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Abstract

Introduction: Prolonged cardiac monitoring after stroke increases the detection of device-detected atrial fibrillation
(DDAF), leading to a clinical dilemma regarding anticoagulation for secondary stroke prevention. While anticoagulation
reduces thromboembolic risk in clinical AF, its benefit-risk profile in DDAF remains uncertain.

Methods: In this systematic review and meta-analysis, randomized-controlled clinical trials (RCTs) evaluating
anticoagulation among patients with DDAF post stroke or transient ischemic attack (TIA) were pooled. The primary
efficacy outcome was any stroke recurrence, while stroke or systemic embolism, ischemic stroke recurrence, myocardial
infarction, and cardiovascular mortality were assessed as secondary efficacy outcomes. The primary safety outcome was
major bleeding, while hemorrhagic stroke and all-cause mortality were assessed as secondary safety outcomes.
Results: Two RCTs with 599 patients (294 anticoagulation, 305 no-anticoagulation) were included. Anticoagulation
significantly reduced any stroke recurrence (RR: 0.47; 95% Cl: 0.23-0.94; p=0.034; number-needed-to-treat=34).
Anticoagulation lowered the risk of the composite outcome of stroke recurrence and systemic embolism (RR: 0.45; 95%
ClI: 0.22-0.90; p=0.023). However, anticoagulation was associated with an increased risk of major bleeding (RR: 2.30;
95% Cl: 1.06—4.98; p=0.035; number-needed-to-harm =37). There were no differences in ischemic stroke recurrence
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(RR: 0.53; 95% ClI: 0.26—1.09; p=0.084), myocardial infarction (RR: 0.58; 95% Cl: 0.17—1.96; p=0.379), cardiovascular
mortality (RR: 0.68; 95% Cl: 0.35—1.34; p=0.265), hemorrhagic stroke (RR: 0.25; 95% CI: 0.03-2.24; p=0.217) or all-
cause mortality (RR: 0.97; 95% Cl: 0.66—1.41; p=0.857).

Discussion: Anticoagulation in DDAF patients with prior stroke/TIA reduces any stroke recurrence but increases
major bleeding risk without raising hemorrhagic stroke incidence. This trade-off underscores the need for individualized
risk stratification.

Conclusions: Anticoagulation lowers any stroke recurrence in DDAF patients post-stroke/TIA but raises major

bleeding risk.
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Introduction

Prolonged cardiac monitoring after stroke has been associ-
ated with increased detection of atrial fibrillation (AF),
often leading to the initiation of anticoagulation for second-
ary stroke prevention.' However, the impact of prolonged
monitoring on stroke recurrence remains uncertain.'”
Subclinical AF detected post-stroke has been hypothesized
to result from heart-brain interactions following ictus in
some cases — particularly in the context of insular infarction
— yet, early high-burden AF may be causally linked to the
index event rather than being a secondary phenomenon.*
The precise relationship between subclinical AF detected
after stroke and future ischemic events remains an area of
ongoing investigation.>¢

A key clinical dilemma is whether anticoagulation
should be routinely offered to stroke or transient ischemic
attack (TIA) patients with device-detected AF (DDAF).
Current guidelines do not provide definitive recommenda-
tions for this population,”® underscoring the need for a
comprehensive evaluation of potential benefits and risks.
To address this uncertainty, we conducted a systematic
review and meta-analysis to assess the efficacy and safety
of anticoagulation in patients with a history of stroke or TIA
and DDAF.

Methods

Standard protocol approvals, registrations, and
patient consents

The pre-specified protocol of the present systematic review
and meta-analysis has been registered in the International
Prospective Register of Ongoing Systematic Reviews
PROSPERO (registration ID: CRD42025646099). The
meta-analysis is reported according to the updated Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.!® This study did not
require an ethical board approval or written informed

consent by the patients according to the study design (sys-
tematic review and meta-analysis).

