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BACKGROUND
Subclinical atrial fibrillation is short-lasting and asymptomatic and can usually be 
detected only by long-term continuous monitoring with pacemakers or defibrillators. 
Subclinical atrial fibrillation is associated with an increased risk of stroke by a factor 
of 2.5; however, treatment with oral anticoagulation is of uncertain benefit.
METHODS
We conducted a trial involving patients with subclinical atrial fibrillation lasting 
6 minutes to 24 hours. Patients were randomly assigned in a double-blind, double-
dummy design to receive apixaban at a dose of 5 mg twice daily (2.5 mg twice 
daily when indicated) or aspirin at a dose of 81 mg daily. The trial medication was 
discontinued and anticoagulation started if subclinical atrial fibrillation lasting 
more than 24 hours or clinical atrial fibrillation developed. The primary efficacy 
outcome, stroke or systemic embolism, was assessed in the intention-to-treat popu-
lation (all the patients who had undergone randomization); the primary safety out-
come, major bleeding, was assessed in the on-treatment population (all the patients 
who had undergone randomization and received at least one dose of the assigned 
trial drug, with follow-up censored 5 days after permanent discontinuation of trial 
medication for any reason).
RESULTS
We included 4012 patients with a mean (±SD) age of 76.8±7.6 years and a mean 
CHA2DS2-VASc score of 3.9±1.1 (scores range from 0 to 9, with higher scores in-
dicating a higher risk of stroke); 36.1% of the patients were women. After a mean 
follow-up of 3.5±1.8 years, stroke or systemic embolism occurred in 55 patients in 
the apixaban group (0.78% per patient-year) and in 86 patients in the aspirin group 
(1.24% per patient-year) (hazard ratio, 0.63; 95% confidence interval [CI], 0.45 to 0.88; 
P = 0.007). In the on-treatment population, the rate of major bleeding was 1.71% per 
patient-year in the apixaban group and 0.94% per patient-year in the aspirin group 
(hazard ratio, 1.80; 95% CI, 1.26 to 2.57; P = 0.001). Fatal bleeding occurred in 5 pa-
tients in the apixaban group and 8 patients in the aspirin group.
CONCLUSIONS
Among patients with subclinical atrial fibrillation, apixaban resulted in a lower risk 
of stroke or systemic embolism than aspirin but a higher risk of major bleeding. 
(Funded by the Canadian Institutes of Health Research and others; ARTESIA 
ClinicalTrials.gov number, NCT01938248.)
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Atrial fibrillation is typically di-
agnosed by means of electrocardiogra-
phy in patients with symptoms. Clinical 

atrial fibrillation is a leading cause of stroke, 
particularly among older persons.1,2 Vitamin K 
antagonists and direct-acting oral anticoagulants 
reduce the risk of stroke among patients with 
clinical atrial fibrillation while increasing the 
risk of bleeding.3-5 Approximately 20 years ago, 
pacemakers and implantable cardioverter–defibril-
lators that could continuously detect and charac-
terize atrial arrhythmias were widely introduced.6 
It was quickly observed that short episodes of 
asymptomatic atrial fibrillation were common, 
even in patients with no other evidence of clini-
cal atrial fibrillation.7 Even though these episodes 
of atrial fibrillation lasted minutes to hours, most 
were not symptomatic.7-9

We proposed the term subclinical atrial fibril-
lation to describe atrial fibrillation that is asymp-
tomatic or that produces such short-lasting, non-
specific symptoms that it is not readily diagnosed 
by standard clinical means but is uncovered only 
with the use of long-term, continuous cardiac 
rhythm monitoring by an implanted cardiac pace-
maker or defibrillator.9 We reported that subclini-
cal atrial fibrillation was present in more than one 
third of older patients with hypertension who had 
received a pacemaker9 and was associated with an 
increased risk of ischemic stroke or systemic 
embolism by a factor of 2.5. However, the abso-
lute increase in stroke risk with subclinical atrial 
fibrillation was 1 percentage point per year, ap-
proximately half the risk increase observed among 
patients with clinically detected atrial fibrilla-
tion.1,2,10 Given the bleeding risk associated with 
oral anticoagulants, particularly among older per-
sons,11 the role of oral anticoagulation in the 
management of subclinical atrial fibrillation is 
uncertain.12-15 Clinical practice guidelines and 
consensus statements have called for randomized 
trials to resolve this clinical question.12-15

Apixaban is a direct-acting oral anticoagulant 
that has an excellent risk–benefit profile for 
stroke prevention among patients with clinical 
atrial fibrillation.3,5 The Apixaban for the Reduc-
tion of Thrombo-Embolism in Patients with 
Device-Detected Subclinical Atrial Fibrillation 
(ARTESIA) trial was designed to determine wheth-
er apixaban would result in a lower risk of stroke 
or systemic embolism than aspirin, with an accept-
ably low risk of major bleeding, among patients 

with risk factors for stroke factors who also had 
subclinical atrial fibrillation detected by a pace-
maker, defibrillator, or implantable cardiac moni-
tor (ICM).

Me thods

Trial Oversight and Conduct

We conducted the trial at 247 clinical sites in 16 
European and North American countries. The trial 
protocol was approved by the ethics committee 
at each site and has been published previously16; 
it is also available with the full text of this article 
at NEJM.org. The trial was managed by the Popu-
lation Health Research Institute (PHRI) under the 
supervision of the first author and last author, 
who vouch for the completeness and accuracy of 
the data and for the fidelity of the trial to the pro-
tocol. All the patients provided written informed 
consent.

