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Abstract

AIM: To assess risk factors for bleeding after gastric
endoscopic submucosal dissection (ESD) and to develop
preventive measures.

METHODS: This retrospective study was performed
in a tertiary referral center. A total of 328 patients un-
derwent ESD for 398 gastric neoplasms between July
2007 and June 2009. The main outcome was associa-
tion between post-ESD bleeding and the following:
age; sex; comorbidities; daily use of medicine poten-
tially related to gastric injury/bleeding; location, size,
and histological depth of lesions; ulceration; experi-
ence of operator coagulating the ulcer floor, and dura-
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tion of operation. We also determined the relationship
between the location of post-ESD bleeding and risk
factors for hemorrhage.

RESULTS: Univariate analysis revealed significant risk
factors: tumor location [odds ratio (OR), 2.86; 95%
CI: 1.21-6.79, P = 0.024], coagulator experience (OR,
4.29; 95% CI: 1.43-12.86, » = 0.009), and medicine
potentially related to gastric injury/bleeding (OR, 2.80;
95% CI: 1.14-6.90, P = 0.039). Multivariate logistic
regression analysis confirmed significant, independent
risk factors: tumor in lower third of stomach (OR, 2.47;
95% CI: 1.02-5.96, P = 0.044), beginner coagulator (OR,
3.93; 95% CI: 1.29-11.9, P = 0.016), and medicine
(OR, 2.76; 95% CI: 1.09-6.98, P = 0.032). We classified
cases of post-ESD bleeding into two groups (bleeding at
the ulcer margin vs bleeding at the center) and found
that bleeding at the margin occurred more frequently
with beginner coagulators compared with experts (OR,
16.00; 95% CI: 1.22-210.59, P = 0.040).

CONCLUSION: Beginner coagulators, tumor in the
antrum, and medicines were significant risk factors
for post-ESD bleeding. Bleeding at the ulcer margin
frequently occurred with beginner operators.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) is an excellent
treatment for superficial gastric cancer because a large tu-
mor ot lesion with ulcer scar can be successfully resected
en blod". Because ESD allows accurate histopathological
diagnosis and reduces the risk of local recurrence, it is
now a standard treatment for early gastric cancer with
certain histopathological properties. However, ESD is
technically more difficult and can result in more complica-
tions compared with conventional endoscopic mucosal
resection (EMR)™™Y, Bleeding after gastric ESD is reported
to occur in up to 7% of cases” and can occur later than
other complications like perforation, sometimes even after
discharge from the hospital. Further, bleeding after gastric
ESD may lead to serious conditions including massive
bleeding and life-threatening hemorrhagic shock™; there-
fore, preventing post-gastric ESD bleeding is essential.
Prophylactic coagulation of visible vessels in the resec-
tion area has been reported to reduce the bleeding rate”,
but preventive coagulation therapy cannot fully solve the
problem of delayed bleeding. Thus, an assessment of risk
factors for post-ESD bleeding is needed.

In the present study, we aimed to determine risk fac-
tors for post-gastric ESD bleeding and establish tech-
niques to minimize these complications.

MATERIALS AND METHODS

Patients

A total of 329 patients underwent ESD for 399 gastric
neoplasms, including early gastric cancers and gastric
adenomas, between July 2007 and June 2009 in our insti-
tute. One lesion was excluded from the analysis because
ESD for that lesion was stopped halfway during the pro-
cedure; it was considered untesectable by ESD because
of massive submucosal invasion. Thus, 398 lesions in
328 patients were evaluated.

ESD procedure

All patients provided written informed consent before
treatment. Patients fasted on the morning of the opera-
tion, and lansoprazole infusion (30 mg twice a day) was
initiated. ESD was performed under conscious sedation
with flunitrazepam and buprenorphine using a video
endoscope (GIF-Q260]; Olympus Optical Co., Ltd., To-
kyo, Japan) and high-frequency power supply unit (VIO
300D or ICC 200; ERBE, Tiibingen, Germany).

