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Abstract

Atrial fibrillation (AF) has long been associated with a heightened risk of ischemic stroke and
systemic thromboembolism, but recent data require a re-evaluation of our understanding of the
nature of this relationship. New findings about the temporal connection between AF and stroke,
alongside evidence linking markers of left atrial abnormalities with stroke in the absence of
apparent AF, suggest that left atrial thromboembolism may occur even without AF. These
observations undermine the hypothesis that the dysrhythmia that defines AF is necessary and
sufficient to cause thromboembolism. In this commentary, we instead suggest that the substrate for
thromboembolism may often be the anatomic and physiological atrial derangements associated
with AF. Therefore, our understanding of cardioembolic stroke may be more complete if we shift
our representation of its origin from AF to the concept of atrial cardiopathy.
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Background

AF affects approximately 33 million people worldwide, making it the most common
sustained cardiac arrhythmia.l Its incidence rises steeply with age, and given increasing life
expectancy and the anticipated aging of the population, the next several decades may see a
doubling in the burden of AF;2 as of now, more than 10% of people over the age of 80 years
have AF.2 The incidence of AF-related stroke in some high-income countries has nearly
tripled in the past 3 decades and may triple again by 2050.3 Strokes associated with AF cost
more and result in greater disability and mortality than other types of stroke, including other
causes of cardiac embolism.# ® Partly as a result of its thromboembolic complications, AF
imposes a substantial societal cost; for example, it accounts for approximately 1% of the
entire budget of the U.K. National Health Service.® Recent data from globally representative
surveys support the impression of an increasing burden of AF worldwide.!

The thromboembolic risk associated with AF, which represents a major component of the
overall burden of AF, can be substantially reduced with the use of anticoagulant therapies.
Numerous randomized clinical trials have demonstrated that anticoagulation with vitamin-K
antagonists reduces the relative risk of stroke and systemic embolism by approximately 50%
as compared with aspirin.” Over the past few years, several novel oral anticoagulant drugs
have been approved that provide fixed dosing regimens and fewer drug-drug interactions
than vitamin-K antagonists. In a meta-analysis of randomized trials, these new drugs
resulted in similar rates of ischemic stroke, higher rates of gastrointestinal bleeding, lower
rates of intracranial hemorrhage, and lower mortality than warfarin.8 In a randomized
comparison against aspirin in patients with AF, one of these novel oral anticoagulant drugs
reduced the risk of ischemic stroke by more than half without a substantial increase in
bleeding risk.?

Taken together, these observations indicate that AF is an increasingly common condition
associated with a disabling complication whose risk can be substantially reduced with
appropriate use of existing medications. This conclusion underscores the importance of AF
as a target for primary and secondary stroke prevention.

Atrial Fibrillation and Cryptogenic Stroke

One of the challenges of effectively preventing AF-related stroke is that AF does not always
come to light before a patient has had a stroke. A substantial proportion of patients with AF-
related stroke have not received a diagnosis of AF prior to the stroke,3 thereby precluding
opportunities to institute anticoagulant therapy for primary stroke prevention. Given the
often paroxysmal nature of AF, it has long been recognized that a patient with underlying
AF may be in normal sinus rhythm at the time of presentation with stroke. Although
cardioembolic stroke often presents with specific clinical features, 10 the transient nature of
AF often leads to a failure to recognize AF as the cause of stroke. Highlighting the
challenges of identifying AF as a cause of stroke, a study of stroke patients with pacemakers
indicated that these patients manifested AF for fewer than 2 hours per day and had no AF at
all on more than 90% of days.11 Furthermore, a prospective study of patients with recently
implanted pacemakers or defibrillators demonstrated that even a single 6-minute episode of
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asymptomatic AF was associated with a more than 2-fold higher risk of stroke,'2 which
supports the hypothesis that brief and difficult-to-diagnose episodes of AF may be
responsible for some proportion of cryptogenic strokes.

The possibility of undetected AF in stroke patients has important implications, because one-
third of ischemic strokes are of unknown cause even in the modern era of neuroimaging.13
Based on the radiographic pattern of brain infarction, many of these cryptogenic strokes
appear to have arisen from a distant embolism; this clinical impression is so strong that a
recent paper suggested labeling these as “embolic strokes of undetermined source.”14 The
high prevalence of cryptogenic stroke presents an important target for better stroke
preventions strategies, because optimal control of stroke risk factors is difficult in the face of
unknown stroke etiologies; we cannot be sure that we are maximally treating potential
causes of stroke when we are unsure of what all the causes are.

