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Abstract
Symptomatic atrial fibrillation (AF) or clinical AF is associated with impaired quality of life, higher risk of stroke, heart failure, and
increased mortality. Current clinical classification of AF is based on the duration of AF episodes and the recurrence over time.
Appropriate management strategy should follow guidelines of Scientific Societies. The last decades have been marked by the advances
in mechanism comprehension, better management of symptomatic AF, particularly regarding stroke prevention with the use of direct
oral anticoagulants and a wider use of AF catheter or surgical ablations. The advent of new tools for detection of asymptomatic AF
including continuous monitoring with implanted electronic devices and the use of implantable cardiac monitors and recently wearable
devices or garments have identified what is called “subclinical AF”” encompassing atrial high-rate episodes (AHREs). New concepts
such as “AF burden” have resulted in new management challenges. Oral anticoagulation has proven to reduce substantially stroke risk
in patients with symptomatic clinical AF but carries the risk of bleeding. Management of detected asymptomatic atrial arrhythmias and
their relation to clinical AF and stroke risk is currently under evaluation. Based on a review of recent literature, the validity of current
clinical classification has been reassessed and appropriate updates are proposed. Current evidence supporting the inclusion of subclin-
ical AF within current clinical classification is discussed as well as the need for controlled trials which may provide responses to current
therapeutic challenges particularly regarding the subsets of asymptomatic AF patients that might benefit from oral anticoagulation.

Keywords Atrial fibrillation - Clinical classification - Subclinical AF - AF screening - Device-derived AF - Oral anticoagulants -
Stroke risk - Cryptogenic stroke

1 Introduction epidemic related to aging population in the Western World
and in developing countries [1, 2]. Symptomatic AF may be
associated with alteration of quality of life, limited exercise
tolerance, increased risk of stroke, heart failure, dementia, and
mortality. The global prevalence of AF in 2010 was estimated
to be 33.5 million persons [2]. In Europe, the prevalence of AF
is as high as approximately 3% of the adult (> 21 years) pop-
ulation [3]. The risk of stroke in the AF population is fivefold

that of the general population [4].

Atrial fibrillation (AF) is the most common sustained arrhyth-
mia encountered in daily practice and represents an increasing
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The cost of care of patients with AF is driven in large part
by the frequent hospitalizations of AF patients representing
around 44—78% management costs [5—7]. The reported mean
annual cost of AF per patient per year in Europe ranges be-
tween a mean total spending of 3209 Euro per patient per year
in France [5], 3225 Euro in Italy [6], and from 2464 to 6000
Euro in Germany [7].

Among the major advances of the last decades in AF man-
agement, stroke prevention using direct oral anticoagulants
(DOAC:S) [8] and non-pharmacological therapy with a wider
use of catheter and surgical AF ablation, deserve special
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mention [9]. Recently, a number of new tools have been de-
veloped for detection of asymptomatic AF, both in patients
with and without symptomatic clinical AF. This has created
new therapeutic challenges but offered also new opportunities
for further research. Reviewing the literature, it appears that
the enormous amount of publications on AF each year differs
by the nomenclature used and dissimilar patient populations.
This is partly due to the heterogeneous clinical presentations
of AF encountered in daily practice. Current clinical classifi-
cation into paroxysmal, persistent, and permanent AF charac-
terizes an episode of symptomatic AF diagnosed in ambula-
tory services, emergency wards, or in hospitals at a given time,
but does not address asymptomatic AF and its various aspects.
This position paper aims—based on the review of current
literature on subclinical AF—to define its prevalence and po-
tential thromboembolism risk and to determine if it is time to
be integrated in the clinical AF classification.

2 Definitions and nomenclature
2.1 Definitions

Atrial fibrillation is easily recognized on 12-lead electrocar-
diogram (ECQ). It is characterized by “the absence of consis-
tent P wave before each QRS complex.” Instead, there are
rapid oscillations or “f” waves which vary in size, shape,
and timing, and there is usually an irregular ventricular rate
according to Bellet definition [10]. The ventricular response
depends on atrioventricular (AV) nodal properties, the level of
vagal and sympathetic tone, and drugs that affect AV nodal
conduction, such as beta-blockers, non-dihydropyridine calci-
um channel blockers, and digitalis glycosides and disease of
the AV node and the His-Purkinje system. The RR intervals
are typically not equidistant in AF. However, regular RR

Table 1

intervals may occur either with fast rates or in AF associated
with advanced AV block and in patients with permanent ven-
tricular pacing. The diagnosis of AF may be overlooked
should the only criterium used is the irregular ventricular rate.
Atrial fibrillation may be triggered by other arrhythmias most
often atrial flutter or atrial tachycardias commonly combined
to AF. We will restrict the term “clinical AF” to symptomatic,
12-lead ECG-documented AF.

2.2 Clinical AF in perspective

There is still no consensus on the minimum duration that
defines an episode of AF particularly in regard to the stroke
risk. For example, in the 2012 HRS/EHRA/ECAS Consensus
Statement [9], AF was defined as “continuously present on an
ECG for 30 seconds or more, or occupying a complete 12 lead
ECG monitoring” [9] whereas in the 2016 European Society
of Cardiology Guidelines, AF is defined “irrespective of the
duration of the arrhythmia” [11]. In any case, the duration of
AF is not the only parameter that guides the clinician in his
evaluation of stroke risk.

