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ABSTRACT: Our understanding of the risk factors and complications
of atrial fibrillation (AF) is based mostly on studies that have evaluated
AF in a binary fashion (present or absent) and have not investigated
AF burden. This scientific statement discusses the published literature
and knowledge gaps related to methods of defining and measuring AF
burden, the relationship of AF burden to cardiovascular and neurological
outcomes, and the effect of lifestyle and risk factor modification on AF
burden. Many studies examine outcomes by AF burden classified by
AF type (paroxysmal versus nonparoxysmal); however, quantitatively,
AF burden can be defined by longest duration, number of AF episodes
during a monitoring period, and the proportion of time an individual is
in AF during a monitoring period (expressed as a percentage). Current
guidelines make identical recommendations for anticoagulation regardless
of AF pattern or burden; however, a review of recent evidence suggests
that higher AF burden is associated with higher risk of stroke. It is unclear
whether the risk increases continuously or whether a threshold exists;
if a threshold exists, it has not been defined. Higher burden of AF is
also associated with higher prevalence and incidence of heart failure
and higher risk of mortality, but not necessarily lower quality of life. A
structured and comprehensive risk factor management program targeting
risk factors, weight loss, and maintenance of a healthy weight appears to
be effective in reducing AF burden. Despite this growing understanding of
AF burden, research is needed into validation of definitions and measures
of AF burden, determination of the threshold of AF burden that results in
an increased risk of stroke that warrants anticoagulation, and discovery
of the mechanisms underlying the weak temporal correlations of AF and
stroke. Moreover, developments in monitoring technologies will likely
change the landscape of long-term AF monitoring and could allow better
definition of the significance of changes in AF burden over time.
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trial fibrillation (AF) is a serious public health
problem because of its increasing incidence and
prevalence in the aging population1 and its association with elevated risks of cardiovascular events
and death.2–7 Our understanding of the risk factors and
complications of AF is based mostly on studies that
have evaluated AF in a binary fashion (present or absent) and have not investigated AF burden (quantity or
amount of AF that a person has). The optimal method
of measuring AF burden, the prognostic significance of
AF type (paroxysmal, persistent, or permanent)8 or AF
duration, and the relationship of lifestyle and intensive
risk factor modification to AF burden are all important
knowledge gaps that require clarification. This scientific
statement comprehensively discusses the published literature and knowledge gaps related to (1) methods of
defining and measuring AF burden, (2) relationship of
AF type or device-detected AF duration to cardiovascular and neurological outcomes, and (3) effect of lifestyle and risk factor modification on AF burden. We will
also propose future directions for research to address
knowledge gaps.
It is not the goal of this scientific statement to provide specific formal clinical recommendations. Instead,
the general goal of this scientific statement is to increase knowledge and awareness by healthcare professionals of effective, state-of-the-art science related
to the causes, prevention, detection, management,
and future research needs related to AF burden. The
information presented here represents the synthesis
of data and a consensus of experts convened on the
writing committee. Members of the writing committee
performed detailed literature searches using PubMed,
Web of Science, and Scopus to identify relevant original articles, guideline statements, and review articles in
the literature. We restricted literature searches to articles published in English from the year 2000 and later.
Search terms included but were not limited to atrial fibrillation, atrial fibrillation burden, atrial fibrillation frequency, atrial fibrillation duration, atrial fibrillation type
or pattern, device-detected atrial fibrillation, devicedetected atrial tachyarrhythmias, pacemaker-detected
atrial tachycardia or atrial fibrillation, pacemaker-detected atrial tachyarrhythmias, atrial high-rate episodes,
subclinical atrial fibrillation, silent atrial fibrillation, and
subclinical atrial tachyarrhythmias. The document was
peer reviewed by official external reviewers representing experts in population-based, clinical, and translational research on AF.

DEFINITION OF AF BURDEN
In the simplest sense, AF burden refers to the amount
of AF that an individual has. By considering AF burden, we regard AF as a quantitative entity and move
beyond merely treating AF as a binary condition (prese2

TBD TBD, 2018

Atrial Fibrillation Burden

ence or absence of AF). There are many ways one can
define AF burden, such as the duration of the longest
AF episode or number of AF episodes during a certain
monitoring period. Intuitively, the best definition for AF
burden is the proportion of time an individual is in AF
during a monitoring period, expressed as a percentage.
Literature on AF burden using the latter definition is
sparse simply because continuous ambulatory monitoring would be required to meet this definition. Consequently, the majority of studies that have addressed AF
burden have mostly focused on AF type or pattern (paroxysmal, persistent, and permanent)8 or device-detected AF duration as measured from cardiac implantable
electronic devices (CIEDs).

AF PATTERN OR TYPE AND RISK OF
STROKE
Although one would expect that AF burden should be
directly proportional to stroke risk, current guidelines
recommend assessing stroke risk on the basis of the
individual patient risk profile, not on AF type, pattern,
or burden. The approach to risk stratification has been
constrained by the fact that the decision to anticoagulate is binary (we prescribe an oral anticoagulant [OAC],
or we do not), and risks attributable to patient characteristics (those included in the CHA2DS2-VASc score,
for instance) have been thought to overwhelm the risk
attributable to AF pattern. On its own, a particular AF
pattern is unlikely to spare high-risk patients from anticoagulation or warrant OAC use for low-risk patients.
Nonetheless, understanding the relationship between
AF pattern and stroke risk might yield some pathophysiological insight into this disease process and motivate
further investigation in stroke prevention.

Clinical Trials (OACs)
Current practice guidelines make identical recommendations for anticoagulation regardless of AF pattern;
however, the large, heterogeneous prospective trials in
the direct OAC era have afforded an opportunity to revisit this paradigm. Post hoc analyses of the ARISTOTLE
(Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation), ENGAGE-AF (Effective Anticoagulation With Factor Xa Next Generation in Atrial Fibrillation), and ROCKET-AF (Rivaroxaban
Once Daily Oral Direct Factor Xa Inhibition Compared
With Vitamin K Antagonism for Prevention of Stroke
and Embolism Trial in Atrial Fibrillation) trials have all
shown consistently lower stroke rates for patients with
paroxysmal AF than for those with persistent AF, even
after adjustment for baseline characteristics (ARISTOTLE: adjusted hazard ratio [HR], 0.70 [95% confidence
interval (CI), 0.51–0.93], P=0.0159; ROCKET: adjusted
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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Clinical Trials (Antiplatelet Agents)
Although antiplatelet therapy currently plays only a
very small role in the prevention of stroke in AF, a reexamination of studies involving antiplatelet therapy can
shed some light on the relationship between AF pattern and stroke in patients who have not undergone
anticoagulation. Analyses of aspirin-treated patients
in the ACTIVE-A (Atrial Fibrillation Clopidogrel Trial
With Irbesartan for Prevention of Vascular Events) and
AVERROES (Apixaban Versus Acetylsalicylic Acid to
Prevent Stroke in Atrial Fibrillation Patients Who Have
Failed or Are Unsuitable for Vitamin K Antagonist Treatment) trials suggest that the pattern of AF is related to
stroke risk among patients who have not undergone
anticoagulation.15 This study demonstrated yearly ischemic stroke rates of 2.1%, 3.0%, and 4.2% for paroxysmal, persistent, and permanent AF, respectively, with
an adjusted HR of 1.83 (P<0.001) for permanent versus
paroxysmal AF and 1.44 (P=0.02) for persistent versus
paroxysmal AF.15
Conversely, analysis of aspirin-treated patients in the
SPAF trial (Stroke Prevention in Atrial Fibrillation) demonstrated a comparable annualized rate of ischemic
stroke in those with intermittent (3.2%) and sustained
(3.3%) AF.16 Similarly, analysis of the ACTIVE-W study,
which examined patients being treated with combined
antiplatelet therapy or OACs, demonstrated a similar
annualized risk of stroke or systemic embolism in paroxCirculation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

ysmal AF and sustained AF (adjusted relative risk, 0.94
[95% CI, 0.63–1.40]; P=0.755).17 These mixed data
suggest that the differences in stroke rate by AF pattern could be less consistent in a population not treated
with OAC; however, these studies were comparatively
small, including only 460 patients with paroxysmal AF
in SPAF and 1202 patients in ACTIVE-W, and might
be less representative of contemporary practice outcomes. Furthermore, a greater proportion of patients
with persistent AF were randomized to warfarin rather
than combination antiplatelet therapy in ACTIVE-W
(65% for paroxysmal AF versus 85% for sustained AF,
P=0.0001), which could have attenuated some difference attributable to the underlying AF pattern.

AF Registries
Data from AF registries and population-based studies
are also mixed. This likely speaks to the complexity in risk
adjustment between AF type and differential treatment
patterns (eg, anticoagulation rate), which confounds
the relationship between AF type and stroke risk. It is
well established that patient characteristics differ significantly by AF type, generally trending toward higher-risk
features in persistent AF,18,19 which makes rigorous adjustment critical for all epidemiological studies.
In the Loire Valley Atrial Fibrillation Project AF cohort,
the rates of stroke differed significantly by pattern of AF;
however, clinical factors, not AF pattern, independently
increased the risk of stroke in multivariate analyses.20
On the basis of this finding, the authors concluded that
stroke risk is similar across all patterns of AF and that
antithrombotic therapy should be based on clinical risk
factors, not on AF pattern. Similarly, both the EORP-AF
(EURObservational Research Programme–Atrial Fibrillation) General Pilot Registry and the J-RHYTHM (Japanese Rhythm Management Trial for Atrial Fibrillation)
Registry demonstrated higher death rates with nonparoxysmal AF; however, in the multivariable Cox model,
nonparoxysmal AF was not an independent predictor
of death during follow-up.21,22 In the Euro Heart Survey,
paroxysmal AF had comparable risk for thromboembolic events as persistent and permanent AF.23,24
Conversely, in a large cohort of Japanese patients
(Fushimi AF Registry), paroxysmal AF was independently associated with lower incidence of stroke/systemic embolism than sustained AF.25 Also, a secondary prevention study demonstrated a nearly 2-fold
increased risk of stroke with persistent AF, even after
adjustment for age, sex, previous anticoagulation, and
National Institutes of Health Stroke Scale severity of
the index event.26 Finally, a meta-analysis of 12 studies
(nearly 100 000 patients) demonstrated a multivariable adjusted HR for thromboembolism of 1.38 (95%
CI, 1.19–1.61) for nonparoxysmal AF compared with
paroxysmal AF.27
TBD TBD, 2018
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HR, 0.79 [95% CI, 0.63–1.0], P=0.04810; and ENGAGEAF: adjusted HR, 0.79; P=0.01511). In the RE-LY trial
(Randomized Evaluation of Long-Term Anticoagulation
Therapy), the stroke rates were numerically lower in
paroxysmal versus persistent AF (1.32% versus 1.55%,
respectively), but no formal adjusted comparisons were
made, and patients with paroxysmal AF tended to have
lower CHADS2 scores.12
Older data on anticoagulated patients in SPORTIF
(Stroke Prevention Using Oral Thrombin Inhibitor in Atrial
Fibrillation) III and V (randomized to either vitamin K antagonist or ximelagatran) demonstrated an annual stroke/
systemic embolic event rate of 1.73% for persistent AF
and 0.93% for paroxysmal AF (adjusted HR, 1.87 [95%
CI, 1.04–3.36]; P=0.037 for persistent versus paroxysmal
AF).13 Similarly, the AMADEUS trial (Evaluating the Use
of SR34006 Compared to Warfarin or Acenocoumarol
in Patients With Atrial Fibrillation) demonstrated higher
rates of a composite of cardiovascular death and stroke
or systemic embolism among anticoagulated patients
with nonparoxysmal AF (HR, 1.68 [95% CI, 1.08–2.55];
P=0.02).14 However, SPORTIF III and V demonstrated similar stroke rates in patients with at least 2 risk factors for
stroke, which suggests that at the higher end of the risk
spectrum, the paroxysmal AF pattern is not associated
with significantly lower stroke risk.
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Impact on Stroke Severity
One study demonstrated more severe neurological deficits and poorer outcomes in patients with persistent AF
(versus paroxysmal AF) who have had a cardioembolic
stroke.28–30 Patients with persistent AF might also be
at higher risk of a recurrent stroke.26,31 However, perhaps because of its higher prevalence than persistent
AF and the fact that many patients with paroxysmal AF
are not treated with anticoagulation,32,33 paroxysmal AF
remains the most common AF pattern among all patients presenting with acute stroke.34 Table 1 presents
a list of randomized controlled trials (RCTs) comparing
outcomes according to AF pattern.

Conclusions
Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

• Current guidelines recommend using vascular risk
factors (as measured by the CHA2DS2-VASc score)
and not considering AF burden when making decisions regarding anticoagulation for stroke prevention in AF.
• The strongest evidence, however, suggests that
patients with persistent AF are at higher risk of
stroke than those with paroxysmal AF.
− This relationship holds among contemporary
patients treated with appropriate anticoagulation:
▪ Post hoc analyses of the ARISTOTLE, ENGAGEAF, and ROCKET-AF trials have all shown consistently lower stroke rates for patients with
paroxysmal than for persistent AF, even after
adjustment for baseline characteristics.
− The relationship is also present in patients not
treated with anticoagulation:
▪ Analyses of aspirin-treated patients in the
ACTIVE-A and AVERROES trials showed
higher stroke risk in persistent and permanent
AF than in paroxysmal AF.
▪ However, older studies (SPAF and ACTIVE-W)
did not demonstrate this relationship, but
these studies might be comparatively underpowered and potentially less representative of
contemporary practice outcomes.
− Data from AF registries and population-based
studies are also mixed, but the largest metaanalysis (12 studies and nearly 100 000 patients)
demonstrated an HR of 1.38 for nonparoxysmal
AF compared with paroxysmal AF (Table 1).