The notion that occult paroxysmal AF may prove to be the source of many cryptogenic
strokes is particularly appealing given the therapeutic implications outlined above; namely,
the identification of AF would result in a change to anticoagulant therapy instead of the
antiplatelet drugs that are standard for secondary stroke prevention.1® This therapeutic
implication has driven the increasingly common practice of performing prolonged heart-
rhythm monitoring in patients with otherwise unexplained strokes. Dozens of observational
studies over the past several decades have reported that this practice leads to a new diagnosis
of AF in about 10% of stroke patients.1® These findings were corroborated in two recent
randomized clinical trials comparing routine clinical follow-up versus a strategy of at least
several weeks of continuous heart-rhythm monitoring. Together, these trials indicated that
one previously undiagnosed case of AF will be detected for every 10 cryptogenic stroke
patients screened with monitoring.17. 18

On the basis of these studies, ambulatory heart-rhythm monitoring is likely to be used
increasingly in the evaluation of patients with cryptogenic stroke. However, long-term
follow-up of one of these two studies found that only 30% of cryptogenic stroke patients
manifested any AF even after 3 years of continuous heart-rhythm monitoring via an
implantable loop recorder.18 Therefore, AF cannot explain the majority of cryptogenic
strokes, suggesting that other sources of thromboembolism are at play. Furthermore, a recent
analysis of the temporal link between AF and stroke found that 31% of patients with both
AF and stroke did not have any AF prior to their stroke and only manifested AF for the first
time afterward, despite undergoing a median 8 months of continuous heart-rhythm
monitoring before the stroke.1® As the authors of this analysis point out in their discussion,
this finding undermines the cause-effect interpretation of the long-established association
between AF and stroke and indicates that the association must partly be explained by factors
other than the dysrhythmia itself. While some of the association between AF and stroke may
be explained by residual confounding from shared risk factors such as hypertension and
atherosclerosis, a cardiac process is still likely to play a substantial role in the association
between AF and stroke because of the clearly embolic-appearing character of most
cryptogenic strokes. Often this occult cardiac process may involve an establish but difficult-
to-prove source such as paradoxical embolism through a patent foramen ovale, but many
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patients with cryptogenic stroke lack evidence of any such established sources. What then
are potential sources of currently unrecognized cardiac thromboembolism?

Evidence for Left Atrial Thromboembolism in the Absence of Atrial
Fibrillation

Several emerging lines of evidence suggest that left atrial thromboembolism can occur even
in the absence of AF. In other words, the dysrhythmia that defines AF may not be a
necessary step in the pathogenesis of left atrial thromboembolism. AF has been associated
with several atrial derangements including endothelial dysfunction,2° fibrosis,2 impaired
myocyte function,?2 and chamber dilatation.23 Possibly these other atrial derangements are
responsible for left atrial thromboembolism, not just the dysrhythmia itself.

In support of this hypothesis, other atrial dysrhythmias besides AF have been associated
with stroke. In a population-based, prospective study, frequent premature atrial contractions
during 48-hour Holter monitoring were associated with a heightened risk of subsequent
stroke, even after censoring patients at the time of AF diagnoses.24 Furthermore, we found
an association between paroxysmal supraventricular tachycardia and subsequent stroke in a
population of patients without apparent AF.2° Lastly, frequent premature atrial contractions
occur more commonly in patients with cryptogenic stroke than in those with non-
cardioembolic stroke subtypes such as large-artery atherosclerosis or small-vessel
occlusion.28 These findings support the hypothesis that underlying atrial derangements are
implicated in the pathogenesis of many cases of cryptogenic stroke, although it should be
noted that these atrial electrical derangements simply serve as risk factors for occult AF.

