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ABSTRACT

Background and study aims Patients receiving antith-
rombotic drugs have a higher risk of postoperative bleeding
and thromboembolic events related to endoscopic proce-
dures. The aim of this study was to evaluate the relationship
between various antithrombotic therapies and bleeding

after gastric endoscopic submucosal dissection (ESD)
(post-ESD bleeding).

Patients and methods Among 529 consecutive gastric
ESD procedures (483 patients with 579 legions), 100 pa-
tients with 121 lesions who underwent 108 procedures
were on antithrombotic therapy (group A) and 382 patients
with 458 lesions who underwent 421 procedures were not
on antithrombotic therapy (group B). The ratio of post-ESD
bleeding between the two groups and the bleeding risk
related to various antithrombotic therapies were investi-
gated.

Results Postoperative bleeding was more frequent in
group A (11.1%) than in group B (3.3%). No thromboem-
bolic events were reported in either group. Further investi-
gation of antithrombotic therapies in group A demonstrat-
ed that various combinations of antithrombotic agents and
heparin replacement were associated with a higher ratio of
post-ESD bleeding. Multivariate analyses revealed that dual
antiplatelet therapy (odds ratio [OR] 10.9, 95 % confidence
interval [Cl] 2.1-49.5; P=0.005) and heparin replacement
(OR 34.4, 95%Cl 9.4-133.2; P<0.001) were associated
with the increased risk of post-ESD bleeding. In patients on
antiplatelet therapy, post-ESD bleeding tended to occur in
the early postoperative period compared with patients on
anticoagulant therapy.

Conclusions It is necessary to be cautious regarding post-
ESD bleeding in patients requiring antithrombotic therapy,
especially patients receiving dual antiplatelet therapy and
heparin replacement. A further prospective study with a
large sample will be needed to confirm these findings.

Introduction

The incidence of ischemic heart disease and cerebrovascular
disease has increased in Japan, with a higher proportion of pa-
tients requiring antithrombotic agents. Therefore, it has be-
come more common to perform endoscopic procedures in pa-
tients on antithrombotic therapy. In this subset of patients, it is
important to consider the potential for postoperative bleeding,
and thromboembolic events that may be caused by disconti-
nuation of antithrombotic agents [1,2].
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Endoscopic submucosal dissection (ESD) is an extremely
useful and effective treatment for early gastric cancer, primarily
because it is a minimally invasive procedure for achieving cura-
tive resection [3-7]. In addition, although ESD has been estab-
lished as an excellent method of treatment for superficial gas-
trointestinal neoplasms, the prevention and management of
post-ESD adverse events are issues still to be resolved. Despite
the convenience and noninvasiveness of ESD, postoperative
bleeding is a frequent problem. Some studies indicate that pro-
ton-pump inhibitors can prevent postoperative bleeding, but
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postoperative bleeding remains a serious complication that oc-
curs in a certain proportion of patients [8-11].

In the 2005 version of the Japanese guidelines for endo-
scopic procedures (JGES2005), ESD is classified as a procedure
with a high risk of hemorrhage but that discontinuation of an-
tithrombotic therapy is recommended [12]. However, after re-
ports suggesting that discontinuation of antithrombotic ther-
apy causes serious thromboembolic events [13], the 2012 ver-
sion of the Japanese guidelines (JGES2012) states that antipla-
telet agents should only be discontinued in patients at a low risk
of thromboembolism. Patients with a high risk of thromboem-
bolism should undergo ESD while receiving antiplatelet agents
or a replacement anticoagulant such as heparin [14]. Similarly,
the 2009 version of the American Society for Gastrointestinal
Endoscopy (ASGE) guidelines on the management of antith-
rombotic agents for endoscopic procedures recommends that
low-dose aspirin (LDA) be continued for gastrointestinal endos-
copies, even for procedures with a high risk of hemorrhage
[15]. Tentative guidelines concerning the continuation and ces-
sation of antithrombotic agents during endoscopy have been
published from several societies, including the Japan Gastroen-
terological Endoscopy Society, ASGE, and the European Society
of Gastrointestinal Endoscopy [16-18].

