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Rationale and aims for long-term
atrial fibrillation screening/search

Atrial fibrillation (AF) is the most common clinical arrhythmia with
substantial health and socioeconomic impact on healthcare.! The
number of people affected by this condition was estimated to be
33.5 million in 2010, with an increasing prevalence and incidence
over the coming years.? In 2017, there were 37.6 million [95% con-
fidence interval (Cl): 32.5-42.6 million] individuals with AF/atrial flut-
ter globally.® The estimated number of subjects with AF in 2030 in

Europe will be 14-17 million, and the number of new cases of AF
per year at 120 000-215 000.* Atrial fibrillation is independently as-
sociated with increased mortality and morbidity from complications
such as ischaemic stroke, dementia, and cognitive dysfunction.® Oral
anticoagulation can significantly reduce the risk of stroke, dementia,
and death.® As a part of a holistic or integrated approach to AF care,
it is associated with improved outcomes’® and is advocated in
guidelines.w'11

In many patients, AF can be asymptomatic, and the diagnosis is es-
tablished after the appearance of a complication typically associated
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with AF, such as ischaemic stroke/systemic embolic or heart
failure. For example, the Event Monitoring Belt for Recording
Atrial Fibrillation After a Cerebral Ischemic Event (EMBRACE) study
showed that in patients after transient ischaemic attack (TIA) or
cryptogenic stroke without known AF, 30 days of non-invasive
event-triggered ambulatory electrocardiogram (ECG) monitoring al-
lowed us to diagnose this arrhythmia in 16.1% of 280 individuals. At
the same time, standard 24 h ECG revealed AF in only 3.2% of 277
patients.12 In individuals with stroke risk factors, implantable loop re-
corder (ILR) screening in the Implantable Loop recorder detection of
atrial fibrillation to prevent stroke (LOOP) study resulted in a three-
fold increase in AF detection and anticoagulation initiation.'® Hence,
looking harder and longer with more sophisticated methods in-
creases AF detection.

Early diagnosis of AF in some high-risk populations, together
with appropriate antithrombotic therapy, could potentially pre-
vent a substantial number of strokes and mortality.'*"?
Additionally, it was shown by the results of the Early Rhythm-
Control Therapy in Patients with Atrial Fibrillation (EAST) study
that early AF detection and effective implementation of rhythm
control strategies would reduce both deaths and hospitaliza-
tions. This rationalizes the need for active AF screening/search
in at-risk populations. This need was reflected in the 2020
ESC guidelines that recommend opportunistic screening in indi-
viduals >65 years and suggests taking into consideration system-
atic screening in high-risk individuals and subjects aged >75
years to identify patients who could benefit from antithrombotic
treatment. However, the recommended method(s) of screening/
search that applies to the majority of the general population is
not well established.'® The main objectives of the present con-
sensus are to provide an overview of methods of preselection of
participants for mass screening, establish the rationale for opti-
mal monitoring time, and assess currently available AF detection
methods in different clinical contexts.

Main issues in long-term atrial
fibrillation screening/search

Atrial fibrillation definition: gaps and
weaknesses of current atrial fibrillation
definition

Diagnostic criteria for atrial fibrillation

The diagnosis of AF requires rhythm documentation with an ECG
tracing showing AF. A standard 12-lead ECG recording or a single-
lead tracing of >30 s of heart rhythm with no discernable repeating
P waves and irregular R-R intervals (when atrioventricular conduc-
tion is not impaired) is diagnostic for clinical AF with high specificity
and sensitivity '

Implanted devices and wearable monitors allow for detecting atrial
high-rate episode (AHRE) and subclinical AF (SCAF), respectively,
which, by definition, cannot be regarded as identical to AF at conven-
tional ECG tracings.!” Short monitoring using external devices is less
likely to detect AHRE/SCAF. When AHRE/SCAF is detected by a de-
vice/wearable, inspection of stored electrograms/ECG rhythm strips
is required.'®"”

Table 1 Definitions and types of atrial fibrillation

AF pattern Definition

Clinical AF Symptomatic ‘overt’ or asymptomatic ‘silent’ AF that
is documented by surface ECG. The minimum
duration of an ECG tracing of AF required to
establish the diagnosis of clinical AFis >30 s, or a
12-lead ECG.""®

First diagnosed ~ AF not diagnosed before, irrespective of its duration
AF or presence/severity of AF-related symptoms.'®

AHRE Events fulfilling programmed or specified criteria for
AHRE that are detected by CIEDs with an atrial
lead. Need to be visually inspected.ﬂO

Includes AHRE confirmed to be AF, AFL or an AT, or

AF episodes detected by insertable cardiac

Subclinical AF

monitor or wearable monitor and visually
confirmed."®

AHRE, atrial high-rate episode; AF, atrial fibrillation; ECG, electrocardiogram; AFL,
atrial flutter; AT, atrial tachycardia; CIED, cardiac implantable electronic device;
Based on 2020 ESC AFib Guidelines.®

The primary definition and types of AF concerning the diag-
nostic criteria, the presence of symptoms, time of detection,
and the kind of detecting devices or external monitors are pre-
sented in Table 1. As per the current ESC AF guidelines, the pa-
tient should be evaluated and characterized according to the 4S
scheme: stroke, symptoms, severity of AF burden, and
substrate.®

Gaps and weaknesses of current atrial fibrillation
definitions

A gap of evidence is to establish better the clinical significance of runs
of atrial ectopics and atrial tachyarrhythmias lasting <30 s recorded
by ECG Holter and other long-term ECG-monitoring devices, thus
not fulfilling the criteria for diagnosing AF, and to assess the probabil-
ity of progression to clinical AF, as well as their potential significance
for thromboembolic events.

The current AF definition omits to allow a diagnosis of AF
based on widely used screening tools based on photoplethysmo-
graphy (PPG). The PPG signals registered by certified medical
devices validated to the gold standard, as is ECG, could be con-
sidered comparable with the ECG due to their high sensitivity
and specificity.>? The currently ongoing ‘Fitbit Heart Study’ is
a significant clinical study designed to examine the validity of a
novel PPG-based software algorithm for detecting AF."
Nonetheless, we need to be sure of AF in an individual patient.
Reported sensitivities/specificities are not enough to establish a
definite diagnosis of AF without an ECG tracing, as suggested
by guidelines.

