precisely localized to avoid excessive
electrothermal injury to the bowel wall owing to delayed bleed-
ing or perforation. When a bleeding point cannot be deter-
mined due to blood in the dependent area, a positional change
may be helpful. For severe intraprocedural bleeding that cannot
be controlled with electrocoagulation, clipping should be per-
formed to achieve hemostasis.

Prophylactic hemostasis or electrocauterization of the ex-
posed vessels in the submucosal layer is frequently required to
prevent intraprocedural bleeding. Large-caliber vessels should
be coagulated using hemostatic forceps in soft coagulation
mode (Fig. 1)." However, dissection and electrocauterization
of the submucosal layer containing small-caliber vessels can
be performed simultaneously using an endo-knife in swift or

forced coagulation modes. In such cases, the speed of dissection

should be reduced to enhance coagulation in the vessels.

Perforation

Intraprocedural perforation is the most common complication
associated with C-ESD; however, most perforations are now
treated endoscopically. A multicenter study in Korea reported
a perforation rate of 6.5% among 2,046 patients.’ Furthermore,
a meta-analysis including 88 studies with a total of 14,584 pa-
tients reported a perforation rate of 5.2% (non-Asian countries,
8.6%; Asian countries, 4.5%).” Experience of endoscopists, large
tumor size >30 mm, and submucosal fibrosis are well-known
risk factors of perforation in C-ESD.”""’ Occasionally, forceps
biopsy on the lesions before C-ESD may result in fibrosis;''
hence, a cautious approach is required while performing biopsy
before C-ESD. In terms of tumor location, the rectum is a safer
location for perforation than other colonic segments (especially
the right colon), because the rectal wall is thicker."

The perforation rate of C-ESD is higher than that of gastric
ESD,"”" and, in general, C-ESD is technically more difficult
than gastric ESD. Therefore, for beginners, C-ESD should be
cautiously performed in the rectum only after gaining sufficient
experience in gastric ESD."*"” Endoscopists, who lack experi-
ence in gastric ESD, should perform C-ESD under the super-
vision of an experienced endoscopist, after having extensive
colonoscopy training and multiple hands-on training sessions."®

The treatment of intraprocedural perforation during C-ESD
is similar to that of colorectal perforation associated with other

P . 17,18
endoscopic interventions."’

Iatrogenic colonic perforation
should be managed immediately, if recognized during endo-
scopic procedures. However, if perforation occurs before com-

plete removal of the lesion using ESD, immediate endoscopic

2022-05-19 1.

Fig. 1. Coagulation of large vessels in the submucosal layer. (A) During submucosal dissection, large vessels were exposed at the submucosal
layer. (B) Vessels were coagulated with a coagrasper. (C) Coagulated vessels.
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closure using hemoclips may interfere with the next step of
C-ESD. Therefore, the timing of endoscopic closure should be
based on patients condition and size of the perforation. If the
patient can tolerate the pain and shows stable vital signs, and
the perforation is not large enough to require surgery, the initial
step for managing the perforation during C-ESD is to change the
patient’s position and empty the bowel contents to prevent intra-
peritoneal leakage. Subsequently, submucosal dissection should
be continued until the hemoclips do not interfere with C-ESD.

If the perforation closes successfully, the remaining tumor
should be resected. The resection modality should be decided
by the physician based on patient’s clinical condition. If the
patient is stable, C-ESD can be continued after the endoscopic
closure. However, if additional submucosal dissection after per-
foration is not possible, the remaining tumor can be resected
using a snare, that is a hybrid ESD technique, before endoscopic
closure of the iatrogenic perforation.”

Small perforations <10 mm can be managed with conven-
tional through-the-scope clips."” In the case of overt perfora-
tions, a defect in the proper muscle layer may be observed (Fig.
2A). Unlike iatrogenic colon perforation caused by other rea-
sons, the perforation area in intraprocedural perforation during
C-ESD may occupy only part of the ESD ulcer. Therefore, for
smaller defects, the perforated site can be closed directly using
clips (Fig. 2B). Furthermore, the proper muscle adjacent to the
perforation should be approximated and clips should be de-
ployed cautiously, to avoid tearing of the proper muscle layer.
Additional clipping is recommended to ensure adequate and
tight closure of the defect, even when the perforation site ap-
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pears closed with a single clip (Fig. 2C). Applying the first clip
directly to the defect is occasionally difficult; hence, in such cas-
es, clipping can start from the lateral side to the opposite side of
the ESD ulcer to close the mucosal defect in a ziplock manner
(Fig. 3). After proper deployment of the first clip, additional
clips can be placed next to the previous clip. Furthermore, both
arms of the clip should be deployed to the intact mucosa or
submucosa of the colonic wall rather than to the deeply exca-
vated iatrogenic ulcer base or proper muscle layers. When the
perforation site is concealed by the omentum, perforation may
present as intra-abdominal fat tissue on endoscopy (Fig. 4) and
may be overlooked. Therefore, endoscopists should be aware of
the various types of perforation.

