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Abstract Atrial high-rate episodes (AHRE) are atrial tachyarrhythmias detected by continuous rhythm monitoring by pacemakers, 
defibrillators, or implantable cardiac monitors. Atrial high-rate episodes occur in 10–30% of elderly patients without atrial 
fibrillation. However, it remains unclear whether the presence of these arrhythmias has therapeutic consequences. The 
presence of AHRE increases the risk of stroke compared with patients without AHRE. Oral anticoagulation would have 
the potential to reduce the risk of stroke in patients with AHRE but is also associated with a rate of major bleeding of 
∼2%/year. The stroke rate in patients with AHRE appears to be lower than the stroke rate in patients with atrial fibrillation. 
Wearables like smart-watches will increase the absolute number of patients in whom atrial arrhythmias are detected. It re-
mains unclear whether anticoagulation is effective and, equally important, safe in patients with AHRE. Two randomized clin-
ical trials, NOAH-AFNET6 and ARTESiA, are expected to report soon. They will provide much-needed information on the 
efficacy and safety of oral anticoagulation in patients with AHRE.
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Introduction
Atrial fibrillation (AF) often remains undiagnosed until a first stroke 
occurs, especially in elderly populations with comorbidities.1–4 Early 
detection of AF and subsequent initiation of oral anticoagulation has 
the potential to reduce these arrhythmia-related strokes.5 On the 
other hand, the effectiveness of oral anticoagulation has been shown 
in patients with electrocardiogram (ECG)-documented AF,5,6 leaving 
the effectiveness and safety of oral anticoagulation in patients with at-
rial arrhythmias detected by systematic rhythm monitoring an evi-
dence gap.5 This evidence gap will require addressing due to the 
growing availability of consumer electronics and wearables capable 
of recording and analysing the cardiac rhythm.7,8 To assess the effect-
iveness of modern oral anticoagulation in the context of systematic 
screening, several clinical trials pairing systematic ECG screening for 
AF with the initiation of oral anticoagulation in high-risk patient 
groups, e.g. stroke survivors, and in elderly populations have recently 
been completed, with some signals for effectiveness and some neutral 
outcomes.2,9,10 One of the reasons for these more ambiguous out-
comes could be that a reduced arrhythmia burden carries a lower 
risk of stroke.8,11

An almost ideal population to evaluate the role of infrequent atrial 
arrhythmias for outcomes in elderly populations are patients with im-
planted pacemakers, defibrillators, or loop recorders. These devices 
can reliably capture and quantity atrial high-rate episodes (‘AHRE’), 
the biological equivalents of short and rare bouts of AF. Atrial high-rate 
episodes are associated with an increased thrombo-embolic risk, even 
though it is lower than that of clinical AF.12 The thrombo-embolic risk 
appears to be influenced by the duration and frequency of AHRE epi-
sodes and by the number and severity of comorbidities.13 Other re-
search has provided a more detailed picture of the proportion of 
patients with AHRE in elderly cohorts of patients with cardiovascular 
conditions. This review summarizes the current knowledge of stroke 
risk.

Definition and prevalence of atrial 
high-rate episodes/sub-clinical 
atrial fibrillation and atrial 
fibrillation and effects of associated 
conditions on prevalence
While the terms AHRE and sub-clinical atrial fibrillation (SCAF) have been 
used with slightly different meanings, they refer essentially to the same ob-
servations, relatively rare and short bouts of atrial arrhythmias that resem-
ble short episodes of AF recorded on intracardiac or subcutaneous 
electrograms in patients without clinically diagnosed AF. These arrhythmias 
can reliably be detected with long-term continuous cardiac monitoring by 
implanted devices, provided that each episode lasts a few minutes (Figure 1). 
Intermittent monitoring will only record a small fraction of these episodes, 
resulting in populations enriched for patients with frequent and long AHRE. 
For this review, we consider ‘patients with AHRE’ as patients with AHRE, 
but without ECG-diagnosed AF, thereby focusing on the population in 
whom the best treatment for stroke prevention is not yet established.5