There are concerns that procedures with a high risk of post-
operative bleeding will be associated with a higher incidence of
bleeding events after the 2012 guideline revisions. However,
whereas few reports have evaluated the safety of antithrombo-
tic therapy in high-risk procedures such as ESD before the revi-
sion of the JGES2012 guideline [19,20], several reports have
evaluated the safety after the revision of the guideline [21 -
23]. For example, Igarashi et al. [21] reported that the delayed
bleeding rate associated with gastric ESD was significantly
higher in patients receiving antithrombotic therapy than in
those not receiving such therapy; this included procedures un-
der both cessation and continuation of antiplatelet agents. But
there has not been a detailed investigation of a correlation be-
tween the risk of post-ESD bleeding and various antithrombotic
therapies. In particular, there are few reports on ESD proce-
dures performed under the cessation of antithrombotic agents
in a group of patients at low risk for thromboembolism, which
was recommended in the JGES2012. Additionally, the risks
associated with heparin replacement compared with cessation
of antithrombotic therapy has not been sufficiently evaluated.
To safely manage and evaluate the bleeding risk of high-risk
procedures under the revised guidelines, additional reports
are needed. This study was conducted to investigate the corre-
lations between various antithrombotic therapies, post-ESD
bleeding, and thromboembolic events in patients who under-
went gastric ESD with drug cessation based on the JGES2005
guideline. The results will be used as contributory material for
the management of patients undergoing high-risk procedures
after the 2012 guideline revisions.
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Patients and methods
Patients

This study included 529 consecutive ESD procedures (483 pa-
tients) for 579 early gastric neoplasms at Okayama University
Hospital (Okayama, Japan) between October 2009 and Febru-
ary 2014.Among the 529 procedures, 108 (20.0%) were in pa-
tients receiving antithrombotic therapy.

Based on the expanded criteria proposed by Gotoda et al.
[24], ESD was considered as a treatment option for lesions
with a preoperative diagnosis of gastric adenoma or possible
node-negative early gastric cancer.

The study was approved by the Clinical Ethics Committee on
Human Experiments of Okayama University School of Medicine
in accordance with the Declaration of Helsinki. Informed con-
sent was obtained from all patients prior to sample collection.

Study design

The relationship between post-ESD bleeding and various an-
tithrombotic therapies was examined. Patients were divided
into two groups according to antithrombotic therapy at base-
line: the antithrombotic group comprising 108 procedures,
100 patients, and 121 lesions (group A); and the non-antith-
rombotic group comprising 421 procedures, 382 patients, and
458 lesions (group B). The ratio of post-ESD bleeding between
the two groups and the bleeding risk of various antithrombotic
therapies were investigated. All patient data were obtained
from the electronic medical record.

Post-ESD bleeding was defined as hematemesis, melena, a
decline in hemoglobin levels of 22g/dL, or the requirement
for hemostasis because of bleeding post-ESD ulcers on sec-
ond-look (Day 1) or third-look (Day 7) endoscopy. Preventive
hemostasis for visible vessels without the clinical criterion of
bleeding on second-look and third-look endoscopy was not in-
cluded in post-ESD bleeding.

Further data on patient characteristics and post-ESD bleed-
ing were used as background factors. Age, sex, the location and
size of tumors, and the presence of the following chronic con-
comitant disorders were recorded: cardiovascular disease, renal
failure, neurological disease, hypertension, and diabetes melli-
tus.

