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Clinical features and predictive factors of coagulation syndrome
after endoscopic submucosal dissection for early gastric neoplasm
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Abstract

Background Various endoscopic submucosal dissection

(ESD)-related complications, such as perforation or bleeding,

occur frequently. However, the clinical course of coagulation

syndrome (CS) after ESD is not known. The aim of this study

was to clarify the clinical outcomes and predictive factors of

CS after ESD for early gastric lesions.

Methods ESD procedures were performed in the typical

sequence (marking, incision, and submucosal dissection).

Four hundred and ninety-five patients with early gastric

neoplasms were classified into two groups based on their

clinical course after ESD: one group with post-ESD CS and

the other with a normal clinical course. The clinical out-

comes of the CS group were analyzed, and various clinical

and pathological factors related to post-ESD CS were

investigated using univariate and multivariate analyses.

Results Coagulation syndrome occurred after ESD in 35

patients. In the CS group, the median period of inflamma-

tory symptoms was 23.7 ± 12.0 h, and no blood cultures

showed bacteremia. Multivariate analysis demonstrated that

a tumor size of more than 1.5 cm [odds ratio (OR) 5.99,

P \ 0.001], tumor location in the middle third of the

stomach (OR 2.84, P = 0.005), and a procedural time

longer than 45 min (OR 2.71, P = 0.033) were independent

risk factors for this complication. All patients with CS

presented with a favorable outcome, irrespective of antibi-

otic treatment.

Conclusions This study suggests that CS occurs with an

incidence of 7.1% after ESD for gastric lesions, and the

factors associated with post-ESD CS include tumor size

and location, and procedural duration.
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Introduction

Endoscopic mucosal resection (EMR) of early gastric

cancers has become a widely accepted, standard procedure.

Various EMR techniques have been developed, including

suction or lift techniques such as EMR ligation, EMR cap,

and EMR strip biopsy. The main problem with these con-

ventional EMR methods is the retrieval of multiple speci-

mens after the resection of large lesions, because en-bloc

resection is considered ideal for the accurate histopathol-

ogical evaluation of the tumors. This limitation of EMR

has been overcome by the development of endoscopic

submucosal dissection (ESD). ESD is now performed more

commonly than any other technique for the treatment of

early gastric neoplasms, because it preserves the stomach,

with en-bloc resection, and provides tumor-free margins

[1–5]. Despite this advantage, ESD is considered to require

a special technique and to entail a high rate of complica-

tions, particularly perforation and postoperative bleeding

[6, 7]. A considerable number of studies of the major

complications associated with ESD have been conducted

[8–10]. Besides these major adverse events, minor prob-

lems are also encountered frequently after ESD. However,

these tend to be underestimated. Temporary inflammatory

signs, in particular, often occur during the post-ESD per-

iod, including fever, abnormal levels of inflammatory
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markers, and upper abdominal pain, with or without

symptoms of peritoneal irritation [11].

Although coagulation syndrome has been reported after

colon polypectomy, no attempt has been made to evaluate

post-ESD coagulation syndrome. The incidence of post-

polypectomy coagulation syndrome caused by transmural

burns is 0.5–1.2% [12–14]; it is presumed that the inci-

dence of ESD-related coagulation syndrome is higher,

because more frequent and repetitive electrocoagulation is

performed during this procedure. However, this has not yet

been established.

A computed tomography (CT) study of transmural air

leaks after ESD suggested that these were associated with

post-ESD inflammatory symptoms [11]. In another case

report of post-ESD ischemia, this adverse event led to

inflammatory symptoms. It was assumed that this gastric

ischemia was related to a compromised microcirculation,

attributed to the underlying disease or a large-volume

submucosal injection during the procedure [15].

The aim of our study was to examine the clinical fea-

tures and outcomes in patients with post-ESD coagulation

syndrome. We also hoped to clarify the predictive factors

influencing the occurrence of this complication.

