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Abstract
Background and Aim: The 2017 Japanese guidelines recommend continuing warfarin
therapy during the perioperative period or discontinuing direct oral anticoagulants
(DOACs) only on the day of endoscopic submucosal dissection for early gastric cancer.
However, their safety has not been sufficiently explored. This study aimed to validate this
management method.
Methods: This retrospective, multicenter study analyzed the characteristics and outcomes
of patients who underwent gastric endoscopic submucosal dissection between July 2017
and June 2019. The patients were categorized according to the use of warfarin or DOACs.
Results: Among the 62 eligible patients, 53 (85%) were male (median age, 76 years). War-
farin was used in 10 patients (16%) and DOACs in 52 patients (84%). Fourteen patients
taking DOACs (27%) used concomitant antiplatelet agents, with seven patients (13%) con-
tinuing treatment at the time of the endoscopic procedure. No postprocedural bleeding oc-
curred in patients receiving warfarin (0%), whereas 10 cases (19%) of bleeding occurred in
patients receiving DOACs: rivaroxaban, 0% (0/22); dabigatran, 0% (0/2); edoxaban, 43%
(6/14); and apixaban, 29% (4/14). The type of anticoagulant (P< 0.01) and continuation of
antiplatelet therapy (P = 0.02) were risk factors for postprocedural bleeding in patients re-
ceiving DOACs. Intraprocedural bleeding requiring transfusion or symptomatic thrombo-
embolic events were not reported.
Conclusions: Continuous warfarin therapy is preferred. DOAC withdrawal 1 day before a
procedure is associated with a high bleeding rate, which may differ for different types of
anticoagulants. The continuation of antiplatelet medications in patients receiving DOACs
carries a high risk of bleeding and is a future challenge.
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Introduction
Endoscopic submucosal dissection (ESD) is the most effective
and minimally invasive procedure for early gastric cancer. In
recent years, with a surge in the prevalence of elderly individ-
uals, the number of patients receiving anticoagulant agents, in-
cluding warfarin and direct oral anticoagulants (DOACs), for
the secondary prevention of cerebrovascular disorders and
thromboembolic diseases has increased. According to the
guidelines proposed by the Japan Gastroenterological Endos-
copy Society in 2012,1 endoscopic treatment with heparin re-
placement of anticoagulants is recommended to prevent
thrombotic events.
Postprocedural bleeding after gastric ESD is the most frequent

adverse event, particularly in patients receiving antithrombotic
therapy.2–4 Although heparin replacement has traditionally served
as the standard bridging therapy for high-risk patients with throm-
boembolic complications, our previous report revealed that pa-
tients undergoing heparin replacement exhibited an increased
susceptibility to postprocedural bleeding following gastric ESD.5

Several studies have reported that heparin replacement is a risk
factor for bleeding after gastric ESD or colorectal endoscopic
resection,6–9 while continuous oral anticoagulant therapy might
have a lower risk of postprocedural bleeding than heparin
replacement.10,11

According to the guidelines published in 2017,12 maintaining
continuous warfarin administration within the therapeutic range
or temporarily discontinuing DOACs solely on the day of endo-
scopic procedures is recommended. However, the available evi-
dence remains inadequate and warrants further investigation. We
conducted a retrospective multicenter study to elucidate the safety
of gastric ESD while continuously administering warfarin or
discontinuing DOAC on the day of the procedure.

Methods

Patients. Patients eligible for enrolment were those who
underwent ESD for early gastric cancer or a suspected malignancy
between July 2017 and June 2019 at 17 collaborating institutions
across Japan (Okayama Gut Study Group). Inclusion criteria were
as follows: (i) patients who underwent the procedure with contin-
ued warfarin or 1-day withdrawal of DOAC, including apixaban,
dabigatran, edoxaban, or rivaroxaban; (ii) patients aged over
20 years old; (iii) patients with hemoglobin level ≥ 9 g/dL; (iv) pa-
tients with platelet count ≥ 100 000/mm3; and (v) patients with
transaminase ≤ 150 U/L. The exclusion criteria were as follows:
(i) switching from warfarin to DOAC because no specific method
is indicated in the guidelines, (ii) discontinuing warfarin after
ESD, (iii) resuming DOACs two or more days after ESD, (iv) si-
multaneous ESD for more than two lesions, (v) a history of gas-
trectomy or gastric tube reconstruction because of special cases,
(vi) systemic administration of corticosteroids or nonsteroidal
anti-inflammatory drugs, (vii) endoscopic closure for ulcers
resulting from ESD, and (viii) patients undergoing dialysis.
The study protocol was approved by the institutional review

board of each hospital in accordance with the Declaration of
Helsinki.