Data sources, searches and study selection

A systematic literature search was conducted according to
the patient, intervention, comparison, outcome (PICO)
model!! to identify available randomized-controlled clini-
cal trials (RCTs) including adult patients with history of
stroke or TIA with DDAF (P) receiving treatment with anti-
coagulation (I) versus no anticoagulation (C; defined as
usual care, antiplatelets, or placebo) and investigating the
outcomes of interest as outlined below (O). For the diagno-
sis of DDAF, use of insertable cardiac monitoring, pace-
maker, implantable cardioverter defibrillator, or cardiac
resynchronization therapy were all considered amenable
for inclusion. The literature search was performed indepen-
dently by four reviewers (LP, AHK, KM, MIS). The elec-
tronic databases MEDLINE and Scopus were searched,
using search strings that included the terms “stroke,”
“device-detected atrial fibrillation,” and “anticoagulants.”
No language or other restrictions were applied. Our search
spanned from inception of each database to February 2nd,
2025.

Observational studies, cohort studies, non-controlled
studies, case series and case reports reporting on DDAF
and anticoagulation with the aim of stroke prevention were
excluded. Commentaries, editorials, and narrative reviews
were also excluded. All retrieved studies were indepen-
dently assessed by four reviewers (LP, AHK, KM, MIS)
and any disagreements were resolved after discussion with
a fifth tie-breaking evaluator (GT).

Quality control, bias assessment and data
extraction
Eligible studies were subjected to quality control and bias

assessment employing the Cochrane Collaboration tool
(RoB 2) for RCTs.!? Quality control and bias assessment
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was conducted independently by four reviewers (LP, AHK,
AT, GP), and disagreements were settled by consensus after
discussion with the corresponding author (GT).

Data extraction was performed in structured reports,
including study name, country, recruitment period, inter-
vention and comparison characteristics, included patients
and their baseline characteristics.

Outcomes

The primary efficacy outcome of interest was any stroke
recurrence at follow-up, defined as either ischemic stroke,
hemorrhagic stroke, undefined stroke, or TIA. Secondary
efficacy outcomes were (i) stroke recurrence or systemic
embolism, (ii) ischemic stroke recurrence, (iii) myocardial
infarction, and (iv) cardiovascular mortality. Cardiovascular
mortality was defined as per each study definition. The pri-
mary safety outcome was major bleeding and the secondary
safety outcomes were (i) hemorrhagic stroke and (ii) all-
cause mortality at follow-up.

Statistical analysis

For the pairwise meta-analysis, we calculated for each
dichotomous outcome of interest the corresponding
risk ratios (RR) with 95% confidence interval
(95% CI) for the comparison of outcome events
among patients receiving anticoagulation versus no-
anticoagulation. The number needed to treat (NNT)
for the primary efficacy outcome was calculated using
1

1- RR)xrate incontrol group
the number needed to harm (NNH) for the primary
safety outcome was calculated using the formula:
1

(RR - l)x rateincontrol group
bed.!® For every outcome of interest, the corresponding
pooled proportion with 95%CI was calculated for each arm,
after the implementation of the variance-stabilizing double
arcsine transformation. Comparison of the baseline charac-
teristics to assess the balance between the two arms was
performed using odds ratios for dichotomous variables and
standardized mean differences for continuous variables.
For studies reporting continuous outcomes in median val-
ues and corresponding interquartile ranges, we estimated
the sample mean and standard deviation using the quantile
estimation method.'* The random-effects model
(DerSimonian and Laird 1986)'> was used to calculate the
pooled estimates. The threshold for statistical significance
for the above analyses was set at two-sided p-value
0f <0.05. Heterogeneity was assessed with the /# and
Cochran Q statistics. For the qualitative interpretation of
heterogeneity, > values <25%, between 25% and 50%
and >50% were considered to represent low, moderate, and

the formula: NNT = and

NH =

, as previously descri-

significant heterogeneity, respectively. The above statistical
analyses were performed using the R software version 3.5.0
(package: meta).'¢

Data availability statement

All data generated or analyzed during this study are
included in this article and its Supplemental Information
files.