Antithrombotic agents were classified into antiplatelet
agents (aspirin, cilostazol, ticlopidine, clopidogrel, icosapen-
tate, sarpogrelate hydrochloride, beraprost sodium, limaprost
alfadex, and dipyridamole) and anticoagulants (warfarin and
dabigatran). Both types of antithrombotic agent were classified
as risk factors for bleeding. According to the JGES2012 criteria
[14], a high risk of thromboembolism was defined as any of the
following: 1) coronary artery bare-metal stenting in the pre-
vious 2 months; 2) coronary artery drug-eluting stenting in
the previous 12 months; 3) carotid artery revascularization in
the previous 2 months; 4) a history of ischemic stroke or transi-
ent ischemic attack with >50% stenosis of the major intracra-
nial arteries; 5) recent ischemic stroke or transient ischemic at-
tack; 6) obstructive peripheral artery disease at least Fontaine
grade 3; 7) ultrasonic examination of carotid arteries and mag-
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netic resonance angiography of the head and neck region indi-
cating that withdrawal of antithrombotic therapy is associated
with a high risk of thromboembolism; 8) a history of cardio-
genic brain embolism; 9) atrial fibrillation with valvular heart
disease; 10) atrial fibrillation without valvular heart disease,
but with a high risk of stroke; 11) previous mechanical mitral
valve replacement; 12) history of thromboembolism following
mechanical valve replacement; 13) antiphospholipid antibody
syndrome; and, 14) deep vein thrombosis/pulmonary throm-
boembolism. All other factors present were defined as provid-
ing a low risk.

Protocol for ESD

» Supplementary Fig. 1 shows the protocol for the ESD proce-
dure, including the management of various antithrombotic
therapies.

For patients receiving antithrombotic therapy, the prescrib-
ing doctor was consulted before ESD. Drug cessation periods
before the ESD procedure were based on the JGES2005 guide-
line: 3 days for LDA, 2 days for cilostazol, 5 days for thienopyri-
dine derivatives, 7 days for the combination of aspirin with a
thienopyridine derivative, and 1 day for other antiplatelet
agents. Warfarin was discontinued 4 days before ESD, and dabi-
gatran was discontinued 1 day before ESD. All patients consid-
ered by the prescribing doctor to be at a high risk of throm-
boembolism received heparin replacement. Unfractionated he-
parin was administered to maintain an activated partial throm-
boplastin time of approximately 60 seconds, and was discontin-
ued 4 -6 hours before ESD. The prothrombin time-international
normalized ratio (PT-INR) was measured before ESD to confirm
that the effects of antithrombotic drugs had disappeared. On
Day 1 after ESD, heparin was re-administered following confir-
mation of the absence of symptomatic gastrointestinal bleed-
ing or a decline in hemoglobin levels. All other antithrombotic
agents were re-initiated on Day 1 after ESD in cases with no evi-
dence of bleeding. PT-INR monitoring for warfarin was initiated
after ESD, and heparin sodium was discontinued when the PT-
INR was >1.50. Heparin sodium was also discontinued when da-
bigatran was administered on Day 1 after ESD and no evidence
of bleeding was observed.

Irrespective of antithrombotic therapy, all patients were re-
quired to fast from the day of the endoscopic procedure until
post-ESD Day 1.Providing that complications such as post-ESD
bleeding or perforation were not observed on second-look
endoscopy, a liquid diet was started on Day 2.Intravenous H,
blocker therapy was commenced immediately after ESD until
Day 1. Oral proton pump inhibitors were administered from
Day 2 to 8 weeks after ESD. Third-look endoscopy was per-
formed on Day 7, and fourth-look endoscopy was performed
at 8 weeks after ESD. All patients were systematically provided
with second-look endoscopy and third-look endoscopy in the
study. The hemoglobin levels were checked on Day 1 and Day
7 after ESD. If a clinical episode of hematemesis and/or melena,
and/or a decline in hemoglobin levels of >2g/dL occurred,
emergency endoscopy was performed.
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ESD procedure

ESD was performed using a conventional single-channel endo-
scope (GIF-H260Z or -Q260J; Olympus, Tokyo, Japan) or a two-
channel endoscope (2TQ260 M; Olympus). ESD for gastric neo-
plasms was performed using a dual knife (KD-650L/Q; Olympus
Optical Co., Tokyo, Japan) for marking and precutting, an insu-
lated-tipped (IT) knife (Olympus) for circumferential mucosal
incision, and an IT knife for submucosal resection. A mixture of
glycerol (10 % glycerol and 5% fructose; Chugai Pharmaceutical
Co., Tokyo, Japan) with small amounts of epinephrine and indi-
go carmine was injected into the submucosal layer to lift the
mucosa. High-frequency generators (ICC200 or VIO 300D;
ERBE Elektromedizin GmbH, Tiibingen, Germany) were used
during marking, incision of the gastric mucosa, and exfoliation
of the gastric submucosa.

