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INTRODUCTION
Atrial fibrillation (AF) represents a mounting public health
burden with a great social and economic significance. It is
the most common sustained cardiac arrhythmia, affecting
33 million people worldwide and 400-500 thousand people
in Poland [1]. These numbers are estimated to almost triple
during the next several decades given the expected aging
of populations [2]. AF significance derives largely from high
thromboembolic risk expressed as a five-fold increase in the
risk of ischaemic stroke [3]. Stroke is yet another important
public health issue, leading to diminished quality of life
and disability as well as being the second cause of death
worldwide, just after heart disease. The Framingham Heart
Study showed that AF contributes to 23.5% of strokes in
persons aged above 80 years [4]. Despite growing incidence
and importance, there has been surprisingly little progress
in our understanding of arrhythmia-related stroke over the
years. Our approach is still based on a long-lived hypothesis
that atrial contractile dysfunction due to fibrillation causes
blood stasis, which, accompanied by other factors acting
together as Virchow's triad, generates thrombus and the sub-
sequent embolism to the brain. A growing body of evidence
indicates a more complex relationship, with dysrhythmia
itself as one of the players. In everyday practice, evaluation
of thromboembolic risk and subsequent treatment decisions
in patients with AF are based mainly on the CHA,DS,-VASc
score, which involves clinical features but has only limited
predictive value. What is more — we are still incapable of
predicting and preventing one third of ischaemic strokes,
which remain cryptogenic, and with unknown aetiology. Ac-
cording to the TOAST (Trial of ORG 10172 in Acute Stroke
Treatment) criteria — their radiographic manifestations re-
semble of cardioembolic background; however, no embolic
source has been determined and extensive diagnostic evalu-
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Figure 1. Potential mechanisms of stroke: time for a new
model based on a concept proposed by Hooman Kamel
and co-workers [9]

ation has revealed no explicit cause [5]. Regarding emerging
evidence, we probably need a new approach and a new
model explaining the relation between arrhythmia, including
AF and ischaemic stroke.

In this review, we discuss a relatively new concept of
atrial cardiopathy (Fig. 1) [6-9]. It assumes that the risk of
thromboembolism is increased regardless of atrial rhythm, be-
ing largely driven by atrial tissue abnormalities such as fibrosis,
endothelial cell and myocyte dysfunction, and atrial dilatation.
Once set up, atrial cardiopathy is always present, permanently
thrombogenic, and might periodically present as AF. This
new perspective considers both AF and thromboembolism as
concomitant manifestations and consequences of underlying
atrial tissue abnormalities. In consequence AF is a potential
warning sign but no longer a cause of thromboembolism.
Atrial cardiopathy may cause thromboembolism even in the
absence of AF. This concept has several clinical implications.

Address for correspondence:

Justyna Maczynska, MD, 2" Coronary Artery Disease Department, Institute of Cardiology, ul. Spartafiska 1, 02-637 Warszawa, Poland,

