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Abstract

Oral anticoagulant (OAC) therapy after atrial fibrillation (AF) ablation is recommended according to thromboembolic risk
rather than procedural success alone. However, the clinical balance between residual thromboembolic risk and bleeding
risk after OAC discontinuation remains uncertain because randomized controlled trials (RCTs) and observational studies
have reported variable estimates. We conducted an updated systematic review and meta-analysis comparing OAC discon-
tinuation with OAC continuation after AF ablation. Online databases were searched from inception to May 2026 for RCTs
and observational studies reporting thromboembolic events, major bleeding, or all-cause mortality after post-ablation OAC
discontinuation versus continuation. Random-effects Mantel-Haenszel models were used, and estimates were reported as
risk ratios (RRs) with corresponding 95% confidence intervals (Cls). Thirty-two studies comprising 271,808 patients were
included, with 88,513 patients discontinuing OAC after ablation. OAC discontinuation, compared with continuation, was
not associated with a statistically significant difference in thromboembolic events (RR=0.93; 95%Cl=0.72 to 1.20; P=0.58;
12=53%). In contrast, OAC discontinuation significantly reduced major bleeding (RR=0.37; 95%CI=0.27 to 0.52; P<0.00001;
12=60%). No significant effect was observed for all-cause mortality (RR=0.87; 95%Cl=0.70 to 1.08; P=0.22; 1>=0%). In this
updated systematic review and meta-analysis, OAC discontinuation after AF ablation was associated with lower major
bleeding without a statistically significant difference in thromboembolic events or all-cause mortality. These findings support
individualized, risk-based anticoagulation decisions among selected post-ablation patients rather than routine discontinu-
ation. However, the very low certainty of evidence for thromboembolic outcomes, coupled with a Cl that does not exclude
potential harm (RR up to 1.20), underscores that these findings should not be interpreted as evidence of safety.
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Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia and its prevalence continues to increase world-
wide.>? In addition to symptoms and impaired quality of life,
AF is associated with thromboembolic events, heart failure

(HF), and mortality.»® Catheter ablation has become an estab-
lished rhythm-control strategy for symptomatic AF and has
been shown to improve rhythm outcomes and quality of life
compared with medical therapy.*” However, the effect of
catheter ablation on long-term thromboembolic risk remains
less certain.>® This uncertainty is clinically relevant because
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atrial substrate and left atrial dysfunction may persist despite
rhythm control, particularly in patients with cardiometabolic
risk factors and structural atrial remodeling.®°

Oral anticoagulation (OAC) remains the main treatment for
prevention of thromboembolic events in patients with AF.1%11
Current guidelines recommend that long-term OAC decisions
after AF ablation should be based on thromboembolic risk pro-
file rather than apparent procedural success alone.'®!! The
CHA,DS,-VASc score is widely used to estimate stroke risk,
while bleeding risk assessment is used to identify modifiable
bleeding risk factors and guide follow-up intensity.}>3 Al-
though direct oral anticoagulants (DOACs) have improved
safety compared with warfarin, continued anticoagulation still
exposes patients to bleeding events.? Therefore, the decision
to continue or discontinue OAC after AF ablation requires bal-
ancing residual thromboembolic risk against the bleeding risk
of long-term therapy.

Several observational studies have evaluated OAC discontin-
uation following AF ablation, but differences in patient selec-
tion, stroke-risk profile, timing of OAC discontinuation,
follow-up duration, and rhythm monitoring have limited in-
terpretation. Randomized evidence from ALONE-AF, and
OCEAN-AF, has helped reduce some of this uncertainty al-
though these trials differed in design, comparator treatment,
baseline risk, and outcome ascertainment.*>*® In this system-
atic review and meta-analysis, we sought to pool data from
randomized and observational studies comparing OAC discon-
tinuation with continuation after AF ablation to estimate as-
sociations with thromboembolic events, major bleeding, and
all-cause mortality.

Materials and Methods

This review was conducted following Cochrane Collaboration
guidance, and the findings were reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.'”18

Data sources and search

Literature searches were performed in PubMed/Medical Lit-
erature Analysis and Retrieval System Online (MEDLINE) and
the Cochrane Central Register of Controlled Trials (CENTRAL)
from database inception to May 2026. Independent searches
were performed by 2 authors (A.A.A.C. and A.A.C.) using the
following search terms: atrial fibrillation, ablation, catheter ab-
lation, pulmonary vein isolation, oral anticoagulation, antico-
agulant discontinuation, anticoagulant continuation, warfarin,
direct oral anticoagulant, thromboembolism, stroke, and
bleeding. Abstracts and presentations from major cardiovas-
cular conferences and ClinicalTrials.gov were also searched.
Titles and abstracts were screened, and full texts and refer-
ence lists were reviewed when eligibility or outcome data
could not be determined from the abstract. Details of the
search strategy are provided in Supplementary Table 1.