The terms AHRE and SCAF are often used interchangeably. There
are two ongoing randomized controlled trials (RCTs) dedicated to
optimal management of AHRE/SCAF: ARTESIA*® and NOAH-
AFNET 6%' studies. Upcoming results should fill gaps in our knowl-
edge in this area. Details of these studies are included in
Supplementary material online, Table S1.
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Table 2 Atrial fibrillation risk scores are potentially useful in defining of the population at risk of atrial fibrillation

471446/921 AF cases

C,HEST® 100% Asian without structural heart
diseases, 47% females, 47 years
MR-DASH*  Stratified Polish nationwide cohort
>65 years old, 50.9% females,

77.5 years

Subjects

3014/680 AF cases/279 SAF cases

Risk factors

0.75 (0.73-0.77)  CAD/COPD, hypertension, age,
systolic HF, thyroid diseases
0.73 (0.68-0.78)  Male gender, renal failure, diabetes,

age, stroke, HF

AF, atrial fibrillation; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; HF, hear failure.

Atrial fibrillation screening and atrial
fibrillation searching in atrial fibrillation
diagnosis

According to current diagnostic criteria, a correct and definite AF
diagnosis require electrocardiographic documentation of at least
one episode, lasting 30 s or more. This recommendation is consistent
with different guidelines.'®*? Due to the frequently asymptomatic
nature of AF, current guidelines recommend systematic and oppor-
tunistic screening in populations at risk. Other screening methods
and tools include pulse self-palpation,”> automated blood pressure

24,2 26,27 L 28
2 o smartphone applications, 8 single-lead

monitors, watches,
ECG recorders, continuous ECG patches,29 long-term  classical
Holter, wearable belts*° for ECG recording, and ILRs®" have been
postulated to identify individuals with AF effectively.

Nonetheless, only some of these methods allow for definitive AF
diagnosis. Most methods require further ECG confirmation in indivi-
duals suspected to present AF. In this meaning, the main goal of
screening is the identification of asymptomatic subjects with AF. If
any screening method is insufficient to document AF with an ECG
recording, a further search of AF using ECG-monitoring/recording
devices must be performed. In patients with typical symptoms sug-
gesting AF to whom classical ECG does not provide diagnosis,
an active AF search using ECG-monitoring devices or patient’s self-
activated ECG recorders is necessary to establish a final diagnosis
of AF. The first requires devices with automatic identification of
AF  episodes based on internal or external algorithms.
Patient-activated ECG recorders can also be effective in asymptom-
atic individuals if regular ECG recording is performed at the prede-
fined time (e.g. twice daily as was done in the StrokeStop
study).>>*3 In contrast, in the population of cryptogenic stroke
patients monitored with self-activated ECG recorders, symptoms

triggered only 22% of all AF recor'dings.34

Assessment of silent atrial fibrillation
risk and populations at risk of atrial

fibrillation

Current ESC guidelines recommend opportunistic screening in indi-
viduals aged >65 years and emphasize the need for systematic
screening in individuals >75 years to identify individuals who require
anticoagulation.’® Nonetheless, effective, extensive routine screen-
ing in all eligible subjects seems unrealistic and not cost-effective.
Based on the results of current studies, the number of individuals

needed to screen in the general population to detect one AF case
is estimated at almost 110.3> Additionally, because detection of AF
remains challenging due to the unpredictable, short, self-terminating,
or frequently asymptomatic nature of its episodes, the correct evalu-
ation of a particular patient often requires long-time continuous
monitoring. This necessitates large volumes of data to be processed.
Therefore, for practical reasons, clinical risk stratification tools that
better characterize the target population, decrease sample size,
and identify subpopulations at risk are needed to increase the cost-
effectiveness of future large populational screening programmes
based on continuous long-term monitoring.

Some electrocardiographic®®3’
beats) or echocardiographic®® (left atrial dysfunction) criteria (see
Supplementary material online, Table S2) have been proposed to bet-

(number of premature atrial

ter select subjects with a high risk of AF. However, their practical ac-
cessibility is limited only to special populations of patients as patients
after stroke or patients to whom Holter or echocardiographic as-
sessments were performed due to other reasons. The use of these
criteria for selecting participants of large populational screening pro-
grammes seems to be unpractical.

The need for better identifying of myocardial substrates of AF (es-
pecially atrial) with the use of large-scale longitudinal studies (com-
bining: ECG, echocardiography, cardiovascular magnetic resonance,
computed tomography, and traditional or genetic/genomic biomar-
kers) to demonstrate whether the estimated risk of AF and
AF-related complications can be refined, was recently postulated.39
Practical implantation of results of such studies together with the
use of artificial intelligence (Al) models should substantially improve
the identification of high-risk populations and individuals.

Several predictive scores for risk stratification of AF have been
proposed,m but most are limited in defining high-risk populations
suitable for large-scale screening projects. The major disadvantage
of scores such as the Framingham Heart Study score,*® Cohorts
for Heart and Aging Research in Genomic Epidemiology model for
AF (CHARGE-AF) score,*" Atherosclerosis Risk in Communities
score, Women’s Health Study score,? Maccabi Healthcare
Services score,® and Japan Medica Check-up score™ is that they
have been developed to predict the long-term risk (7—10 years) of
AF onset. Also, some of them require biomarkers or imaging data
not readily available in the general population.

In the light of several suboptimal AF risk scores, the expectations for
an improved risk score (i.e. easy to use, applicable to the general popu-
lation, based on readily available information such as medical history/
comorbidities) must be emphasized. Such AF risk score may also
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include/weigh risk factors for stroke in patients with AF. Such a score
would facilitate identifying patients in whom AF detection and thera-
peutic intervention would yield a morbidity/mortality benefit.

