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Abstract

Previous studies have demonstrated that patients with atrial fibrillation (AF) 
and heart failure with preserved ejection fraction (HFpEF) may develop the latter. 
The prevalence of 20-43% for AF in patients with HFpEF and prevalence of 50-
60% for HFpEF in AF patients. The pathophysiology indicates that AF usually 
precedes HFpEF, but each disease can promote the progression of the other 
one. Multiple mechanisms have been posited, such as left atrial (LA) fibrosis 
and myopathy as well as volume/pressure overload. Moreover, the combination 
of AF and HFpEF is associated with an increased rate of mortality as the 
presence of AF worsens the hemodynamics of HF. The diagnosis of HFpEF 
in patients with AF is underestimated, as the symptoms, laboratory values, 
and imaging techniques can be skewed by the presence of AF. Unfortunately, 
there are limited randomized controlled trials that recommend guideline-based 
treatments, such as choosing between rate and rhythm control. This narrative 
review aims to illustrate and summarize the pathophysiology, diagnosis, and 
treatment in the current literature for patients with AF and HFpEF.
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Trials; RV: Right Ventricle; ST2: Suppression of Tumorigenicity 2 
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Introduction
Two of the main cardiac diseases in the developed world are atrial 

fibrillation (AF) and heart failure (HF) [1,2]. The three types of AF 
are paroxysmal (episodes of arrhythmia that terminate spontaneously 
or with intervention within seven days of onset), persistent (episodes 
that continue for more than 7 days and are not self-terminating), long-
standing persistent (continuous episodes for more than 12 months), 
and permanent (joint decision between patient and clinician to stop 
further attempts to restore or maintain sinus rhythm) [3]. The rapid 
and random atrial impulses during AF can create a highly irregular 
fluctuation of the ventricular response interval, which is known as 
ventricular irregularity [4]. HF is a clinical syndrome with typical 
symptoms of dyspnea, orthopnea, lower limb swelling, and signs of 
elevated jugular venous pressure and pulmonary congestion. HF can be 
graded based on the New York Heart Association (NYHA) functional 
classification. HF can also be separated into different categories based 
on the ejection fraction: HF with preserved ejection fraction (HFpEF), 
HF with mid-range ejection fraction (HFmrEF), and HF with reduced 
ejection fraction (HFrEF). Both AF and HFpEF have high healthcare 
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burdens, with an annual cost per patient of US$8705 and US$10,832, 
respectively [5,6]. Moreover, they have similar risk factors, such as 
older age, hypertension, diastolic dysfunction, smoking, obesity, 
and obstructive sleep apnea [7-9]. Patients with AF or HFpEF have 
a relatively poor prognosis and those with both have even worse 
outcomes, including an 80% increased risk of mortality [10]. The 
Get With The Guidelines - Heart Failure (GWTG-HF) registry also 
evaluated this population of patients and revealed they have higher 
in-hospital mortality (odds ratio of 1.2), overall readmissions, and 
HF readmissions [11]. Moreover, the pathophysiology, diagnosis, 
and mortality outcomes are well discussed in HFrEF patients, but 
not HFpEF. There is a large knowledge gap in regards to the effective 
treatment options for HFpEF [9]. The purpose of this study is to 
review and discuss the various sections of diagnosing and managing 
a patient with both AF and HFpEF. These sections will discuss the 
incidence and prevalence, pathophysiology, clinical outcomes, 
diagnostic methods, and treatment regimens of patients with AF and 
HFpEF.

Prevalence of AF and HFpEF
Recent studies have demonstrated that the prevalence of AF was 

approximately 20-43% in patients with HFpEF [12-16]. Of patients 
with AF, the prevalence of HFpEF was reported at 50-60% [12,17]. 
Of note, the prevalence of AF depends on the stage of the HF, 
specifically 5-10% in the NYHA classes I and II and 50% in NYHA 
class IV [18,19]. On the other hand, the risk of developing AF at any 
point during the HF disease course is reported around 60% [10,20]. 
AF is the most common sustained arrhythmia in patients with HF 
[21]. HFpEF likely has a higher prevalence rate with the permanent 
form of AF, as seen in the RealiseAF survey and EURObservational 
Research Programme [22,23]. Previously, the clinical diagnosis of 
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AF and HFpEF could be challenging, since the typical symptoms of 
both conditions can overlap [19]. Further well-designed studies are 
required to determine the prevalence and incidence for AF and HFpEF 
and we propose the idea of excluding patients with pseudo-HFpEF in 
this patient population to obtain an accurate number. However, now 
there are multiple different modalities - such as laboratory markers, 
electrocardiogram (EKG), echocardiogram, and cardiac magnetic 
resonance imaging - that can be used to make a correct diagnosis. 
Therefore, large-scale studies should still be conducted to confirm 
these prevalence rates.

