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ABSTRACT: The widespread use of cardiac implantable electronic 
devices and wearable monitors has led to the detection of subclinical 
atrial fibrillation in a substantial proportion of patients. There is evidence 
that these asymptomatic arrhythmias are associated with increased risk 
of stroke. Thus, detection of subclinical atrial fibrillation may offer an 
opportunity to reduce stroke risk by initiating anticoagulation. However, 
it is unknown whether long-term anticoagulation is warranted and in 
what populations. This scientific statement explores the existing data 
on the prevalence, clinical significance, and management of subclinical 
atrial fibrillation and identifies current gaps in knowledge and areas of 
controversy and consensus.

Atrial fibrillation (AF) is a potent risk factor for cardioembolic stroke. His-
torically, the clinical approach to primary stroke prevention in patients 
with clinically apparent AF has been relatively straightforward; once AF is 

documented, regardless of the associated symptoms and regardless of whether 
the arrhythmia is paroxysmal, persistent, or chronic, anticoagulation is gener-
ally recommended if concomitant risk factors for stroke are present. However, 
this simple approach is upended by the growing recognition of AF detected on 
implantable and wearable cardiac devices. Such devices have afforded an op-
portunity to detect often brief, asymptomatic episodes of atrial arrhythmias that 
are far more common than clinically apparent AF, have less certain clinical signifi-
cance, and have no well-established, evidence-based approach to management 
(Figure 1; figures and tables begin on page e7).1

Although the management of subclinical AF (SCAF) is a challenge, recognizing 
it may offer an opportunity to reduce cardiovascular morbidity and mortality. Each 
year, 16.9 million people worldwide have a stroke,2 the cause of which remains 
unexplained in 20% to 40% of cases. Among these unexplained strokes, 10% to 
30% may be caused by AF that has eluded detection.3–8 Better recognition and 
understanding of SCAF could help us determine effective screening and treatment 
approaches and could potentially prevent many strokes.

SCOPE
This scientific statement explores the existing data on the prevalence, clinical sig-
nificance, and management of atrial arrhythmias detected on implanted and wear-
able cardiac devices. We identify current gaps in our knowledge and areas of con-
troversy and consensus.
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The devices listed here serve only to 
illustrate examples of these types of 
devices. This is not intended to be 
an endorsement of any commercial 
product, process, service, or enterprise 
by the American Heart Association.
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DEFINITIONS
AF has traditionally been defined by documentation of 
the arrhythmia on a 12-lead ECG and, in its simplest def-
inition, has been independent of the duration of the ar-
rhythmia or the associated symptoms. However, contin-
uous rhythm monitoring by cardiac implanted electronic 
devices (CIEDs) with automated atrial rhythm detection 
has generated a new category of atrial arrhythmias 
called atrial high-rate episodes (AHREs), which are atrial 
events, usually tachyarrhythmias, meeting programmed 
or other specified atrial high-rate criteria (Table 1). Visual 
confirmation of these recordings is necessary because 
some AHREs can also be false positives, or artifactual, 
such as those resulting from far-field signal or noise. 
SCAF or subclinical atrial tachyarrhythmia (AT) has re-
ferred to asymptomatic episodes of AF, atrial flutter, or 
AT detected and confirmed by intracardiac electrograms 
and not previously detected by electrocardiographic or 
ambulatory monitoring.9 By asymptomatic, we mean an 
absence of palpitations, chest pain, dyspnea, lighthead-
edness, focal neurological symptoms, or other symp-
toms commonly attributed to AF.

However, more recently, detection of SCAF has ex-
panded to detection by implantable cardiac monitors 
(ICMs) and wearable monitors. For this scientific state-
ment, SCAF is defined as episodes of asymptomatic 
AF detected by intracardiac, implantable, or wearable 
monitors and confirmed by intracardiac electrogram or 
review of the recorded rhythm on the ECG. Duration 
typically depends on programmed device AT detection 
criteria, but the duration defined in studies associat-
ing SCAF with thromboembolic risk has been variable 
among studies, with specified durations ranging from 20 
seconds to >24 hours.10 Similarly, variability among stud-
ies exists with regard to the AHRE specified atrial rate 
thresholds, ranging between 175 and 220 bpm. Because 
the threshold duration or rate for thromboembolic risk 
or need for antithrombotic therapy remains uncertain,11 
this scientific statement does not specify duration or spe-
cific atrial rate criteria in the definition of SCAF. We also 
note that SCAF that has been associated with stroke is 
no longer asymptomatic per se, although there may be 
no symptoms attributable to the arrhythmia itself.

DETECTION AND DIAGNOSIS
The range of devices that allow detection of SCAF ex-
tends from wearables that allow intermittent rhythm 
assessment to implanted devices that allow continuous 
surveillance (Figure 2).1 Most data on SCAF are derived 
from CIEDs with atrial leads, in which intracardiac elec-
trograms enable confirmation of AF. Subcutaneous ICMs 
yield AF detection, primarily with the use of R-R irregular-
ity algorithms (Figure 3). Longer detection duration may 
reduce false positives in CIEDs. Development of P-wave 

detection or other algorithms may reduce the false-pos-
itive rate from other irregular rhythms such as frequent 
atrial ectopy. Optimal products accurately detect AF with 
fewer false positives, enable days of comfortable con-
tinuous monitoring without attachment to electrocardio-
graphic cables, allow continued daily activities (eg, sports 
and showering), and promptly provide interpretable data 
that are useful for clinical decision-making.

