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ABSTRACT
Background: The relationship between oral anticoagulant (OAC) status after catheter ablation (CA) for atrial fibrillation (AF) 
and the risks of ischemic stroke or major bleeding events is still unknown.
Methods: This is a subanalysis of the RYOUMA registry, a prospective multicenter observational study of Japanese patients who 
underwent CA for AF in 2017–2018.
Results: Of the 2844 patients, the rate of DOAC continuation was 48.1%, 69.6%, and 80.9% in patients with a CHADS2 score of 
0–1, 2, and 3–6, respectively. Among the patients taking DOACs with a CHADS2 score of 0–1 and 2, the incidence rates of major 
bleeding were significantly higher than those of ischemic stroke or systemic embolic events (SEEs) (1.3%/year [95% CI, 0.6–2.1] 
vs. 0.3%/year [95% CI, 0.0–0.7], p = 0.019; 1.8%/year [95% CI, 0.6–3.0] vs. 0.2%/year [95% CI, 0.0–0.6], p = 0.018, respectively). 
However, there was no difference between the incidence rates of major bleeding events and ischemic stroke or SEEs in patients 
taking DOACs with a CHADS2 score of 3–6 (1.6%/year [95% CI, 0.2–3.0] vs. 1.0%/year [95% CI, 0.0–2.1], p = 0.474).
Conclusions: In patients with a CHADS2 score of 2, those who continued taking DOACs had a higher incidence rate of major 
bleeding events compared to ischemic stroke/SEEs, similar to those with a CHADS2 score of 0–1. Conversely, in patients with a 
CHADS2 score of 3–6, the incidence rates of both ischemic stroke/SEEs and major bleeding were similarly high.
Trial Registration: The study was registered as UMIN000026092 (University Hospital Medical Information Network-Clinical 
Trial Registry)
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1   |   Introduction

Catheter ablation (CA) is an effective therapeutic strategy for 
atrial fibrillation (AF) (Tzeis et al. 2024; Hindricks et al. 2021; 
Nogami et  al.  2021). Periprocedural oral anticoagulation 
(OAC) is crucial for preventing periprocedural thromboembo-
lism; nonetheless, the optimal long-term anticoagulation after 
successful AF ablation remains controversial. Current guide-
lines and consensus statements (Tzeis et al. 2024; Hindricks 
et al. 2021; Nogami et al. 2021); however, recommend continu-
ation of OAC based on clinical risk scoring, irrespective of pro-
cedural outcome. In Japanese guidelines (Nogami et al. 2021), 
continuation of OAC after AF ablation is recommended for all 
patients for at least 3 months. After 3 months post-ablation, in-
terruption of OAC should be considered in the patients with a 
CHADS2 score of 0. Patients with a CHADS2 score of 1 may 
also be considered for the interruption of OAC, considering 
the balance between the risk of thromboembolism and bleed-
ing events. On the other hand, for patients with a CHADS2 
score of ≥ 2, continuation of OAC beyond 3 months post-
ablation is recommended, considering the risk of ischemic 
stroke when atrial arrhythmias recur (class IIa). However, our 
previous report of the RYOUMA registry (Real world ablation 
therapY with anti-cOagUlants in Management of Atrial fibril-
lation) revealed that over half of the patients continued OAC 
therapy at 1 year after CA, and there are some patients with 
the continuation of OAC beyond 3 months despite a CHADS2 
score of 0 or 1, as well as those with discontinuation of OAC 
with a CHADS2 score of ≥ 2 (Figure S1) (Nogami et al. 2022). 
Therefore, in this subanalysis, we examined the characteris-
tics of patients who either continued or discontinued DOAC 
therapy after AF ablation in relation to their CHADS2 score. 
Furthermore, we evaluated the risk of stroke and major bleed-
ing following CA in patients with and without guideline-
recommended anticoagulation therapy.

2   |   Methods

2.1   |   Study Design

The RYOUMA registry is a prospective multicenter observa-
tional study, and study design and primary outcome results have 
been reported previously (Nogami et al. 2022). All patients with 
non-valvular AF planning their first CA were eligible for inclu-
sion. In this subanalysis, patients using warfarin or not using 
OAC before CA were excluded.

Baseline data were collected before the CA procedure. 
Thromboembolic risk was stratified using the CHADS2 
score (congestive heart failure; hypertension; age ≥ 75 years; 
diabetes; previous stroke or transient ischemic attack (TIA) 
[doubled]) (Gage et  al.  2001) and the CHA2DS2-VASc score 
(congestive heart failure; hypertension; age ≥ 75 years [dou-
bled]; diabetes; previous stroke, TIA or thromboembolism 
[doubled]; vascular disease; age 65–74 years; and female) (Lip 
et al. 2010). Bleeding risk was evaluated using the HAS-BLED 
score (uncontrolled hypertension; renal dysfunction; liver 
dysfunction; prior stroke; previous bleeding; age > 65 years; la-
bile international normalized ratio; and aspirin use or alcohol 
consumption) (Pisters et  al.  2010). However, information on 

the factor “L,” lability of the international normalized ratio, 
was not calculated because this factor is inappropriate for 
patients taking DOACs. Bleeding risk was considered high if 
the HAS-B(L)ED score was ≥ 3. The OAC status after CA was 
obtained at any serious adverse events (SAEs) or on the day of 
the last follow-up.