e-mail: just.maczynska@gmail.com
Received: 10.09.2017 Accepted: 05.10.2017

Kardiologia Polska Copyright © Polskie Towarzystwo Kardiologiczne 2018

Available as AoP: 08.11.2017

www.kardiologiapolska.pl



Mechanisms of cardioembolic stroke revisited. Atrial cardiopathy

EVALUATING AF AS A CAUSE
OF CRYPTOGENIC STROKE
As long as the causes of cryptogenic strokes remain unknown,
we do not know how to prevent them. Since AF is an acknowl-
edged risk factor for stroke, it often occurs asymptomatically
and can be undetected before stroke, it has been considered
a potential cause of cryptogenic ischaemic events. This view
led to prolonged ambulatory heart rhythm monitoring among
patients with unexplained stroke using electrocardiogram
(ECG) long-term Holter monitoring or insertable cardiac moni-
tors. Evidence coming from numerous studies shows that an
exact relation between subclinical AF and thromboembolic
events is hard to establish [10]. A meta-analysis of several
surveys demonstrated that the procedure of long-term rhythm
monitoring after stroke or transient ischaemic attack (TIA) de-
tected a new AF in only 11.5% of patients; however the timing,
duration, and means of monitoring differed among studies
[11]. Thereby AF probably fails to explain the vast majority of
cryptogenic strokes, principally if temporal relation is consid-
ered. Data from the TRENDS study of patients with at least one
risk factor for stroke and an implanted dual-chamber cardiac
pacemaker revealed that as few as 25% of patients manifested
AF within 30 days before stroke [12]. Only 17% of participants
followed in the Veterans Administration Health Care System
had device-detected AF in 30 days of stroke event [13]. In
the ASSERT trial this number equalled 8% [14]. Data on the
relationship between the pattern or duration of AF and the risk
of stroke are also discrepant. AF is defined as paroxysmal if it
lasts < 7 days; persistent when lasting > 7 days; longstanding
persistent, which lasts > 12 months, and permanent — an
ongoing long-term one [15]. Several studies (e.g. ROCKET-AF,
AMADEUS) and meta-analyses showed that paroxysmal AF
is related more to lower risk of stroke, death, and bleeding
than persistent or permanent type of arrhythmia, although the
reason for this phenomenon remains uncertain [16-18]. Could
it be due to a less diseased atrial substrate in a shorter-lasting
arrhythmia? The TRENDS trial results suggest that AF lasting
more than 5.5 h daily in 30 days prior to stroke doubles its
risk [12]. However none of the studies has been sufficient to
prove a “safe” burden of AF, which does not increase the risk
of stroke so far. Episodes as brief as six minutes seemed to
increase the risk of thromboembolic complications more than
two-fold among patients aged over 65 years with established
vascular risk factors, according to the ASSERT trial [14]. On the
other hand, evidence from the ASSERT-2 trial demonstrates
that patients over 65 years of age have similar risk of subclinical
AF (lasting longer than 5 min) — regardless of history of prior
stroke, systemic embolism, or transient ischaemic events [19].
Occurrence of lone AF probably does not increase the risk of
stroke in younger people. Young patients with documented
AF but without known vascular risk factors had the same rates
of stroke as healthy controls [20]. These data suggest that
thromboembolic risk may be triggered by something more
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than just the arrhythmia. There is yet another puzzling issue:
why successful and sustained restoration of sinus rhythm is not
sufficient to reduce the risk of stroke, which is a conclusion
from a meta-analysis of several trials [21]. However, recent
evidence from large cohorts of AF patients treated with catheter
ablation has shown a significant reduction of stroke or transient
ischaemic events in comparison with a well-matched general
AF population, also including patients after cardioversion [22].

EVALUATING ATRIAL
CARDIOPATHY UNDERLYING AF

The current approach regarding AF as a direct cause of stroke
requires prolonged heart rhythm monitoring in order to detect
subclinical arrhythmia, evaluation of the ischaemic stroke risk,
and finally the use of anticoagulation, if indicated. Neverthe-
less, emerging data provide evidence for a substantial asso-
ciation between left atrial (LA) abnormalities and ischaemic
stroke even in the absence of AF. Atrial tissue abnormalities
including fibrosis, endothelial cell and cardiomyocyte dys-
function, and chamber dilation may cause thromboembolism
instead of arrhythmia, especially regarding lack of evidence
for the consistent temporal and causative link between AF
and cryptogenic stroke. Rhythm control strategies seem to
be insufficient to reduce the risk of stroke. Growing evidence
shows that atrial arrhythmias other than apparent AF are also
linked to elevated risk of ischaemic stroke. Investigators from
the Copenhagen Holter Study demonstrated an association
between supraventricular ectopic activity and higher risk of
death and stroke even after adjustment for cardiovascular risk
factors [23]. Results of another study showed an independent
association between paroxysmal supraventricular tachycar-
dia and cryptogenic stroke among a large group of patients
with no overt AF [24]. Furthermore, thromboembolic risk is
increased in the absence of any atrial arrhythmia, but due to
the presence of electrocardiographic features of LA abnormali-
ties. P-wave terminal force in lead V, (PTFV,), P-wave duration
and maximum P-wave area are electrocardiographic param-
eters used to assess LA abnormalities related to the risk of
developing AF (Fig. 2) [25-29]. PTFV, and advanced interatrial
block are considered markers of LA derangements including
fibrosis, elevated pressure, and dilatation; hence, they may
be markers of atrial cardiopathy development, a further basis
for subsequent thromboembolism and AF. However, we must
consider several limitations of the citied studies, such as lack
of long-term heart rhythm monitoring, so that subclinical AF
cannot be ruled out in individual cases as a mediator of the
relationship between PTFV, and thrombotic brain injury. De-
spite limitations, non-AF atrial arrhythmias and ECG markers
of atrial derangements might comprise a clinical sign of atrial
cardiopathy and a promising novel potential marker for the
risk of thromboembolism stratification.