Wearable devices encompass adhesive patches with 
sensors worn on the chest, as well as wristbands, watch-
es, bras, and shirts with imbedded leads and sensors. 
Detection may use photoplethysmography to detect 
an irregular rhythm, single-lead or multilead ECGs, or a 
combination of these approaches. Wearable heart rate 
devices that detect high or irregular rates require addi-
tional electrocardiographic monitoring to diagnose AF. 
For continuous monitoring devices, data are processed 
by algorithms stored in the device or cloud and down-
loaded by the manufacturer to produce a report. Cur-
rently, of wearable devices, adhesive patches have the 
most widespread use for detecting AF in embolic stroke 
of undetermined source (ESUS) or evaluating AF burden 
after invasive interventions. Although consumer-grade 
devices hold some promise for AF detection outside the 
traditional medical settings, the actionability of these AF 
detections is currently uncertain, and the best practices 
for managing, interpreting, and treating patients on the 
basis of such data have not yet been established. This is 
particularly true when AF is detected with a photople-
thysmography sensor rather than a direct electric record-
ing. However, studies are underway to determine the 
value and acceptability of monitoring with watches or 
garments. Table 212–21 presents the characteristics of se-
lected wearable products to continuously monitor for AF.

PREVALENCE OF SCAF
As demonstrated in Table 3,14,22–31 a number of studies 
have shown a high incidence of CIED-detected AHREs. 
However, these studies showed great variability with 
regard to the defined rate and duration for detection 
of AT. In addition, not all AHRE recordings obtained 
from CIEDs are AF; some are false positives caused by 
far-field R-wave oversensing, lead noise, or atrial ar-
rhythmias other than AF. For example, in ASSERT (As-
ymptomatic Atrial Fibrillation and Stroke Evaluation in 
Pacemaker Patients and the Atrial Fibrillation Reduction 
Atrial Pacing Trial), 82.7% of AHREs were true AT/AF, 
and 17.3% were false positives.32 It is also evident that 
the longer the duration is and the higher the risk of 
the population is, the higher the rate of detection is, 
keeping also in mind that patients with CIEDs tend to 
be older and often have significant structural heart dis-
ease, which are risk factors for AF.

Alternatively, external cardiac monitors and ICMs, 
which do not have an atrial electrode, detect AF by ana-
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lyzing the irregularity and incoherence of successive R-R 
intervals in a minimum required amount of time (Fig-
ure 3). In patients with ESUS, for example, the longer 
the monitoring period is, the higher the yield is for AF 
detection. In the EMBRACE trial (30-Day Event Monitor-
ing Belt for Recording Atrial Fibrillation After a Cerebral 
Ischemic Event)8 (30-day external monitors) and the 
CRYSTAL AF trial (Cryptogenic Stroke and Underlying 
Atrial Fibrillation)4 (ICMs), the yield of AF detection was 
significantly higher than that of a 24-hour Holter, and 
a longer monitoring duration resulted in a higher yield 
(Table 4).34 A meta-analysis of 32 trials that used either 
external cardiac monitors or ICMs for AF detection after 
ESUS documented a detection rate of 11.5%.33 ASSERT 
2 studied a high-risk population without prior AF; the 
yield of SCAF was significant.35

PREDICTORS OF SCAF
Various predictors of SCAF have been identified among 
patients with CIEDs. Cheung et al36 found that, among 
patients with pacemakers implanted for sinus node dys-
function, a high proportion of right ventricular pacing pre-
dicted SCAF, whereas in those with pacemakers for atrio-
ventricular block, hypertension was the only predictor.36 In 
TRENDS (A Prospective Study of the Clinical Significance 
of Atrial Arrhythmias Detected by Implanted Device Di-
agnostics), patients with history of clinical AF or with new 
SCAF were older, had higher diastolic blood pressure, and 
were less likely to have diabetes mellitus than patients 
without AF or SCAF.26 In ASSERT, sinus node dysfunction 
and a lower resting heart rate predicted SCAF; patients 
with SCAF were less likely to have diabetes mellitus or 
prior myocardial infarction.14 Gonzalez et al29 found that 
only history of heart failure (HF) predicted SCAF. A recent 
pooled analysis including patients from TRENDS found 
that those with SCAF were older, more likely to be male, 
and less likely to have diabetes mellitus. In a study of 880 
patients, Kim et al37 found that prior HF, sinus node dis-
ease, and increased left atrial volume index independently 
predicted SCAF. Finally, a meta-analysis including almost 
25 000 patients from 28 dual-chamber device studies 
reported that, in the 10 studies that reported baseline 
characteristics, only history of HF predicted SCAF; hyper-
tension, diabetes mellitus, age, thromboembolic events, 
coronary disease, and CHADS2 score did not.38

Additional studies have examined predictors of SCAF 
detected by ICMs in high-risk populations. Pedersen et 
al39 implanted ICMs in 105 patients with transient isch-
emic attack (TIA); 7 had AF detected by the implant-
able loop recorder. Predictors were history of recurrent 
TIA and HF. In a study of patients with ESUS, Israel et 
al40 implanted 123 patients with loop recorders and 
detected AF in 29. Predictors were older age, higher 
CHA2DS2-VASc score, and cerebral microangiopathy.40 
Healey et al35  implanted implantable loop recorders in 

256 patients with age ≥65 years and 2 additional high-
risk features (CHA2DS2-VASc score of at least 2 or sleep 
apnea or elevated body mass index and elevation of left 
atrial size or pro-B-type natriuretic peptide). Indepen-
dent predictors of AF were increased age, increased left 
atrial size, and lower systolic blood pressure.41