After lesion resection, all visible vessels on the ulcer floor
were coagulated with hemostatic forceps (FD-411UR, Coagras-
per; Olympus) and hot biopsy forceps (Hoya Co., Ltd., Pentax
Life Care Div., Tokyo, Japan) and VIO 300D (swift coagulation,
effect 3, 45W) or ICC 200 (forced coagulation, 65W). All proce-
dures were performed by board-certified endoscopists.

Statistical analysis

Continuous variables are presented as the median and range or
interquartile range (IQR). Continuous variables were compared
using the Mann-Whitney U test, and dichotomous variables
were compared using Fisher’s exact test and logistic regres-
sion. To extract significant factors for post-ESD bleeding
events, these variables with P<0.05 on univariate analysis
were examined using multivariate logistic regression models.
For additional variable selection, backward stepwise selection
(P=0.15 as the level for including variables, and P=0.10 for ex-
clusion of variables) was used. P values of <0.05 were consid-
ered to denote a statistically significant difference between
groups. Data were evaluated using JMP software version 11
(SAS Institute, Cary, North Carolina, USA).

Results

» Table1 summarizes the baseline characteristics, gastric le-
sions, procedural time, and adverse events in all patients,
group A patients (antithrombotic therapy), and group B pa-
tients (no antithrombotic therapy). Group A patients were old-
er (median 77.0 years; IQR 71.0-80.0) than group B patients
(median 71.0 years; IQR 64.0-78.0; P<0.001), and had a high-
er incidence of chronic concomitant diseases (cardiovascular
disease, renal failure, neurological disease, hypertension, and
diabetes mellitus; P<0.005 for each disease). In group A, the
majority of procedures (81.5%) had low thromboembolic risk.
No thromboembolic events were reported in either group.
However, the postoperative bleeding rate was higher in group
A (11.1%) than group B (3.3%; P=0.002).

» Table2 shows the types of antithrombotic therapy and
the postoperative bleeding incidence ratio for the 108 proce-
dures in group A. Antiplatelet agents and anticoagulants were
administered to 103 patients and 25 patients, respectively.
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> Table1 Characteristics of patients and gastric lesions, and procedural outcomes.

Total

Procedures (patients), n 529 (483)

Age, median (IQR), years

Sex (male/female), n 410/119
Chronic concomitant diseases, n (%)

= Cardiovascular disease 74 (13.9)
= Renal failure 21(3.9)
= Neurological disease 44 (8.3)
= Hypertension 187 (35.3)
= Diabetes mellitus 92(17.4)
Risk of thromboembolism, n (%)

= High 20(18.5)
« Low 88 (81.5)
Adverse events after ESD, n (%)

= Postoperative bleeding 26 (4.9)
= Perforation 33(6.2)
= Thromboembolism 0(0)

Procedure time, median (IQR), minutes
Number of lesions, n 579

Vertical location, n (%)

= Upper 95(16.4)
= Middle 284 (49.1)
= Lower 200 (34.5)

Lesion size, median (IQR), mm

IQR, interquartile range; ESD, endoscopic submucosal dissection

Postoperative bleeding occurred in 12 of the 108 procedures
(11.1%). The only single-agent antithrombotic therapy that
correlated with a high ratio of postoperative bleeding inci-
dence was warfarin (21.4%). With respect to dual-agent an-
tithrombotic therapy, a high bleeding incidence ratio was ob-
served for dual antiplatelet therapy (31.3%), in particular, thie-
nopyridine with aspirin (80.0%), and for warfarin with aspirin
(50.0%).