The detection of atrial high-rate episodes 
depends on the duration of monitoring and 
on age and comorbidities
The prevalence of AHRE highly differs among published trials and is in-
fluenced by age, comorbidities, and the detection threshold pro-
grammed by the device14 and, in case of wearables, the detection 
algorithm. Overall, continuous monitoring identifies AHRE in 25–30% 
of elderly patient populations.15 The ASSERT trial defined AHRE 
(termed ‘SCAF’ by the authors) as an atrial rate >190 b.p.m. exceeding 
6 min and found these in 251 out of 2580 (10.1%) pacemaker patients 
without a history of AF during a screening period of 3 months. The 
presence of AHRE was associated with an increased future risk of 
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clinical AF [hazard ratio (HR) 5.56, 95% confidence interval (CI) 3.78– 
8.17; P < 0.001] and ischaemic stroke or systemic embolism (SE) (HR 
2.49, 95% CI 1.28–4.85; P = 0.007) during a mean follow-up of 2.5 
years.16

The ASSERT II trial included patients without an implanted pacemaker or 
defibrillator aged ≥65 years without a history of AF and a CHA2DS2-VASc 
score ≥2.17 For the detection of SCAF (defined by a duration of ≥5 min), an 
implantable cardiac monitor (ICM) was used. Sub-clinical atrial fibrillation 

was found in 34.4% (90 out of 256) patients during a follow-up of 16.3 ±  
3.8 months. This rate increased to 51.9% per year in patients with a left atrial 
volume above the median value of 73.5 mL.

In the Implantable Loop Recorder to prevent Stroke in High-risk 
Individuals (LOOP) study, 6004 patients aged 70–90 years (mean age 
74.7 ± 4.1 years) with at least one additional stroke risk factor (arterial 
hypertension, diabetes, stroke, and heart failure) were 1:3 randomized 
to ICM monitoring or standard of care.10 During more than 5 years of 
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Figure 1 Atrial high-rate episode detected by a dual-chamber pacemaker and the corresponding intracavitary electrogram. (A) Electrogram of a dual- 
chamber pacemaker (Abbott). AF, atrial fibrillation; AMS, atrial mode switch episode; AR, atrial signal in the refractory period; AS, atrial sensing; AT, 
atrial tachycardias; VS, ventricular sensing; VPP, ventricular backup pacing. (B) Electrogram and plot of a dual-chamber pacemaker (Medtronic).
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follow-up, detection rates were remarkably high both in the interven-
tion (32%) and in the control group (12%).

A recent systematic review and meta-analysis found a point estimate 
of 17.56 AHRE cases per 100 person-years (95% CI 8.61–35.79; n =  
4322).18 If studies including a subgroup of patients (<50%) with a his-
tory of AF were taken into account as well, the pooled prevalence of 
asymptomatic mode switch episodes increased to even 28.1% (95% 
CI 24.3–32.1%; n = 72 784 patients).19

The detection rates of AF in short-term or intermittent monitoring 
are as expected much lower than in implanted devices. It detects atrial 
arrhythmias in 1–10% of populations. Healthcare professional-led ap-
proaches to screening for AF yielded relevant numbers of arrhythmia 
detection, depending on the amount of screening, devices, and study 
population: 2, 5, and 12% in the VITAL-AF,20 SCREEN-AF,4 and 
STROKESTOP,9 respectively.

In the STROKESTOP study, 28 768 eligible subjects between the age of 
75 and 76 years being the only inclusion criteria were randomly invited for 
an AF screening program using a handheld ECG device twice daily for 14 
days. Minimum and median follow-up periods were 5.6 and 6.9 years, re-
spectively. A total of 13 979 were invited to the screening of whom 7165 
participants followed the invitation whereas 6814 did not. In both groups, 
the AF-detection rate was 12%. The primary endpoint was a combination 
of all-cause death, stroke, or bleeding and just reached statistical significance 
in the intention-to-treat analysis: 4456 events (31.9%) in the intervention 
group and 4616 events (33.0%) in the control group (HR 0.96, 95% CI 
0.92–1.00; P = 0.045). The secondary outcome parameter—ischaemic 
stroke—was significantly reduced in participants vs. controls (HR 0.76, 
95% CI 0.68–0.87; P < 0.001). Using a lifetime perspective per 1000 invited 
to screening, 11 strokes can be avoided and 65 QALYs can be gained mak-
ing this a cost-effective intervention already after 3 years.21,22