The trial was designed by the first four au-
thors and last author. The data were gathered by 
the trial investigators, and the analyses were per-
formed by the two senior statisticians. The first 
author drafted the first version of the manuscript. 
All the authors made the decision to submit the 
manuscript for publication. No writing assistance 
was provided by any of the trial funders. The legal 
sponsor of the trial, PHRI, had confidentiality 
agreements with all the authors not to disclose 
the trial results before presentation and publica-
tion of the data in November 2023. The Canadian 
Institutes of Health Research, a national peer-
reviewed granting agency, was a primary funder 
of the trial. The Bristol-Myers Squibb–Pfizer Alli-
ance provided the apixaban, aspirin, and match-
ing placebos and funding for the trial but did not 
have any role in data analysis or interpretation.

Trial Population

Eligible patients had subclinical atrial fibrillation 
that was detected by an implanted pacemaker, 
defibrillator, or cardiac monitor, with at least one 
episode lasting 6 minutes or longer but no epi-
sodes lasting longer than 24 hours. Eligible pa-
tients also had a CHA2DS2-VASc score of 3 or 
higher (scores range from 0 to 9, with higher 
scores indicating a higher risk of stroke). Protocol 
amendments raised the minimum age of partici-
pants to 55 years and allowed for the enrollment 
of patients who were 75 years of age or older or 
who had a history of stroke without other risk 
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factors. A total of seven patients younger than 
55 years of age were enrolled under earlier ver-
sions of the protocol and were included in the 
final analysis. Patients were excluded if they had 
a history of clinical atrial fibrillation, an ongo-
ing indication for oral anticoagulation, a history 
of uncorrected major bleeding in the previous 
6 months, or a creatinine clearance of less than 
25 ml per minute. The concurrent use of open-
label aspirin was allowed but discouraged, where-
as the use of open-label dual-antiplatelet therapy 
was prohibited.

Trial Interventions

Patients underwent randomization in a double-
blind, double-dummy fashion to receive either 
apixaban at a dose of 5 mg twice daily (reduced 
to 2.5 twice daily as indicated by product label-
ing3,13,14) or aspirin at a dose of 81 mg daily. If 
subclinical atrial fibrillation lasting more than 
24 hours or clinical atrial fibrillation developed, 
the apixaban or aspirin was stopped, follow-up 
was continued, and treatment with an open-label 
anticoagulant was initiated. The trial drug was 
also stopped as specified in the protocol if the 
creatinine clearance fell below 25 ml per minute, 
if the patient began taking a prohibited concomi-
tant medication, or if another indication for long-
term oral anticoagulant therapy developed.

Outcomes

The primary efficacy outcome, a composite of 
stroke and systemic embolism, was assessed in the 
intention-to-treat population (all the patients 
who had undergone randomization), with cen-
soring of follow-up once subclinical atrial fibril-
lation lasting more than 24 hours or clinical atrial 
fibrillation developed. The development of sub-
clinical atrial fibrillation lasting more than 24 
hours or clinical atrial fibrillation makes patients 
ineligible for the trial and can be viewed as a 
competing event. Censoring data from such pa-
tients in a Cox model is essentially equivalent to 
performing a cause-specific competing-risks anal-
ysis for our primary outcome of stroke or systemic 
embolism. Sensitivity analyses were performed 
in the on-treatment population (all the patients 
who had undergone randomization and received 
at least one dose of the assigned trial drug), with 
follow-up censored 5 days after permanent dis-
continuation of trial medication for any reason. 
Stroke severity was assessed with the use of the 

score on the modified Rankin scale at the next 
scheduled follow-up visit occurring after a stroke.

The primary safety outcome was major bleed-
ing, according to the definition of the Interna-
tional Society on Thrombosis and Haemostasis. 
In addition, the severity and clinical course of 
major bleeding were categorized according to 
methods described previously.17,18 The primary 
analysis of major bleeding involved the on-
treatment population.

Additional outcomes included cause-specific 
mortality, stroke subtype, and transient ischemic 
attack (TIA) with motor deficit, aphasia, or a du-
ration of more than 5 minutes.19 Stroke, systemic 
embolism, and major bleeding events were adju-
dicated by a committee of experts who were un-
aware of the trial-group assignments, using a 
streamlined process in which an event was con-
firmed if the initial adjudicator agreed with the 
assessment of the site investigator.

Statistical Analysis

We calculated that the enrollment of 4000 patients 
would provide the trial with a power of 80% to 
detect a relative reduction of 35% in the risk of 
stroke or systemic embolism in the apixaban 
group. These calculations assumed a risk of 
2.75% per patient-year in the control group, a 
crossover frequency of 8.5%, and the occurrence 
of 248 primary-outcome events in the two groups.

Formal interim analyses were completed after 
one third and two thirds of planned primary-
outcome events had occurred, and the data and 
safety monitoring committee recommended that 
the trial continue to completion. However, owing 
to slow enrollment and a lower-than-expected 
event rate, this goal was not achieved. Eventually, 
we could no longer resupply trial medication; 
therefore, without any knowledge of treatment 
effects, a decision was made to perform final 
trial follow-up visits, which were completed 
between May and August 2023.

We performed Kaplan-Meier analysis to com-
pare the rate of primary-outcome events in the 
two groups and used a Cox proportional-hazards 
model to investigate variable effects, with the 
trial group as a covariate and with stratification 
according to the presence or absence of two or 
more criteria for the lower dose of apixaban. All 
the analyses were conducted with the use of SAS 
software, version 9.4 or later. Additional details 
on the statistical methods are provided in the 
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Apixaban 
(N = 2015)

Aspirin 
(N = 1997)

Total 
(N = 4012)

Age — yr 76.9±7.6 76.7±7.7 76.8±7.6

Female sex — no. (%) 719 (35.7) 728 (36.5) 1447 (36.1)

CHA
2
DS

2
‑VASc score†

Mean 3.9±1.1 3.9±1.1 3.9±1.1

Score ≥4 — no. (%) 1220 (60.5) 1214 (60.8) 2434 (60.7)

History of hypertension — no. (%) 1643 (81.5) 1626 (81.4) 3269 (81.5)