DEVICE-DETECTED AF DURATION AND
STROKE RISK
Patients with CIEDs are at particularly high risk of
AF,35 likely related to the high prevalence of underlying cardiac pathology such as sinus node dysfunction
e4
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and cardiomyopathy, which predispose to AF. Unlike
ambulatory electrocardiographic monitoring devices
of specific intervals (1 day to 4 weeks), CIEDs provide
full-time continuous monitoring of atrial and ventricular
arrhythmias. In devices with atrial leads, cumulative AF
burden is tracked, and individual atrial arrhythmias can
be stored by the device by autotriggered alerts. A full
array of diagnostic information is available, including
date, time, duration, and atrial arrhythmia cycle length,
as well as day-level AF burden. Because many implantable cardioverter-defibrillators implanted for primary
prevention of sudden death are single-chamber devices
(with only a ventricular lead), newer technologies have
emerged to allow for AF detection based on R-R cycle
length irregularity with conventional leads.36
Caution is needed in interpreting device-detected AF
and using atrial high-rate episodes (AHREs) as a surrogate for AF. False detection of AF can occur because
of far-field R-wave oversensing by the atrial lead or
sustained runs of premature atrial complexes or atrial
tachycardia. Implantable loop recorders or implantable
cardiac monitors, which rely on R-R intervals for arrhythmia detection, have lower sensitivity and specificity for
AF identification than limb-lead–based ambulatory electrocardiography monitors and CIEDs with atrial leads.37
Newer-generation algorithms, although improved, are
still dependent on the background incidence rate of the
monitored population, programmed sensitivity, and the
duration of detected AF episodes.38 AF can be missed
by transvenous lead CIEDs if episodes of AF are very
brief or slow. In the ASSERT trial (Asymptomatic Stroke
and Atrial Fibrillation Evaluation in Pacemaker Patients
and the Atrial Fibrillation Reduction Atrial Pacing Trial),
17.3% of AHREs at >190 bpm that lasted >6 minutes
were found to be false positive for AF.39 Nevertheless,
given the continuous monitoring for long periods of
time, CIEDs afford a potential opportunity to examine
the relationship between AF burden and risk of stroke,
both for estimating risk of stroke and for the expected
benefit of stroke prevention therapy. Studies have generally shown that higher AF burden is associated with a
higher risk of stroke; however, thresholds have not been
reproducibly identified. Confounding the observation is
that patients with higher AF burden also tend to have a
higher prevalence of other conditions that increase risk
of stroke, such as advanced age or heart failure (HF).
In studies that evaluate risk based on AF duration,
the cut points were generally arbitrarily prespecified
rather than empirically derived. In a secondary analysis of the MOST trial (Mode Selection Trial) of 316 patients with sinus node dysfunction and dual-chamber
pacemakers, an AHRE (atrial rate >220 bpm) cutoff of 5
minutes was chosen to avoid false-positive results from
oversensing.40,41 Presence of 5-minute AHREs was associated with increased risk of death or nonfatal stroke
(HR, 2.79; 95% CI, 1.51–5.15; P=0.0011) and of AF.
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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TRENDS study.42 When the AF cutoff was changed from
30 minutes to 6 hours in increments, there was no risk
threshold identified. Finally, the majority of strokes that
occurred were temporally dissociated from AF. Therefore,
although a transient increase in risk based on AF onset
was identified, the overall attributable risk was low.
Table 2 presents a list of studies of CIEDs evaluating
the association of AF burden and risk of stroke.

Conclusions
• In virtually all studies, cutoffs for AF burden were
arbitrarily prespecified rather than empirically
derived.
• The effect of very brief AF episodes (<5 to 6 minutes)
on stroke risk has not been rigorously evaluated
and remains unknown.
• Although increasing AF burden is generally associated with an increasing risk of stroke, the relationship is not well characterized with respect to
functional form (eg, threshold or monotonicity) or
duration of any transient risk.
• Among patients with CIEDs, the majority of ischemic strokes are temporally discordant from AF
episodes.
• AHREs in MOST40 and AT/AF in TRENDS42 and
ASSERT43 might have included atrial flutter. It is
unclear whether the ischemic stroke risk of atrial
flutter is the same as that of AF. As such, some caution is needed in interpreting AF burden–related
ischemic stroke risk from these studies (Table 2).

AF TYPE, AF DURATION, AND
NONSTROKE OUTCOMES
Nonstroke outcomes of AF that have been described
include HF,3 cognitive impairment and dementia,52 myocardial infarction,6,7 chronic kidney disease progression
to end-stage renal disease,53,54 sudden cardiac death,5
and all-cause death.4 Whereas a clear association exists
between AF and cardioembolic stroke, the relationships
between AF and other cardiac and noncardiac outcomes, quality of life, and death are more complex. As
such, inferring directional relationships between AF and
most nonstroke outcomes is treacherous. Despite these
challenges, understanding the correlations between AF
type and AF duration with nonstroke outcomes provides additional prognostic information regarding AF
burden. However, the data are scarce in this area.

Heart Failure
HF and AF are highly concordant. They represent overlapping epidemics, with AF occurring in more than half
of individuals with HF and HF occurring in more than
TBD TBD, 2018
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This study was limited by its small size, retrospective
design, and the fact that only AHREs that lasted >5
minutes were considered; thus, the prognostic significance of shorter episodes or much longer episodes (eg,
hours) was not evaluated. The TRENDS study (A Prospective Study of the Clinical Significance of Atrial
Arrhythmias Detected by Implanted Device Diagnostics)
was a prospective, observational study of 2846 patients
with CIEDs and risk factors for stroke.42 In TRENDS,
compared with no atrial tachyarrhythmias (ATs)/AF, the
stroke risk was doubled in those with high AT/AF burden (≥5.5 hours on any single day in a 30-day window)
but not in those with low AT/AF burden (<5.5 hours on
any single day in a 30-day window), which suggests
that stroke risk is a quantitative function of AT/AF burden. The 5.5-hour threshold was chosen as the cutoff
because it was the median AT/AF burden and not an
empirical threshold of risk.
In ASSERT, subclinical episodes of AT (defined as
atrial rates ≥190 bpm lasting >6 minutes) were associated with an increased risk of ischemic stroke (HR, 1.76;
95% CI, 0.99–3.11).43 The cutoff of 6 minutes was prespecified. The increase in risk was similar for episodes
>6 hours (HR, 2.00; 95% CI, 1.13–3.55). A follow-up
analysis demonstrated that subclinical AT only increased
the risk of stroke or systemic embolism for episodes
>24 hours (adjusted HR, 3.24; 95% CI, 1.51–6.95)44
and that risk of stroke in patients with subclinical AT
between 6 minutes and 6 hours (adjusted HR, 0.75;
95% CI, 0.29–1.96) and between 6 hours and 24 hours
(adjusted HR, 1.32; 95% CI, 0.40–4.37) was not significantly different from that for patients without subclinical AT. Cutoffs were based on manufacturer categories
for classification of subclinical AT.
To evaluate further whether AF burden correlates
with stroke risk, the SOS AF project (Stroke Prevention Strategies Based on Atrial Fibrillation Information
From Implanted Devices) performed a pooled analysis
of individual patient data from 5 prospective studies
comprising 10 016 patients without permanent AF and
previously implanted with CIEDs.45 The annual stroke
risk for different categories of AF burden (0 to <5 minutes, ≥5 minutes to <1 hour, ≥1 hour to <6 hours, ≥6
hours to <12 hours, ≥12 hours to <23 hours, and ≥23
hours) was 0.24%, 0.08%, 0.34%, 0.26%, 0.30%,
and 0.23%, respectively.
In a case-crossover analysis involving 9850 patients
with CIEDs remotely monitored in the Veterans Administration Health Care System between 2002 and 2012,
Turakhia and colleagues46 found that AF burden of ≥5.5
hours in a given day raised the short-term risk of stroke
4- to 5-fold. Moreover, they found a strong relationship
of temporal proximity of AF with ischemic stroke: the risk
was highest in the 5 to 10 days after the episode of AF;
by 30 days, the risk of stroke events was no longer elevated. The cutoff of 5.5 hours was based on the previous
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RCTs Comparing Outcomes According to AF Pattern

Aim of Study and
Study Size

Study
ARISTOTLE9

Aim: To determine whether the
benefit from apixaban varies by
type and duration of AF
Size: 18 201

Patient Population
Inclusion criteria: Nonvalvular AF or flutter. Patients had to
have ≥1 of the following risk factors for stroke: age ≥75 y;
prior stroke, TIA, or systemic embolism; symptomatic HF
within 3 mo or LVEF ≤40%; DM; and hypertension requiring
pharmacological treatment
Exclusion criteria: Moderate or severe mitral stenosis; AF
attributable to a reversible cause; a contraindication to
oral anticoagulation because of an increased bleeding risk;
conditions other than AF that required anticoagulation, such
as prosthetic heart valve; persistent uncontrolled hypertension;
or planned AF or atrial flutter ablation

Study Intervention/
Study Comparator
Intervention: Apixaban twice
daily, administered in 5-mg pills
or 2.5-mg doses for patients with
≥2 of the following factors: age
≥80 y, body weight ≤60 kg, and
serum creatinine ≥1.5 mg/dL (133
mmol/L)
Comparator: Warfarin (or
matching placebo) was
administered in 2-mg tablets and
was adjusted to achieve a target
INR of 2.0–3.0
Substudy compared outcomes by
AF pattern

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

ROCKET-AF10

Aim: To compare outcomes
in patients with persistent vs
paroxysmal AF receiving oral
anticoagulation treated with
rivaroxaban or warfarin in
ROCKET-AF

Inclusion criteria: All patients randomized in ROCKET-AF
(ITT). Patients were grouped according to AF type at baseline
enrollment (paroxysmal or persistent) according to prespecified
diagnostic criteria and before any data analysis.

Intervention: Rivaroxaban
Comparator: Warfarin (INR 2–3)

Exclusion criteria: Patients with new-onset AF at baseline
(1.4% [n=202]) were excluded from this analysis.

Size: 14 264

ENGAGE AF11

Aim: To determine whether AF
pattern modifies risk-benefit of
anticoagulation
Size: 21 105

AMADEUS14

SPORTIF III and V13

Inclusion criteria: Age ≥21 y, ≥1 episode of documented AF
of any duration in preceding 12 mo, CHADS2 score ≥2

Intervention: Edoxaban
Comparator: Warfarin (INR 2–3)

Exclusion criteria: AF because of a reversible disorder,
creatinine clearance <30 mL/min, high risk of bleeding,
use of dual-antiplatelet therapy, moderate to severe mitral
stenosis, other indications for anticoagulation, acute
coronary syndrome, or coronary revascularization or stroke
within 30 d

Aim: To determine the
prognosis of anticoagulated
patients with permanent
AF and nonpermanent AF
according to preexisting HF

Inclusion criteria: Nonvalvular AF and an indication for
long-term anticoagulation, based on presence of ≥1 of the
following risk factors: previous ischemic stroke, TIA, or systemic
embolism; hypertension requiring drug treatment; LVD; age
>75 y, or age 65–75 y with either DM or symptomatic CAD

Size: 4556

Exclusion criteria: Inability to provide consent; contraindication
or other requirement for anticoagulation; calculated creatinine
clearance <10 mL/min, breastfeeding, pregnancy, and
recent or anticipated invasive procedures with potential for
uncontrolled bleeding

Aim: To test the hypothesis that
stroke and SEEs in SPORTIF III
and V are different between
paroxysmal and persistent AF

Inclusion criteria: Age ≥18 y, persistent or paroxysmal AF and
≥1 risk factor for stroke: hypertension; age ≥75 y; previous
stroke, TIA, or SEE; LVD (EF <40% or symptomatic HF); age
≥65 y and CAD; and age ≥65 y and DM

Size: 13 822

Exclusion criteria: Planned cardioversion

Intervention: Fixed-dose
idraparinux
Comparator: Conventional
anticoagulation by dose-adjusted
oral VKA therapy

Intervention: Ximelagatran
Comparator: Warfarin

(Continued )
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Continued

Primary End Points
Primary end point: Composite of ischemic or
hemorrhagic stroke or systemic embolism
Safety end point (if relevant): ISTH major
bleeding

Relevant Secondary
End Points,
Study Limitations,
and Adverse Events
Secondary efficacy
end point was allcause mortality

Results Relative to AF Pattern

Comments

There was a consistent reduction in
stroke or systemic embolism (P for
interaction=0.71), all-cause mortality
(P for interaction=0.75), and major
bleeding (P for interaction=0.50) with
apixaban compared with warfarin for
both AF types. Apixaban was superior
to warfarin in all studied end points,
regardless of AF duration at study entry
(P for all interactions=0.13).

Analyses comparing outcomes by AF
pattern adjusted for age; sex; region; prior
myocardial infarction; HF; prior stroke; TIA
or systemic embolism; DM; hypertension;
prior clinically relevant or spontaneous
bleeding; time from first documented
occurrence of AF to randomization (ie,
duration of AF); whether a VKA was used
before enrollment; vascular disease; and
baseline use of aspirin, statins, angiotensinconverting enzyme inhibitors, angiotensin
receptor blockers, and amiodarone

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

Rate of stroke or systemic embolism
was significantly higher in patients with
persistent or permanent AF than in
patients with paroxysmal AF (1.52 vs
0.98%; P=0.003, adjusted P=0.015).
There was also a trend toward higher
mortality in patients with persistent
or permanent AF (3.90 vs 2.81%;
P=0.0002, adjusted P=0.066).
Primary end point: Stroke or systemic
embolism

All-cause mortality

Safety end point: Major bleeding

Primary end point: Stroke/SEE

All-cause mortality

Safety end point: Major bleeding

Primary end point: Composite of
cardiovascular death and stroke or systemic
embolism

Patients with persistent AF had higher
adjusted rates of stroke or systemic
embolism (2.18 vs 1.73 events per 100
patient-years, P=0.048) and all-cause
mortality (4.78 vs 3.52, P=0.006). Rates
of major bleeding were similar (3.55
vs 3.31, P=0.77). Rates of stroke or
systemic embolism in both types of AF
did not differ by treatment assignment
(rivaroxaban vs warfarin, P for
interaction=0.6).

Efficacy end point models were adjusted
for the following: age, sex, BMI, region,
DM, prior stroke/TIA, vascular disease,
myocardial infarction, peripheral artery
disease, carotid occlusive disease,
CHF, hypertension, chronic obstructive
pulmonary disease, DBP, creatinine
clearance, heart rate, and abstinence from
alcohol.

Primary end point of stroke/SEE was
lower in patients with paroxysmal AF
(1.49% per y) than in persistent AF
(1.83% per y; adjusted P=0.015) and
permanent AF (1.95% per y; adjusted
P=0.004)

Analyses by AF pattern were adjusted for
sex, age, race, geographic region, BMI,
smoking status, alcohol use, prior stroke
or TIA, hypertension, CAD, dyslipidemia,
CHF, DM, increased risk of falling, hepatic
disease, neuropsychiatric disease, prior
nonintracranial bleed, use of antiplatelet
agents at randomization, and creatinine
clearance at randomization.

HR (for primary outcome) for permanent
vs nonpermanent AF was 1.68 (95% CI,
1.08–2.55; P=0.02)

Multivariate model included adjustment
for age, sex, creatinine (log transformed),
hypertension, DM, and previous stroke/TIA/
thromboembolism, and CAD

Annual event rates for stroke ⁄SEE were
1.73% for persistent AF and 0.93% for
paroxysmal AF. In multivariate analysis,
after adjustment for stroke risk factors,
sex, and aspirin usage, differences
remained statistically significant, with
higher HR for stroke/SEE in persistent AF
(vs paroxysmal AF: HR, 1.87; 95% CI,
1.04–3.36; P=0.037).

Adjustment was performed for 7
predefined risk factors from clinical study
protocol: previous stroke, TIA, or systemic
embolism; hypertension; LVD (EF <40% or
symptomatic systolic or diastolic HF); age
≥75 y; or age ≥65 y with known coronary
disease or DM together with sex, VKA use,
and aspirin use at study entry

Safety end point: Major bleeding, defined
as bleeding that was fatal, intracranial, or
affecting another critical anatomic site, or
overt bleeding with a drop in hemoglobin
≥20 g/L or requiring transfusion of ≥2 U of
erythrocytes
Primary end point: Stroke and SEEs

Mortality

Safety end point: Major bleeding

Safety end point models were adjusted for
the following: prior stroke/TIA; anemia;
prior gastrointestinal bleed; chronic
obstructive pulmonary disease; DBP;
creatinine clearance; platelets; albumin;
and prior aspirin, VKA, or thienopyridine
use.