Pathophysiology for AF Instigating HFpEF
AF is a common cardiovascular disease with complex 

pathophysiology that contributes to significant patient morbidity 
and mortality [24]. The prevailing hypothesis of AF genesis is that 
rapid triggering from multiple atrial locations initiates propagating 
reentrant waves in a vulnerable atrial substrate. The pulmonary veins 
(PV) have been identified as the primary site of premature atrial beats 
that initiate frequent paroxysms of AF [25]. The molecular basis for 
PV triggering has been primarily attributed to abnormal calcium 
handling. A diastolic leak of calcium from the sarcoplasmic reticulum 
activates an inward sodium current via sodium-calcium exchanger 
resulting in spontaneous myocyte depolarization, such as early or 
delayed after-depolarization [26]. It has been documented that the 
myocytes from the pulmonary vein sleeves have electrophysiological 
features that make them distinct from those in the atria. For example, 
canine pulmonary vein sleeves display both decreased Ik1 and 

ICa (L) but increased currents compared with the atria1 [27]. This 
can generate a shorter action potential duration and less negative 
resting membrane potential. These combined mechanisms facilitate 
calcium-dependent after depolarization and triggered activity, 
explaining why the PV sleeves are the main site for the emergence 
of arrhythmia [28]. The perpetuation of AF mostly depends on the 
stabilization of reentry; however, the mechanism is controversial with 
the two dominant hypotheses being reentrant rotors and multiple 
independent wavelets. However, recent data have supported a third 
hypothesis or the double layer hypothesis, which suggests that electric 
dissociation of epicardial and endocardial layers also may facilitate 
reentry [29].

AF and HFpEF not only have similar risk factors, but also 
pathophysiologic mechanisms. These include diastolic dysfunction, 
atrial fibrosis, left atrial (LA) enlargement, and inflammation [9,30]. 
Studies indicate that AF most likely precedes the onset of HF, 
especially in HFpEF with a prevalence of 32% versus HFrEF with 
23% [10,31]. Furthermore, successful cardioversion was possibly 
associated with improved diastolic dysfunction, which helps the claim 
that AF causes HFpEF [31]. The progression of AF may contribute to 
the progression and exacerbation of HFpEF [32,33].

The current literature illustrates that AF may induce HFpEF 
through several etiologies. The mechanisms for the below 
pathophysiologies are depicted in Figure 1. The first mechanism 
is structurally where increased LA fibrosis and myopathy causes 
decreased LA function and compliance as well as LA dilation and 

Figure 1: Vicious Cycle between AF and HFpEF - Part 1.
LA: Left Atrium; LV: Left Ventricle; PCWP: Pulmonary Wedge Pressure; RA: Right Atrium; RAAS: Renin-Angiotension-Aldosterone System; SNS: Sympathetic 
Nervous System.



Austin J Cerebrovasc Dis & Stroke 9(1): id1088 (2022)  - Page - 03

Prasad RM Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

enlargement. These changes in the LA results in the decreased 
ventricular filling, left ventricle (LV) myocardial fibrosis, and diastolic 
dysfunction, which can eventually lead to HFpEF [22,34]. Another 
mechanism is that AF creates a state of pressure/volume overload 
with altered subcellular calcium homeostasis that leads to heart 
failure and tachycardia-induced cardiomyopathy [35]. AF is known 
to cause cellular calcium loading and decreased calcium-transient 
amplitude that eventually leads to atrial remodeling, stunning, and 
fibrosis [36]. Patients with AF but without HFpEF have been shown 
to also develop increased LV filling pressures [37]. In patients with 
HFpEF and permanent AF, a study found that pericardial restraint 
caused statistically significant effects of impaired cardiac output at 
rest and during exertion [32]. Pericardial restraint develops when an 
elevated right heart pressure and volume cause’s increased LV filling 
pressures even with normal LV end-diastolic volume and diastolic 
compliance [34]. Additionally, atrioventricular annular remodeling 
can lead to progressive mitral and tricuspid regurgitation [24,34]. 
From there, mitral regurgitation can cause patients to develop 
dysfunctional mitral valve leaflets, increased intracardiac pressure, 
and finally HF [38].