History of coronary artery disease — no. (%) 731 (36.3) 754 (37.8) 1485 (37.0)

Peripheral arterial disease — no. (%) 168 (8.3) 166 (8.3) 334 (8.3)

Diabetes mellitus — no. (%) 583 (28.9) 584 (29.2) 1167 (29.1)

History of heart failure — no. (%) 550 (27.3) 587 (29.4) 1137 (28.3)

History of stroke, systemic embolism, or TIA — no. (%) 180 (8.9) 181 (9.1) 361 (9.0)

Race or ethnic group — no. (%)‡

White European 1897 (94.1) 1881 (94.2) 3778 (94.2)

Black African 42 (2.1) 46 (2.3) 88 (2.2)

Native Latin 8 (0.4) 12 (0.6) 20 (0.5)

South Asian 7 (0.3) 10 (0.5) 17 (0.4)

Native North American or Pacific Islander 10 (0.5) 4 (0.2) 14 (0.3)

Other 51 (2.5) 44 (2.2) 95 (2.4)

Baseline antiplatelet use — no. (%)

Aspirin 1165 (57.8) 1137 (56.9) 2302 (57.4)

Other single antiplatelet agent 77 (3.8) 81 (4.1) 158 (3.9)

Dual antiplatelet therapy 67 (3.3) 70 (3.5) 137 (3.4)

Creatinine clearance — ml/min 70.8±26.7 72.1±30.6 71.4±28.7

Weight — kg 82.5±18.3 82.9±18.1 82.7±18.2

History of major bleeding >6 mo before enrollment — no. (%) 50 (2.5) 47 (2.4) 97 (2.4)

Blood pressure — mm Hg

Systolic 135.0±18.9 135.0±18.7 135.0±18.8

Diastolic 75.4±10.4 75.5±10.4 75.5±10.4

Device type — no. (%)

Pacemaker 1414 (70.2) 1370 (68.6) 2784 (69.4)

ICD 270 (13.4) 284 (14.2) 554 (13.8)

CRT‑ICD or CRT pacemaker 228 (11.3) 237 (11.9) 465 (11.6)

ICM 103 (5.1) 106 (5.3) 209 (5.2)

No. of episodes of SCAF lasting ≥6 min during the 6 mo before  
randomization — no./total no. (%)

0 354/2014 (17.6) 356/1997 (17.8) 710/4011 (17.7)

1 to 5 1283/2014 (63.7) 1274/1997 (63.8) 2557/4011 (63.7)

6 to 50 334/2014 (16.6) 328/1997 (16.4) 662/4011 (16.5)

>50 43/2014 (2.1) 39/2014 (2.0) 82/2011 (4.1)
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statistical analysis plan (available with the pro-
tocol).

R esult s

Trial Patients

Between May 7, 2015, and July 30, 2021, a total 
of 4012 patients underwent randomization, 2015 
to the apixaban group and 1997 to the aspirin 
group (Fig. S1 in the Supplementary Appendix, 
available at NEJM.org). A total of 51 patients 
(26 in the apixaban group and 25 in the aspirin 
group) did not receive at least one dose of a trial 
medication. Apixaban or aspirin was permanently 
discontinued during follow-up owing to the de-
velopment of subclinical atrial fibrillation last-
ing more than 24 hours or clinical atrial fibril-
lation in 490 patients (24.3%) in the apixaban 
group and 476 patients (23.8%) in the aspirin 
group. The median time from randomization to 
discontinuation of a trial medication owing to 
the development of subclinical atrial fibrillation 
lasting more than 24 hours or clinical atrial fi-
brillation was 18.3 months (interquartile range, 
8.5 to 34.0). Trial medication was discontinued 
for other reasons in 687 patients (34.1%) in the 
apixaban group and 697 patients (34.9%) in the 
aspirin group.

During follow-up, death occurred in 457 pa-
tients (22.7%) in the apixaban group and in 438 
patients (21.9%) in the aspirin group. A total of 

61 patients in the apixaban group and 57 patients 
in the aspirin group were withdrawn or were lost 
to follow-up without a final visit. The remaining 
patients had a final visit. The mean (±SD) dura-
tion of follow-up was 3.5±1.8 years for the inten-
tion-to-treat analysis and 2.5±1.8 years for the 
on-treatment analysis.

The baseline characteristics of the patients are 
shown in Table 1. The mean age was 76.8±7.6 
years, and 36.1% were women. The characteris-
tics of the patients enrolled in this trial are 
generally representative of patients with subclini-
cal atrial fibrillation, except that the patients in 
this trial were slightly less likely to have a his-
tory of stroke or transient ischemic attack and 
there was a lower proportion of women (Table 
S1).9 The mean CHA2DS2-VASc score was 3.9±1.1, 
and the median duration of the longest episode 
of subclinical atrial fibrillation in the 6 months 
before trial enrollment was 1.47 hours (inter-
quartile range, 0.20 to 4.95). Open-label aspirin 
was used by 57.4% of the patients before ran-
domization, and other single antiplatelet agents 
were used by 3.9%. Among the patients who had 
undergone randomization, 9.4% had indications 
for the lower dose of apixaban.

Intention-to-Treat Analysis

Stroke or systemic embolism (primary efficacy 
outcome) occurred in 55 patients assigned to 
receive apixaban (0.78% per patient-year) and 86 

Characteristic
Apixaban 
(N = 2015)

Aspirin 
(N = 1997)

Total 
(N = 4012)

Longest episode of SCAF in past 6 mo — no./total no. (%)

No episodes 317/2012 (15.8) 315/1995 (15.8) 632/4007 (15.8)

<6 Min 42/2012 (2.1) 43/1995 (2.2) 85/4007 (2.1)

6 Min to <1 hr 535/2012 (26.6) 497/1995 (24.9) 1032/4007 (25.8)

1 to <6 Hr 681/2012 (33.8) 743/1995 (37.2) 1424/4007 (35.5)

6 to <12 Hr 287/2012 (14.3) 264/1995 (13.2) 551/4007 (13.8)

12 to 24 Hr 150/2012 (7.5) 133/1995 (6.7) 283/4007 (7.1)

*  Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. CRT denotes cardiac resynchronization therapy, 
ICD implantable cardioverter–defibrillator, ICM insertable cardiac monitor, SCAF subclinical atrial fibrillation, and TIA transient ischemic  
attack.