(Continued )
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Inclusion criteria: AF and ≥1 risk factor for stroke (age
≥75 y; on treatment for hypertension; prior stroke, TIA, or
non-CNS systemic embolus; LVEF ≤45%; peripheral arterial
disease; if patients were between the ages of 55 and 74 y,
requirement to have either DM requiring drug therapy or
previous CAD)

Intervention: Combined
antiplatelet therapy with aspirin
(75–100 mg/d) and clopidogrel
(75 mg/d)

Aim: Characterize the risk
of stroke in elderly patients
with recurrent intermittent vs
sustained AF

Inclusion criteria: Participants in SPAF I, II, and III
(1987–1997) assigned to aspirin (325 mg/d) or to a
combination of aspirin plus inefficacious fixed-dose
warfarin in SPAF III

Intervention: Intermittent AF

Study type: Longitudinal cohort
study

Exclusion criteria: Age <60 y without associated
cardiovascular disease (“lone AF”) and those who
were heavy alcohol users (precluding safe anticoagulation)
were not eligible

Aim: To determine risk of
stroke or noncerebral embolism
associated with paroxysmal
compared with sustained AF
Size: 6697

SPAF I, II, and III16

Patient Population

Size: 2012

Comparator: Warfarin (INR 2–3)

Comparator: Sustained AF

(Continued )

one third of individuals with AF.55 The incidence of HF
is ≈2-fold greater than the incidence of stroke in patients with AF. AF is known to promote symptomatic
HF through multiple mechanisms and vice versa.56 It is
unknown to what extent AF drives subsequent HF (eg,
tachycardia-mediated cardiomyopathy and loss of atrioventricular synchrony) versus AF merely manifesting before HF from common underlying pathophysiology (eg,
primary myocardial hypertrophy, fibrosis, and apoptosis
leading to neurohormonal activation, electrical abnormalities, and elevated filling pressures). AF and HF, as
well as downstream morbidity and mortality, share common risk factors: obesity, diabetes mellitus, tobacco use,
hypertension, prior myocardial infarction, chronic obstructive pulmonary disease, and renal disease.
The data are scarce on the relationship of burden
and type of AF to incident HF. In a contemporary American registry of AF, incident HF developed in 3.6% of patients over the 2-year follow-up period (ejection fraction
was >40% in 64%, ≤40% in 13.5%, and unmeasured
in the remainder).57 In multivariable analysis, compared
with paroxysmal AF, the presence of permanent AF was
associated with a higher rate of incident HF (HR, 1.60;
95% CI, 1.18–2.16), which suggests that a higher burden of AF is associated with a greater risk for HF. In a
global AF registry, prevalent HF was 33% in paroxysmal
AF, 44% in persistent AF, and 56% in permanent AF,
which suggests a higher burden of AF is associated with
a greater prevalence of HF.18

Cognitive Impairment and Dementia
Although there is compelling evidence to support an
association of AF with greater cognitive decline and
e8
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risk of dementia,52 there is a paucity of data on the
relationship between AF burden and cognitive performance. A small, cross-sectional study based on the
ARIC cohort (Atherosclerosis Risk in Communities)
provided evidence that persistent AF might be associated with lower cognitive function than paroxysmal
AF.58 This study included 325 participants (mean age,
76.9±5.2 years; 53% women) who underwent cognitive tests and heart rhythm recording using a 14-day
patch monitor. AF was detected in 26 participants
(8.0%): 14 with low AF burden (range, 1%–6%) or
paroxysmal AF and 12 with high burden (100%) or
persistent AF. Compared with no AF, persistent AF, but
not paroxysmal AF, was independently associated with
lower z scores on the Digit Span Backward test (executive function), the Trail Making Test part B (executive
function), and Animal Naming (verbal fluency). Prospective evaluation of AF burden in relation to longitudinal change in cognitive scores and incident dementia
is needed to confirm this association.

Quality of Life
AF is associated with lower quality of life, both directly and through its association with other factors that
affect quality of life. The AFEQT (Atrial Fibrillation Effect on Quality-of-Life) health status measure was assessed in 2007 AF patients from the ORBIT registry
(Outcomes Registry for Better Informed Treatment of
Atrial Fibrillation).59 The median AFEQT summary score
was 82 (interquartile range [IQR], 67–94; 0 worst to
100 best). Multiple factors were independently associated with lower AFEQT score: female sex, younger
age, new-onset AF, higher heart rate, obstructive sleep
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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Primary End Points

Relevant Secondary
End Points,
Study Limitations,
and Adverse Events

Primary end point: Stroke, noncerebral
systemic embolism, myocardial infarction, or
vascular death
Safety end point: Major bleeding, defined as
any bleeding requiring transfusion of ≥2 U of
red blood cells or equivalent of whole blood,
or as bleeding associated with death; drop in
hemoglobin ≥5 g/dl; significant hypotension
with need for inotropic support; intraocular
bleeding; bleeding requiring surgery; or
symptomatic intracranial hemorrhage
Primary end point: Ischemic stroke
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Similar annualized risk of stroke or
systemic embolism in paroxysmal AF
and sustained AF (adjusted RR, 0.94
[0.63–1.40]; P=0.755)

Analyses by AF pattern were adjusted
for age, hypertension, HF, valvular heart
disease, and DM

In SPAF aspirin-treated patients, there
was a comparable annualized rate of
ischemic stroke in those with intermittent
(3.2%) and sustained (3.3%) AF

Primary analyses were unadjusted.
Differences in age-adjusted RRs between
patients with intermittent and sustained
AF were evaluated by fitting the model,
adjusted for age, pattern of AF, and factor
of interest, and then testing significance of
the interaction term for pattern of AF and
factor of interest.

ACTIVE indicates Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of Vascular Events; AF, atrial fibrillation; AMADEUS, Evaluating the Use of
SR34006 Compared to Warfarin or Acenocoumarol in Patients With Atrial Fibrillation; ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation; BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; CNS, central nervous
system; DBP, diastolic blood pressure; DM, diabetes mellitus; EF, ejection fraction; ENGAGE AF, Effective Anticoagulation With Factor Xa Next Generation in Atrial
Fibrillation; HF, heart failure; HR, hazard ratio; INR, international normalized ratio; ISTH, International Society of Thrombosis and Hemostasis; ITT, intention to treat;
LVD, left ventricular dysfunction; LVEF, left ventricular ejection fraction; RCT, randomized controlled trial; ROCKET-AF, Rivaroxaban Once Daily Oral Direct Factor Xa
Inhibition Compared With Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation; RR, relative risk; SEE, systemic embolic event;
SPAF, Stroke Prevention in Atrial Fibrillation; SPORTIF, Stroke Prevention Using Oral Thrombin Inhibitor in Atrial Fibrillation; TIA, transient ischemic attack; and VKA,
vitamin K antagonist.

apnea, symptomatic HF, chronic obstructive pulmonary
disease, and coronary artery disease. Of note, patients
with new-onset AF had worse symptoms than those
with permanent AF.59
Interventions aimed at reducing AF burden have not
translated proportionally to improvement in quality of
life. A strategy of rhythm control for patients with AF,
even if successful, was not shown to result in better
quality of life than in patients treated with rate control,60
for older patients or for patients with HF and reduced
ejection fraction.61 In an AF cohort, patients undergoing
cardioversion compared with matched patients without
cardioversion did not exhibit greater symptom improvement (34% versus 42%) or less symptomatic progression
(15% versus 4%) by European Heart Rhythm Association scores.62 In patients randomized to antiarrhythmic
drug therapy versus ablation, quality of life was similar
after treatment, despite less AF in the ablation group.63
Overall, these data suggest that higher AF burden is not
necessarily related to lower quality of life.

Mortality
AF is associated with an increased risk of mortality.4,5,64
Importantly, higher AF burden is associated with higher
risk of mortality. In a systematic review of 12 studies
of nearly 100 000 patients that compared outcomes by
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

type of AF, overall unadjusted all-cause mortality was
higher in patients with nonparoxysmal AF than in those
with paroxysmal AF (relative risk, 1.46; 95% CI, 1.26–
1.70); multivariable adjustment only partially attenuated this association (HR, 1.22; 95% CI, 1.09–1.37).27
The data are less clear on how AHREs relate to mortality, with a suggestion that these low-burden events
carry lower mortality risk, in part because studies have
been smaller with less precision. In one study of 394 patients with cardiac resynchronization therapy, although
the 20% of patients with AHREs (compared with those
without) had an increased risk of clinical AF (HR, 2.35;
95% CI, 1.47–3.74) and thromboembolic events (HR,
2.30; 95% CI, 1.09–4.83; P=0.028), the risk of mortality was not higher (HR, 0.97; 95% CI, 0.64–1.45).50
By contrast, in a study of 224 patients with pacemakers, 17% had AHREs of ≥5-minute duration within 6
months of pacemaker implantation; in multivariate
analysis adjusted for age, sex, and cardiovascular diseases, presence of AHREs was associated with a significant increase in cardiovascular mortality (HR, 2.80;
95% CI, 1.24–6.31) and stroke mortality (HR, 9.65;
95% CI, 1.56–59.9), with a trend toward increased allcause mortality (HR, 1.79; 95% CI, 0.98–3.26).65 The
subgroup of patients with AHREs of ≥5-minute but <1day duration also had a significantly increased cardiovascular mortality (HR, 3.24; 95% CI, 1.37–7.66).
TBD TBD, 2018
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Studies of CIEDs Evaluating Association of AF Burden and Risk of Stroke

First Author (Year)

Patients, n

Study Design

Means of AF
Detection

Mean/Median
Follow-Up

Primary Exposure
Definition

Glotzer et al (2003)

312

Secondary analysis
of RCT

Dual-chamber
PPM

27 mo

AHRE ≥5 min

HR=2.79 for death or
nonfatal stroke (P=0.001)

Capucci et al (2005)47

725

Prospective registry

Dual-chamber
PPM

22 mo

AF >24 h

Adjusted HR of 3.1 for TE
events (P=0.044)

40

Outcome

No association of AF episodes
5 min to 24 h with TE events
Botto et al (2009)48

568

Prospective
observational study

Dual-chamber
PPM

12 mo

AF <5 min
AF 5 min to 24 h
AF >24 h

Risk of stroke/systemic
embolism increased in
proportion to CHADS2 score
and AF burden

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

Glotzer et al (2009)42

2486

Prospective
observational study

Dual-chamber
PPM or ICD

1.4 y

AF ≥5.5 h

HR=2.20 (95% CI, 0.96–
5.05) for TE events

Healey et al (2012)43

2580

RCT

Dual-chamber
PPM or ICD

2.5 y

AT/AF >6 min

HR=1.76, P=0.05 for TE
events

Shanmugam et al (2012)49

560

Prospective,
multicenter,
observational studies

Biventricular
PPM or ICD

370 d

AHRE ≥3.8 h/d

HR=9.4, P=0.006 for stroke
or systemic embolism

10 016

Pooled analysis of 3
prospective studies

PPM or ICD

24 mo

AF >5 min

AF ≥1 h vs <1 h, HR=2.11,

Boriani et al (2014)45

P=0.008 for ischemic stroke
AF ≥5 min vs <5 min,
HR=1.76, P=0.041 for
ischemic stroke

Turakhia et al (2015)46

9850

Case-crossover

PPM or ICD

Case period:
1–30 d before
stroke

AF ≥5.5 h

Warfarin-adjusted OR, 4.2
(95% CI, 1.5–13.4)

Control period:
91–120 d
before stroke
Witt et al (2015)50

394

Retrospective registry
study

CRT

4.6 y

AHRE >6 min

HR=2.30 (95% CI, 1.09–
4.83)

Swiryn et al (2016)51

5379

Retrospective registry
study

PPM or ICD

22.9 mo

Long episodes of atrial
tachyarrhythmia/AF
(onset and offset not
within the same EGM
recording)

Long episodes:
HR=1.51 (95% CI, 1.03–
2.21) for stroke or TIA

Short episodes of
atrial tachyarrhythmia/
AF (onset and offset
within the same EGM
recording)
Van Gelder et al (2017)44

2455

Secondary analysis
of RCT

Dual-chamber
PPM or ICD

2.5 y

Short episodes:
HR=0.87 (95% CI, 0.58–
1.31) for stroke or TIA

AF >6 min to 6 h

Both AF >6 min to 6 h and

AF >6–24 h

AF >6–24 h not associated
with higher risk of stroke/
systemic embolism.

AF >24 h

AF >24 h: HR=3.24 (95% CI,
1.51–6.95)
AF indicates atrial fibrillation; AHRE, atrial high-rate episode; AT, atrial tachycardia; CI, confidence interval; CIEDs, cardiac implantable electronic devices; CRT,
cardiac resynchronization therapy; EGM, electrogram; HR, hazard ratio; ICD, implantable cardioverter-defibrillator; OR, odds ratio; PPM, permanent pacemaker;
RCT, randomized controlled trial; TE, thromboembolic; and TIA, transient ischemic attack.

Conclusions
• Compared with paroxysmal AF, nonparoxysmal AF
is associated with higher prevalence and incidence
of HF.
• Although 1 small cross-sectional study reported
that persistent AF was associated with lower cognitive function than paroxysmal AF, data on the
relationship between AF burden and cognitive
e10
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function are scarce, which represents a critical
knowledge gap that demands more attention.
• Higher AF burden is not necessarily related to
lower quality of life; new-onset AF is associated
with worse quality of life than reported in patients
with permanent AF. Interventions aimed at reducing AF burden have not translated to improvement
in quality of life.
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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Physical inactivity, obesity, and hypertension have all
been linked to increased incidence of AF66,67; however,
the degree to which atherosclerotic and lifestyle factors
contribute to AF burden is not well established. There is
emerging evidence that comprehensive approaches to
reduce obesity, improve physical activity, and appropriately manage obstructive sleep apnea can reduce recurrence of AF after ablation, but the degree to which AF
burden is reduced has been reported in only a few studies. The following section presents the limited evidence
that has been generated from observational studies and
single-center, small, RCTs in which a variety of methods
to measure AF burden or recurrence were used.

Comprehensive Risk Factor Management
Australian investigators reported the results of a study
in which participants with AF and body mass index
(BMI) ≥27 kg/m2 opted for comprehensive risk factor
management or standard management and were followed up for 15 months,68 2 years,69 and 5 years (LEGACY study [Long-term Effect of Goal-Directed Weight
Management on Atrial Fibrillation Cohort: A 5-Year Follow-up Study]).70,71 AF burden was measured by 7-day
Holter monitoring. For 75 participants in the risk factor
intervention group, the probability of experiencing 1 or
more 30-second episodes of AF decreased from baseline (0.6; 95% CI, 0.5–0.7) to the 15-month follow-up
(0.2; 95% CI, 0.1–0.3). In comparison, the probability
of experiencing 1 or more 30-second episodes of AF did
not significantly decrease from baseline to 15-month
follow-up (0.6 [95% CI, 0.5–0.7] to 0.5 [95% CI,
0.4–0.6]) in 75 participants who received usual care.68
A significant group-by-time interaction (P<0.001) was
demonstrated. In a subsequent report,69 freedom from
AF 2 years after catheter ablation was greater in those
who chose to participate in the risk factor management
program than in those who chose not to participate.
The structured weight loss component of the risk factor
modification intervention produced the greatest benefit
for reduction of AF burden (without additional catheter
ablation or drug therapy) in those whose weight loss
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

was >10% of their baseline weight, progressive, and
linear and did not fluctuate more than 2% over the
5-year follow-up.70
The benefit of cardiorespiratory fitness for reducing AF burden was evaluated in 308 subjects who
participated in the risk factor management program.
Over the 5-year follow-up, AF-free survival was greater
(P<0.001) in those who improved their cardiorespiratory fitness by ≥2 metabolic equivalents than in those
whose metabolic equivalent gain was <2.71 Although
the most powerful components of this comprehensive
risk factor management intervention appear to be the
weight loss and physical activity programs, it is not clear
how other components of the intervention might have
interacted with weight loss and exercise programs to
contribute to decreased AF burden.