In contrast to those mentioned thus far, the C;HEST score® was a
simple score based on clinical factors created to assess 1-year AF risk.
Therefore, this scale appears to be more suitable for identifying the
high-risk population of incident AF. Its usefulness as a possible oppor-
tunistic screening tool for incidents of AF has been confirmed in a
healthy population in a Nationwide Danish Cohort Study™ and post-
stroke patients in a French Nationwide Study.*” In the Huawei Heart
Study, using the C,HEST score associated with symptoms (palpita-
tions) was associated with a good prediction of newly diagnosed
AF*’ In patients with cardiac implanted electrical devices (CIEDs),
the CoHEST score was also predictive of AHREs (Table 2).*

Position statement Class References

Recently a new clinical risk score Green
(MR-DASH) was developed based on heart
the population of NOMED-AF
cross-sectional study to predict the risk
of silent fibrillation (SAF).* It was
designed and validated in a cohort of
3014 individuals continuously
monitored using a long-term vest-based
ECG recording system. Brief
characteristics of C,HEST and
MR-DASH scores are included in
Table 2. Better identification of
populations at risk of AF using
appropriate risk scales/scores is advised
to increase the effectiveness of large
systematic device-based AF screening
projects.

The C,HEST score may be applied to Yellow -7

identify populations at risk of incident heart

AF.

Optimal duration of long-term atrial

fibrillation search

The appearance and duration of episodes of AF in paroxysmal AF are
unpredictable. Even in symptomatic patients, some episodes of AF
remain asymptomatic. For example, Israel et al.>® reported a cohort
of 110 patients with previously diagnosed AF and implanted with
dual-chamber pacemakers, that 52% had asymptomatic episodes;
also, in 44% of patients with symptoms, no evidence of AF was pre-
sent in recorded ECG or implanted device memory. In this study,
61% of patients were free of AF for >3 months despite earlier estab-
lished diagnosis; and in 16% initially free of AF, symptomatic or
asymptomatic AF recurrences lasting >48 h were observed during
follow-up time lasting 19 + 11 months.*°

This work illustrates the central dilemma in evaluating optimal
monitoring duration in AF screening/search. Even exceptionally long
monitoring may be insufficient to detect all cases. Nonetheless, estab-
lishing a predefined standard monitoring time for particular situations
seems to be necessary for either clinical practice or clinical and epi-
demiological studies. The time of monitoring is affected by the tech-
nical capability offered by the specifically selected method. For
implanted devices such as pacemakers or implantable cardioverter de-
fibrillators (ICDs), it is practically unlimited. For ILRs, it is constrained
by battery longevity and usually lasts a few years. In external devices
such as wearables (belts and vests), it is mainly limited by the patient
physical and psychological ability. Additionally, some of these devices
decrease recorded signal quality in more prolonged use. For practical
reasons, all monitoring capabilities that allow monitoring beyond
standard Holter devices (7 days) should be classified as long-term
monitoring devices.

Searching for AF in the healthy population usinginvasive methods is
difficult to justify and is not cost-effective. Nonetheless, for highly mo-
tivated, high-risk patients as patients after cryptogenic stroke or TIA,
the use of ILRs seems to be acceptable. In such populations, prolonga-
tion of monitoring from 12 to 36 months yielded an increase in the
incidence of diagnosed AF from 12.4 to 30.0%.3"°" Atrial fibrillation
detection by continuous monitoringincreased progressively through-
out the study and was eight-fold higher at 36 months (30%) compared
with the first month (3.7%).>" In another study evaluating the effect-
iveness of ILR in post-stroke patients, the detection rate of new AF
after 630 days of monitoring was 17% (95% Cl| 7-26%); however,
90% of events were detected up to 118th day.>* This suggests that
at least a few months of monitoring is necessary to identify the nearly
complete number of patients with AF after stroke/TIA and supports
using methods such as ILR. Nonetheless, prolongation of monitoring
over 1 year after the index event seems to be unjustified due to the
lack of temporal relationship between stroke and detected AF.

Different results were obtained using an external, belt-based,
automatic ECG event recorder in a similar patient population. The
detection rate of AF in 4 weeks was 14.8%, which was higher than
in the control group using 24 h Holter (2.2%)."> Regardless of this
discrepancy, either the use of ILR or up to 30 days of external
ECG monitoring resulted in a three- to six-fold higher incidence of
newly diagnosed AF in the population of patients after cryptogenic
stroke or TIA than was reported with the use of 24 h or 3—7 days
Holters.>*>*

In populational screening aimed to detect AF, devices different
from ILR devices should be applied, with shorter monitoring times.
In two recently published studies of ECG population screening, the
mSToPS trial®® and the STROKESTOP I1*? study, a monitoring
time was set up for two times of 14 days. Despite using different
monitoring devices in both studies, the AF detection rates were four-
fold higher in the monitoring cohort than in the control cohort, with
3.9 and 3% for the mSToPS?® and STROKESTOP?? studies, respect-
ively. Further target group stratification based on NT-proBNP level,
as was performed in STROKESOP |l study, increased yield of AF de-
tection from 2.6% (95% Cl: 2.2-3.0%) in low (<125 ng/mL)
NT-proBNP group to 4.4% (95% Cl: 3.7-5.1%) in high (>125 ng/
mL) NT-proBNP group.>

The monitoring time in the Apple Heart Study was extensively
longer (interquartile range 113-186 days). Still, the irregular pulse
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notification rate in the whole study population was 0.52%, and in par-
ticipants aged >65 years, it was 3.14%.%¢ In the Huawei Heart Study,
the median duration to first detected AF was 4 days (interquartile
range 1-24) in a population with a ‘high-risk’ C,HEST score category,
with a detection rate of 4.77%.>” Hence, prolonging monitoring over
30 days would not significantly increase the AF detection rate in po-
pulational studies.

The rationale for optimal monitoring duration should be limited
by technical capability and assessing the clinical significance of de-
tecting an episode of AF (especially short lasting) in a very long
monitoring time. As shown in a newly published LOOP study
that utilized ILR for AF searching in 70-90 years old, individuals
with at least one additional stroke risk factor (i.e. hypertension,
diabetes, previous stroke, or heart failure), elongation of monitor-
ing time to a median of 64.5 months yielded a significant increase in
AF detection from 12.2% in the control group (conventional care)
to 31.8% in the ILR group. Nonetheless, initiation of anticoagula-
tion in individuals with detected AF did not reduce stroke or sys-
temic arterial embolism in the monitored vs. control group (4.5 vs.
5.6%; P=0.11)."3

Position statement Class

In systematic device-based, large-scale AF  Green
screening approaches for populations heart
with unknown morbidity status, a
monitoring duration of a minimum of 2
weeks of continuous monitoring is
required to maximize AF detection.