Other investigations have linked the presence of left atrial abnormalities with heightened
stroke risk even in the absence of any overt atrial dysrhythmia at all. P-wave terminal force
in electrocardiogram (ECG) lead V1 (PTFV1)—a long established marker of left atrial
pathophysiological processes such as fibrosis, elevated filling pressures, and
dilatation27-30—has been associated with incident ischemic stroke3: 32 and neuroimaging
evidence of vascular brain injury.33 One apparent explanation for this finding is that PTFV;
simply predicts the future occurrence of AF,34 but in two studies there was a notable absence
of any change in the association between PTFV; and stroke or vascular brain injury
regardless of whether the models adjusted for the presence of AF.31 33 Since the inclusion of
a mediator, even one imperfectly detected, should attenuate the relationship between a
predictor variable and the outcome, the absence of attenuation in these models suggests that
PTFV signals left atrial pathophysiological processes that form a substrate for
thromboembolism via pathways other than the dysrhythmia that characterizes AF.

These results are supported by findings of associations between other markers of atrial
dysfunction and stroke risk (Table 1). Left atrial size as assessed by echocardiography has
been associated with a heightened risk of ischemic stroke, even in patients without AF3®: 36
or after adjusting for the presence of AF.37: 38 Left atrial size and contractile function have
also been linked with the radiographic burden of vascular brain injury, again independently
of AF.39 Additionally, serum levels of N-terminal pro-brain natriuretic peptide (NT-proBNP)
have been associated with ischemic stroke even after adjustment for AF.40: 41
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The Concept of Atrial Cardiopathy as a Cause of Thromboembolism

Although AF undoubtedly worsens atrial tissue pathology through a variety of mechanisms,
certain instances of genetic disorders provide compelling evidence that underlying atrial
tissue abnormalities can be the cause of AF rather than just the effect. For example, several
cases have been reported of young patients with primary muscular dystrophy whose initial
manifestation was AF,%2 and atrial muscle involvement has been recognized as a frequent
initial manifestation of muscular dystrophy.*3 AF often arises as a consequence of
underlying cardiac abnormalities,** and then worsens these abnormalities through a variety
of mechanisms such as atrial remodeling, leading to the acknowledgment that AF is both a
cause anda consequence of atrial cardiopathy.*> 46 A recent study provides important proof
for this concept: patients who underwent intensive vascular risk factor management after
catheter ablation of AF had a significant reduction in left atrial size and a lower rate of AF
recurrence than patients whose risk factors were not managed as intensively.*” In fact, it is
likely that a disease characterized by sustained AF as a purely electrical phenomenon is
vanishingly rare.21

We suggest that this basic insight about the pathogenesis of AF can be used to fruitfully
reframe our conceptual understanding of AF-related thromboembolism. If AF is sometimes
the consequence of atrial cardiopathy, then it is conceivable that such an atrial cardiopathy
might result in thromboembolism before it results in AF. Rather than viewing AF as the
necessary and sufficient cause of the thromboembolic risk seen in patients with AF, it may
be more helpful to view both AF and thromboembolism as common manifestations of an
underlying atrial cardiopathy. In this formulation, the driving force of thromboembolism is
not simply the dysrhythmia but rather a host of underlying pathological tissue changes. The
credibility of such a scenario is supported by the recent discovery of a homozygous mutation
of the natriuretic peptide precursor A gene that results in adult-onset atrial dilatation and
eventual atrial electrophysiological standstill. In a group of patients with this disorder,
thromboembolic complications were common even though AF was not evident on invasive
electrophysiological studies,*8 indicating that progressive atrial tissue pathology resulted in
thromboembolism even in the absence of AF, which supports the clinical findings detailed
above about the relationship of different markers of atrial abnormality with stroke risk even
in the absence of AF.31 38,40 Nevertheless, AF remains an important component of
thromboembolic risk in our formulation because it likely signals a more severe or later-stage
form of atrial cardiopathy, and because the dysrhythmia feeds back to both worsen the tissue
changes and worsen left atrial contractile function, thereby increasing the risk of
thromboembolism even further (Figure 1).