In the VITAL-AF trial, 30 715 participants aged ≥65 years without a 
history of AF were randomized to screening (n = 15 393; 91% active par-
ticipation) using a handheld single-lead ECG (AliveCor KardiaMobile) at 
primary care visits or usual care (n = 15 322). This approach did not affect 
new AF diagnosis within 1 year (1.72 vs. 1.59%; risk difference 0.13%; 95% 
CI −0.16 to 0.42; P = 0.38). In the subgroup of individuals aged ≥85 years, 
new AF was diagnosed in 5.56% in the screening arm vs. 3.76% in the con-
trol arm (risk difference 1.80%; 95% CI 0.18–3.30).20

In contrast to healthcare professional-led approaches to screen for 
AF, the rate of atrial arrhythmias detected by consumer electronics is 
remarkably low: 0.04, 0.12, and 0.08% in the Apple Heart Study,23

Huawei Heart Study,24 and Fitbit Heart Study,25 respectively. 
Importantly, when an irregular heart rhythm detection occurred, parti-
cipants were sent a patch ECG to confirm the diagnosis. In the Apple 
Heart Study, the patch was returned by 21% of participants with atrial 
arrhythmias, of whom 34% were confirmed as AF.

The arrhythmia detection rates are substantially lower than those 
from studies of healthcare professional-led screening for AF. The 
main reason is that the populations screened were relatively young 
and healthy, but also the photoplethysmography (PPG)-based irregular 
heart rhythm detection algorithm may play a role, as it is only active at 
rest. However, there are reports showing that PPG technology still 
needs improvement and only a minority of PPG samples lasting for 
30 s are analysable.26 It is also important to note that the effectiveness 
of consumer-led AF screening on AF outcomes remains unknown.27

There are two more recent studies with PPG-based screening for AF. 
The recently published eBRAVE-AF study28 combined PPG-based screen-
ing using a smartphone app with a remote recruitment approach from the 
pool of policyholders of a large German health insurance. There was no 
in-person contact with study participants (aged 50–90 years without 
known AF and without previous oral anticoagulation therapy and a 
CHA2DS2-VASc score of ≥1 in males and ≥2 in women) who were ran-
domized to repeated 1-min PPG screening during 6 months or usual care, 
followed by a second cross-over phase if the primary endpoint (newly di-
agnosed AF leading to initiation of oral anticoagulation by an independent 

physician not involved in the study) had not been reached. Digital screening 
more than doubled the detection rate of treatment-relevant AF in both 
phases of the trial, with odds ratio (OR) of 2.12 (95% CI 1.19–3.76; 
P = 0.01) and 2.75 (95% CI 1.42–5.34; P = 0.003) in the first and second 
phases, respectively. A similar trial, the Smart in OAC-AFNET9 study en-
rolled 882 participants ≥65 years without known AF, not receiving oral an-
ticoagulation.29 Consenting participants received a wristband with a PPG 
sensor to be coupled to their smartphone. The primary outcome was 
the detection of atrial arrhythmias lasting 6 min or longer in the first 4 
weeks of monitoring. Atrial arrhythmias were detected in 44 participants 
(5%) within 28 days, and in 53 (6%) within 8 weeks (Figure 2).