Another possible mechanism is the electrical concept of “AF begets 
AF”. Wijffels et al. evaluated goats and illustrated that continuous 
and rapid atrial pacing leads to progressive shortening of the atrial 
effective refractory period and increased duration of AF [39]. Some 
studies suggest that hyperactivity of the intrinsic cardiac autonomic 
nervous system, specifically the ganglionated plexi, may be a crucial 
element in the mechanism of acute atrial remodeling and “AF begets 
AF” [40]. Through its constant irregularity, AF creates an abnormal 
combination of the myocardium’s lusitropic and inotropic properties 
that leads to suboptimal electromechanical function and decreased 
cardiac output [19]. Moreover, AF can have detrimental effects on 
the LV function, such as the loss of atrial contractions, irregular 
ventricular filling, and irregular or high ventricular rate. However, 
most of these mechanisms usually occur during the acute onset of 
atrial tachyarrhythmia [41]. This was also demonstrated in a recent 
study that evaluated the relationship between longitudinal LV peak 
strain and preceding RR-interval in 10 patients with persistent AF. It 
showed that differences in preload of the current beat could explain 
the beat-to-beat variations in LV peak strain (particularly at a fast 
heart rate). This may play a role in the future for the measurement of 
LV peak strain in AF patients and impact in their management [42]. 
AF can lead to acute tachycardia, atrial systole loss, and shortened 
diastolic intervals, which can exaggerate both HFpEF and AF [9,43]. 
The strongest predictor of the development of HF was the presence 
of permanent AF. Other independent predictors were tachycardia 
at baseline and diffuse LV fibrosis [30,32]. Paroxysmal AF patients 
are likely to progress to long-standing persistent AF, especially those 
with severely decreased LA strain and compliance [32]. Permanent 
AF causes severe dysfunction of the atria, ventricles, and right 
ventricle (RV) - pulmonary vascular coupling [34]. The mechanism 
of AF-induced LV fibrosis is associated with tachycardia-mediated 
cardiomyopathy and chronic tachycardia like AF produces reversible 
systolic dysfunction. A similar effect with dysregulated excitation-
contraction coupling and calcium handling is seen in patients 
with rapid ventricular pacing [31]. Additionally, aging-associated 
myocardial stiffness from long-standing AF can lead to ventricular-

vascular uncoupling and diastolic dysfunction [43]. Furthermore, AF 
may directly lead to RV dysfunction through decreased longitudinal 
performance [31].

Finally, AF increases the levels of sympathetic nervous system tone, 
renin-angiotensin-aldosterone-system (RAAS) activity, and plasma 
norepinephrine, which leads to increased arterial vasoconstriction, 
increased afterload, and eventually HFpEF. These neurohormones 
also cause further tachycardia, ventricular irregularity, and AF [9,19].

Pathophysiology of HFpEF Worsening AF
The LVEF range for HFpEF was not clearly defined for many 

years, with some studies suggesting an EF cut-off value between 40% 
to 55% [16]. However, recent data published by the European Society 
of Cardiology in 2016 established standardized definitions for the 
different types of heart failure. HFrEF is the term used to describe 
patients with an EF of <40% and HFpEF is defined by an EF >50%. 
Therefore, patients with an EF in the range of 40-49% represent a grey 
area, which is now defined as heart failure with mid-range ejection 
fraction (HFmrEF) [44-46]. Interestingly, the prevalence rates of AF, 
death, and HF hospitalization increase with EF, which is pertinent 
for patients with HFmrEF and HFpEF [45,46]. By definition, patients 
with HFpEF have a normal EF; however, tissue doppler imaging has 
shown that these patients can still have systolic dysfunction [37].

It is important to mention that HFpEF is usually preceded 
by other chronic medical conditions (like obesity, hypertension, 
diabetes or pulmonary hypertension), whereas HFrEF usually comes 
with acute/chronic ischemia and/or valvular abnormalities. These 
chronic conditions promote a systemic inflammatory state, giving 
rise to the pathophysiology of HFpEF with systolic and diastolic LV 
dysfunction that causes decreased diastolic relaxation and increased 
LV end-diastolic pressures. In a counterpart, in HFrEF there’s more 
predominance of a systemic neurohormonal activation rather than 
an inflammatory state [43]. HFpEF can cause major changes in other 
organs, including the kidneys and lungs. Patients that have chronic 
HFpEF and are diagnosed with incident AF have a higher risk for 
a worse prognosis [10]. In patients who were discharged after being 
admitted for acute decompensation of HFpEF, AF was found to have a 
modest increase of all-cause mortality after 30 days [46]. An enlarged 
LA appendage is a well-considered risk factor for AF [47]. In HF 
patients, LA sizes are 68% larger and are strong predictors of clinical 
outcomes [22,30]. This is likely because an effective atrial contraction 
is required to maintain normal filling of the LV, as it provides 25% 
of the cardiac output in a patient with HFpEF [9,48]. Restoration 
of an AF to sinus rhythm does not result in improvement of HF in 
patients with preexisting ventricular dilatation and elevated cardiac 
filling pressures [49]. Other explanations include uncontrolled heart 
rates at onset, inadequate upregulation of metabolic compensation, 
stroke, and adverse effects of antiarrhythmic and anticoagulation 
medications [19]. Additionally, a lead-time bias may play a role 
where the onset of AF is actually prior to HFpEF, but is not diagnosed 
until after HFpEF. In this scenario, as AF was allowed to progress 
uncontrolled it may lead to poorer outcomes [10].

The mechanisms for the pathophysiology of HFpEF patients 
developing AF are depicted in Figure 1 and 2. Firstly, HFpEF is 
associated with increased LA wall stress, pulmonary capillary wedge, 
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and pulmonary artery pressures that create LA stiffness (different 
from HFrEF, in which there’s a greater eccentric LA remodeling), 
fibrosis, remodeling, and scarring. The locations of fibrosis have 
been demonstrated to create conduction heterogeneity and reentry 
pathways with a predilection to form an AF rhythm [9,10,31,47]. In a 
rat model, it was found that these changes may exacerbate right-sided 
heart disease, which can produce a substrate for AF maintenance due 
to RA fibrosis, RA re-entrant activity, and conduction abnormalities 
[50]. This mechanism might contribute to the previously mentioned 
pulmonary-induced atrial changes that may precipitate AF [31].