In high-risk, highly motivated patients (e.g.  Yellow 133151

after cryptogenic stroke), 1-12 months heart

of monitoring with ILRs may be applied.

Current capabilities of long-term
atrial fibrillation screening/search
based on devices

Devices for screening and search of atrial

fibrillation
Due to the vast number of devices and methods capable of detecting
AF, we propose to categorize these tools into two screening and
diagnostic types:

Type 1:

® Screening devices: simple methods, wildly accessible, detection of AF is
a preliminary signal, and further diagnostic of AF is needed for the fi-
nal AF confirmation (both commercial, uncertified devices, and med-
ical, certified devices)

® Diagnostic devices: tools and systems that establish AF diagnosis dir-
ectly/immediately after AF detection by the device or system (med-
ical, certified devices)

Type 2:

® Screening devices: pulse palpitation, auscultation, oscillometric blood
pressure measurements, wearable devices, patient-initiated PPG on
a smartphone, semi-continuous PPG on a smartwatch or wearable,
intermittent smartwatch ECG started by semi-continuous PPG
with prompt notification of irregular rhythm or symptoms

® Diagnostic devices: long-term non-invasive ECG recording (with the
preferences of continuous): vests, belts, pocket ECG, long-term
Holter monitoring, patch Holters, event monitors, ILRs, and implan-
table pacemakers or defibrillators with atrial pacing/sensing lead

Accordingto the current rules of AF diagnosis, when AF is detected by a
screening tool, registered ECG (single ECG tracing >30's or 12-lead ECG)
should be confirmed as AF by a physician with expertise in ECG interpret-
ation. When AF detection is not based on an ECG recording (devices using
plethysmography) or in case of uncertainty in the interpretation of regis-
tered ECG tracing, a final diagnosis of AF should be obtained using add-
itional ECG recording (eg. 12-lead ECG, Holter monitoring).>® In the
opinion of the authors of this document, advanced, validated plethysmo-
graphy tools utilizing mobile, and telemedicine technologies could be ac-
cepted equal to the confirmation of AF by ECG recording>*>’

Mobile health technology and telemedicine, including advanced sys-
tems, are currently used for screening and diagnosis. In the case of AF
notification by the tool from screening type, there is an indication to
confirm the final diagnosis of AF using the diagnostic type. The practical
tools for screening and diagnostic classification are listed in Table 3.

Wearables and other devices for atrial
fibrillation screening based on pulse

assessment
Smartphones and other wearable devices such as smartwatches are
increasingly used in general. These devices’ wide availability and

Table 3 The list of devices and methods for practical
atrial fibrillation evaluation

AF detection and diagnosis
Tools for AF search
(detection and
diagnosis)

Tools for AF screening
(detection)

Pulse palpitation, auscultation Wearable vest, belts for
continuous ECG recording

Patient or medical professional Long-term Holter (72 h to 7

initiated oscillomerric blood days), pocket ECG
pressure device

Patient-initiated photoplethysmogram  Patch Holter Event Holter
on smartphone

Semi-continuous Implantable cardiac monitors

photoplethysmogram on a and pacing devices with

smartwatch atrial electrode
Mobile or telemedic devices/systems detecting photoplethysmogram

or ECG signal®

AF, atrial fibrillation; ECG, electrocardiogram.
?A or B category depending on the technology.
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constant technological improvement provide options for the wide-
spread use of medical-graded smartphone apps. These apps can pro-
vide data from remote and non-invasive screening on many
health-related parameters. However, not all of the currently down-
loadable apps have been scientifically validated.

Most devices can readily provide PPG data by recording the pulse
wave using the smartphone’s camera or specific sensors at the rear
of the watch face. Particular algorithms can then detect the pulse ir-
regularity that healthcare providers can use to diagnose AF early
without additional hardware. Furthermore, smartwatches may also
provide the option for long-term AF screening, possibly improving
diagnostic yield.

The performance of PPG-based methods to detect AF is widely
studied. Compared with a single-lead ECG recorded by a handheld
device, the first prospective study of PPG-based AF detection based
on a smartphone camera reported a sensitivity of 91.5% and a speci-
ficity of 99.6%.°® Other small studies also report excellent diagnostic
accuracy of PPG-based screening, with sensitivity varying from 87 to
100% and specificity from 90 to 97% compared with ECG.>*™3

Many studies have implemented smartphone-based strategies for AF
screening. One of the most extensive mass screening programmes in-
cluded 12 328 participants, who were offered by the lay press to down-
load a detection app from the web and instructed to perform
measurements twice daily for 7 days using the smartphone PPG tech-
nology via a specialized app.®* Tracings were classified as regular rhythm,
some irregularities, possible AF, or insufficient quality. Possible AF was
detected in 1.1% of the individuals, further referred to diagnose AF.

Two recent studies have evaluated the role of current technologies
in screening for AF in a large series of smartwatch users. The Apple
Heart Study included 419297 subjects without a known history of
AF who were monitored for an irregular pulse by PPG sensors incor-
porated in the Apple Watch®.2® One-minute tachograms were re-
corded and processed by the downloaded study app, which was also
used to notify the study subjects and guide them through the necessary
study procedures. Of the studied subjects, 0.52% (ranging from 3.1% in
the age group >65 years to 0.16% age group 22—-39 years) received
irregular pulse notifications. Some of the notified subjects were mon-
itored by an ECG patch for 6.3 days, which resulted in AF diagnosis in
34%, with most episodes exceeding 1 h in duration. The positive pre-
dictive value of irregular pulse for recording AF on the simultaneous
ECG was 0.84 (95% Cl: 0.76-0.92).

The Huawei Heart Study included 187 912 individuals screened
for AF based on PPG smartwatch sensors incorporated in android-
based wearable devices.>® With at least 14 days of monitoring by the
specially designed PPG algorithm, 0.23% of the individuals received a
‘suspected AF’ notification. They were followed up, and AF was con-
firmed in 87% of them. The majority of confirmed cases (95.1%) en-
tered a mobile app-based program for integrated AF management
resulting in the initiation of anticoagulation therapy in almost 80%
of the patients. The positive predictive value of PPG-derived data
was 91.6% (95% Cl: 91.5-91.8%).

