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Abstract
The efficacy and safety of direct oral anticoagulants (DOAC) in patients with embolic stroke of undetermined source (ESUS) 
remains unclear. We systematically searched PubMed, Embase, and Cochrane Library for randomized controlled trials (RCT) 
comparing DOACs versus aspirin in patients with ESUS. Risk ratios (RR) and 95% confidence intervals (CI) were computed 
for binary endpoints. Four RCTs comprising 13,970 patients were included. Compared with aspirin, DOACs showed no sig-
nificant reduction of recurrent stroke (RR 0.95; 95% CI 0.84–1.09; p = 0.50; I2 = 0%), ischemic stroke or systemic embolism 
(RR 0.97; 95% CI 0.80–1.17; p = 0.72; I2 = 0%), ischemic stroke (RR 0.92; 95% CI 0.79–1.06; p = 0.23; I2 = 0%), and all-
cause mortality (RR 1.11; 95% CI 0.87–1.42; p = 0.39; I2 = 0%). DOACs increased the risk of clinically relevant non-major 
bleeding (CRNB) (RR 1.52; 95% CI 1.20–1.93; p < 0.01; I2 = 7%) compared with aspirin, while no significant difference was 
observed in major bleeding between groups (RR 1.57; 95% CI 0.87–2.83; p = 0.14; I2 = 63%). In a subanalysis of patients 
with non-major risk factors for cardioembolism, there is no difference in recurrent stroke (RR 0.98; 95% CI 0.67–1.42; 
p = 0.90; I2 = 0%), all-cause mortality (RR 1.24; 95% CI 0.58–2.66; p = 0.57; I2 = 0%), and major bleeding (RR 1.00, 95% 
CI 0.32–3.08; p = 1.00; I2 = 0%) between groups. In patients with ESUS, DOACs did not reduce the risk of recurrent stroke, 
ischemic stroke or systemic embolism, or all-cause mortality. Although there was a significant increase in clinically relevant 
non-major bleeding, major bleeding was similar between DOACs and aspirin.
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Abbreviations
ESUS	� Embolic Stroke of Undetermined 

Source
AF	� Atrial Fibrillation
DOAC	� Direct Oral Anticoagulant
RCT​	� Randomized Controlled Trial
ICH	� Intracranial Hemorrhage
PRISMA	� Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses
PROSPERO	� International Prospective Register of 

Systematic Reviews
CRNB	� Clinically Relevant Non-Major 

Bleeding
RR	� Risk Ratio
CI	� Confidence Intervals
RoB-2	� Cochrane’s Tool for Assessing Bias 

in Randomized Trials.
NAVIGATE ESUS	� Rivaroxaban for Stroke Prevention 

after Embolic Stroke of Undeter-
mined Source

ARCADIA	� Apixaban to Prevent Recurrence 
After Cryptogenic Stroke in Patients 
With Atrial Cardiopathy

ATTICUS	� Apixaban Versus Aspirin for 
Embolic Stroke of Undetermined 
Source

RE-SPECT ESUS	� Dabigatran for Prevention of Stroke 
after Embolic Stroke of Undeter-
mined Source

Highlights

•	 It’s unclear if DOACs may be an effective and safe 
therapy in patients after ESUS.

•	 New trials have been investigating DOACs in patients 
with “enriched” risk factors for cardioembolism after 
ESUS, which made possible a subanalysis for this 
population.

•	 Our analyses demonstrated that DOACs did not reduce 
the risk of new strokes, all-cause mortality, and other 
efficacy outcomes.

•	 Despite DOACs having decreased the risk of CNRB, 
there was no difference between groups regarding 
major bleeding.

Introduction

Ischemic stroke accounts for approximately 80% of all 
strokes and stands as a leading contributor to global mor-
bidity and mortality [1, 2]. Embolic stroke of undeter-
mined source (ESUS) is characterized by non-lacunar 
cerebral infarcts without detectable embolic origins or sig-
nificant arterial stenosis [3–5]. Its incidence varies widely 
across ischemic strokes, ranging from 7 to 42%, with an 
average of 17% [6].