Through the aforementioned structural changes, HFpEF can 
induce and contribute to atrial cardiomyopathy. The current 
definition for atrial cardiomyopathy is: ‘Any complex of alterations 
of the structure, architecture, contractility, and electrophysiology 
of the atrium that can produce relevant clinical manifestations’ 
[31]. Many studies have shown that the LA dimension could reflect 
AF burden, which has been reported to be associated with the risk 
of stroke in several device-detected AF trials [51]. Furthermore, a 
linear relationship has been demonstrated between the LA size and 
CHA2DS2-VASc score [52]. Several clinical factors in patients with 

atrial cardiomyopathies, such as those present in the CHA2DS2-
VASc score, favor molecular alterations that predispose to oxidative 
stress at the level of myocytes and endothelial cells. Thus, these clinical 
factors increase the risk of prothrombotic factors and stroke [53].

Furthermore, patients with HFpEF have increased cellular calcium 
load due to phospholamban hyperphosphorylation and action 
potential prolongation as well as decreased calcium contractility 
sensitivity via reduced expression of total and phosphorylated myosin-
binding protein C. This dysregulated calcium can lead to focal atrial 
ectopic activity, atrial-selective fibrosis, atrial hypocontractility, and 
eventually increased likelihood of thromboembolic events [31,54,55]. 
Moreover, altered calcium and potassium ion-channel expressions 
can lead to attenuated action potential duration, atrial contractility, 
and eventually AF [19].

The etiology of AF in patients with HFpEF is also linked to the 
inflammation of the epicardial adipose tissue (EAT) [49]. Through 
its proximity to the myocardium in both atriums and ventricles, the 
EAT may intensify the inflammatory process to produce coronary 
microvascular dysfunction, fibrosis, and mechanical and electrical 
remodeling [47]. A study obtained samples of EAT from patients 

Figure 2: Vicious Cycle between AF and HFpEF - Part 2.
EAT: Epicardial Adipose Tissue; IL-6: Interleukin-6; NADPH: Nicotinamide Adenine Dinucleotide Phosphate; MMP: Matrix Metalloproteinase; TNF-alpha: Tumor 
Necrosis Factor-alpha.
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undergoing coronary bypass surgery were analyzed in an organo-
culture model of rat atria. This study demonstrated that the EAT is 
a metabolically active tissue, which secretes Activin A, a pro-fibrotic 
adipokine, and matrix metalloproteinases [55]. Moreover, EAT and 
matrix metalloproteinases have been indicated in the pathogenesis 
of AF and HF [56-58]. Furthermore, HFpEF is known as a pro-
inflammatory state, specifically with elevated levels of nicotinamide 
adenine dinucleotide phosphate oxidase, interleukin-6, and tumor 
necrosis factor-alpha. These three result in the generation of 
superoxide species, activation of matrix metalloproteinase enzymes, 
and eventually atrial fibrosis [9]. Once atrial fibrosis induces AF, 
the abnormal rhythm has methods to potentiate itself. Rapid atrial 
rate stimulates the enzyme nitric oxide Synthase, resulting in further 
oxidative species [9]. Furthermore, an increased level of inflammasome 
and pyroptosis in patients with HFpEF may lead to N-terminal 
Gasdermin D (GSDMD) fragments. The GSDMD forms pores in the 
cellular membrane and allows the cytokines to release, which could 
affect cellular excitability [59]. Finally, a pro-inflammatory state has 
been linked with triggering AF, as was demonstrated in patients who 
developed post-operative AF [60]. Unfortunately, this mechanism 
has not been clearly defined as currently it has only been studied in 
rats and the cytokines that are released are unknown.

In advanced HFpEF, elevated central venous pressure, such as 

left- and right-sided filling pressures, can cause a decrease in renal 
blood flow and renal perfusion pressure. These alterations activate 
the RAAS and the sympathetic nervous system, which leads to a 
reduction in glomerular filtration rate [61]. These renal changes 
may also contribute to the development of AF by promoting atrial 
pressure overload and fibrosis [61]. The precise etiology of atrial 
fibrosis remains ill-defined. However, it does appear that the atria are 
more susceptible to fibrosis than the ventricles with the involvement 
of three interrelated pathways - RAAS, TGF-B1, and oxidative stress 
[62]. HFpEF also promotes the development of increased pulmonary 
capillary wedge pressures due to the passive backward transmission 
of the elevated filling pressures into the pulmonary circulation [63].

