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Definition of clinical and subclinical 
atrial fibrillation 
Atrial fibrillation (AF) is electrically defined as 
an uncoordinated, supraventricular tachyar-
rhythmia with irregular atrioventricular con-
duction (and hence irregular R-R intervals on 
the electrocardiogram) and no visible distinct 
P waves on a surface ECG [1]. Diagnosis of 
clinical AF requires documentation of such an 
arrhythmia on either a 12-lead ECG (indepen-
dently of the episode duration) or on a single-
lead ECG for at least 30 seconds, independent-
ly of symptoms related to AF according to the 
updated guidelines of the European Society of 
Cardiology [1]. So-called atrial high-rate epi-
sodes (AHREs) and subclinical AF have to be 
differentiated from clinical AF [1, 2]. For both 
entities, it is of paramount importance that the 
patient is asymptomatic (in regard to the docu-
mented episodes) and that there is no previous 
documentation of clinical AF. AHREs are atri-
al tachyarrhythmias with a rate of >175–190 
bpm detected by a cardiac implanted electron-
ic device (CIED) with an atrial lead. Subclini-
cal atrial fibrillation (SCAF) includes AHREs 
that are confirmed by inspection of the tracing 
to fulfillthe electrical definition of AF, or AF 
episodes detected by an insertable cardiac 
monitor or a wearable monitor that do not yet 
fulfillthe criteria for clinical AF (i.e., are less 
than 30 seconds) [1]. There is no uniform defi-
nition of duration of AHRE/SCAF; depending 
on the literature it ranges from 20 seconds to 
more than 24 hours [1–3].

Tools to detect subclinical atrial 
fibrillation 
Available devices to detect atrial arrhythmias 
extend from cardiac implantable electronic de-

vices (CIEDs) to newly available, usually non-
invasive wearables including smartphones, 
smartwatches, wrist bands, rings or even spe-
cialised clothing [4] (tab. 1). These tools differ 
in regard to the duration of monitoring (con-
tinuous in implantable devices such as im-
plantable loop recorders or pacemakers versus 
intermittent rhythm assessment in the majori-
ty of wearable devices) as well as in the mecha-
nism of arrhythmia detection (documentation 
of a surface electrocardiogram versus periph-
eral pulse wave monitoring).    

CIEDs, usually using an atrial lead, allow 
direct monitoring of atrial intracardiac activity 
and therefore yields the highest chance to de-
tect atrial arrhythmias with the “downside” of 
being the most invasive option. Subcutane-
ously implanted cardiac monitors provide a 
still invasive, but not intra-cardiac, continuous 
monitoring of the cardiac rhythm; they pri-
marily use the R-R irregularity to detect AF. 

In addition to the invasive screening op-
tions, commercially available wearables repre-
sent non-invasive tools to monitor cardiac 
rhythm through either photoplethysmography 

(PPG) or electrocardiography (or a combina-
tion of both) [4]. PPG uses an emitter that 
sends a pulse of photons through the skin, 
which are reflected by the haemoglobin of cir-
culating erythrocytes. This reflected signal is 
transformed into a pulse wave, which is used 
for heart rhythm monitoring. PPG measure-
ments can be continuous (such as during exer-
cise) or only intermittent during rest or sleep 
(to preserve battery). As easily available PPG 
technology is, there are some drawbacks: PPG 
needs a good, direct contact with the skin 
which is not always guaranteed, and skin col-
our, moisture or even tattoos may affect signal 
quality [5]. Furthermore, PPG documentation 
of an irregular heart beat is not enough to diag-
nose AF and ECG confirmation is necessary, 
which is another important downside of PPG 
wearables. ECG sensors therefore are still the 
gold standard for heart rhythm monitoring. 
Wearables such as chest-strap monitors or 
ECG patches may provide a continuous 
 monitoring, but they are less available to the 
average consumer and therefore smartwatches 
offering ECG monitoring have gained attrac-
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Table 1: Devices to detect atrial arrhythmias.
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tiveness. To record a single-lead ECG, usually 
a contralateral finger has to be placed on the 
crown of the watch (representing the negative 
electrode) while the back of the watch serves as 
the positive electrode. Similar to PPG moni-
toring, wearables that detect irregular heart 
rhythms require additional confirmation of 
the detected heart rhythm pathology by a 
 physician [1].