Exercise Training
There is evidence to suggest that a lower level of cardiorespiratory fitness is associated with a higher risk of
AF.72 The benefit of structured exercise programs for
reducing AF symptoms and improving cardiorespiratory capacity has been reported,73,74 but RCTs reporting the benefit of exercise training to reduce AF burden
are limited. Malmo et al75 reported that in 25 participants assigned to a 12-week aerobic interval training
program with 3-month follow-up, the mean time in
AF decreased from 8.1% to 4.8% compared with an
increase from 10.4% to 14.6% in the 25 participants
assigned to the control group (P=0.009). Although this
study was limited by a relatively small sample size and
short follow-up, the use of an implantable loop recorder to quantify AF throughout the study was a strength
compared with studies that used 7-day Holter monitor
recordings68–70 to quantify AF.

Weight Reduction
Obesity is associated with a higher risk of AF.76–78 Other
than LEGACY,70 most studies investigating the relationship between adiposity and AF have focused on AF incidence or recurrence and not AF burden. For example,
in Look AHEAD (Action for Health in Diabetes), an intensive lifestyle intervention designed to achieve and
maintain weight loss did not reduce the risk of developing AF compared with diabetes mellitus support and
education in patients with type 2 diabetes mellitus.79
Moreover, findings have been mixed, with some studies
reporting no increased risk for AF recurrence with higher BMI80,81 and others reporting increased risk for AF
recurrence with higher BMI after catheter ablation.82–84
A meta-analysis of 6 observational studies (2358 participants) that used either event monitors or 24-hour
Holter monitor recordings to detect AF revealed that a
BMI ≥25 kg/m2 was associated with a 31% increased
TBD TBD, 2018
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• Compared with paroxysmal AF, nonparoxysmal AF
is associated with higher risk of mortality. The data
are less clear with device-detected AHRE.
• High-quality research is needed to understand how
maintenance of sinus rhythm and anticoagulation
relate to cardiac function, quality of life, and mortality in patients with various types and durations
of AF, particularly among the population at risk of
HF or who have coexistent HF.
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risk of AF recurrence after ablation.85 Compared with
participants with normal BMI (<25 kg/m2), those categorized as obese (≥30 kg/m2) had a 38% increased
risk of AF recurrence.85
One limitation of the above studies was the short
follow-up time, with only 280,83 of the 6 studies following participants for at least 24 months. A recent study
conducted follow-up on 2715 participants for 5 years
after ablation to examine the association of BMI with
ablation outcomes.86 A BMI >35 kg/m2 was a significant
predictor of AF recurrence. As BMI increased over the
5 years, there was a linear increase in the proportion of
participants with persistent AF, from 46.2% to 65.1%
(P<0.001); this finding would suggest that not only
was increased BMI a risk factor for AF recurrence, but
it also might have contributed to an increased AF burden. By contrast, a retrospective study of 1558 patients
who underwent ablation revealed that over 3 years
of follow-up, there was a trend for but no statistically
significant relationship between increased BMI and increased risk of AF recurrence after ablation.84 Findings
from this study, however, are limited by its retrospective
approach and lack of an objective method to detect AF
episodes during follow-up.
Authors of a recent meta-analysis87 reported associations of measures of adiposity with postablation AF:
1-SD higher values for epicardial fat volume, waist-tohip ratio, waist circumference, and BMI were associated with a 2.69 (95% CI, 1.66–4.07), 1.32 (95% CI,
1.25–1.41), 1.11 (95% CI, 1.08–1.14), and 1.22 (95%
CI, 1.17–1.27) fold increased risk of postablation AF,
respectively. However, details such as timing and method of postablation detection of AF were not reported.
The effect of these adiposity variables was not reported
in terms of AF frequency and duration, but findings
highlight the importance of considering measures beyond BMI to elucidate the influence of obesity on AF
burden.

Blood Pressure Lowering
Although the link between hypertension and higher
AF risk is well recognized,66 it is unclear whether intensive blood pressure (BP) lowering would be associated
with a lower incidence of AF. The ACCORD (Action to
Control Cardiovascular Risk in Diabetes) BP trial showed
that intensive BP lowering reduced the risk of a composite outcome of AF and abnormal P-wave indices88;
however, given the composite outcome in this study,
more definitive studies that specifically evaluate AF incidence are needed. Moreover, the data are scarce on
whether intensive BP lowering or treatment with specific BP-lowering agents would reduce AF burden. In a
1-group crossover trial, Deftereos et al89 reported that
participants (n=60) with paroxysmal AF experienced a
significant (P<0.01) reduction (from 82 mm Hg [IQR,
e12
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74–87 mm Hg] to 78 mm Hg [IQR, 71–82 mm Hg]) in
diastolic BP when treated with moxonidine, but that
reduction was not associated with reduced AF burden. However, participants who were monitored with
48-hour Holter recordings experienced fewer episodes
(P<0.01) and minutes (P<0.01) of AF per day, respectively, when treated with moxonidine (1 episode [IQR,
1–3 episodes] and 16.5 minutes [IQR, 15.0–57.8 minutes]) compared with periods when they used the placebo (3 episodes [IQR, 2–3 episodes] and 28.0 minutes
[IQR, 15.0–57.8 minutes]).

Stress Management
Theoretically, cognitive behavioral therapies that counteract the stress response could reduce sympathetic
stimulation and diminish arrhythmogenic triggers that
can stimulate AF. Lampert et al90 reported an association between experiencing negative emotion and subsequent AF episodes, documented by a nonlooping
event recorder. Yet few investigators have explored the
effect of cognitive and behavioral therapies on reducing AF burden. Using a prospective pre-post cohort
design, Lakkireddy et al91 evaluated the influence of
yoga on the number of AF episodes experienced by
participants with paroxysmal AF who participated in a
3-month yoga program. AF episodes were measured
by a nonlooping event recorder that participants used
at least once daily and if symptoms were experienced.
The frequency of AF episodes decreased significantly
from baseline to study completion for both symptomatic (3.8±3.0 to 2.1±2.6, P<0.001) and asymptomatic
(0.12±0.44 to 0.04±0.20, P<0.001) AF. These findings
suggest a benefit from the yoga intervention, but the
lack of a control group and short follow-up period limit
the strength of the evidence. In a descriptive study,92
65% of participants endorsed stress or worry as a cause
of their AF, yet the science to explain the relationship
between perceived stress and AF burden is underdeveloped.

Conclusions
Tables 3 and 4 present a list of studies that have investigated comprehensive risk factor management programs and risk factor modification interventions as they
relate to AF burden.
• A structured and comprehensive risk factor management program targeting atherosclerotic risk
factors is effective in reducing AF burden (Table 3).
• More RCTs of exercise training interventions with
longer follow-up are needed to confirm whether
exercise training is effective in reducing AF burden.
More research is also needed to determine the
dose (frequency, duration, and intensity) of physical exercise required to reduce AF burden.
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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Study
ARREST-AF

Study Type/Design/Size
69

Study type:
Nonrandomized
Intervention:
Comprehensive physician-led
risk factor management program
targeting weight, physical
activity, hypertension, lipids,
glucose control, obstructive
sleep apnea
Size: N=149
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n=61 opted for risk factor
management intervention;
n=88 declined intervention
and formed control group
who received risk factor
management information and
whose care was managed by
their own provider

Patient Population
Inclusion criteria:
Symptomatic AF
patients who had
undergone ablation

Primary End Point
and Results
Primary end point:
AF-free survival 24
mo after ablation

Exclusion criteria:
Myocardial infarction
or cardiac surgery
in previous 12 mo;
previous ablation;
active malignancy;
autoimmune or
systemic inflammatory
disease; severe renal
or hepatic failure

Summary/Conclusion
Comments
Patients who chose to
participate in the risk factor
management program were
more likely to be free of AF 24
mo after ablation than those
who declined to participate.
Method of AF detection was
ECG, with 7-d Holter monitor
every 3 mo during first year and
every 6 mo thereafter.
Risk factors such as lipids,
hypertension, blood glucose,
and weight were improved to a
greater degree in the risk factor
management group.

Results
AF-free survival was
defined as freedom
from atrial arrhythmia
≥30 s after 3-mo
blanking period; the
risk factor management
program was an
independent predictor
of AF-free survival
(HR=4.8 [95% CI 2.04–
11.4], P<0.001).

Follow-up: 24 mo
LEGACY70

Study type:
Observational
Size: N=825
Intervention:
Structured weight loss physicianled program combined with
comprehensive risk factor
management program. Groups
were categorized as ≥10%
weight loss, 3%–9% weight
loss, <3% weight loss, and 5-y
follow-up

CARDIO-FIT71

Study type:
Observational, prospective
Size: N=308
Grouped according to MET
change at end of study
Intervention:
Tailored structured exercise
program that was part of a
comprehensive risk factor
management program
Follow-up: 5 y

Inclusion criteria:
Patients with BMI ≥27
kg/m2 treated for AF
Exclusion criteria:
Permanent AF;
myocardial infarction
or cardiac surgery
in previous 12 mo;
previous ablation;
active malignancy;
autoimmune or
systemic inflammatory
disease; severe renal
or hepatic failure

Inclusion criteria:
Patients with BMI ≥27
kg/m2 treated for AF
Exclusion criteria:
Permanent AF;
myocardial infarction
or cardiac surgery
in previous 12 mo;
previous ablation;
active malignancy;
autoimmune or
systemic inflammatory
disease; severe
renal or hepatic
failure; those who
could not perform
exercise because
of neuromuscular
limitations

Primary end point:
AF-free survival,
defined as
freedom from
atrial arrhythmia
≥30 s after 3-mo
blanking period
without use of
antiarrhythmic
drugs

AF-free survival was greatest in
participants who lost ≥10% of
body weight and maintained the
loss over 5 y.
Method of AF detection was
ECG and 7-d Holter monitor, but
frequency was not reported.

At 5 y: ≥10% weight
loss, 45.5% AF-free;
3%–9% weight
loss, 22.2% AF-free;
and <3% weight
loss, 13.4% AF-free
(P<0.001)

Progressive linear weight loss
was associated with greater AFfree survival.
Program required patients to
maintain food and activity
diaries; attrition was substantial.
These findings are notable
because they provide insight
into the threshold of weight loss
that reduces AF recurrence.

Primary end point:
AF-free survival,
defined as
freedom from
atrial arrhythmia
≥30 s after 3-mo
blanking period
without use of
antiarrhythmic
drugs

≥2 MET gain in cardiorespiratory
fitness increased AF-free survival
in patients who participated in
an exercise training program in
the context of a comprehensive
risk factor management
program.
Method of AF detection was
ECG and 7-d Holter monitor, but
frequency was not reported.
METs were estimated by a
treadmill exercise test using the
standard Bruce protocol.
These findings are notable
because they provide insight
into the threshold of exercise
and cardiorespiratory fitness that
reduces AF recurrence.

At study completion:
89% of patients with
≥2 MET gain were AFfree; 40% of patients
with <2 MET gain were
AF-free (P<0.001).
In multivariate analysis,
every MET gained from
baseline was associated
with a 12% decrease
in risk of AF recurrence
(HR per 1-MET
change=0.88 [95% CI,
0.80–0.96], P=0.005).

Program required patients to
maintain food and activity
diaries, and there was
substantial attrition by years 4–5
of follow-up.

AF indicates atrial fibrillation; ARREST-AF, Aggressive Risk Factor Reduction Study for Atrial Fibrillation and Implications for Outcome of Ablation; BMI, body
mass index; CARDIO-FIT, Impact of Cardiorespiratory Fitness on Arrhythmia Recurrence in Obese Individuals With Atrial Fibrillation; CI, confidence interval; HR,
hazard ratio; LEGACY, Long-term Effect of Goal-Directed Weight Management in an Atrial Fibrillation Cohort: A Long-term Follow-up Study; and MET, metabolic
equivalents.
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• Weight loss and maintaining a healthy weight are
effective in reducing AF burden.
• Adiposity measures such as epicardial fat, waist circumference, and waist-to-hip ratio could improve
our understanding of the contribution of obesity
to AF burden.
• Published data regarding whether intensive BP
lowering would reduce AF burden are lacking.
• RCTs are needed to determine whether interventions to manage stress (eg, yoga, mindfulness
meditation) would reduce AF burden (Table 4).

KEY KNOWLEDGE GAPS AND FUTURE
DIRECTIONS
Defining AF Burden
Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

Current guidelines define presence of AF as electrocardiographic documentation of absolutely irregular
RR intervals and no discernible, distinct P waves lasting for at least 30 seconds.94 As such, manufacturers
of ambulatory heart rhythm monitors, such as iRhythm
Technologies, have used the 30-second cutoff to define presence of AF. It might be more useful, however,
to consider AF not as a binary state but rather on a
spectrum of atrial disease severity, defined in part by a
factor of how much time or burden one is in this state.
As has been discussed thoroughly in this document,
the amount of time spent in AF has a direct effect on
outcomes such as stroke. How one measures burden
of AF beyond paroxysmal or nonparoxysmal AF types,
however, needs consensus.
A reasonable and convenient definition of AF burden
is the amount of time spent in AF divided by the total
amount of time a patient is monitored. Most commercial loop monitors report AF burden using this definition.
In many studies, AF burden is defined as the maximum
amount of time in AF over a 24-hour period. In the present era of long-term continuous monitoring, however,
this convenient definition of AF burden becomes problematic. With long-term monitoring, a single but prolonged episode of AF could be interpreted as low AF burden, and very frequent but brief episodes of AF could be
interpreted as high AF burden, which calls into question
whether it is the duration of the longest single episode
or total AF burden that is prognostically more important.
The concept of temporal AF burden aggregation, or
AF density, was defined by Charitos et al95 as a measure
of the concentration of AF episodes. More precisely, AF
density was defined as the absolute cumulative deviation of the patient’s actual burden development from
the hypothetical uniform burden development divided
by the minimum time required for development of all
AF episodes. Given the same AF burden, a patient with
a small number of prolonged episodes of AF has a higher AF density than a patient with many brief episodes of
e14
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AF. In this study, the authors demonstrated that detection of AF in patients with a high density of AF is more
challenging with intermittent monitoring. Moreover,
how AF density affects risk of stroke and other outcomes is not well studied.
Therefore, the definition of AF burden must take into
account not only the percentage of time in AF but also
the monitoring time window. For example, one definition of AF burden that can be adopted is 7-day peak AF
burden: the maximum percentage of time in AF during
any 7-day window. This is a modification of the commonly used definition of maximum AF burden in a 24hour monitoring window, which has obvious limitations
because of the short monitoring time. Using a 24-hour
monitoring window, patients with a single 24-hour episode over the span of 1 year will have the same AF burden as patients with sustained AF over the span of 1 year,
although they would likely have different prognoses.