Association with outcomes of atrial 
high-rate episodes/sub-clinical 
atrial fibrillation
Stroke and systemic embolism
There is a growing body of evidence on the stroke and systemic embol-
ism risk in patients with AHRE. In the ancillary study of the MOST trial, 
there were 10 strokes, of which 8 occurred in patients with AHRE.30

More details are reported in the TRENDS study.31 In this study, the me-
dian value for daily atrial tachycardias (AT)/AF burden among 30-day 
windows was 5.5 h. Accordingly, the authors used the observed median 
value of AT/AF burden as the cut-off between low and high AT/AF bur-
den. The annualized rate of stroke and SE was 0.5% (95% CI 0.3–0.9%) 
for patients without AT/AF, 1.1% (95% CI 0.4–2.8%) for patients with 
an AT/AF burden <5.5 h, and 1.8% (95% CI 0.9–3.8%) for patients with 
an AT/AF burden ≥5.5 h. The risk remained elevated even after adjust-
ment for other risk factors.31 Similarly, in the ASSERT study, the annual 
thrombo-embolic event rate was 1.7% in patients with AHRE within 3 
months after inclusion, compared with 0.7% in patients who did not 
show AHRE. These numbers are comparable to those obtained in a re-
cent systematic review where patients with AHRE had an annual stroke 
rate of 1.9%, compared with 0.9% in patients without AHRE.32 This is 
much lower than the stroke risk that can be expected in patients with a 
similar stroke risk profile and ECG-documented AF. Interestingly, 
strokes occur equally during periods with and without AHRE in patients 
with AHRE suffering a stroke.33

Cardiovascular death and mortality
The risk due to AHRE may extend beyond the increased risk of stroke. 
In the ancillary study of the MOST trial, the primary trial endpoint of 
death or non-fatal stroke occurred in 20.6% of patients with AHRE 
and 10.5% of those without AHRE. A total of 17.5% of patients in 
the group with AHRE and 10.5% of patients in the no-AHRE group 
died. Multivariable analyses demonstrated that the presence of AHRE 
was an independent predictor of total mortality (HR AHRE vs. no 
AHRE 2.48, 95% CI 1.25–4.91; P = 0.009).30 A study looking at 224 pa-
tients with no history of AF who underwent dual-chamber pacemaker 
implant, discovered that AHRE were associated with a significant in-
crease in cardiovascular mortality (HR 2.80, 95% CI 1.24–6.31; P =  
0.013) and stroke mortality (HR 1.79, 95% CI 0.98–3.26; P =  
0.059).34 A recent study by Pastori et al.35 demonstrated that patients 
with AHRE show a significant risk for major adverse cardiovascular 
events including acute heart failure, myocardial infarction, cardiovascu-
lar hospitalization, and ventricular tachycardia/fibrillation, which de-
pends on the burden of AHRE.

On the contrary, in a more recent small study, the death rate from 
all or cardiovascular causes was not different between patients 
with or without AHRE. Cardiovascular death occurred in 3.9 per 
100-person-years in the AHRE group, compared with 3.4 per 
100-person-years in the control group (HR 1.1, 95% CI 0.3–3.8; 
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P = 0.90). All-cause death occurred in 8.5 per 100-person-years in the 
AHRE group, compared with 9.5 per 100-person-years in the control 
group (HR 0.8, 95% CI 0.4–2.0; P = 0.70).36

Does arrhythmia duration interact with 
the risk of stroke and cardiovascular 
death?
In patients with AHRE, the risk of thrombo-embolic complications is 
probably a quantitative function of arrhythmia burden, i.e. the time 
not in sinus rhythm per observation period. In addition, thrombo- 
embolic risk increases with age and with the number and severity of co-
morbidities. The intersection between these clinical conditions and 
AHRE burden that identifies patients at high thrombo-embolic risk to 
justify oral anticoagulation is still undefined.37

