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Abstract

Purpose of Review—This review discusses the mechanisms, clinical implications, and
treatments of left atrial (LA) myopathy in comorbid atrial fibrillation (AF) and heart failure (HF)
across the spectrum of ejection fraction.

Recent Findings—AF and HF are highly comorbid conditions. Left atrial (LA) myopathy,
characterized by impairments in LA structure, function, or electrical conduction, plays a
fundamental role in the development of both AF and HF with preserved ejection fraction (AF-
HFpEF) along with AF and HF with reduced ejection fraction (AF-HFrEF). While the nature
of LA myopathy in AF-HFpEF is unique from that of AF-HFrEF, LA myopathy also leads to
progression of both of these conditions.

Summary—There may be a vulnerable cohort of AF-HF patients who have a disproportionate
degree of LA myopathy compared with left ventricular (LV) dysfunction. Further investigations
are required to identify therapies to improve LA function in this cohort.
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Introduction

Atrial fibrillation (AF) and heart failure (HF) are common cardiovascular diseases with
increasing prevalence worldwide. Recent statistics indicate that the global burden of
comorbid AF and HF (AF-HF) is approximately 30 million individuals, and this figure

is predicted to rise as the prevalence of common predisposing risk factors for AF and HF
increases [1-6]. It is currently estimated that between 25 and 60% of patients with HF have
comorbid AF. Importantly, patients with comorbid AF and HF have a worse prognosis than
patients with either condition in isolation [3-6].
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AF commonly burdens HF syndromes across the spectrum of ejection fraction. In fact,

over 50% of community-based individuals with HF will be burdened by AF during their
lifetime [3, 5]. One common mechanism driving both AF and HF is abnormal left atrial
(LA) function, or LA myopathy. Indeed, LA dysfunction at baseline is independently
associated with incident AF [7]. Additionally, LA myopathy has been associated with future
development of HF [8]. These findings suggest that LA myopathy may in fact drive both
AF and HF to exist. Furthermore, LA myopathy may progress as a result of AF and HF,
thus causing a sustained cycle of disease progression. As such, this review discusses the
mechanisms, clinical implications, and treatments of LA myopathy in comorbid AF and HF
(AF-HF).

Defining LA Myopathy

Given its significance in the pathophysiology of cardiovascular disease, representatives

from the European Heart Rhythm Association (EHRA), Heart Rhythm Society (HRS),

Asia Pacific Heart Rhythm Society (APHRS), and the Latin American Society of
Electrophysiology and Cardiac Stimulation (SOLAECE) formed the EHRAS working group
to create the following consensus definition of LA myopathy.

“Any complex of structural, architectural, contractile, or electrophysiological changes
affecting the atria with the potential to produce clinically relevant manifestations [9]”

In addition, the EHRAS group developed four main classes of LA myopathy based on the
nature of LA damage [9]:

Class I: cardiomyocyte-dependent

Class IlI: primarily fibroblast-dependent

Class I11: mixed cardiomyocyte and fibroblast-dependent
Class IV: primarily non-collagen deposits

Both AF and HF cause LA myopathy via class Il or class 11 mechanisms; however, the
common comorbidities associated with AF and HF may lead to LA myopathy through
any one of the mechanisms listed above. For example, obesity is associated with class 111
and class 1V, diabetes mellitus and obstructive sleep apnea with class | and class 111, and
hypertension with classes I-I11 [9, 10].

The LA has 3 main mechanical functions: (1) a reservoir during ventricular systole; (2) a
conduit during passive ventricular filling, and (3) a booster during active ventricular filling
[11, 12]. In addition to the histologic/pathologic framework behind LA myopathy based
upon the EHRAS definition, LA myopathy can also be defined clinically as an abnormality
in any of the 3 aspects of LA function. Recent advances in imaging technology have
enhanced the ability to diagnose LA myopathy via a variety of modalities (Table 1, Fig. 1)
[27-35].
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Identification of LA Myopathy in Patients with Atrial Fibrillation and Heart

Failure

While there is currently no laboratory biomarker that can provide unique insight into the
presence of LA myopathy, there are several imaging modalities that may give valuable
information regarding the health of the LA among patients with AF-HF (Table 1, Fig.