Results

Literature search and included studies

The systematic database search yielded a total of 932 and
1109 records from the MEDLINE and SCOPUS databases,
respectively (eFigure 1). After excluding duplicates and
initial screening, we retrieved the full text of 10 records
that were considered potentially eligible for inclusion.
After reading the full-text articles, eight were further
excluded (eTable 1). Finally, we identified two eligible
studies!”!® for inclusion in the systematic review and meta-
analysis (Table 1), comprising a total of 599 patients with
a history of stroke or TIA and DDAF, receiving either anti-
coagulation (n=294; mean age 76.9years; 33% female,
mean CHA,DS,-VASc score of 6) versus no anticoagula-
tion (n=305; mean age 77.1years; 34% female, mean
CHA,DS,-VASc score of 6; 96% treated with aspirin;
eFigures 2-5).

Quality control of included studies

The risk of bias in included studies was assessed by the
Cochrane risk-of-bias (RoB 2) tool!° and is presented in
eFigure 6. Both studies presented low risk of bias with the
exception of some concerns due to performance bias own-
ing to treatment discontinuations which were balanced
between the two groups.

Quantitative analyses

An overview of analyses for primary and secondary out-
comes is summarized in Table 2.

Patients receiving anticoagulants for DDAF post stroke/
TIA had a reduced risk of any stroke recurrence compared
to controls (RR: 0.47; 95% CI: 0.23-0.94; p=0.034;
2=0%; p for Cochran 0=0.48; Figure 1(a)). The NNT
value of anticoagulation versus no-anticoagulation for sec-
ondary stroke prevention was 34.

Regarding the secondary efficacy outcomes, anticoagu-
lation was associated with lower rates of stroke recurrence
or systemic embolism (RR: 0.45; 95% CI: 0.22-0.90;
p=0.023; 2=0%; p for Cochran Q=0.60; NNT=31;
Figure 1(b)).Similar rates of ischemic stroke recurrence
(RR: 0.53; 95% CI: 0.26-1.09; p=0.084; I*=0%; p for



European Stroke Journal 00(0)

|2BIIB DIWSYDIS] JUSISURD 1| ‘UONE[|LIGY [BLIIE P312319P-92IA9P YA

(1=u
‘uladse yoiym

VIL1/40hs
Jo AJoasly ‘ao31oey sl
9>(0J3S [BUONIPPE BUO

#L€) (0'2) j03n0) |g|=u (Tse) (29 T=u  3sB9] 3B YUM ‘4yAq (44014 219 LANAY
|T ueIpaly (£-9) 9 6 S'8L ‘ogadelg (£-9) 9 34 §'/L  ‘ueqexopy yum sieakg9=pady dag-9|0z unf adoung HVYON
VIL/041s
J0 AJI03SIY ‘f = ISYA BOLIDWY
(912:as) (s0¢) (8°2) ZAEL G1¢) (22 wl=u -“‘savHD dvaa 70T YaIOoN pue
U ued|y (99 €S YAXVA ‘urndsy (-9 9 S €9/  ‘ueqexidy  yum saedkgg=pady  |n[-G|0T Aely adouny 4 VISTLYV
(401)
(401) sJeak uelpaw saeak
UBIPAW DSWA (%) u(as) DSVA (%) uw(as
(syauow) LSqQvHD  9lrwa4 a8y JqunN  -‘sqVHD  oewiy a3y JaquinN
uoneanp JUSWAINIDD
dn-moj|o4 |oJ3uoD) uone|ndeodnuy sjuaped papnpuy| JO poled  3udunRuUo) Apnag

*SISA[eUB-BIDW PUE MIIAD.J DIIBWSISAS DYI Ul PSPN|DUl SAIPNIS JO SDIISLISIDRIRYD *| d]qeL



Palaiodimou et al. 5
Table 2. Overview of analyses for the outcomes of interest.
Variable Effect
Risk ratio (95% p-Value I; p for Cochran Q NNT/NNH
confidence interval)
Primary efficacy endpoint
Any stroke recurrence 0.47 (0.23-0.94) 0.034 0%; 0.48 34
Secondary efficacy endpoints
Stroke recurrence/systemic embolism 0.45 (0.22-0.90) 0.023 0%; 0.60 31
Ischemic stroke recurrence 0.53 (0.26-1.09) 0.084 0%; 0.64 NA
Myocardial infarction 0.58 (0.17-1.96) 0.379 0%; 0.90 NA
Cardiovascular mortality 0.68 (0.35-1.34) 0.265 13%; 0.28 NA
Primary safety endpoint
Major bleeding 2.30 (1.06—4.98) 0.035 0%; 0.38 37
Secondary safety endpoints
Hemorrhagic stroke 0.25 (0.03-2.24) 0217 NA NA
All-cause mortality 0.97 (0.66—1.41) 0.857 8%; 0.30 NA

NNT: number needed to treat; NNH: number needed to harm; NA: not applicable.