All patients were classified into three groups according to their 
CHADS2 score (0–1, 2 and 3–6), as the Japanese guidelines rec-
ommend using the CHADS2 score (Class I) over the CHA2DS2-
VASc score (Class IIb). Baseline characteristics and clinical 
outcomes were compared among these three groups, along with 
their DOAC status.

This study was conducted in accordance with the principles of 
the Declaration of Helsinki, and the research protocol was ap-
proved by all applicable participating sites. All patients provided 
written informed consent before participating in the study. The 
study was registered as UMIN000026092 (University Hospital 
Medical Information Network-Clinical Trial Registry). The 
study protocol also received approval from the ethical com-
mittee at each study site before the initiation of the registry 
(University of Tsukuba Hospital: H28-219).

2.2   |   Follow-Up and Clinical Outcomes

The primary outcomes assessed in this subanalysis were SAEs 
during the 1-year follow-up period. SAEs included ischemic 
stroke, systemic embolic events (SEEs), major bleeding, all-cause 
death, cardiovascular deaths, cardiovascular adverse events, 
and intracranial hemorrhage. These events were evaluated by 
an event adjudication committee. Major bleeding events were 
defined according to the criteria of the International Society on 
Thrombosis Hemostasis (Schulman and Kearon  2005). When 
SAEs occurred during the follow-up period, case report forms 
(CRFs) were promptly submitted and evaluated by an event 
adjudication committee. We also collected follow-up data at 1, 
3, 6, and 12 months after the ablation procedure. All AEs, in-
cluding SAEs, clinically relevant non-major bleeding, and AF 
recurrence, were reported. The recurrence of AF was defined 
as any documented AF episode lasting over 30 s. All SAEs were 
evaluated by an event adjudication committee. Even in the ab-
sence of any adverse events, CRFs were collected by the clinical 
research coordinator. The timing and frequency of 24-h Holter 
monitor and/or 2-week event monitor implementation were left 
to the discretion of each attending physician.

2.3   |   Statistical Analysis

Continuous variables were presented as the median and inter-
quartile ranges (IQRs). Categorical variables were summarized 
using n (%). Baseline characteristics were compared using the 
chi-squared test for categorical variables and Wilcoxon's rank 
sum test for continuous variables. The cumulative event rates 
during the follow-up period were estimated using the Kaplan–
Meier method. The survival curves were compared using a 
log-rank test. For each endpoint, the incidence rate of the event 
and 95% confidence intervals (CIs) were estimated. The inci-
dence rates of the event were compared using risk difference. 
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Cox proportional hazard regression analysis was used to assess 
the predictors in each factor of the CHADS2 score for ischemic 
stroke/SEEs. Statistical significance was defined as a two-tailed 
p < 0.05. Statistical analyses were conducted using SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA).

3   |   Results

3.1   |   Patients Characteristics

The patient flow diagram is presented in Figure 1. For this sub-
analysis, a total of 2844 patients were included. Baseline patient 
characteristics are summarized in Table 1. The median age was 
68.0 years, and 70.9% were men, with 64.0% of patients hav-
ing paroxysmal AF. Among all patients, 35.7% had a CHADS2 
score of ≥ 2, and 32.1% had a HAS-B(L)ED score of ≥ 3. Types of 
DOACs included dabigatran (13.3%), rivaroxaban (27.6%), apix-
aban (26.9%), and edoxaban (32.2%).

In the previous report from the RYOUMA registry, the rate 
of OAC continuation in patients with DOAC was reported to 
decrease as the CHADS2 score decreased (Figure S1) (Nogami 
et  al.  2022). The baseline characteristics according to the 
CHADS2 score categories and DOAC continuation status are 
shown in Table 2. The rate of DOAC continuation was 48.1%, 
69.6%, and 80.9% in patients with a CHADS2 score of 0–1, 2, 
and 3–6, respectively. Among patients with a CHADS2 score 
of 0–1, those with DOAC continuation were older (67.0 years 
[IQR, 60.0–71.0] vs. 63.0 years [IQR, 54.0–69.0], p < 0.001), 
had a lower proportion of males (70.6% vs. 76.4%, p = 0.005), 
lower body weight (65.2 kg [IQR, 56.6–74.2] vs. 66.5 kg [IQR, 
59.2–74.5], p = 0.037), lower creatinine clearance (CrCl) 
(78.9 mL/min [IQR, 64.5–98.6] vs. 86.1 mL/min [IQR, 70.3–
105.6], p < 0.001), a lower proportion of paroxysmal AF (59.0% 

vs. 70.6%, p < 0.001), a higher rate of anti-arrhythmic drug 
(AAD) use (75.7% vs. 67.2%, p < 0.001), and a higher rate of 
AF recurrence (12.6% vs. 6.5%, p < 0.001) compared to those 
with DOAC discontinuation. The median scores of CHADS2, 
CHA2DS2-VASc, and HAS-B(L)ED were also higher in those 
with DOAC continuation compared to DOAC discontinuation 
(1.0 [IQR, 0.0–1.0] vs. 0.0 [IQR, 0.0–1.0], p < 0.001; 2.0 [IQR, 
1.0–2.0] vs. 1.0 [IQR, 0.0–2.0], p < 0.001; and 2.0 [IQR, 1.0–2.0] 
vs. 1.0 [IQR, 1.0–2.0], p < 0.001, respectively). Among patients 
with a CHADS2 score of 0–1, a higher CHA2DS2-VASc score 
and AF recurrence are independent factors for DOAC contin-
uation. In contrast, among patients with a CHADS2 score of 
2, there were no significant differences between those with 
DOAC continuation and discontinuation. Among patients 
with a CHADS2 score of 3–6, the only observed difference was 
in the prevalence of malignancy.