Besides ECG abnormalities, several imaging techniques
may be useful in the assessment of atrial cardiopathy in its sub-
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P-IAB

Figure 2. Partial interatrial block (P-IAB, P wave duration
> 120 ms, positive in leads Il, Ill, and aVF) and advanced
interatrial block (A-IAB, P wave duration > 120 ms with
biphasic morphology in leads II, lll, and aVF [28]

clinical phase. These include transthoracic echocardiography
(TTE), which nowadays is an imaging tool of choice and a cru-
cial part of clinical evaluation of a patient presenting with AF
Left atrial enlargement in TTE is widely considered as a marker
of increased risk of thromboembolism among patients with
apparent AF, but what is more — extended LA dimension or
volume are predictive of elevated risk of stroke even after
adjustment for AF or in the absence of AF [30, 31]. There
are several novel echocardiographic techniques currently
not included in everyday clinical practice but revealing more
than just the atrial size. Assessment of LA ejection fraction,
LA function index, tissue Doppler imaging, speckle-tracking
strain analysis, and three-dimensional echocardiography allow
us to measure LA dysfunction and myocardial deformation.
They offer new insights into pathophysiological processes
underlying AF and thromboembolism and are assumed to
predict development of AF or even stroke (although existing
data remain limited). Atrial late gadolinium enhancement
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in cardiac magnetic resonance imaging reveals the area of
fibrosis in vivo, and the extent of fibrosis was demonstrated to
correlate with CHADS, score and a history of stroke, as well
as to anticipate the outcomes of catheter ablation in AF [32].

CLINICAL IMPACT OF ATRIAL
CARDIOPATHY EVALUATION

Assuming that fibrosis is one of the pathogenic pathways in
AF development, it is conceivable that it develops over some
period of time. In the beginning, normal atrium changes under
the influence of some well-known factors promoting fibrosis
(such as LA overload, shear stress, oxidative stress, inflamma-
tion) and slowly moves into stages of more and more advanced
myopathy. If we are capable of identifying signs of atrial car-
diopathy in its early stages before thromboembolism or AF
may occur, some early preventive treatments and upstream
therapies should be considered in order to stop, reverse, or
retard further pathologies and their consequences. In fact,
beneficial effects of various upstream therapies have been al-
ready evaluated in primary prevention as well as in established
AF, to start with angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, mineralocorticoid receptor
antagonists (MRA), statins, or omega-3 polyunsaturated fatty
acids. MRA and statins seem to be the most prognostically
effective. The renin-angiotensin-aldosterone system hyper-
activity is well-documented in the AF pathology. Angiotensin
[l and aldosterone strongly promote fibroblast activity, which
leads to structural changes in the cardiac tissue, such as fibro-
sis, and they induce inflammatory processes, oxidative stress,
cardiomyocyte hypertrophy, and necrosis. The EMPHASIS-HF
study demonstrated an essential reduction in new-onset AF
among patients with heart failure (New York Heart Association
Class Il, ejection fraction < 35%) treated with eplerenone [33].
Use of MRA in patients with hypertension or heart failure has
been demonstrated to reduce LA fibrosis and remodelling and
to be successful in primary as well as in secondary prevention
of AF [34, 35]. Statins were proven to substantially reduce the
risk of AF incidence or recurrence and were more beneficial
in secondary than primary prevention of arrhythmia, based
on a meta-analysis of 20 studies [36].

THE NEED FOR AN UPDATED MODEL
OF STROKE RISK ASSESSMENT
Once AF is diagnosed, treatment must consider causative
approach, choice of rhythm versus rate control strategy, and
appropriate prevention of thromboembolic events. There is
no place for a one-size-fits-all scheme. Treatment decisions
require a precise stroke risk evaluation, whereas currently
recommended tools do not provide fully reliable discrimina-
tion. CHA,DS _-VASc score (heart failure, hypertension, age
65-74 [1 point] or > 75 years [2 points], diabetes mellitus,
stroke, TIA or thromboembolism [2 points], vascular disease,
sex category — female) is effective in identifying low-risk
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patients. However, its c-statistic (probability that a randomly
selected patient who had experienced stroke had a higher
risk score than a patient who had not experienced the event,
where 1.0 means a perfect discrimination) remains subopti-
mal (ranging from 0.55 to 0.67 among various cohorts) [8].
An updated model of stroke risk assessment may improve
discrimination of patients with truly low risk of thromboembo-
lism, who do not benefit from anticoagulation. Furthermore,
it should potentially comprise a screening tool in the general
population without documented AF. Therefore, introducing
novel markers of increased stroke risk is necessary.

Various serum biomarkers have already been evalu-
ated, and even though they seem not to be specific to atrial
myopathy, several agents might be predictive of AF and its
complications. The most promising biomarkers are natriuretic
peptides and troponins. Data from the subanalysis of the RE-LY
and ARISTOTLE trials have demonstrated that elevated levels
of N-terminal pro-B-type natriuretic peptide (NT-proBNP)
correlated with increased risk of stroke or systemic embolism;
however, added to the CHA, DS ,-VASc score they only modestly
improved its c-statistics [37, 38]. Similar results were obtained
for cardiac troponin | levels [37]. Recently, subanalysis of the
ENGAGE AF-TIMI 48 trial demonstrated that elevated levels of
troponin |, NT-proBNP and D-dimers taken together among
patients with AF corresponded with more than 15-fold gradi-
ent of risk of stroke, systemic embolic events, or death after
adjustment for CHA,DS,-VASc score. When added to the
CHA,DS,-VASc score, they significantly improved its prognostic
value with c-statistic elevated from 0.586 to 0.708 [39].