Other Pathophysiology Pearls
Studies have demonstrated that patients with HFpEF and 

AF have elevated RA volumes along with decreased RA strain, 
compliance, and function. This is important to recognize as right 
atrium overload may be a direct cause of worsening AF. This can be 
explained by atrial dyssynchrony and systemic inflammation causing 
structural remodeling in the bilateral atria. Additionally, impaired 
LA compliance and function may allow the fluid accumulation in 
the left-sided vascular system and eventually trigger RV and right 
atrium remodeling [34]. It has also been demonstrated that not just 
an increased but an irregular pacing of cardiomyocytes contributes 

Figure 3: Pathway for Workup, Diagnosis, and Management in Patients with AF and HFpEF.
AF: Atrial Fibrillation; BB: Beta-Blockers; BNP: Pro-B-type Natriuretic Peptide; CCB: Calcium Channel Blockers; CMR: Cardiac Magnetic Resonance; EKG: 
Electrocardiogram; LA: Left Atrium; LV: Left Ventricle; SGLT2: Sodium-Glucose Cotransporter-2; TEE: Transesophageal Echocardiogram; TTE: Transthoracic 
Echocardiogram.
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to atrial and ventricular remodeling. Irregular pacing increases 
diastolic calcium and activation of CAMKII and AMPK resulting in 
lipid accumulation reduced glucose uptake and increased glycogen 
synthesis. These metabolic changes are accompanied by an activation 
of pro-apoptotic signaling pathways, contributing to the mentioned 
structural remodeling [64].

As described above, obesity is a shared risk factor for the 
development of AF and HFpEF through its strong association with 
LV hypertrophy. However, HF patients with a body mass index 
greater than 25kg/m2 have a more favorable prognosis in terms 
of chronic and acute decompensated HF. This counterintuitive 
association is known as the obesity paradox. Possible etiologies for 
this are decreased systemic vascular resistance activity, renin levels, 
and pro-B-type natriuretic peptide (BNP) levels. The hypothesis is 
that patients with obesity and HF are more resistant to the harmful 
effects of AF [65]. It is important to mention that this paradoxical 
benefit of a medically unfavorable phenotype is particularly strong 
in the overweight and class I obesity, but less pronounced in the 
more severe or morbidly obese populations [66]. Moreover, a recent 
study with long-term follow-up demonstrated that patients with AF 
have a 35% reduction of all-cause mortality in the overweight and 
obese versus normal body mass index [67]. Most recent studies 
have also demonstrated that chronic inflammation plays a role in 
arrhythmogenesis in obese patients. An identified inflammatory 
marker is the NLP3 inflammasome, whose activity is enhanced in 
patients with increased BMI. This suggests that a selective inhibition 
of NLP3 would prevent the development of the reentry substrate 
and abnormal calcium release in these patients, thereby preventing 
obesity-related AF. This could be a novel pharmacological approach 
for the prevention and treatment of AF patients, however more 
studies still need to be done [68].

The pathophysiology from both AF and HFpEF increases the 
risk of blood clots via atrial fibrosis and decreased flow velocity of 
the LA. Importantly, fibrosis and abnormal diastolic filling pressures 
even without LA dilatation, AF, or HFpEF are associated with the 
formation of LA thrombi. Therefore, the degree of LA fibrosis may 
be the primary indicator of vascular brain injury [47]. In patients 
with AF, HF had a similar risk of stroke and systemic embolism, 
but was associated with a higher risk of all-cause death and vascular 
death [69]. Moreover, similar rates of stroke and systemic embolism 
are seen with HFpEF (1.3% and 3.9%) and HFrEF (1.6% and 2.7%), 
respectively [15,22].

Finally, women with AF are more likely to develop concentric 
LV hypertrophy and diastolic dysfunction. Females with HFpEF 
are intolerant to the AF effects and medications are ineffective; thus, 
they have an increased risk of mortality. Therefore, a rhythm control 
method should be considered in women with HFpEF [14].

Clinical Consequences
Patients with both HFpEF and AF have significant exertional 

intolerance [10,70]. In comparison to HFrEF, patients with HFpEF 
develop symptoms at rest at a statistically higher rate [71]. At 
peak exercise, these patients have decreased levels of peak oxygen 
consumption, peak oxygen pulse, peak circulatory power, and peak 
systolic blood pressure as well as increased ventilatory efficiency. Peak 

oxygen consumption is considered a surrogate for maximal aerobic 
capacity. The randomized controlled trial (RCT) ROCKET-AF study 
revealed that patients with AF have decreased peak systolic blood 
pressure and impaired contractile reserve during exercise, despite 
similar resting systolic blood pressure in patients with AF and non-
AF. The increased ventilatory efficiency indicates that these patients 
have a higher amount of physiologic pulmonary dead space. These 
findings reveal that when AF and HFpEF coexist, the patients have 
impaired peak exercise capacity and functional submaximal exercise 
capacity, even with an adequate rate control regimen [72].