The ESD procedure was as follows. First, marks were
made 5 mm outside the tumor edge with a Flex Knife
(Olympus Optical Co., Ltd.). Epinephrine (1:100000
solution in saline) was injected into the submucosal layer
around the lesion, and the mucosa 5 mm outside the
marks was cut using I'T-Knife 2 (Olympus Optical Co.,
Ltd.). After incision of the mucosa, submucosal dissec-
tion of the lesion was performed using I'T-Knife 2. After
resection of the lesion, all visible vessels on the ulcer
floor were coagulated with hot biopsy forceps (Hoya
Co., Ltd., Pentax Life Care Div., Japan) and VIO 300D

144

Jgn?s:iﬁm"* WJG | www.wjgnet.com

(swift coagulation, effect 3, 45 W) or ICC 200 (forced
coagulation, 65 W).

Patients who did not develop complications started
a soft diet on day 1 after ESD and were discharged 5 d
after the procedure. They received oral lansoprazole for
8 wk, beginning on day 1 after ESD. We defined bleed-
ing after ESD as hemorrhage resulting in hematemesis
or melena that required endoscopic treatment.

When hemorrhage occurred, we performed urgent en-
doscopy to determine the vessel responsible for the bleed-
ing. When clots were lodged in the responsible vessel, they
were removed and the responsible vessel was exposed. The
vessel was grasped or touched with the hot biopsy forceps

using the forced coagulation mode (ICC 200, 65 W).

Data analysis

We classified the 398 lesions into two groups: with bleed-
ing and without bleeding. We reviewed patient medical
records and collected the following data for each patient:
age, sex, comorbidities, daily use of medicine related to
gastric injury/bleeding, tumor depth, histological ulcet-
ation, tumor diameter, tumor location, and the operator
performing coagulation of the ulcer floor (coagulator).
The risk factors were analyzed based on individual tumors,
because some patients had more than one lesion resected.

Comorbidities included hypertension (systolic blood
pressure > 140 mmHg or antihypertensive treatment)
and diabetes mellitus (oral hypoglycemic agent or insulin
treatment). Medicines potentially related to gasttic injury/
bleeding included antiplatelet agents, anticoagulants, ste-
roids, or nonsteroidal anti-inflammatory drugs (NSAIDs).
Patients taking steroids or NSAIDs were instructed to
discontinue theit use 1 wk before ESD to 1 wk after ESD.
Patients taking antiplatelet or anticoagulants were instruct-
ed to discontinue use according to “measures against pa-
tients undergoing antithrombotic regimen in endoscopic
treatment” in the 3rd edition of the guidelines for gastro-
enterological endoscopym. The cessation and restart of
antithrombotic drugs in ESD is shown in Figure 1. Ulcer-
ation and depth were determined histopathologically after
ESD; histological depth was classified as intramucosal
(m) or involving the submucosal layer (sm). Based on the
Japanese classification of gastric carcinoma”| tumor loca-
tion was classified into two groups: upper or middle third
of the stomach (UM) or lower third (L)). Coagulators were
the physicians who coagulated the artificial ulcer floor
after resection of the lesion. In our hospital, novice ESD
operators begin their training with coagulation of the ulcer
floor; therefore, the operator who resected the tumor was
not always the one who coagulated the ulcer floor. Ulcer
floor coagulators were categorized as beginners (performed
< 50 cases of gastric ESD) or experts (performed > 200
cases of gastric ESD). In the present study, there were
no coagulators who performed between 50 and 200 ESD
procedures.

We also determined the relationship between the loca-
tion of post-ESD bleeding and risk factors for hemorrhage.
During the observation period, post-ESD bleeding oc-
curred in 23 lesions (23 patients). The hemorrhage location
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Figure 1 Flow chart summarizing the cessation and
restart of antithrombotic drugs in endoscopic submu-
cosal dissection (ESD)™. Warfarin is discontinued before
ESD and heparin is initiated if needed. PT-INR is checked 3
to 4 d later; if PT-INR < 1.5, ESD can be performed. After

<—{ Heparinization if needed ‘

‘ Aspirin: 3 d before ‘

surgery warfarin is immediately restarted, and heparin is co-

administered in patients at high risk for disease. Antiplatelet

Y
‘ PT-INR =< 1.5 (3-4 d later) ‘

‘ Ticlopidine: 5 d before ‘

drugs are discontinued before ESD as well (aspirin, 3 d be-
fore ESD; ticlopidine, 5 d before ESD); they are immediately

!

restarted after the procedure. PT-INR: Prothrombin time-

‘ ESD

‘ international normalized ratio.