Methods

Patients

The standard or extended criteria for ESD included:

(a) histopathological diagnosis by biopsy of a well- or

moderately differentiated adenocarcinoma or dysplasia

(adenoma); (b) tumor invasion of the mucosa or minute

submucosal layers defined by endoscopic ultrasonography

or endoscopic presentation; (c) tumor size of B3 cm, if

minute submucosal invasion or a tumor with ulceration

was suspected; and (d) a tumor of any size if it was a

differentiated adenocarcinoma without ulceration or sub-

mucosal invasion. Fourteen gastric lesions with charac-

teristics beyond the extended criteria were included in this

investigation. The exclusion criteria included: (a) macr-

operforation or microperforation; (b) infectious or inflam-

matory disease, such as pneumonia, upper respiratory

infection, or urinary tract infection; (c) antibiotic treat-

ment before the endoscopic procedure; and (d) cases of

multiple tumors. Macroperforation was defined as a gross

defect noted during the procedure, with extraluminal

organs, fatty tissues, or space visible through the lesion,

and microperforation was defined as a perforation identi-

fied as a pneumoperitoneum, seen on plain radiographs

after the ESD. Patients with pyrexia (temperature of

[38.3�C) and upper abdominal pain or tenderness after

ESD, with or without symptoms of peritoneal irritation,

were regarded as showing symptoms of post-ESD coagu-

lation syndrome.

ESD technique

For sedation, midazolam (0.05–0.1 mg/kg) or propofol

(2 mg/kg per h) was used, and cardiorespiratory function

was monitored during the procedure. The typical ESD

procedural sequence consisted of marking, incision, and

submucosal dissection, with simultaneous hemostasis. After

the target lesion was identified, marking dots were made

circumferentially at about 5 mm lateral to the margin of the

lesion, using a needle knife (KD-1L-1; Olympus Optical,

Tokyo, Japan) or a needle knife papillotome (MTW

Endoscopy, Wesel, Germany). After marking, submucosal

injections of various solutions, including normal saline

solution and an epinephrine mixture or hyaluronic acid

mixture, were made around the lesion to lift it off the

muscle layer. An initial incision of the mucosa was then

made with a needle knife to allow the insertion of the tip of

the knife into the submucosa. After the initial incision, a

circumferential mucosal incision was made outside the

marking dots to separate the lesion from the surrounding

nonneoplastic mucosa. This incision was performed with an

electrosurgical knife, such as a needle knife, Flex (KD-630L;

Olympus), or an insulated tipped knife (KD-610L; Olympus),

with a high-frequency generator (Erbotom ICC 200; ERBE

Elektromedizin, Tubingen, Germany). After the circum-

ferential incision was made, an additional submucosal

injection of the same solutions as those used around the

lesion was given beneath the lesion. Finally, the submucosal

layer was directly dissected with one of the specified knives

until complete removal was achieved. An electrocautery

snare (SD-9U-1 or SD-12U-1; Olympus) was used in the

final step of the ESD when appropriate. During the ESD, we

performed endoscopic hemostasis, with either the knife

itself or hemostatic forceps (FD-410LR; Olympus) when-

ever active bleeding was noticed. After the ESD, we treated

any oozing or exposed vessel with preventive endoscopic

hemostasis. The setting of the high-frequency generator

(Elektromedizin, Tubingen, Germany) was pulsed argon

plasma coagulation (APC) of 20 W or forced coagulation of

20 W for marking, Endocut Q or Dry cut of 80 W for

incision and dissection, and forced coagulation of 60 W for

hemostasis. During the procedure, the degree of bleeding

was evaluated and described by the operator.

Post-ESD management

Immediately after the completion of the ESD, all patients

underwent chest and abdominal X-rays. Patients without

complications started drinking water on the day after the

ESD and our principle was to discharge the patients within
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4–7 days if they had no post-ESD complications. The

patients were prescribed proton pump inhibitors to heal any

ESD-related artificial ulcers.

Data and statistical analysis

Detailed information on the endoscopic images, comor-

bidities, drug treatments, pathological examinations, and

other potential risk factors was obtained retrospectively

from the patients’ medical records, together with patient

interviews conducted during the initial medical examina-

tion. Post-ESD coagulation syndrome was analyzed in

relation to the clinicopathological features and procedure-

related factors. In the statistical analyses we compared

patients with post-ESD coagulation syndrome with patients

who had a normal clinical course. Descriptive data are

presented as numbers of patients (%) or as means ± stan-

dard deviations (SD). Continuous data were compared

using the independent t-test, and categorical variables were

tested by the corrected v2 method. Univariate and multi-

variate logistic regression analyses were used to assess

potentially predictive factors for coagulation syndrome

after ESD. These analyses were conducted by categorizing

the factors as dichotomous variables (below or above the

median value). The criterion for statistical significance was

P \ 0.05. The analyses were performed using SPSS (ver-

sion 18.0; SPSS, Chicago, IL, USA).