Using pooled data from I-Preserve (Irbesartan in Heart Failure 
with Preserved Systolic Function) and TOPCAT (Treatment of 
Preserved Cardiac Function Heart Failure with an Aldosterone 
Antagonist), patients with AF and HFpEF have a higher risk of all-
cause mortality, cardiovascular mortality, and HF hospitalization. 
Other studies have also demonstrated an increased rate of all-cause 
hospitalization and bleeding [30,73]. The higher adverse outcomes 
with HFpEF were also seen in other studies [10,13,22,46,74,75]. Two 
other studies illustrated that patients with AF on baseline EKG and 
HF have a 2.2-fold increased risk of cardiovascular mortality, HF 
hospitalization, and all-cause mortality versus the patients with a 
history of AF, but with sinus rhythm on baseline EKG [13,71]. One 
hypothesis for this effect is that since HFpEF relies heavily on LA 
function, the presence of LA dysfunction through AF significantly 
increases the mortality rates [73]. Furthermore, patients with any type 
of HF and actively in AF had considerably elevated rates of death, HF 
hospitalization, and stroke or transient ischemic attack [46].

The ARISTOTLE (Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation) trial compared the 
rates of stroke or systemic embolism in HFpEF (5.3 per 100 patient-
years) versus HFrEF (8 per 100 patient-years) [73]. Although HFrEF 
had a higher rate, the study showed that patients with HFpEF possess 
elevated risk as well. Furthermore, a meta-analysis found that 46% of 
deaths in patients with AF were cardiac related, but only 5.7% were 
from non-hemorrhagic stroke or systemic embolism [76].

Diagnostic Work-up
A vast differential diagnosis should be considered in a patient 

with unexplained dyspnea, including HFpEF and AF. A depiction of 
how to work-up, diagnose, and treat patients with AF and HFpEF is 
illustrated in Figure 3. HFpEF can be diagnosed if the patient also has 
typical signs and symptoms, such as exercise intolerance, preserved 
LV ejection fraction, evidence of LV diastolic dysfunction like LA 
enlargement, elevated BNP, and response to therapy. This turns out to 
be more difficult when AF is also present, as it can also cause exercise 
intolerance, LA enlargement, and elevated BNP [22]. In the absence 
of any changes in heart rate or rhythm, symptomatic relief with 
diuretics is considered a strong indicator of the presence of HFpEF in 
AF patients; however, RCTs are needed to confirm this [22].

A useful marker in diagnosing acute exacerbations of HFpEF is 
BNP. However, cutoff values for BNP vary as the current RCTs have 
used different numbers, specifically greater than 600pg/mL, 900pg/
mL and 2000pg/mL [77,78]. A recent study showed that 60% of 
HFpEF patients without AF had a pro-BNP value of less than 400pg/
mL; whereas, only 9% of HFpEF patients with AF had a similar value. 
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Moreover, AF patients with BNP levels greater than 400pg/mL had 
higher rates of HF hospitalizations, but incidentally lower mortality 
rates [79]. Other markers to be aware of are ST2 (suppression of 
tumorigenicity 2 receptor), spondin-1, platelet-derived growth 
factor subunit A, and insulin-like growth factor-binding protein-1. 
In response to volume or pressure overload, the myocardium and 
vascular endothelial cells secrete ST2. Spondin-1 is associated with 
decreased systolic function, hypertension, and a prothrombotic state. 
Both above cellular growth factors are non-cardiac specific, but were 
found to be linked with AF. Further studies are required to evaluate 
the true pathogenesis [78].

Additionally, a transthoracic echocardiogram can determine 
if a patient has HF and furthermore classify them as either HFpEF, 
HFmrEF, or HFrEF. However, when AF is present, the EF can 
be underestimated, and parameters of diastolic dysfunction are 
challenging to obtain and interpret. Therefore, patients with AF can be 
misdiagnosed as having HFrEF [80]. AF also interferes with the typical 
modalities of assessing diastolic dysfunction because of the changes in 
left atrial pressures and dimensions, changes in mitral inflow patterns, 
and desynchrony in atrial contraction [81]. Nonetheless, there are 
other echocardiographic parameters that can indicate HFpEF [22]. 
For example, the E/e’, a ratio of the early transmitral peak velocity 
to the early mitral annular velocity, was significantly associated with 
LV filling pressures, mortality, exercise capacity, prior ischemic 
stroke, quality of life. Other parameters that correlated with LV filling 
pressure were isovolumic relaxation time, mitral deceleration time, 
diastolic flow progression, and pulmonary venous flow measures 
[22]. Strain imaging can characterize aspects of abnormal LA 
mechanisms [34]. Tissue doppler imaging can show evidence of poor 
LA contraction through low A waves or tissue a’ velocities. [34] It can 
also evaluate LV systolic function and mitral annular velocity through 
cutoff values of s’ less than 5cm/s and e’ less than 7cm/s velocities, 
which have been associated with a 12-fold increase of adverse cardiac 
events. Moreover, even in patients with HFpEF and AF where the 
E/e’ ratio could not completely reflect systolic and diastolic function, 
the s’ and e’ velocities were still decreased [82]. Additionally, reduced 
LA reservoir or contractile strain from LA myopathy can be seen on 
speckle-tracking echocardiography [34].