3.2   |   Clinical Outcomes

In this study, 2630 out of 2844 patients (92.5%) completed 
the one-year follow-up period. In terms of the primary end-
point, adjudicated ischemic stroke/SEEs occurred in seven 
patients, major bleeding events occurred in 31, and all-cause 
death occurred in 12 during the 1-year post-ablation period 
starting from postoperative day 30. Among the seven patients 
with ischemic stroke/SEEs, two had atherothrombotic or la-
cunar infarction, three had hemorrhagic infarction, and two 
had cardioembolic infarction. Of the 31 patients with major 
bleeding events, eight patients had intracranial hemorrhage, 
and 23 patients had other bleeding. Details of major bleeding 
events are shown in Table S1, and details of all-cause deaths 
and DOAC status are shown in Table  S2. The cumulative 
event rates of ischemic stroke/SEEs and major bleeding events 
at 1 year were 0.26% (95% CI, 0.12–0.54) and 1.14% (95% CI, 

FIGURE 1    |    Patient flow diagram. OAC, oral anticoagulant.
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0.80–1.61), respectively (Figure 2). The number of each SAE, 
categorized by CHADS2 score, was presented in Table 3, dis-
tinguishing between those taking DOAC and those not taking 
DOAC at any SAEs or on the day of the last follow-up. All 

seven patients who experienced ischemic stroke/SEEs were 
on DOACs: three patients with a CHADS2 score of 0–1, one 
patient with a CHADS2 score of 2, and three patients with a 
CHADS2 score of 3–6. No cases of ischemic stroke/SEEs were 
observed in patients not taking DOACs. Among patients tak-
ing DOACs, the incidence rates of major bleeding events were 
significantly higher than those of ischemic stroke/SEEs in 
the patients with a CHADS2 score of 0–1 (1.3%/year [95% CI, 
0.6–2.1] vs. 0.3%/year [95% CI, 0.0–0.7], p = 0.019) and in pa-
tients with a CHADS2 score of 2 (1.8%/year [95% CI, 0.6–3.0] 
vs. 0.2%/year [95% CI, 0.0–0.6], p = 0.018) (Figure 3A). On the 
other hand, among patients with a CHADS2 score of 3–6, there 
was no difference between the incidence rate of major bleed-
ing and ischemic stroke/SEEs (1.6%/year [95% CI, 0.2–3.0] vs. 
1.0%/year [95% CI, 0.0–2.1], p = 0.47). Among patients not tak-
ing DOACs, the incidence rates of major bleeding were very 
low in those with a CHADS2 score of 0–1 (0.4%/year [95% CI, 
0.0–0.8]) and with a CHADS2 score of 2 (0%/year), although in 
those with a CHADS2 score of 3–6, that was very high (6.0%/
year [95% CI, 0.0–12.6]) (Figure 3B). In terms of all-cause mor-
tality, for patients with a CHADS2 score of 3–6, the mortality 
rate was higher compared to patients with a CHADS2 score 
of 0–1 or 2. The number of major bleeding events, categorized 
as intracranial hemorrhage or other major bleeding based 
on CHADS2 scores, is shown in Table  S3. Among the eight 
patients who experienced intracranial hemorrhage, six were 
on DOACs: five had a CHADS2 score of 0–1, and one had a 
CHADS2 score of 2. Two patients were not taking DOACs and 
had a CHADS2 score of 3–6. One patient with cerebral hemor-
rhage, who was taking DOACs and had a CHADS2 score of 2, 
died as a result of the hemorrhage.

To eliminate the influence of antiplatelet therapy, we ana-
lyzed the subgroup not receiving antiplatelet therapy (n = 2597) 
(Table  S4). Among patients taking DOACs with a CHADS2 
score of 0–1 or 2, the incidence rates of SAEs were similar to the 
overall patient trend, and the incidence rates of major bleeding 
events were significantly higher than those of ischemic stroke/
SEEs (CHADS2 score 0–1: 1.3%/year [95% CI, 0.5–2.0] vs. 0.3%/
year [95% CI, 0.0–0.7], p = 0.031; CHADS2 score 2: 1.8%/year 
[95% CI, 0.5–3.1] vs. 0.3%/year [95% CI, 0.0–0.7], p = 0.032, re-
spectively). However, among patients with a CHADS2 score of 
3–6, the incidence rate of major bleeding events was the same 
as that of ischemic stroke/SEEs (1.3%/year [95% CI, 0.0–2.7] vs. 
1.3%/year [95% CI, 0.0–2.7]) (Figure  S2). Among patients not 
taking DOACs, the trend was the same as in the overall popu-
lation, but the incidence of major bleeding and overall mortality 
decreased.

In the CHA2DS2-VASc score classification and HAS-B(L)ED 
score classification, identifying a group with a low thromboem-
bolic risk but a high bleeding risk (as in patients with a CHADS2 
score of 2) among individuals taking DOACs proved challenging 
(Figures S3 and S4).