Study methods. Gastric ESD was performed using a
high-frequency generator (VIO 300D; Erbe Elektromedizin
GmbH, Tübingen, Germany), ITknife2 (KD-611L; Olympus
Medical Systems, Co. Ltd., Tokyo, Japan), DualKnife (KD-
650L; Olympus Medical Systems, Co. Ltd.), ITknife (KD-610L;
Olympus Medical Systems, Co. Ltd.), ITknife nano (KD-612;
Olympus Medical Systems, Co. Ltd.), and hemostatic forceps
(Coagrasper; FD-411UR; Olympus Medical Systems, Co. Ltd.).
En bloc resection was defined as the resection of the tumor in
one piece with no endoscopic residual disease. A complete resec-
tion was defined as an en bloc resection with histologically con-
firmed negative horizontal and vertical margins.
The prothrombin time–international normalized ratio was mea-

sured in all patients receiving warfarin treatment and confirmed
to be within the therapeutic level 1.6–2.6. Apixaban was adminis-
tered at a dose of 5 or 2.5 mg twice daily. Dabigatran was admin-
istered at a dose of 150 or 110 mg twice daily. Edoxaban was
administered at a dose of 60 or 30 mg daily. Rivaroxaban was ad-
ministered at a dose of 15 or 10 mg daily. The DOAC dosage was
determined by the prescribing physician with reference to age,
body weight, renal function, and bleeding risk. Proton pump inhib-
itors or potassium-competitive acid blockers (vonoprazan) were
received for 5–8 weeks after the procedure. The patients
underwent second-look endoscopy (SLE) either before oral food
intake or at discharge, with the addition of preventive hemostasis,
if necessary.

Measured outcomes. The primary outcome of this study
was the incidence of postprocedural bleeding after gastric ESD
with continuous warfarin or 1-day withdrawal of DOAC in
accordance with the guidelines. Postprocedural bleeding was de-
fined as clinically evident bleeding, such as hematemesis or
melena, which was confirmed by endoscopic examination with a
decline of > 2 g/dL in the hemoglobin concentration. The inci-
dence of intraprocedural and postprocedural bleeding requiring
transfusion and symptomatic thromboembolic complications was
also assessed. A blood transfusion was performed at the discretion
of the attending physician. Complications were monitored for
28 days after the ESD. Additionally, this study aimed to identify
the risk factors for postprocedural bleeding with 1-day withdrawal
from DOAC. We divided patients taking DOACs into two groups
based on bleeding rates by DOAC type and compared the patient
backgrounds between the DOAC groups with high and low bleed-
ing rates.

Statistical analysis. Differences were considered significant
at P-values of < 0.05, as determined using Fisher’s exact test for
discontinuous variables and the Mann–Whitney U-test for contin-
uous variables. JMP PRO version 17 software package (SAS Insti-
tute, Cary, NC, USA) was used for all statistical analyses.

Results

Enrolled patients. The patient flow is shown in Figure 1. Fi-
nally, 62 patients were included in the analysis, 10 of whom were
taking warfarin, and 52 were taking DOAC. The DOACs used
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were as follows: rivaroxaban, 22 patients; edoxaban, 14 patients;
apixaban, 14 patients; and dabigatran, 2 patients.

Characteristics of patients and antiplatelet
agents. The baseline characteristics of the patients are summa-
rized in Table 1. The study cohort consisted of 53 men and 9
women, with a median age of 76 years (range: 51–91 years).
Among the participants, 16 patients were also receiving antiplate-
let agents, with five patients prescribed with aspirin, four pre-
scribed with clopidogrel, one prescribed with prasugrel, two
prescribed with cilostazol, three prescribed with eicosapentaenoic
acid, and two prescribed with limaprost alfadex.