;

‘ No risk of delayed bleeding

A 4 Y
‘ High risk disease ‘ ‘ Low risk disease ‘

v v ,

Immediately restart
warfarin in combination

Immediately restart
warfarin

Immediately restart
antiplatelet drugs

with heparin

Margin

Figure 2 The margin and center areas of the ulcer floor. The margin
includes the outer 5 mm edge of the ulcer, and the remaining area is defined as
the center.

was categorized as ulcer margin (< 5 mm from the ulcer
edge) or center (ulcer floor area other than the margin)

(Figure 2).

Statistical analysis

Categorical data were compared using ¥’ test (with Yates
correction) and Fisher’s exact test. Differences in the means
of continuous data were compared by Student’s # test or
Mann-Whitney U test. To identify important risk factors
for bleeding after ESD, predictors with P-values < 0.2 in
the univariate analysis were included in a backward, step-
wise multiple logistic regression model. P-value < 0.05 was
considered significant, and all tests were two-sided. Data are
expressed as mean + SD or as median (range). All statistical
analyses were performed with PASW Statistics 18 for Win-
dows (SPSS Japan, Tokyo).

RESULTS

During the treatment of the 398 lesions, 23 cases of
post-ESD bleeding occurred (5.8%). Baseline character-
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Table 1 Baseline characteristics of study population (7 = 398)

n (%)
Sex (M/F) (% M) 302/96 (75.6)
Age (yr) 68.0+10.2
Hypertension (-/+) (% positive) 208/190 (47.7)
Diabetes mellitus (-/+) (% positive) 349/49 (12.3)

Drugs potentially related to gastric injury/
bleeding (-/+) (% positive)

Location (UM/L) (% L)

Depth (m/sm) (% sm)

Ulcer (-/+) (% positive)

330/68 (17.1)

252/146 (36.7)
343/55 (13.8)
367/31 (7.8)

Diameter of lesion (cm) 431+17.2
Duration of operation (min) 69.0 £56.7
Coagulator (expert/beginner) (% beginner) 182/216 (54.3)

Quantitative data are presented as mean * SD.

istics of the study population ate displayed in Table 1. A
total of six operators (two experts and four beginners)
were involved in this study. Among the 23 cases of post-
ESD bleeding, 10 (43.5%) occurred within 24 h after
ESD. All cases were controlled by endoscopic treatment
and did not require surgical intervention; one case re-
quired blood transfusion.

The results of univariate analysis are displayed in
Table 2. Significant risk factors for bleeding after gastric
ESD included: tumor location [L »s UM; odds ratio (OR),
2.86; 95% CI: 1.21-6.79, P = 0.024], coagulators (begin-
ner »s expert; OR, 4.29; 95% CI: 1.43-12.86, P = 0.009),
and daily use of medicine potentially related to gastric
injury/bleeding (uset s non-uset; OR, 2.80; 95% CI:
1.14-6.90, P = 0.039). As an additional datum, the inci-
dence of hemorrhage in relation to tumor location was
estimated (U »s M vs L; 4.6% s 3.2% 05 9.6%, P = 0.042).

Multivariate logistic regression analysis confirmed that
the following were independent factors for bleeding af-
ter gastric ESD: tumors located in the lower third of the
stomach (OR, 2.47; 95% CI: 1.02-5.96, P = 0.044), begin-
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Bleeding (-) Bleeding (+)