Some information on AHRE duration and burden has been generated. 
Mizayawa noted in a sub-analysis of the IMPACT study38 that older age 
and hypertension are risk factors for the occurrence of AHRE with longer 
duration.39 A sub-analysis from ASSERT analysing stroke risk by duration of 
the longest AHRE episode found that only AHRE >24 h were associated 
with an increased risk of stroke compared with the absence of AHRE.40 In 
the TRENDS study, in patients with a daily cut-off ≥5.5 h, the HR for stroke 
and systemic embolism was 2.20 (95% CI 0.96–5.05; P = 0.06) compared 
with the zero AT/AF burden subset, while in patients with a lower AT/ 
AF burden, the hazard ratio was 0.98 (95% CI 0.34–2.82; P = 0.97) com-
pared with the zero AT/AF burden subset.31 Data from TRENDS and 
ASSERT are further supported by smaller prospective trials which assessed 
the relationship between AHRE and thrombo-embolic events in patients 
with implantable devices.41 Capucci et al.42 looked at 725 patients with 
dual-chamber pacemaker and discovered that AHRE lasting <24 h did 
not significantly increase embolic risk, while episodes >24 h did. Botto 
et al.43 in a separate study looked at 562 patients with dual-chamber pace-
maker and followed them for 1 year post-implantation. These patients 

were stratified using a combination of AHRE burden and CHADS2 score. 
This stratification allowed to identify two separate populations with differ-
ent stroke risk: patients with AHRE >5 min and CHADS2 score of ≥ 2 and 
cumulative AHRE >24 h with CHADS2 score >1 had an annualized 
thrombo-embolic event rate of as high as 5%.43 In the paper by 
Uittenbogaart et al., two different meta-analysis showed different results 
regarding the minimum AHRE duration associated with a significant risk 
of stroke and systemic embolism. In the first meta-analysis, patients with 
an AHRE burden over 6 min had an increased risk of a thrombo-embolic 
event when compared with patients without AHRE but this risk did not 
increase for an AHRE burden over 6 h (HR 1.82 vs. 1.78). In a second 
meta-analysis, only patients with an AHRE burden over 24 h presented 
an increased risk for stroke (HR 3.2, 95% CI 1.75–5.86), while patients 
with an AHRE burden <24 h did not44 (Figure 3). More recently, in another 
sub-analysis of ASSERT among 2470 patients without previous known AF, 
an AF burden >6 min in a single simulated 14-day ECG monitor was asso-
ciated with a stroke risk of over 2% per year, in comparison to an event 
rate of 0.70%/year in patients with total AF burden <6 min.45

Anticoagulation in patients with 
AHRE: knowns and known 
unknowns
The risk and benefit of oral anticoagulation 
in atrial fibrillation
Vitamin K antagonists compared with placebo reduce stroke risk in pa-
tients with AF by ∼64%.46 A meta-analysis of four large randomized 
trials47–50 (42 411 patients receiving non-vitamin K antagonist and 
29 272 receiving warfarin) showed a significantly higher efficacy of 
new oral anticoagulants (NOACs) vs. warfarin in the prevention of 
stroke/systemic embolism (HR 0.81, 95%CI 0.73–0.91; P < 0.0001), 
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and a strong trend toward fewer major bleedings (HR 0.86, 95% CI 
0.73–1.00; P = 0.06). Mortality was also lower with NOAC than with 
warfarin (HR 0.90, 95% CI 0.85–0.95).51 The data on safety and efficacy 
and the relative benefit of NOACs compared with vitamin K antago-
nists have been reinforced by large, non-randomized registries.52–56

Efficacy and safety of oral anticoagulation 
in patients with atrial high-rate episodes
Detection of AHRE in patients with a pacemaker was associated with 
an increased risk of clinically detected AF and stroke, but in those pa-
tients experiencing a stroke, there was no clear temporal relation be-
tween the timing of AHRE detection and the occurrence of stroke.16

In a large case-cross-over study linking a national electronic health re-
cord to the database of remote monitoring of pacemakers and implan-
table cardioverter-defibrillators, there was, conversely, an excess of 
stroke risk within 5 days of an episode of AF lasting longer than 
5.5 h.57 Particularly, episodes of more than 24-h duration were asso-
ciated with stroke risk, whereas shorter episodes carried a similar 
stroke risk as that in patients without AHRE.40 In older patients (n =  
256, mean age 74 ± 6 years, mean CHA2DS2-VASc score of 4.1 ±  
1.4) without a history of AF, implantable loop recorder detected 
SCAF in 34.4%/year of patients.17 However, AHRE lasting longer 
than 24 h were detected only in 2.7%/year, and ischaemic stroke oc-
curred in four patients, none of whom experienced SCAF. One patient 
who was anticoagulated following the detection of AHRE experienced 
a haemorrhagic stroke.17