RELATIONSHIP WITH STROKE
Association With Incident Stroke
In a meta-analysis that evaluated 7 studies and 15 353 
patients, SCAF was associated with a 2.4-fold increase 
in stroke risk (95% CI, 1.8–3.3; P<0.001), with an ab-
solute annual rate of 1.89 per 100 person-years (95% 
CI, 1.02–3.52).42 On initial analysis, the definition of epi-
sodes that predicted stroke varied significantly between 
different studies; in MOST (Mode Selection Trial) and 
ASSERT, the duration of AHREs was 5 and 6 minutes, 
respectively, whereas in TRENDS, increased risk was ob-
served in those with >5.5 hours of AF within the past 30 
days.14,23,26 However, when further stratified, the ASSERT 
trial showed that the risk of stroke was significant only 
when episodes were >17.72 hours,14 and subsequent 
analyses have shown that the bulk of events occurred 
in patients with >24 hours of SCAF (Figure 4).43 Another 
recent study showed that short AT/AF episodes (<15–20 
seconds) were not associated with clinical events,44 sug-
gesting that there is a gradient of risk depending on 
AF duration and frequency (burden). The totality of the 
evidence suggests that there is a dose relationship be-
tween AF duration and stroke risk (Figure 5).46

Stroke risk also seems to depend on traditional risk 
factors. For example, in ASSERT, absolute stroke risk in-
creased with increasing CHADS2 score, reaching a rate 
of 3.78 per year in those with a score >2.14 Capucci and 
colleagues47 showed increased risk with an AF duration 
>24 hours, as well as with traditional risk factors such as 
diabetes mellitus, hypertension, and coronary artery dis-
ease. Botto et al27 stratified risk according to AF duration 
and CHADS2 score, with a CHADS2 score of 1 increasing 
the risk only if the AF duration was >24 hours, whereas 
for CHADS2 scores ≥2, episodes lasing >5 minutes in-
creased risk. This latter point illustrates the fact that, 
among patients with stroke, even very brief episodes of 
AF are likely to be associated with increased risk because 
all patients with stroke have a CHADS2 score ≥2.

There is likely a complex interplay among baseline 
stroke risk factors, AF duration/burden, and stroke risk. 
The observation that in ASSERT many strokes were not 
immediately preceded by AF episodes48 (Figure 648) has 
led some to argue that AF should be thought of as a 
risk marker rather than a direct cause of stroke (Fig-
ure 7). However, although not all strokes are cardioem-
bolic and not all thrombi are directly related to AF, other 
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studies have demonstrated a temporal relationship be-
tween AF epodes and embolic events.49

Association With ESUS
SCAF is also commonly detected in patients after a stroke 
(Table 4). In a meta-analysis of 50 studies, SCAF was de-
tected during follow-up in ≈24% (95% CI, 17–31) of pa-
tients with ESUS, depending on the duration of monitor-
ing and device used.34 In the EMBRACE trial, 572 patients 
with ESUS or TIA with previously negative 24-hour Holter 
monitor were randomized to monitoring with a 30-day 
event-triggered loop recorder or repeat 24-hour Holter 
monitoring. Detection rates of SCAF (duration ≥30 sec-
onds) were significantly higher with monitoring (16.1%) 
compared with repeat Holter (3.2%).8 The CRYSTAL AF 
trial found significantly elevated rates of SCAF (duration 
of ≥30 seconds) among 441 patients with ESUS using an 
ICM compared with a strategy of monitoring for only 24 
hours: 9% at 6 months, 12% at 12 months, and 30% at 
36 months among the ICM group.4 Most AF was asymp-
tomatic, and 97% of patients received anticoagulation 
after AF detection. AF duration was ≤6 minutes in 8% of 
patients. Patients in EMBRACE were older than those in 
CRYSTAL AF (mean age, 73 years versus 61 years), and 
they had not already undergone transesophageal echo-
cardiography to exclude thrombi, which may explain the 
higher SCAF detection rates in EMBRACE.4,8 SCAF may 
also be detected among patients with stroke of known 
causes, including small vessel and atherosclerotic strokes, 
and the ongoing STROKE-AF randomized trial (Stroke of 
Known Cause and Underlying Atrial Fibrillation; NCT 
02700945) will seek to determine whether monitoring 
for AF with an ICM is more likely to find AF among these 
patients than standard detection.50

There are several predictors of detection of SCAF 
among patients with ESUS. Among 237 participants in 
EMBRACE randomized to 30 days of monitoring, the me-
dian 24-hour baseline Holter atrial premature beat count 
was significantly higher among those who subsequently 
had AF detected compared with those who did not (629 
versus 45; P<0.001).51 The AF detection rate was >25% 
for those with ≥500 atrial premature beats in 24 hours. 
Runs of AT, age, and left atrial enlargement were not 
independently predictive of AF. In CRYSTAL AF, among 
221 patients randomized to ICM, age (hazard ratio [HR] 
per decade, 1.9 [95% CI, 1.3–2.8]) and PR interval (HR 
per 10 milliseconds, 1.3 [95% CI, 1.2–1.4]) were predic-
tive of AF at 12 and 36 months after stroke.52 A risk score 
that included 7 clinical variables (age, obesity, congestive 
HF, hypertension, coronary artery disease, peripheral vas-
cular disease, and valvular disease) was predictive of de-
tection of AF among patients with unexplained stroke or 
TIA in an academic medical center record database and 
permitted discrimination of patients into low-, medium-, 
and high-risk groups.53