The first commercialized through-the-scope clip system con-
sisted of a reusable rotatable device and a disposable clip that
should be loaded manually.”’ Although the cost of a reusable clip
is low, reopening the clip using the reusable rotatable device is
not possible. Recently, various single-use disposable clips have
been made available.” These clips can reduce the procedure time,
because they are preloaded-type clips that are easy to handle.

For large perforations (>10 mm) that cannot be closed using
a through-the-scope clip, additional devices or techniques are
required. An over-the-scope clip (OTSC) can be applied for
perforations >10 mm due to C-ESD (Fig. 5).”** An ex vivo
animal study suggested that OTSC can be applied for perfora-
tions up to 30 mm in size.”” However, due to the tortuosity of
the colon, the use of OTSC is limited for colon perforation.”
OTSC is indicated when perforations <2 to 3 cm occur at the

17,26

distal colon. "™ Endoloops and clips have been introduced to

Fig. 2. Perforation closure simply using conventional hemoclips. (A) Overt intraprocedural perforation was determined when the submucosal
dissection was almost finished. (B) After completion of endoscopic submucosal dissection, the defect of the proper muscle layer was directly
closed using a clip. (C) To ensure complete endoscopic closure, mucosa and submucosal layers adjacent to the perforated site were tightly
closed using additional clips.
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Fig. 3. Perforation closure using the ziplock method. (A) Iatrogenic colon perforation during colonoscope insertion. (B) The first clip was

placed at the lateral side of colon perforation. (C) Perforation was completely closed using additional clips. Adapted from closure of iatrogenic

colon perforation during colonoscope insertion, courtesy of Prof. Yunho Jung, Soonchunhyang University College of Medicine.

Fig. 4. Identification of perforation concealed with the omentum.
Extraluminal fat tissue was observed under a tiny proper muscle lay-
er defect. Arrows indicate the concealed perforation site.

* and a dual-channel endoscope

manage large perforations,”
is required (Fig. 6). Currently, traction methods using clips and
rubber bands are widely used for C-ESD.” This method can
also be used to manage perforation during C-ESD.”" Traction
of one side of the colonic wall to the opposite side can approxi-
mate the post-ESD colonic defect or perforation (Fig. 7). After
approximating the mural defect using the traction method, the
perforation can be closed with clipping.

Endoscopic closure is usually recommended for perforations
<30 mm."”"* The suggested treatment strategies, including

426

Fig. 5. Over-the-scope clip (Ovesco Endoscopy AG).

endoscopic and surgical treatments for intraprocedural perfo-
rations of C-ESD, are summarized in Table 1."” The treatment
strategy for intraprocedural perforation should be chosen based
on the perforation size and location.



Gweon et al. Complications of colorectal ESD

Fig. 6. Endoloop and clip fixation for the treatment of perforation. (A) Large perforation. Arrows indicate the perforation site. (B) The first
clip was fixed with an endoloop at normal colonic mucosa. (C) The second and third clips were placed to different side colon mucosa around

the dissected ulcer. (D) The endoloop was tightened to close perforation.

Fig. 7. Endoscopic closure using the traction method. (A) A perforation of 6 mm in size is shown. Arrow indicates the perforation site. (B)
One clip was fixed with a rubber band at the colonic mucosa. (C) Ulcer was partially approximated using the traction method (D) Additional
clips were placed with ease after approximation. (E) Complete closure of the ulcer.

The success rate of the endoscopic closure of perforations
during C-ESD is not well established. In a previous study, suc-
cess rate of endoscopic treatment was approximately 95.8%
(23/24).” Surgical treatment should be performed immediately
when endoscopic closure is not feasible; a meta-analysis report-
ed that 1% of all attempted C-ESD cases required surgical inter-
vention.”

Perforations associated with C-ESD may also remain uniden-
tifiable during the procedure. According to a multicenter study
in Korea, 98 out of 135 (72.6%) C-ESD-related perforations
were microperforations, which were identified radiological-
ly only after completion of ESD.’ Therefore, post-ESD ulcers
should be meticulously examined to identify muscle injury or
defects in the colon wall. Once a deep mural injury is suspected
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Table 1. Treatment of intraprocedural perforation according to perforation size

Clinical situation Suggested treatment
Perforation size (mm)
<10 Through-the-scope clip
10-30 Endoloop fixed with clips or over-the-scope-clip
>30 Surgery
Consideration of surgical treatment after endoscopic closure
Severe peritoneal irritation sign Surgery”

Fever >1-2 days
Hemodynamic instability

Modified from Jung. Clin Endosc 2020;53:29-36."
“Decisions for surgery should be made based on patient’s condition.

or identified, prophylactic clipping is recommended. Notably,
when a perforation is not managed during an endoscopic pro-
cedure, colonoscopy may be challenging.