Many patients with ESUS are believed to have undi-
agnosed atrial fibrillation (AF) [7]. According to several 
meta-analyses, oral anticoagulation surpasses antiplatelet 
therapy in effectively preventing strokes related to atrial 
fibrillation (AF), however its efficacy in patients with 
ESUS remains uncertain [8–11].

The lower stroke risk of younger patients with atrial 
fibrillation and without other cardiovascular risk factors 
may imply additional causes underlying cardioembolism 
other than atrial fibrillation [12]. A prior meta-analysis 
found no benefit of direct oral anticoagulants (DOAC) 
over aspirin in these patients [13]. However, this study 
showed no data about patients with non-major risk factors 
for cardioembolism, which made it impossible to investi-
gate the benefit of anticoagulation in this specific context 
of patients with ESUS.

Two recent randomized controlled trials (RCT) evalu-
ated DOACs in patients with the definition of ESUS and 
non-major risk factors for cardioembolism, enabling 
a subanalysis for these patients [14, 15]. Therefore, we 
conducted an updated meta-analysis comparing DOACs 
with aspirin assessing new efficacy and safety endpoints, 
including ischemic stroke or systemic embolism and 
intracranial hemorrhage (ICH).

Methods

We conducted this systematic review and meta-analysis in 
accordance with the guidelines provided by the Cochrane 
Collaboration and the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement 
[16, 17]. The prospective protocol was registered with the 
International Prospective Register of Systematic Reviews 
(PROSPERO: CRD42024511012).
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Search strategy and data extraction

We systematically searched PubMed, Embase, and the 
Cochrane Library from inception to 8 February 2024 
using the following terms: “ESUS”, “cryptogenic stroke”, 
“DOAC”, “direct oral anticoagulant”, “apixaban”, “rivar-
oxaban”, “edoxaban”, and “dabigatran”. The detailed search 
strategy is available in the Supplementary Table S1. Two 
investigators (G.M. and B.A.) independently screened the 
search results and performed data extraction using Microsoft 
Excel software. Any discrepancies were resolved by a third 
author (G.A.M.). Data extracted from each study included 
study characteristics (sample size, intervention characteris-
tics, mean age, sex, race), population characteristics (mean 
CHA2DS2-VASc score, median NIHSS score, history of 
previous transient ischemic attack/stroke, hypertension, dia-
betes mellitus, and tobacco use), and outcomes of interest.

Eligibility criteria

Inclusion criteria for this meta-analysis were studies that met 
the following criteria: (1) were RCTs; (2) compared DOACs 
with aspirin for secondary stroke prevention in patients with 
ESUS; (3) reported data on at least one outcome of interest. 
Exclusion criteria included: (1) case reports, commentaries, 
abstracts, editorials, letters, and reviews; (2) studies with 
missing data on interventional or control therapy; (3) studies 
lacking relevant population or outcomes data. The detailed 
eligibility criteria of included studies are described in Sup-
plementary Table S2.

Endpoints

Efficacy outcomes were recurrent stroke, ischemic stroke 
or systemic embolism, ischemic stroke, systemic embo-
lism, hemorrhagic stroke, and all-cause mortality. Safety 
outcomes comprised major bleeding, clinically relevant 
non-major bleeding (CRNB), ICH, and any bleeding. The 
definitions of outcomes on each study are outlined in Sup-
plementary Table S3.

Statistical analysis

We used Review Manager 5.4.1 for the main statistical 
analyses. Risk ratios (RR) with 95% confidence interval 
(CI) were computed for binary endpoints. Heterogeneity 
was assessed using the Cochran Q test and I2 statistics, with 
p-values less than 0.10 and I2 ≥ 25% considered significant 
for heterogeneity. We employed DerSimonian and Laird 
random‐effects models. We also performed a subanalysis 
focused on patients with non-major risk factors of cardioem-
bolism. Subgroup analysis was performed according to sex 
and age. In addition, sensitivity analyses were carried out 

employing the leave-one-out approach to evaluate the poten-
tial influence of individual studies on the heterogeneity of 
results using the software R (version 4.4.0, R Foundation for 
Statistical Computing, Vienna, Austria). The definitions of 
non-major risk factors of cardioembolism are described in 
Supplementary Table S4.