1). Systematic evaluation for LA myopathy through these mechanisms may be important
to identify HF patients who are at particularly high risk for decompensation due to LA
mechanical dysfunction. There is not a single gold-standard test to diagnose LA myopathy,
and different diagnostic methods may be favored in specific clinical scenarios. If the
diagnosis is unclear, a combination of multiple modalities likely has the highest sensitivity
for identifying LA myopathy. Due to its cost-effectiveness and ability to detect subtle
changes in myocardial dynamics, echocardiography (and specifically speckle-tracking) may
have the broadest clinical applicability.

Electrocardiography and Continuous Rhythm Monitoring

In HF, burden of AF likely correlates with degree of LA myopathy. As such, those

patients with persistent/permanent AF have high likelihood of LA mechanical failure that is
manifested by high degree of atrial arrhythmia [36, 37]. Deep learning algorithms applied
to electrocardiograms are able to identify patients at risk of developing AF [38]. Given the
strong connection between AF and LA myopathy, these same algorithms may also be able
to identify patients at risk for LA myopathy. Furthermore, among those patients in sinus
rhythm but with a history of AF, low amplitude P-waves may signify the presence of LA
myopathy due to the presence of LA scar/fibrosis [39, 40].

Echocardiography

Echocardiography is a primary imaging modality used to evaluate LA myopathy.
Historically, increased LA volume was used to infer LA myopathy. However, this is a
relatively crude measure of LA myopathy, and often presents later in the disease course.
Similarly, both LA emptying fraction and LA function index indicate poor LA mechanical
function, but may also present late in the LA myopathy disease process [15, 17]. Doppler
imaging can provide valuable information about LA mechanics prior to changes in chamber
size [29-31]. Specifically, decreased a” tissue Doppler velocities during periods of sinus
rhythm indicate reduced atrial booster function. Similarly, reduced A-wave velocities on
mitral inflow Doppler are suggestive of poor atrial booster function [9].

Speckle-tracking echocardiography, or strain imaging, provides detailed information about
myocardial dynamics by following the displacement of individual speckles across the
cardiac cycle. As such, strain imaging of the LA can quantify each key role of the

LA: reservoir, conduit, and booster functions. LA strain is sensitive to minor changes in
myocardial dynamics and may detect subtle changes in LA myocardial function prior to
macroscopic changes being observed [32, 33]. LA strain may diagnose atrial myopathy via
reduced LA reservoir or contractile strain at rest, or suboptimal increase in LA reservoir
strain after a volume challenge [41-44]. LA reservoir strain also has prognostic ability in

Curr Heart Fail Rep. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peigh et al.

Page 4

AF-HF, as patients with low values demonstrate worse prognoses than patients with normal
values [32, 33].

Cardiac Magnetic Resonance Imaging

Cardiac magnetic resonance (CMR) has also been shown to detect LA myopathy. Four-
dimensional flow CMR can assess the function of the LA via blood flow through the
chambers of the heart. This allows for visualization of stasis in the LA, which may indicate
LA myopathy. In addition to evaluating LA function, CMR also provides details about LA
tissue, and can detect LA fibrosis via specific patterns of late gadolinium enhancement [34,
35]. The importance of LA fibrosis will be discussed in subsequent sections.

Electroanatomic Mapping

Invasive electroanatomic mapping (EAM) can allow for detailed visualization of the
structure and corresponding electrical activity of atrial tissue. By integrating electrical
activity obtained through a sensing catheter and LA structure, a 3D map of the LA is created
which depicts areas of normal and impaired electrical conduction. Areas of preserved
voltage indicate normal atrial tissue, while areas of low voltage indicate LA fibrosis or

scar; these are two factors that can significantly impact LA mechanics and are associated
with LA myopathy [45]. Among patients with AF-HF who are undergoing AF ablation,
EAM may provide useful ancillary information at the time of the procedure regarding LA
myopathy.

Invasive Hemodynamics

Invasive hemodynamic measurements may provide insight into LA reservoir function
among patients with AF-HF. During LA filling through ventricular systole, decreased LA
compliance (i.e., poor reservoir function) leads to a marked rise in LA pressure, manifesting
as high v-waves. Thus, the presence of large v-waves on pulmonary capillary wedge
pressure tracings in the absence of significant mitral regurgitation is concerning for LA
myopathy.