Historically, the numerous terms used to describe AF clin-
ical patterns raised some confusion and there was a need for an
International Consensus on Nomenclature and Classification
of Atrial Fibrillation [12] which proposed the well-known
clinical classification of AF (Table 1). In brief, the first
ECG-documented episode can be paroxysmal (self-
terminating in <7 days) or persistent (non-self-terminating
within 7 days). It can remain isolated or followed by AF re-
currences. Recurrent AF episodes may be paroxysmal self-
terminating within minutes, hours, or days or persistent.
Some episodes of symptomatic AF may require rapid cardio-
version, either electrical or pharmacological using antiarrhyth-
mic agent given intravenously or orally, provided that the
patient is hemodynamically stable and that the safety of oral

Clinical classification of atrial fibrillation (from J of Cardiovascular Electrophysiology with permission [12])

Terminology Clinical features

Arrhythmia pattern Therapeutic implications

Initial event
(first ECG-documented episode)

Symptomatic
Asymptomatic (first documented)

Onset unknown (first documented)

May or may not recur Initial event (first documented episode)

Paroxysmal Spontaneous termination <7 days Recurrent Prevention of recurrence class I or 11
Most often <48 h antiarrhythmic drugs
Consider AF ablation
Rate control and anticoagulation if needed
Persistent Not self terminating Recurrent Rate control and anticoagulation if needed
Lasting > 7 days or early Rhythm control strategy
cardioversion Consider AF ablation
Permanent Not terminated Established Rate control and anticoagulation if indicated
Terminated but relapsed
After failure of cardioversion
or/and AF ablation
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antiarrhythmic agent has been previously tested in hospital for
the safe use of the so-called “Pill in the pocket” approach [13].
Pharmacological cardioversion is commonly indicated as part
of a rhythm control strategy or as a tool to control patient
symptoms and avoid hospitalization in patients with a clini-
cally stable condition. If AF requires cardioversion before 24
or 48 h, the AF episode may still be called persistent. This time
frame represents the duration beyond which formal
anticoagulation must be undertaken prior to cardioversion.

The duration of 7 days was initially selected based on the
observation that after such period of time, the likelihood for
AF to terminate either spontaneously or using pharmacologi-
cal cardioversion is low. Permanent AF is an established form
which either failed one or more cardioversion attempts or
catheter ablation attempts to maintain sinus rhythm or the
clinician and/or the patient decides to accept the arrhythmia
as a reasonable approach. Following the first report on
Recommendations for AF management [14], the ACC/
AHA/ESC and NASPE (today, Heart Rhythm Society
(HRS)) guidelines [15] used this clinical AF classification
followed by subsequent guidelines [15-18] and consensus
documents with minor changes [7, 15-20].

At the time the clinical AF classification was proposed, the
management of asymptomatic AF was supposed to be the
same as that of symptomatic particularly regarding the throm-
boembolic risk and its prevention using oral anticoagulation.
The risk of stroke and systemic embolism in clinical AF pa-
tients is currently evaluated using CHADS, score [18] or
CHA,DS,Vasc score [21]. Ruff et al. [22] in a sub-analysis
of the ENGAGE AF-TIMI 48 trial involving 4880 patients
compared the CHA,DS,Vasc score with a biomarker score
comprising cardiac troponin, N-terminal pro-B-type peptide,
and D-dimers at baseline. The multimarker biomarker score
significantly enhanced risk assessment for stroke, systemic
embolic events, or death.

2.3 Long-standing persistent AF

In the 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert
consensus statement on catheter and surgical ablation of atrial
fibrillation [19], long-standing persistent AF was added and
defined “as continuous AF of greater than 12 months dura-
tion”. This is a persistent form of AF particularly encountered
when a rhythm control strategy using AF ablation is
contemplated.

3 Valvular versus “non-valvular AF”

In a number of controlled trials, particularly those comparing
DOACSs with warfarin, the term non-valvular AF is frequently
used [8]. Valvular AF refers mainly to patients with signifi-
cant (moderate to severe) mitral stenosis or with mechanical

valve prosthesis according to the definition of the Canadian
Cardiac Society [23] in 2017. Such definition concerns in-
deed, two groups of patients thought to require warfarin and
therefore not included in DOAC trials [8]. Other types of
valvular heart disease, such as significant mitral incompetence
and aortic valve disease (stenosis or regurgitation) do not en-
able to consider AF as a valvular AF. Indeed, as pointed out
by Fauchier et al. [24], non-valvular AF does not exclude
other types of valvular heart disease to benefit from the use
of non-vitamin K antagonists. Such assumption was con-
firmed by a meta-analysis of AF trials showing that, despite
the fact that in patients with valvular heart disease the rate of
stroke or systemic embolism (SSE) was higher than in patients
without valvular heart disease, the efficacy and safety of high-
dose DOACs was similar in AF patients with and without
valvular heart disease [25]. A study which included patients
with a mechanical valve prosthesis in which dabigatran was
compared with warfarin was prematurely interrupted because
of increased rates of thromboembolic and bleeding complica-
tions in the dabigatran-treated patients [26]. The phase 3 major
randomized trials on DOACs versus dose-adjusted warfarin
all showed that DOACs were non-inferior to warfarin and
reduced the incidence of intracerebral hemorrhage in non-
valvular AF [8]. In any case, we agree with Breithardt [27]
that “we should get away from the term” non-valvular AF”
and be more specific in characterizing valvular disease.

4 Symptoms associated with atrial fibrillation

The presence of symptoms is the main reason that brings AF
patients to our attention and may affect quality of life. The
most common symptoms in AF patients based in France were
palpitations (54%), dyspnea on exertion (49%), chest pain
(10%), syncope or dizzy spells (10%), and fatigue. Patients
with paroxysmal AF were more symptomatic (79%) than
those with persistent or permanent AF (44%) [28]. It is impor-
tant to emphasize the fact that symptoms do not necessarily
correspond to the presence of AF. Palpitations represent the
most suggestive symptom of the presence of arrhythmia.
Several classification scales for evaluating the symptoms in
AF patients have been proposed. The European Heart rhythm
Association (EHRA) has proposed a classification of symp-
toms based on whether the patients were troubled by their
arrhythmia (class 2b) or not (class 2a) [29]. Koci et al. [30]
proposed also a classification of symptoms and burden in
patients with AF. These classifications are based both on
patient-generated symptom severity compared with the
health-provider assessment.