An EKG should be performed on any patient with suspected AF 
or HFpEF. More than revealing any underlying arrhythmias, it can 
demonstrate evidence of LA enlargement and LV hypertrophy [34]. 
Furthermore, the presence of prolonged P waves on EKG typically 
indicates LA myopathy, but low-amplitude P waves have also been 
associated [34,83]. Furthermore, the interpretation of EKGs by 
artificial intelligence might be helpful in determining patients who 
are at high risk for developing AF [84]. In the event that a patient has 
a high pretest probability for AF, but was not found on EKG, they can 
undergo Holter monitor or implantable loop recorder for short-term 
and long-term monitoring [85].

Furthermore, there are echocardiographic measurements that 
can identify diastolic dysfunction in patients with AF, including peak 
diastolic mitral annulus velocity, E/e’ ratio in a single beat, and the 
time interval between the onset of early transmitral flow and the onset 
of early diastolic mitral annular movement [83]. In patients with AF 
and HFpEF, there can be evidence of RV systolic dysfunction, which 
is illustrated by decreased tricuspid annular plane systolic excursion 

[77]. LA dimension is considered to indicate the severity of diastolic 
dysfunction. Furthermore, the LA dimension has been shown to be an 
independent predictor of cardiac events, but there was no discernible 
difference between patients who had clinical events versus those who 
did not. The study proposes that LA volume could possibly be a value 
with a clinically significant cutoff [86]. However, the cutoff values for 
these parameters still need to be defined, preferably through cohorts 
with a large sample size of AF patients with and without HFpEF, 
where the latter is determined by invasive methods [76]. AF has 
been linked with decreased peak A wave velocity, which suggests that 
LA function is a more important marker of AF risk rather than LA 
dilatation in HFpEF [59].

Additionally, cardiac magnetic resonance imaging may reveal 
a LA remodeling-induced macroscopic scar [34]. LA strain was 
correlated to LA myopathy, symptoms, and outcomes in patients with 
HFpEF [47]. The TOCPAT study evaluated patients with HFpEF and 
demonstrated that LA function was a better marker of AF risk versus 
LA dilation [48]. Furthermore, patients with AF have significantly 
reduced global longitudinal strain, reduced RV fractional area change, 
and increased mitral regurgitation severity. These findings support 
the diagnosis of HFpEF in the above population (Table 1) [13]. 
Moreover, the HFpEF-Stress Trial was a prospective observational 
study that conducted real-time cardiac magnetic resonance exercise 
imaging in 75 patients with diastolic dysfunction on echocardiogram 
and dyspnea on exertion. The study illustrated that decompensated 
atrial dysfunction may act as a marker for left ventricular dysfunction 
and an early diagnostic sign of HFpEF [81]. Atrial dysfunction can be 
indicated by lower values of LA long axis strain, the distance from the 
mitral annulus to the most distal portion of the left atrial wall, as well 
as higher values of LA volume index [81].

Rate Control versus Rhythm Control
An important decision in treating AF is determining whether 

to proceed with rate control, through medications to block the 
atrioventricular node, or rhythm control, through antiarrhythmics, 
cardioversion, or catheter ablation [3,87]. Rate control improves 
passive ventricular filling and systolic function; whereas, rhythm 
control reintroduces sinus rhythm and normal heart rates that benefit 
both passive and active ventricular filling [88]. The 2013 and 2014 
guidelines recommend rhythm control for patients in AF with rapid 
ventricular rate and newly diagnosed HF [3,87]. This is because HF 
from tachycardia-mediated cardiomyopathy is reversible. Moreover, 
rhythm control is recommended for those who are symptomatic 
despite rate control [3,89].

Although there are no published RCTs evaluating what 
treatments are effective for AF in patients with HFpEF exclusively, 
the current literature does have studies that included patients with 
all types of HF. A prespecified subanalysis of the RCT of EAST-
AFNET4 compared early rhythm control versus rhythm control 
based on symptomatic control in patients with HF. Of the included 
798 patients, 55.4% (n=442) of them had HFpEF, 26.4% (n=211) had 
HFmrEF, and 16.5% (n=132) had HFrEF. This subanalysis showed 
that early rhythm control is associated with a decreased risk of a 
composite of cardiovascular death, stroke, or hospitalization for 
worsening heart failure or acute coronary syndrome [90]. Moreover, 
RAFT-AF (A Randomized Ablation-based Atrial Fibrillation Rhythm 
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Control Versus Rate Control Trial in Patients with Heart Failure and 
High Burden Atrial Fibrillation, NCT01420393) is an ongoing RCT 
evaluating whether catheter ablation with or without antiarrhythmics 
versus rate control with or without atrioventricular node ablation and 
pacemaker implantation is beneficial in patients with AF with HFpEF 
as well as HFrEF.