OPEN 8ACCESS

Study selection

Two independent reviewers (A.A.A.C. and A.A.C.) screened the
search results and included studies if they met the following cri-
teria: 1) adult patients undergoing catheter ablation for atrial
fibrillation (AF); 2) an intervention arm comprising OAC discon-
tinuation after ablation; 3) a comparison arm comprising OAC
continuation after ablation; and 4) at least 1 outcome of interest
was reported. Randomized controlled trials (RCTs), prospective
observational studies, and retrospective observational studies
were eligible. Reviews, editorials, case reports, case series with-
out a comparison group, duplicate cohorts, and studies without
extractable outcome data were excluded. There was no restric-
tion on sample size or follow-up duration. Disagreements were
resolved by a third reviewer (M.T.A.).

Quality assessment and data extraction

Two investigators (A.A.A.C. and A.A.C.) independently ab-
stracted data from studies meeting inclusion criteria, and any
disagreements were resolved by a third reviewer (M.T.A.). A
structured data collection form was used to abstract the base-
line characteristics of the study populations and outcomes of
interest. For study characteristics, baseline group sizes were ex-
tracted according to the full OAC discontinuation and OAC con-
tinuation cohorts. For outcome analyses, event counts and
denominators were extracted from the population used for
each specific outcome. When studies reported propensity-
matched or adjusted analytic cohorts for outcome estimation,
those analytic cohorts were used for the corresponding out-
come. Therefore, outcome-specific denominators in the forest
plots may differ from the total baseline population. In addition,
we extracted data on outcomes in the following predefined sub-
groups: study design, geographic region, OAC type, aspirin use,
adjusted analytic cohorts, and risk of bias. The quality of RCTs
was assessed using the revised Cochrane Risk of Bias tool for
randomized trials (RoB 2).*° The quality of observational studies
was assessed using the Risk Of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool.?° Certainty of evidence was as-
sessed using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach.?

Outcome measures

The primary outcome was thromboembolic events. This in-
cluded ischemic stroke, transient ischemic attack, systemic em-
bolism, or a composite thromboembolic endpoint as reported
in the individual studies. The secondary outcomes included
major bleeding and all-cause mortality. Major bleeding was de-
fined according to the definition used in each included study
(Supplementary Table 2).

Statistical analysis

The Mantel-Haenszel method for dichotomous data was used
to calculate pooled risk ratios (RRs) with corresponding 95%
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confidence intervals (Cls). Random-effects models were used
for all outcomes because clinical and methodological hetero-
geneity was expected across study designs, populations, anti-
coagulation strategies, timing of OAC discontinuation, rhythm
monitoring protocols, and outcome definitions.?? Between-
study variance was estimated using the DerSimonian-Laird
method, and Cls were calculated using the Wald-type method.
Statistical significance was defined as a 2-sided P value <0.05.
Statistical heterogeneity was assessed using Cochran Q test and
quantified using the |12 statistic.® Leave-one-out sensitivity
analyses were performed by sequentially excluding one study
at a time to assess whether pooled estimates were driven by
any single study. Subgroup analyses were performed according
to study design, adjusted analytic cohorts, geographic region,
OAC type, aspirin use, and risk of bias when sufficient studies
were available.

Univariable meta-regression was performed for outcomes with
residual between-study heterogeneity and sufficient numbers
of studies. Candidate study-level moderators included study de-
sign, total sample size, male proportion, paroxysmal AF propor-
tion, and follow-up duration. Meta-regression was considered
exploratory because analyses were based on aggregate study-

level data. Small-study effects were assessed by visual inspec-
tion of funnel plots and Egger regression test when at least 10
studies were available for an outcome.?* Analyses were per-
formed using Review Manager Web and R version 4.5.3.

Results
Study characteristics

The literature search and study selection process are summa-
rized in the PRISMA flow diagram Figure 1. A total of 32 studies
comprising 271,808 patients were included in this meta-analy-
sis. Of these, 3 were RCTs, 10 were prospective observational
studies, and 19 were retrospective observational studies. Over-
all, 88,513 patients discontinued OAC after ablation, whereas
183,295 patients continued OAC. The baseline characteristics
of the included studies are shown in Table 1. The studies were
published between 2006 and 2025, and follow-up ranged from
1 to 5.1 years. Warfarin was used in 15 studies, DOACs were
used in 4 studies, and both warfarin and DOACs were used in
13 studies.

[ Identification of studies via databases and registers
Records removed before
E sc-"Eenm.g:
§ Records identified from: _Dlépsl;cate records removed (n
PubMed/MEDLINE (n = 544) » o L
E e Records marked as ineligible
H Cochrane CENTRAL (n = 193) by automation tools (n = 0)
= Records removed for other
reasons (n = 0)
Records screened » Records excluded
(n =674) (n=634)
v
Reports sought for retrieval | Reports not retrieved
= (n = 40) “l n=0)
g
: I
(7]
Reports assessed for eligibility Reports excluded:
n =40 o extractable outcome data
( ) — N bl d
(n=3)
Duplicate or overlapping
cohort (n = 4)
Protocol or ongoing trial
without completed outcome
) data (n=1)
 ——
T Studies included in meta-
- analysis
% (n=32)
£ Reports of included studies
(n=32)

Figure 1. Flowchart of study selection in the meta-analysis.

CENTRAL, Cochrane Central Register of Controlled Trials; MEDLINE, Medical Literature Analysis and Retrieval System Online; PRISMA, Preferred Reporting

Items for Systematic Reviews and Meta-Analyses.
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Table 1. Continued from previous page.
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Values are presented as OAC discontinuation/OAC continuation when arm-specific data were available. Overall cohort values are shown only when arm-specific values were not available.