In the above-mentioned LOOP study,10 the use of anticoagulants to 
prevent stroke in individuals at high risk was also examined. Oral antic-
oagulation was initiated in 1036 patients (445 in the ICM group and 591 
in the control group) but this did not result in a reduction of first stroke 
or systemic embolism, which occurred in 67 patients in the ICM group 
(4.5%) and in 251 patients in the control group (5.6%) (HR 0.80, 95% CI 
0.61–1.05; P = 0.11). Major bleeding occurred in 4.3% of patients in the 
ICM group compared with 3.5% in the control group (HR 1.26, 95%CI 
0.95–1.69; P = 0.11). Hence, although the detection rate of (treatment 
requiring) AHRE was three times higher in the ICM group than in the 
control group, neither this detection nor the instituted anticoagulation 
resulted in a lower risk of efficacy or safety endpoints.10

The already mentioned eBRAVE study employed the use of intermit-
tent photoplethysmography recording compared with standard of care 
in 5551 patients older than 65 years.28 The primary endpoint was newly 
diagnosed AF within 6 months, treated with oral anticoagulation. After 
6 months, patients were invited to cross over to photoplethysmogra-
phy recording. Digital screening resulted in the detection of more 
treatment-relevant AF in both phases of the trial and more prescrip-
tions of oral anticoagulants. Note that there was no difference in the 
occurrence of stroke [11 (0.47%) vs. 7 (0.29%) in usual care vs. digital 
screening, respectively, OR 0.64, 95% CI 0.25–1.65; P = 0.35]; 
thrombo-embolic events [9 (0.38%) vs. 11 (0.46%), OR 1.22, 95%CI 
0.50–2.95; P = 0.66]; or major bleeding [6 (0.25%) vs. 12 (0.50%) in 
usual care vs. digital, HR 2.00, 95% CI 0.75–5.34; P = 0.17]. The rate 
of death and occurrence of MACCE were not different either.28

Efficacy and safety of prescribing oral 
anticoagulants post-embolic stroke of 
unknown source
Given the high prevalence of newly detected AF after stroke,58,59 two 
large-scale randomized trials tested prescribing a NOAC in all post- 
stroke patients: the New Approach Rivaroxaban Inhibition of Factor 
Xa in a Global Trial vs. Aspirin to Prevent Embolism in Embolic 
Stroke of Undetermined Source (NAVIGATE ESUS) and the 
Randomized, Double-Blind, Evaluation in Secondary Stroke 

Prevention Comparing the Efficacy and Safety of the Oral Thrombin 
Inhibitor Dabigatran Etexilate vs. Acetylsalicylic Acid in Patients with 
Embolic Stroke of Undetermined Source (RESPECT ESUS).

In NAVIGATE ESUS, 7213 patients with a recent stroke of embolic 
origin were randomized between rivaroxaban 15 mg od and aspirin 
100 mg od. The trial was prematurely terminated after a median of 
11 months when the primary outcome of ischaemic or haemorrhagic 
stroke or systemic embolism was not different between the treatment 
arms (annualized risk 5.1 and 4.8% in rivaroxaban and aspirin-treated 
patients, respectively, (HR 1.07, 95% CI 0.87–1.33). There was, how-
ever, an access of major bleeding events with 1.8%/year in the rivarox-
aban group and 0.7%/year in the aspirin group (HR 2.72, 95% CI 1.68– 
4.39). Also, life-threatening or fatal bleeding, intracranial haemorrhagic 
stroke, and clinically relevant non-major bleeding occurred consistently 
and significantly more in the rivaroxaban group.60