In a prospective study [31] correlating the recurrences of
atrial tachyarrhythmias with symptoms in patients with AF
and a standard indication for permanent pacing, one episode
or more of atrial tachyarrhythmia occurred in 34 patients.
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Patients logged symptomatic events into the device memory
via an external manual activator. Eleven patients had only
asymptomatic episodes and 23 patients both symptomatic or
asymptomatic episodes. In this study, symptoms felt to be
related to AF, often were not associated with atrial arrhyth-
mias and 95% of tachyarrhythmia episodes were asymptom-
atic and corresponded to episodes shorter in duration than
symptomatic episodes.

5 Asymptomatic AF

5.1 Detection of asymptomatic atrial fibrillation in
patients without implantable devices

Detection of AF has always been a challenge as undetected or
asymptomatic AF, also called “silent AF,” was estimated to be
more common than symptomatic AF. When AF was inciden-
tally recorded, it was treated as clinical AF. Both symptomatic
and asymptomatic AF episodes can obviously coexist in the
same patient [31]. In that case, diagnosis and management of
AF should follow current guidelines [11, 32, 33]. When AF is
only asymptomatic, the stroke risk may not be similar to that
of the symptomatic form. For many years, our traditional tools
for arrhythmia detection included 24 h (or 48 h) ambulatory
recordings (Holter), external ambulatory monitors used for
2 weeks, and more recently insertable cardiac monitors
(ICM). Recently, the advent of new tools for arrhythmia de-
tection such as non-invasive ambulatory ECG monitoring for
a target period of up to 30 days, several kinds of mobile apps
and smartphone-based ECG or wearable sensors were found
to improve AF detection significantly.

A substudy from Atrial Fibrillation Follow-up
Investigation of Rhythm Management (AFFIRM) study
showed that asymptomatic AF patients have less serious heart
diseases but more cerebrovascular disease, but the prognosis
did not significantly differ in the asymptomatic patient group
from the symptomatic group [34]. Go et al. [35] in a cohort of
1965 adults with paroxysmal AF and a mean age of 69 +
11 years not taking anticoagulants who had 14-day ambulato-
ry ECG monitoring, found that a greater burden of AF was
associated with a higher risk of ischemic stroke independent
of the known stroke risk factors. This was a retrospective
study of patients over a 4-year period in whom the burden or
percent of analyzable wear time in AF or atrial flutter was
evaluated.

5.2 Screen-detected AF
Research is ongoing in order to detect AF in large populations
with non-invasive tools despite the fact that the benefits of

diagnosing and treating undetected AF have not been
ascertained. A large group called AF-SCREEN International

@ Springer

collaboration, advocates large screening “for unknown or
undertreated AF and stroke risk” [36]. They appropriately
split subclinical AF into “device-detected AF” and “screen-
detected AF.” Screen-detected AF is a “single time point
screening for AF in a general ambulant population” defined
at high risk of having AF. The evidence to support screen-
detected AF or mass AF screening programs is based in part
on a retrospective study published in abstract form including
4618 residents of Olmsted County, MN with first ECG docu-
mented AF [37]. Of these, 3466 had symptoms. Patients with
asymptomatic (silent) AF were 3 times more likely to have
sustained a stroke preceding their AF diagnosis and had sub-
sequently the same risk of stroke and death than those with
symptomatic AF. A study from the same group [38] conduct-
ed in 476 patients with new-onset AF showed that patients
with no symptoms (without palpitations) or atypical symp-
toms (other than palpitations) were at higher risk of cardiovas-
cular events. Asymptomatic AF was also associated with an
increased risk of cardiovascular mortality and all-cause mor-
tality when adjusted for CHA,DS,-Vasc score and age. This
contrasts with a report from the Rate Control versus Electrical
cardioversion of persistent atrial fibrillation (RACE) study
[39] which showed that asymptomatic AF patients had less
cardiovascular diseases, less heart failure hospitalizations, and
less antiarrhythmic therapy use than symptomatic AF patients.
Boriani et al. [40] in a total of 3119 AF patients found that 520
(16.7%) patients were totally asymptomatic, older, and had
associated co-morbidities such as chronic kidney disease and
heart failure. Furthermore, in the asymptomatic group, the
mortality was twofold higher than in the symptomatic group
and the embolic risk was higher as the prescription of oral
anticoagulation was lower in the asymptomatic group. In the
Belgrade Atrial Fibrillation Study [41], a history of diabetes
and a baseline CHA,DS,-Vasc score of 0 were independent
predictors for asymptomatic presentation and a greater risk of
stroke despite oral anticoagulation.