†  CHA
2
DS

2
‑VASc scores (an assessment of the risk of stroke among patients with atrial fibrillation) range from 0 to 9, with higher scores indi‑

cating a higher risk of stroke.
‡  Race and ethnic group were reported by the patient.

Table 1. (Continued.)
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patients assigned to receive aspirin (1.24% per 
patient-year) (hazard ratio, 0.63; 95% confidence 
interval [CI], 0.45 to 0.88; P = 0.007). Similar 
between-group differences were observed in 
ischemic stroke (including stroke of unknown 
cause) (hazard ratio, 0.62; 95% CI, 0.43 to 0.91) 
and in stroke from any cause (hazard ratio, 0.64; 
95% CI, 0.46 to 0.90) (Fig. 1 and Table 2). The 
median time to assessment on the modified 
Rankin scale was 92 days (interquartile range, 
17 to 184) for apixaban and 45.5 days (interquar-
tile range, 12 to 139) for aspirin. Stroke severity 
was assessed as being disabling or fatal (score 
on the modified Rankin scale, 3 to 6) in 18 of 
55 strokes (33%) in the apixaban group and in 
36 of 84 strokes (43%) in the aspirin group. The 
risk of disabling or fatal stroke was lower by 49% 
with apixaban than with aspirin (hazard ratio, 
0.51; 95% CI, 0.29 to 0.88). Deaths were similar 
in number between the two groups. Major bleed-
ing in the intention-to-treat population occurred 
more often with apixaban than with aspirin 
(Table 2).

The risk of the composite of stroke, systemic 
embolism, or death from cardiovascular causes 
was similar for patients assigned to receive apixa-
ban and those assigned to receive aspirin. An in-
tention-to-treat analysis that did not censor data 
for patients after the development of subclinical 

atrial fibrillation lasting longer than 24 hours or 
clinical atrial fibrillation showed results similar to 
those of the primary analysis (Table S2). No sig-
nificant subgroup interactions were seen for any 
of the prespecified subgroups of interest.16

On-Treatment Analysis

The risk of major bleeding was 1.71% per patient-
year with apixaban and 0.94% per patient-year 
with aspirin (hazard ratio, 1.80; 95% CI, 1.26 to 
2.57; P = 0.001) (Table 3). Table 4 shows classifi-
cation of major bleeding according to severity of 
clinical presentation and clinical course with the 
use of previously reported criteria.17,18 Clinical 
presentation with hemodynamic instability was 
uncommon, and most bleeding events respond-
ed to supportive care, which could include red-
cell transfusion. Fatal bleeding occurred in 5 pa-
tients with apixaban and 8 patients with aspirin. 
Symptomatic intracranial hemorrhage occurred 
in 12 patients with apixaban and 15 patients with 
aspirin. In the on-treatment analysis, the risk of 
stroke or systemic embolism was 0.71% per pa-
tient-year with apixaban and 1.29% per patient-
year with aspirin (hazard ratio, 0.55; 95% CI, 
0.37 to 0.83; P = 0.004). Additional on-treatment 
analyses were performed, with adjustment for 
baseline between-group differences among the 
patients who did receive at least one dose of a 
trial drug, and the findings did not affect the 
overall results.

Discussion

The ARTESIA trial showed that among patients 
with episodes of subclinical atrial fibrillation 
and risk factors for stroke, the risk of stroke or 
systemic embolism was lower by 37% (95% CI, 
12 to 55) with apixaban than with aspirin, and 
the risk of disabling or fatal stroke was lower by 
49% (95% CI, 12 to 71). These findings are sup-
ported by the intention-to-treat analysis, in which 
data were not censored after the development of 
subclinical atrial fibrillation lasting more than 
24 hours or clinical atrial fibrillation, and by the 
on-treatment analysis. The data make a strong 
case that apixaban prevents stroke in this popu-
lation, given the high rate of trial-drug discon-
tinuation in this trial. The risk of major bleeding 
in the on-treatment analysis was increased by a 
factor of 1.8 (range, 1.3 to 2.6) in the apixaban 
group as compared with the aspirin group.

Figure 1. Stroke or Systemic Embolism (Primary Efficacy Outcome).
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We previously reported that among older pa-
tients with pacemakers, hypertension, and a mean 
CHADS2 score of 2, the presence of subclinical 
atrial fibrillation increased the risk of ischemic 
stroke or systemic embolism by a factor of 2.49 
(95% CI, 1.28 to 4.85).9 In that study, the risk of 
ischemic stroke or systemic embolism increased 
from 0.69% per patient-year among patients with-
out subclinical atrial fibrillation to 1.69% per 
patient-year among those with subclinical atrial 
fibrillation. In the AVERROES trial, which involved 
patients with clinical atrial fibrillation and a mean 
CHADS2 score of 2 who were receiving aspirin, 
we reported that the rate of stroke or systemic 

embolism was 3.7% per patient-year.3 Thus, sub-
clinical atrial fibrillation does not appear to in-
crease the risk of stroke or systemic embolism 
to the same extent as clinical atrial fibrillation. 
The risk of stroke or systemic embolism in the 
aspirin group of the present trial was 1.24% per 
patient-year, which is substantially less than the 
expected risk with clinical atrial fibrillation. 
However, this finding should not lead to com-
placency, because 37 of the 82 strokes (45%) with 
available data for scores on the modified Rankin 
scale in the aspirin group resulted in permanent 
disability or death.