SAEs by the individual CHADS2 factors are depicted in 
Figure S5 and Table S5. Among patients who continued tak-
ing DOACs, those with “S” factor have a higher incidence rate 
of ischemic stroke/SEEs (1.0%/year [95% CI, 0.0–2.3]) com-
pared to patients with other CHADS2 factors (0.3%–0.5%/
year). However, due to the low number of events, statistical 

TABLE 1    |    Baseline demographic and clinical characteristics of 
study patients.

n = 2844

Age, median [IQR], years 68.0 [60.0–73.0]

Male sex, n (%) 2016 (70.9)

Body weight, median [IQR], kg 64.9 [56.9–73.7]

BMI, median [IQR], kg/m2 23.8 [21.8–26.3]

Creatinine clearance, median [IQR], 
mL/min

76.9 [61.4–96.0]

AF type

Paroxysmal, n (%) 1821 (64.0)

Persistent, n (%) 711 (25.0)

Long-standing persistent, n (%) 312 (11.0)

CHADS2 score, median [IQR] 1.0 [0.0–2.0]

CHADS2 score ≥ 2, n (%) 1016 (35.7)

CHADS2 score ≥ 1, n (%) 2062 (72.5)

CHA2DS2-VASc score, median [IQR] 2.0 [1.0–3.0]

CHA2DS2-VASc score ≥ 3, n (%) 1191 (41.9)

CHA2DS2-VASc score ≥ 2, n (%) 1856 (65.3)

HAS-B(L)ED score, median [IQR] 2.0 [1.0–3.0]

HAS-B(L)ED score ≥ 3, n (%) 914 (32.1)

Comorbidity, n (%)

Hypertension 1722 (60.5)

Diabetes 483 (17.0)

Heart disease 756 (26.6)

Kidney disease 229 (8.1)

Hemodialysis 2 (0.1)

Hepatic disorder 176 (6.2)

Cerebrovascular disease 314 (11.0)

Thromboembolism 98 (3.4)

Dementia 15 (0.5)

Antiplatelets use, n (%) 247 (8.7)

Type of DOACs, n (%)

Dabigatran 377 (13.3)

Rivaroxaban 784 (27.6)

Apixaban 766 (26.9)

Edoxaban 917 (32.2)

Abbreviations: AF, atrial fibrillation; BMI, body mass index; DOAC, direct-
acting oral anticoagulant; IQR, interquartile range.



5 of 10

T
A

B
L

E
 2

    
|    

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s a
cc

or
di

ng
 to

 th
e 

C
H

A
D

S 2 s
co

re
 c

at
eg

or
ie

s a
nd

 D
O

A
C

 c
on

tin
ua

tio
n 

st
at

us
.

C
H

A
D

S 2 s
co

re
0–

1
2

3–
6

D
O

A
C

 s
ta

tu
s

C
on

ti
nu

ed
D

is
co

nt
in

ue
d

p
C

on
ti

nu
ed

 
ve

rs
us

 
D

is
co

nt
in

ue
d

C
on

ti
nu

ed
D

is
co

nt
in

ue
d

p
C

on
ti

nu
ed

 
ve

rs
us

 
D

is
co

nt
in

ue
d

C
on

ti
nu

ed
D

is
co

nt
in

ue
d

p
C

on
ti

nu
ed

 
ve

rs
us

 
D

is
co

nt
in

ue
d

N
 =

 88
0

N
 =

 94
8

N
 =

 4
41

N
 =

 19
3

N
 =

 30
9

N
 =

 73

A
ge

, m
ed

ia
n 

[IQ
R]

, 
ye

ar
s

67
.0

 
[6

0.
0–

71
.0

]
63

.0
 

[5
4.

0–
69

.0
]

p <
 0.

00
1

72
.0

 
[6

6.
0–

77
.0

]
70

.0
 

[6
3.

0–
77

.0
]

p =
 0.

10
9

75
.0

 
[6

9.
0–

78
.0

]
75

.0
 

[7
1.

0–
80

.0
]

p =
 0.

15
4

M
al

e 
se

x,
 n

 (%
)

62
1 

(7
0.

6)
72

4 
(7

6.
4)

p =
 0.

00
5

28
3 

(6
4.

2)
12

9 
(6

6.
8)

p =
 0.

51
7

21
0 

(6
8.

0)
49

 (6
7.

1)
p =

 0.
89

0

Bo
dy

 w
ei

gh
t, 

m
ed

ia
n 

[IQ
R]

, k
g

65
.2

 
[5

6.
6–

74
.2

]
66

.5
 

[5
9.

2–
74

.5
]

p =
 0.

03
7

63
.6

 
[5

6.
2–

72
.2

]
62

.8
 

[5
6.

8–
75

.1
]

p =
 0.

58
6

62
.3

 
[5

5.
0–

71
.0

]
61

.5
 

[5
4.

0–
70

.9
]

p =
 0.

50
0

BM
I, 

m
ed

ia
n 

[IQ
R]

, 
kg

/m
2

23
.9

 
[2

1.
7–

26
.3

]
23

.7
 [2

1.
7–

25
.8

]
p =

 0.
23

7
24

.0
 

[2
2.