LA Myopathy in AF-HFpEF

Clinical Importance

LA myopathy is common among patients with AF-HFpEF, and the degree of LA myopathy
serves as both a diagnostic and prognostic marker in this patient population. Patients with
AF-HFpEF have been shown to have high degrees of LA myopathy in multiple studies.

In a meta-analysis of studies assessing LA strain parameters, LA reservoir, conduit, and
booster strain were all significantly lower in AF-HFpEF patients than healthy controls [15].
Furthermore, a dose-dependent effect of time spent in AF (AF burden) on degree of LA
myopathy in AF-HFpEF patients has been observed. In a study of 285 patients with HFpEF
and 146 healthy controls, patients with HFpEF and high burdens of AF demonstrated lower
LA reservoir strain compared to patients with HFpEF and lower burdens of AF and healthy
controls [46e¢]. In addition, abnormal LA strain parameters predict progression of patients
with HFpEF and paroxysmal AF to persistent or permanent AF [46¢¢]. Similarly, among
patients with AF, abnormal LA strain predicts development of HFpEF [46¢¢].
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LA myopathy is characterized by unique hemodynamic and biomarker profiles [43].
Patients with LA myopathy and AF-HFpEF develop LA volume overload, which leads
to increased pulmonary vascular resistance, impaired oxygen consumption, and right
ventricular dysfunction. These altered hemodynamics ultimately lead to worsening of
symptoms from both AF and HFpEF [42, 47]. Additionally, worse baseline LA function
in HFpEF is associated with elevation in biomarkers of neurohormonal activation and
myocardial necrosis at baseline, and increased natriuretic peptide levels over time [48].
In aggregate, these findings suggest that LA myopathy may drive increased congestion in
AF-HFpEF.

The degree of LA myopathy is directly related to rates of hospitalization and mortality in
patients with AF-HFpEF [49]. In numerous studies of patients with AF-HFpEF, survival was
lowest in patients with both the highest burden of AF and most significant LA myopathy
[42, 46, 50]. Accordingly, it has been suggested that in patients with AF-HFpEF, the degree
of LA myopathy may be more indicative of disease progression and symptomology than the
amount of left ventricular dysfunction [43].

LA myopathy certainly plays a substantial role in the propagation of both AF and HFpEF in
tandem. Similarly, AF and HFpEF lead to propagation of LA myopathy. In order to interrupt
this cycle of disease progression between LA myopathy and AF-HFpEF, the mechanisms of
LA myopathy in AF-HFpEF patients must be understood.

Mechanisms of LA Myopathy in AF-HFpEF

There are multiple mechanisms of LA myopathy in AF-HFpEF. Unique to patients with
HFpEF, myocardial remodeling may occur in the LA independent of the left ventricle (LV)
[3, 51, 52¢¢]. In HFpEF, LA myopathy may occur out of proportion to LV myopathy,

and is associated with a distinct proteomic signature, characterized by alterations in

plasma proteins associated with cardiomyocyte stretch, extracellular matrix remodeling, and
immune dysregulation [52¢¢]. Additionally, the acute and chronic hemodynamic changes
associated with AF and HFpEF lead to loss of coordinated atrial contraction, abnormal heart
rates, impaired ventricular filling, and decreased cardiac output. As AF-HFpEF patients are
dependent on the LA filling a noncompliant left ventricle, acute hemodynamic changes
ensue. These altered hemodynamics lead to a variety of neurohormonal and inflammatory
changes, all of which are associated with increased LA fibrosis [53, 54]. In patients with AF-
HF, fibrosis preferentially impacts the atria due to the increased concentration of fibroblasts
in the atria as compared to the ventricles [55].

LA fibrosis is an important mediator of LA myopathy in patients with AF-HFpEF via
alterations of the LA electrophysiological substrate and mechanics [3, 51, 56, 57]. From

an electrophysiological standpoint, LA fibrosis leads to abnormal ion channel expression in
LA myocardial cells [58]. In canine models of HF, those with atrial fibrosis demonstrated
reduced expression of /r and /s. This change in expression corresponds to a quicker
action potential, and may serve as an electrical stimulus for the development or propagation
of AF [59, 60]. In addition, increased degrees of fibrosis are associated with higher
expression of the Na-Ca exchanger which may cause inappropriate delays after myocardial
depolarization and further predispose to atrial arrhythmias [60]. Accordingly, LA fibrosis
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leads to an interruption of normal electrical conduction and creates a substrate for micro-
and macro-reentrant rhythms within the atrium [61]. The atrial arrhythmias that are
propagated from LA fibrosis in turn cause additional LA fibrosis and LA myopathy in
AF-HFpEF patients.