(n = 375) (n = 23)
Sex (M/F) (% M) 283/92 (75.4) 19/4 (82.6)
Age (yr) 67.8+10.2 70.1+10.0
Hypertension (-/+) (% positive) 198/177 (47.2) 10/13 (56.5)
Diabetes Mellitus (-/+) (% positive)  329/46 (12.2) 20/3 (13.0)
Drugs potentially related to gastric 315/60 (16.0) 15/8 (34.8)"
injury/bleeding (-/+) (% positive)
Location (UM/L) (% L) 243/132 (33.2) 9/14 (60.9)°
Depth (m/sm) (% sm) 324/51 (13.6)  19/4(17.4)
Ulcer (-/+) (% positive) 347/28 (7.4) 20/3 (13.0)
Diameter of lesion (cm) 427 +17.2 483+17.3
Duration of operation (min) 68.8 +56.7 722 +56.4
Coagulator (beginner/expert) 197/178 (52.5) 19/4 (82.6)°

(% beginner)

*P < 0.05 vs bleeding (-). P values by x test and Student’s t-test.

Odds ratio  95% CI P

1.09-6.98" 0.032

Characteristics

Drugs potentially related to gastric 2.76

injury/bleeding
Tumor in lower third of stomach 247 1.02-5.96 0.044
Beginner coagulator 3.93 1.29-11.91°  0.016

*P < 0.05. ESD: Endoscopic submucosal dissection.

Marginal bleeding Central bleeding

(n =17) (n = 6)
Drugs potentially related to 6(35.3) 3 (50.0)
gastric injury/bleeding
Tumor in the lower third of 9 (52.9) 5(83.3)
stomach
Beginner coagulator 16 (94.1) 3 (50.0)

*P < 0.05 vs marginal bleeding. P values by y test.

ner coagulators (OR, 3.93; 95% CI: 1.29-11.91, P = 0.016),
and daily use of medicine potentially related to gastric
injury/bleeding (OR, 2.76; 95% CI: 1.09-6.98, P = 0.032)
(Table 3).

We classified cases of post-ESD bleeding into two
groups (bleeding at the ulcer margin #s5 bleeding at the cen-
ter), and determined the relationships between bleeding
site and the three risk factors described above. We found
that bleeding at the margin occurred more frequently with
beginner coagulators compared with experts (OR, 16.00;
95% CI: 1.22-210.59, P = 0.040) (Table 4).

The interval between ESD and post-ESD bleeding was
also determined. The median interval was 3 d (range, 0-
14 d), and bleeding occurred significantly eatlier in L le-
sions compared with UM lesions (UM 25 L; 9 d (range, 0-
14 d) »s 1 (0-9), P = 0.019). The relationship between pa-
tient medication and the interval between ESD and bleed-
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ing was also estimated. In the “medication” group, the
median interval to bleeding was 3 d (range, 0-14 d), while
in the “no medication” group, the median interval to
bleeding was 1 d (range, 0-12 d). Based on the data medi-
cation did not appear to affect the interval between ESD
and post-ESD bleeding (P = 0.201).

DISCUSSION

Previous studies™ " have evaluated measures against
post-ESD bleeding, Takizawa ez a/” found that coagulat-
ing exposed vessels on the ulcer floor after ESD, which
is known as post-ESD coagulation preventive therapy
(PEC), reduced the risk for delayed bleeding, However,
the incidence of bleeding after ESD was still 3.1% after
PEC; therefore, additional measures are needed to prevent
delayed bleeding.

In the present study, multivariate logistic regression
analysis showed that tumors located in the lower third
of the stomach, beginner operators coagulating the ulcer
floor, and daily use of medicine potentially related to
gastric injury/bleeding were significantly associated with
bleeding after ESD.

Takizawa et al” also reported that tumor location was
an independent risk factor for delayed bleeding. In that
study, delayed bleeding occurred more frequently in the
upper third compared with the middle and lower thirds of
the stomach. In the present study, we compared UM le-
sions with L lesions, because we thought that antral active
peristalsis and bile reflux might lead to a high incidence
of post-ESD bleeding in the lower stomach. On the other
hand, submucosal artery diameters wete smaller in L le-
sions compared with UM lesions in a dog model"”, For
that reason, bleeding during gastric EMR may occur more
frequently in UM lesions. Similarly, during ESD proce-
dures, intraoperative bleeding frequently occurs in UM le-
sions. Intraoperative bleeding, however, may lead to more
careful endoscopic hemostasis, which ultimately protects
against delayed bleeding, In another study, an increased risk
of delayed bleeding has been reported when immediate
bleeding occurred during endoscopic mucosal resection”
However, sites of delayed bleeding often differed from the
sites of immediate bleeding, suggesting that well-coagulat-
ed arteries seldom bleed.