0–
27

.2
]

24
.3

 
[2

1.
6–

26
.7

]
p =

 0.
69

1
23

.8
 

[2
1.

9–
26

.6
]

23
.7

 
[2

1.
3–

25
.9

]
p =

 0.
45

0

C
re

at
in

in
e 

cl
ea

ra
nc

e,
 m

ed
ia

n 
[IQ

R]
, m

L/
m

in

78
.9

 
[6

4.
5–

98
.6

]
86

.1
 

[7
0.

3–
10

5.
6]

p <
 0.

00
1

70
.1

 
[5

4.
4–

86
.2

0]
71

.8
 

[5
7.

1–
92

.8
]

p =
 0.

18
8

63
.9

 
[5

0.
1–

76
.3

]
56

.7
 

[4
8.

9–
78

.7
]

p =
 0.

19
2

A
F 

ty
pe

Pa
ro

xy
sm

al
, n

 (%
)

51
9 

(5
9.

0)
66

9 
(7

0.
6)

p <
 0.

00
1

27
5 

(6
2.

4)
12

4 
(6

4.
2)

p =
 0.

67
7

18
4 

(5
9.

5)
50

 (6
8.

5)
p =

 0.
27

7

Pe
rs

is
te

nt
, n

 (%
)

23
9 

(2
7.

2)
20

0 
(2

1.
1)

11
9 

(2
7.

0)
46

 (2
3.

8)
92

 (2
9.

8)
15

 (2
0.

5)

Lo
ng

-s
ta

nd
in

g 
pe

rs
is

te
nt

, n
 (%

)
12

2 
(1

3.
9)

79
 (8

.3
)

47
 (1

0.
7)

23
 (1

1.
9)

33
 (1

0.
7)

8 
(1

1.
0)

A
A

D
 u

se
, n

 (%
)

66
6 

(7
5.

7)
63

7 
(6

7.
2)

p <
 0.

00
1

33
1 

(7
5.

1)
13

3 
(6

8.
9)

p =
 0.

10
8

23
8 

(7
7.

0)
60

 (8
2.

2)
p =

 0.
33

8

A
F 

re
cu

rr
en

ce
, n

 (%
)

11
1 

(1
2.

6)
62

 (6
.5

)
p <

 0.
00

1
43

 (9
.8

)
12

 (6
.2

)
p =

 0.
14

6
28

 (9
.1

)
7 

(9
.6

)
p =

 0.
88

9

C
H

A
D

S 2 s
co

re
, 

m
ed

ia
n 

[IQ
R]

1.
0 

[0
.0

–1
.0

]
0.

0 
[0

.0
–1

.0
]

p <
 0.

00
1

2.
0 

[2
.0

–2
.0

]
2.

0 
[2

.0
–2

.0
]

p =
 1.

00
0

3.
0 

[3
.0

–4
.0

]
3.

0 
[3

.0
–4

.0
]

p =
 0.

83
8

C
H

A
2D

S 2-V
A

Sc
 

sc
or

e,
 m

ed
ia

n 
[IQ

R]
2.

0 
[1

.0
–2

.0
]

1.
0 

[0
.0

–2
.0

]
p <

 0.
00

1
3.

0 
[3

.0
–4

.0
]

3.
0 

[3
.0

–4
.0

]
p =

 0.
16

9
5.

0 
[4

.0
–5

.0
]

5.
0 

[4
.0

–6
.0

]
p =

 0.
42

6

H
A

S-
B(

L)
ED

 sc
or

e,
 

m
ed

ia
n 

[IQ
R]

2.
0 

[1
.0

–2
.0

]
1.

0 
[1

.0
–2

.0
]

p <
 0.

00
1

2.
0 

[2
.0

–3
.0

]
2.

0 
[2

.0
–3

.0
]

p =
 0.

76
8

3.
0 

[3
.0

–4
.0

]
3.

0 
[2

.0
–5

.0
]

p =
 0.

45
7

C
om

or
bi

di
ty

, n
 (%

)

H
yp

er
te

ns
io

n
45

4 
(5

1.
6)

38
6 

(4
0.

7)
p <

 0.
00

1
37

2 
(8

4.
4)

16
5 

(8
5.

5)
p =

 0.
71

4
28

0 
(9

0.
6)

65
 (8

9.
0)

p =
 0.

68
3

(C
on

tin
ue

s)



6 of 10 Annals of Noninvasive Electrocardiology, 2025

C
H

A
D

S 2 s
co

re
0–

1
2

3–
6

D
O

A
C

 s
ta

tu
s

C
on

ti
nu

ed
D

is
co

nt
in

ue
d

p
C

on
ti

nu
ed

 
ve

rs
us

 
D

is
co

nt
in

ue
d

C
on

ti
nu

ed
D

is
co

nt
in

ue
d

p
C

on
ti

nu
ed

 
ve

rs
us

 
D

is
co

nt
in

ue
d

C
on

ti
nu

ed
D

is
co

nt
in

ue
d

p
C

on
ti

nu
ed

 
ve

rs
us

 
D

is
co

nt
in

ue
d

N
 =

 88
0

N
 =

 94
8

N
 =

 4
41

N
 =

 19
3

N
 =

 30
9

N
 =

 73

D
ia

be
te

s
28

 (3
.2

)
27

 (2
.8

)
p =

 0.
67

6
16

4 
(3

7.
2)

67
 (3

4.
7)

p =
 0.