In addition to electrophysiological alterations, LA fibrosis is associated with LA myopathy
by leading to abnormal LA mechanics. Patients with confirmed LA fibrosis on CMR have
demonstrated impaired LA strain on echocardiography [61]. Furthermore, the degree of LA
fibrosis is oftentimes associated with the magnitude of mechanical abnormality.

There are multiple mechanisms of LA fibrosis in patients with AF-HFpEF,

including activation of the renin-angiotensin-aldosterone system (RAAS), inappropriate
autonomic response, increase in inflammation, oxidative stress, and impaired myocardial
hemodynamics [62-64].

AF-HFpEF patients who have decreased cardiac output and increased LA wall stress
oftentimes demonstrate inappropriate activation of the RAAS and sympathetic nervous
systems [62—65]. By overactivation of the autonomic nervous system, patients with AF-
HFpEF may develop a pro-arrhythmic state by non-equal shortening of refractory periods.
This serves as an additional substrate for AF and propagation of atrial fibrosis and myopathy
[65]. Furthermore, inappropriate RAAS activation in AF-HFpEF patients leads to an
increased concentration of angiotensin Il which is associated with stimulation of fibroblasts
and subsequent LA fibrosis [66—68].

In addition, both AF and HFpEF are pro-inflammatory conditions. Patients with either
HFpEF or AF have increased concentrations many markers of inflammation including
TNFa and 1L-6 which are associated with development of LA fibrosis via activation

of metalloprotease enzymes [69-71]. NADPH oxidase, another marker of inflammation
associated with increased production of reactive oxygen species and LA fibrosis, is also
increased in patients with AF-HFpEF [69-71].

An additional mediator of cardiac inflammation in patients with AF-HFpEF is density and
composition of epicardial adipose tissue. Increased concentrations of epicardial adipose
tissue are associated with local inflammatory reactions and enhanced oxidative stress [57].
Taken together, the increased inflammatory milieu observed in patients with AF-HFpEF is
associated with higher degrees of LA fibrosis and subsequent LA myopathy [57, 72, 73].

Finally, from a mechanical perspective, patients with AF-HFpEF have relatively high LA
pressure, which further drives LA dysfunction. Whether LA pressures are increased due to
LV diastolic dysfunction and subsequent elevation in filling pressures, intrinsic LA stiffness,
or “atrial” mitral regurgitation, LA dysfunction ensues through an increase in LA wall stress
in a non-uniform manner. The regional differences in wall stress within the LA create a
nidus for further LA fibrosis [3].

Due to the significant LA myopathy in patients with AF-HFpEF, restoring sinus rhythm and
appropriate LA mechanics proves difficult. A number of treatments for LA myopathy itself
have been proposed for this population, which will be discussed in the next section.
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Potential Treatments for LA Myopathy in AF-HFpEF

Once LA myopathy is identified among patients with AF-HFpEF, therapies should ideally
be tailored for 1 of 2 major purposes: (1) to mitigate symptoms and clinical consequences
of LA myopathy (i.e., LA decongestion), and (2) to reverse or halt the progression of LA
dysfunction (Fig. 2).

Decongestive Therapies

As a result of decreased chamber compliance and reduced LV filling, LA myopathy often
leads to congestion via pulmonary venous hypertension, manifesting as dyspnea with

low levels of exertion. Thus, therapies to decongest the LA may provide symptomatic
benefit. While loop diuretics are a mainstay of therapy for this purpose, their role

may be limited because oftentimes, LA pressure and volume overload may exist out

of proportion to systemic venous congestion. As a result, loop diuretics may result in
improvement in LA congestion, but at a cost of reduced venous preload, which may lead

to symptoms of lightheadedness. Mineralocorticoid receptor antagonists (spironolactone)
may also be considered for LA decongestion in combination with loop diuretics [75]. In
addition, dapagliflozin, a sodium glucose cotransporter 2 (SGLT2) inhibitor with diuretic
properties, reduced incidence of AF compared with placebo in the Dapagliflozin Effect

on Cardiovascular Events-Thrombolysis in Myocardial Infarction 58 (DECLARE-TIMI 58)
trial [76]. Further investigation is required to understand if SGLT2 inhibitors directly benefit
LA function. Nonetheless, among patients with con-comitant diabetes and AF-HFpEF,
SGLT2 inhibitors should be considered to enhance decongestion. Finally, AF-HFpEF
patients with LA myopathy may particularly benefit from continuous wireless pulmonary
artery pressure monitoring to identify progressive pulmonary venous hypertension and
increase decongestive therapies prior to further clinical decompensation.