The REHEARSE-AF Study [42] is a prospective random-
ized controlled trial using remote ECG acquisition using the
AliveCor Kardia monitor with a handheld device and remote
transmission in order to detect AF in 1001 ambulatory patients
>65 years of age with a CHA,DS,-Vasc score >2 free from
AF randomized to the technique or iECG arm (n = 500) or to
routine care (n =501). The iECG participants acquired twice
weekly single lead ECG over 12 months (plus additional
iECGs if symptomatic). Nineteen patients in the iECG group
were diagnosed with AF over the 12-month study period ver-
sus 5 in the routine care (hazard ratio, 3.9; 95% confidence
interval = 1.4-10.4; P=0.007) at a cost per AF diagnosis of
US$10,780. Although iECG increased the diagnosis of atrial
fibrillation (AF) almost fourfold in patients at high risk of
stroke, the study was not appropriately powered to evaluate
hard clinical endpoints such as statistical differences in stroke
risk between the 2 groups.
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As part of studies on AF mass screening, the recent
Apple Heart Study [43] used a wearable smartwatch with
optical sensors able to detect irregular pulse intervals. If
this was the case, the participant received a notification
leading to a teleconsultation and to the use of ECG
patches analyzed after a pre-defined recording period by
2 clinicians from the Stanford Center for clinical research.
Over 400,000 participants were recruited owning an
iPhone and a smartwatch. Of these, 2161 participants
(0.52%) received a notification of irregular pulse and of
450 participants who returned ECG patches, 34% were
diagnosed to have AF. The positive predictive value for
observing AF in participants with an irregular pulse was
0.84% or less than 1% [43].

An international report showed the yield of screen-
detected AF and estimated the risk by age groups. It in-
cluded 19 studies from 14 countries with a total of
141,220 participants screened with 1539 detected new
AF cases [44]. The detection rate was 1.44% in > 65 years
old and 0.41% for <65 yeas old. Mean CHA,DS,Vasc
score increased with age from 1.1 (<60 years) to 3.9 (>
85 years). The majority of patients had a class-1 oral
anticoagulation indication for stroke risk [44].

5.2.1 Limitations of screen-detected AF

The limitations of screen-detected AF have been analyzed
by Jonas et al. [45]. Although, 1-time 12-lead ECG and
twice-weekly screening with a single-lead ECG detect
more cases than no screening, ECG screening did not
detect more cases than opportunistic screening with pulse
palpation. Furthermore, there was no statistical difference
between systematic and opportunistic screening for de-
tecting new cases of AF particularly in women [45]. If
anything, screening should be limited to persons older
than 65 with a CHA,DS,Vasc score>2 not to expose
screening persons to the risk of unnecessary
anticoagulation. Systematic screening has also potential
harms including misinterpretation of ECGs and treatment
in patients without AF. A study showed that primary care
physicians cannot accurately detect AF on ECG as in 8%
of cases sinus rhythm was misinterpreted as AF [46].
Even computerized interpretation, misinterpreted AF in
35% of cases and physicians did not correct the misinter-
pretation [47]. Oral anticoagulation reduces the risk of
stroke but increases the risk of bleeding in patients with-
out a history of stroke or transient ischemic attack (TIA).
The annual risk of stroke in a population >65 years is
estimated to be 4% and the increased risk of major bleed-
ing is 5 events per year [45]. There was no trial that
studied the net benefit of oral anticoagulation in this pop-
ulation of asymptomatic AF.

5.3 Implantable cardiac monitors for detection of
asymptomatic AF

As shown in Fig. 1, subclinical AF is not a homogenous group
and refers to various situations.

Hindricks et al. [48] evaluated a new leadless ICM
equipped with a new detection algorithm capable of detecting
AF episodes with an accuracy of 98.5% and of quantifying the
AF burden. Their study included 247 patients suspected of
having paroxysmal AF, and the ICM was found to have a high
sensitivity and specificity. Of the total group of patients, 37%
had at least one episode of AF. In a prospective multicenter
study [49] (The REVEAL AF study), 385 patients with a
CHADS, score >3 or 2 with an additional risk factor and no
history of AF, received an ICM and were followed for a mean
period of 22.5 months. Atrial fibrillation lasting > 6 min at
18 months was detected in nearly 30% of patients [49].

The ASSERT Il trial looked at the prevalence of subclinical
AF in elderly (> 65 years) patients attending cardiovascular or
neurologic outpatient clinics [5S0] with a CHA,;DS,Vasc score
of > 2 and an implanted subcutaneous ECG monitor.
Subclinical AF > 5 min was detected in 90 of 256 (34.4%)
patients followed for a mean of 16.3 +3.8 months.
Surprisingly, the occurrence of subclinical AF did not differ
significantly in patients with a history of stroke, systemic em-
bolism, or TIA from those without such history [50].

5.4 Implantable cardiac monitors for AF detection in
cryptogenic stroke

Symptomatic stroke may be the first manifestation of unde-
tected AF. Cryptogenic stroke is defined as a symptomatic
ischemic stroke related to cerebral infarct for which no cause
was identified after an adequate evaluation [51]. After all in-
vestigations turned negative, these types of strokes are also
called embolic stroke of undetermined source (ESUS).
Cryptogenic stroke accounts for 20 to 30% of all ischemic
strokes [51, 52]. Gladstone et al. [53] randomized patients
(age> 55 years) with a cryptogenic ischemic stroke or TIA
to conventional 24-h ambulatory ECG monitoring (control
group) or to 30-day ECG monitoring with an event trigger
recorder. They found that AF (30 s or more) was detected in
3.2% in the control group as compared with 16.1% in the 30-
day ECG monitoring group. In the Cryptogenic Stroke and
Underlying Atrial Fibrillation (CRYSTAL AF) trial,
Brachmann et al. [54] using continuous long-term monitoring
via ICM for up to 36 months and a median time of 8.4 months
were able to detect asymptomatic AF (n =221) in up to 30%
of patients with cryptogenic stroke as compared with only 3%
of patients randomized to the control group (n =220). Of
interest, the majority of patients with AF were prescribed oral
anticoagulation. Recently, undiagnosed AF was detected in
21.5% of 1247 patients with ischemic stroke of unknown
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Symptomatic=Clinical AF

Clinical classification Cryptogenic stroke
. . AF detected
Managemen: Guidelines in up to 23%