55
2

16
3 

(5
2.

8)
34

 (4
6.

6)
p =

 0.
34

2

H
ea

rt
 d

is
ea

se
18

5 
(2

1.
0)

10
4 

(1
1.

0)
p <

 0.
00

1
16

9 
(3

8.
3)

80
 (4

1.
5)

p =
 0.

45
8

18
2 

(5
8.

9)
36

 (4
9.

3)
p =

 0.
13

7

K
id

ne
y 

di
se

as
e

44
 (5

.0
)

59
 (6

.2
)

p =
 0.

25
7

44
 (1

0.
0)

21
 (1

0.
9)

p =
 0.

73
0

50
 (1

6.
2)

11
 (1

5.
1)

p =
 0.

81
5

H
ep

at
ic

 d
is

or
de

r
45

 (5
.1

)
58

 (6
.1

)
p =

 0.
35

2
37

 (8
.4

)
14

 (7
.3

)
p =

 0.
62

8
18

 (5
.8

)
4 

(5
.5

)
p =

 0.
90

9

C
er

eb
ro

va
sc

ul
ar

 
di

se
as

e
16

 (1
.8

)
11

 (1
.2

)
p =

 0.
24

4
47

 (1
0.

7)
19

 (9
.8

)
p =

 0.
75

8
17

7 
(5

7.
3)

44
 (6

0.
3)

p =
 0.

64
1

Th
ro

m
bo

em
bo

lis
m

20
 (2

.3
)

12
 (1

.3
)

p =
 0.

10
1

21
 (4

.8
)

10
 (5

.2
)

p =
 0.

82
2

25
 (8

.1
)

10
 (1

3.
7)

p =
 0.

13
5

M
al

ig
na

nc
y

65
 (7

.4
)

63
 (6

.6
)

p =
 0.

53
5

66
 (1

5.
0)

36
 (1

8.
7)

p =
 0.

24
5

41
 (1

3.
3)

18
 (2

4.
7)

p =
 0.

01
5

D
em

en
tia

2 
(0

.2
)

0 
(0

.0
)

p =
 0.

14
2

4 
(0

.9
)

1 
(0

.5
)

p =
 0.

61
0

5 
(1

.6
)

3 
(4

.1
)

p =
 0.

18
1

A
nt

ip
la

te
le

t u
se

, n
 

(%
)

44
 (5

.0
)

35
 (3

.7
)

p =
 0.

16
9

57
 (1

2.
9)

20
 (1

0.
4)

p =
 0.

36
3

74
 (2

3.
9)

17
 (2

3.
3)

p =
 0.

90
5

H
em

og
lo

bi
n,

 
m

ed
ia

n 
[IQ

R]
, g

/d
L

14
.2

 
[1

3.
1–

15
.2

]
14

.3
 

[1
3.

5–
15

.5
]

p <
 0.

00
1

13
.7

 
[1

2.
6–

14
.9

]
13

.9
 

[1
2.

8–
14

.8
]

p =
 0.

48
2

13
.7

 
[1

2.
7–

14
.7

]
13

.3
 

[1
2.

3–
14

.6
]

p =
 0.

17
8

H
bA

1c
 (N

G
SP

), 
m

ed
ia

n 
[IQ

R]
, %

5.
7 

[5
.5

–6
.0

]
5.

7 
[5

.4
–5

.9
]

p =
 0.

01
3

6.
0 

[5
.7

–6
.8

]
6.

0 
[5

.6
–6

.5
]

p =
 0.

14
1

6.
2 

[5
.8

–6
.8

]
6.

1 
[5

.6
–6

.6
]

p =
 0.

15
3

A
bb

re
vi

at
io

ns
: A

A
D

, a
nt

i-a
rr

hy
th

m
ic

 d
ru

g;
 N

G
SP

, n
at

io
na

l g
ly

co
he

m
og

lo
bi

n 
st

an
da

rd
iz

at
io

n 
pr

og
ra

m
; o

th
er

 a
bb

re
vi

at
io

ns
 a

re
 a

s i
n 

Ta
bl

e 
1.

T
A

B
L

E
 2

    
|    


(C

on
tin

ue
d)



7 of 10

comparison of incidence rates between the patients with “S” 
factor and those with other factors of a CHADS2 score could 
not be performed.

4   |   Discussion

This is the first prospective study assessing the risk of ischemic 
stroke and major bleeding events in patients with AF who con-
tinued or discontinued DOAC treatment after CA. The main 
findings of this study are as follows:

1.	 In patients with a CHADS2 score of 0–1, those who con-
tinued taking DOACs were significantly older, had a lower 
proportion of males, lower body weight, and a lower prev-
alence of paroxysmal AF, a higher rate of AAD use, and a 
higher rate of AF recurrence compared to those who dis-
continued DOACs. Conversely, in patients with a CHADS2 
score of 2, there were no significant differences between 
those continuing DOACs and those discontinuing.

2.	 In patients with a CHADS2 score of 0–1 and 2, the inci-
dence rate of ischemic stroke/SEEs at 1 year was notably 
low regardless of DOAC intake.

3.	 In patients with a CHADS2 score of 2, those who contin-
ued taking DOACs had a higher incidence rate of major 
bleeding events than ischemic stroke/SEEs, similar to 
those with a CHADS2 score of 0–1.