Atrial Cardiopathy May Explain Several Paradoxes About Atrial Fibrillation

and Stroke

The formulation of atrial cardiopathy as a stroke risk factor helps to explain several
otherwise puzzling observations about AF and stroke (Table 2). First, young and otherwise
healthy men with clinically apparent AF do not appear to face a significantly higher risk of
stroke than AF-free controls,® while even several minutes of subclinical AF in older
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patients with vascular risk factors markedly increases their relative risk of stroke.12 In
patients with AF, the remarkable degree of risk modification imparted by vascular
comorbidities®® supports the hypothesis that stroke risk is driven by the underlying tissue
substrate rather than the electrophysiological status of the patient. Second, the concept of
atrial cardiopathy helps to explain why a recent meta-analysis of eight randomized clinical
trials found no evidence of any reduction in stroke risk with rhythm-control strategies as
compared to rate-control strategies (odds ratio, 0.99; 95% confidence interval, 0.76-1.30)
despite a substantial increase in restoration of sinus rhythm (odds ratio, 4.39; 95%
confidence interval, 2.84-6.78).51 If dysrhythmia alone causes stroke, then restoration of
normal rhythm should reduce stroke risk, whereas if dysrhythmia is a manifestation of
underlying tissue pathology, then treatment of the dysrhythmia alone may not suffice to
reduce stroke risk. Third, the concept of atrial cardiopathy helps to explain why cases of
stroke have long been noted to cluster at the onset of AF diagnosis.>2 Such a finding would
be surprising if the dysrhythmia by itself were sufficient to cause thromboembolism, but
would not be surprising if thromboembolism and dysrhythmia both developed in parallel as
part of the progression of an underlying atrial cardiopathy. These considerations would also
help to explain why almost one-third of AF patients manifested AF for the first time only
aftera stroke despite undergoing 8 months of continuous heart-rhythm monitoring
beforehand.1® Fourth, the concept of atrial cardiopathy would help to explain the puzzle of
cryptogenic stroke, which constitutes one-third of ischemic strokes even in the modern era.13
Many cryptogenic strokes are suspected to result from occult AF, but while almost half of
these patients have ECG evidence of left atrial abnormality at the time of stroke,>3 only a
minority manifest AF even after several years of continuous cardiac monitoring.18 Several
different markers of atrial disease have been associated with stroke (Table 1),31: 38. 40 put the
traditional conception of AF as a necessary requirement for left atrial thromboembolism
prevents the recognition that many cases of apparently cryptogenic stroke may originate in
the left atrium despite the apparent absence of AF.

Diagnostic Implications of Atrial Cardiopathy as a Stroke Risk Factor

Reframing thromboembolic risk as the result of atrial cardiopathy rather than the result of
dysrhythmia holds the promise of substantially simplifying the identification of patients at
risk for stroke. In the current conception of AF as the direct cause of stroke, a reliable
approach to stratifying risk and instituting prophylactic therapy requires prolonged periods
of continuous heart-rhythm monitoring to fully rule out even brief episodes of dysrhythmia.
Such monitoring is expensive®* and inconvenient for patients.>> Even more limited step-wise
screening approaches to AF detection®® have not resulted in recommendations for
widespread adoption because of concerns about high rates of false-negative findings.>’ As a
result, many cases of potentially avoidable stroke occur in patients whose AF is not
recognized until after their presentation with stroke.3 More importantly, many cases of left
atrial thromboembolism are likely not recognized as such at all because of an absence of AF,
and the stroke is instead labeled cryptogenic. Given these challenges, the concept of atrial
cardiopathy may substantially advance our ability to determine stroke risk by providing risk
markers that are not only more convenient and less costly than prolonged heart-rhythm
monitoring but also more likely to identify those at risk. A combination of ECG measures
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such as PTFV1,3! echocardiographic measurements such as left atrial size38 and function,3°
and serum biomarkers such as NT-proBNP#? may allow at a single point in time a more
complete assessment of a patient’s thromboembolic risk based on a global view of the left
atrium. Future studies will be needed to compare the predictive utility of various atrial
cardiopathy markers both in combination with and as an alternative to diagnoses of AF.

Therapeutic Implications of Atrial Cardiopathy as a Stroke Risk Factor

As outlined above, numerous randomized trials have proven that vitamin-K antagonists’ and
novel oral anticoagulant drugs® substantially reduce the risk of thromboembolism in patients
with AF. Furthermore, the effectiveness and tolerability of new oral anticoagulant drugs has
been highlighted in trials such as AVERROES, in which apixaban significantly reduced
stroke risk in patients with AF without increasing bleeding risk compared to aspirin.? If
thromboembolism in AF patients is driven by an underlying atrial cardiopathy and not just
the dysrhythmia, and if atrial cardiopathy can exist and cause thromboembolism even in the
absence of AF, then anticoagulant therapies may well be of benefit for stroke prevention in a
wider population of patients than just those with AF. Preliminary evidence to this effect can
be seen in an analysis of the WARSS trial, in which a subgroup of patients with elevated NT-
proBNP had a substantially lower risk of recurrent stroke or death when treated with
warfarin rather than aspirin.>8 Therefore, future studies may be warranted to compare
different antithrombotic strategies in patients at high risk even if they have no apparent AF.
Randomized trials are underway to compare anticoagulant versus antiplatelet drugs for
prevention of recurrent stroke in patients with cryptogenic stroke regardless of the presence
of atrial cardiopathy, but the results of such trials would not shed much light on optimal
strategies for primary prevention of stroke.