TContinuous variables are presented as mean + SD or median [IQR], according to the source study. Follow-up is reported in years. OAC discontinuation timing is reported in months after ablation.

*In studies reporting more than one discontinuation time point or a range, OAC was discontinued between the stated time points according to rhythm status and/or stroke-risk criteria in the original study.

AF, atrial fibrillation; CAD, coronary artery disease; CBA, cryoballoon ablation; DOAC, direct oral anticoagulant; IHD, ischemic heart disease; NR, not reported; OAC, oral anticoagulant; PAF, paroxysmal atrial fibrillation; PsAF, persistent atrial fibrillation; RCT, random-

ized controlled trial; RFA, radiofrequency ablation; TE, thromboembolism; TIA, transient ischemic attack.

Thromboembolic events

Thirty-two studies reported thromboembolic events. A total of
789 thromboembolic events occurred among 77,782 patients
in the OAC discontinuation group, whereas 709 events occurred
among 74,639 patients in the OAC continuation group. OAC dis-
continuation compared with OAC continuation was not associ-
ated with a significant difference in thromboembolic events (RR,
0.93; 95% Cl, 0.72 to 1.20; P=0.58; 1>=53%) (Figure 2).
Subgroup analyses according to prospective versus retrospec-
tive design, RCTs versus adjusted cohort studies, geographic
region, and aspirin use showed no statistically significant in-
teraction for thromboembolic events (P for subgroup differ-
ence =0.35, 0.50, 0.37, and 0.68) (Supplementary Figures 1-4).
No significant subgroup differences were identified across
these analyses. When the analysis was restricted to studies at
low or moderate risk of bias, OAC discontinuation was not as-
sociated with a significant difference in thromboembolic
events (RR, 1.34; 95% Cl, 0.99 to 1.81; P=0.06; 1>=59%) (Sup-
plementary Figure 5).

Major bleeding

Twenty-two studies reported major bleeding. A total of 493
major bleeding events occurred among 74,815 patients in the
OAC discontinuation group, whereas 871 events occurred
among 71,622 patients in the OAC continuation group. OAC dis-
continuation compared with OAC continuation significantly re-
duced major bleeding (RR, 0.37; 95% CI, 0.27 to 0.52;
P<0.00001; 12=60%) (Figure 3).

Subgroup analyses according to OAC type, RCTs versus adjusted
cohort studies, aspirin use, geographic region, and prospective
versus retrospective design showed no statistically significant
interaction for major bleeding (P for subgroup difference = 0.08,
0.36, 0.74, 0.08, and 0.59) (Supplementary Figures 6-10). No
significant subgroup differences were identified across these
analyses. When the analysis was restricted to studies at low or
moderate risk of bias, OAC discontinuation remained associated
with a significant reduction in major bleeding (RR, 0.52; 95% Cl,
0.38 to 0.70; P<0.0001; 1>=50%) (Supplementary Figure 11).

All-cause mortality

Fifteen studies reported all-cause mortality. A total of 130
deaths occurred among 8,349 patients in the OAC discontinua-
tion group, whereas 188 deaths occurred among 9,104 patients
in the OAC continuation group. OAC discontinuation compared
with OAC continuation was not associated with a significant dif-
ference in all-cause mortality (RR, 0.87; 95% Cl, 0.70 to 1.08;
P=0.22; 1>=0%) (Figure 4).

Subgroup analyses according to RCTs versus adjusted cohort
studies, geographic region, and prospective versus retrospective
design showed no statistically significant interaction for all-
cause mortality (P for subgroup difference = 0.65, 0.36, and
0.64) (Supplementary Figures 12-14). No significant subgroup
differences were identified across these analyses. When the
analysis was restricted to studies at low or moderate risk of bias,
OAC discontinuation was not associated with a significant differ-
ence in all-cause mortality (RR, 0.92; 95% Cl, 0.73 to 1.16;
P=0.48; 1?’=0%) (Supplementary Figure 15).
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Leave-one-out sensitivity analyses

Leave-one-out sensitivity analyses showed that the pooled es-
timates were not driven by any single study. For thromboem-
bolic events, sequential exclusion of individual studies did not
change the direction of the pooled estimate, and the associa-
tion remained statistically non-significant across all sensitivity
iterations (Supplementary Figure 16). Heterogeneity remained
moderate after individual study exclusions, indicating that no
single study fully accounted for the observed between-study
variability.

For major bleeding, the pooled association remained statisti-
cally significant in favor of OAC discontinuation after each sin-
gle-study omission (Supplementary Figure 17). Heterogeneity
persisted across the sensitivity analyses, although its magnitude
varied modestly after individual study exclusions. Overall, these
findings support the stability of the primary pooled estimates
while suggesting that residual heterogeneity was not attributa-
ble to any single study.