In considering the clinical benefit of apixaban 

Table 2. Clinical Outcomes (Intention-to-Treat Population).*

Outcome
Apixaban 
(N = 2015)

Aspirin 
(N = 1997)

Hazard Ratio 
(95% CI) P Value

no. of patients 
with event %/patient-yr

no. of patients 
with event %/patient-yr

Stroke or systemic embolism 55 0.78 86 1.24 0.63 (0.45–0.88) 0.007

Stroke 55 0.78 84 1.21 0.64 (0.46–0.90)

Ischemic or unknown type† 45 0.64 71 1.02 0.62 (0.43–0.91)

Hemorrhagic 10 0.14 13 0.18 0.76 (0.33–1.73)

Severity according to score on 
modified Rankin scale‡

0–2 31 0.44 45 0.65 0.68 (0.43–1.07)

3–6 19 0.27 37 0.53 0.51 (0.29–0.88)

Missing data 5 0.07 2 0.03 2.48 (0.48–12.80)

Systemic embolism 0 2 0.03 NA

Stroke, TIA, or systemic embolism§ 82 1.17 107 1.56 0.75 (0.56–1.00)

Stroke, systemic embolism, or death from 
cardiovascular causes

148 2.10 171 2.47 0.85 (0.68–1.06)

Stroke, myocardial infarction, systemic 
embolism, or death

419 6.01 418 6.10 0.98 (0.86–1.12)

Myocardial infarction 37 0.52 41 0.59 0.89 (0.57–1.40)

Death 362 5.06 341 4.82 1.04 (0.90–1.21)

Death from cardiovascular causes 105 1.47 108 1.53 0.96 (0.73–1.25)

Major bleeding¶ 106 1.53 78 1.12 1.36 (1.01–1.82) 0.04

Fatal bleeding 10 0.14 14 0.20 0.70 (0.31–1.57)

Symptomatic intracranial hemorrhage 17 0.24 23 0.33 0.73 (0.39–1.36)

Gastrointestinal bleeding 55 0.78 31 0.44 1.76 (1.13–2.74)

Transfusion performed 35 0.49 31 0.44 1.11 (0.68–1.80)

*  Shown are data for the intention‑to‑treat population (all the patients who had undergone randomization), with censoring for the develop‑
ment of subclinical atrial fibrillation lasting more than 24 hours or clinical atrial fibrillation.

†  Data include TIA with positive imaging.
‡  Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating greater disability.
§  Data include TIA with motor deficit, aphasia, or a duration of more than 5 minutes.
¶  Major bleeding was assessed according to the definition of the International Society on Thrombosis and Haemostasis (ISTH).
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therapy in patients with subclinical atrial fibrilla-
tion, one needs to assess both the benefits and 
risks. Simply counting strokes as compared with 
bleeding events might suggest a neutral overall 
effect. With apixaban as compared with aspirin, 
31 fewer cases of stroke or systemic embolism 
were seen in the intention-to-treat analysis, as 
compared with 39 more major bleeding events in 
the on-treatment analysis. However, strokes involve 
permanent loss of brain tissue, whereas major 
bleeding is usually reversible, with most patients 
having complete recovery.17,18 In the ARTESIA trial, 
apixaban did not results in substantially higher 

rates of transfusion, fatal bleeding, hemorrhagic 
stroke, or other intracranial hemorrhage than aspi-
rin. In addition, although 45% of strokes among 
patients assigned to receive aspirin resulted in 
death or clinically significant long-term disabil-
ity, nearly 90% of all major bleeding events in 
patients who received apixaban were managed 
with nonprocedural measures only (including 
blood transfusion). Only 17 of 93 episodes of 
major bleeding (18%) in patients assigned to 
receive apixaban had clinical presentation with 
hemodynamic instability or neurologic symptoms 
(13 such episodes were noted with aspirin). Simi-

Table 3. Clinical Outcomes (On-Treatment Population).*

Outcome
Apixaban 
(N = 1989)

Aspirin 
(N = 1972)

Hazard Ratio 
(95% CI) P Value

no. of patients 
with event %/patient-yr

no. of patients 
with event %/patient-yr

Stroke or systemic embolism 36 0.71 65 1.29 0.55 (0.37–0.83) 0.004

Stroke 36† 0.71 63 1.25 0.57 (0.38–0.85)

Ischemic or unknown type 29 0.57 53 1.05 0.54 (0.35–0.86)

Hemorrhagic 8 0.16 10 0.20 0.78 (0.31–1.98)

Severity according to score on 
modified Rankin scale

0–2 22 0.43 32 0.64 0.69 (0.40–1.18)

3–6 11 0.22 29 0.58 0.37 (0.19–0.75)

Missing data 3 0.06 2 0.04 1.43 (0.24–8.58)

Systemic embolism 0 2 0.04 NA

Stroke, TIA, or systemic embolism‡ 53 1.04 86 1.71 0.61 (0.43–0.86)

Stroke, systemic embolism, or death 
from cardiovascular 
causes

76 1.50 94 1.87 0.80 (0.59–1.09)

Stroke, myocardial infarction, systemic 
embolism, or death

193 3.81 206 4.11 0.92 (0.75–1.12)

Myocardial infarction 27 0.53 33 0.66 0.81 (0.49–1.35)

Death 139 2.73 122 2.42 1.11 (0.87–1.42)

Death from cardiovascular causes 42 0.83 37 0.73 1.13 (0.72–1.75)

Major bleeding§ 86 1.71 47 0.94 1.80 (1.26–2.57) 0.001

Fatal bleeding 5 0.10 8 0.16 0.63 (0.20–1.91)

Symptomatic intracranial hemorrhage 12 0.24 15 0.30 0.77 (0.36–1.64)

Gastrointestinal bleeding 45 0.89 20 0.40 2.23 (1.32–3.78)

Transfusion performed 26 0.51 18 0.36 1.43 (0.78–2.61)

*  Shown are data for the on‑treatment population (all the patients who had undergone randomization and received at least one dose of the 
assigned trial drug), with follow‑up censored 5 days after permanent discontinuation of trial medication for any reason.