Future Directions

Future research should continue to assess the relationship between left atrial abnormality
and stroke while thoroughly ascertaining AF. Furthermore, different markers of left atrial
abnormality (e.g., biomarkers versus imaging markers) should be compared and perhaps
combined in order to optimize prediction of stroke risk. Ultimately, establishing the validity
of atrial cardiopathy as a therapeutic target will require randomized clinical trials of stroke
prevention therapies such as antithrombotic drugs. Given that stroke accounts for 10% of
deaths worldwide and imposes a substantial burden of disability,>® these types of further
investigations of atrial cardiopathy as an under-appreciated and modifiable stroke risk factor
may prove to have a substantial impact on public health.
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Burd

Atrial Fibrillation May Not Account for All Cases of Left Atrial Thromboembolism

Left Atrial Thromboembolism in the Absence of Atrial Fibrillation

The Concept of Atrial Cardiopathy as the Source of Thromboembolism

Impl

»  The concept of atrial cardiopathy may also serve as a valid therapeutic target for

Executive Summary
en of Atrial Fibrillation

Atrial fibrillation (AF) affects 33 million people worldwide and is associated
with an increased risk of ischemic stroke.

Given its paroxysmal nature, AF may not be recognized as the cause of stroke
because a patient may be in normal sinus rhythm upon presentation with stroke.
Prolonged continuous heart-rhythm monitoring after stroke of undetermined
cause may often reveal paroxysmal AF. However, most patients with
cryptogenic stroke will not manifest AF, indicating that other embolic sources
are likely.

Recent evidence links other markers of left atrial abnormality to an increased
risk of stroke. ECG-defined left atrial abnormality, left atrial enlargement on
echocardiogram, and elevated NT-proBNP have all been associated with stroke
independently of AF. This suggests that left atrial thromboembolism may occur
even in the absence of AF.

We suggest that the concept of atrial cardiopathy, rather than AF, may better
explain the phenomenon of left atrial embolisation. Rather than viewing AF as
the necessary and sufficient cause of the thromboembolic risk seen in patients
with AF, it may be more helpful to view both AF and thromboembolism as
common manifestations of an underlying atrial cardiopathy. In this formulation,
the driving force of thromboembolism is not the dysrhythmia but rather a host of
underlying pathological tissue changes.

ications of the Atrial Cardiopathy Model

The concept of atrial cardiopathy would explain several puzzling observations
about AF and stroke: namely, the lack of a temporal or dose-response
relationship between AF and stroke.

The concept of atrial cardiopathy may allow better screening for
thromboembolic risk than the current approach of relying on the identification of
AF, which can be difficult to document given its paroxysmal nature, and which
may miss some patients with left atrial abnormality but no dysrhythmia.

anticoagulant drugs, and such a hypothesis will require testing in randomized
clinical trials.
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Atrial Fibrillation

Atrial Cardiopathy

Thromboembolism

Figure 1.
Atrial cardiopathy as a stroke risk factor. In this formulation, the driving force of

thromboembolism is not simply atrial fibrillation but rather underlying atrial tissue changes,
with the dysrhythmia feeding back to both worsen the tissue changes and worsen left atrial
contractile function, thereby increasing the risk of thromboembolism even further.
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Table 2

Arguments Against Atrial Fibrillation as the Root
Cause of Left Atrial Thromboembolism

AF is not always temporally related to stroke
AF does not show a dose-response relationship with stroke

AF imparts differing degrees of stroke risk depending on risk factors

Arguments For Atrial Cardiopathy as the Root
Cause of Left Atrial Thromboembolism

Vast majority of AF occurs in setting of abnormal atrial substrate

Left atrial abnormality is associated with stroke independently of AF diagnosis
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