PROGRESSION TO CLINICAL AF
Shorter episodes of SCAF have been associated with 
a higher likelihood of subsequent longer episodes of 
SCAF,44 including a 5.7 times higher risk of clinical AF.42 
Data from ASSERT (n=2580) showed that SCAF in the 
first 3 months (n=216) was associated with a 5.6-fold 
higher hazard of clinical AF during the 2.5-year mean 
follow-up.14 Similar results were seen in the subset of 
patients (n=312) from MOST (n=2010) who had SCAF 
during the 2.25-year median follow-up; SCAF was as-
sociated with a 5.9-fold higher hazard of clinical AF.23

Among 415 patients from ASSERT with 6 minutes to 
24 hours of AF during the first year, 16% progressed to 
clinical AF or SCAF lasting >24 hours over the subse-
quent 2-year median follow-up.54 Older age (HR, 1.59 
per 10-year increase), higher body mass index (HR, 1.83 
per 10–kg/m2 increase), and longer episodes of SCAF 
(HR, 1.13 per 1-hour increase in longest episode length) 
were associated with AF progression.54 A pooled analysis 
of 3 studies (TRENDS, PANORAMA [Study of the Efficacy 
and Safety of Intravitreal (IVT) Aflibercept for the Im-
provement of Moderately Severe to Severe Nonprolifer-
ative Diabetic Retinopathy], and SOS AF [Stroke Preven-
tion Strategies Based on Atrial Fibrillation Information 
From Implanted Devices]) analyzed 6580 patients with 
CIEDs and found that longer initial episodes of SCAF 
were associated with subsequent episodes ≥23 hours 
(Figure 8).56 The time between the first detected episode 
and the first episode lasing ≥23 hours decreased from a 
median of 6.9 to 2.9 to 0.07 to 0.03 months for initial 
episodes of 5 to <60 minutes, 1 to <6 hours, 6 to <12 
hours, and 12 to <23 hours, respectively.56

RELATIONSHIP WITH HF
The association between AF and HF has been recog-
nized and studied for almost a century.1 Paul Dudley 
White once observed that “auricular fibrillation often 
complicates very serious heart disease…. Its occurrence 
may precipitate heart failure or even death, unless suc-
cessful therapy is quickly instituted.”2

Several studies have highlighted the prevalence of 
AF in patients with HF, with estimates in the 13% to 
50% range, a significant increase compared with the 
general population.3–7 As an example, the Framingham 
Heart Study registered 1470 participants who devel-
oped new-onset AF or HF between 1948 and 1995. A 
total of 383 of those individuals (26%) developed both 
AF and HF.8 In addition, the prevalence of AF in patients 
with HF appeared to correlate with the severity of the 
disease, ranging from 5% in patients with mild HF to 
10% to 26% among patients with moderate disease to 
50% in patients with severe forms of HF.9

A direct cause-effect relationship between these 2 
prevalent conditions has been the focus of basic and 
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clinical investigation. At a minimum, this strong asso-
ciation can be at least partially explained by common 
risk factors such as age, hypertension, diabetes melli-
tus, and obesity, as well as valvular, ischemic, and non-
ischemic structural heart disease. These factors are as-
sociated with electrophysiological and neurohormonal 
changes at the myocardial cellular and extracellular lev-
els, allowing an environment that predisposes the heart 
to both myocardial failure and AT.10

There is no defined AF burden threshold beyond 
which HF becomes more prevalent, and this association 
appears relevant for both paroxysmal and persistent 
forms of AF.8–11 However, device-detected AF lasting for 
at least 24 hours was associated with HF hospitalization 
in ASSERT.54

PRACTICE UNCERTAINTY, GAPS IN 
EVIDENCE, AND NEXT STEPS
Physician Attitudes and Practice Patterns
The lack of clearly defined thresholds of AF burden at 
which to initiate oral anticoagulation has resulted in 
substantial variation in physician attitudes and practice 
patterns. Practice variation is illustrated by a retrospec-
tive cohort study that used data from the Veterans 
Health Administration linked to remote monitoring 
data, which included day-level AF burden.57 Among 
10 212 patients who received CIEDs in 2011 to 2014, 
4570 (45%), 3969 (39%), 3263 (32%), and 2469 
(24%) patients had SCAF lasting ≥6 minutes, >1 hour, 
>6 hours, and >24 hours, respectively. The proportion 
who received oral anticoagulation within 90 days of 
SCAF varied according to AF burden, increasing with 
higher AF burden (≥6 minutes, 13%; >1 hour, 16%; 
>6 hours, 21%; >24 hours, 27%). Of note, the average 
time to oral anticoagulation prescription after device-
detected AF was >30 days for all AF burdens, and war-
farin was the most commonly used agent (>92%).

Stroke Prevention
The optimal approach to primary stroke prevention 
remains uncertain for many patients with SCAF. Ques-
tions remain about the net clinical benefit of anticoagu-
lation for patients at low to intermediate risk, risk fac-
tor management to prevent AF progression, and novel 
ways to risk-stratify these patients. These gaps are com-
pounded by the fact that there is currently inadequate 
standardization of the definitions and metrics used for 
diagnosis and treatment. Future efforts at standardiza-
tion of these definitions could be beneficial.