Results

Clinical features of post-ESD coagulation syndrome

In total, 536 patients with 577 histopathologically con-

firmed early gastric cancers (EGCs) or adenomas under-

went ESD at Severance Hospital, Yonsei University

College of Medicine, Seoul, Korea. Among them, 41

patients were excluded from the analysis because of evi-

dence of perforation (n = 10), aspiration pneumonia

(n = 7), infectious diseases (n = 3), cases of multiple

tumors (n = 16), or antibiotic treatment at the time of the

procedure (n = 5). Thus, 495 patients were included in our

analysis (Fig. 1). Thirty-five patients (7.1%) were diag-

nosed with post-ESD coagulation syndrome. The patients

were classified into two groups: the group with post-ESD

coagulation syndrome (CS group, n = 35) and the group

with a normal clinical course (NC group, n = 460). The

clinical characteristics of the patients are given in Table 1.

The mean age of the patients was 61.9 years (range

37–84 years) in the CS group and 59.2 years (range

34–82 years) in the NC group. The distribution of men and

women did not differ between the two groups. In the CS

group, the median duration of pyrexia was 23.7 h (range

Fig. 1 Patient selection and clinical course after endoscopic submu-

cosal dissection (ESD). CS coagulation syndrome, NC normal clinical

course

Table 1 Clinical characteristics of patients, lesions, and procedures

Total (n = 495) CS (n = 35) NC (n = 460) P value

Age (years)a 60.3 (±11.1) 61.9 (±14.9) 59.2 (±10.5) 0.791

Gender (M:F) 1.4:1 1.7:1 1.4:1 0.291

Tumor size (cm)a 1.4 (±0.7) 2.4 (±1.2) 1.2 (±0.5) 0.020

Final pathology LGD/HGD/EGC (%) 51.1/19.6/29.3 48.6/17.1/34.3 51.3/19.8/28.9 0.571

Procedure time (min)a 44.8 (±18.7) 60.3 (±26.4) 40.6 (±11.9) 0.016

Post-ESD coagulation time (min) 3.7 ± 3.7 4.2 ± 3.6 3.5 ± 4.1 0.211

Duration of pyrexia (h)a 23.7 (±12.0)

White blood cell count (/ll) 9,232 (±1,652) 11,335 (±2,173) 8,788 (±1,353) 0.021

C-reactive protein (mg/L) 8.8 (±7.1) 14.2 (±13.1) 6.5 (±7.2) 0.025

Duration of hospital stay (days)a 5.1 (±2.6) 7.3 (±3.8) 4.4 (±1.9) 0.019

CS coagulation syndrome, NC normal clinical course LGD low-grade dysplasia, HGD high-grade dysplasia, EGC early gastric cancer, ESD
endoscopic submucosal dissection
a The results are presented as medians ± SD
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6–46 h). Blood cultures were performed in all patients, and

no case of bacteremia was observed. The procedural time

was significantly longer in the CS group than in the NC

group (60.3 ± 26.4 vs. 40.6 ± 11.9 min, respectively;

P = 0.016), as was the duration of the hospital stay

(7.3 ± 3.8 vs. 4.4 ± 1.9 days, respectively; P = 0.019).

The CS group also had larger tumors than the NC group

(2.4 ± 1.2 vs. 1.2 ± 0.5 cm, respectively; P = 0.020).

Levels of inflammatory markers such as white blood cell

count and C-reactive protein were significantly higher in

the CS group than in the NC group. All patients with

coagulation syndrome experienced clinical resolution

without surgical treatment.