Risk of bias assessment

The risk of bias in randomized studies was assessed using 
Cochrane’s tool for assessing bias in randomized trials 
(RoB-2) [18]. Two independent authors (G.A.M. and B.A.) 
completed the risk of bias assessment, with any disagree-
ments resolved through consensus after discussion with a 
third author (G.M.).

Results

Study selection and baseline characteristics

A total of 723 articles were retrieved in the initial search. 
After removing duplicates and screening by titles and 
abstracts, 56 studies underwent full review. Ultimately, 
four RCTs were included, encompassing 13,970 patients 
(Fig. 1) [14, 15, 19, 20]. Among included trials, one uti-
lized rivaroxaban [20], two used apixaban [14, 15], and one 
employed dabigatran [19]. The mean age of participants 
was 66.8 years, with 60.7% being male. Of the total cohort, 
76.2% had hypertension, and 17.8% had a previous history 
of stroke or transient ischemic attack. Detailed characteris-
tics of the included studies are presented in Table 1.

Efficacy outcomes

Recurrent stroke occurred in 816 patients, with 399 (5.7%) 
receiving DOACs and 417 (5.9%) using aspirin. There was 
no significant difference between groups (RR 0.95; 95% CI 
0.84–1.09; p = 0.50; I2 = 0%; Fig. 2A). All studies reported 
data for this outcome [14, 15, 19, 20].

There was no significant difference between DOACs and 
aspirin regarding the risk of ischemic stroke or systemic 
embolism (RR 0.97; 95% CI 0.80–1.17; p = 0.74; I2 = 0%; 
Fig. 2B). Similarly, no significant differences were observed 
between treatments for ischemic stroke (RR 0.92; 95% CI 
0.79–1.06; p = 0.23; I2 = 0%; Fig. 2C), systemic embolism 
(RR 0.52; 95% CI 0.21–1.25; p = 0.14; I2 = 0%; Fig. 2D) and 
hemorrhagic stroke (RR 2.21; 95% CI 0.29–16.69; p = 0.44; 
I2 = 79%; Fig. 2E), and all-cause mortality (RR 1.11; 95% 
CI 0.87–1.42; p = 0.39; I2 = 0%; Fig. 2F). Three studies 
provided data for ischemic stroke, systemic embolism and 
hemorrhagic stroke [14, 19, 20]. Only one study provided no 
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data about ischemic stroke or systemic embolism [19]. All 
studies reported data for all-cause mortality [14, 15, 19, 20].

Safety outcomes

In terms of major bleeding events, 145 patients were on 
DOACs (2.1%) and 93 (1.3%) were on aspirin. There was 
no significant difference observed between DOACs and 
aspirin (RR 1.57; 95% CI 0.87–2.83; p = 0.14; I2 = 63%; 
Fig. 3A). However, DOACs significantly increased the risk 
of clinically relevant non-major bleeding (CRNB) compared 
with aspirin (RR 1.52; 95% CI 1.20–1.93; p < 0.01; I2 = 7%; 
Fig. 3B). Nevertheless, no differences were observed in ICH 
(RR 1.09; 95% CI 0.26–4.63; p = 0.90; I2 = 81%; Fig. 3C) 
andany bleeding (RR 0.85; 95% CI 0.37–1.93; p = 0.70; 
I2 = 69%; Fig. 3D). All studies provided data about major 
bleeding and ICH [14, 15, 19, 20]. Only one study reported 
no data for CRNB [15] and any bleeding [20].

Sub‑analysis and sensitivity analysis

In patients with non-major risk factors of cardioembolism, 
there was no significant difference between DOAC and aspi-
rin regarding recurrent stroke (RR 0.98; 95% CI 0.67–1.42; 

p = 0.90; I2 = 0%; Supplementary Fig. S1A), ischemic stroke 
or systemic embolism (RR 0.90; 95% CI 0.62–1.31; p = 0.59; 
I2 = 0%; Supplementary Fig. S1B), or all-cause mortality 
(RR 1.24; 95% CI 0.58–2.66; p = 0.57; I2 = 0%; Supple-
mentary Fig. S1C). No significant differences were found 
in major bleeding (RR 1.00; 95% CI 0.32–3.08; p = 1.00; 
I2 = 0%; Supplementary Fig. S1D) and any bleeding (RR 
0.53; 95% CI 0.25–1.13; p = 0.10; I2 = 0%; Supplementary 
Fig. S1E) between DOACs and aspirin, and both results pre-
sented low heterogeneity. Our sensitivity analysis showed 
low heterogeneity in major bleeding and any bleeding after 
the leave-one-out approach. Regarding ICH, high hetero-
geneity remained after the withdrawal of each study. The 
sensitivity analyses are presented in Supplementary Figs. 
S2A–S3C.