Meta-regression analyses

Univariable meta-regression was performed for thromboem-
bolic events and major bleeding to explore potential study-
level sources of residual between-study heterogeneity. For
thromboembolic events, longer follow-up duration was as-
sociated with larger study-level effect estimates (3=0.3186;
95% Cl, 0.0759-0.5612; P=0.010), with inclusion of follow-up
duration explaining 31.6% of the estimated between-study
heterogeneity (pseudo-R? = 31.6%) (Supplementary Figure
18). Design category, total sample size, male proportion, and
paroxysmal AF proportion were not significantly associated
with thromboembolic effect estimates (Supplementary Fig-
ures 19-22). For major bleeding, none of the evaluated mod-
erators were significantly associated with the pooled effect
estimates (Supplementary Table 3; Supplementary Figures
23-27).

OAC discontinuation OAC continuation Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALONE-AF 2025 1 417 5 423  1.3% 0.20[0.02,1.73] —_—

Arai 2019 3 230 7 282 27% 0.53[0.14 ,2.01] —_—
Bunch 2009 0 123 4 507 0.7% 0.46 [0.02 , 8.40] —
Fei 2024 76 1055 35 1062 8.4% 219[1.48,3.23] -
Gallo 2016 7 500 500 3.4% 1.40 [0.45, 4.38] o
Guiot 2011 10 561 10 455 48% 0.81[0.34,1.93] —r
Hermida 2020 2 75 4 375 1.9% 2.50[0.47 , 13.40] —_
Hunter 2011 4 809 2 464 1.9% 1.15[0.21,6.24] —_—
Hussein 2011 1 449 0 382 0.6% 2.55[0.10, 62.50] —

Inoue 2021 1 479 2 496 1.0% 0.52 [0.05, 5.69] e
Iwawaki 2025 16 550 1 550 5.5% 1.45[0.68, 3.11] -T—
Kanaoka 2024 511 56354 451 56354 102% 1.13[1.00, 1.29] .
Karasoy 2014 35 1425 36 2625 7.8% 1.79[1.13, 2.84] -
Kochhauser 2017 1 276 3 122 1.2% 0.15[0.02, 1.40] -
Lauritzen 2020 8 150 14 286  4.9% 1.09[0.47 , 2.54] -1
Liang 2018 3 174 4 226 2.3% 0.97[0.22, 4.30] —_—t
Nademanee 2008 5 434 6 201 3.3% 0.39[0.12, 1.25) —
Nakano 2025 0 222 8 205 08% 0.05[0.00,094] +———
OCEAN-AF 2025 9 643 5 641 3.7% 1.79[0.60, 5.32] -t
Oda 2025 0 1214 7 1630 0.8% 0.09[0.01,157] +—m———
ODIn-AF 2024 0 101 0 99 Not estimable

Okumura 2019 18 1836 33 1615 6.9% 0.48 [0.27 , 0.85] —

Oral 2006 0 398 2 357 0.7% 0.18[0.01,373) +—m———+1—
Riley 2014 8 1031 8 959 4.2% 0.93[0.35, 2.47] ——
Saad 2011 0 298 0 29 Not estimable

Sjalander 2016 6 360 5 815 33% 272[0.83,8.84] +——
Themistoclakis 2010 2 2692 3 663 1.7% 0.16 [0.03, 0.98]

Uhm 2014 1 296 3 312 1.2% 0.35[0.04 , 3.36] S
Winkle 2013 0 60 1 48 06% 0.27 [0.01, 6.43] —
Yagishita 2011 1 432 2 9N 1.0% 0.11[0.01,1.15) +———

Yang 2020 34 3149 22 1363 7.2% 067[0.39,1.14] —e

Yu 2020 26 989 1 502 5.9% 1.20[0.60, 2.41] —1—
Total (Wald?) 77782 74639 100.0% 0.93 [0.72, 1.20] ¢

Total events: 789 709

001 01 1 10 100
Favours OAC discontinuation Favours QAC continuation

Test for overall effect: Z = 0.56 (P = 0.58)

Heterogeneity: Tau® (DLP) = 0.17; Chi® = 62.24, df = 29 (P = 0.0003); I* = 53%
Footnotes

aCl calculated by Wald-type method.
bTau? calculated by DerSimonian and Laird method.

Figure 2. Forest plot for thromboembolic events with oral anticoagulation (OAC) discontinuation versus OAC continuation after atrial fibrillation ablation.