However, limited data exist to date to advise on anticoagulation in
asymptomatic patients diagnosed through these new technologies.
These patients should thus be referred for further risk stratification
on an individual basis. More specifically, the AF burden required to
warrant anticoagulation might be different than in patients with overt
clinical AF.®> Any screening programme should incorporate an

integrated AF management care pathway to advice patients accord-
ing to the diagnosed arrhythmia. With further developments in
smartphones, smartwatches, and apps, also allowing single- or
multiple-lead recordings, new data are expected in the coming years,
hopefully also including clinical outcome data.

Position statement Class References
Wearable devices (smartphones and Yellow 59-63.66
smartwatches) with PPG sensors may heart

be used for AF screening providing

appropriate and approved software

applications are installed and utilized.
When a screening test suggests a diagnosis ~ Green 10
of AF, ECG confirmation of at least 30 s heart
duration is required.

Red heart '°

Diagnosis via wearables without the
capability of ECG recording should not
guide the therapy/anticoagulation

management.

Atrial fibrillation search based on
devices for non-invasive long-term
electrocardiogram recording (vests,

belts, and pocket electrocardiogram)
The use of classical ECG Holter systems for long-term (over 7 days)
ECG monitoring is hampered by numerous factors, including skin re-
action to wet adhesive Holter electrodes, deteriorating signal quality,
problems with long-term power supply, and poor patient compli-
ance. Due to hygiene reasons system must be taken off for short
breaks necessary for bath or showering. Correct, repetitive self-
placement of adhesive wet electrodes is unavailable for the
typical patient even after instruction and training. Therefore,
the simple construct as a vest or belt containing recording electrodes
and would be easy to wear and take off seemed to be a reasonable
solution allowing long-term ECG recording aimed to detect AF.
Indeed, the EMBRACE first large study that proved the usefulness
of long-term AF searching was based on the belt approach of
recording.n‘36

Currently, two strategies utilizing the vest/belt approach to ECG
recording are available: External loop recorders and mobile cardiac
telemetry (MCT). External loop recorders record ECG tracings last-
ing from a few seconds to several minutes surrounding trigger events
and can detect both symptomatic and asymptomatic arrhythmias
using an automatic algorithm identifying arrhythmia. Mobile cardiac
telemetries are capable of real-time or intermittent transmission of
electrogram directly to the reading centre via a wireless link using
WiFi or/end GSM access. The MCT data are processed in a reading
centre on the back end of the monitoring system using advanced sig-
nal processing algorithms. Trained technicians or cardiologists can
confirm identified events. Both strategies allow for long-term con-
tinuous ECG monitoring for up to 30 days with minimal subject
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Table 4 Studies that utilized belt/vest-based long-term electrocardiogram recording in atrial fibrillation search

Study Device Study population Time of monitoring Diagnostic References
yield
DAF-ESUS Nuubo®, Textile Wearable 100 patients after cryptogenic 21 days both groups 14% (22% early,  Rubio Campal
registry Holter vest stroke 50 early/50 late after 6% late) et al.t®
stroke
Crypto-AF Nuubo®, Textile Wearable 174 patients after cryptogenic Up to 28 days 21.9% Pagola et al.*’
registry Holter vest stroke
EMBRACE ER910AF Cardiac Event 280 patients intervention group/277  Up to 30 days intervention  16.1 vs. 3.2% Gladstone
Monitor/Braemar Cardiac patients control group after group/24 h control et al.’?
Bio-Systems belt cryptogenic stroke group
Beat2Phone Beat2Phone belt 15 patients after cryptogenic stroke 14 days 6.7% Lumikari et al.*

involvement. The monitoring must be interrupted only for a short
time required for recovery of the skin, bathing or showering, and de-
vice charging or recorder exchange.®” External loop recorders po-
tentially suffer from overlooking arrhythmic episodes that are not
directly identified by intrinsic device algorithms or are out of range
of predefined parameters.

The usefulness of belt/vest-based direct long-term ECG recording
technology in AF detection was proved in several recently published
studies characterized in Table 4. Most were performed on patients
after cryptogenic stroke, with the monitoring time lasting up to
30 days. The diagnostic yield of AF detection was always superior
to classical 24—48 h Holter recordings (in direct or indirect compari-
son) and was comparable with those obtained in implantable
devices (ILR).

Position statement Class References
Belt/vest-based long-term non-invasive Yellow 1236

ECG recording in AF search is heart

suggested in patients with a high risk of

AF.
Belt/vest-based long-term non-invasive Yellow 1236

ECG recording in AF search can be heart

useful in populational screening studies.

Atrial fibrillation search based on
classical and novel Holter

electrocardiogram-based methods

Holter ECG is considered the gold standard for short-term heart
rhythm diagnostics for up to 10 days. It is usually applied with three
to five electrodes and allows an analysis of at least two different ECG
channels. In contrast to automatically triggered devices, ECG
Holter-based methods continuously document heart rhythm and
will enable an analysis of the onset and end of suspicious episodes.
The main drawback of Holter ECG is compliance over time. In a

recent series of 200 patients with recent strokes, 75% of patients
wore a 10-day Holter ECG for at least 8 days, but one-third of pa-
tients refused to have a second 10-day Holter ECG after 3 months.”

Extending the time of ECG registration will increase the diagnostic
yield of Holter monitoring, especially for those rhythm disturbances
that are infrequent but recurrent. The optimal duration of monitor-
ing for AF, particularly after a stroke, is yet to be determined, but cur-
rent evidence suggests monitoring for at least 72 h in all patients with
stroke.”"”? Current ESC guidelines also recommend a preference
for 72 h of monitoring.™

Event monitors do not record ECG continuously. Electrocardiogram
is recorded only if the device identifies a suspected episode or the pa-
tient activates recording. Mobile cardiac telemetry is an evolution of
event Holter, which analyses ECG continuously and transmits every
beat in real-time to an attending cardiac unit.

Patch Holter uses a technology similar to a Holter ECG, using an
adhesive patch attached to the patient chest instead of electrodes.
This provides a single-channel ECG. The patch allows activities like
showering without removing the device. The patches usually record
heart rhythm continuously for 14 days. After this period, the patches
are detached and mailed for remote analysis to a central core lab.
The analysis of the ECG data is done by trained technicians and is in-
cluded in the fee for the device.