4.	 Among patients with a CHADS2 score of 3–6, there was 
no difference between the incidence rate of major bleeding 
events and that of ischemic stroke/SEEs in those who con-
tinued taking DOACs.

We consider that the differences in patients with a CHADS2 
score of 0–1 might be based on risk factors for ischemic stroke/
SEEs other than the CHADS2 score and AF recurrence. 
Japanese guidelines describe low body weight, low CrCl, and 
persistent AF as risk factors for ischemic stroke/SEEs other than 
the CHADS2 score. AF recurrence is also likely a significant 
factor in a physician's decision to continue DOACs in patients 

FIGURE 2    |    Kaplan–Meier plot of the time to the first serious adverse event. (A) The cumulative event rate of ischemic stroke/SEEs. (B) The cu-
mulative event rate of major bleeding events. SEE, systemic embolic event; other abbreviations as in Figure 1.

TABLE 3    |    Serious adverse events after ablation by CHADS2 score categories (overall patients).

CHADS2 score

Events while taking DOACs
No. of events

(% per Year [95% CI])

Events while taking No DOAC
No. of events

(% per Year [95% CI])

Ischemic 
stroke/SEEs Major bleeding All-cause death

Ischemic 
stroke/

SEEs Major bleeding All-cause death

0–1
(n = 1828)

3
(0.3 [0.0–0.7])

12
(1.3 [0.6–2.1])

1
(0.1 [0.0–0.3])

0
NC

3
(0.4 [0.0–0.8])

2
(0.2 [0.0–0.6])

2
(n = 634)

1
(0.2 [0.0–0.6])

8
(1.8 [0.6–3.0])

2
(0.4 [0.0–1.0])

0
NC

0
NC

2
(1.3 [0.0–3.1])

3–6
(n = 382)

3
(1.0 [0.0–2.1])

5
(1.6 [0.2–3.0])

2
(0.6 [0.0–1.5])

0
NC

3
(6.0 [0.0–12.6])

3
(5.6 [0.0–11.8])

Abbreviations: NC, not calculated; SEE, systemic embolic eventother abbreviations as in Table 1.
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even with a low risk of thromboembolism. This might have been 
more about continuing DOACs in preparation for the second ab-
lation session rather than for preventing thromboembolism in 
patients with a low risk of thromboembolism.

In this study, ischemic stroke/SEEs occurred in patients who 
continued taking DOACs, whereas no ischemic stroke/SEEs 
were observed in those who discontinued taking DOACs. 
Furthermore, several major bleeding events occurred in patients 
who discontinued DOACs. This trend appeared paradoxical. 
The reasons and decision-making processes for discontinuing or 
continuing DOAC therapy were not elucidated in the entire pop-
ulation of this study; however, each physician likely considered 
the balance of risks between ischemic stroke/SEEs and major 
bleeding events. In fact, several patients experienced ischemic 
stroke/SEEs despite continuing DOAC therapy. These patients 
were unable to prevent events solely by continuing DOACs and 
may have required additional preventive measures. Additionally, 
patients who discontinued DOACs despite having a CHADS2 
score of 3–6 might have included those unable to continue due 
to a higher bleeding risk compared to ischemic stroke/SEEs. 
Unfortunately, we could not ascertain this reason due to the 
lack of significant differences in background characteristics be-
tween those who continued or discontinued DOACs, except for 
the presence of malignancy. Nevertheless, physicians who chose 
to discontinue DOAC therapy for patients with a CHADS2 score 
of 3–6 likely based their decisions on clear evidence, considering 
these patients at higher risk for major bleeding events despite 
their CHADS2 score. Even with the discontinuation of DOAC 
therapy, we considered that these patients could not prevent 
major bleeding events due to other risk factors associated with 
such events.

In this study, the cumulative incidence rate of ischemic stroke/
SEEs tended to be lower, while the incidence rate of major 

bleeding events tended to be higher compared to some previous 
studies. For example, in the Chinese AF Ablation Registry (Yang 
et al. 2020), the incidence rates for thromboembolism were 0.54 
and 0.86 per 100 patient-years, and the incidence rates for major 
bleeding events were 0.19 and 0.35 for the Off-OAC (70%) and 
On-OAC (30%) groups, respectively. Similarly, a Danish study 
(Karasoy et al. 2015) reported incidence rates for thromboembo-
lism and major bleeding events of 0.60 and 0.73 per 100 patient-
years, respectively. Possible reasons for our lower incidence rate 
of SEEs may be the high quality of AF ablation therapy and the 
high rate of DOAC continuation in Japan. On the other hand, 
the higher incidence rate of major bleeding events in our study 
may be attributed to the continuing DOACs in patients with a 
lower thromboembolic risk, as well as the difference in the defi-
nition of major bleeding events. We used sensitive criteria from 
the International Society on Thrombosis and Hemostasis and 
conducted a reliable follow-up in our prospective study.