Cl, confidence interval; M-H, Mantel-Haenszel; OAC, oral anticoagulation; RR, risk ratio.
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OAC discontinuation OAC continuation Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALONE-AF 2025 0 417 5 423 1.2% 0.09[0.01,166) —
Arai 2019 1 230 9 282 21% 0.14[0.02 , 1.07] E—
Bunch 2009 0 123 2 507  11% 0.82[0.04 , 16.96]
Fei 2024 30 1055 76 1062 11.1% 0.40 [0.26 , 0.60] ——
Gallo 2016 0 500 9 500 1.2% 0.05[0.00,090] +—————
Hunter 2011 2 809 10 464  3.4% 0.11[0.03, 0.52] —_—
Inoue 2021 1 479 8 496 21% 0.13[0.02, 1.03) —_—
Iwawaki 2025 5 550 17 550 6.0% 0.29[0.11,0.79] e
Kanaoka 2024 362 56354 526 56354 13.2% 0.69 [0.60,0.79] -
Karasoy 2014 24 1425 63 2625 106% 0.70[0.44 ,1.12) —
Liang 2018 0 174 14 226 12% 0.04[0.00,0.74] +——
Nakano 2025 4 222 3 205 3.5% 1.23[0.28 , 5.44] —_—t
OCEAN-AF 2025 4 643 10 641 5.0% 0.40[0.13, 1.26) e o
Oda 2025 6 1214 25 1630 67% 0.32[0.13,0.78] e
ODIn-AF 2024 0 93 0 107 Not estimable
OKumura 2019 29 1836 42 1615 106% 0.61[0.38,0.97) ——
Oral 2006 0 398 2 357 11% 0.18[0.01,3.73] +————
Riley 2014 1 1031 13 959 2.2% 0.07 [0.01,055) +——
Themistoclakis 2010 1 2692 13 663 22% 0.02[0.00,0.14] +——
Yagishita 2011 0 432 2 91 11% 0.04[0.00,0.88] +—————
Yang 2020 12 3149 9 1363 6.9% 0.58 [0.24 , 1.37) —_—
Yu 2020 1 989 13 502 7.5% 0.43[0.19, 0.99) ——]
Total (Wald2) 74815 71622 100.0% 0.37 [0.27, 0.52] 'y
Total events: 493 871
Test for overall effect: Z = 5.95 (P < 0.00001) 01 o1 1 D 100
Favours OAC discontinuation Favours OAC continuation

Heterogeneity: Tau? (DLb) = 0.20; Chi* = 50.57, df = 20 (P = 0.0002); I* = 60%

Footnotes
aCl calculated by Wald-type method.
bTau calculated by DerSimonian and Laird method.

Figure 3. Forest plot for major bleeding with oral anticoagulation (OAC) discontinuation versus OAC continuation after atrial fibrillation ablation.

Cl, confidence interval; M-H, Mantel-Haenszel; OAC, oral anticoagulation; RR, risk ratio.

OAC discontinuation OAC continuation Risk ratie Risk ratio
Study or Subgroup  Events Total Events Total  Weight M-H, Random, 95% CI M-H, Random, 95% ClI
ALONE-AF 2025 0 417 0 423 Not estimable
Arai 2019 0 230 5 282 0.6% 0.11[0.01,2.00] +—————
Bunch 2009 0 123 5 507 06% 0.37[0.02, 6.69]
Fei 2024 51 1055 53 1062 33.1% 0.97[0.67, 1.41] -+
Hermida 2020 0 75 1 375 0.5% 1.65[0.07 , 40.10] —
Iwawaki 2025 18 550 26 550 13.4% 0.69[0.38, 1.25] —-t
Lauritzen 2020 33 150 64 286 33.9% 0.98[0.68, 1.42] -+
Liang 2018 0 174 1 226 0.5% 0.43[0.02 , 10.55]
OCEAN-AF 2025 7 643 10 641 51% 0.70[0.27 , 1.82] —
Oda 2025 7 1214 5 1630 3.6% 1.88[0.60, 5.91] -+
ODIn-AF 2024 0 101 0 99 Not estimable
Okumura 2019 1 1836 4 1615 1.0% 0.22[0.02, 1.97] p—
Sjalander 2016 4 360 7 815 3.1% 1.29[0.38, 4.39] —_t
Yagishita 2011 6 432 4 91 3.0% 0.32[0.09, 1.10] —
Yu 2020 3 989 3 502 1.8% 0.51[0.10, 2.51] ——
Total (Walda) 8349 9104 100.0% 0.87 [0.70, 1.08] 4
Total events: 130 188
Test for overall effect: Z = 1.22 (P = 0.22) 0.01 01 - 10 100
Favours OAC discontinuation Favours OAC continuation

Heterogeneity: Tau? (DL) = 0.00; Chi* = 10.82, df = 12 (P = 0.54); I*= 0%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by DerSimonian and Laird method.

Figure 4. Forest plot for all-cause mortality with oral anticoagulation (OAC) discontinuation versus OAC continuation after atrial fibrillation ablation.

Cl, confidence interval; M-H, Mantel-Haenszel; OAC, oral anticoagulation; RR, risk ratio.
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Quality assessment

The 3 randomized controlled trials, ALONE-AF 2025, OCEAN-AF
2025, and ODIn-AF 2024, were assessed with the RoB 2.151625
All 3 randomized controlled trials were rated as low risk of bias
overall, with low risk across the domains of randomization, de-
viations from intended interventions, missing outcome data,
outcome measurement, and selection of the reported result
(Supplementary Figure 28).

The 29 observational studies were assessed with the ROBINS-I
tool. Overall, 9 studies were judged to have moderate risk of
bias, 10 had serious risk of bias, and 10 had critical risk of bias.
Moderate risk of bias was assigned to Fei 2024, Hermida 2020,
Iwawaki 2025, Kanaoka 2024, Karasoy 2014, Lauritzen 2020, Sja-
lander 2016, Uhm 2014, and Yang 2020.%34 Serious risk of bias
was assigned to Arai 2019, Gallo 2016, Kochhauser 2017, Liang
2018, Nakano 2025, Oda 2025, Okumura 2019, Riley 2014, Saad
2011, and Themistoclakis 2010.3>4 Critical risk of bias was as-
signed to Bunch 2009, Guiot 2011, Hunter 2011, Hussein 2011,
Inoue 2021, Nademanee 2008, Oral 2006, Winkle 2013, Yag-
ishita 2011, and Yu 2020.%4 The principal limitations were im-
balance in baseline thromboembolic risk, confounding by
indication, and non-random selection of patients for OAC con-
tinuation or discontinuation (Supplementary Figure 29).