Along with closure techniques, the use of carbon dioxide
for insufflation, which is regarded as a standard technique
for C-ESD, may help to reduce pain related to perforation."*”
Despite advances in the endoscopic management of iatrogenic
perforations, C-ESD-related colonic perforation may be associ-
ated with serious morbidity and rarely, mortality. Excessive air
leakage after perforation can cause tension pneumoperitoneum,
which manifests as severe abdominal distension, dyspnea, and
hemodynamic instability. In cases of tension pneumoperito-
neum, prompt percutaneous needle decompression using a
16-gauge needle should be performed."*** The lower abdomen
is the recommended puncture site for decompression (Fig. 8).”
C-ESD should be performed by experienced therapeutic endos-
copists in specialized centers where surgical backup is feasible.

POSTPROCEDURAL COMPLICATIONS

Post-ESD coagulation syndrome

Patients may experience abdominal pain, localized tenderness,
or fever after C-ESD. Although post-ESD coagulation syn-
drome (PECS) is not well defined, clinical diagnosis is based on
the presence of localized abdominal tenderness near the ESD
site, fever, or laboratory evidence of an inflammatory response,
such as elevated C-reactive protein levels and leukocytosis.””’
The pathogenesis of PECS is similar to that of postpolypectomy
coagulation syndrome.”” The mechanism of PECS involves
transmural bowel injury complicated by electrocautery (Fig. 9).
Furthermore, local bacterial infections associated with mucosal
defects may also lead to PECS.” Clinically, PECS can mimic
localized peritonitis caused by frank perforation. However,
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Fig. 8. Recommended area for needle decompression. Area in the
dotted red line indicates suggested area.

most PECS cases can be treated with conservative management,
including a short-term fasting period, antibiotics, and adequate
hydration. Hence, PECS should be differentiated from frank
perforations.

The incidence of PECS has been reported to be 4.8% to
14.2%,”*"** which is higher than that of postpolypectomy coagula-
tion syndrome,” probably because more extensive electrocautery is
applied during ESD than during polypectomy. The risk factors
for PECS include a longer procedure time, larger tumor size (>30
to 40 mm), submucosal fibrosis, and right-sided tumor loca-
tion, such as in the ascending colon and cecum.”"*

Several strategies have been developed for the prevention of
PECS. In a single-center randomized trial in Korea, administra-
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Fig. 9. Post-endoscopic submucosal dissection coagulation syndrome. (A) After completion of submucosal dissection, neither deep proper
muscle injury, nor overt perforation were suspected. (B) Clips were placed at the site of proper muscle injury. (C) Owing to abdominal pain
and fever after the procedure, computed tomography was performed, revealing edematous wall thickening at the procedure site. Courtesy of
Prof. Yunho Jung, Soonchunhyang University College of Medicine.

tion of prophylactic antibiotics before C-ESD significantly re-
duced PECS occurrence (antibiotic group, 2.0% vs. non-antibi-
otics group, 16.0%; p=0.031)." However, a multicenter study in
Japan showed that prophylactic antibiotics did not significantly
reduce the rate of PECS (antibiotics group, 4.7% vs. non-antibi-
otics group, 7.5%; p=0.29)."”

Endoscopic closure using a hemoclip to prevent PECS has
also been investigated,” but results have been variable. A ret-
rospective study in Japan suggested that line-assisted complete
endoscopic closure of post-ESD ulcers reduced the PECS in-
cidence (endoscopic closure, 0% [0/51] vs. non-closure, 12%
[6/51]; p=0.03).” However, in a single-center randomized study
in Korea, endoscopic closure using clips did not reduce the
PECS incidence (endoscopic closure, 8.2% [9/110] vs. non-clo-
sure, 10.9% [12/110]; p=0.647)." According to a meta-anal-
ysis, endoscopic closure did not reduce the PECS incidence
compared to non-closure (pooled odds ratio [OR], 0.75; 95%
confidence interval [CI], 0.26-2.18).” Hence, the efficacy of
preventive strategies for PECS remains questionable.