Predictive factors of coagulation syndrome

As shown in Tables 2 and 3, a univariate analysis revealed

that the factors associated with the occurrence of coagu-

lation syndrome after ESD included tumor size, tumor

location in the middle third of the stomach, the volume of

the solution injected submucosally, duration of the proce-

dure, and major bleeding. There was no significant differ-

ence between the groups in factors such as patient age,

drug history (such as aspirin, nonsteroidal anti-inflamma-

tory drugs, or coumadin), type of submucosal injection

solution, main type of knife used, final histology, or clin-

ical outcome (in terms of en-bloc resection and complete

resection rates). Tumors greater than 1.5 cm were more

frequent in the CS group than in the NC group (48.6 vs.

14.1%, respectively; P \ 0.001), as were those located in

the middle third of the stomach (40.0 vs. 20.6%, respec-

tively; P = 0.008); also more frequent in the CS group

than in the NC group were a submucosal injection solution

volume of more than 45 mL (68.6 vs. 47.2%, respectively;

P = 0.042), a procedural time of more than 45 min (77.1

vs. 48.0%, respectively; P = 0.001), and the occurrence of

major bleeding during ESD (20.0 vs. 13.0%, respectively;

P = 0.038). A multivariate analysis that included the

variables described above showed that tumor size (odds

ratio [OR] = 5.99, P \ 0.001), tumor location (OR =

2.84, P = 0.005), and procedural duration (OR = 2.71,

P = 0.033) independently affected the occurrence of

coagulation syndrome (Table 4).

Table 2 Univariate analysis of coagulation syndrome according to

patient-related variables

Risk factor (n, %) CS

(n = 35)

NC

(n = 460)

P value

Age (years)

C60 14 (40.0) 180 (39.1) 0.601

\60 21 (60.0) 280 (60.9)

Gender

Male 22 (62.9) 268 (58.3) 0.412

Female 13 (37.1) 192 (41.7)

Comorbidity

Diabetes 3 (8.6) 36 (7.8) 0.790

Hypertension 5 (14.3) 61 (13.3) 0.823

Chronic liver disease 1 (2.9) 9 (2.0) 0.551

Medication

NSAIDs 4 (11.4) 47 (10.2) 0.658

Aspirin or antiplatelet agents 5 (14.3) 75 (16.3) 0.703

Warfarin 1 (2.9) 8 (1.7) 0.559

NSAID nonsteroidal anti-inflammatory agent

Table 3 Univariate analysis of coagulation syndrome according to

procedure-related variables

Risk factor (n, %) CS

(n = 35)

NC

(n = 460)

P value

Final pathology

Adenocarcinoma 12 (34.3) 133 (28.9) 0.611

Adenoma 23 (65.7) 327 (71.1)

Tumor size (cm)

C1.5 17 (48.6) 65 (14.1) \0.001

\1.5 18 (51.4) 395 (85.9)

Tumor location

Upper third 8 (22.9) 79 (17.2) 0.008

Middle third 14 (40.0) 95 (20.6)

Lower third 13 (37.1) 286 (62.2)

Kind of injection solution

Normal saline with epinephrine 13 (37.1) 190 (41.3) 0.623

Hyaluronic acid 22 (62.9) 270 (58.7)

Volume of injection solution (mL)

C45 24 (68.6) 217 (47.2) 0.042

\45 11 (31.4) 243 (52.8)

Main type of knife

Insulated-tip knife 30 (85.7) 376 (81.8) 0.709

Flex knife 4 (11.4) 54 (11.7)

Needle knife 1 (2.9) 22 (4.8)

Other knives 0 8 (1.7)

Total procedural time (min)

C45 27 (77.1) 221 (48.0) 0.001

\45 8 (22.9) 239 (52.0)

Post-ESD coagulation time (min)

C3 20 (57.1) 241 (52.4) 0.355

\3 15 (42.9) 219 (47.6)

Bleeding during ESD

Major 7 (20.0) 60 (13.0) 0.038

Moderate 15 (42.9) 197 (42.8)

Minimal 13 (37.1) 203 (44.1)

Clinical outcome

En-bloc resection rate 34 (97.1) 439 (95.4) 0.782

Complete resection rate 32 (91.4) 428 (93.0) 0.562
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Effects of antibiotic treatment

Twenty-three patients in the CS group (65.7%) were trea-

ted with antibiotics. When the groups with and without

antibiotic treatment were compared, there was no differ-

ence in their clinicopathological features (Table 5). CT

scans were performed after the procedure in three of the

patients treated with antibiotics (Fig. 2). No remarkable

findings were noted on these examinations, except for

regional wall thickening of the stomach. Importantly, the

duration of pyrexia and the length of the hospital stay did

not differ significantly between the two groups.