Previous studies have reported that daily use of medi-
cine potentially related to gastric injury/bleeding is not a
risk factor for post-ESD bleedingp’m. However, multivati-
ate logistic regression analysis in our study showed that
use of these medicines was an independent risk factor
for post-ESD bleeding. On the other hand, daily use of
these drugs did not appear to affect the interval between
ESD and bleeding. The median interval was 3 d, which
was before medication was restarted; therefore, direct
effects of these drugs on post-ESD bleeding appear to
be limited. The mechanism undetlying the association be-
tween daily use of medicine potentially related to gastric
injury/bleeding and post-ESD bleeding is not known.

Our study also showed that post-ESD bleeding oc-
curred significantly more often when beginners performed
coagulation of the ulcer floor after ESD. The incidence
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of hemorrhage was 2.2% when performed by experts, but
8.8% with beginners (Table 2). Beginners caused bleeding
in the ulcer margin significantly more often. Coagulation
of exposed vessels on the ulcer floor after ESD reduces
the risk of hemorrhage, but potentially hemorrhagic ves-
sels are often hidden in a fat layer that remains on the ulcer
floor, especially at the edge of the ulcer. Thus, careful
coagulation of vessels at the ulcer margin is important in
preventing delayed bleeding.

In L lesions, hemorrhage occurred significantly eatlier
compared with UM lesions. The median interval between
ESD and postoperative hemorrhage in L lesions was 1 d
(range, 0-9 d), suggesting that second-look endoscopy 1 d
after ESD may be helpful in preventing post-ESD bleeding
in L lesions.

Limitations of the present study include its single-
center retrospective study design.

In conclusion, risk factors for bleeding after gastric
ESD included beginner operators coagulating the ulcer
floor after ESD, tumor location in the lower third of
the stomach, and medicine potentially related to gastric
injury/bleeding. Careful coagulation of the vessels in the
ulcer floor after ESD, especially around the ulcer margin,
may reduce the incidence of post-ESD hemorrhage. In
addition, a second-look endoscopy 1 d after ESD may be
helpful in preventing post-ESD bleeding in tumors in the
lower third of the stomach.

COMMENTS

Background

Endoscopic submucosal dissection (ESD) is an excellent treatment for early
gastric cancer, but bleeding after ESD occurs in up to 7% of cases and remains
a severe complication.

Research frontiers

Prophylactic coagulation of visible vessels in the resection area has been re-
ported to reduce the bleeding rate, but preventive coagulation therapy cannot
fully solve the problem of delayed bleeding. Thus, an assessment of risk factors
for post-ESD bleeding is needed. The authors reviewed their 398 ESD cases
and evaluated risk factors for post-ESD bleeding.

Innovations and breakthroughs

Beginner coagulators, tumor in the lower third of the stomach, and medicines
potentially related to gastric injury/bleeding were significant risk factors for post-
ESD bleeding. Bleeding at the ulcer margin occurred more frequently with begin-
ner coagulators than with experts. Therefore, novice ESD operators should pay
special attention to coagulating vessels in the ulcer edge after ESD. As to tumors
in the lower third of the stomach, post-ESD bleeding happened earlier than in
other areas. A second-look endoscopy 1 d after ESD may be helpful.
Applications

By overcoming post-ESD bleeding, ESD for gastric neoplasms will become a
safer and more popular treatment.

Terminology

In this paper, experts/beginners were defined as endoscopists that have
performed more than 200/less than 50 cases of gastric ESD.
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Peer review

This is well written and important paper. Although it is not a prospective study,
the topic is important for all gastroenterologists and gastrointestinal (GI)
surgeons dealing with surgical endoscopy of the upper Gl tract. The authors’
work gives important information about one of the typical complications i.e.
bleeding after ESD.
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