As to the incidence of postoperative bleeding in group A and
group B patients, there were 15 patients with hematemesis or
melena (group A 8/12, 66.7%; group B 7/14, 50.0%), 15 pa-
tients with decreases in hemoglobin levels of 22 g/dL (group A
8/12,66.7%; group B7/14,50.0%), and 26 patients who requir-
ed hemostasis because of bleeding post-ESD ulcers on second-
look (Day 1) or third-look (Day 7) endoscopy (group A 12/12,
100%; group B 14/14, 100%). » Table 3 displays the postopera-
tive bleeding incidence ratio for lesions according to antithrom-
botic therapy at baseline and post-ESD classified by heparin
replacement status in group A patients. The postoperative
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75.0 (68.8-81.0)

65.0(40.0-100.0)

13.0(8.0-22.0)

Group A Group B P value
108 (100) 421 (382)
77.0(71.0-80.0) 71.0 (64.0-78.0) <0.001
92/16 318/103 0.026
48 (44.4) 26(6.2) <0.001
10(9.2) 11 (2.6) 0.004
36(33.3) 8(1.9) <0.001
53(49.1) 134(31.8) 0.001
35(32.4) 57 (13.5) <0.001
20(18.5) 0
88 (81.5) 0 <0.001
12(11.1) 14 (3.3) 0.002
7(6.5) 26(6.2) 0.83
0(0) 0(0) -
70.0(50.0-112.5) 60.0 (40.0-100.0) 0.19
121 458
21(17.4) 74(16.2)
59 (48.7) 225 (49.1)
41(33.9) 159 (34.7) 0.95
13.0(9.5-21.0) 13.0(7.0-22.0) 0.45

bleeding incidence was generally low (6.5%) in cases without
heparin replacement. However, a high postoperative bleeding
incidence ratio was observed for dual antiplatelet therapy
(43.8 %), primarily aspirin with thienopyridine (80.0%). Heparin
replacement was also associated with a high postoperative
bleeding incidence (37.5%). Although the statistical signifi-
cance is limited because of the small sample size, both single
antiplatelet therapy (100%) and single warfarin therapy
(33.3%) had a high postoperative bleeding incidence ratio.

In univariate analysis, an increased risk of post-ESD bleeding
was associated with aspirin (odds ratio [OR] 4.8, 95% confi-
dence interval [Cl] 1.9-11.3), thienopyridine (OR 6.9, 95%Cl
1.8-21.3), anticoagulants (OR 5.5, 95%ClI 1.5-16.6), dual an-
tiplatelet therapy (OR 10.6, 95%Cl 3.1-32.3), heparin replace-
ment (OR 14.8, 95%Cl 4.6 -44.1), cardiovascular disease (OR
4.3, 95%Cl 1.8-9.7), and diabetes mellitus (OR 2.8, 95%Cl
1.1-6.3). Multivariate analyses revealed that dual antiplatelet
therapy (OR 10.9, 95 %Cl 2.1-49.5), and heparin replacement
(OR 34.4, 95%Cl 9.4-133.2) correlated with an increased risk
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» Table2 Incidence ratio of postoperative bleeding according to antithrombotic treatment in patients receiving antithrombotic therapy (group A).

Number of procedures, n

Antithrombotic agent 108
Single antiplatelet agent 72
= Aspirin 35
= Thienopyridine 10
= Otherantiplatelet agent 27
Single anticoagulant 14
= Warfarin 14
Dual antiplatelet therapy 16
= Aspirin +thienopyridine 5
= Aspirin+other antiplatelet agent 9
= Thienopyridine + other antiplatelet agent 2
Antiplatelet agent and anticoagulant 6
= Warfarin +aspirin 2
= Warfarin+other antiplatelet agent 3
= Dabigatran +other antiplatelet agent 1

of post-ESD bleeding. Higher age (age >75 years: OR 0.2, 95%
C1 0.06-0.6) decreased the risk (» Table4).

The periods of postoperative bleeding are shown in » Ta-
ble5. In patients on antiplatelet therapy, post-ESD bleeding oc-
curred in the early postoperative period (median 1 day; range
1-7 days), whereas patients on anticoagulant therapy bleeding
occurred in the later postoperative period (median 7 days;
range 1-10 days). There were statistically significant differen-
ces between antiplatelet therapy and anticoagulant therapy in
the periods of post-ESD bleeding (P=0.022) (» Table6).