†  One patient in the apixaban group had both an ischemic stroke and a hemorrhagic stroke. This patient was counted once for the overall cat‑
egory of stroke.

‡  Data include TIA with motor deficit, aphasia, or a duration of more than 5 minutes.
§  Major bleeding was assessed according to the definition of the ISTH.
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larly, only 9 of 93 patients (10%) with bleeding 
during apixaban therapy required immediate 
measures to avoid death or died from bleeding 
(4 such patients were receiving aspirin). Thus, on 
the basis of the considerably greater severity of 
the stroke events prevented than the bleeding 
events caused, we believe that these findings favor 
consideration of the use of oral anticoagulation 
for patients with risk factors for stroke in whom 
subclinical atrial fibrillation develops.

The results of the ARTESIA trial need to be 
placed in the context of the NOAH-AFNET 6 
(Non–Vitamin K Antagonist Oral Anticoagulants 
in Patients with Atrial High Rate Episodes) trial, 
which was prematurely terminated for futility. 
This trial enrolled 2538 patients whose baseline 
characteristics were similar to those of patients 
enrolled in the ARTESIA trial, with atrial high-
rate episodes (another term for subclinical atrial 
fibrillation) lasting 6 minutes or more and at 
least one additional CHA2DS2-VASc risk factor 
for stroke.20 Patients were randomly assigned to 
receive edoxaban or placebo, and many patients 
in the control group received aspirin. The inves-
tigators found no significant between-group dif-
ference in the incidence of a composite of stroke, 
systemic embolism, or death from cardiovascu-
lar causes (primary efficacy outcome) or in the 
incidence of stroke. The analysis of stroke was 
underpowered because there were only 49 ischemic 
strokes in total in the two groups, less than half 
the number in the ARTESIA trial. The investiga-
tors reported a possible benefit with respect to a 
composite of ischemic stroke or systemic embo-
lism, but this finding was difficult to interpret 
because reported systemic embolism events in-
cluded myocardial infarction and pulmonary 
embolism. The conclusions of the NOAH-AFNET 
6 trial were that edoxaban, as compared with 
placebo, did not provide a benefit with respect to 
the primary efficacy outcome and was associat-
ed with a higher incidence of a composite of death 
or major bleeding.

The difference in the conclusions of the two 
trials can be explained as follows. First, the NOAH-
AFNET 6 trial was stopped early, had relatively 
few stroke events, and was thus underpowered. 
Second, the primary efficacy outcome of the 
NOAH-AFNET 6 trial included death from car-
diovascular causes. Because deaths in this popu-
lation of patients are rarely due to stroke and are 
commonly due to underlying cardiovascular dis-

ease and old age,3,9 adding death from cardiovas-
cular causes to the primary outcome dilutes any 
potential signal related to stroke reduction. Third, 
the control group in the NOAH-AFNET 6 trial was 
assigned to received placebo (and many received 
aspirin), whereas all the patients in the control 
group in the ARTESIA trial were assigned to re-
ceive aspirin. Aspirin is effective for stroke pre-
vention in patients with previous stroke, but 
whether it reduces the risk of stroke among pa-
tients with atrial fibrillation is controversial.4 The 
use of aspirin in the control group in the ARTESIA 
trial probably had little effect on the signal for 
reduction in stroke but almost certainly mitigated 
the signal for harm, because aspirin is known to 
increase bleeding. However, the difference in the 
control groups of the two trials does not explain 
the fact that the ARTESIA trial showed a signifi-
cant reduction in stroke and the NOAH-AFNET 6 
trial did not.

Although the results of the ARTESIA trial are 
directly relevant to patients with implanted cardiac 
electronic devices, one might consider broader 
implications given the proliferation of implanted 
and wearable cardiac monitors as well as direct-
to-consumer devices used to screen for atrial fi-
brillation.21-23 Although it was initially contem-
plated that the high prevalence of subclinical 
atrial fibrillation was confined to patients with 

Table 4. Clinical Presentation and Management of Major Bleeding.*

Variable Apixaban Aspirin

No. of major bleeding events 93 49

Clinical presentation — no. (%)

1: Without emergency 11 (12) 6 (12)

2: Need for some measures 57 (61) 27 (55)

3: Hemodynamic instability or neurologic symp‑
toms

17 (18) 13 (27)

4: Fatal 2 (2) 2 (4)

Missing data 6 (6) 1 (2)

Clinical course — no. (%)

1: Conservative measures 21 (23) 16 (33)

2: Supportive care, transfusion 54 (58) 22 (45)

3: Immediate measures needed to avoid death 9 (10) 4 (8)

4: Death unavoidable 3 (3) 6 (12)

Missing data 6 (6) 1 (2)

*  Categorization is based on classification of bleeding used in previous publica‑
tions.17,18 Percentages may not total 100 because of rounding.



n engl j med   nejm.org 10

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

pacemakers, subsequent studies involving ICMs 
showed subclinical atrial fibrillation in many older 
patients without pacemakers.24 Some of these pa-
tients may also have risk factors for stroke that 
are similar to those of the patients in the ARTESIA 
trial.24-28 However, the results of the ARTESIA 
trial apply directly only to patients who are al-
ready at increased risk for stroke in whom sub-
clinical atrial fibrillation is detected by an im-
planted device.

In this trial involving patients with risk fac-
tors for stroke who were found to have subclinical 
atrial fibrillation, apixaban resulted in a lower 
risk of stroke or systemic embolism than aspi-

rin. This effect included a substantial between-
group difference in disabling or fatal stroke. The 
risk of major bleeding was higher with apixaban 
than with aspirin; most cases responded readily 
to supportive care.