Management of antiplatelet agents during the peri-
operative period and endoscopic submucosal dis-
section outcomes. Perioperative medication management
details and ESD outcomes are summarized in Table 2. In all but
two cases, antiplatelet agents were resumed on the day following
ESD. The exceptions included one case in which the physician
exercised discretion to resume after 2 days and another case in
which resumption was delayed for 4 days due to minor
intraprocedural bleeding. En bloc resection was successfully
achieved in all cases, with a median procedure duration of
80 min (range: 16–279 min). Curative resection was performed
in 60 (97%) patients.

Complications during and after endoscopic sub-
mucosal dissection. The complications are presented in
Table 3. In this study, no instances of bleeding (0%) were observed
in patients receiving warfarin, whereas 10 cases (19%, 95% confi-
dence interval [CI] 11–32%) of bleeding occurred in patients

receiving DOACs. Postprocedural bleeding occurred in 0 of 22
cases (0%), 0 of 2 cases (0%), 6 of 14 cases (43%, 95% CI
21–67%), and 4 of 14 cases (29%, 95% CI 12–55%) in patients
taking rivaroxaban, dabigatran, edoxaban, and apixaban, respec-
tively. The median timing of postprocedural bleeding was 8.5 days
after ESD (range: 1–14 days), and no clear trend was observed.
Blood transfusion was necessary in six instances (12%, 95% CI
5–23%) of patients receiving DOACs; however, hemostasis was
successfully achieved endoscopically in all cases. Intraprocedural
bleeding was controlled in all cases, and no transfusion was per-
formed during the procedure. No symptomatic thromboembolic
events or perforations were observed.

Risk factors for postprocedural bleeding complica-
tions in patients taking direct oral anticoagu-
lants. As no postprocedural bleeding occurred in patients
taking warfarin, we analyzed the risk factors for bleeding in pa-
tients taking DOACs. The background characteristics and clinical
outcomes of the patients receiving DOACs for postprocedural
bleeding (postprocedural bleeding group) and those without
postprocedural bleeding (no postprocedural bleeding group) are
presented in Table 4. The DOAC type was a risk factor for bleed-
ing (P < 0.01). Of the patients who experienced postprocedural
bleeding, 40% (4 out of 10 patients) had been continuously using
antiplatelet medications. In contrast, only 7% (3 of 42 patients) of
those without postprocedural bleeding were taking such medica-
tions, resulting in a significant difference (P = 0.02). The
postprocedural bleeding rate was 57% (4/7) in patients who con-
tinued antiplatelet therapy and 13% (6/45) in those who did not.
No significant differences were observed between the
postprocedural bleeding and no postprocedural bleeding groups
in the percentage of tumors larger than 2 cm in diameter (30% vs

Figure 1 Flow diagram of the study participants. DOAC, direct oral anticoagulant; ESD, endoscopic submucosal dissection; NSAIDs, nonsteroidal
anti-inflammatory drugs.
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21%), tumors located in the pyloric antrum (30% vs 55%), and
SLEs performed (60% vs 81%).

Postprocedural bleeding rates and background
characteristics according to direct oral anticoagu-
lant. In the present study, postprocedural bleeding was observed
in 43% (6 of 14 patients) of patients administered with edoxaban
and 29% (4 of 14 patients) of patients receiving apixaban. Notably,
no instances of postprocedural bleeding were recorded in patients
receiving rivaroxaban or dabigatran (Table 4). Consequently, we
compared the background characteristics of the edoxaban and

apixaban (EA) groups with those of the rivaroxaban and
dabigatran (RD) groups. The corresponding results are presented
in Table 5. Despite the higher prevalence of patients with histories
of myocardial infarction and diabetes in the EA group, no signifi-
cant differences in the use or discontinuation of antiplatelet agents
were observed. The preoperative activated partial thromboplastin
time (APTT) tended to be longer in the RD group.