Prevalence of subclinical atrial fibrilla-
tion 
As for clinical atrial fibrillation, there is no ab-
solute prevalence of SCAF because it depends 
on the population studied, the duration of 
screening and the type of screening tool. In the 
Apple Heart Study, more than 410,000 healthy 
subjects were enrolled. By using an Apple 
Watch®, an irregular pulse notification was ob-
served in 0.52% of the entire population [6]. 
This number increases if the subject is older or 
has a higher CHA2DS2-VASc-score; the posi-
tive predictive value of such an irregular pulse 
notification to represent true AF was 84% [6]. 
If not a random, healthy population is being 
studied, but rather patients with a higher risk 
profile, the prevalence of SCAF increases. In-
deed, the ASSERT-2 study found subclinical 
AF longer than 5 minutes (an implantable loop 
recorder was used for screening) in 39% of pa-
tients after an arterial thromboembolic event 
[7]. As mentioned, not only the risk of the 
population studied influences the prevalence 
of SCAF, but very importantly also the screen-
ing tool. The EMBRACE (using a 30-day exter-
nal monitor) [8] and the CRYSTAL AF (using 
an implantable cardiac monitor) [9] trials both 
demonstrated that the rate of detection of atri-
al arrhythmias is significantly higher com-
pared with a 24-hour Holter monitoring. And, 
last but not least, the duration definition for 
SCAF used also has a major impact on the like-
lihood of identifying SCAF: A meta-analysis of 
trials using either implantable or external car-
diac monitors in patients after an ischaemic 
cerebral event demonstrated a rate of atrial ar-
rhythmias (longer than 12 hours duration) of 
11.5% [10], while the ASSERT-2 study using a 
minimum duration of 5 minutes for the defini-
tion of SCAF on implantable loop recorders 
found a much higher prevalence of SCAF [7].

Relation between SCAF and ischaemic 
stroke 
A recent meta-analysis has demonstrated that 
SCAF is associated with an increased risk for 
stroke (2.4-fold increase, 95% confidence in-
terval [CI] 1.8–3.3; p <0.001) [11]. However, 
definition of SCAF was not uniform between 
the studies included in this meta-analysis, 
which is relevant because further sub-analyses 

of some trials have confirmed that the risk of 
stroke is related to the duration of SCAF. In the 
ASSERT trial, it has been shown that the bulk 
of stroke events occurred in patients with more 
than 24 hours of SCAF [12], whereas episodes 
lasting less than 20 seconds were not associat-
ed with clinical events [13]. In between these 
two “extremes”, there is most likely a gradual 
increase in the risk of stroke, and the relevance 
of SCAF duration needs to be seen in the con-
text of traditional risk factors associated with 
stroke embedded in the CHA2DS2- VASc-
score. For example, in subjects with a low 
CHA2DS2-VASc-score of 1, the risk for stroke 
is significantly increased only if the duration of 
SCAF is ≥24 hours, whereas with a CHA2DS2-
VASc-score of ≥2, episodes of SCAF lasting 
only 5 minutes are associated with an increased 
risk for stroke [14].

Stroke prevention in patients with 
subclinical atrial fibrillation 
Unfortunately, the optimal approach to identi-
fying the population of patients with SCAF 
who may benefit from anticoagulation to re-
duce the risk for stroke is still uncertain. As 
always, a balance has to be found between the 
risk for ischaemic thromboembolic events and 

the risk for bleeding complications. As long as 
definitive evidence is missing, duration of 
SCAF in combination with the risk for stroke 
calculated by the CHA2DS2- VASc-score is the 
most reasonable way to deal with this issue 
(fig. 1). Patients with a SCAF duration of 24 
hours or more together with an increased risk 
for stroke should undergo oral anticoagula-
tion. On the other hand, for patients with short 
runs of SCAF (cut-off 5–6 minutes), anticoag-
ulation seems not to significantly decrease the 
risk for stroke as demonstrated by the LOOP 
study [15]. For the patients in between, i.e., 
with SCAF episodes 5–24 hours, treatment 
should be chosen in a shared decision-making, 
balancing the patient’s goal and preference, 
and individual thromboembolic and bleeding 
risk. Ongoing clinical trials (ARTESIA [16] 
and NOAH [17]) will hopefully clarify in the 
near future the best treatment options in these 
patients.    

Conclusion 
Atrial fibrillation and subclinical AF are com-
mon findings due to improved detection tools 
as well as the higher prevalence of cardiovas-
cular risk factors leading to these supraven-
tricular arrhythmias. Although subclinical AF 

Figure 1: Use of anticoagulants in patients with subclinical atrial fibrillation.
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per definition is not causing thromboembolic 
events, it carries a potential risk for them and 
anticoagulation needs to be discussed with the 
patient. As long as data from randomised clin-
ical trials are not yet available to select which 
patients will benefit from such a treatment, 
factors such as duration of subclinical AF as 
well as the risk for stroke (measured by 
CHA2DS2-VASc-Score) guide the decision to 
start anticoagulation or not.
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