RESPECT ESUS randomized 5390 patients with an embolic stroke of 
undetermined source to receiving dabigatran at a dose of 150 or 
110 mg bid or aspirin 100 mg od. Recurrent strokes occurred in 
4.1%/year in the dabigatran-treated patients vs. 4.8% in the aspirin 
group (HR 0.85, 95% CI 0.69–1.03; P = 0.10). Major bleeding occurred 
in 1.7%/year in the dabigatran group vs. 1.4%/year in the aspirin-treated 
patients (HR 1.19, 95% CI 0.85–1.66), with significantly more clinically 
relevant non-major bleedings (HR 1.73, 95% CI 1.17–2.54) or the com-
posite of major or clinically relevant non-major bleedings (HR 1.44, 95% 
CI 1.12–1.85) in the dabigatran group. In subgroup analysis, patients 
treated with dabigatran 110 mg and the subgroup of patients older 
than 75 years had significantly fewer recurrent strokes with dabigatran 
compared with aspirin (HR 0.57, 95% CI 0.39–0.83 and HR 0.63, 95% 
CI 0.43–0.94, respectively).61

Thus, in patients with embolic stroke of undetermined source but 
without AF, both trials demonstrated futility of the use of rivaroxaban 
and dabigatran compared with aspirin. In patients treated with rivarox-
aban, even more major and life-threatening or fatal bleedings occurred.

What do the guidelines say?
The ESC guidelines for the diagnosis and management of AF acknow-
ledge that the risk of stroke may be lower in patients with AHRE de-
tected by an implantable device and suggest that the temporal 
dissociation between stroke and the detection of AHRE represents 
a risk marker for stroke, rather than an actual cause.5 Available evi-
dence that oral anticoagulation is justified in patients with AHRE is 
not available yet, but it may be considered to prescribe oral anticoa-
gulants in patients with AHRE lasting longer than 24 h, especially 
when patients are at high stroke risk.5,12,40 Similarly, the Canadian 
Cardiovascular Society/Canadian Heart Rhythm Society for the man-
agement of AF emphasize the moderately increased stroke risk in pa-
tients with AHRE and states that it is reasonable to prescribe oral 
anticoagulants for patients older than 65 years, or with a CHADS2 

score >1 who have AHRE lasting longer than 24 h.62 The American 
Heart Association/American College of Cardiology/Heart Rhythm 
Society guidelines of 2019 state that the detection of AHRE should 
prompt further evaluation to document clinically relevant AF, but 
that the indication for oral anticoagulation should be based on clinical 
risk assessment.63

Hence, the stroke risk of patients with AHRE or SCAF is increased 
compared with patients without device-detected atrial arrhythmias, 
but not to the same extent as in patients with clinically overt AF. 
Therefore, whether oral anticoagulation is indicated with the same 
risk factors remains a matter of debate and several studies indicate 
that despite the detection of AHRE the benefit of oral anticoagulation 
does not outweigh the risk.10,17,28 Consensus is that there is, in the ab-
sence of randomized data, clinical equipoise as to anticoagulate or not 
in patients with device-detected AHRE or SCAF, particularly if these 
episodes are shortlasting.5
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Ongoing trials
The increase in stroke risk with AHRE appears to be substantially lower 
than that associated with clinical AF. At the same time, the stroke risk is 
increased compared with patients without AHRE. Therefore, whether 
anticoagulation is beneficial in patients with sub-clinical, short asymp-
tomatic AF episodes remains disputable. Randomized trials are re-
quired to clarify if this therapeutic approach is beneficial in this 
setting. In fact, there were very few SCAF patients included in any of 
the landmark anticoagulation trials, although AHRE are a common find-
ing with prolonged monitoring with a cardiac electronic device. Two 
studies, NOAH-AFNET664 and ARTESiA,65 will address this question 
and provide guidance on how to treat patients with AHRE. Both are 
likely to report soon.