Discussion
In this study, no postprocedural bleeding (0%) was observed in pa-
tients receiving warfarin, whereas 10 cases (19%, 95% CI
11–32%) of bleeding occurred after gastric ESD in patients receiv-
ing DOACs. Although blood transfusion was necessary in six in-
stances (12%, 95% CI 5–23%) of patients receiving DOACs,
hemostasis was successfully achieved endoscopically in all cases.
Intraprocedural bleeding was controlled in all cases. No symptom-
atic thromboembolic events were observed. The type of DOACs
and continuation of antiplatelet agents were risk factors for
postprocedural bleeding in patients receiving DOACs.

Table 1 Characteristics of the patients, antithrombotic therapy, and
lesions.

Total
n = 62

Warfarin
n = 10

DOAC
n = 52

Age (years) 76 (51–91) 79 (67–89) 76 (51–91)
Male 53 (85) 8 (80) 45 (86)
Performance status 0 (0–2) 0 (0–0) 0 (0–2)
Comorbidities associated with cardiovascular disease

Atrial fibrillation 57 (92) 9 (90) 48 (92)
CHADS2 score

† 2 (0–5) 2 (1–5) 2 (0–5)
CHA2DS2-VASc score† 3 (0–7) 4 (2–6) 3 (0–7)

Hypertension 47 (76) 7 (70) 40 (77)
Dyslipidemia 26 (42) 2 (20) 24 (46)
Diabetes mellitus 13 (21) 2 (20) 11 (21)
Congestive heart failure 12 (19) 3 (30) 9 (17)
Valvular heart disease 7 (11) 1 (10) 6 (12)
Pulmonary hypertension 1 (2) 0 (0) 1 (2)
Cardiomyopathy 1 (2) 0 (0) 1 (2)
Peripheral artery disease 3 (5) 0 (0) 3 (6)

History associated with cardiovascular disease
Stroke or transient ischemic attack15 (24) 3 (30) 12 (23)
Deep vein thrombosis 4 (6) 1 (10) 3 (6)
Myocardial infarction 7 (11) 0 (0) 7 (13)

Antiplatelet agent 16 (26) 2 (20) 14 (27)
Aspirin 5 (8) 0 (0) 5 (10)
Clopidogrel 4 (6) 0 (0) 4 (8)
Prasugrel 1 (2) 0 (0) 1 (2)
Cilostazol 2 (3) 1 (10) 1 (2)
Eicosapentaenoic acid 3 (5) 0 (0) 3 (6)
Limaprost alfadex 2 (3) 1 (10) 1 (2)

Helicobacter pylori infection
Positive 11 (18) 1 (10) 10 (19)
Negative 43 (69) 7 (70) 36 (69)
Unknown 8 (13) 2 (20) 6 (12)

Tumor located in the antrum 31 (50) 5 (50) 26 (50)
Pathological tumor size (mm) 14 (3–47) 10.5 (4–37) 14 (3–47)
Tumor with ulcer or scar 4 (6) 0 (0) 4 (8)

Data are presented as median (range) or n (%).
†CHADS2 and CHA2DS2-VASc scores were evaluated in 61 patients with
atrial fibrillation.
DOAC, direct oral anticoagulant; CHADS2 score, Congestive heart failure
or left ventricular dysfunction, Hypertension, Age, Diabetes mellitus,
Stroke or transient ischemic attack 2; CHA2DS2-VASc, Congestive heart
failure or left ventricular dysfunction, Hypertension, Age 2, Diabetes
mellitus, Stroke or transient ischemic attack or thromboembolism 2 -
Vascular disease, Age, Sex category.