Two ongoing clinical trials among patients with CIED-
detected SCAF will likely inform management: ARTESiA 
(Apixaban for the Reduction of Thrombo-Embolism in 
Patients With Device-Detected Subclinical Atrial Fibril-

lation; NCT 01938248)41 and NOAH (Non–Vitamin K 
Antagonist Oral Anticoagulants in Patients With Atrial 
High Rate Episodes; NCT 02618577).58

In the absence of definitive evidence, it is reason-
able for clinicians to consider the duration/burden of 
SCAF in combination with the CHA2DS2-VASc score 
(Figure 9).10 However, this approach has inherent limita-
tions. First, although the CHA2DS2-VASc is the current 
gold standard for clinical stroke risk assessment, few 
studies have examined its performance in SCAF. Sec-
ond, most risk factors in the CHA2DS2-VASc score are 
also risk factors for bleeding; thus, patients with a high 
CHA2DS2-VASc score are at high risks of both stroke 
and bleeding. It is unclear whether CHA2DS2-VASc is 
the best tool to determine the net clinical benefit from 
anticoagulation in this population. Ultimately, the ben-
efit of anticoagulation in these patients boils down to 
the balance of stroke and bleeding risks with and with-
out anticoagulation (Figure 10). Among patients who 
have already experienced a stroke, moreover, the find-
ing of any duration or burden of AF is generally con-
sidered a reason to anticoagulate, especially in the era 
of the direct-acting oral anticoagulants. In CRYSTAL AF, 
for example, by 12 months, 97% of patients in whom 
AF had been detected were receiving oral anticoagu-
lants, although the median value for the mean time in 
AF per day was 4.3 minutes.4

Ongoing trials, including NOAH and ARTESiA, may 
help to clarify the balance of these risks. Small trials 
have evaluated the role for “pill in the pocket” anti-
coagulation guided by continuous AF monitoring.59,60 
Although controversial, this strategy may minimize a 
patient’s bleeding risk by reducing lifetime exposure to 
anticoagulation while still providing thrombo-prophy-
laxis during periods of AF, but the efficacy of this ap-
proach requires further study. This strategy hinges on 
the unresolved concept of whether AF is a stroke risk 
marker or cause (Figure 8).

Role for Shared Decision-Making in 
Navigating Uncertainty
Treatment choices are best made in collaboration 
with patients with thorough exploration of the cur-
rent knowledge and knowledge gaps, as well as care-
ful consideration of an individual patient’s goals and 
preferences. However, shared decision-making is of-
ten challenging in the context of busy clinical prac-
tice and when the data themselves are uncertain or 
incomplete. A comprehensive decision or conversation 
aid could be beneficial to synthesize available data, to 
elicit patient’s goals and preferences, to explore treat-
ment options and ramifications, to ease clinicians’ 
cognitive burden, and to improve patients’ compre-
hension and engagement.
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Role for Pragmatic Trials and Real-World 
Data
Given the proliferation of convenient tools to moni-
tor and detect AF and the large amount of electronic 
data generated from routine practice, it is becoming 
increasingly attractive to conduct pragmatic trials with 
such data. Prescribing patterns, medication adherence, 
and patient comorbidity and complexity can differ be-
tween practice and trials, and understanding realized 
outcomes in practice can inform some of our most chal-
lenging treatment decisions.

SUMMARY AND CONCLUSIONS
Discovery of SCAF with CIEDs and wearable monitors 
is common, especially in populations known to have an 
increased risk of stroke (or recurrent stroke). Although 
detection of SCAF provides an opportunity to reduce 
the risk of embolic stroke, a number of factors should 
be considered before the patient is exposed to the 
risks of long-term anticoagulation. First, the accuracy 
of SCAF detection should be confirmed by a review 
of electrograms to exclude false positives. Second, the 
longest continuous episode and highest daily burden 
should be quantified because stroke risk increases with 
longer durations and higher overall burden of SCAF, 
particularly those lasting >24 hours. Third, clinicians 
should assess the traditional stroke risk factors such as 
age, diabetes mellitus, hypertension, and HF.

However, the precise combination of SCAF dura-
tion/burden and patient risk factors that warrants 
long-term anticoagulation is unknown, and the cur-
rent practice variation reflects this uncertainty. Ac-
cording to the current, incomplete evidence, it ap-
pears reasonable to defer anticoagulation for patients 
with no stroke risk factors or those who have only 
very brief AHREs but to consider anticoagulation for 

longer episodes in patients with stroke, TIA, or other 
stroke risk factors. The exact threshold remains con-
troversial, however, especially because stroke risk fac-
tors are also associated with bleeding risk. We an-
ticipate that 2 ongoing studies, ARTESiA and NOAH, 
will help to clarify the clinical relevance of SCAF and 
to guide therapy decisions for patients with shorter-
duration episodes.
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Figures and Tables appear in the order in which they are cited in the text.

Figure 1. A “tip of the iceberg” analogy describes the spectrum of apparent and subclinical atrial fibrillation in terms of the method/context of 
detection and clinical significance.  
ESUS indicates embolic stroke of undetermined source; and RF, radiofrequency. Used with permission of Mayo Foundation for Medical Education and Research, all 
rights reserved. Copyright © 2019, Mayo Foundation for Medical Education and Research.
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Table 1. Definitions of Arrhythmic Events

Abbreviation Term Definition

AHRE Atrial high-rate episodes Device-detected atrial events, usually tachyarrhythmias, meeting programmed or 
other specified atrial high-rate criteria (usually ranging between 175 and 220 bpm)

SCAF Subclinical atrial fibrillation Asymptomatic episodes of atrial fibrillation detected and confirmed by intracardiac 
electrograms and not previously detected by electrocardiographic or ambulatory 
monitoring

SCAT Subclinical atrial tachyarrhythmia Asymptomatic episodes of atrial fibrillation, atrial flutter, or atrial tachycardia 
detected and confirmed by intracardiac electrograms and not previously detected 
by electrocardiographic or ambulatory monitoring

Figure 2. The devices that allow detection 
of subclinical atrial fibrillation exist on a 
spectrum from minimally invasive devices, or 
wearables, to permanent implanted devices 
and provide intermittent to continuous sur-
veillance for events.  
A, Apple Watch. Copyright © Shutterstock/Alexey 
Boldin. B, ZIO® XT Patch. Used with permission of 
iRhythm Technologies, Inc. Copyright © iRhythm 
Technologies, Inc. C, Holter or event monitor. Used 
with permission of Mayo Foundation for Medical 
Education and Research, all rights reserved. Copy-
right © Mayo Clinic. D, Reveal LINQ™. Courtesy of 
Medtronic. E, Implanted pacemaker or defibrilla-
tor. Used with permission of Mayo Foundation for 
Medical Education and Research, all rights reserved. 
Copyright © Mayo Clinic.