Validating Measures of AF Burden
A critical knowledge gap that needs to be addressed is
the threshold of AF burden that results in an increased
risk of stroke that warrants anticoagulation. The answer to this question might depend on the context in
which AF is being measured. In standard clinical settings, where AF is identified with intermittent monitoring and in response to symptoms, the clinical burden
of AF might not impact stroke risk.16,17,24,96 It is possible
that by the time patients reach a clinical diagnosis, they
have already crossed a yet unspecified threshold of elevated stroke risk. In these patients, AF burden might
play a less critical factor in determining stroke risk and
need for anticoagulation.
However, there is a trend toward more widespread
use of long-term monitoring for subclinical or asymptomatic AF. As summarized earlier, in trials such as ASSERT, atrial tachyarrhythmias lasting >6 minutes were
associated with higher stroke risk.43 More recently, longterm implantable monitors in targeted high-risk patient
populations, such as those with cryptogenic strokes,
have revealed high rates of subclinical AF.97 The key
knowledge gap that remains, therefore, is this: In patients without overt clinical AF, how much AF burden
is necessary to justify initiation of anticoagulation? Results from the CRYSTAL AF study (Cryptogenic Stroke
and Underlying AF) imply that a single episode lasting
>6 minutes might be sufficient to increase risk; however, as summarized earlier, studies of device-detected
AF have found thresholds of elevated risk that vary from
5 minutes to >24 hours (Table 2). Prospective long-term
monitoring studies are needed to determine the AF
burden threshold at which the risk of stroke increases.
Ultimately, randomized anticoagulation clinical trials in
asymptomatic patients who meet a predefined AF burden threshold on long-term monitoring will be needed
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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Key RCTs Comparing Risk Factor Modification Intervention With Standard Care to Reduce AF Burden

First Author
(Year)

Aim of Study, Study
Type, and Study Size

Abed et al
(2013)68

Aim: To determine
whether weight
reduction and
cardiometabolic risk
factor management
reduces AF burden

Inclusion criteria:
Symptomatic AF; BMI
≥27 kg/m2; waist
circumference >100 cm
for men and 90 cm for
women; ages 21–75 y

Study type: RCT

Exclusion criteria:
Participation in weight
loss program within
3 mo; DM requiring
insulin treatment;
significant cardiac valve
disease; unstable INR

Size: N=150 (n=75
intervention and n=75
control)
Median follow-up 15
mo
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Malmo et al
(2016)75

Aim: To assess the
effects of aerobic
interval training on time
in AF, AF symptoms,
cardiovascular health,
and quality of life
Study type: RCT
Size: N=51 (n=26
intervention, n=25
control)
Follow-up 20 wk

Patient Population

Inclusion criteria:
Symptomatic patients
referred for first ablation
Exclusion criteria:
Performing endurance
training; prior cardiac
surgery; valve disease;
ejection fraction
<45%; pacemaker
implantation; unable to
perform exercise

Study Intervention/
Study Comparator
Intervention:
Tailored physician-led
weight loss program
supported by a
software-based obesity
management system
plus interventions
delivered to comparison
group
Comparator:
Lifestyle modification
advice; self-directed
general lifestyle
measures; management
of cardiometabolic risk
factors

Intervention:
Walking or running
on treadmill in 45min sessions 3 times
per wk for 12 wk.
Sessions included
warm up with four
4-min high-intensity
intervals alternated
with 3-min recovery
and cool down. Activity
was monitored with
actigraph worn on the
wrist.
Comparator:
Usual exercise habits

End Point Results
Primary end point:
Symptom burden and
severity measured by AFSS;
secondary AF frequency and
duration
Safety end point
(if relevant): NA

Relevant Secondary End
Points,
Study Limitations, and
Adverse Events
Holter recordings at baseline
and 12 mo were used to
quantify AF. Those participating
in the tailored weight loss
program experienced less AF
burden than those who did
not participate.

Results: At 12 mo, mean
number of AF episodes
decreased in intervention
group from 3.3 (95% CI,
1.16–4.9) to 0.62 (95%
CI, 0.19–1.0), and duration
decreased from 1176 (95%
CI, 720–1632) to 491
(95% CI, 159–822) min.
For control group, episodes
decreased from 2.8 (95%
CI, 1.7–4.0) to 2.0 (95%
CI, 1.1–3.0) and duration
increased from 1393 (95%
CI, 785–1994) to 1546
(95% CI, 782–2308) min.
There were significant group
differences for frequency and
duration (P<0.001).

The weight loss program
was intense, requiring
use of meal replacements
when weight loss was not
adequate. Improvements
for symptom severity scores
were greater in the weight
loss group (P<0.001). Waist
circumference was reduced to
a greater degree in the weight
loss group (P<0.001).

Primary end point:
Time in AF from baseline to
follow-up at 20 wk

Those participating in the
exercise training experienced
reduced time in AF compared
with those who did not.

Safety end point: Not
specified
Result: Time in AF
decreased in intervention
group from baseline 8.1%
(95% CI, 4.1%–12.8%)
to end 4.8% (95% CI,
2.0%–7.6%; P<0.05). Time
in AF increased in control
group from baseline 10.4%
(95% CI, 4.6%–17.8%)
to end 14.6% (95% CI,
6.4%–24.9%).

Catheter ablation was
performed on 14 patients
in the control group and 10
in the intervention group
during the conduct of the
study. Investigators conducted
sensitivity analyses and claimed
that the results pertaining to
AF frequency and duration
were not affected.

This study is noteworthy
because AF burden was
measured by an implanted
loop recorder, which allowed
AF burden to be objectively
quantified.

Change from baseline to
follow-up between groups:
P<0.01
Parkash et al
(2017)93

Aim: To determine
whether aggressive
BP reduction prevents
AF recurrence after
ablation

Inclusion criteria:
Baseline BP >130/80
mm Hg; symptomatic
AF; scheduled for
catheter ablation

Study type: RCT parallel,
open-label; 13 sites in
Canada

Exclusion criteria:
Severe renal
dysfunction; intolerance
to angiotensin receptor
II antagonist

Size: N=184 (aggressive
control n=92, standard
control n=92)
Median follow-up 14
mo

Intervention:
Treatment before
ablation to maintain BP
at ≤120/80 mm Hg

Primary end point:
Recurrence of symptomatic
AF lasting >30 s that occurred
3 mo after catheter ablation

Comparator:
Treatment before
ablation to maintain BP
at <140/90 mm Hg

Safety end point: 26%
of intervention and 0%
of standard care patients
experienced hypotension
that required medication
adjustment

Aggressive hypertension
control did not reduce AF
recurrence after catheter
ablation

Results: There was no
significant difference in
AF recurrence between
intervention (70.5%) and
control (63.5%) groups 3
mo after ablation (HR, 0.94;
95% CI, 0.65–1.38; P=0.76)
(Continued )
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First Author
(Year)

Aim of Study, Study
Type, and Study Size

Deftereos
et al
(2013)89

Aim: To determine
whether the effect of
moxonidine as a central
nervous sympathetic
activation modulator
affects AF burden in
hypertensive patients
with AF
Study type:
Not an RCT; prospective
double-blind, singlegroup cross-over
Size: N=56

Patient Population
Inclusion criteria:
Hypertensive patients
with symptomatic AF
in whom at least 5
min of AF had been
documented on a
baseline 24-h Holter

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

Exclusion criteria:
Age <25 or >80 y;
known hypersensitivity
to moxonidine; sinus
node dysfunction;
bradycardia <50 bpm
at rest; glomerular
filtration rate <30
mL·min−1·1.73 m−2;
history of angioneurotic
edema; ejection
fraction <0.40; angina
pectoris; known
peripheral artery
disease; and others

Study Intervention/
Study Comparator
Intervention:
Each participant
received treatment for
two 6-wk periods: 1
period with moxonidine
and 1 period with
placebo, with 2-wk
washout between
treatments
Comparator:
Cross-over study

End Point Results
Primary end point:
AF burden: min spent in AF
per d when measured by
three 48-h Holter recordings
in moxonidine and placebo
treatment periods
Secondary: Number of
AF episodes per d. When
treated with moxonidine,
AF min per d were reduced
from 28 to 16.5 (P<0.01).
AF duration was reduced
by 41% and frequency
by 66% while taking
moxonidine.

Relevant Secondary End
Points,
Study Limitations, and
Adverse Events
In this cross-over study, min
of AF per d and episodes
per d were reduced during
treatment with moxonidine.
AF detection method was
48-h Holter recordings 3
times during moxonidine and
placebo treatment.
AF symptoms were also
reduced during moxonidine
treatment.
Compliance with treatment
was monitored by pill counts.

Safety end point: No
serious adverse events were
documented

AF indicates atrial fibrillation; AFSS, Atrial Fibrillation Severity Scale; BMI, body mass index; BP, blood pressure; CI, confidence interval; DM, diabetes mellitus; HR,
hazard ratio; INR, international normalized ratio; NA, not applicable; and RCT, randomized controlled trial.

to answer this question. Ongoing trials include ARTESiA
(Apixaban for the Reduction of Thrombo-Embolism in
Patients With Device-Detected Subclinical Atrial Fibrillation)98 and NOAH (Non–Vitamin K Antagonist Oral Anticoagulants in Patients With Atrial High Rate Episodes).99
Similarly, future studies to determine the threshold of AF
burden that results in increased risk of other outcomes
such as HF and dementia will also be needed (Table 5).
Most of what is known about the effects of AF
burden and consequences of AF comes from studies
in patients with permanent pacemakers or implantable cardioverter-defibrillators or those who have had
prior strokes. Prospective studies of the effects of AF
burden on stroke and other outcomes will be necessary
Table 5.

Knowledge Gaps in the Study of AF Burden

Key Knowledge Gaps
1. Optimal monitoring frequency and duration to measure AF burden
2. Threshold of AF burden that results in an increased risk of stroke, heart
failure, dementia, and other AF-related outcomes
3. Prevalence of subclinical AF and effects of AF burden in broad
community-based cohorts
4. Risk factors and determinants of AF burden in broad community-based
cohorts
5. Lack of temporal relationship between AF burden and stroke in AF
patients
6. How AF burden will need to be redefined in the era of widespread,
long-term continuous cardiac monitoring
7. Threshold of AF burden that indicates need for anticoagulation in
patients with higher risk of stroke (eg, CHA2DS2-VASc score ≥2)
AF indicates atrial fibrillation.
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in broader community-based cohorts. Studies such as
National Institutes of Health–funded projects to better
define the prevalence of subclinical AF and the risks associated with AF burden using external loop monitors
in the ARIC (R01HL126637), Women’s Health Initiative
(R01HL136390), and Multi-Ethnic Study of Atherosclerosis (R01HL127659) cohorts are ongoing.

Link Between AF Burden and Stroke
The concept that AF-related strokes are caused by formation of left atrial clots that embolize has been considered dogma. It is believed that the risk of a clot forming
and embolizing increases significantly after 48 hours of
AF. This notion is based in part on studies in which stroke
risk related to cardioversion is mitigated by ruling out left
atrial clots with transesophageal echocardiogram in patients who have been in AF for >48 hours.100
However, studies in patients with long-term device
monitoring reveal that the temporal relationship between AF burden and strokes might not be as strong
as we have assumed.46,49 In the Veterans Administration Health Care System study,46 83% of patients with
a stroke had no AF detected in the previous 120 days.
Although most of the remaining patients with AF detected during this monitoring period had an AF event
that lasted >5.5 hours in the 30 days before the stroke,
a handful only had AF detected remotely, between 90
to 120 days prior.
On the one hand, these observations affirm existing dogma that AF burden is associated with immediate
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568
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AF Burden and Future Monitoring
Techniques
The technologies used to monitor AF are advancing at
a rapid pace. Several commercially available loop monitors the size of a small patch are now available, and
their ease of use results in excellent patient compliance.104 Implantable loop recorders have become small
enough and easy enough to implant that it is feasible
to perform the procedure in-office.105 As both wearable and implantable technologies become smaller and
more affordable, long-term continuous cardiac monitoring will become pervasive. It is conceivable that in
the near future, most people, with and without known
AF, will be continuously and indefinitely monitored.
As is often the case, improvements in medical technology outpace our ability to study their clinical implications. New questions and additional knowledge gaps
are bound to arise. For example, as greater numbers
of young and low-risk populations are monitored continuously, AF burden and the clinical consequences will
need to be studied and redefined. Long-term monitoring in large populations will also allow us to better define the significance of changes in AF burden over time.

CONCLUSIONS
• Many studies examine outcomes by AF burden
classified by AF type (paroxysmal versus nonparoxysmal, persistent, long-standing persistent, or
permanent). However, quantitatively, AF burden
can be defined by longest duration, number of AF
episodes during a monitoring period, and perhaps
more comprehensively by the proportion of time
an individual is in AF during a monitoring period,
expressed as a percentage.
Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

• Current guidelines recommend using vascular risk
factors (as measured by the CHA2DS2-VASc score),
and not considering AF burden, when making
decisions regarding anticoagulation for stroke prevention in AF.
• The strongest evidence suggests that patients
with persistent AF are at higher risk of stroke than
those with paroxysmal AF; however, the relationship of increasing AF burden with risk of stroke
is not well characterized. CIED-based studies conclude that higher AF burden is associated with
higher risk of stroke, but it is unclear whether the
risk increases continuously or whether a threshold exists, in large part because of variable AF
duration cutoffs, which were mostly arbitrarily
prespecified rather than empirically derived. The
effect of very brief AF episodes of <5 to 6 minutes
on stroke risk has not been rigorously evaluated
and remains unknown.
• Although one small cross-sectional study reported
that persistent AF was associated with lower cognitive function than paroxysmal AF, data on the
relationship between AF burden and cognitive
function are scarce, which represents a critical
knowledge gap that demands more attention.
• Compared with paroxysmal AF, nonparoxysmal AF
is associated with higher prevalence and incidence
of HF and higher risk of mortality. The data are less
clear with device-detected AHRE.
• Higher AF burden is not necessarily related to
lower quality of life; new-onset AF is associated
with worse quality of life than reported in patients
with permanent AF. Interventions aimed at reducing AF burden have not translated to improvement
in quality of life.
• A structured and comprehensive risk factor management program targeting atherosclerotic risk
factors, weight loss, and maintaining a healthy
weight is effective in reducing AF burden.
• Remaining knowledge gaps indicate the need for
future studies, including those focused on validation of definitions and measures of AF burden,
determination of the threshold of AF burden that
results in an increased risk of stroke that warrants
anticoagulation, and discovery of the mechanisms
underlying the weak temporal correlations of AF
and stroke.
• Developments in monitoring technologies will
likely change the landscape of long-term AF monitoring and could allow better definition of the significance of changes in AF burden over time.
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short-term risk of AF; however, these studies also raise
questions regarding the lack of a temporal relationship
between AF and stroke in other patients. This lack of
a temporal relationship can be explained either by the
ability of left atrial clots to form and remain dormant for
prolonged periods before embolizing or by the ability of
AF to predispose patients to embolic events originating outside the left atrial appendage. One leading hypothesis is that patients with AF might have associated
endothelial dysfunction that leads to an inflammatory
response and release of prothrombotic molecules such
as von Willebrand factor.101,102 Studies focused on how
AF burden affects endovascular function are needed
to further explore these hypotheses. Another possible
explanation could be related to the emerging concept
that AF is on a continuum of atrial disease, or atriopathy.103 It is plausible that stroke could occur at any stage
of this continuum and that AF burden could simply be
a marker of the severity of atriopathy and stroke risk.