Table 2 Characteristics of perioperative management and ESD
procedures and outcomes

Total
n = 62

Warfarin
n = 10

DOAC
n = 52

Continued antiplatelet
treatment†

8 (13) 1 (10) 7 (13)

Acid suppressant 62 (100) 10 (100) 52 (100)
Proton pump inhibitor 23 (37) 2 (20) 21 (40)
Vonoprazan 39 (63) 8 (80) 31 (60)

Mucosal protective agent 46 (74) 6 (60) 40 (77)
ESD

Procedural items
ITknife2 23 (37) 6 (60) 17 (33)
DualKnife 16 (26) 2 (20) 14 (27)
ITknife 15 (24) 2 (20) 13 (25)
ITknife nano 4 (6) 0 (0) 0 (0)
FlushKnife 3 (5) 0 (0) 3 (6)
Others 1 (2) 0 (0) 1 (2)

Procedure time (min) 80 (16–279) 72.5 (25–191) 82.5 (16–279)
Resected specimen

size (mm)
35 (20–63) 34.5 (20–60) 35 (20–63)

En bloc resection 62 (100) 10 (100) 52 (100)
Complete resection 60 (97) 10 (100) 50 (96)

SLE 49 (79) 9 (90) 40 (77)
Timing of SLE

Before oral food intake 29 (47) 2 (20) 27 (52)
Before discharge 20 (32) 7 (70) 13 (25)
Not performed 13 (21) 1 (10) 12 (23)

Prophylactic hemostasis during SLE‡

Yes 21 (34) 2 (20) 19 (37)
No 28 (45) 7 (70) 20 (39)

Data are presented as n (%) or median (range).
†Prasugrel was switched to aspirin in one patient.
‡One patient was excluded from the DOAC group because of
postprocedural bleeding before the scheduled SLE.
DOAC, direct oral anticoagulant; ESD, endoscopic submucosal dissec-
tion; SLE, second-look endoscopy.
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Continuous warfarin or 1-day withdrawal of DOACs is ex-
pected to have a lower risk of postprocedural bleeding than hepa-
rin replacement.10,11 Accordingly, the revised guidelines for
anticoagulants for gastric ESD in Japan were published in
2017.12 In the present study, the incidence of postprocedural
bleeding with continuous warfarin was 0%. Warfarin continuation

may be a promising treatment, although it is based on a small num-
ber of cases. However, the postprocedural bleeding rate for 1-day
withdrawal of DOACs was high (19%, 95% CI 11–32%), and fur-
ther studies are needed.
Postprocedural bleeding was common in the EA group. Several

studies have described the incidence of gastrointestinal bleeding
associated with various DOACs.13–16 Hakoda et al. revealed that
the DOACs associated with postprocedural bleeding risk after gas-
tric ESD were edoxaban, apixaban, rivaroxaban, and dabigatran in
ascending order,17 and Tomida et al. revealed that the
postprocedural bleeding risk in patients taking dabigatran after
gastric ESD was significantly lower than that in patients receiving
other DOACs,18 which is consistent with the results of this study.
Although there are controversial results,19–21 our study results
suggest that when performing gastric ESD in patients receiving
edoxaban or apixaban, switching to dabigatran or rivaroxaban
should be considered. The favorable effects of dabigatran on
postprocedural bleeding may be due to its different pharmacolog-
ical mechanisms compared with other DOACs. Dabigatran is a
prodrug that does not exhibit anticoagulant activity. It reaches
the systemic circulation and is converted to its active form by he-
patic and serum esterases.22 Therefore, dabigatran may not exhibit
local anticoagulant activity in the stomach. However, it is unclear
why rivaroxaban has a lower bleeding risk, and further studies on
the bleeding risk associated with each DOAC during endoscopic
procedures are required. The preoperative APTT was longer in
the RD group, which did not have postprocedural bleeding, sug-
gesting that preoperative prothrombin time and APTTwere not in-
dicators of postprocedural bleeding.
To the best of our knowledge, this is the first study to report that

the continuous use of antiplatelet agents is a risk factor for
postprocedural bleeding after gastric ESD with 1-day withdrawal
of DOACs. In our previous study, the continuation of aspirin
was a risk factor for postprocedural bleeding after gastric ESD
with heparin replacement with oral anticoagulants.5 Irrespective
of heparin replacement, the continuous use of antiplatelet agents
is likely to increase the risk of postprocedural bleeding after gastric
ESD with anticoagulation therapy. It is possible that the real risk
factor for bleeding is not the continuation of antiplatelet agents
themselves but a patient background that necessitates continuation
of antiplatelet agents. Multivariate analysis could not be performed
to exclude this possibility due to lack of power. However, a multi-
center study and randomized trial reported that continued anti-
platelet medication was a risk factor for postprocedural bleeding,
which is consistent with the present study.23,24 Furthermore, the
rate of postprocedural bleeding was considerably high (57%) in