Figure 3. A Lorenz plot depicts variability in 
RR intervals as the δRR(n) on the “n beat” on 
the y axis and the δRR(n-1) on the “N-1 beat” 
on the x axis.  
Regular rhythms cluster around the origin; atrial 
fibrillation (AF) is marked by scatter of the RR 
intervals; and premature atrial contractions (PACs) 
are represented as clusters of points on the 
Lorenz plot. AT indicates atrial tachycardia.
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Table 2. Characteristics of Selected Wearable Devices for Continuous Monitoring to Detect AF

Device/Manufacturer Underlying Technology
Performance to Detect AF or to 

Differentiate Between AF and SR Comment

Adhesive devices with sensor

        ZIO patch, iRhythm12,13 Single-lead ECG Concordance of AF burden between 
Holter and patch, r=0.96

Concordance of AF burden between 
pacemaker and patch, r=0.99

Used in 15 trials for AF detection

14-d wear time

Patient may shower

        MCOT/ePatch, Biotel14,15 3-Lead ECG

(MCOT)

MCOT: 100% sensitivity, 100% 
specificity for AF lasting >30 s

MCOT: 128% higher diagnostic yield compared with 
loop recorder

Used in >30 trials to detect AF or to evaluate burden

Up to 30 d of monitoring

MCOT requires monitor to be within 30 ft of patient 
at all times; sensor transmits via Bluetooth

ePatch is nontelemetry version with 14-d wear time

Patient may shower

        BodyGuardian Heart, 
BodyGuardian Mini, 
Preventice16,17

Single-lead ECG

Deep learning

BeatLogic platform

Body Guardian Heart: 

Episode detection for AF lasting 
>60 s: 99% sensitivity, 89% 
specificity

BodyGuardian Mini:

Released 2018

16-d use

Claimed as the smallest monitor

Claimed to have superior P-wave visibility

Patient may submerse in up to 3 ft of water

        Carnation Ambulatory 
Monitor, Bardy 
Diagnostics12

Single-lead ECG AF burden concordance with 
pacemaker electrograms=0.96

High precision for detecting AF

>30 s: 0.99 (0.98–1.1)

7-d monitoring

P-wave centric

Claims superior P-wave visibility

Bands, wrist, or chest

        Kardiaband by AliveCor 
with Apple Watch18

PPG to detect irregular 
rhythm

Single-lead ECG

Differentiation between AF and SR: 
93% sensitivity, 83% specificity

Requires paired iPhone

Wearer may prompt recording of ECG, but ECG is 
not continuous

Susceptible to error because of noise

Use of this device may be limited because of 
availability of Apple Watch ECG

Commercially available

        Apple Watch ECG19 PPG to detect irregular 
rhythm using deep learning 
algorithm

Single-lead ECG

C statistic=0.97 for differentiating 
AF from SR

Proof-of-concept study

Follow-up study in progress

Wearer may prompt recording of ECG, but recording 
is not continuous

Susceptible to error because of noise

Population who purchase device may not benefit the 
most because AF if present may not require treatment

Commercially available

        Simband, Samsung20 Multiwaveform PPG to detect 
irregular rhythm

Single-channel ECG 
Accelerometer

Differentiation between AF and SR: 
97% sensitivity, 94% specificity

Testing of an algorithm designed to reduce 
interference/noise

Study participants were not engaged in usual activity

Further study needed to evaluate device during daily 
activities

Commercially available

        Qardiocore chest band, 
Qardio21

3-Lead ECG transmits via 
Bluetooth real time to iPhone

Qardio MD platform

Not reported in scientific literature FDA approved 2017

Water resistant

Measures HR variability, respiratory rate, activity tracking

Commercially available

This list is not exhaustive, and inclusion in this table is not an endorsement of a given product. The list is a representative sample of the technologies currently in 
clinical and consumer use.

AF indicates atrial fibrillation; FDA, US Food and Drug Administration; HR, heart rate; MCOT, mobile cardiac outpatient telemetry; PPG, photoplethysmography; 
and SR, sinus rhythm.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2019



TBD TBD, 2019 Circulation. 2019;140:00–00. DOI: 10.1161/CIR.0000000000000740e10

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

  
AN

D 
GU

ID
EL

IN
ES

Noseworthy et al Subclinical and Device-Detected Atrial Fibrillation

Table 3. Prevalence of Newly Detected AF in Nonstroke Populations With Implanted Permanent Pacemakers or Cardioverter-Defibrillators

Study/Year
Device Type and 

Indication Patient Profile Definition of AF
Follow-Up 
Duration Prevalence of AT/AF, n (%)

Gillis and Morck,22 
2002

PPMs for all 
indications

All 180 bpm, number of 
beats for atrial tachycardia 
detection of 200

718±383 d 126/231 (55)

MOST,23 2003 PPMs for SND All Atrial rate >220 bpm for 
>5 min

27 mo 156/312 (50)

Tse and Lau,24 2006 PPMs for SND All Not defined 84 mo 99/226 (44) with at least 1 
episode, and 30/139 (22) 
patients without a history of AF