Asymptomatic AF only= Subclinical

Device-detected AF Screen-AF

AF-Burden I AHREs burden
More than 24h: AF detection
In 0.8-1.4%

increased risk of stroke

Fig.1 Symptomatic atrial fibrillation (AF) is often associated with asymptomatic episodes. Asymptomatic AF only is device detected or found following

cryptogenic stroke or screened AF in patients at risk (see text)

origin using ICM and monitored for up to 2 years [55]. Similar
results were reported simultaneously by Israel et al. [S6] using
implantable loop recorders in 123 patients with ESUS. In their
study, AF was detected in 29 patients (23.6%) during a mean
follow-up of 12+5 months. Most patients with ESUS are
treated with antiplatelet therapy. Current working hypothesis
is that oral anticoagulation might be more efficient than anti-
platelet therapy in the secondary prevention of stroke in
ESUS. Trials are ongoing comparing oral anticoagulation
with aspirin for secondary prevention of embolic stroke. In
the NAVIGATE ESUS International trial [57], patients with
recent ESUS were randomized to aspirin 100 mg/day or
rivaroxaban 15 mg/day and followed up for a median of
11 months. The recurrent risk of ischemic stroke was 4.6%
(2.6%/year), and the effect of aspirin and rivaroxaban were
similar. Further trials are needed to determine the patients that
might benefit from oral anticoagulation.

5.5 Device-derived atrial arrhythmias

5.5.1 AHREs and subclinical AF: two facets of the same coin
or two distinct entities?

Most cardiac-implanted electronic devices (CIEDs), includ-
ing pacemakers or implantable defibrillators, have atrial re-
cording capabilities allowing detection of atrial arrhyth-
mias. Device-detected atrial arrhythmias include AF and
other atrial arrhythmias known as atrial high-rate episodes
(AHREs) with rates ranging from 175 to 220 bpm once
validated by stored electrograms, as seen in Fig. I.
AHRE:s are considered part of subclinical AF, but they ac-
tually may represent other atrial arrhythmia than AF in 20%
of cases [58]. They are found in about half of patients with
implanted pacemakers and by definition in patients without

@ Springer

clinically detected AF [59]. The use of ICM to detect
AHRESs was found to have a lower sensitivity and specific-
ity than with CIEDs [58]. The duration of AHRESs varies
from 3 premature atrial complexes to 14 min in duration
[57]. About 30% of patients with CIEDs have AHRES de-
tected with a duration > 6 min. Their presence was found to
be associated with an increased risk of stroke [60—63].

The ASSERT trial [64] was a multicenter, single-blinded,
randomized trial designed to determine if AHRES, often last-
ing seconds or minutes, detected with pacemaker telemetry in
elderly (= 65 years) hypertensive patients, predict an increased
risk of stroke. This trial showed that device-detected atrial
tachyarrhythmias were found in approximately 10% of the
2580 patients enrolled and AHRESs of > 6 min were associated
with a fivefold increased risk of clinical AF and 2.5-fold risk
of ischemic stroke or systemic embolism (SSE) over a period
of 3 months of monitoring [64]. The risk of stroke was lower
than in patients with clinical AF. In 256 elderly (> 65 years)
patients without AF attending cardiovascular or neurology
outpatient clinic and a mean age of 74 + years in whom
ICMs were implanted, the detection rate of SCAF >5 min
was 34.4%/year [50]. It is interesting that 48% had a prior
SSE or TIA and the mean CHA2DS2-VASc score was 4.1
+ 1.4. The detection rate of subclinical AF was not significant-
ly higher in those patients with prior history of SSE or TIA.
The mortality was 2.3%/year, and 4 patients (1.1%/year) had
ischemic stroke and 1 patient had TIA and 1 had a systemic
embolism. None of the 6 patients had subclinical AF [50].

Furthermore, the time of occurrence of stroke is not related
to the time when AHRESs are present [62]. This only happens
in about 15% of cases of stroke together with high AHRE
burden [58]. Looking at the possible predictors of AHRES,
only history of heart failure was found to predict device-
derived subclinical AF [65]. So far, there are to our knowledge
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no recommendations or guidelines that indicate to treat pa-
tients with device-detected AHREs with oral anticoagulation.
For example, the 2014 AHA/ACC/HRS Guidelines simply
recommend that AHREs “should prompt further evaluation
to document clinically relevant AF to guide treatment deci-
sions (class I).” [32]

5.5.2 The “AF burden” issue

The term AF burden designates the proportion of time spent in
AF (or with AHRESs) over a 24-h period. This implies that
patients can be continuously monitored, which is the case in
patients with CEIDs or with ICM in order to assess the pres-
ence and duration of AF or AHRE episodes over a given
period of time [63].

A substudy analysis of Asymptomatic Atrial Fibrillation
and Stroke Evaluation in Pacemaker Patients and the Atrial
Fibrillation Reduction Atrial Pacing Trial (ASSERT) [67]
showed that subclinical AF duration exceeding 24 h, was as-
sociated with a significantly increased risk of SSE whereas
there was no difference in stroke risk between patients with
6 min and 24 h duration and patients without any subclinical
AF. Of interest, the Italian AT500 Registry investigators [68],
who followed for a median of 22-month patients with brady-
cardia and “clinical” AF implanted with antitachycardia pace-
makers, showed an embolic risk of 1.9%. Embolic events
were independently associated with ischemic heart disease
and hypertension and the embolic risk of device-detected ep-
isodes longer than 24 h was 3.1 times increased [67].

In the TRENDS trial [60], the thromboembolic risk ranged
from 1.1 to 2.4% over a follow-up of 1.4 years and was found
to be a quantitative function of the “atrial tachycardia/AF bur-
den.” These authors found that atrial tachycardia/AF burden >
5.5 h on any of 30 prior days, was correlated to a twofold
higher thromboembolic risk. However, very few patients had
subclinical AF in the month preceding SSE [59].