Cochran 0=0.64; Figure 1(c)), myocardial infarction (RR:
0.58; 95% CI: 0.17-1.96; p=0.379; >=0%; p for Cochran
0=0.90; Figure 1(d)), and cardiovascular mortality (RR:
0.68; 95% CI: 0.35-1.34; p=0.265; I?=13%; p for Cochran
0=0.28; Figure 1(e)) were observed between the two
groups.

Concerning safety outcomes, anticoagulation was asso-
ciated with a higher risk of major bleeding (RR: 2.30; 95%
CIL: 1.06-4.98; p=0.035; I*=0%; p for Cochran 0=0.38;
NNH =37; Figure 2(a)). Similar rates of hemorrhagic stroke
(RR: 0.25; 95% CI: 0.03-2.24; p=0.217; P=not applica-
ble; p for Cochran Q=not applicable; Figure 2(b)), and all-
cause mortality (RR: 0.97; 95% CI: 0.66-1.41; p=0.857,
P=8%; p for Cochran 0=0.30; Figure 2(c)) were noted
between the groups.

The pooled proportions per arm for each outcome of
interest are presented in eTable 2.

Discussion

The present meta-analysis demonstrates that anticoagula-
tion in patients with a history of stroke or TIA and DDAF is
associated with a significant reduction in any stroke recur-
rence, with a NNT of 34. Anticoagulation also reduced the
composite outcome of stroke recurrence and systemic
embolism with a NNT of 31. However, these benefits come
atthe cost of an increased risk of major bleeding (NNH=37),
highlighting the delicate balance between efficacy and
safety in this population. Notably, there was no increase in
hemorrhagic  stroke with anticoagulation in this
population.

Previous studies have suggested that AF detected after
stroke is associated with a relatively low rate of stroke
recurrence.*'°2! Our meta-analysis supports this observa-
tion, as the pooled recurrence rates for stroke (4%; 95% CI:

1-11; eFigure 7), stroke & systemic embolism (4%; 95%
CI: 1-11; eFigure 8) and ischemic stroke (4%; 95% CI:
1-9; eFigure 9) in patients with DDAF were low and simi-
lar to prior evidence. It should be noted that the follow-up
duration was a mean of 42months in ARTESIA and a
median of 21 months in NOAH-AFNET 6.'72> However,
despite these low event rates, anticoagulation still led to a
significant reduction in recurrent stroke, in recurrent stroke
or systemic embolism as well as a trend toward lower
ischemic stroke recurrence. Importantly, the rates of disa-
bling or fatal stroke were also lower in the ARTESIA trial (3
in the anticoagulated vs 12 in the non-anticoagulated group)
with a hazard ratio of 0.26 (95% CI: 0.07-0.93)."7

One significant consideration in interpreting these
results is the uncertainty regarding the ectiopathogenic
mechanism of stroke in patients with DDAF. In the
ARTESIA trial,'” for example, eight patients with a history
of hemorrhagic stroke were included and randomized, yet
the optimal anticoagulation strategy for such patients
remains unclear. Even in cases of clinical AF, the decision
to anticoagulate after an intracerebral hemorrhage remains
highly debated,”® making it even more complex in the
context of DDAF. It is possible that different results might
have been observed if the analysis had exclusively
included patients with truly cryptogenic ischemic stroke.
Additionally, in both the ARTESiA and NOAH-AFNET 6
trials, DDAF was detected on average quite distant from
the index stroke event, raising further questions about its
causal role in stroke recurrence and the appropriateness of
anticoagulation in this setting.