SAFE Registry,25 2008 PPMs for all 
indications

No prior AF AT with an atrial rate ≥180 
bpm lasting ≥5 min

6 mo 150/1501 (10)

5–60 min in 26 (76)

TRENDS,26 2009 PPMs, ICDs, or CRT 
for all indications

≥1 Stroke risk 
factor (CHF, 
hypertension, age 
>65 y, DM, or 
prior TE)

AT/AF defined atrial rate 
>175 bpm for >20 s

AT/AF burden over prior 30-d 
period subsets: zero, low 
(<5.5 h), and high (≥5.5 h)

1.4 y PPM: 1234/2486 (49.6)

ICD: 781/2486 (31.4)

CRT: 471/2486 (19.0)

Botto et al,27 2009 PPMs for tachy-brady 
syndrome

Prior atrial 
arrhythmias 
documented

>5 min of AF 1 y AF for 24 h: (39.2)

AF for 5 min: (31.5)

AF-free: (29.2)

ASSERT,14 2012 PPMs and ICDs for all 
indications

Age >65 y, history 
of hypertension, 
no history of AF

Atrial rate >190 bpm for 
>6 min

2.5 y At 3 mo: 261/2580 (10.1) 

An additional 633 patients 
(24.5) during 2.5-y follow-up: 
894/2580 (34.7)

Healey et al,28 2013 PPMs for all 
indications

All Not defined 51.5 ± 39.7 mo AF was detected by the 
pacemaker in 246/445 patients

(55.3), 65.8% of the 111 
patients with a clinical history 
of AF before PPM implantation

Gonzalez et al,29 2014 PPMs for all 
indications

No history of AF AHREs >178 bpm 6 mo 39/224 (17.4)

Benezet-Mazuecos et 
al,30 2015

PPMs and ICDs for all 
indications

All Atrial rate ≥225 bpm with a 
minimum duration of 5 min

12 mo 28/109 (25.7)

Lima et al,31 2016 PPMs for all 
indications

Age >60 y AF was the designation 
for AHREs >2 min in AT 
histogram >250 bpm

Average follow-
up of 15.7±7.7 

mo

63/300 (21)

AF indicates atrial fibrillation; AHRE, atrial high-rate episode; ASSERT, Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial 
Fibrillation Reduction Atrial Pacing Trial; AT, atrial tachyarrhythmia; CHF, congestive heart failure; CRT, cardiac resynchronization therapy; DM, diabetes mellitus; 
ICD, implantable cardioverter-defibrillator; MOST, Mode Selection Trial; PPM, permanent pacemaker; SAFE, Silent Atrial Fibrillation Detection With Stored EGMs; 
SND, sinus node dysfunction; TE, thromboembolic event; and TRENDS, A Prospective Study of the Clinical Significance of Atrial Arrhythmias Detected by Implanted 
Device Diagnostics.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2019



Noseworthy et al Subclinical and Device-Detected Atrial Fibrillation

Circulation. 2019;140:00–00. DOI: 10.1161/CIR.0000000000000740 TBD TBD, 2019 e11

CLINICAL STATEM
ENTS  

AND GUIDELINES

Figure 4. In ASSERT (Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial Pacing 
Trial), the cumulative event rate for cardioembolic events was highest in patients with subclinical atrial fibrillation (SCAF) >24 hours in duration as 
demonstrated by these extended Kaplan-Meier curves of ischemic stroke/systemic embolism stratified by time-dependent durations of SCAF.  
Adapted from Van Gelder et al43 by permission of the European Society of Cardiology. Copyright © 2017, The Author. Published on behalf of the European 
Society of Cardiology. 

Table 4. Studies of Prolonged Monitoring After ESUS

Study/Year Device Patient Profile Patients, n Monitoring Strategy/Duration
AF Detection Yield (vs 

Control)

EMBRACE8 External recorder Mean age 55 y, 75 d after 
stroke or TIA

572 30 d compared with 24-h Holter 16.1 vs 3.2% for 24-h 
Holter

CRYSTAL AF4 ICM 38 d after CS, age >40 y 441 Prolonged monitoring vs 24-h Holter 8.9% vs 1.4% at 6 
mo; 12.4% vs 2.0% at 
12 mo

Kishore et al33 Any cardiac 
monitoring

NA Meta-analysis: 32 
studies and 5038 

patients

>12 h 11.5%

Sposato et al34 Any monitoring NA Meta-analysis: 50 
studies and 11 658 

patients

Phase 1 (emergency department) 
consisted of admission ECG; phase 
2 (in hospital) comprised serial ECG, 
continuous inpatient monitoring with 
ECG, continuous inpatient cardiac 
telemetry, and in-hospital Holter 
monitoring; phase 3 (first ambulatory 
period) consisted of ambulatory 
Holter; and phase 4 (second 
ambulatory period) consisted of 
mobile cardiac outpatient telemetry, 
external loop recording, and ILR

Overall AF detection 
yield after all phases 
of sequential cardiac 
monitoring was 23.7%; 
higher yield with longer 
monitoring

ASSERT 235 ILR Patients ≥65 y of age attending 
cardiovascular or neurology 
outpatient clinics with no history 
of AF but with any of the 
following: CHA2DS2-VASc score 
≥2, sleep apnea, or body mass 
index >30 kg/m2; plus either left 
atrial enlargement (≥4.4 cm or 
volume ≥58 mL) or increased 
(≥290 pg/mL) serum NT-proBNP

256 SCAF lasting ≥5 min; follow-up 
16.3±3.8 mo

Yield of SCAF in those 
with a history of stroke, 
systemic embolism, or 
TIA was 39.4%/y vs 
30.3%/y without