Device therapies that improve LA pressure overload through LA unloading may provide
sufficient LA decongestion without reducing systemic venous pressures. The ongoing
REDUCE LAP-HF Il trial (NCT03088033) is a sham-controlled randomized clinical trial
that is evaluating the effect of an inter-atrial shunt device (IASD) on cardiovascular death
and HF hospitalizations in HFpEF. Notably, the IASD reduced exercise pulmonary capillary
wedge pressure in a mechanistic, sham-controlled, phase 2 trial of HFpEF patients [77].
Additionally, an LA to coronary sinus shunt device has demonstrated promise in improving
functional status in an unblinded, single-arm experience [78]. Simulation models of an

LA decompression pump in HFpEF have also suggested potential benefit [79]. Finally,
among patients with both LA myopathy and systemic venous congestion, blood volume
re-distribution away from the heart and to the splanchnic venous system offers promise
[80]. The effect of endovascular ablation of the greater splanchnic nerve, the sympathetic
regulator of splanchnic vascular capacitance, on pulmonary capillary wedge pressure in
HFpEF is under investigation (NCT04592445). Taken together, patients with AF-HFpEF
may be more likely to benefit from such LA unloading strategies due to the contribution

of AF toward LA myopathy severity [6, 81]. The effect of LA unloading directly upon LA
myopathy requires further understanding.
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Direct Targeting of LA Myopathic Substrate

While therapies that directly target LA myopathy are currently lacking, there are several
treatments that require further investigation. As LA fibrosis is a key link between LA
myopathy, AF, and HFpEF, reduction of the factors that lead to LA fibrosis has been

a popular area of investigation. Inflammation is a key mediator of LA fibrosis, and

LA epicardial adipose tissue increases inflammation via a variety of mechanisms. In a

study investigating the effect of weight loss on atrial adipose tissue density, researchers
demonstrated that weight loss not only decreased LA adipose tissue quantity but was

also associated with a reduced burden of AF and HFpEF symptoms [82]. While there

are multiple mechanisms behind this finding, it is possible that decreasing LA adipose
tissue also decreases the pro-inflammatory effects of adipose on the LA and improves LA
myopathy [82]. Similarly, statins have been proposed as a treatment for LA myopathy in
patients with AF-HFpEF due to their pleiotropic anti-inflammatory effects and reduction

of LA adipose tissue mass [83-85]. Additionally, metformin is associated with a reduction
in LA adipose tissue mass and AF burden in observational studies, suggesting a potential
benefit at the level of the LA [85-87]. Unfortunately, spironolactone, a therapy with anti-
fibrotic properties, did not reduce exercise capacity among patients with AF in the Improved
Exercise Tolerance in heart Failure With Preserved Ejection Fraction by Spironolactone on
Myocardial Fibrosis in Atrial Fibrillation (IMPRESS-AF) trial, suggesting it may not have a
direct effect upon the LA [88].

Other neurchormonal therapies may directly improve LA function in AF-HFpEF. Given

a particular suggestion of benefit of the angiotensin receptor-neprilysin inhibitor sacubitril-
valsartan among individuals with AF in the Prospective Comparison of Angiotensin
Receptor-Neprilysin Inhibitor with Angiotensin Receptor Blocker Global Outcomes in
HFpEF (PARAGON-HFpEF) trial, additional data are required to understand LA-specific
effects of this therapy [89]. Additionally, beyond controlling heart rates and allowing for

an increased LV diastolic filling time, beta blockers may also help improve LA myopathy
by lengthening the relative refractory period of atrial myocytes [90]. However, while beta
blockers are a mainstay of treatment for AF in isolation, their specific role in improving LA
myopathy in AF-HFpEF requires further investigation.