Discussion

In this study, patients who underwent ESD with antithrombotic
therapy (group A) and were managed based on the JGES2005
guideline were compared with patients not receiving antith-
rombotic therapy (group B). The post-ESD bleeding rate was
higherin group A than group B. Further investigation for antith-
rombotic therapies in group A demonstrated that various com-
binations of antithrombotic agents and heparin replacement
were associated with a higher ratio of post-ESD bleeding. Multi-
variate analysis demonstrated that both dual antiplatelet ther-
apy and heparin replacement significantly increased the risk of
post-ESD bleeding. Post-ESD bleeding occurred at an earlier
time among patients on antiplatelet therapy than in those on
anticoagulant therapy. Previously, some studies have reported
on the relationship between antithrombotic therapy and bleed-
ing after gastric ESD [22,23,25-27]. However, detailed evalua-
tions under unified guidelines, including multivariate analyses
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Incidence of postoperative bleeding, n
(% of incidence ratio)

12(11.1)
3(4.2)
2(5.7)
0(0.0)
1(3.7)
3(21.4)
3(21.4)
5(31.3)
4(80.0)
1(11.1)
0(0.0)
1(16.6)
1(50.0)
0(0.0)
0(0.0)

and the periods of events concerning the various type of antith-
rombotic therapy, are lacking.

In the present study, we evaluated the ratio of bleeding
events with detailed stratification according to antithrombotic
agents used and heparin replacement. This detailed stratifica-
tion revealed that the ratio of bleeding events under cessation
of antithrombotic agents were quite different according to the
combination of antithrombotic agents or whether heparin re-
placement was provided. Some studies have indicated that the
bleeding risk for patients receiving single antiplatelet therapy
was not substantially altered by either discontinuation or con-
tinuous administration relative to patients without antithrom-
botic therapy [19,21, 28]. But few studies have reported the re-
sults of a detailed stratification of bleeding events according to
antithrombotic agents under certain protocols regarding ces-
sation of antithrombotic agents [21-23]. The |GES2012 noted
that in a low thromboembolism risk group, procedures that
present a high risk of bleeding are recommended to be done
under cessation of antithrombotic agents. Additionally, the
guidelines suggest that patients receiving single antiplatelet
therapy included a high ratio of those at low risk of throm-
boembolism. Therefore, a carefully stratified analysis of antith-
rombotic agents under cessation is important. In this study,
» Table3 clearly shows that patients receiving single antith-
rombotic therapy (i.e. an antiplatelet or an anticoagulant) with-
out heparin replacement had a low rate of post-ESD bleeding.
In contrast, the bleeding risk after resuming treatment was
very high among patients requiring two or more antiplatelet
agents. These finding are in accordance with previous findings
[19]. Additionally, post-ESD bleeding was frequent among pa-
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» Table3 Incidence ratio of postoperative bleeding according to antithrombotic treatment stratified by heparin replacement in patients receiving

antithrombotic therapy (group A).

Number of procedures, n

Antithrombotic agent 108
Without heparin replacement 92
Single antiplatelet agent 70
= Aspirin 33
= Thienopyridine 10
= Other antiplatelet agent 27
Single anticoagulant 5
= Warfarin 5
Dual antiplatelet therapy 16
= Aspirin +thienopyridine 5
= Aspirin +other antiplatelet agent 9
= Thienopyridine +other antiplatelet agent 2
Antiplatelet agents and anticoagulant 1
= Warfarin+other antiplatelet agent 1
With heparin replacement 16
Single antiplatelet agent 2
= Aspirin 2
Single anticoagulant 9
= Warfarin 9
Antiplatelet agent and anticoagulant 5
= Warfarin +aspirin 2
= Warfarin+other antiplatelet agent 2
= Dabigatran +other antiplatelet agent 1

tients who received heparin replacement with a single antipla-
telet or single anticoagulant agent. In comparison with the low
incidence ratio of bleeding events in patients under cessation
of a single antiplatelet or anticoagulant agent, the effect of he-
parin replacement was shown clearly. Previous studies have in-
dicated that heparin replacement does not reduce the inci-
dence of thromboembolism under warfarin therapy despite
the frequencies of post-ESD bleeding being significantly higher
with heparin replacement than without heparin replacement
[22,23,29-31]. These data lead to the suggestion that heparin
replacement may not be appropriate for perioperative manage-
ment. Multivariate analysis demonstrated that both dual anti-
platelet therapy and heparin replacement significantly in-
creased the risk of post-ESD bleeding, which supports the re-
sults of the stratified analysis shown in » Table 3 and the results
of previous reports that showed a higher odds ratio.