Egger regression suggested funnel plot asymmetry for throm-
boembolic events and major bleeding, but not for all-cause
mortality. The Egger test was significant for thromboembolic
events (32 studies; P=0.016) and major bleeding (22 studies;
P<0.001), whereas no significant asymmetry was detected for
all-cause mortality (15 studies; P=0.117) (Supplementary Fig-
ures 30-32).

Certainty of evidence

Using the GRADE approach, the certainty of evidence was rated
as very low for thromboembolic events, low for major bleeding,
and very low for all-cause mortality (Supplementary Table 4).
For thromboembolic events, certainty was rated as very low.
The rating was limited by the predominance of observational
evidence, important risk of bias from confounding and patient
selection, inconsistency across studies, imprecision around the
pooled estimate, and evidence of small-study effects (Supple-
mentary Table 4).

For major bleeding, certainty was rated as low. The rating was
limited by risk of bias and indirectness related to variation in
bleeding definitions across studies. Certainty was not further
downgraded for imprecision because the pooled estimate was
precise and the confidence interval did not cross the null (Sup-
plementary Table 4).

For all-cause mortality, certainty was rated as very low. The rat-
ing was limited by very serious risk of bias, imprecision, and con-
cern for selective outcome reporting. Although statistical
heterogeneity was low, mortality was not consistently prespec-
ified or reported across studies, which limited confidence in the
estimate (Supplementary Table 4).

Overall, certainty was limited mainly by nonrandomized study
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design, confounding by indication, imbalance in baseline throm-
boembolic risk, heterogeneity in outcome definitions, small-
study effects for thromboembolic events and major bleeding,
and incomplete consistency of mortality reporting.

Discussion

We report several important findings in this systematic review
and meta-analysis. OAC discontinuation after AF ablation was
not associated with a statistically significant difference in throm-
boembolic events compared with OAC continuation. In contrast,
OAC discontinuation was associated with a significant reduction
in major bleeding. All-cause mortality did not differ significantly
between strategies. The overall clinical signal was therefore
driven by a reduction in major bleeding, without a measurable
difference in thromboembolic or mortality outcomes.
Previous meta-analyses have also shown that OAC discontinu-
ation after AF ablation was not associated with a statistically sig-
nificant difference in thromboembolic events in selected
post-ablation patients.>>8 Additionally, these analyses reported
lower bleeding or intracranial hemorrhage events after OAC dis-
continuation, although bleeding definitions and included study
designs varied across reports.>>>® However, these analyses were
limited by observational study designs, selected patient popu-
lations, differences in baseline thromboembolic risk, variable
rhythm surveillance, and limited randomized data. The present
meta-analysis incorporates recent RCTs and observational stud-
ies and shows that OAC discontinuation was associated with sig-
nificantly lower major bleeding, while no statistically significant
difference was observed for thromboembolic events or all-
cause mortality. Therefore, these findings support individual-
ized, risk-based decision-making rather than routine
anticoagulation discontinuation after AF ablation.

The randomized evidence remains clinically informative but not
definitive. In ALONE-AF, OAC discontinuation after apparently
successful ablation reduced the composite of stroke, systemic
embolism, and major bleeding, with the overall signal largely
influenced by fewer major bleeding events.' In OCEAN-AF, con-
tinued rivaroxaban was not superior to aspirin for prevention
of stroke, systemic embolism, or covert cerebral embolic lesions
after successful ablation in patients with stroke risk factors.®
However, the use of an aspirin comparator arm, rather than a
strategy of sustained OAC continuation, limits the generalizabil-
ity of these findings to the broader clinical question of OAC dis-
continuation, because aspirin is not indicated as a primary
stroke prophylaxis strategy in contemporary AF management.
ODIn-AF evaluated dabigatran after pulmonary vein isolation
using silent cerebral embolic lesions and clinically relevant car-
dioembolic events as outcomes.* These trials move the field
beyond observational inference, but their selected populations
and low event rates limit the ability to define a universal post-
ablation anticoagulation strategy.

Observational evidence further supports the need for risk based
selection. In a large Japanese cohort, the balance between
thromboembolic protection and bleeding risk differed across
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baseline stroke-risk categories.? In another recent cohort, OAC
discontinuation was associated with higher thromboembolic
risk among patients with asymptomatic AF, reduced cardiac
function, and larger left atrial diameter, while bleeding risk was
lower after discontinuation in patients with higher bleeding
risk.?® Earlier registry studies also suggested that discontinuation
may be less appropriate in higher-risk patients, whereas care-
fully selected and monitored patients appeared to have low ab-
solute event rates.3%32%° These data are consistent with our
findings and reinforce that ablation success alone is insufficient
to determine long-term anticoagulation strategy.