Improvement in LA booster function through cardiac myosin activation is a potential target
for LA myopathy in HFpEF that also warrants further investigation. Among HFrEF patients
in sinus rhythm, danicamtiv, a novel cardiac myosin activator, increased LA function index
and LA emptying fraction [91ee]. Future studies evaluating the effect of such therapies on
clinical outcomes in AF-HFpEF patients who can maintain sinus rhythm are warranted.

Rhythm Control

Restoration of sinus rhythm is an attractive treatment strategy that may confer beneficial
effects upon LA mechanical function in AF-HFpEF. Unfortunately, maintaining sinus
rhythm in patients with AF-HFpEF proves to be difficult. In a prospective cohort study

of 157 patients with HFpEF and 100 patients without HF who underwent ablation for drug
refractory AF, a significantly higher percentage of patients without HFpEF demonstrated
freedom from AF 1 year following ablation [92]. Interestingly, 30% of patients with HFpEF
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in this study demonstrated at least 1 grade of improvement in diastolic dysfunction, but 8%
of patients exhibited worsening diastolic dysfunction [92]. While some patients with AF-
HFpEF improve with catheter ablation of AF, ablation may paradoxically worsen disease
burden in patients with severe LA myopathy. The increased area of scar formed in the LA

as a result of catheter ablation of AF can be associated with impaired LA mechanics, and
increased LA stiffness, thus serving as a substrate for progression of both AF and HFpEF
[81, 93-95]. Further investigation is necessary to understand ablation options that may result
in restoration of sinus rhythm without worsening LA myopathy [81, 93, 94].

Accordingly, while a subset of patients with AF-HFpEF demonstrate symptomatic
improvement with rhythm control, other patients have a less favorable response [43, 92,

96, 97]. A number of clinical trials, including Treatment of Atrial Fibrillation in Preserved
Cardiac Function Heart Failure (NCT04160000) and Ablation Versus Medical Management
of Atrial Fibrillation in HFpEF (NCT04282850), are currently ongoing to investigate the
relative benefit of, and optimal modalities for, rhythm control in AF-HFpEF patients [43].
Further large-scale trials are necessary to determine specific patient characteristics that are
associated with favorable responses to rhythm control in AF-HFpEF patients [6]. The degree
of LA myopathy may be a significant factor in determining optimal candidates for rhythm
control strategies.

LA Myopathy in AF-HFrEF

Clinical Importance

Despite being present in both AF-HFrEF and AF-HFpEF, the nature of LA myopathy in
the 2 disease states is considerably unique [98, 99]. Generally, LA myopathy in AF-HFrEF
manifests via eccentric LA remodeling and reduced LA ejection fraction rather than by LA
stiffness and noncompliance [50]. As shown in a study of 189 patients with HF, those who
had AF-HFrEF demonstrated greater eccentric remodeling, and lower LA ejection fraction
than control patients [50].

In addition to being a powerful indicator of disease progression in patients with comorbid
AF and HFrEF, LA myopathy plays a critical role in the development of comorbid
AF-HFrEF. Among patients with AF and a moderately reduced ejection fraction, LA
myopathy may precipitate HFrEF exacerbations [100]. Furthermore, the presence of AF
may precipitate HFrEF exacerbations by decreasing ventricular preload. Without active atrial
booster function, and with a shorter diastolic period for passive filling, the LV cannot
completely fill. In an LV with decreased function at baseline, LA myopathy further lowers
stroke volume and is associated with a subsequent decrease in cardiac output. While LA
myopathy may be an underlying mediator that drives poor outcomes in AF-HFrEF, it
appears that LA myopathy may play a less substantial primary role in this syndrome, as
compared with AF-HFpEF.

Mechanisms of LA Myopathy in AF-HFrEF

In patients with AF-HFrEF, impaired antegrade flow from the LV is associated with both
progressive LA hypervolemia and compensatory increases in afterload. This subsequently
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leads to elevated LA pressure which causes eccentric LA dilation [50]. In addition, the
regional differences in LA wall stress caused by hypervolemia lead to focal areas of LA
fibrosis. Together, this series of mechanical and structural changes to the LA is associated
with significant LA myopathy that serves as a nidus for further AF and HFrEF [50, 64, 100].