Data on direct comparisons between ECG-monitoring modalities
are scarce and often biased by different monitoring times. For ex-
ample, Barrett et al”
of Holter monitoring. The patch detected significantly more arrhyth-
mias than the Holter, mainly due to the different monitoring times. In

compared a 14-day patch Holter with 24 h

the 24 h that both devices were worn in parallel, the yield of the
Holter was significantly higher than the patch. Patients judged the
patch to be more comfortable and were less likely affected by daily
living activities.

Two large, randomized trials have used patch Holters for screen-
ing of AF. For example, in the mSToPS trial, 2659 individuals were
randomized to either 2 weeks of rhythm monitoring with a patch
Holter starting immediately after allocation or delayed 4 months.?’
Atrial fibrillation was identified by 4 months in 3.9% of the immediate
group vs. 0.9% in the delayed group. In the SCREEN-AF study,
856 patients with hypertension aged 75 years and above were ran-
domized to 2 times 14 days of patch Holter monitoring or usual
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care.”* After 6 months, AF was detected in 5.3% in the patch Holter
group and 0.5% in the standard care group. About 75% of the AF in-
cidents detected by the patch were found with the first patch.

Another issue is the clinical significance of these asymptomatic AF
episodes detected using extended ECG-monitoring devices.”® These
should be carefully interpreted and individualized according to the
clinical characteristics of each patient; for example, episodes of a
few minutes of AF may not have the same significance in healthy
middle-aged athletes as in hypertensive and diabetic patients after
a cerebrovascular accident.

Position statement Class References
72 h of Holter ECG monitoringis required ~ Green 107172
in high-risk patients (e.g. stroke heart
patients) ahead of other long-term
ECG-monitoring methods.
Patch Holter-based long-term Yellow 7475
non-invasive ECG recording in AF heart

search can be used in populational
screening studies.

Implantable loop recorders and atrial

fibrillation search

Implantable loop recorders are employed for AF search after crypto-
genic stroke, AF monitoring after catheter and surgical ablation of AF,
and AF detection in patients with unspecific palpitations. Modern ILR
systems are small injectable recorders weighing between 2.5 and 4 g
and have 2 and 4 years of battery capacity. All available devices allow tel-
emonitoring and are MRI conditional. Device-related adverse events, in-
cluding pain and wound infections, are rare throughout all published
collectives. In one of the largest series of patients from the
CRYSTAL-AF study, at 36 months, 5 (2.4%) of the 208 ILRs that
were initially inserted had been removed owing to infection at the inser-
tion site or pocket erosion. The most common adverse events asso-
ciated with the ILR were infection [3 patients (1.4%)], pain [3 patients
(1.4%)], and irritation or inflammation [4 patients (1.9%)] at the inser-
tion site.™*" In cryptogenic stroke, which represents about 25% of all
stroke cases, early detection of clinically unapparent paroxysmal AF is
essential for preventing recurrent stroke. The initiation of oral anticoa-
gulation leads to a notable absolute risk reduction.”® The risk of
recurrent stroke in patients with cryptogenic stroke is reported with
3-6% per year.”” Based on a RCT data, asymptomatic paroxysmal
AF was diagnosed in a relevant proportion of patients with cryptogenic
stroke after ILR implantation.®’ A clear superiority was reported
for the ILR compared with regular or irregular Holter ECG,
with detection rates of 8.9% in ILR vs. 1.4% for conventional Holter
ECG over only 6 months.>' These figures increased after 12 months
and reached 30% for ILR vs. 3% for traditional Holter ECG after 3 years.
These results are consistent with the findings of another randomized

trial employing an external 30-day event-triggered recorder, which
also displayed superiority compared with conventional Holter ECG."?
However, this method is limited to a specific time window and may
be regarded as inferior to ILR with a potential monitoring period of
up to 4 years.

The feasibility of ILR for the detection of SCAF is further un-
derlined by a recent study in individuals without a history of AF
who presented at least one accepted risk factor for systemic
thromboembolism, including >70 years of age, hypertension, dia-
betes, and history of stroke or presence of heart failure. In this
cohort, subclinical episodes of AF with at least 6 min were diag-
nosed by ILR implantation in 35% of all included patients. In all
patients where AF was identified, oral anticoagulation was in-
itiated according to current ESC guidelines.'® Similar results
were obtained in the LOOP study. In 1501 individuals with at
least one additional stroke risk factor (i.e. hypertension, diabetes,
previous stroke, or heart failure) monitored with ILR, AF was de-
tected in 477 (31.8%). In contrast, in 4503 individuals in the con-
trol group (usual care), only 550 (12.2%) were diagnosed with
AF. Surprisingly, initiation of the anticoagulation due to newly de-
tected AF resulted in no significant differences in the incidence of
stroke or systemic arterial embolism between the ILR group and
control groups (HR 0.80, 95% Cl: 0.61-1.05; P=0.11)."3
The results of the LOOP study suggest that anticoagulation
was not always initiated after any AF detection due to the occur-
rence of short episodes, which may be an explanation for these
findings.

In patients who underwent AF ablation, ILR implantation corre-
lated with a reduced prescription of antiarrhythmic and negative-
dromotropic medication compared with patients in conventional
follow-up. This can be explained by the higher confidence of the clin-
ical team in the absence of an arrhythmia.”®

Position statement Class References

The use of implantable loop recordersis  Yellow
justifiable for AF detection in patients heart
after cryptogenic stroke.

Implantable loop recorders can be applied ~ Yellow 78

to individual patients for monitoring heart

after AF ablation.

Atrial fibrillation search in patients with

implantable devices

Cardiac implanted electrical devices with an atrial lead or with the
capability of rhythm discrimination (i.e. ILRs) allow to continuously
monitor the cardiac rhythm and appropriately detect atrial
tachyarrhythmias, including AF, as AHREs and recordings can be
stored in device memories for review and specific diagnosis to be
discriminated from oversensing due to double counting, repetitive
non-reentrant ventriculoatrial synchrony, or artefacts caused by
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myopotentials or electrical interferences."” Atrial high-rate episodes,
currently defined as episodes of at least 5 min of atrial tachyarrhyth-
mias/AF with an atrial rate >175 b.p.m.,'® are asymptomatic events
discovered during routine device follow-up and classified in terms
of duration of the single episode or time spent in atrial tachyarrhyth-
mias during a day (AF burden, expressed as minutes to hours). The
requirement for using the term AHRE, or SCAF, is that the patient
has no previous history of AF and that AF was never documented
with a standard 12-lead ECG or an ECG strip >30 s, the latter cri-
teria qualifying for clinical AF.'