A number of studies show that chronic kidney disease
also contributes to elevated risk of thromboembolic complica-
tions in AF. Subanalyses of the ROCKET-AF and ATRIA studies
have demonstrated that in patients with nonvalvular AF at
a moderate to high risk of stroke, reduced creatinine clearance
is an independent predictor of stroke and systemic embolism,
and it modestly improved c-statistic of CHA,DS,-VASc score
[40]. Impaired renal function has been found to be a predic-
tive factor of stroke risk also in a cohort of low-risk AF patients
(with CHA,DS,-VASc score 0-1), as shown by Lin et al. [41].
It supports a moderate value of CHA,DS,-VASc-based stroke risk
assessment. Bayes de Luna et al. [28] suggest new steps in the
prevention of ischaemic stroke by using anticoagulation therapy
in sinus rhythm patients if they are at high risk of AF and stroke,
even without documentation of AF. The subgroup of high risk pa-
tients may be identified by advanced interatrial block, structural
heart disease, CHA,DS,VASc score > 3, and frequent premature
atrial contractions. Prospective validation of this approach in
controlled interventional studies should be performed. Two of
the proposed criteria are not precisely defined: structural heart
disease and frequent premature atrial contractions, which can
have a temporal character (Table 1) [28].
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Table 1. Proposed criteria of high stroke risk patients with
indications for anticoagulation therapy [28]

Advanced interatrial block (P wave > 120 ms, positive in leads I, Ill, aVF)
Structural heart disease
CHA,DS,-VASc score > 3

Frequent premature atrial contractions

CONCLUSIONS AND FUTURE DIRECTIONS
Current pathophysiology of AF and thromboembolism ap-
pears to be unclear, as experimental and clinical evidence
has failed to establish any clear causative or temporal as-
sociation between arrhythmia and ischaemic stroke so far.
A new approach considering LA tissue abnormalities as a real
cause of thromboembolism rather than atrial arrhythmia is
more consistent with present data. Although the concept of
atrial cardiopathy is not yet widely accepted and its clinical
significance still needs to be established, a detailed report by
the European Heart Rhythm Association (EHRA), the Heart
Rhythm Society (HRS), the Asia Pacific Heart Rhythm Society
(APHRS), and Sociedad Latinoamericana de Estimulacion
Cardiaca y Electrofisiologia (SOLAECE) working committee in
collaboration with the American Heart Association (AHA) and
the American College of Cardiology (ACC) has been published
lately in order to discuss the issue of “atrial cardiomyopathy”.
On the base of current reports the term “atrial cardiopathy”
occurs more often in the context of stroke, whereas “atrial
cardiomyopathy” covers a larger area of potential patholo-
gies. The authors of the statement define atrial cardiomyopa-
thy as “any complex of structural, architectural, contractile,
or electrophysiological changes affecting the atria with the
potential to produce clinically relevant manifestation” [42].
They precisely characterise atrial cardiomyopathy consider-
ing atrial anatomy, electrophysiology, structural properties,
functions, imaging, and causes of atrial pathologies. They
make a first attempt to develop a new classification of atrial
cardiomyopathy based on histological features. Moreover,
the document has several therapeutic implications [43]. It is
an attempt to establish the effect of atrial cardiomyopathy
on arrhythmogenesis and efficacy of AF ablation. The state-
ment indicates the need for optimal selection of patients
referred to ablation or rate control therapy, depending on
atrial cardiomyopathy features. Experts also discuss potential
implications of atrial cardiomyopathy diagnosis for stroke
prevention. Reducing rates of stroke constitutes the most
important therapeutic aim. Incorporating novel markers of
atrial derangements into stroke risk scoring strategies is likely
to improve future outcomes. Detecting atrial pathology be-
fore diagnosis of AF may facilitate and precipitate usage of
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upstream therapies, thus making primary prevention of AF
more successful. Yet another question arises. Is anticoagulation
advisable for patients with atrial cardiopathy or multiple stroke
risk factors with no AF documented in spite of the application
of current diagnostic methods? A study of patients with heart
failure revealed that incidence of stroke, thromboembolism, or
death was similar regardless of AF presence, and the c-statistic
for the CHA,DS_-VASc score was 0.67 in a group with AF and
0.64 without AF [44]. The prevalence of stroke is independent
of AF for patients beyond a score value of 6. The risk of stroke
is particularly high in patients with the presence of arrhythmic
symptoms, previous myocardial infarction, or heart failure
even in the absence of documented arrhythmias [45]. Future
trials are needed to shed more light on a concept of atrial
cardiopathy and its contribution to ischaemic stroke. Finally,
AF is a complex condition and its possible consequences in
an individual patient are hard to predict.
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