Patients with AF-HFrEF and tachycardia-mediated cardiomyopathy are particularly likely to
develop LA myopathy. Because of their persistent tachycardia, and even shorter refractory
periods, AF-HFrEF patients demonstrate further decreased LA contractile function due to

a relative decrease in calcium transport across myocardial membranes [100, 101]. This

is associated with increased fibrosis due to remodeling of the extracellular matrix, and
propagation of LA myopathy [102]. Additionally, functional mitral regurgitation secondary
to LV dilation and/or AF itself (atrial mitral regurgitation) leads to LA pressure and volume
overload, which further drives pathologic LA remodeling.

In addition to the mechanical changes detailed above, AF-HFrEF is associated with a variety
of neurohormonal changes which precipitate LA myopathy. AF-HFrEF patients exhibit
relative increases in norepinephrine and endothelin [100, 103, 104]. As a result, afterload is
further increased which not only worsens symptoms from AF-HFrEF but also contributes
to progression of LA myopathy by causing a higher burden of LA fibrosis [103, 104].
Patients with AF-HFrEF also often have RAAS overactivation. This is associated with
inappropriately high concentrations of angiotensin 11, which lead to an increased density

of LA fibrosis and subsequent LA myopathy. Indeed, translational studies have suggested
that interruption of the RAAS axis in patients with HFrEF may decrease the incidence of
AF, with reductions in LA myopathy likely contributing to this phenomenon [100, 105].
Regardless of the mechanism, LA myopathy in patients with AF-HFrEF leads to further
disease progression due to the associated decreases in LA booster function and LV preload.
This subsequently is associated with a progressive increase in systemic vascular resistance
and LA wall stress, decrease in cardiac output, and further neurohormonal changes. Again,
these changes create a vicious cycle that, unless interrupted, is associated with significant
morbidity and mortality.

Treatments for LA Myopathy in AF-HFrEF

There is a lack of data regarding the therapeutic role of improving LA myopathy in patients
with AF-HFrEF. As opposed to HFpEF, which may be considered a syndrome of diastolic
dysfunction and LA failure, HFrEF is defined by direct LV systolic dysfunction. As such,
LA myopathy is typically a downstream (i.e., secondary) effect of LV pathology in HFrEF.
However, many of the medical therapies that improve mortality in HFrEF may do so by not
only improving LV function directly but also by improving LA myopathy.

As reported above, patients with AF-HFrEF have inappropriate activation of the sympathetic
nervous system. This is associated both with worsening symptoms from AF-HFrEF, and
progression of LA myopathy. Accordingly, the use of beta blockers in this population is an
attractive treatment strategy to reduce the rate of LA remodeling. By decreasing adrenergic
tone and subsequent oxygen consumption, beta blockers may help treat LA myopathy and
improve overall LV function [90].
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RAAS inhibition is another therapeutic target for LA myopathy in patients in AF-HFrEF.

In the Valsartan Heart Failure Trial (Val-HeFT), patients with HFrEF who were started on
valsartan had a lower rate of incident AF than patients in a control group. A mechanism of
this finding is likely the interruption of LA fibrosis, and subsequent LA myopathy, conferred
by RAAS inhibition among patients taking valsartan [105-107]. Although not specifically
studied in an HFrEF population with existing AF, use of ACE or ARB medications in these
patients may be associated with similarly beneficial effects on LA myopathy.

Similar to AF-HFpEF, cardiac myosin activation is a potential target for LA myopathy
in HFrEF that warrants further investigation, given the improvements in LA contractile
function noted with danicamtiv, a novel cardiac myosin activator, among HFrEF patients
who were in sinus rhythm [91es].

Rhythm control with antiarrhythmic drugs, cardioversion, or catheter ablation may help treat
LA myopathy in patients with AF-HFrEF, but can be associated with lower success rates
than in patients without comorbid HFrEF [108]. Meta analyses have demonstrated ~ 60%
freedom from AF 2 years after ablation among patients with AF-HFrEF when allowing

for multiple procedures and re-initiation of antiarrhythmic drugs [108]. Among AF-HFrEF
patients who do remain in sinus rhythm, an increase of LVEF by 8-21%, along with
significant improvement in morbidity from HFrEF is observed [100, 109-111]. However,
the creation of further scar in the LA via catheter ablation of patients with AF-HFrEF may
be associated with more LA myopathy in certain patients, and make the LA substrate more
prone to AF [81, 94]. In addition, when compared to healthy controls, there is also a higher
rate of procedural complications among patients with AF-HFrEF who undergo catheter
ablation [112]. Data suggest that in patients without HF, early attempts at restoration of sinus
rhythm upon AF diagnosis result in reduced adverse clinical outcomes [113]. It remains
unclear if such findings extend to those with HFrEF, and appropriate selection of ablation
candidates is necessary in this population [81, 94].