The prevalence of AHRE, often reported as AF burden among pa-
tients implanted with CIEDs, varies depending on underlying heart
disease and observation periods. In general, AHRE can be detected
in 10-15% of pacemaker patients and up to 20—40% in ICD and
CRT patients. Patients with sinus node disease seem to be more at
risk than patients with AV block.®>7%®’

Although episodes of SCAF/AHREs are associated with a 2.0-
to 2.5-fold increase in stroke risk compared with patients with-
out these arrhythmias,®>”?®#2 the absolute risk of stroke among
these patients is lower than the risk of patients with clinical
AF® In a recent meta-analysis, AHRE was significantly associated
with increased thromboembolic risk and increased incidence of
F.8* Moreover, CIED-detected AHREs may occur with
temporal dissociation regarding stroke events, thus suggesting
that they may represent a marker rather than a risk factor for
stroke”>®28% or may develop clinical AF, as shown by the
ASSERT trial where, during a follow-up period of 2.5 years,
around 16% of the patients who had subclinical atrial tachyar-
rhythmias developed asymptomatic clinical AF.®> Careful moni-
toring of these patients is thus advised also considering remote
monitoring, especially in patients with longer AHREs and a higher
stroke risk profile 2

The threshold at which it is appropriate to initiate anticoagulation
for AHRE below 24 h is not yet defined. Still, the risk of stroke is
markedly increased when the duration of SCAF/AHRE is longer
than 24 h, as shown by the ASSERT data.®® In patients with atrial ar-
rhythmias lasting <5 min, no increase in stroke risk has been docu-
mented, and no anticoagulation is required. In patients with
AHREs shorter than 24 h, the net clinical benefit of oral anticoagula-
tion is currently studied in two randomized trials (details in
Supplementary material online, Table 51).2%%'

Patients with SCAF/AHREs show a substantial dynamicity with
transitions from lower to higher AF burden categories depending
on the AF burden at first detection and CHADS, score.®® The longer

clinical Al

Position statement Class References
A careful review of device memories is Green v

required at each follow-up of patients heart

with CIEDs.
Risk stratification to identify individuals that Green g

require further investigation aimed at heart

establishing AF diagnosis should be

performed using the CHA2DS2-VASc

Continued

Continued

Position statement Class References

score in patients with SCAF/AHREs (>5
min)

Intensified follow-up, eventually using Green &7
remote monitoring, is justifiable in heart
patients with AHREs <24 h in individuals
at risk of thromboembolic episodes.

Based on their risk stratification, initiation of Yellow 65

oral anticoagulation may be an option in heart

patients with SCARF/AHREs lasting

longer than 24 h.

Red heart 10,75,82,85

No anticoagulation is needed in patients
when asymptomatic atrial
tachyarrhythmias lasting <5 min are

discovered in device memories of CIED:s.

the AF burden at first detection, the higher the probability of a faster
transition to an AF. The threshold of >23-24 h has been reported in
the literature to be associated with an essential increase in the risk of
associated stroke.®> At present, decision-making on anticoagulation
has to consider individualization of monitoring and clinical surveil-
lance on top of clinical stroke risk stratification based on
CHA,DS,-VASC.”

E-medicine and artificial intelligence in
current strategies of atrial fibrillation

screening/search

If indicated, identification of AF before symptoms could promote the
initiation of appropriate therapy, including risk-factor modification or
oral anticoagulation.

Machine learning (ML) applications have advanced rapidly in the
last years. A new novel ML model for implementing an AF prediction
model was created using the data routinely collected from 3 million
patients without a history of AF registered in the UK Clinical Practice
Research Datalink.2® Using these data, a convolutional neural net-
work, which considered 100 different baseline predictors, was iden-
tified as the optimal model with an area under the curve of 0.83 for
AF prediction vs. 0.73 with the CHARGE-AF score. It should be
noted that the complexity and variability of coding systems (variabil-
ity over time, differences in coding between physicians) allow for
possible divergences in coding, decreasing the validity in a given
population.

Machine learning also allows to factor in the dynamic nature of risk
factors and multimorbidity for incident AF and AF-related complica-
tions, such as stroke.®*°

An Al algorithm designed to detect nearly concomitant unrecog-
nized AF based on sinus rhythm ECGs has been described.” The al-
gorithm was developed using almost half a million digitally stored
ECGs recorded from more than 100 000 individuals. The model ap-
plied convolutions on a temporal axis to extract morphological and
temporal characteristics during the training and validation process.
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1) Single lead ECG devices

Screening of individuals with or without symptoms of AF 4—

Documentation of a single-lead ECG tracing of >30 s showing heart rhythm with no
discernible repeating P waves and irregular RR intervals is diagnostic of clinical AF.

Confirmation by a physician with ECG rhythm interpretation is necessary to establish a
definitive diagnosis

Yes
Diagnosis of Clinical AF
Follow current guidelines

2) Wearable monitors

Screening of individuals without symptoms attributable to AF, ‘—
in whom clinical AF is not previously detected

No -
Continuous Screening

>5-6 minutes of AF diagnosed thought an AF detection algorithm, eg. through the use of
a photoplethysmography device [2].

Detailed inspection of the stored electrograms rhythm strips is mandatory. Exclude
possible false positives (conduction disturbances, extrasystoles, noise).

Yes

Diagnosis of subclinical AF [1

-Consider to obtain an additional ECG recordings
-Consider anticoagulation in case of high burden
(>12-24 h) and CHA2DS2-VASc >2 (m) or >3 (f).
-Continue follow up and monitoring to detect
progression to clinical AF, increase in burden,
detect changes in stroke risk.

-Consider remote monitoring

Continuous Screening / reassess progression s

No

Figure 1 Proposition of practical approaches of atrial fibrillation screening based on individual risk factors and devices.