Subgroup analysis

Regarding recurrent stroke, subgroup analysis showed no 
significant difference between groups when stratified by age 
and sex (Supplementary Fig. S3).

Risk of bias assessment

Individual assessments of each included study are presented 
in Supplementary Fig. S4. Overall, all included studies were 
deemed to be at low risk of bias.

Discussion

In this updated meta-analysis we compared the efficacy 
of DOACs versus aspirin in patients with ESUS. Over-
all, DOACs did not demonstrate a reduction in the risk of 
recurrent stroke or other efficacy outcomes compared with 
aspirin. Additionally, there were no significant differences 
in terms of major bleeding and any bleeding, although the 
risk of clinically relevant non-major bleeding was higher 
in patients receiving DOACs. Subanalysis of patients with 
evidence of suggestive features of cardioembolism showed 
no benefit from anticoagulant therapy.

Although anticoagulation benefits are confirmed mainly 
in patients with clinically apparent AF, even subclinical AF 
detected by prolonged heart-rhythm monitoring is associ-
ated with an increased stroke risk [21], likely due to under-
lying atrial cardiopathy and the arrhythmia itself [22, 23]. 
Although many patients with ESUS might have had an 
unrecognized source of cardiac embolism, including atrial 
fibrillation, previous studies found no benefit of anticoagula-
tion in these patients [13, 19, 20]. In accordance, our find-
ings maintained the same pattern. This could be attributed 
to various factors, including the likelihood that recurrent 
strokes post-ESUS may stem from causes different from the 

Fig. 1   PRISMA flow diagram for study selection
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initial stroke [24]. In NAVIGATE ESUS (Rivaroxaban for 
Stroke Prevention after Embolic Stroke of Undetermined 
Source), more than half of recurrent strokes were athero-
sclerotic or lacunar [24].

The Apixaban to Prevent Recurrence After Cryptogenic 
Stroke in Patients With Atrial Cardiopathy (ARCADIA) and 
Apixaban Versus Aspirin for Embolic Stroke of Undeter-
mined Source (ATTICUS) trials investigated the benefit of 
apixaban in ESUS patients with specific features sugges-
tive of cardioembolism [14, 15]. These new trials enabled 
us to perform a subanalysis of this population, something 
not addressed by the prior meta-analysis [13]. In ARCA-
DIA, the included patients had specific biomarkers of atrial 
cardiopathy including elevated PFTV1, serum NT-proBNP 
(N-terminal pro-B-type natriuretic peptide), and left atrial 
diameter on echocardiogram. Atrial cardiopathy is strongly 
associated with the development of AF, contributing to a 
multifaceted thromboembolic process [25]. ATTICUS 
was broader and included risk factors associated with an 
increased risk of atrial fibrillation and cardioembolism. Nev-
ertheless, our subanalysis showed no significant difference 

for the efficacy and safety outcomes between DOACs and 
aspirin. Notably, ARCADIA reported a significantly lower 
risk of symptomatic ICH in participants receiving apixa-
ban compared with aspirin, although the lower number of 
events may suggest it, this finding may be by chance [15]. 
In ATTICUS trial, there was no significant increase in the 
risk of major bleeding with apixaban, despite the early initia-
tion of study treatment compared to NAVIGATE ESUS and 
RE-SPECT ESUS (Dabigatran for Prevention of Stroke after 
Embolic Stroke of Undetermined Source) trials. Apixaban’s 
known similarity in the risk of major bleeding in patients 
with AF may explain this finding [26].