Recently, a large retrospective analysis from the National 
Database of Health Insurance Claims and Specific Health 
Checkups of Japan was reported (Kanaoka et al. 2024). In this 
analysis, at 6 months after CA, OAC had been discontinued in 
29%. There was a higher continuation rate of OAC therapy in 
the group with higher CHADS2 scores, and continuing OAC 
therapy was associated with a higher risk of major bleeding in 
patients with a CHADS2 score ≤ 2 and a lower risk of throm-
boembolism in patients with a CHADS2 score ≥ 3. While the 
definition of OAC status after ablation (classified based on the 
status 6 months after ablation) differs from that of our current 
study (classified based on the occurrence of any SAEs or on 
the last follow-up date), the trends of main results are compa-
rable, suggesting that patients with a CHADS2 score ≤ 2 may 
be considered for the possibility of discontinuation of DOACs. 
Meta-analyses revealed no significant differences between pa-
tients who continued or discontinued OAC therapy regarding 

FIGURE 3    |    Serious adverse events per year of follow-up after ablation by CHADS2 score categories (overall patients). (A) Events while taking 
DOACs. (B) Events while not taking DOACs. Error bars denote the upper bound of 95% CIs. DOAC, direct-acting oral anticoagulant; other abbrevi-
ations are as in Figures 1 and 2.
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the risk of stroke/SEEs, although OAC continuation was asso-
ciated with an increased risk of major bleeding (Atti et al. 2018; 
Liu et al. 2021). A Danish registry (Karasoy et al. 2015) also re-
ported that the rates of thromboembolic events were similarly 
low among patients who discontinued and continued OAC 
therapy (0.56 and 0.64%/year, respectively), and continued OAC 
therapy was significantly associated with serious bleeding risk 
(hazard ratio 2.05). They concluded that the serious bleeding 
risk associated with OAC appeared to outweigh the benefits of 
thromboembolism reduction. However, major bleeding events 
are rarely life-threatening, whereas stroke events are often life-
altering in general. Therefore, the severity of these SAEs and 
long-term outcomes, including residual disability, should be 
considered alongside their incidence rates when evaluating clin-
ical outcomes. Unfortunately, this study lacks detailed informa-
tion on the severity and long-term outcomes. Further research 
might be needed for optimal OAC therapy for the patients with a 
CHADS2 score ≤ 2 after CA.

For the patients with a CHADS2 score of 3–6, DOAC contin-
uation after CA had been generally recommended for prevent-
ing ischemic stroke regardless of rhythm status. However, the 
latest expert consensus statement (Tzeis et  al.  2024) suggests 
that the discontinuation of anticoagulation is being considered 
based on strong patient values and preferences, and left atrial 
appendage occlusion may be discussed as an alternative ap-
proach. The present study showed the incidence rate of major 
bleeding events was higher and comparable to that of ischemic 
stroke/SEEs in the patients with a CHADS2 score of 3–6 who 
continued taking DOACs. Those patients should have a risk of 
ischemic stroke and also of major bleeding events; the optimal 
comprehensive management for preventing both events should 
be considered in the future.

4.1   |   Limitations

This study possesses several limitations. Firstly, it was not a 
randomized trial. The decision to continue or discontinue an-
ticoagulation after CA was left to the discretion of individual 
physicians, and the underlying processes or reasons guiding 
this decision-making remained unknown. Secondly, the find-
ings of this study should be interpreted cautiously due to the low 
number of events and the small sample size. Multivariate anal-
ysis adjusting for clinical risk factors could not be performed 
because of the limited number of events. Additionally, the rel-
ative risk of ischemic stroke/SEEs could not be calculated, as 
no cases of ischemic stroke/SEEs were observed in patients not 
taking DOACs. Thirdly, the dosage of each DOAC was not taken 
into account in this analysis. Off-label overdosing or underdos-
ing may impact the incidence of clinical events. Fourthly, the 
recurrence rate of AF might not have been sufficiently detected. 
We did not utilize a 2-week event monitor for all patients, which 
may have resulted in inadequate detection of asymptomatic AF. 
The AF recurrence rate in our study was lower than in previous 
reports. Lastly, a significant limitation is the short follow-up pe-
riod despite its prospective nature. Our analysis focused on clin-
ical outcomes within 1 year after CA, and long-term outcomes 
beyond this period were not examined. The latest expert consen-
sus statement (Tzeis et al. 2024) suggests deferral of OAC discon-
tinuation until the completion of 12 months following CA in the 

intermediate-risk patients to increase the likelihood of selecting 
patients with truly successful AF elimination. Furthermore, 
considering that the risk factors for thromboembolism may 
evolve over time, prolonged patient observation is imperative to 
assess the necessity of OAC therapy at each time point.

5   |   Conclusions

In this subanalysis of a large multicenter prospective registry, 
the DOAC continuation rate at 1 year after CA was 48.1%, 69.6%, 
and 80.9% in patients with a CHADS2 score of 0–1, 2, and 3–6, 
respectively. In patients with a CHADS2 score of 0–1 and 2, 
the incidence rate of ischemic stroke/SEEs at 1 year after CA 
was notably low regardless of DOAC intake. In patients with a 
CHADS2 score of 2, the incidence rate of major bleeding events 
appeared to be higher than that of ischemic stroke/SEEs among 
those who continued taking DOACs, resembling the trend ob-
served in patients with a CHADS2 score of 0–1. Conversely, in 
patients with a CHADS2 score of 3–6, the incidence rates of both 
ischemic stroke/SEEs and major bleeding events seemed to be 
comparably high. Further research is needed to evaluate the 
safety and risks associated with the discontinuation of DOACs 
after successful CA.
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