Boriani et al. [61] analyzed 10,016 patients belonging to 3
studies (TRENDS, PANORAMA, and the Italian
ClinicalService® Registry Project) with implanted devices
and a 3-month follow-up. They found that 43% of patients
had at least 5 min of AF burden detected and 95 patients
experienced an ischemic stroke or a TIA with increasing bur-
den associated with age and CHADS, score. Device-detected
AF burden was significantly associated with an increased risk
of stroke. Botto et al. [69] proposed to combine presence and
duration of atrial arrhythmias (no AF, AF > 5 min, AF > 24 h)
with the CHADS, score in evaluating the stroke risk and the
risk-benefit ratio of oral anticoagulation.

5.5.3 Limitations of device-derived AF

Even though CIEDs with an atrial lead record intracardiac
electrograms, which are assumed to be a surrogate for ECG

documented AF, this is not always the case. For example,
caution has been raised by Abe [70] on the diagnostic infor-
mation derived from dual-chamber devices as they depend on
a number of factors including device settings, presence of
ventriculo-atrial conduction, pacemaker-mediated tachycar-
dia, and far-field sensing of R waves. This can generate false
positives and artifactual noise [71]. Kaufman et al. [72]
reviewing the AHREs > 6 min of the ASSERT trial, to see if
they represented true atrial arrhythmia/AF, found that 17.3%
were false positive, but these fall to 1.8% when the threshold
duration is 24 h. In any case, the diagnosis of “device-detected
AF” requires obviously that the patient has a CIED with an
atrial lead which is the case for many elderly patients but not
the majority of AF patients. In order to evaluate the risk of
device-derived AF, Kaplan etal. [73] used both “AF duration”
and the CHA,DS,-VASc score as suggested by Botto et al.
[69]. They found that the “stroke risk crossed an actionable
threshold definable as > 1%/year in patients with a CHA,DS,-
VASc score of 2 with > 23.5 h of AF, those with a CHA,DS,-
VASc score of 3 to 4 with more than 6 min of AF and patients
with a CHA,DS,-VASc score >5 even with no AF. Atrial
fibrillation burden as evaluated by a CIED and presence of
AHRESs, is useful for evaluating the risk of stroke based on the
amount of subclinical AF but needs to be combined to other
clinical parameters as the CHA,DS,-VASc score [73].

6 Is subclinical AF a challenge for AF clinical
classification?

One of the criticisms made to current clinical classification is
that it describes a given AF episode but does not characterize
the course of AF over time. This criticism is well taken as it is
difficult to know whether AF episode will recur and when?
Furthermore, the progression from paroxysmal to persistent
AF is difficult to predict in a given patient. This is even more
true since management of patients using a rhythm control
strategy with antiarrhythmic agents or/and catheter or surgical
ablation, alters the natural history of AF which is therefore no
longer “natural” [74]. Thus, there is a possible reverse remod-
eling with regression from the “permanent” to either the per-
sistent or paroxysmal forms [75].

Current clinical temporal classification has also been re-
cently challenged [76-78]. We agree with Lubitz et al. [76]
that it should be “ideal” to “discriminate between patients on
the basis of the stage and severity of the underlying disease.” It
was not clear if they refer to the associated conditions, such as
hypertension, or to the physiopathology of AF in a given
patient. Anyway, we do have the tools that allow us to define
the stage of the “causal” disease and the level of fibrosis is not
enough. We are not even sure that the clinical classification
“correlates with the degree of atrial substrate disease and re-
modeling” as current knowledge of the mechanisms and
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physiopathology of AF has not been unraveled. Furthermore,
current treatments of AF may interfere with the natural history of
the arrhythmia or/and its causal mechanisms [74]. Data gathered
from the atrial defibrillator (Atrioverter®) [75] in patients with
symptomatic, recurrent, drug-refractory AF, showed that there
was an increase in the mean interval between long-lasting AF
episodes, which were treated (treatment triggered by the patient)
with repeated defibrillation, as time since implantation of the
device increased, whereas the number and duration of short-last-
ing, nontreated episodes did not change during the 20-month
study period suggesting reversion of electrical remodeling [75].
Charitos et al. [78] using the atrial tachyarrhythmia burden de-
rived from CIEDs found that “current clinical classification does
not reflect its temporal persistence.” Although their observations
are interesting, we believe that it is inappropriate to test a clinical
classification which is aimed to be used by clinician managing
clinical symptomatic AF, using the measurements of AF burden
which refer to asymptomatic AF in view of the limitations of
device-derived subclinical AF [70]. The latter presupposes also
that the time spent in AF correlates with the clinical pattern or the
stroke risk which is not certain. Although there is evidence
supporting the concept that thromboembolic risk is a quantitative
function of atrial arrhythmias, there is no evidence supporting
that all patients with device-derived atrial arrhythmias, for exam-
ple, should be on oral anticoagulants [71]. In fact, CIEDs with
atrial lead records intracardiac electrograms assumed to be a
surrogate of ECG documented AF which is subject to caution
[45—47] and probability is higher if the burden is above 24 h [60].