Atrial Fibrillation Burden

CLINICAL STATEMENTS
AND GUIDELINES

Chen et al

Atrial Fibrillation Burden

Specifically, all members of the writing group are required to complete and
submit a Disclosure Questionnaire showing all such relationships that might be
perceived as real or potential conflicts of interest.
This statement was approved by the American Heart Association Science Advisory and Coordinating Committee on November 27, 2017, and the
American Heart Association Executive Committee on February 28, 2018. A
copy of the document is available at http://professional.heart.org/statements
by using either “Search for Guidelines & Statements” or the “Browse by Topic” area. To purchase additional reprints, call 843-216-2533 or e-mail kelle.
ramsay@wolterskluwer.com.
The American Heart Association requests that this document be cited
as follows: Chen LY, Chung MK, Allen LA, Ezekowitz M, Furie KL, McCabe
P, Noseworthy PA, Perez MV, Turakhia MP; on behalf of the American Heart
Association Council on Clinical Cardiology; Council on Cardiovascular and
Stroke Nursing; Council on Quality of Care and Outcomes Research; and Stroke

Council. Atrial fibrillation burden: moving beyond atrial fibrillation as a binary
entity: a scientific statement from the American Heart Association. Circulation.
2018;137:e•••–e•••. DOI: 10.1161/CIR.0000000000000568.
The expert peer review of AHA-commissioned documents (eg, scientific
statements, clinical practice guidelines, systematic reviews) is conducted by
the AHA Office of Science Operations. For more on AHA statements and
guidelines development, visit http://professional.heart.org/statements. Select the “Guidelines & Statements” drop-down menu, then click “Publication
Development.”
Permissions: Multiple copies, modification, alteration, enhancement,
and/or distribution of this document are not permitted without the express
permission of the American Heart Association. Instructions for obtaining
permission are located at http://www.heart.org/HEARTORG/General/CopyrightPermission-Guidelines_UCM_300404_Article.jsp. A link to the “Copyright
Permissions Request Form” appears on the right side of the page.

Disclosures
Writing Group Disclosures

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

Writing
Group
Member

Speakers’
Bureau/
Expert Ownership
Honoraria Witness
Interest

Consultant/
Advisory Board

Other

None

None

None

None

None

Amarin (unpaid)*;
Biotronik (unpaid)*

None

None

None

None

Boston Scientific*;
Cytokinetics/
Amgen*; Janssen*;
Novartis†

None

Armetheon*; Boehringer
Ingelheim*; Bristol-Myers
Squibb*; Daiichi-Sankyo*;
Janssen*; Medtronic*; Pfizer†;
Portola*; Sanofi*

None

None

None

None

None

None

None

None

None

None

None

None

Mayo Clinic

None

None

None

None

None

None

None

Mayo Clinic

None

None

None

None

None

None

None

Marco V.
Perez

Stanford University
Medical Center

None

None

None

None

None

None

None

Mintu P.
Turakhia

Stanford
University School
of Medicine; VA
Palo Alto Health
Care System;
Center for Digital
Health

AHA†;
AstraZeneca†;
Cardiva Medical†;
Janssen†;
Medtronic†
(research unrelated
to manuscript)

None

None

None

AliveCor*

Abbott*;
Boehringer
Ingelheim*;
iRhythm*;
Cardiva Medical*;
Medscape*;
Medtronic*

None

Employment

Research Grant

Other Research Support

University of
Minnesota

NHLBI
(R01HL126637)†

None

None

None

Mina K.
Chung

Cleveland Clinic

NIH (R01 grant
for functional
genomics of atrial
fibrillation)†

Elsevier Publishers (book
author)*; UpToDate (author)*;
American Board of Internal
Medicine (CV board writing
committee member)*; Heart
Rhythm Society (Ethics Oversight
Committee)*; Circulation:
Arrhythmia & Electrophysiology
(associate editor)*

Biotronik
(unpaid)*;
Novartis
(unpaid)*

Larry A.
Allen

University of
Colorado School
of Medicine,
Aurora

AHA†; NIH,
NHLBI†; PCORI†

None

Michael
Ezekowitz

Sidney Kimmel
Medical College,
Thomas Jefferson
University

Boehringer
Ingelheim†; Pfizer†

Karen L.
Furie

Rhode Island
Hospital and Alpert
Medical School of
Brown University

Pamela
McCabe
Peter A.
Noseworthy

Lin Y. Chen

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on
the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if
(a) the person receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the
voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than
“significant” under the preceding definition.
*Modest.
†Significant.

e18

TBD TBD, 2018

Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

Chen et al

Atrial Fibrillation Burden

Reviewer
Alvaro Alonso

Elsayed Z. Soliman

Other
Research
Support

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Interest

Consultant/
Advisory
Board

Other

Employment

Research Grant

Emory University

NIH/NHLBI (AF
epidemiology and AFrelated outcomes)†;
American Heart
Association (AF
epidemiology and AFrelated outcomes)†

None

None

None

None

None

None

Wake Forest University

None

None

None

None

None

None

None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more
during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.
†Significant.

REFERENCES
Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

1. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer
DE. Prevalence of diagnosed atrial fibrillation in adults: national implications for rhythm management and stroke prevention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA.
2001;285:2370–2375.
2. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk
factor for stroke: the Framingham Study. Stroke. 1991;22:983–988.
3. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, D’Agostino RB,
JM, Kannel WB, Benjamin EJ. Temporal relations of atrial fibrillation and
congestive heart failure and their joint influence on mortality: the Framingham Heart Study. Circulation. 2003;107:2920–2925. doi: 10.1161/01.
CIR.0000072767.89944.6E.
4. Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB, Levy D.
Impact of atrial fibrillation on the risk of death: the Framingham Heart
Study. Circulation. 1998;98:946–952.
5. Chen LY, Sotoodehnia N, Bůžková P, Lopez FL, Yee LM, Heckbert SR, Prineas R, Soliman EZ, Adabag S, Konety S, Folsom AR, Siscovick D, Alonso
A. Atrial fibrillation and the risk of sudden cardiac death: the Atherosclerosis Risk in Communities Study and Cardiovascular Health Study. JAMA
Intern Med. 2013;173:29–35. doi: 10.1001/2013.jamainternmed.744.
6. Soliman EZ, Safford MM, Muntner P, Khodneva Y, Dawood FZ, Zakai NA,
Thacker EL, Judd S, Howard VJ, Howard G, Herrington DM, Cushman M.
Atrial fibrillation and the risk of myocardial infarction. JAMA Intern Med.
2014;174:107–114. doi: 10.1001/jamainternmed.2013.11912.
7. Soliman EZ, Lopez F, O’Neal WT, Chen LY, Bengtson L, Zhang ZM, Loehr L,
Cushman M, Alonso A. Atrial fibrillation and risk of ST-segment–elevation
versus non–ST-segment–elevation myocardial infarction: the Atherosclerosis Risk in Communities (ARIC) study. Circulation. 2015;131:1843–1850.
doi: 10.1161/CIRCULATIONAHA.114.014145.
8. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr,
Conti JB, Ellinor PT, Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG, Tchou PJ, Tracy CM, Yancy CW. 2014 AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines and the Heart Rhythm Society [published
correction appears in Circulation. 2014;130:e272–e274]. Circulation.
2014;130:e199–e267. doi: 10.1161/CIR.0000000000000041.
9. Al-Khatib SM, Thomas L, Wallentin L, Lopes RD, Gersh B, Garcia D, Ezekowitz J, Alings M, Yang H, Alexander JH, Flaker G, Hanna M, Granger
CB. Outcomes of apixaban vs. warfarin by type and duration of atrial
fibrillation: results from the ARISTOTLE trial. Eur Heart J. 2013;34:2464–
2471. doi: 10.1093/eurheartj/eht135.
10. Steinberg BA, Hellkamp AS, Lokhnygina Y, Patel MR, Breithardt G, Hankey
GJ, Becker RC, Singer DE, Halperin JL, Hacke W, Nessel CC, Berkowitz SD,
Mahaffey KW, Fox KA, Califf RM, Piccini JP; on behalf of the ROCKET-AF
Steering Committee and Investigators. Higher risk of death and stroke in
patients with persistent vs. paroxysmal atrial fibrillation: results from the
ROCKET-AF Trial. Eur Heart J. 2015;36:288–296. doi: 10.1093/eurheartj/
ehu359.
11. Link MS, Giugliano RP, Ruff CT, Scirica BM, Huikuri H, Oto A, Crompton AE, Murphy SA, Lanz H, Mercuri MF, Antman EM, Braunwald E;

Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

on behalf of the ENGAGE AF-TIMI 48 Investigators. Stroke and mortality risk in patients with various patterns of atrial fibrillation: results from
the ENGAGE AF-TIMI 48 Trial (Effective Anticoagulation With Factor Xa
Next Generation in Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48). Circ Arrhythm Electrophysiol. 2017;10:e004267. doi: 10.1161/
CIRCEP.116.004267.
Flaker G, Ezekowitz M, Yusuf S, Wallentin L, Noack H, Brueckmann M,
Reilly P, Hohnloser SH, Connolly S. Efficacy and safety of dabigatran compared to warfarin in patients with paroxysmal, persistent, and permanent
atrial fibrillation: results from the RE-LY (Randomized Evaluation of LongTerm Anticoagulation Therapy) study. J Am Coll Cardiol. 2012;59:854–
855. doi: 10.1016/j.jacc.2011.10.896.
Lip GY, Frison L, Grind M; for the SPORTIF Investigators. Stroke event rates
in anticoagulated patients with paroxysmal atrial fibrillation. J Intern Med.
2008;264:50–61. doi: 10.1111/j.1365-2796.2007.01909.x.
Senoo K, Lip GY, Lane DA, Büller HR, Kotecha D. Residual risk of stroke
and death in anticoagulated patients according to the type of atrial fibrillation: AMADEUS Trial. Stroke. 2015;46:2523–2528. doi: 10.1161/
STROKEAHA.115.009487.
Vanassche T, Lauw MN, Eikelboom JW, Healey JS, Hart RG, Alings M, Avezum A, Díaz R, Hohnloser SH, Lewis BS, Shestakovska O, Wang J, Connolly SJ. Risk of ischaemic stroke according to pattern of atrial fibrillation:
analysis of 6563 aspirin-treated patients in ACTIVE-A and AVERROES. Eur
Heart J. 2015;36:281–288. doi: 10.1093/eurheartj/ehu307.
Hart RG, Pearce LA, Rothbart RM, McAnulty JH, Asinger RW, Halperin JL;
for the Stroke Prevention in Atrial Fibrillation Investigators. Stroke with
intermittent atrial fibrillation: incidence and predictors during aspirin therapy. J Am Coll Cardiol. 2000;35:183–187.
Hohnloser SH, Pajitnev D, Pogue J, Healey JS, Pfeffer MA, Yusuf S, Connolly SJ; ACTIVE W Investigators. Incidence of stroke in paroxysmal versus sustained atrial fibrillation in patients taking oral anticoagulation or
combined antiplatelet therapy: an ACTIVE W Substudy. J Am Coll Cardiol.
2007;50:2156–2161. doi: 10.1016/j.jacc.2007.07.076.
Chiang CE, Naditch-Brûlé L, Murin J, Goethals M, Inoue H, O’Neill J,
Silva-Cardoso J, Zharinov O, Gamra H, Alam S, Ponikowski P, Lewalter
T, Rosenqvist M, Steg PG. Distribution and risk profile of paroxysmal, persistent, and permanent atrial fibrillation in routine clinical practice: insight
from the RealiseAF international registry. Circ Arrhythm Electrophysiol.
2012;5:632–639. doi: 10.1161/CIRCEP.112.970749.
de Vos CB, Pisters R, Nieuwlaat R, Prins MH, Tieleman RG, Coelen RJ,
van den Heijkant AC, Allessie MA, Crijns HJ. Progression from paroxysmal
to persistent atrial fibrillation: clinical correlates and prognosis. J Am Coll
Cardiol. 2010;55:725–731. doi: 10.1016/j.jacc.2009.11.040.
Banerjee A, Taillandier S, Olesen JB, Lane DA, Lallemand B, Lip GY, Fauchier L. Pattern of atrial fibrillation and risk of outcomes: the Loire Valley Atrial Fibrillation Project. Int J Cardiol. 2013;167:2682–2687. doi:
10.1016/j.ijcard.2012.06.118.
Boriani G, Laroche C, Diemberger I, Fantecchi E, Popescu MI, Rasmussen LH, Dan GA, Kalarus Z, Tavazzi L, Maggioni AP, Lip GY. “Real-world”
management and outcomes of patients with paroxysmal vs. non-paroxysmal atrial fibrillation in Europe: the EURObservational Research
Programme-Atrial Fibrillation (EORP-AF) General Pilot Registry. Europace.
2016;18:648–657. doi: 10.1093/europace/euv390.