These prospective multicentre randomized trials enrolled thou-
sands of patients with AHRE ≥6 min in duration but with no history 
of clinical AF and no requirement for anticoagulation at the time of 
enrolment (AHRE episodes >24 h at any time before enrolment 
are also an exclusion criterion in ARTESiA). Patients with pace-
makers, implantable cardioverter-defibrillators, cardiac resynchroni-
zation therapy devices, or implantable monitors with a feature of 
detection of AHRE were eligible. In both trials, patients are censored 
when they develop clinical AF and offered open-label anticoagula-
tion. In ARTESiA, patients were randomized to receive apixaban or 
aspirin, while in NOAH-AFNET6 patients received either edoxaban 
or aspirin/placebo. A contraindication for anticoagulation in general 
or for any of the trial drugs in specific, or indication for anticoagula-
tion for any other unrelated reason (e.g. recent deep vein thrombosis 
or pulmonary embolism) constitute exclusion criteria in both 
ARTESiA and NOAH-AFNET6. Patients in these trials qualified for 
oral anticoagulation if they had been diagnosed with clinical AF in 
routine clinical practice, as determined by their CHA2DS2-VASc 
scores. Patients in ARTESiA will be ≥55 years old and have additional 
risk factors for stroke (i.e. minimum CHA2DS2-VASc score of 2 in 
those ≥75 years or with a history of stroke or transient ischaemic 
attack, or a score ≥3 in those younger than 75 and without a history 
of cerebrovascular event). Similarly, in NOAH-AFNET6 patients will 
be >65 years and have at least one additional risk factor. Slightly dif-
ferent primary endpoints have been established for these two stud-
ies, with ARTESiA considering the composite of stroke, transient 
ischaemic attack with magnetic resonance imaging evidence of cere-
bral infarction, and systemic embolism, while the primary outcome 
parameter in NOAH-AFNET6 will be a composite of stroke, system-
ic embolism, or cardiovascular death. Both trials will report major 
bleeding events.

On 2 September 2022, the sponsor of NOAH-AFNET6 decided to 
terminate the trial, following a recommendation by the DSMB. The rea-
sons for early termination given by the DSMB are an observed trend 
towards futility for efficacy combined with safety concerns.

Until the results of these two trials are available, decisions on antic-
oagulation prescription in patients with SCAF will have to be individua-
lized, and oral anticoagulants will not be routinely recommended until 
further ECG monitoring documents AF.

The ATTICUS trial66 is a further trial studying the effect of anticoa-
gulation in patients with AHRE in an ICM. It is a randomized trial in pa-
tients with an embolic stroke of undetermined source (ESUS) in ∼500 
patients, which are 1:1 randomized to apixaban or acetylsalicylic acid. 
The primary outcome is the occurrence of at least one new ischaemic 
lesion identified by axial T2-weighted FLAIR magnetic resonance im-
aging and/or axial diffusion-weighted magnetic resonance imaging at 
12 months. In this trial, AHRE are only one risk factor for cardiac em-
bolism qualifying for inclusion, others are left atrium size >45 mm 
(parasternal axis), spontaneous echo contrast in left atrial appendage 
(LAA), LAA flow velocity <0.2 m/s, a persistent foramen ovale or a 
CHA2DS2-VASc score ≥4.

Future perspective
Improvements in rhythm monitoring through implantable devices or 
continuous non-invasive monitoring systems have helped to identify 
AHRE episodes and other short atrial arrhythmias that resemble atrial 
fibrillation in many individuals. However, the management of such rare 
and typically asymptomatic episodes remains unclear, mainly in relation 
to anticoagulation as described above. This review highlights the uncer-
tainty in this area, including in the therapeutic consequences. The 
underlying question that arises is whether AHRE should be considered 
as asymptomatic or ‘sub-clinical’ AF. The immediate challenges apply to 
the decision to anticoagulation. In view of the effectiveness and safety of 
early rhythm control therapy,6,67 classifying AHRE episodes as similar to 
AF may even suggest speculation about the possibility of treating AHRE 
when progression to atrial fibrillation is considered very likely, in the 
hope of reducing disease progression and the risk of cardiovascular 
events. Should AHRE episodes not respond to oral anticoagulation 
therapy as clinical atrial fibrillation does, one could alternatively argue 
that the arrhythmia burden in patients with AHRE is already very 
low, with little room for improvement using rhythm control therapy. 
We hope that the data from NOAH-AFNET6 and ARTESIA will 
shed some more light on the subject and that further studies will follow.
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