Supported by grants from the Canadian Institutes of Health 
Research (201610PTJ-378238), the Bristol-Myers Squibb–Pfizer 
Alliance, the Heart and Stroke Foundation of Canada, the 
Canadian Stroke Prevention Intervention Network, Hamilton 
Health Sciences, the Accelerating Clinical Trials Network, the 
Population Health Research Institute, and Medtronic.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

Appendix
The authors’ full names and academic degrees are as follows: Jeff S. Healey, M.D., Renato D. Lopes, M.D., Ph.D., Christopher B. 
Granger, M.D., Marco Alings, M.D., Ph.D., Lena Rivard, M.D., William F. McIntyre, M.D., Ph.D., Dan Atar, M.D., David H. Birnie, 
M.D., Giuseppe Boriani, M.D., Ph.D., A. John Camm, M.D., David Conen, M.D., M.P.H., Julia W. Erath, M.D., Michael R. Gold, M.D., 
Ph.D., Stefan H. Hohnloser, M.D., John Ip, M.D., Josef Kautzner, M.D., Ph.D., Valentina Kutyifa, M.D., Ph.D., Cecilia Linde, M.D., 
Philippe Mabo, M.D., Georges Mairesse, M.D., Juan Benezet Mazuecos, M.D., Ph.D., Jens Cosedis Nielsen, M.D., Ph.D., Francois 
Philippon, M.D., Marco Proietti, M.D., Ph.D., Christian Sticherling, M.D., Jorge A. Wong, M.D., M.P.H., David J. Wright, M.D., Igna-
tius G. Zarraga, M.D., Shelagh B. Coutts, M.B., Ch.B., M.D., Andrew Kaplan, M.D., Marta Pombo, M.D., Ph.D., Felix Ayala-Paredes, 
M.D., Ph.D., Lizhen Xu, Ph.D., Kim Simek, B.Sc., Sandra Nevills, Rajibul Mian, Ph.D., and Stuart J. Connolly, M.D.

The authors’ affiliations are as follows: the Population Health Research Institute, McMaster University, Hamilton, ON (J.S.H., 
W.F.M., D.C., J.A.W., L.X., K.S., S.N., R.M., S.J.C.), the Montreal Heart Institute, University of Montreal, Montreal (L.R.), the Univer-
sity of Ottawa Heart Institute, Ottawa (D.H.B.), Institut Universitaire de Cardiologie et de Pneumologie de Québec, Laval University, 
Quebec, QC (F.P.), the Department of Clinical Neurosciences, Radiology, and Community Health Sciences, Hotchkiss Brain Institute, 
University of Calgary, Calgary, AB (S.B.C.), and the Université de Sherbrooke, Sherbrooke, QC (F.A.-P.) — all in Canada; the Duke 
Clinical Research Institute, Duke University, Durham, NC (R.D.L., C.B.G.); Amphia Ziekenhuis, Breda, the Netherlands (M.A.); Oslo 
University Hospital and the University of Oslo, Oslo (D.A.); the University of Modena and Reggio Emilia, Modena (G.B.), and the De-
partment of Clinical Sciences and Community Health, University of Milan, and the Division of Subacute Care, IRCCS Istituti Clinici 
Scientifici Maugeri, Milan (M. Proietti) — all in Italy; St. George’s, University of London, London (A.J.C.), and Liverpool Heart and Chest 
Hospital, Liverpool (D.J.W.) — both in the United Kingdom; J.W. Goethe University, University Hospital Department of Cardiology, Frank-
furt, Germany (J.W.E., S.H.H.); the Medical University of South Carolina, Charleston (M.R.G.); Michigan State University, Lansing (J.I.); 
the Institute for Clinical and Experimental Medicine, Prague, Czech Republic (J.K.); the University of Rochester, Rochester, NY (V.K.); 
Semmelweis University, Budapest, Hungary (V.K.); Karolinska Institutet and the Heart, Vascular, and Neurology Theme, Karolinska Uni-
versity Hospital, Stockholm (C.L.); the University of Rennes, Rennes, France (P.M.); Cliniques du Sud-Luxembourg, Arlon, Belgium (G.M.); 
Hospital Universitario La Luz, Madrid (J.B.M.), and Hospital Costa del Sol, Marbella (M. Pombo) — both in Spain; Aarhus University 
Hospital and Aarhus University, Aarhus, Denmark (J.C.N.); University Hospital Basel, University of Basel, Basel, Switzerland (C.S.); the 
Veterans Affairs Portland Health Care System, Portland, OR (I.G.Z.); and Abrazo Arrowhead Hospital, Glendale, AZ (A.K.).

References
1. Wolf PA, Abbott RD, Kannel WB. 
Atrial fibrillation as an independent risk 
factor for stroke: the Framingham Study. 
Stroke 1991; 22: 983-8.
2. Lip GYH, Nieuwlaat R, Pisters R, Lane 
DA, Crijns HJGM. Refining clinical risk 
stratification for predicting stroke and 
thromboembolism in atrial fibrillation 
using a novel risk factor-based approach: 
the Euro Heart survey on atrial fibrilla-
tion. Chest 2010; 137: 263-72.
3. Connolly SJ, Eikelboom J, Joyner C, et 
al. Apixaban in patients with atrial fibril-
lation. N Engl J Med 2011; 364: 806-17.
4. Hart RG, Pearce LA, Aguilar MI. Me-
ta-analysis: antithrombotic therapy to 
prevent stroke in patients who have non-
valvular atrial fibrillation. Ann Intern 
Med 2007; 146: 857-67.