TBD TBD, 2018

e19

CLINICAL STATEMENTS
AND GUIDELINES

Reviewer Disclosures

CLINICAL STATEMENTS
AND GUIDELINES

Chen et al

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

22. Inoue H, Atarashi H, Okumura K, Yamashita T, Kumagai N, Origasa H.
Thromboembolic events in paroxysmal vs. permanent non-valvular atrial fibrillation: subanalysis of the J-RHYTHM Registry. Circ J. 2014;78:
2388–2393.
23. Nieuwlaat R, Prins MH, Le Heuzey JY, Vardas PE, Aliot E, Santini M, Cobbe SM, Widdershoven JW, Baur LH, Lévy S, Crijns HJ. Prognosis, disease
progression, and treatment of atrial fibrillation patients during 1 year:
follow-up of the Euro Heart Survey on atrial fibrillation. Eur Heart J.
2008;29:1181–1189. doi: 10.1093/eurheartj/ehn139.
24. Nieuwlaat R, Dinh T, Olsson SB, Camm AJ, Capucci A, Tieleman RG, Lip
GY, Crijns HJ; on behalf of the Euro Heart Survey Investigators. Should we
abandon the common practice of withholding oral anticoagulation in paroxysmal atrial fibrillation? Eur Heart J. 2008;29:915–922. doi: 10.1093/
eurheartj/ehn101.
25. Takabayashi K, Hamatani Y, Yamashita Y, Takagi D, Unoki T, Ishii M,
Iguchi M, Masunaga N, Ogawa H, Esato M, Chun YH, Tsuji H, Wada H,
Hasegawa K, Abe M, Lip GY, Akao M. Incidence of stroke or systemic
embolism in paroxysmal versus sustained atrial fibrillation: the Fushimi
Atrial Fibrillation Registry. Stroke. 2015;46:3354–3361. doi: 10.1161/
STROKEAHA.115.010947.
26. Koga M, Yoshimura S, Hasegawa Y, Shibuya S, Ito Y, Matsuoka H, Takamatsu K, Nishiyama K, Todo K, Kimura K, Furui E, Terasaki T, Shiokawa
Y, Kamiyama K, Takizawa S, Okuda S, Okada Y, Kameda T, Nagakane Y,
Yagita Y, Kario K, Shiozawa M, Sato S, Yamagami H, Arihiro S, Toyoda K;
for the SAMURAI Study Investigators. Higher risk of ischemic events in
secondary prevention for patients with persistent than those with paroxysmal atrial fibrillation. Stroke. 2016;47:2582–2588. doi: 10.1161/
STROKEAHA.116.013746.
27. Ganesan AN, Chew DP, Hartshorne T, Selvanayagam JB, Aylward PE,
Sanders P, McGavigan AD. The impact of atrial fibrillation type on the risk
of thromboembolism, mortality, and bleeding: a systematic review and
meta-analysis. Eur Heart J. 2016;37:1591–1602. doi: 10.1093/eurheartj/
ehw007.
28. Deguchi I, Fukuoka T, Hayashi T, Maruyama H, Sehara Y, Kato Y, Horiuchi Y, Nagamine Y, Sano H, Tanahashi N. Clinical outcomes of persistent
and paroxysmal atrial fibrillation in patients with stroke. J Stroke Cerebrovasc Dis. 2014;23:2840–2844. doi: 10.1016/j.jstrokecerebrovasdis.
2014.07.010.
29. Deguchi I, Hayashi T, Fukuoka T, Kobayashi S, Tanahashi N; Japan Standard Stroke Registry Study Group. Features of cardioembolic stroke
with persistent and paroxysmal atrial fibrillation: a study with the Japan Stroke Registry. Eur J Neurol. 2015;22:1215–1219. doi: 10.1111/
ene.12728.
30. Naess H, Waje-Andreassen U, Thomassen L. Persistent atrial fibrillation is associated with worse prognosis than paroxysmal atrial fibrillation in acute cerebral infarction. ISRN Cardiol. 2012;2012:650915. doi:
10.5402/2012/650915.
31. Ntaios G, Vemmou A, Koroboki E, Savvari P, Makaritsis K, Saliaris M, Andrikopoulos G, Vemmos K. The type of atrial fibrillation is associated with
long-term outcome in patients with acute ischemic stroke. Int J Cardiol.
2013;167:1519–1523. doi: 10.1016/j.ijcard.2012.04.131.
32. Hsu JC, Chan PS, Tang F, Maddox TM, Marcus GM. Differences in anticoagulant therapy prescription in patients with paroxysmal versus persistent
atrial fibrillation. Am J Med. 2015;128:654.e1–654.e10. doi: 10.1016/j.
amjmed.2014.11.035.
33. Hess PL, Healey JS, Granger CB, Connolly SJ, Ziegler PD, Alexander JH,
Kowey PR, Ruff CT, Flaker G, Halperin JL, Hart RG, Lopes RD. The role of
cardiovascular implantable electronic devices in the detection and treatment of subclinical atrial fibrillation: a review. JAMA Cardiol. 2017;2:324–
331. doi: 10.1001/jamacardio.2016.5167.
34. Rizos T, Wagner A, Jenetzky E, Ringleb PA, Becker R, Hacke W, Veltkamp
R. Paroxysmal atrial fibrillation is more prevalent than persistent atrial fibrillation in acute stroke and transient ischemic attack patients. Cerebrovasc Dis. 2011;32:276–282. doi: 10.1159/000330348.
35. Gillis AM, Morck M. Atrial fibrillation after DDDR pacemaker implantation. J Cardiovasc Electrophysiol. 2002;13:542–547.
36. Deshmukh A, Brown ML, Higgins E, Schousek B, Abeyratne A, Rovaris G, Friedman PA. Performance of atrial fibrillation detection in a new
single-chamber ICD. Pacing Clin Electrophysiol. 2016;39:1031–1037. doi:
10.1111/pace.12918.
37. Podd SJ, Sugihara C, Furniss SS, Sulke N. Are implantable cardiac monitors
the “gold standard” for atrial fibrillation detection? A prospective randomized trial comparing atrial fibrillation monitoring using implantable
cardiac monitors and DDDRP permanent pacemakers in post atrial fibril-

e20

TBD TBD, 2018

Atrial Fibrillation Burden

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

lation ablation patients. Europace. 2016;18:1000–1005. doi: 10.1093/
europace/euv367.
Mittal S, Rogers J, Sarkar S, Koehler J, Warman EN, Tomson TT, Passman
RS. Real-world performance of an enhanced atrial fibrillation detection
algorithm in an insertable cardiac monitor. Heart Rhythm. 2016;13:1624–
1630. doi: 10.1016/j.hrthm.2016.05.010.
Kaufman ES, Israel CW, Nair GM, Armaganijan L, Divakaramenon S, Mairesse GH, Brandes A, Crystal E, Costantini O, Sandhu RK, Parkash R, Connolly SJ, Hohnloser SH, Healey JS; for the ASSERT Steering Committee and
Investigators. Positive predictive value of device-detected atrial high-rate
episodes at different rates and durations: an analysis from ASSERT. Heart
Rhythm. 2012;9:1241–1246. doi: 10.1016/j.hrthm.2012.03.017.
Glotzer TV, Hellkamp AS, Zimmerman J, Sweeney MO, Yee R, Marinchak R, Cook J, Paraschos A, Love J, Radoslovich G, Lee KL, Lamas GA;
for the MOST Investigators. Atrial high rate episodes detected by pacemaker diagnostics predict death and stroke: report of the Atrial Diagnostics Ancillary Study of the MOde Selection Trial (MOST). Circulation.
2003;107:1614–1619. doi: 10.1161/01.CIR.0000057981.70380.45.
Pollak WM, Simmons JD, Interian A Jr, Atapattu SA, Castellanos A, Myerburg RJ, Mitrani RD. Clinical utility of intraatrial pacemaker stored electrograms to diagnose atrial fibrillation and flutter. Pacing Clin Electrophysiol.
2001;24(pt 1):424–429.
Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, Hilker C,
Miller C, Qi D, Ziegler PD. The relationship between daily atrial tachyarrhythmia burden from implantable device diagnostics and stroke risk:
the TRENDS study. Circ Arrhythm Electrophysiol. 2009;2:474–480. doi:
10.1161/CIRCEP.109.849638.
Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci A,
Lau CP, Fain E, Yang S, Bailleul C, Morillo CA, Carlson M, Themeles E,
Kaufman ES, Hohnloser SH; for the ASSERT Investigators. Subclinical atrial
fibrillation and the risk of stroke. N Engl J Med. 2012;366:120–129. doi:
10.1056/NEJMoa1105575.
Van Gelder IC, Healey JS, Crijns HJGM, Wang J, Hohnloser SH, Gold MR,
Capucci A, Lau CP, Morillo CA, Hobbelt AH, Rienstra M, Connolly SJ.
Duration of device-detected subclinical atrial fibrillation and occurrence
of stroke in ASSERT. Eur Heart J. 2017;38:1339–1344. doi: 10.1093/
eurheartj/ehx042.
Boriani G, Glotzer TV, Santini M, West TM, De Melis M, Sepsi M, Gasparini
M, Lewalter T, Camm JA, Singer DE. Device-detected atrial fibrillation and
risk for stroke: an analysis of >10,000 patients from the SOS AF project (Stroke preventiOn Strategies based on Atrial Fibrillation information
from implanted devices). Eur Heart J. 2014;35:508–516. doi: 10.1093/
eurheartj/eht491.
Turakhia MP, Ziegler PD, Schmitt SK, Chang Y, Fan J, Than CT, Keung
EK, Singer DE. Atrial fibrillation burden and short-term risk of stroke:
case-crossover analysis of continuously recorded heart rhythm from cardiac electronic implanted devices. Circ Arrhythm Electrophysiol. 2015;8:
1040–1047. doi: 10.1161/CIRCEP.114.003057.
Capucci A, Santini M, Padeletti L, Gulizia M, Botto G, Boriani G, Ricci R,
Favale S, Zolezzi F, Di Belardino N, Molon G, Drago F, Villani GQ, Mazzini E, Vimercati M, Grammatico A; Italian AT500 Registry Investigators.
Monitored atrial fibrillation duration predicts arterial embolic events in
patients suffering from bradycardia and atrial fibrillation implanted with
antitachycardia pacemakers. J Am Coll Cardiol. 2005;46:1913–1920. doi:
10.1016/j.jacc.2005.07.044.
Botto GL, Padeletti L, Santini M, Capucci A, Gulizia M, Zolezzi F, Favale
S, Molon G, Ricci R, Biffi M, Russo G, Vimercati M, Corbucci G, Boriani G. Presence and duration of atrial fibrillation detected by continuous
monitoring: crucial implications for the risk of thromboembolic events.
J Cardiovasc Electrophysiol. 2009;20:241–248. doi: 10.1111/j.15408167.2008.01320.x.
Shanmugam N, Boerdlein A, Proff J, Ong P, Valencia O, Maier SK, Bauer
WR, Paul V, Sack S. Detection of atrial high-rate events by continuous
home monitoring: clinical significance in the heart failure-cardiac resynchronization therapy population. Europace. 2012;14:230–237. doi:
10.1093/europace/eur293.
Witt CT, Kronborg MB, Nohr EA, Mortensen PT, Gerdes C, Nielsen JC.
Early detection of atrial high rate episodes predicts atrial fibrillation and
thromboembolic events in patients with cardiac resynchronization therapy.
Heart Rhythm. 2015;12:2368–2375. doi: 10.1016/j.hrthm.2015.07.007.
Swiryn S, Orlov MV, Benditt DG, DiMarco JP, Lloyd-Jones DM, Karst E,
Qu F, Slawsky MT, Turkel M, Waldo AL; for the RATE Registry Investigators. Clinical implications of brief device-detected atrial tachyarrhythmias
in a cardiac rhythm management device population: results from the

Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

Chen et al

53.

54.

55.

56.

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

men and women. Int J Cardiol. 2016;203:46–49. doi: 10.1016/j.ijcard.
2015.10.106.
Abed HS, Wittert GA, Leong DP, Shirazi MG, Bahrami B, Middeldorp ME,
Lorimer MF, Lau DH, Antic NA, Brooks AG, Abhayaratna WP, Kalman
JM, Sanders P. Effect of weight reduction and cardiometabolic risk factor management on symptom burden and severity in patients with atrial
fibrillation: a randomized clinical trial. JAMA. 2013;310:2050–2060. doi:
10.1001/jama.2013.280521.
Pathak RK, Middeldorp ME, Lau DH, Mehta AB, Mahajan R, Twomey D,
Alasady M, Hanley L, Antic NA, McEvoy RD, Kalman JM, Abhayaratna WP,
Sanders P. Aggressive risk factor reduction study for atrial fibrillation and
implications for the outcome of ablation: the ARREST-AF cohort study.
J Am Coll Cardiol. 2014;64:2222–2231. doi: 10.1016/j.jacc.2014.09.028.
Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, Wong
CX, Twomey D, Elliott AD, Kalman JM, Abhayaratna WP, Lau DH, Sanders
P. Long-term effect of goal-directed weight management in an atrial fibrillation cohort: a long-term follow-up study (LEGACY). J Am Coll Cardiol.
2015;65:2159–2169. doi: 10.1016/j.jacc.2015.03.002.
Pathak RK, Elliott A, Middeldorp ME, Meredith M, Mehta AB, Mahajan
R, Hendriks JM, Twomey D, Kalman JM, Abhayaratna WP, Lau DH, Sanders P. Impact of CARDIOrespiratory FITness on Arrhythmia Recurrence in
Obese Individuals With Atrial Fibrillation: the CARDIO-FIT study. J Am Coll
Cardiol. 2015;66:985–996. doi: 10.1016/j.jacc.2015.06.488.
Qureshi WT, Alirhayim Z, Blaha MJ, Juraschek SP, Keteyian SJ, Brawner CA,
Al-Mallah MH. Cardiorespiratory fitness and risk of incident atrial fibrillation: results from the Henry Ford Exercise Testing (FIT) Project. Circulation.
2015;131:1827–1834. doi: 10.1161/CIRCULATIONAHA.114.014833.
Hegbom F, Stavem K, Sire S, Heldal M, Orning OM, Gjesdal K. Effects
of short-term exercise training on symptoms and quality of life in patients with chronic atrial fibrillation. Int J Cardiol. 2007;116:86–92. doi:
10.1016/j.ijcard.2006.03.034.
Osbak PS, Mourier M, Kjaer A, Henriksen JH, Kofoed KF, Jensen GB. A randomized study of the effects of exercise training on patients with atrial fibrillation.
Am Heart J. 2011;162:1080–1087. doi: 10.1016/j.ahj.2011.09.013.
Malmo V, Nes BM, Amundsen BH, Tjonna AE, Stoylen A, Rossvoll O,
Wisloff U, Loennechen JP. Aerobic interval training reduces the burden
of atrial fibrillation in the short term: a randomized trial. Circulation.
2016;133:466–473. doi: 10.1161/CIRCULATIONAHA.115.018220.
Wang TJ, Parise H, Levy D, D’Agostino RB Sr, Wolf PA, Vasan RS, Benjamin EJ. Obesity and the risk of new-onset atrial fibrillation. JAMA.
2004;292:2471–2477. doi: 10.1001/jama.292.20.2471.
Gami AS, Hodge DO, Herges RM, Olson EJ, Nykodym J, Kara T, Somers VK.
Obstructive sleep apnea, obesity, and the risk of incident atrial fibrillation.
J Am Coll Cardiol. 2007;49:565–571. doi: 10.1016/j.jacc.2006.08.060.
Frost L, Hune LJ, Vestergaard P. Overweight and obesity as risk factors for
atrial fibrillation or flutter: the Danish Diet, Cancer, and Health Study. Am
J Med. 2005;118:489–495. doi: 10.1016/j.amjmed.2005.01.031.
Alonso A, Bahnson JL, Gaussoin SA, Bertoni AG, Johnson KC, Lewis CE,
Vetter M, Mantzoros CS, Jeffery RW, Soliman EZ; Look AHEAD Research
Group. Effect of an intensive lifestyle intervention on atrial fibrillation risk
in individuals with type 2 diabetes: the Look AHEAD randomized trial. Am
Heart J. 2015;170:770–777.e5. doi: 10.1016/j.ahj.2015.07.026.
Cha YM, Friedman PA, Asirvatham SJ, Shen WK, Munger TM, Rea RF,
Brady PA, Jahangir A, Monahan KH, Hodge DO, Meverden RA, Gersh
BJ, Hammill SC, Packer DL. Catheter ablation for atrial fibrillation in
patients with obesity. Circulation. 2008;117:2583–2590. doi: 10.1161/
CIRCULATIONAHA.107.716712.
Letsas KP, Siklódy CH, Korantzopoulos P, Weber R, Bürkle G, Mihas CC,
Kalusche D, Arentz T. The impact of body mass index on the efficacy and
safety of catheter ablation of atrial fibrillation. Int J Cardiol. 2013;164:94–
98. doi: 10.1016/j.ijcard.2011.06.092.
Chilukuri K, Dalal D, Gadrey S, Marine JE, Macpherson E, Henrikson CA,
Cheng A, Nazarian S, Sinha S, Spragg D, Berger R, Calkins H. A prospective study evaluating the role of obesity and obstructive sleep apnea for
outcomes after catheter ablation of atrial fibrillation. J Cardiovasc Electrophysiol. 2010;21:521–525. doi: 10.1111/j.1540-8167.2009.01653.x.
Cai L, Yin Y, Ling Z, Su L, Liu Z, Wu J, Du H, Lan X, Fan J, Chen W, Xu Y,
Zhou P, Zhu J, Zrenner B. Predictors of late recurrence of atrial fibrillation
after catheter ablation. Int J Cardiol. 2013;164:82–87. doi: 10.1016/j.
ijcard.2011.06.094.
Bunch TJ, May HT, Bair TL, Crandall BG, Cutler MJ, Jacobs V, Mallender C,
Muhlestein JB, Osborn JS, Weiss JP, Day JD. Long-term influence of body
mass index on cardiovascular events after atrial fibrillation ablation. J Interv
Card Electrophysiol. 2016;46:259–265. doi: 10.1007/s10840-016-0142-5.