7 Clinical significance of subclinical AF

The clinical significance of subclinical AF is still unsettled. It
may be that subclinical AF is causal of disease in some patients
or may be only a vascular risk marker in others as suggested by
Bemnstein et al. [79]. In the CRYSTAL trial, where ICMs were
shown to detect AF much better than traditional monitoring in
patients with cryptogenic stroke, no pattern of acute brain infarct
topography was associated with detection of AF [80]. Stroke
type and severity in patients with subclinical AF in a substudy
of ASSERT did not allow to ascertain the role of subclinical AF
as the cause of embolic stroke, but the rate of embolic stroke in
ASSERT trial was actually low (1.7%/year) [64]. Therefore, the
information derived from these results is not helpful in deciding
which patients with subclinical AF should be prescribed oral
anticoagulation. A pilot study showed that continuous monitor-
ing of cardiac thythm with an ICM and use of rapid onset DOC
for targeted anticoagulation around an episode is feasible [81].
Furthermore, the IMPACT study [82] which randomized a large
cohort of patients with CIEDs to start and stop anticoagulation
based on remote monitoring versus usual office-based follow-up
with anticoagulation based on standard clinical criteria, was
interrupted prematurely after 2-year median follow-up, because
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there was no difference in the primary endpoints of SSE and
major bleeding. Turakhia et al. [83] looked at the temporal rela-
tionship of AF in patients with AF and CIEDs remotely moni-
tored and AF burden (> 5.5 h/day) in patients (n=187) who
suffered an acute ischemic stroke and found that 83% had little
or no AF. The same team [84] analyzed anticoagulation prescrip-
tion in veterans and outcomes after new device-detected AF
(majority ICDs) and found a large practice variation in 90-day
oral anticoagulation initiation which underlines the uncertainty
regarding the appropriate treatment strategy. However, their ob-
servational study supports initiation of oral anticoagulation in
patients with device-detected AF of > 24 h. Therefore, random-
ized studies are needed to help determine which patients with
subclinical AF may benefit from anticoagulation [36]. The
NOAH-AFNET 6 trial (Non-vitamin K antagonist Oral
anticoagulants in patients with Atrial High rate episodes) [85]
is a prospective double-blind multicenter trial which randomizes
patients age>65 years with CHA,DS,Vasc score>1 and
AHREs (> 180 beats/min and >6 min duration) detected by
implanted devices to edoxaban (60 mg), aspirin, or no antithrom-
bin therapy. This study will provide information on the effect of
oral anticoagulation in patients with these atrial arrhythmias.
Mahajan et al. [86] in a meta-analysis of subclinical device-
detected AF found a prevalence of 35% in patients with pacing
indication over 1-2.5 years. Subclinical AF was strongly associ-
ated with clinical AF. The Apixaban for the Reduction of
Thrombo-Embolism in patients with device-detected Sub-clini-
cal Atrial fibrillation (ARTESIA) trial [87] is a prospective, mul-
ticenter, double-blind, randomized controlled trial in patients
with subclinical AF and CIEDs and additional risk factor for
stroke. The NOAH and ARTESIA trials [85, 87] will report the
results after a further 1 to 2 years.

The STROKESTOP study [88] looked at untreated AF in a
population based in Sweden with 7173 consenting individuals
75 to 76 years old who used a handheld single lead ECG
recorder for intermittent 30 s recordings over a 2-week period.
New AF was found in 3.0% of the screened population as
compared with 0.5% on the 12-lead ECG. Intermittent ECG
screening allowed to increase the prevalence of AF in the
screened population by 33%. The aim of the study was to find
out if oral anticoagulant therapy can reduce the risk of ische-
mic stroke in 3.7% of the screened population [87]. In an
editorial, Healey and Sandhu [89] rightly pointed out that we
have the tools for detecting AF but it remains to be shown that
this allows us to “prevent stroke in a cost effective fashion.”
The results of such study have not still been reported.

8 Clinical AF classification revisited

Current classification into first ECG-documented episode,
paroxysmal AF, persistent and permanent AF has been
reviewed based on current evidence (Table 2).
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Table 2  Updated classification of atrial fibrillation
Terminology Clinical features Arrhythmia pattern Therapeutic implications
First ECG Symptomatic May or may not recur Evaluate the presence of associated cardiac
documented episode Asymptomatic conditions or comorbidities
Onset unknown Discuss anticoagulation and evaluate
CHADS2Vasc score
Paroxysmal Spontaneous termination < 7 days Recurrent Prevention of recurrences using class I or 11
Most often <48 h antiarrhythmic drugs or
Intermittent AF Alternating AF and SR Consider AF ablation as first option
Rate control and anticoagulation if needed
Persistent Not self-terminating Recurrent Rate control and anticoagulation if needed
Lasting >7 days or prior or thythm control strategy
cardioversion Consider AF ablation
Permanent Not terminated Established Rate control and anticoagulation if indicated

Terminated but relapsed
After failure of cardioversion or/and
AF ablation

Note that a form of AF alternating with sinus rhythm on the same was added (see text)

8.1 First ECG-documented episode

The first AF episode can be symptomatic or asymptomatic. In
asymptomatic patients, AF is diagnosed fortuitously by a 12-lead
ECG or through diagnostic recording devices indicated for an-
other reason. If symptomatic, the patient seeks medical attention
and the treating physician may decide to slow the rate or/and to
terminate the arrhythmia either urgently or electively [90], and
patient is managed according to current guidelines. In both
events, the work-up will rule out a possible reversible cause
and determine the presence of associated conditions and comor-
bidities for the proper management. In a significant percentage of
patients, AF may not recur for several years after the first episode
[91, 92]. There is no consensus regarding long-term oral
anticoagulation for the first episode and should be individualized
based on the CHA,DS,Vasc score to evaluate stroke risk.