The reduction in major bleeding was the most consistent clinical
signal in this analysis. This finding is clinically plausible because
long-term anticoagulation reduces thromboembolic risk but
does not eliminate bleeding risk, even with contemporary DOAC
therapy.'* Stroke and bleeding risk scores remain relevant be-
cause they capture clinical risk factors that persist after rhythm
control, including age, vascular disease, prior thromboem-
bolism, renal dysfunction, and bleeding vulnerability.?*?* The
clinical implication is therefore not that OAC discontinuation is
broadly safe, but that the bleeding benefit may be meaningful
in patients with durable rhythm control, low residual throm-
boembolic risk, and elevated bleeding vulnerability.

Current guidelines remain appropriately conservative. The 2023
American  College  of  Cardiology/American  Heart
Association/American College of Chest Physicians/Heart
Rhythm Society (ACC/AHA/ACCP/HRS) guideline and the 2024
European Society of Cardiology (ESC) guideline recommend OAC
during the early post-ablation period and advise that long-term
anticoagulation should be guided by thromboembolic risk
rather than the perceived success of ablation alone.’*!! The
2024 European Heart Rhythm Association/Heart Rhythm Soci-
ety/Asia Pacific Heart Rhythm Society/Latin American Heart
Rhythm Society (EHRA/HRS/APHRS/LAHRS) expert consensus
statement similarly emphasizes structured follow-up and indi-
vidualized assessment after catheter or surgical ablation.* Our
findings are aligned with this framework. They support individ-
ualized decision-making, but they do not justify stopping anti-
coagulation solely because ablation was performed or because
symptoms improved.

This individualized approach is particularly important in patients
with competing risks. Alternative stroke prevention strategies,
including left atrial appendage closure (LAAC), are increasingly
studied in populations in whom long-term anticoagulation pres-
ents significant clinical challenges. Specifically, LAAC has demon-
strated safety and efficacy as an alternative for stroke
prevention in patients with concurrent malignancies.®® Further-
more, antithrombotic decisions must be integrated with the
comprehensive management of coexisting cardiovascular con-
ditions. Frailty has been associated with adverse in-hospital out-
comes among patients with heart failure with reduced ejection
fraction (HFrEF),%! whereas sodium-glucose cotransporter 2 in-
hibitors have been associated with improved health status in
patients with heart failure.®? Although these specific findings
originate from heart failure cohorts rather than post-ablation
populations, they establish the critical importance of assessing
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overall clinical vulnerability. Therefore, post-ablation care must
extend beyond rhythm monitoring to encompass holistic risk
optimization according to the latest global implementation
guidelines for highly prevalent comorbidities, specifically heart
failure,% and obesity.®* This comprehensive framework is essen-
tial because patients most likely to benefit from reduced bleed-
ing exposure often possess concurrent metabolic and structural
characteristics that elevate their residual thromboembolic risk.
The heterogeneity in rhythm monitoring intensity across the in-
cluded studies carries substantial clinical implications. Surveil-
lance strategies relying on intermittent electrocardiography
inevitably fail to detect asymptomatic recurrences when com-
pared with continuous monitoring modalities, thereby poten-
tially compromising the reliability of a 'successful ablation'
designation. It is imperative for clinicians to recognize that the
decision to discontinue OAC therapy is only as robust as the
monitoring strategy utilized to confirm durable sinus rhythm.®
Furthermore, AF burden is increasingly understood as a graded
clinical construct rather than a binary state, and the currently
pooled data are insufficient to define the specific burden of
asymptomatic recurrence at which anticoagulation must be re-
sumed.® Until threshold studies definitively address this gap,
clinicians are advised to adopt a conservative, risk-based ap-
proach, in which any detected recurrence prompts a rigorous
clinical reassessment of OAC continuation. In addition, atrial car-
diomyopathy, left atrial dysfunction, endothelial dysfunction,
and systemic vascular risk may persist after apparent rhythm
control.%®%” These mechanisms provide a robust biological ra-
tionale for guideline recommendations that long-term antico-
agulation decisions must remain risk-based after ablation.
Sensitivity and exploratory analyses supported a cautious inter-
pretation of the pooled findings. Leave-one-out analyses
showed that the thromboembolic estimate remained statisti-
cally non-significant and the major bleeding estimate remained
statistically significant after sequential omission of individual
studies, suggesting that the primary findings were not driven
by a single study. In univariable meta-regression, longer follow-
up was the only moderator associated with thromboembolic
events, which may reflect greater event accrual with longer ob-
servation rather than a direct treatment effect.®® No evaluated
moderator significantly explained variability in major bleeding.
Egger regression suggested possible small-study effects for
thromboembolic events and major bleeding.?* These findings
should not be interpreted as definitive evidence of publication
bias because funnel plot asymmetry may also reflect clinical het-
erogeneity, differences in outcome definitions, follow-up dura-
tion, or study-size related differences in patient selection.?
The ongoing trial landscape reflects these unresolved questions.
DESTINATION (NCT06615596) is evaluating whether anticoag-
ulation can be discontinued after successful catheter ablation
in patients without recurrence during the post-ablation period.®
DIAMOND-AF (NCT06871228) is testing a smartwatch-guided
anticoagulation discontinuation strategy after successful abla-
tion.”® POCKET-OAC (NCT06216769) is evaluating an intermit-
tent, pill-in-the-pocket anticoagulation strategy after AF
ablation.” These trials may help determine whether future
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management should move from a binary continuation versus
discontinuation strategy toward monitoring-guided or pheno-
type-guided anticoagulation.