Delayed bleeding

Delayed bleeding after C-ESD is a major adverse event that
leads to unexpected hospital visits and increases in medical
costs. Although the definition of delayed bleeding varies be-
tween studies, it is often defined as postprocedural bleeding that
presents with hematochezia or melena and requires endoscopic
hemostasis or transfusion. Large polyps, proximal location, and
use of antithrombotic agents are significant risk factors for de-
layed bleeding in polypectomy.” C-ESD is performed for pol-
yps larger than 2 cm in most cases; hence, physicians should

be cautious of delayed bleeding after C-ESD. Delayed bleeding
may occur between 2 to 7 days after C-ESD.” A multicenter
study in Korea reported that the incidence of delayed bleeding
after C-ESD was 2.9% among 1,604 patients, and risk factors in-
cluded large tumor size (>3 cm), use of antiplatelet agents, and
location in the rectosigmoid colon.” Furthermore, location in
the rectum was a significant risk factor for delayed bleeding.”"”
In contrast, location in the cecum was a significant risk factor
for delayed bleeding in terms of tumor location.” In a me-
ta-analysis including 22 studies, rectal location was a significant
risk factor for delayed bleeding (OR, 3.55; 95% CI, 2.06-6.12)."
The rate of delayed bleeding was reported as high as 6.6%.” In a
meta-analysis for C-ESD, the incidence of major delayed bleed-
ing requiring hemostatic intervention was 2.1% among 13,833
tumors.” Interestingly, the incidence of delayed bleeding after
C-ESD was not higher than that of postpolypectomy bleeding.
Two meta-analyses reported that the risk of delayed bleeding
was comparable between EMR and C-ESD.””** To prevent
delayed bleeding after C-ESD, electrocoagulation for exposed
vessels on the ulcer was recommended.”” Prophylactic clipping
may prevent delayed bleeding after C-ESD. A meta-analysis re-
ported that prophylactic clipping decreased the incidence of de-
layed bleeding (0.9%) compared to non-closure (5.2%, pooled
ORs, 0.19; 95% CI, 0.08-0.49).”” Thus, prophylactic clipping can
be considered in cases with high risk of delayed bleeding.

Delayed perforation

Delayed colorectal perforation is defined as colorectal perfo-
ration that develops or is recognized after completion of ESD
without intraprocedural (endoscopic) or immediate postpro-
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cedural (radiological) evidence of perforation. Delayed perfo-
ration C-ESD is rarer than micro- or intraprocedural perfo-
ration. According to a multicenter study conducted in Korea,
the overall incidence of perforation related to C-ESD was 6.5%
(134/2,046). However, the incidence of delayed perforation
within this cohort was 0.1% (3/2,046).” A prior prospective
multicenter study in Japan reported that the delayed perfora-
tion rate after C-ESD was 0.4% (4/1,111), while two of these
cases were surgically treated.” In a meta-analysis, the incidence
of delayed perforation was reported to be 0.22%,” which was
lower than that of PECS. However, most studies included in this
meta-analysis were retrospective. A multicenter randomized
controlled trial aimed to prevent PECS in Japan reported that
the rate of delayed perforation was 3.9% (6/155 C-ESD cases).”
In this study, all patients who were diagnosed with PECS un-
derwent abdominal computed tomography (CT), and delayed
perforation was divided into minor (PECS with periluminal air)
and major (PECS with intra-abdominal free air). All cases of de-
layed perforation in this study were minor PECS. The incidence
of delayed perforation was overestimated if PECS with perilumi-
nal air was considered as “minor” delayed perforation. However,
as none of the minor delayed perforations in this study required
surgery, PECS with periluminal air should be considered as
a subtype of PECS rather than delayed perforation in clinical
practice. Nonetheless, severe PECS and delayed perforation may
present with symptoms suggestive of peritonitis; hence, differ-
entiating between these two adverse events may be challenging.
Therefore, when delayed perforation is clinically suspected, ab-
dominal CT should be performed immediately. CT may reveal
intraperitoneal free air and intra-abdominal changes secondary
to acute peritonitis. Although delayed perforations with minor
symptoms can be managed with conservative treatment, includ-
ing antibiotics and fasting, a considerable proportion of delayed
perforations requires surgical treatment. Therefore, in cases of
delayed perforation, emergency contact with the surgeon is es-
sential for therapeutic decision making.

CONCLUSIONS

C-ESD is a technically challenging procedure. Major complica-
tions of C-ESD can be categorized as intraprocedural and post-
procedural adverse events. With advancements in techniques
and devices, the perforation rate has been reduced recently.
To minimize perforations, C-ESD should be performed using
a standardized technique. The endoscopist’s experience is the
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most important factor in perforation; hence, supervision by ex-
perts is essential when the procedure is performed by novices.
C-ESD should be performed by physicians who can manage
perforations in specialized centers where surgical treatment
is possible. Furthermore, physicians should be familiar with
postprocedural and intraprocedural complications. The inci-
dence rate of PECS is higher than that of delayed perforation;
however, PECS can be managed conservatively in most cases.
Hence, PECS should be differentially diagnosed from delayed
perforation to avoid unnecessary surgical treatment. However,
to prevent delays in surgical treatment when indicated, surgical
consultation is required for therapeutic decision making in pa-
tients with severe PECS and perforation.
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