Regarding safety, while the included studies reported
low overall rates of major bleeding (4%; 95% CI: 1-8;
eFigure 10), the difference between anticoagulated and
non-anticoagulated patients was statistically significant.
Importantly, the majority of major bleeding events were
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(d) AC noAC Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Total (95% CI) 429 433 100.0%  0.58[0.17, 1.96]
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(e) AC noAC Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
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NOAH AFNET 6 8 257 8 260 43.1%  1.01[0.39, 2.65)
Total (95% CI) 429 434 100.0%  0.68 [0.35, 1.34]
Heterogeneity Tau’ = 0.031; Chi’=1.15, o= 1(P=0.28). ' = 13% 05 . )

Testfor overall effect Z=-1.12 (P = 0.265)

Favors AC  Favors noAC
Cardiovascular Mortality

Figure |. Forest plot presenting the risk ratio of any stroke recurrence (panel a), the composite of stroke recurrence and
systemic embolism (panel b), ischemic stroke recurrence (panel c), myocardial infarction (panel d), and cardiovascular mortality
(panel e) among patients treated with anticoagulation (AC) versus no-anticoagulation (noAC).
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All-cause Mortality

Figure 2. Forest plot presenting the risk ratio of major bleeding (panel a), hemorrhagic stroke (panel b), and all-cause mortality

(panel c) among patients treated with anticoagulation (AC) versus

gastrointestinal hemorrhages rather than intracerebral hem-
orrhages. Nonetheless, these findings do not support a blan-
ket recommendation for anticoagulation in all patients with
DDATF for secondary stroke prevention. Instead, treatment
decisions should be guided by a more nuanced risk stratifi-
cation approach, integrating key patient characteristics
such as DDAF burden (duration and frequency),?* prior
bleeding history, stroke mechanism (cryptogenic vs other
etiologies), and overall frailty.

It is important to note that the comparator arms in
NOAH-AFNET 6 and ARTESIA differed in their design,
which may have influenced the observed outcomes.
NOAH-AFNET 6 was a double-blind study in which
patients were randomized to receive edoxaban or placebo.
However, aspirin use was permitted in the placebo group as
part of standard care for patients with an independent indi-
cation, such as prior myocardial infarction, percutancous
coronary intervention, coronary artery bypass grafting, or

no-anticoagulation (noAC).

secondary stroke prevention.'® In contrast, ARTESIA
employed a double-blind, double-dummy design in which
patients were explicitly randomized to receive either apixa-
ban or aspirin.!” Unlike NOAH-AFNET 6, aspirin was the
designated comparator in ARTESIA rather than an adjunct
therapy. Although these differences in study design may
have influenced the overall rates of stroke recurrence and
bleeding events, aspirin use was highly prevalent in the
control arm of NOAH-AFNET 6, with almost 85% of
patients receiving this treatment.!® This suggests that
despite differences in trial methodology, the majority of
patients in both studies’ non-anticoagulated arms received
an antithrombotic agent, which should be considered when
interpreting the results of our meta-analysis.

Another important consideration in interpreting our
findings is the definition of cardiovascular mortality across
the included trials. In ARTESIA, cardiovascular mortality
encompassed deaths due to cardiac causes and other



European Stroke Journal 00(0)

vascular causes, including stroke, pulmonary embolism,
and ruptured aortic aneurysm or dissection.”> Notably, all
hemorrhagic deaths were classified as cardiovascular
deaths in ARTESiA.* In contrast, NOAH-AFNET 6
defined cardiovascular mortality as death resulting from
myocardial infarction, sudden cardiac death, heart failure,
stroke, cardiovascular procedures, and cardiovascular hem-
orrhage specifically excluding non-cardiovascular hemor-
rhagic deaths.??> Given these differences, fatal bleeding
events were included under cardiovascular mortality in
ARTESIA but only in cases of cardiovascular hemorrhage
in NOAH-AFNET 6. This discrepancy in classification
may have influenced the observed rates of cardiovascular
mortality in our meta-analysis and should be considered
when interpreting the overall balance between thrombotic
and hemorrhagic risks associated with anticoagulation in
patients with DDAF.