Discussion

The principal findings of this study are that coagulation

syndrome occurred at a rate of almost once in every 14

ESDs and that no serious clinical events occurred with this

complication.

ESD is a widely used procedure that preserves the

stomach and allows one-piece resection with tumor-free

margins, even in cases of large and ulcerative lesions.

However, ESD is a technically difficult procedure and is

generally thought to have a much higher rate of compli-

cations, such as bleeding and perforation, than does con-

ventional endoscopic resection [1–7]. The rate of bleeding

related to ESD is reported to be 7–15.6% and the rate of

perforation is 1.2–4% [8–10, 16]. Consequently, large

tumors or tumors with ulceration, which are technically

difficult to resect, should only be treated with ESD when

the procedure can be performed at endoscopic facilities

where the endoscopists have a high level of expertise and

experience [5, 17]. Other than major complications, vari-

ous minor problems are frequently associated with this

procedure. However, these complications tend to be

underestimated because of self-limiting course, regardless

of their frequency. Clinical effects, such as abdominal

pain, nausea, vomiting, or fever, are relatively common in

the post-ESD period. Many patients experience inflam-

matory or infectious symptoms and signs after resection,

such as abdominal pain accompanied by pyrexia of

unknown origin, with leukocytosis (albeit transient) [11].

Coagulation syndrome is well known in the field of colon-

polypectomy-induced complications, and is associated

with thermal transmural tissue injury incurred during

electrocauterization. Tissue necrosis extends into the

submucosa, causing symptomatic reactions of varying

degrees. Some reports have estimated the incidence of

coagulation syndrome to be 0.5–1.2% in patients who have

undergone polypectomy. The treatments for this compli-

cation include discontinuation of oral intake, parenteral

nutrition, and antibiotic treatment if needed, but not sur-

gical treatment [12, 13, 18–20].

Studies have mainly focused on the major complications

associated with ESD. Perforation has become an especial

object of attention because it is associated with a greater

risk of significant morbidity and mortality, and requires

emergency treatment [9, 21, 22]. The features of the

lesions, such as their size, site, and fibrosis, are known to

be significant risk factors for perforation [5, 23, 24]. Acute

Table 4 Logistic regression model for the predictors of coagulation

syndrome after endoscopic submucosal dissection

Risk factor Odds ratio 95% CI P value

Tumor size (cm)

C1.5 5.99 2.89–12.42 \0.001

\ 1.5a 1

Tumor location

Upper third 1.69 0.61–4.69 0.318

Middle third 2.84 1.39–6.76 0.005

Lower thirda 1

Volume of injection solution (mL)

C 45 1.26 0.56–2.89 0.581

\45a 1

Procedural time (min)

C45 2.71 1.08–6.81 0.033

\45a 1

Bleeding during ESD

Major 1.71 0.59–4.98 0.331

Moderate 0.84 0.32–2.20 0.731

Minimala 1

CI confidence interval
a Reference group

Table 5 Comparison of clinical characteristics according to antibi-

otic treatment

With antibiotics

(n = 23)

Without

antibiotics

(n = 12)

P value

Age (years) 62.1 (±15.5) 60.1 (±13.8) 0.767

Gender (M:F) 1.6:1 2.0:1 0.621

Comorbidity 7 (30.4%) 2 (16.7%) 0.202

Tumor size (cm) 2.3 (±1.3) 2.5 (±0.9) 0.615

Procedural time

(min)

66.7 (±23.6) 61.8 (±31.1) 0.558

Leukocytosis 19 (82.6%) 10 (83.3%) 0.811

Blood culture-based

bacteremia

0 0

Duration of pyrexia

(h)

24.3 (±17.7) 22.5 (±12.2) 0.791

Duration of hospital

stay (days)

7.5 (±3.9) 7.2 (±2.9) 0.669
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or delayed bleeding has been another concern, but the

incidence of this complication has clearly decreased in

response to preventive hemostasis, with frequent electro-

coagulation being performed during and after the proce-

dure [25]. Therefore, in the ESD procedure, it is quite

possible that this repetitive electrocoagulation and direct

dissection to the submucosal layer, leading to unavoidable

contact with the muscularis propria layer, results in a high

incidence of postprocedural coagulation syndrome. In this

context, our analysis demonstrated that post-ESD coagu-

lation syndrome occurred with an incidence of 7%, and

inflammatory symptoms had a mean duration of 1 day.