TBD TBD, 2018

e21

CLINICAL STATEMENTS
AND GUIDELINES

52.

Registry of Atrial Tachycardia and Atrial Fibrillation Episodes. Circulation.
2016;134:1130–1140. doi: 10.1161/CIRCULATIONAHA.115.020252.
Kalantarian S, Stern TA, Mansour M, Ruskin JN. Cognitive impairment
associated with atrial fibrillation: a meta-analysis. Ann Intern Med.
2013;158(pt 1):338–346. doi: 10.7326/0003-4819-158-5-20130305000007.
Bansal N, Fan D, Hsu CY, Ordonez JD, Marcus GM, Go AS. Incident atrial
fibrillation and risk of end-stage renal disease in adults with chronic kidney
disease. Circulation. 2013;127:569–574. doi: 10.1161/CIRCULATIONAHA.
112.123992.
O’Neal WT, Tanner RM, Efird JT, Baber U, Alonso A, Howard VJ, Howard
G, Muntner P, Soliman EZ. Atrial fibrillation and incident end-stage renal disease: the REasons for Geographic And Racial Differences in Stroke
(REGARDS) study. Int J Cardiol. 2015;185:219–223. doi: 10.1016/j.ijcard.
2015.03.104.
Santhanakrishnan R, Wang N, Larson MG, Magnani JW, McManus
DD, Lubitz SA, Ellinor PT, Cheng S, Vasan RS, Lee DS, Wang TJ, Levy
D, Benjamin EJ, Ho JE. Atrial fibrillation begets heart failure and vice
versa: temporal associations and differences in preserved versus reduced ejection fraction. Circulation. 2016;133:484–492. doi: 10.1161/
CIRCULATIONAHA.115.018614.
Thihalolipavan S, Morin DP. Atrial fibrillation and heart failure: update 2015. Prog Cardiovasc Dis. 2015;58:126–135. doi: 10.1016/j.
pcad.2015.07.004.
Pandey A, Kim S, Moore C, Thomas L, Gersh B, Allen LA, Kowey PR, Mahaffey KW, Hylek E, Peterson ED, Piccini JP, Fonarow GC; for the ORBIT-AF
Investigators and Patients. Predictors and prognostic implications of incident heart failure in patients with prevalent atrial fibrillation. JACC Heart
Fail. 2017;5:44–52. doi: 10.1016/j.jchf.2016.09.016.
Chen LY, Agarwal SK, Norby FL, Gottesman RF, Loehr LR, Soliman EZ,
Mosley TH, Folsom AR, Coresh J, Alonso A. Persistent but not paroxysmal
atrial fibrillation is independently associated with lower cognitive function: ARIC study. J Am Coll Cardiol. 2016;67:1379–1380. doi: 10.1016/j.
jacc.2015.11.064.
Randolph TC, Simon DN, Thomas L, Allen LA, Fonarow GC, Gersh BJ,
Kowey PR, Reiffel JA, Naccarelli GV, Chan PS, Spertus JA, Peterson ED, Piccini JP; and ORBIT AF Investigators and Patients. Patient factors associated
with quality of life in atrial fibrillation. Am Heart J. 2016;182:135–143.
Jenkins LS, Brodsky M, Schron E, Chung M, Rocco T Jr, Lader E, Constantine M, Sheppard R, Holmes D, Mateski D, Floden L, Prasun M, Greene HL,
Shemanski L. Quality of life in atrial fibrillation: the Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) study. Am Heart J.
2005;149:112–120. doi: 10.1016/j.ahj.2004.03.065.
Suman-Horduna I, Roy D, Frasure-Smith N, Talajic M, Lespérance F,
Blondeau L, Dorian P, Khairy P; AF-CHF Trial Investigators. Quality of life
and functional capacity in patients with atrial fibrillation and congestive heart failure. J Am Coll Cardiol. 2013;61:455–460. doi: 10.1016/j.
jacc.2012.10.031.
Pokorney SD, Kim S, Thomas L, Fonarow GC, Kowey PR, Gersh BJ, Mahaffey KW, Peterson ED, Piccini JP; for the Outcomes Registry for Better
Informed Treatment of Atrial Fibrillation (ORBIT-AF) Investigators. Cardioversion and subsequent quality of life and natural history of atrial fibrillation. Am Heart J. 2017;185:59–66.
Nielsen JC, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H,
Pehrson SM, Englund A, Hartikainen J, Mortensen LS, Hansen PS; for
the MANTRA-PAF Investigators. Long-term efficacy of catheter ablation
as first-line therapy for paroxysmal atrial fibrillation: 5-year outcome in
a randomised clinical trial. Heart. 2017;103:368–376. doi: 10.1136/
heartjnl-2016-309781.
Conen D, Chae CU, Glynn RJ, Tedrow UB, Everett BM, Buring JE, Albert
CM. Risk of death and cardiovascular events in initially healthy women
with new-onset atrial fibrillation. JAMA. 2011;305:2080–2087. doi:
10.1001/jama.2011.659.
Gonzalez M, Keating RJ, Markowitz SM, Liu CF, Thomas G, Ip JE, Lerman
BB, Cheung JW. Newly detected atrial high rate episodes predict longterm mortality outcomes in patients with permanent pacemakers. Heart
Rhythm. 2014;11:2214–2221. doi: 10.1016/j.hrthm.2014.08.019.
Huxley RR, Lopez FL, Folsom AR, Agarwal SK, Loehr LR, Soliman EZ, Maclehose R, Konety S, Alonso A. Absolute and attributable risks of atrial fibrillation in relation to optimal and borderline risk factors: the Atherosclerosis
Risk in Communities (ARIC) study. Circulation. 2011;123:1501–1508. doi:
10.1161/CIRCULATIONAHA.110.009035.
Larsson SC, Drca N, Jensen-Urstad M, Wolk A. Combined impact of
healthy lifestyle factors on risk of atrial fibrillation: prospective study in

Atrial Fibrillation Burden

CLINICAL STATEMENTS
AND GUIDELINES

Chen et al

Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

85. Guijian L, Jinchuan Y, Rongzeng D, Jun Q, Jun W, Wenqing Z. Impact
of body mass index on atrial fibrillation recurrence: a meta-analysis of
observational studies. Pacing Clin Electrophysiol. 2013;36:748–756. doi:
10.1111/pace.12106.
86. Winkle RA, Mead RH, Engel G, Kong MH, Fleming W, Salcedo J, Patrawala
RA. Impact of obesity on atrial fibrillation ablation: patient characteristics,
long-term outcomes, and complications. Heart Rhythm. 2017;14:819–
827. doi: 10.1016/j.hrthm.2017.02.023.
87. Wong CX, Sun MT, Odutayo A, Emdin CA, Mahajan R, Lau DH, Pathak RK,
Wong DT, Selvanayagam JB, Sanders P, Clarke R. Associations of epicardial, abdominal, and overall adiposity with atrial fibrillation. Circ Arrhythm
Electrophysiol. 2016;9:e004378. doi: 10.1161/CIRCEP.116.004378.
88. Chen LY, Bigger JT, Hickey KT, Chen H, Lopez-Jimenez C, Banerji MA, Evans G, Fleg JL, Papademetriou V, Thomas A, Woo V, Seaquist ER, Soliman
EZ. Effect of intensive blood pressure lowering on incident atrial fibrillation
and P-wave indices in the ACCORD Blood Pressure Trial. Am J Hypertens.
2015;11:1276–1282. doi: 10.1093/ajh/hpv172.
89. Deftereos S, Giannopoulos G, Kossyvakis C, Efremidis M, Panagopoulou
V, Raisakis K, Kaoukis A, Karageorgiou S, Bouras G, Katsivas A, Pyrgakis
V, Stefanadis C. Effectiveness of moxonidine to reduce atrial fibrillation
burden in hypertensive patients. Am J Cardiol. 2013;112:684–687. doi:
10.1016/j.amjcard.2013.04.049.
90. Lampert R, Jamner L, Burg M, Dziura J, Brandt C, Liu H, Li F, Donovan T,
Soufer R. Triggering of symptomatic atrial fibrillation by negative emotion.
J Am Coll Cardiol. 2014;64:1533–1534. doi: 10.1016/j.jacc.2014.07.959.
91. Lakkireddy D, Atkins D, Pillarisetti J, Ryschon K, Bommana S, Drisko J,
Vanga S, Dawn B. Effect of yoga on arrhythmia burden, anxiety, depression, and quality of life in paroxysmal atrial fibrillation: the YOGA My
Heart Study. J Am Coll Cardiol. 2013;61:1177–1182. doi: 10.1016/j.
jacc.2012.11.060.
92. McCabe PJ, Barnason SA, Houfek J. Illness beliefs in patients with recurrent
symptomatic atrial fibrillation. Pacing Clin Electrophysiol. 2011;34:810–
820. doi: 10.1111/j.1540-8159.2011.03105.x.
93. Parkash R, Wells GA, Sapp JL, Healey JS, Tardif JC, Greiss I, Rivard L, Roux
JF, Gula L, Nault I, Novak P, Birnie D, Ha A, Wilton SB, Mangat I, Gray
C, Gardner M, Tang ASL. Effect of aggressive blood pressure control on
the recurrence of atrial fibrillation after catheter ablation: a randomized,
open-label clinical trial (SMAC-AF [Substrate Modification With Aggressive Blood Pressure Control]). Circulation. 2017;135:1788–1798. doi:
10.1161/CIRCULATIONAHA.116.026230.
94. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella
M, Diener HC, Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B, Vardas P, Agewall S, Camm
J, Baron Esquivias G, Budts W, Carerj S, Casselman F, Coca A, De Caterina
R, Deftereos S, Dobrev D, Ferro JM, Filippatos G, Fitzsimons D, Gorenek
B, Guenoun M, Hohnloser SH, Kolh P, Lip GY, Manolis A, McMurray J,
Ponikowski P, Rosenhek R, Ruschitzka F, Savelieva I, Sharma S, Suwalski P,
Tamargo JL, Taylor CJ, Van Gelder IC, Voors AA, Windecker S, Zamorano
JL, Zeppenfeld K. 2016 ESC guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J. 2016;37:2893–
2962. doi: 10.1093/eurheartj/ehw210.

e22

TBD TBD, 2018

Atrial Fibrillation Burden

95. Charitos EI, Stierle U, Ziegler PD, Baldewig M, Robinson DR, Sievers
HH, Hanke T. A comprehensive evaluation of rhythm monitoring strategies for the detection of atrial fibrillation recurrence: insights from 647
continuously monitored patients and implications for monitoring after
therapeutic interventions. Circulation. 2012;126:806–814. doi: 10.1161/
CIRCULATIONAHA.112.098079.
96. Flaker GC, Belew K, Beckman K, Vidaillet H, Kron J, Safford R, Mickel
M, Barrell P; for the AFFIRM Investigators. Asymptomatic atrial fibrillation: demographic features and prognostic information from the Atrial
Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM)
study. Am Heart J. 2005;149:657–663. doi: 10.1016/j.ahj.2004.06.032.
97. Sanna T, Diener HC, Passman RS, Di Lazzaro V, Bernstein RA, Morillo
CA, Rymer MM, Thijs V, Rogers T, Beckers F, Lindborg K, Brachmann
J; CRYSTAL AF Investigators. Cryptogenic stroke and underlying atrial fibrillation. N Engl J Med. 2014;370:2478–2486. doi: 10.1056/
NEJMoa1313600.
98. Apixaban for the Reduction of Thrombo-Embolism in Patients With DeviceDetected Sub-Clinical Atrial Fibrillation (ARTESiA). https://clinicaltrials.
gov/ct2/show/NCT01938248. Accessed September 26, 2017.
99. Non-vitamin K Antagonist Oral Anticoagulants in Patients With
Atrial High Rate Episodes (NOAH). https://clinicaltrials.gov/ct2/show/
NCT02618577. Accessed September 26, 2017.
100. Klein AL, Grimm RA, Murray RD, Apperson-Hansen C, Asinger RW, Black
IW, Davidoff R, Erbel R, Halperin JL, Orsinelli DA, Porter TR, Stoddard
MF; for the Assessment of Cardioversion Using Transesophageal
Echocardiography Investigators. Use of transesophageal echocardiography to guide cardioversion in patients with atrial fibrillation. N Engl J
Med. 2001;344:1411–1420. doi: 10.1056/NEJM200105103441901.
101. Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes
CA, Bauer JA, Tchou PJ, Niebauer MJ, Natale A, Van Wagoner DR.
C-reactive protein elevation in patients with atrial arrhythmias: inflammatory mechanisms and persistence of atrial fibrillation. Circulation.
2001;104:2886–2891.
102. Lip GY, Lane D, Van Walraven C, Hart RG. Additive role of plasma von
Willebrand factor levels to clinical factors for risk stratification of patients
with atrial fibrillation. Stroke. 2006;37:2294–2300. doi: 10.1161/01.
STR.0000236840.00467.84.
103. Kamel H, Okin PM, Longstreth WT Jr, Elkind MS, Soliman EZ. Atrial
cardiopathy: a broadened concept of left atrial thromboembolism beyond atrial fibrillation. Future Cardiol. 2015;11:323–331. doi: 10.2217/
fca.15.22.
104. Turakhia MP, Ullal AJ, Hoang DD, Than CT, Miller JD, Friday KJ, Perez MV,
Freeman JV, Wang PJ, Heidenreich PA. Feasibility of extended ambulatory electrocardiogram monitoring to identify silent atrial fibrillation in
high-risk patients: the Screening Study for Undiagnosed Atrial Fibrillation
(STUDY-AF). Clin Cardiol. 2015;38:285–292. doi: 10.1002/clc.22387.
105. Rogers JD, Sanders P, Piorkowski C, Sohail MR, Anand R, Crossen K,
Khairallah FS, Kaplon RE, Stromberg K, Kowal RC. In-office insertion of
a miniaturized insertable cardiac monitor: results from the Reveal LINQ
In-Office 2 randomized study. Heart Rhythm. 2017;14:218–224. doi:
10.1016/j.hrthm.2016.11.001.

Circulation. 2018;137:00–00. DOI: 10.1161/CIR.0000000000000568

Atrial Fibrillation Burden: Moving Beyond Atrial Fibrillation as a Binary Entity: A
Scientific Statement From the American Heart Association
Lin Y. Chen, Mina K. Chung, Larry A. Allen, Michael Ezekowitz, Karen L. Furie, Pamela
McCabe, Peter A. Noseworthy, Marco V. Perez, Mintu P. Turakhia and On behalf of the
American Heart Association Council on Clinical Cardiology; Council on Cardiovascular and
Stroke Nursing; Council on Quality of Care and Outcomes Research; and Stroke Council
Downloaded from http://circ.ahajournals.org/ by guest on April 20, 2018

Circulation. published online April 16, 2018;
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2018 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/early/2018/04/13/CIR.0000000000000568

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