AF indicates atrial fibrillation; ASSERT 2, Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial 
Pacing Trial 2; CRYSTAL AF, Cryptogenic Stroke and Underlying Atrial Fibrillation; CS, cryptogenic stroke; EMBRACE, 30-Day Event Monitoring Belt for Recording 
Atrial Fibrillation After a Cerebral Ischemic Event; ESUS, embolic stroke of undetermined source; ICM, implantable cardiac monitor; ILR, implantable loop recorder; 
NA, not available; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SCAF, subclinical atrial fibrillation; and TIA, transient ischemic attack.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2019



TBD TBD, 2019 Circulation. 2019;140:00–00. DOI: 10.1161/CIR.0000000000000740e12

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

  
AN

D 
GU

ID
EL

IN
ES

Noseworthy et al Subclinical and Device-Detected Atrial Fibrillation

Figure 5. Hazard ratio (HR) for thromboembolism reported in previous studies plotted as a function of the log of the duration of the longest epi-
sode of atrial fibrillation (AF) detected (with a trend line).  
ASSERT indicates Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial Pacing Trial; MOST, Mode 
Selection Trial; RATE, Registry of Atrial Tachycardia and Atrial Fibrillation Episodes; SOS AF, Stroke Prevention Strategies Based on Atrial Fibrillation Information From 
Implanted Devices; and TRENDS, A Prospective Study of the Clinical Significance of Atrial Arrhythmias Detected by Implanted Device Diagnostics. Reproduced with 
permission from Steinberg and Piccini.45 Copyright © 2018, American Medical Association. All rights reserved.
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Figure 6. In ASSERT (Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial Pacing 
Trial), many stroke/systemic embolism events were not temporally associated with subclinical atrial fibrillation (SCAF) episodes.  
Each row represents data collected from each of 18 patients who had SCAF within 1 year before or after the event. Total hours of atrial episodes per day are de-
noted by the height of each dark gray vertical line. Gray-shaded areas correspond to the period of continuous monitoring with cardiac device. Asterisks and black 
dashed lines denote use and period of oral anticoagulation therapy. Modified from Brambatti et al.48 Copyright © 2014, American Heart Association, Inc.
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Figure 7. The association between atrial fibrillation (AF) and stroke can be conceptualized by 2 models: AF as a risk marker or AF as a direct 
cause of stroke.  
These concepts have implications for the treatment and definition of a critical clinically relevant threshold of AF burden or duration. LAA indicates left atrial ap-
pendage; and PAF, paroxysmal atrial fibrillation.

Figure 8. A pooled analysis of 3 prospective studies (TRENDS [A Prospective Study of the Clinical Significance of Atrial Arrhythmias Detected by Im-
planted Device Diagnostics], PANORAMA [Study of the Efficacy and Safety of Intravitreal (IVT) Aflibercept for the Improvement of Moderately Severe 
to Severe Nonproliferative Diabetic Retinopathy], and SOS AF [Stroke Prevention Strategies Based on Atrial Fibrillation Information From Implanted 
Devices]) found that longer initial episodes of subclinical atrial fibrillation (AF) were associated with the development of AF lasting ≥23 hours.  
Data derived from Boriani et al.55 
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Figure 9. A potential approach to patients with subclinical atrial fibrillation (SCAF) could consider both patient risk (as gauged by the CHA2DS2-VASc 
score) and SCAF burden/duration.  
A, Patients at low risk or with short and infrequent atrial high-rate episodes (AHREs) do not require anticoagulation. B, Patients with intermediate risk and AHREs 
lasting >6 minutes to 24 hours are an uncertain population but are currently under study in 2 prospective randomized controlled trials. C, Patients at high risk with 
longer episodes could be considered reasonable candidates for anticoagulation, although the precise threshold for SCAF duration remains uncertain. AF indicates 
atrial fibrillation; ARTESiA, Apixaban for the Reduction of Thrombo-Embolism in Patients With Device-Detected Subclinical Atrial Fibrillation trial; COMMANDER HF, 
A Study to Assess the Effectiveness and Safety of Rivaroxaban in Reducing the Risk of Death, Myocardial Infarction, or Stroke in Participants With Heart Failure and 
Coronary Artery Disease Following an Episode of Decompensated Heart Failure; COMPASS, Cardiovascular Outcomes for People Using Anticoagulation Strategies; 
NOAH, Non–Vitamin K Antagonist Oral Anticoagulants in Patients With Atrial High Rate Episodes Trial; and OAC, oral anticoagulation. Modified from Freedman et 
al10 with permission. Copyright © 2017, Springer Nature.
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Figure 10. The benefit of anticoagulation can be conceptualized as a balance between stroke and bleeding risks with and without anticoagulation.  
Non-vitamin K antagonist oral coagulants randomized controlled trial data in the non-atrial fibrillation population (eg, COMPASS [Cardiovascular Outcomes 
for People Using Anticoagulation Strategies], COMMANDER HF [A Study to Assess the Effectiveness and Safety of Rivaroxaban in Reducing the Risk of Death, 
Myocardial Infarction, or Stroke in Participants With Heart Failure and Coronary Artery Disease Following an Episode of Decompensated Heart Failure], NAVIGATE-
ESUS [New Approach Rivaroxaban Inhibition of Factor Xa in a Global Trial Versus ASA to Prevent Embolism in Embolic Stroke of Undetermined Source]) could help 
estimate the balance of risk in SCAF. CKD indicates chronic kidney disease; Diab, diabetes mellitus; HF, heart failure; HTN, hypertension; SCAF, subclinical atrial 
fibrillation, and Vasc, vascular disease.
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