Table 3 Complications associated with gastric ESD

Warfarin
n = 10

DOAC
n = 52

Rivaroxaban
n = 22

Edoxaban
n = 14

Apixaban
n = 14

Dabigatran
n = 2

Postprocedural bleeding 0 (0) 10 (19, 11–32) 0 (0) 6 (43, 21–67) 4 (29, 12–55) 0 (0)
Transfusion due to postprocedural bleeding 0 (0) 6 (12, 5–23) 0 (0) 2 (14, 4–40) 4 (29, 12–55) 0 (0)
Intraprocedural bleeding requiring transfusion 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Symptomatic thromboembolic complications 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Perforation 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Data are presented as n (%, 95% CI).
CI, confidence interval; DOAC, direct oral anticoagulant; ESD, endoscopic submucosal dissection.

Table 4 A univariable analysis of the risk factors for postprocedural
bleeding in the DOAC group

Postprocedural
bleeding
n = 10

No postprocedural
bleeding
n = 42

P-value

DOAC < 0.01
Rivaroxaban 0 (0) 22 (42)
Edoxaban 6 (60) 8 (15)
Apixaban 4 (40) 10 (19)
Dabigatran 0 (0) 2 (4)

Antiplatelet agent including
cessation and continuation

0.43

Yes 4 (40) 10 (24)
No 6 (60) 32 (76)

Continued antiplatelet
treatment

0.02

Yes 4 (40) 3 (7)
No 6 (60) 39 (93)

Acid suppressant 1.00
Proton pump inhibitor 4 (40) 17 (40)
Vonoprazan 6 (60) 25 (60)

Mucosal protective agent 0.21
Yes 6 (60) 34 (81)
No 4 (40) 8 (19)

Tumor size 0.68
> 2 cm 3 (30) 9 (21)
≤ 2 cm 7 (70) 33 (79)

Ulcer or scar in the tumor 1.00
Present 1 (10) 3 (7)
Absent 9 (90) 39 (93)

Tumor location 0.29
Antrum 3 (30) 23 (55)
Body 7 (70) 19 (45)

Second-look endoscopy 0.21
Yes 6 (60) 34 (81)
No 4 (40) 8 (19)

Data are presented as n (%).
DOAC, direct oral anticoagulant.
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patients who continuously used antiplatelet agents in addition to
DOACs. Kobayashi et al. reported that endoscopic closure after
gastric ESD may contribute to decreased postprocedural bleeding
in patients undergoing antithrombotic therapy.25 Therefore, when
performing gastric ESD in patients continuously using antiplatelet
agents in addition to DOACs, it would be useful to consider sutur-
ing the ulcer after resection.

This study has some limitations. First, the data were analyzed
retrospectively, and the procedures were not strictly standardized.
Second, the number of cases was small, as only two patients taking
dabigatran were included. A few bleeding events occurred, and the
influence of confounding factors could not be excluded. Patients
taking warfarin, rivaroxaban, or dabigatran had no postprocedural
bleeding events, and postprocedural bleeding occurred only in pa-
tients taking edoxaban or apixaban. There were insufficient cases
to perform a multivariate logistic regression analysis. Therefore,
further large-scale studies are required to confirm the safety of
warfarin continuation and the discontinuation of DOAC on the
day of the procedure.
In conclusion, continuous warfarin may be a promising method;

however, the postprocedural bleeding rate after 1-day withdrawal
of DOAC was high. However, postprocedural bleeding did not oc-
cur in patients receiving rivaroxaban or dabigatran, thereby neces-
sitating further investigation to determine the risk of bleeding
associated with each specific DOAC following gastric ESD.
Notably, the rates of postprocedural bleeding increased in patients
concurrently using antiplatelet agents and DOACs, warranting
cautious monitoring of these patients for bleeding events.
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