Posteriorly, it was validated and tested in two different sets.
Individuals with at least one ECG with AF were categorized as cases
within 1 month after the sinus rhythm ECG. The algorithm showed a
C statistic of 0.87 (95% Cl: 0.86—0.88), a specificity of 79.5%, a sen-
sitivity of 79.0%, and an accuracy of 79.4% in detecting individuals
with documentation of AF within 1 month after the sinus rhythm
ECG using only information from the sinus rhythm ECG.

Machine learning methods have also been applied to signals ob-
tained from the single-lead ECG or photoplethysmography. For in-
stance, a deep neural network has been developed to detect AF
from photoplethysmography signals received from the Apple
Watch (Apple Heart study) or the Huawei (Huawei Heart
Study).2e>®

Although these results are promising, the actual clinical utility of
these solutions will be determined by the predictive values of
each algorithm when applied to a population and by the cost related

to follow-up diagnostic testing and therapies, mainly in the false-
positive group. Indeed, these algorithms may facilitate targeted AF
surveillance in subgroups of high-risk patients. A proposition of prac-
tical approaches based on individual risk factors is presented in
Figure 1.

Some important questions need to be addressed before these
tools can be widely used in clinical practice, like the interpretation
of deep-learning algorithms. Also, these black-box models may
not allow stakeholders (patients and healthcare providers) to
engage in the serious shared decision because of the opacity of the
models.

New techniques for ECG analysis based on ML and Al and new
technologies like wearables have opened up potentially significant
opportunities for detecting and diagnosing AF. These innovations
may help us personalize therapy and risk stratification in the near
future.
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Table 5 Benefits and risk of screening for atrial fibrillation (modified from Guidelines 2020"°)

Benefits Risk

Clinical Stress and anxiety before and after the test.
Prevention of:
Stroke using OAC if indicated

® Symptoms if treatment effective to

Possible divergence of patient interest vs. healthcare
provider.

reduce the symptomatic crisis
® AF-related morbidity/mortality:

heart failure
Conditions discovered as a
consequence of the screening
Biological False positives and ECG misinterpretation may promote
Reversal/prevention: overdiagnosis and overtreatment and also complications
® Electrical/mechanical Atrial secondary to a positive test.
remodelling Risk of harm and increase of cost.

® Tachycardia-induced Bleeding secondary to OAC treatment.

Exploring convergence points

Evaluate patient’s interest, values, goals, and
preferences before proposing a screening test.
Clarification that patient decision will be
respected.

Clarify possible misperceptions regarding to the
procedure.

Establish an open discussion regarding the nature of
AF and potential negative and positive aspects of
the procedure.

myocardiopathy

Patient’s benefits of atrial
fibrillation screening

In the event of identifying a case, the benefits of AF screening are
multiple. From the clinical point of view, there is the prevention of
stroke and heart failure with a reduction in cardiovascular mortality.
From a biological point of view, there is the reversal of atrial remod-
elling and disease progression (Table 5). On the other hand, there can
also be some possible negative aspects of screening, mainly related to
anxiety, ECG misinterpretation, unnecessary procedures performed
due to a false-positive test, and the associated costs.

Regardless of obvious clinical and biological benefits resulting from
participation in screening, some individuals can refuse to be enrolled.
In the StrokeStop study, half of the subjects invited declined to par-
ticipate, actually those with the highest risk.*3

Reporting shared decision-making research has shown different
perceptions between patients and healthcare professionals. In
some cases, a misperception that patients might prefer not to be in-
volved in decision-making but rather defer it to their physician has
been identified.

Informing the patient about the disease, its possible consequences,
and management should be done initially. Although a formal written
informed consent is probably not mandatory, each patient should be
able to accept or refuse to participate in a screening programme,
being fully aware of the potential benefits or hurdles of the screening,
the limitations of the chosen screening tool, and the consequences of
a positive or negative test. This information could also be extended
to the general population to increase awareness about AF, allowing
everyone to decide whether or not he/she would be interested in
being tested and how frequently the testing should be repeated.

Apart from ‘hard’ clinical outcomes (death, stroke, major bleeding,
etc.), evaluating outcomes relevant to patients is essential during a
screening process. As the first step of shared decision-making,

identifying the patient’s values, goals, and preferences should be man-
datory. In this context, an international consortium has identified the
following patient-related outcomes as essential to measure for AF:
health-related quality of life, physical and emotional functioning, cog-
nitive function, symptom severity, exercise tolerance, and ability to

work.
Position statement Class References
Understanding each patient’s values and Green 33
preferences should allow a tailored heart
screening approach for each patient.
Comprehensive information about atrial Yellow e
fibrillation is necessary to allow every heart

subject to decide whether or not to

participate in a screening programme.

Summary

The current AF definition requires recording in classical ECG or
Holter ECG at least a 30-s episode of AF. According to the current
definition, the presence of frequent shorter episodes of fast atrial ar-
rhythmia or episodes of arrhythmia identified with widely used
screening tools requires subsequent steps to establish a definite diag-
nosis of AF. The use of different clinical risk scores can help to refine
target populations better. Due to the unpredictable and highly vari-
able nature of AF episodes, a monitoring time lasting 2 weeks or
longer is preferable to maximize the possibility of identifying subjects
with AF.
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Several capabilities are currently available for AF search/screen-
ing, including devices based on plethysmographic pulse assessment,
belts and vests for long-term ECG monitoring, modern Holter cap-
abilities, and ILRs. Decision-making regarding using particular of
them should depend on proof of efficacy based on published
data, patient characteristics, and purpose of monitoring (screen-
ing/search). Additionally, all subjects with CIED with the possibility
of atrial sensing should be carefully evaluated to identify AHREs. In
large-scale screening projects, ML and Al could provide the appro-
priate interpretation of large databases containing the results of a
giant number of participants. From the patient perspective, partici-
pation in screening has positive but also negative aspects.
Therefore, each patient should be able to accept or refuse to par-
ticipate in a screening programme, being fully aware of the poten-
tial benefits or hurdles of the screening. As the first step of shared
decision-making, identifying a patient’s values, goals, and prefer-
ences is mandatory.

Supplementary material

Supplementary material is available at Europace online.
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