5. Ruff CT, Giugliano RP, Braunwald E, 
et al. Comparison of the efficacy and 
safety of new oral anticoagulants with 
warfarin in patients with atrial fibrilla-
tion: a meta-analysis of randomised tri-
als. Lancet 2014; 383: 955-62.
6. Hess PL, Healey JS, Granger CB, et al. 
The role of cardiovascular implantable 
electronic devices in the detection and 
treatment of subclinical atrial fibrillation: 
a review. JAMA Cardiol 2017; 2: 324-31.
7. Glotzer TV, Hellkamp AS, Zimmer-
man J, et al. Atrial high rate episodes de-
tected by pacemaker diagnostics predict 
death and stroke: report of the Atrial Di-
agnostics Ancillary Study of the MOde 
Selection Trial (MOST). Circulation 2003; 
107: 1614-9.
8. Glotzer TV, Daoud EG, Wyse DG, et 

al. The relationship between daily atrial 
tachyarrhythmia burden from implant-
able device diagnostics and stroke risk: 
the TRENDS study. Circ Arrhythm Elec-
trophysiol 2009; 2: 474-80.
9. Healey JS, Connolly SJ, Gold MR, et al. 
Subclinical atrial fibrillation and the risk 
of stroke. N Engl J Med 2012; 366: 120-9.
10. Gage BF, Waterman AD, Shannon W, 
Boechler M, Rich MW, Radford MJ. Vali-
dation of clinical classification schemes 
for predicting stroke: results from the Na-
tional Registry of Atrial Fibrillation. 
JAMA 2001; 285: 2864-70.
11. Ng KH, Shestakovska O, Connolly SJ, 
et al. Efficacy and safety of apixaban com-
pared with aspirin in the elderly: a sub-
group analysis from the AVERROES trial. 
Age Ageing 2016; 45: 77-83.



n engl j med   nejm.org 11

Apixaban for Stroke Prevention in Subclinical AF

12. Gorenek B, Bax J, Boriani G, et al. 
Device-detected subclinical atrial tachyar-
rhythmias: definition, implications and 
management — an European Heart 
Rhythm Association (EHRA) consensus 
document, endorsed by Heart Rhythm So-
ciety (HRS), Asia Pacific Heart Rhythm 
Society (APHRS) and Sociedad Latino-
americana de Estimulación Cardíaca y 
Electrofisiología (SOLEACE). Europace 
2017; 19: 1556-78.
13. Kirchhof P, Benussi S, Kotecha D, et 
al. 2016 ESC Guidelines for the manage-
ment of atrial fibrillation developed in col-
laboration with EACTS. Eur Heart J 2016; 
37: 2893-962.
14. Andrade JG, Verma A, Mitchell LB, et 
al. 2018 Focused update of the Canadian 
Cardiovascular Society guidelines for the 
management of atrial fibrillation. Can J 
Cardiol 2018; 34: 1371-92.
15. Camm AJ, Simantirakis E, Goette A, 
et al. Atrial high-rate episodes and stroke 
prevention. Europace 2017; 19: 169-79.
16. Lopes RD, Alings M, Connolly SJ, et 
al. Rationale and design of the Apixaban 
for the Reduction of Thrombo-Embolism 
in Patients With Device-Detected Sub-Clini-
cal Atrial Fibrillation (ARTESiA) trial. Am 
Heart J 2017; 189: 137-45.
17. Bleker SM, Brekelmans MPA, Eeren-

berg ES, et al. Clinical impact of major 
bleeding in patients with venous throm-
boembolism treated with factor Xa inhibi-
tors or vitamin K antagonists. Thromb 
Haemost 2017; 117: 1944-51.
18. Raskob GE, Büller HR, Segers A. 
Edoxaban for cancer-associated venous 
thromboembolism. N Engl J Med 2018; 
379: 95-6.
19. Perry JJ, Sivilotti MLA, Émond M, et 
al. Prospective validation of Canadian TIA 
Score and comparison with ABCD2 and 
ABCD2i for subsequent stroke risk after 
transient ischaemic attack: multicentre 
prospective cohort study. BMJ 2021; 372: 
n49.
20. Kirchhof P, Toennis T, Goette A, et al. 
Anticoagulation with edoxaban in patients 
with atrial high-rate episodes. N Engl J 
Med 2023; 389: 1167-79.
21. Ben Freedman S, Lowres N. Asymp-
tomatic atrial fibrillation: the case for 
screening to prevent stroke. JAMA 2015; 
314: 1911-2.
22. Freedman B, Camm J, Calkins H, et 
al. Screening for atrial fibrillation: a re-
port of the AF-SCREEN International 
Collaboration. Circulation 2017; 135: 1851-
67.
23. Brandes A, Stavrakis S, Freedman B, 
et al. Consumer-led screening for atrial 

fibrillation: frontier review of the  
AF-SCREEN International Collaboration. 
Circulation 2022; 146: 1461-74.
24. Healey JS, Alings M, Ha A, et al. Sub-
clinical atrial fibrillation in older pa-
tients. Circulation 2017; 136: 1276-83.
25. McIntyre WF, Yong JHE, Sandhu RK, 
et al. Prevalence of undiagnosed atrial fi-
brillation in elderly individuals and po-
tential cost-effectiveness of non-invasive 
ambulatory electrocardiographic screen-
ing: the ASSERT-III study. J Electrocardiol 
2020; 58: 56-60.
26. Reiffel JA, Verma A, Kowey PR, et al. 
Incidence of previously undiagnosed atri-
al fibrillation using insertable cardiac 
monitors in a high-risk population: the 
REVEAL AF study. JAMA Cardiol 2017; 2: 
1120-7.
27. Diederichsen SZ, Haugan KJ, Brandes 
A, et al. Incidence and predictors of atrial 
fibrillation episodes as detected by im-
plantable loop recorder in patients at risk: 
from the LOOP study. Am Heart J 2020; 
219: 117-27.
28. Diederichsen SZ, Haugan KJ, Brandes 
A, et al. Natural history of subclini-
cal atrial fibrillation detected by implant-
ed loop recorders. J Am Coll Cardiol 2019; 
74: 2771-81.
Copyright © 2023 Massachusetts Medical Society.