With respect to the periods of post-ESD bleeding, in a retro-
spective study of 454 gastric ESD cases under cessation of an-
tithrombotic therapy, the median was 2 days post-ESD (range
0-14 days) [20]. However, the incidence and periods of bleed-
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Incidence of postoperative bleeding, n (% of incidence ratio)

12(11.1)
6 (6.5)
1(1.4)
0(0.0)
0(0.0)
1(3.7)
0(0.0)
0(0.0)
5(43.8)
4(80.0)
1(11.1)
0(0.0)
0(0.0)
0(0.0)
6 (37.5)
2(100.0)
2(100.0)
3(33.3)
3(33.3)
1(20.0)
1(50.0)
0(0.0)
0(0.0)

ing by drug type were not examined. In addition, the periods of
post-ESD bleeding in cases of gastric ESD with heparin replace-
ment were not reported. In our study, post-ESD bleeding of pa-
tients on anticoagulant therapy tended to be observed in the
later postoperative period compared with patients on antipla-
telet therapy. Warfarin was resumed on postoperative Day 2;
therefore, it is considered that post-ESD bleeding may be ex-
plained by the effects of warfarin reaching the therapeutic
range under heparin replacement. There were no bleeding-
related mortalities or cases that required emergency surgery
for post-ESD bleeding in the present study. The effects of aspir-
in last for the duration of the life of the platelet (i. e. 10 days). In
addition, platelet adenosine diphosphate receptor inhibitors
such as ticlopidine and clopidogrel are more potent antiplatelet
drugs than aspirin but have a half-life similar to aspirin, about
5-10 days. Therefore, most patients on antiplatelet therapy
might have post-ESD bleeding a day after ESD regardless of ces-
sation of the drugs. Six patients (six procedures) had post-ESD
bleeding that required blood transfusion (group A 4/108, 3.7 %;
group B 2/421, 0.5%), but there were no bleeding-related mor-
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> Table4 Univariate and multivariate regression analysis of risk factors for bleeding after endoscopic submucosal dissection.

Factor Univariate analysis Multivariate analysis
OR (95 %Cl) P value OR (95 %Cl) P value
Age (>75 years) 0.4(0.1-0.9) 0.037 0.2(0.06-0.6) 0.001
Sex (male) 1.2(0.5-3.8) 0.68
Location of maximum legion (L/U,M) 1.9(0.9-4.4) 0.09
Maximum lesion size (>20 mm) 2.1(0.9-4.6) 0.07
More than 2 legions 1.5(0.3-4.6) 0.53
Aspirin 4.8(1.9-11.3) 0.002
Thienopyridine 6.9(1.8-21.3) 0.007 4.4(0.7-22.5) 0.11
Other antiplatelet agents 1.0(0.2-3.4) 0.96
Anticoagulants 5.5(1.5-16.6) 0.014
Dual antiplatelet therapy 10.6 (3.1-32.3) 0.001 10.9 (2.1-49.5) 0.005
Heparin replacement 14.8 (4.6-44.1) <0.001 34.4(9.4-133.2) <0.001
Cardiovascular disease 4.3(1.8-9.7) 0.001
Chronic renal disease 3.3(0.7-10.6) 0.10
Neurological disease 1.5(0.3-4.6) 0.53
Hypertension 1.2(0.5-2.6) 0.70
Diabetes mellitus 2.8(1.1-6.3) 0.026

OR, odds ratio; Cl, confidence interval; U, upper; M, middle; L, Lower.

> Table5 Periods of postoperative bleeding in patients receiving antithrombotic therapy (group A).