Strengths and limitations

This study has several strengths. It provides an updated synthe-
sis of randomized and observational evidence evaluating OAC
discontinuation after AF ablation, incorporates recent DOAC
therapy studies, and evaluates clinically relevant thromboem-
bolic, bleeding, and mortality outcomes. We also assessed RoB
using design-specific tools, evaluated certainty of evidence, and
performed leave-one-out sensitivity analyses.’®?* These sensi-
tivity analyses showed that the thromboembolic findings re-
mained statistically non-significant and the major bleeding
findings remained statistically significant after sequential omis-
sion of individual studies, supporting the stability of the main
pooled estimates.

Several limitations should be considered. First, most included
studies were observational and therefore vulnerable to con-
founding by indication, patient selection, and residual unmea-
sured confounding. Patients selected for OAC discontinuation
may have differed from those maintained on OAC in ways not
fully captured by adjustment methods. Second, definitions of
successful ablation, timing of OAC discontinuation, rhythm
monitoring intensity, and outcome definitions varied across
studies. Third, event rates were low, particularly for ischemic
stroke, systemic embolism, and mortality, limiting precision.
Fourth, the certainty of evidence for thromboembolic and mor-
tality outcomes is limited by broad confidence intervals that en-
compass both clinically relevant benefit and potential harm.
Critically, this lack of statistical significance must not be con-
flated with clinical equivalence or safety. The upper boundary
of the Cl allows for up to a 20% relative increase in thromboem-
bolic risk (RR 1.20), translating to a potentially significant ab-
solute risk increase in higher-risk cohorts, particularly individuals
with a CHA,DS,-VASc score of 4 or greater. Extrapolating these
pooled estimates to patient-level care demands rigorous ap-
praisal of baseline thromboembolic risk and explicit communi-
cation of residual uncertainty during shared decision-making
paradigms. Fifth, although this meta-analysis yields robust ag-
gregate estimates, it inherently obscures the patient-level gran-
ularity requisite for nuanced clinical decision-making. Such
factors include the qualitative heterogeneity of CHA,DS,-VASc
risk parameters; for instance, a score of 2 driven by advanced
age and hypertension poses a distinct clinical profile compared
to a score of 2 driven by prior vascular disease and diabetes.
Furthermore, the varying intensity of post-ablation rhythm sur-
veillance, ranging from intermittent electrocardiography to con-
tinuous implantable loop recorders, and the unquantified
burden of asymptomatic AF recurrence limit generalizability.
Consequently, these pooled estimates do not establish a uni-
versal threshold for OAC discontinuation, necessitating the in-
tegration of individual clinical variables to optimize
patient-tailored therapy. Finally, residual heterogeneity per-
sisted in sensitivity analyses, indicating that variability was more
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likely related to differences in study design, patient selection,
baseline risk, rhythm surveillance, and endpoint definitions than
to a single influential study.

Conclusions

In this systematic review and meta-analysis, OAC discontinua-
tion following AF ablation was associated with a significant re-
duction in major bleeding, without statistically significant
differences in thromboembolic events or all-cause mortality
compared with OAC continuation. These findings endorse an
individualized, risk-stratified approach to patient management,
advising against the routine cessation of anticoagulation post-
ablation.

However, several important caveats must be emphasized when
translating these findings to clinical practice. First, the absence
of statistical significance for thromboembolic events should not
be misinterpreted as definitive evidence of safety, because the
confidence interval includes up to a 20% relative increase in risk,
which may be clinically meaningful for higher-risk patients. Sec-
ond, aggregate meta-analytic data necessarily obscure individ-
ual-level granularity, including the intensity and duration of
rhythm monitoring, the qualitative nature of CHA,DS,-VASc risk
factors, and the burden of post-ablation AF recurrence, all of
which are critical to informed decision-making. Third, the very
low certainty of evidence for thromboembolic outcomes ac-
cording to GRADE criteria limits confidence in the pooled esti-
mates and underscores the need for cautious, personalized
application of these data.

Clinicians should approach post-ablation OAC decisions through
a framework of shared decision-making that explicitly discusses
the uncertainty in the evidence, the trade-off between throm-
boembolic and bleeding risks, the importance of structured
rhythm monitoring, and the individual values and preferences
of the patient. Importantly, the decision to discontinue OAC is
not permanent and should be revisited dynamically in response
to ongoing rhythm monitoring and changes in the patient's clin-
ical status. Patients at high thromboembolic risk, such as those
with a CHA,DS,-VASc score of 4 or greater, prior stroke, or struc-
tural heart disease, should generally continue OAC, whereas dis-
continuation may be reasonable in selected low-risk patients
with confirmed durable sinus rhythm and elevated bleeding vul-
nerability.

Adequately powered RCTs with standardized rhythm surveil-
lance, prespecified risk stratification, and rigorous adjudication
of both thromboembolic and bleeding endpoints are required
to definitively identify the optimal candidates for safe OAC dis-
continuation.
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