A previous meta-analysis that included two of the four 
RCTs included in the present meta-analysis also reported no 
superiority of anticoagulation over aspirin, although it noted 
moderate to high heterogeneity in some outcomes [13]. In 
contrast, our analysis found low heterogeneity in the risk 
of recurrent stroke (0%) and ischemic stroke (0%) with the 
inclusion of newer studies.

This study has some limitations. Firstly, few studies 
met the inclusion criteria, precluding Egger’s regression 

Table 1   Baseline characteristics of the included studies

TIA transient ischemic attack, DM diabetes mellitus, NA not available

Study, year ARCADIA, 2024 ATTICUS, 2023 RE-SPECT ESUS, 2019 NAVIGATE ESUS, 2018

Sample size 
(n)

Apixaban 
(507)

Aspirin (508) Apixaban 
(178)

Aspirin (174) Dabigatran 
(2695)

Aspirin 
(2695)

Rivaroxaban 
(3609)

Aspirin (3604)

Female sex—
no. (%)

272 (53.7) 279 (54.9) 86 (48.3) 85 (48.9) 1001 (37.1) 986 (36.6) 1377 (38.0) 1400 (39.0)

White 381 (76.0) 379 (75.8) 351 (99.7) 1926 (71.5) 1966 (72.9) 2612 (72.4) 2604 (72.5)
Black or 

African 
American

107 (21.4) 107 (21.4) NA NA 54 (2.0) 40 (1.5) 51 (1.4) 60 (1.6)

Asian 7 (1.4) 10 (2.0) NA NA 631 (23.4) 597 (22.2) 716 (19.8) 698 (19.3)
Other 6 (1.2) 4 (0.8) NA NA 84 (3.1) 92 (3.4) 230 (6.4) 242 (6.7)
Age, 

mean ± SD
67.8 ± 10.8 68.2 ± 11.0 68.6 ± 11.1 68.3 ± 9.8 64.5 ± 11.4 63.9 ± 11.4 66.9 ± 9.8 66.9 ± 9.8

CHA2DS2-
VASc score, 
mean ± SD 

4.7 (1.3) 4.7 (1.3) 4.8 (1.8) 4.3 (1.7) NA NA NA NA

NIHSS score, 
median 
(IQR)

1 (0–3) 1 (0–3) 1 (0–3) 1 (0–3) 1 (0–2) 1 (0–2) 1 (0–2) 1 (0–2)

Medical history—no. (%)
 Previous 

TIA or 
stroke

97 (19.1) 100 (19.7) 24 (13.5) 30 (17.2) 475 (17.6) 500 (18.6) 620 (17.2) 643 (17.8)

 Hyperten-
sion

396 (78.1) 388 (76.4) 153 (86.0) 150 (86.2) 1996 (74.1) 1985 (73.7) 2782 (77.1) 2803 (77.7)

 DM 156 (30.8) 159 (31.3) 52 (29.2) 48 (27.6) 585 (21.7) 639 (23.7) 889 (24.6) 917 (25.4)
 Prior or 

current 
tobacco 
use

230 (45.4) 200 (39.4) 27 (15.2) 26 (14.9) 458 (17.0) 433 (16.1) 756 (20.9) 728 (20.2)
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test and meta-regression analyses. Secondly, there was sig-
nificant variability in the sample size of included studies, 
although there was a low heterogeneity in the majority of 
our endpoints. Thirdly, there was a considerably variable 
definition regarding definitions of non-major risk factors 

for cardioembolism between ARCADIA and ATTICUS. 
Fourth, ATTICUS was prematurely terminated, which may 
have limitated their results. Lastly, some outcomes were 
not directly reported or defined by some studies, limiting 
our analysis.

Fig. 2   DOACs showed no 
significant reduction of A recur-
rent stroke, B ischemic stroke or 
systemic embolism, C ischemic 
stroke, D systemic embolism, 
E hemorrhagic stroke, and F 
all-cause mortality compared 
with aspirin
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Conclusion

In patients with ESUS with or without non-major risk of 
cardioembolism, DOACs showed no significant reduction 
in the risk of recurrent stroke, ischemic stroke or sys-
temic embolism, and all-cause mortality. Although there 
was a significant increase in clinically relevant non-major 
bleeding, major bleeding was similar between DOACS and 
aspirin.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11239-​024-​03017-7.
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