8.2 New-onset atrial fibrillation and recent onset
atrial fibrillation

New-onset AF and recent onset AF are frequently approached
in the same way while they represent separate clinical subsets
of AF. In new-onset if there is no prior diagnosis of AF and is
also called first diagnosed AF. Recent-onset AF is usually
defined as any episode of AF with a known duration. In cur-
rent literature, the duration limits of new onset AF episode or
recent-onset episode ranged from <24 to <48 h and even <

7 days. The prevalence of new-onset episode or recent-onset
AF among all AF subsets varies from 11% when restricted to
the first detected episode (new-onset AF) [93] to 26% [28] for
recent-onset AF. Generally, both “recent-onset AF” or new-
onset AF terms usually apply to symptomatic episodes, often
managed in the Emergency Department (ED). The majority of

recent-onset AF episodes terminate spontaneously. In one
study, 68% of recent-onset AF episodes (symptoms <72 h)
converted to sinus rhythm spontaneously. The duration of AF
< 24 h was the best predictor of spontaneous conversion [94].
The ACWAS-trial randomized consenting adults with recent-
onset symptomatic AF without urgent need for cardioversion
to either cardioversion (pharmacological or electrical) or to a
“wait and see” approach using rate control medications in the
ED. They found at 4 weeks the delayed cardioversion ap-
proach to be non-inferior to early cardioversion approach in
restoring sinus rhythm [90].

8.3 Paroxysmal recurrent AF

The majority of patients with a first symptomatic episode of
paroxysmal AF will experience AF recurrences. Recurrent AF
episodes may be paroxysmal (<7 days) or may be persistent
(>7 days). Some patients may have all their episodes termi-
nate spontaneously and the course is that of “typical paroxys-
mal AF.” Other paroxysmal AF patients may experience oc-
casional episodes lasting more than 7 days or requiring rapid
cardioversion before this time period, if AF is not well toler-
ated. They can still be called paroxysmal AF. Atrial fibrilla-
tion progression to persistent AF is possibly a “natural” evo-
lution [95]. Today, management of AF affects the natural
history and although the two strategies of rate and rhythm
control have shown similar results in terms of long-term mor-
tality, cardiologists often prefer rhythm control whenever pos-
sible, particularly using catheter ablation after failure or poor
tolerance under antiarrhythmic drug therapy or as a first-
choice treatment in selected patients.

A particular form of paroxysmal AF shows alternation of
AF with sinus rhythm over a short period of time, even on the
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same ECG tracing and is called intermittent AF. Some reports
use also this term to refer to paroxysmal AF which can be
confusing. Alternating AF will be a more specific denomina-
tion for this particular but uncommon form of paroxysmal AF.
The period of time in which it should occur has not been
defined, and we propose to limit it to a 24 h or less ECG
recording. The risk of stroke related to alternating AF is not
known. About 8 to 12% of paroxysmal AF progress to persis-
tent AF.

8.4 Persistent AF

Persistent AF, the episodes of AF lasts 7 days or more and
restoration of sinus rhythm requires interventions such as elec-
trical cardioversion or catheter or surgical ablation. The suc-
cess rates of ablation techniques are lower with persistent AF
than in paroxysmal AF.

As stated previously in long-standing persistent AF, the
arrhythmia has been continuously present for more than
1 year.

8.5 Permanent AF

Atrial fibrillation is said to be permanent when after failure of
several attempts to restore or/and maintain sinus rhythm the
patient and physician decide to “accept” the arrhythmia.

9 Should “subclinical AF” be integrated
into the clinical AF classification?

We propose for the time not to include subclinical AF as part
of clinical AF classification in order to not support the system-
atic use of oral anticoagulation for all patients with subclinical
AF. The mechanism by which subclinical AF may induce
stroke is not clear. Other factors in patients for thromboembo-
lism may operate. Furthermore, there is no temporal relation-
ship between the presence of subclinical AF and SSE in most
instances. Subclinical AF is a heterogeneous group of asymp-
tomatic forms of AF (some of which do not deserve to be
called AF) including the search of AF after cryptogenic stroke
or TIA events, device-derived AF, mass-screening of AF so-
called screen-AF, are still under evaluation (Fig. 1). To our
knowledge, no guidelines have taken the plunge to recom-
mend oral anticoagulation for all patients with subclinical
AF. As suggested by Gold [96], oral anticoagulation should
be limited to those patients at high risk of stroke
(CHA,DS,Vasc score>3) and patients should be informed
of our uncertainties and about the risk-benefit ratio to be
established for each patient. Such approach is also supported
by the recent study of Kaplan et al. [73]. The results of the
ongoing NOAH-AFNET 6 [85] and ARTESIA [87] trials will
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also be helpful in taking the appropriate decision regarding the
indication of oral anticoagulation.

10 Conclusions

Current clinical classification of AF was reviewed in the light
of recent information on asymptomatic AF detection. The
clinical temporal classification helps to characterize an epi-
sode of AF and its pattern at a given time of the patient clinical
history. The clinician should take into account the clinical
context, particularly the presence of associated underlying
heart disease, comorbidities, and predisposing factors to
SSE, as well as the risk of hemorrhage if oral anticoagulation
is considered. The prediction of AF evolution over time is
difficult since the role of the clinician is to interfere with the
natural history, by treating the hemodynamic disturbances as-
sociated with AF and preventing stroke or peripheral emboli
using oral anticoagulation when needed. Subclinical AF has
emerged as a new aspect of atrial arrhythmia/AF which covers
a number of patient subsets. The treating physician should
evaluate for each patient the benefit/risk ratio of stroke pre-
vention using oral anticoagulants based on the duration of
subclinical AF and the CHA,DS,Vasc score, but mostly, in-
dication for anticoagulation should be withheld in subclinical
AF due to its different clinical context compared with clinical
AF, and due to the absence of any randomized clinical trial so
far. Some ongoing clinical studies will probably help define
which patient population groups with subclinical AF may
benefit from oral anticoagulants in the future.
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