Day

Without heparin replacement, n

= Single antiplatelet agent

= Dual antiplatelet therapy

With heparin replacement, n

= Antiplatelet agent (single, double)
= Anticoagulant

= Antiplatelet agents and anticoagulants

1 2 3 4 5 6 7 8 9 10

> Table6 Comparison of periods of postoperative bleeding between antiplatelet therapy and anticoagulant therapy.

Antiplatelet therapy Anticoagulant therapy P value
Number of patients 8 4
Periods of postoperative bleeding, median (range), days 1(1-7) 7(1-10) 0.022

talities or cases that required emergency surgery for post-ESD
bleeding in the present study.

A few retrospective studies have reported that no cases of
thromboembolism occurred after discontinuation of antith-
rombotic therapy for 1 week prior to gastric ESD [32 - 34]. Simi-
larly, none of the patients in the present study developed

thromboembolism during discontinuation of antithrombotic
therapy. However, prolonged drug cessation will undoubtedly
increase the risk of thromboembolism. It is thought that pa-
tients have a 3-fold higher risk of cardiovascular events and cer-
ebral infarction during discontinuation of LDA, and there are re-
ports describing the development of cerebral infarction within
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10 days after LDA cessation, and that these accounted for 70%
of all cerebral infarctions [35,36]. Estimates suggest that one
case of thromboembolism occurs per 100 cases of warfarin ces-
sation, and these cases tend to be serious and have a poor prog-
nosis [37,38]. Results of the ORBIT-AF study conducted in the
United States demonstrated that the incidences of both throm-
boembolism and post-ESD bleeding were significantly higher in
patients receiving warfarin and heparin replacement compared
with those not receiving warfarin and heparin replacement
[29]. Thus, itis necessary to be aware of the risk of thromboem-
bolic events during the drug cessation period

Therefore, as described in the JGES2012 guidelines, substi-
tution of antiplatelet agents with cilostazol and a 1-day drug
cessation period is thought to be sufficient to prevent severe
thromboembolism as well as post-ESD bleeding. Data from
this study suggest that substitution for the combination of as-
pirin with thienopyridine derivatives requires longer treatment
periods, if possible, before and after the ESD procedure to pre-
vent a bleeding event. Fukuda et al. [39] reported that the use
of an absorbable polyglycolic acid suture (Neoveil; Gunze Ltd.,
Kyoto, Japan) may reduce post-ESD bleeding. Among patients
receiving an anticoagulant agent, it is desirable to change to di-
rect oral anticoagulants (e. g. apixaban, rivaroxaban, and edox-
aban) plus heparin replacement therapy. A growing body of evi-
dence suggests that switching to direct oral anticoagulants or
LDA monotherapy is preferable, as recommended in the
JGES2012 guidelines [14].

This study has some limitations. First, it is a single-center
and retrospective observational study. Selection bias in con-
ducting ESD may exist between the two groups with or without
antithrombotic therapy. However, bias was minimized by accu-
mulating consecutive cases with the same protocol, and back-
grounds between the two groups, including tumor characteris-
tics, which might affect bleeding risk, were similar. Second, the
sample size of patients requiring antithrombotic therapy was
small, and trials with a larger sample size are warranted. Third,
no thromboembolic events developed during discontinuation
of antithrombotic therapy, probably because there was a very
low number of high-risk thrombosis cases. Nevertheless, the
results suggest that cessation of antithrombotic agents is ap-
propriate in low-risk thromboembolism cases.

In conclusion, the findings of this study suggest that it is
necessary to be aware of the possibility of post-ESD bleeding,
even after discontinuation of antithrombotic agents. In partic-
ular, patients receiving dual antiplatelet agents and heparin re-
placement require increased attention for post-ESD bleeding.
In order to confirm the procedures for strict management ac-
cording to the level of bleeding risk in patients receiving differ-
ent antithrombotic therapies, further prospective studies with
large samples will be needed.
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» Supplementary Fig.1 Protocol for endoscopic submucosal dissection. The protocol for ESD procedure including the management of various
antithrombotic therapies is shown. ESD, endoscopic submucosal dissection; EGD, esophagogastroduodenoscopy; PPI, proton-pump inhibitor;
LDA, low-dose aspirin.
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