Conclusion

In this review, we discussed the clinical importance, mechanisms, and treatments of LA
myopathy in patients with AF and HF, across the spectrum of ejection fraction. In general,
the presence of LA myopathy may precede development of AF and HF, and the effects

of AF and HF on the LA lead to progression of LA myopathy. This creates a cycle by
which LA myopathy begets AF and HF, while AF and HF simultaneously beget further LA
myopathy.

While the nature of LA myopathy in AF-HFpEF is unique from that in AF-HFrEF,

many of the fundamental mechanisms of its development overlap. The LA undergoes
progressive remodeling through mechanical changes and overactivation of both RAAS and
the autonomic nervous system. This remodeling ultimately leads to both electrical and
mechanical failure of the LA which allows for rapid progression of both AF and HF in
affected patients.

Curr Heart Fail Rep. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peigh et al.

Funding

Page 12

Given the more prominent pathologic role of LA dysfunction in driving poor outcomes
among AF-HFpEF patients, specific treatment of LA myopathy may confer particularly
beneficial effects in this cohort. Patients with AF-HFpEF may benefit from LA-specific
treatment strategies in the future, which include LA unloading through device therapies.
Further investigation is warranted to identify potential medical targets to directly improve
LA function in AF-HFpEF. Conversely, the literature on therapies to treat AF-HFrEF is
largely extrapolated from large trials of HFrEF patients, and specific trials to assess LA
myopathy in this population are lacking. Regardless of ejection fraction, there may be a
vulnerable cohort of AF-HF patients who have a disproportionate degree of LA myopathy
compared with LV dysfunction. Further efforts are required to identify these patients and
investigate therapies aimed to specifically improve LA function.
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LA Structure

Areas of Low Voltage

LA Function

Low a’ tissue .
Doppler velocity LA Stasis on
4D Flow CMR

PCWP: Large v
waves in absence
of significant MR

Supportive Diagnostics

W High AF burden W Low amplitude P-waves
in sinus rhythm

Fig. 1.

Comprehensive Assessment of LA myopathy in heart failure. LA myopathy is identified by
alterations in LA structure or function. LA structural abnormalities may be determined by
LA dilation, evidence of fibrosis, or areas of low voltage (red) on electroanatomic mapping.
LA functional impairments can be diagnosed via low A wave velocity or low a” tissue
Doppler velocity, decreased strain, LA stasis on 4D flow cardiac MRI, or high v-waves

on invasive hemodynamics. Portions of this figure were reproduced with permission from
Zhao et al. [24], Rivner et al. [25], and Fidock et al. [26] (https://creativecommons.org/
licenses/by/4.0/). Abbreviations: AF atrial fibrillation, CMR cardiac magnetic resonance, LA
left atrium, MR mitral regurgitation, PCWP pulmonary capillary wedge pressure
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Decongestion

LA Myopathy
- » *
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- MRA - LA decompression pump - Mineralocorticoid receptor antagonist

- SGLT2 inhibitor - Wireless PA pressure monitor

- GSN Ablation
AF-Specific Therapies ‘ Endothelial-Cardiomyocyte Interaction
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cardioversion +/- anti-arrhythmic drugs) —_— - —
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- Cardiac myosin activators

Fig. 2.

Pogtential therapies for left atrial myopathy in atrial fibrillation and heart failure with
preserved ejection fraction. Potential therapeutics for LA myopathy in patients with
AF-HFpEF include mechanical LA decongestion via device or pharmacotherapy, direct
targeting the LA myopathic substrate, and rhythm control. While several therapies are under
investigation to decongest the LA, further investigation is required to identify treatments
that reverse the progression of LA myopathy. Portions of this figure were reproduced with
permission from England et al. [74] (https://creativecommons.org/licenses/by/2.0/). Portions
of this figure were created using BioRender.com. Abbreviations: AF atrial fibrillation, ECM
extracellular matrix, GSN greater splanchnic nerve, LA left atrial, MRA mineralocorticoid
receptor antagonist, PA pulmonary artery, PCWP pulmonary capillary wedge pressure,
SGLT2 sodium glucose cotransporter-2
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