Treatment adherence and crossover between study arms
are important factors that may have influenced the findings
of the included trials. In ARTESiA, permanent discontinua-
tion of the assigned treatment occurred in 24.3% of patients
in the apixaban group and 23.8% in the aspirin group, pri-
marily due to the development of subclinical AF lasting
more than 24h or clinical AF.!” Similarly, in NOAH-
AFNET 6, 21 patients in the edoxaban arm and 24 in the
placebo arm developed AF during follow-up, which may
have led to changes in treatment allocation.'® Additionally,
9 patients (7.4%) in the edoxaban group and 12 patients
(9.2%) in the placebo group withdrew consent, potentially
resulting in treatment discontinuation or loss to follow-
up.'® These treatment modifications underscore the chal-
lenges of long-term anticoagulation management in patients
with DDAF and may have influenced the observed event
rates in the original trials and, consequently, our meta-anal-
ysis. Future studies should further examine the impact of
treatment persistence and crossover on anticoagulation out-
comes in this population.

Given the challenges in individualizing anticoagulation
therapy for patients with DDAF, future research should
focus on refining risk stratification models that incorporate
clinical, imaging, and rhythm-monitoring parameters to
better predict the net benefit of anticoagulation. Specifically,
upcoming trials could evaluate: (i) the role of AF burden
(e.g. daily duration, frequency of episodes) in modulating
stroke risk and whether a threshold exists for initiating anti-
coagulation; (ii) biomarker-based approaches, such as ele-
vated NT-proBNP or mid-regional proANP, to enhance
thromboembolic risk prediction; (iii) patient-centered strat-
egies integrating shared decision-making and frailty assess-
ments to guide treatment in elderly or multimorbid patients;
and (iv) alternative anticoagulation strategies to reduce
bleeding risk while preserving stroke prevention benefits.

The present meta-analysis synthesizes data from the
NOAH-AFNET 6 and ARTESIA trials, providing a com-
prehensive assessment of anticoagulation’s efficacy and

safety in stroke/TIA patients with DDAF. While previous
publications have examined stroke subgroups within each
trial,!”'® our study enhances these findings by systemati-
cally pooling data to improve precision and generalizabil-
ity. By integrating results across trials, we offer a more
robust estimation of treatment effects, particularly for out-
comes such as stroke recurrence, systemic embolism, and
major bleeding. Moreover, our focus on patients with a his-
tory of stroke or TIA — who face a particularly high risk of
recurrent cerebrovascular events — adds critical clinical
relevance. Unlike the meta-analysis by MclIntyre et al.,?°
which included all DDAF patients regardless of prior
stroke/TIA, our study specifically addresses the secondary
prevention population. Given the ongoing debate sur-
rounding anticoagulation in this group, our findings pro-
vide a unified estimate that may help refine clinical
decision-making.

Certain shortcomings of this systematic review and
meta-analysis should be acknowledged. First, this study is a
study-level meta-analysis, and its conclusions are inher-
ently limited by the available data. Second, only two RCTs
were included, yet both presented prespecified secondary
analyses and were of high quality. However, both RCTs
were terminated early,>? limiting statistical power.
Additionally, while our study provides valuable insights
into anticoagulation for secondary stroke prevention in
patients with DDAF, further research is needed to deter-
mine whether specific high-risk subgroups — such as elderly
patients, those with multimorbidity, or individuals with
high CHA,DS,-VASc scores — derive a greater net benefit
from anticoagulation while minimizing bleeding risk.
Future studies should aim to refine risk stratification strate-
gies to better balance the risks and benefits of treatment in
these vulnerable populations.

Conclusion

In conclusion, the current meta-analysis showed that anti-
coagulation following DDAF in patients with history of
stroke or TTA is associated with a reduced risk of any stroke
recurrence and the composite of stroke recurrence and sys-
temic embolism, but part of this benefit is offset by an
increased risk of major bleeding without a higher risk of
hemorrhagic stroke. Further randomized data are needed to
refine anticoagulation strategies and individualize treat-
ment decisions in DDAF patients with prior stroke/TIA.
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