This is higher than the incidence of the well-recognized

coagulation syndrome in the postpolypectomy period [12,

13]. In the present study, the occurrence of coagulation

syndrome was independently associated with large tumors,

prolonged procedure duration, and a tumor site in the

middle third of the stomach (Table 4). ESDs of large

tumors and extended procedures seem to entail an

increased frequency of electrocoagulation of bleeding

vessels with hot biopsy forceps [17]. The reason for the

frequent occurrence of this complication in the middle third

of the stomach is unclear. It is presumed that the chance of

transmural burns is high because the gastric wall in this

location is comparatively thin and the gastric body is more

hypervascular than the antrum. Major bleeding was not an

independent factor associated with this complication. This

seems to be attributable to the frequent use of mechanical

hemostasis (including hemoclipping), together with elec-

trocoagulation, in cases of massive bleeding, such as

arterial pumping. In a report of postpolypectomy coagu-

lation syndrome, the rate of complications differed

according to the type of solution injected as the submucosal

cushion [26]. On the contrary, our study showed that the

volume and type of submucosal injection solution were

not significantly associated with post-ESD coagulation

Fig. 2 Coagulation syndrome after procedure of endoscopic submu-

cosal dissection (ESD) for early gastric cancer. a A type IIa ? IIc

early gastric cancer (3.4 9 2.5 cm in size) was located on the lesser

curvature side of the antrum. b After a submucosal injection of saline

with epinephrine mixed with indigocarmine, a circumferential

mucosal incision was made outside the marking dots to separate the

lesion from the surrounding nonneoplastic mucosa. c After an

additional submucosal injection, the submucosal connective tissue

just beneath the lesion was directly dissected using an electrosurgical

knife. The lesion was completely resected and the consequent

artificial ulcer was seen. d The resected specimen with a central

early gastric cancer. e Computed tomography (CT) scan showed mild

wall thickening of the antrum without evidence of free air. f On

3-month follow-up endoscopy, an H2 stage (small and regenerating

epithelium-covering ulcer) artificial ulcer was noted
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syndrome. This may be because frequent, repetitive sub-

mucosal injections are performed in ESD, unlike poly-

pectomy. Therefore, no unexpected loss of submucosal

fluid tends to occur, regardless of the type of injection

solution used in the ESD procedure.

It is unclear whether antibiotic treatment should be

given for coagulation syndrome after ESD for gastric

lesions. Antibiotic treatment has been recommended for

postpolypectomy coagulation syndrome [14]. However, it

does not seem to be reasonable that this therapeutic prin-

ciple should be equally applicable to gastric ESD, because

the risk of delayed perforation is lower and the preproce-

dural intraluminal condition is cleaner during gastric

resection than during colon polypectomy. Although the

present study was a retrospective analysis, we found that

the efficacy of antibiotic treatment seemed to be insignif-

icant, insofar as the clinicopathological features did not

differ across the groups classified according to antibiotic

treatment (Table 5). The negative findings for the blood

cultures of all the patients with coagulation syndrome

support this suggestion. However, this assumption should

be verified with a systematic and randomized investigation.

The limitations of our study include a lack of CT-scan

data for all patients with coagulation syndrome. It might

also have been helpful to correlate the clinical diagnosis,

such as coagulation syndrome, with the pathological

diagnosis, such as transmural air leak.

This is a first review of coagulation syndrome after ESD

for gastric lesions. This complication was relatively com-

mon, with an incidence of 7.1%, but had a favorable out-

come, irrespective of antibiotic treatment. Factors that were

related independently to the occurrence of post-ESD

coagulation syndrome included tumor size and location,

and the duration of the procedure.
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