There is non-RCT that compares the two treatment strategies 
exclusively in patients with HFpEF. A prospective single-arm study 
evaluated 74 patients with HFpEF and concomitant AF who underwent 
catheter ablation and found there was a reasonable success of freedom 
from AF at 34 ± 16 months of follow-up. This study also showed that 
maintenance of sinus rhythm was associated with echocardiographic 
improvement. However, many patients required multiple procedures 
as well as rhythm control medications after the procedure [65]. A 
retrospective observational study of 283 patients compared rhythm 
and rate control in patients with AF and concomitant HFpEF. Of 
these, 107 patients were in the rhythm-control group with catheter 
ablation and/or antiarrhythmics; whereas, 176 were in the rate control 
group with beta-blockers, calcium channel blockers, or digoxin. 
After propensity matching, 79 patients were selectively matched in 
each arm. During the median follow-up period of 24 months, the 
maintenance of sinus rhythm was significantly associated with a 
lower incidence of a composite of CV death or hospitalization for HF 
[88]. Furthermore, no clinical difference between rate and rhythm 
control method was found in the retrospective AFFIRM (Atrial 
Fibrillation Follow-up Investigation of Rhythm Management) trial 
[89]. Three other retrospective trials revealed that patients who are in 
sinus rhythm are less likely to experience cardiovascular death or HF-
related hospitalization; however, decreased all-cause mortality was 
not found. This suggests that rhythm control may be beneficial, but 
does not actually provide definitive evidence [91-93]. Maintenance of 
SR was associated with improved parameters of E/e’ ratio, LA volume, 
and peak tricuspid regurgitant pressure gradient [91]. In contrast, 
the AF-CHF trial demonstrated that the patient’s rhythm was linked 
with an improved NYHA classification, but not a mortality difference 
[93,94]. In patients with AF and HFpEF who are 65 years or older, 
rhythm control was associated with a 6.7% lower one-year all-cause 
mortality rate, as compared to rate control [95]. Therefore, AF may 
indicate that the patient’s disease is more advanced, but it might not 
be specifically linked with worse outcomes.

It is difficult to maintain an adequate rhythm control method in 
elderly patients with multiple comorbidities, such as HFpEF [22]. 
Most antiarrhythmics are contraindicated in HF patients, except 
amiodarone and dofetilide, due to their safety profiles and narrow 
therapeutic indices [96]. A pooled study of patients in the AFFIRM 
and AF-CHF (Atrial Fibrillation and Congestive Heart Failure) trials 
determined that amiodarone had similar outcomes of maintaining 
sinus rhythm and decreasing the overall burden of AF between 
HFpEF and HFrEF patients [97]. Dofetilide, another rhythm control 
medication, has comparable efficacy to amiodarone. It is important to 
know that dofetilide has limited availability outside the United States, 
requires careful dose adjustment in patients with kidney disease, and 
has a risk of torsades de pointes. Sotalol is less beneficial, can cause 
torsades de pointes, and should be avoided in patients with severe LV 
dysfunction. Due to greater than a 20% increase in mortality over three 
years, digoxin should be carefully used in patients with AF and HF 

[98]. Contraindications to dronedarone include unstable or advanced 
HF, severe systolic dysfunction, permanent AF, and polypharmacy 
with digoxin. Dronedarone can be considered in patients with stable 
class I or II HF and EF greater than 35% [19]. Propafenone and 
flecainide are harmful in patients with HFrEF and by proxy HFpEF 
[95]. Moreover, catheter ablation was required in patients for long-
term maintenance of sinus rhythm, and it also allowed patients to 
either stop taking or decrease the dosage of their antiarrhythmic 
medications [91]. Furthermore, cardioversion is another option for 
rhythm control, but prospective and RCTs investigating this method 
without the usage of antiarrhythmics are needed to determine its true 
efficacy.

By blocking the atrioventricular node, beta-blockers are 
commonly the first-line medications for a rate control method. Other 
options are non-dihydropyridine calcium channel blockers and 
digoxin. A post hoc analysis of the RACE II (Rate Control Efficacy 
in Permanent Atrial Fibrillation II) study demonstrated that the 
stringency of controlling the heart rate did not have an effect on 
cardiovascular morbidity and mortality, symptoms, and quality of 
life. However, it is important to note that in the lenient rate group 
the mean heart rate was 85 bpm, which was significantly less than 
the maximum value of 110bpm [99]. Moreover, a higher mortality 
rate was demonstrated in the Swedish HF Registry when the rate was 
greater than 100bpm. Beta-blocker usage was also linked with a more 
favorable prognosis [100]. The hypothesis behind these studies is 
that by lowering the heart rate, there is enough time for the diastole 
to adequately fill. In advanced HFpEF, patients have restricted LV 
filling, decreased stroke volume during exercise, and chronotropic 
incompetence. Therefore, patients depend on the ability to increase 
their heart rate during exercise [9].

Catheter Ablation
Another treatment option for recurrent AF is catheter ablation. 

A prospective study evaluated the effectiveness of catheter ablation 
versus antiarrhythmics and/or beta-blockers in patients with AF 
and HFpEF. The study found that sinus rhythm was maintained in 
70% of patients in the catheter ablation group (24/35). Moreover, 
the Kaplan-Meier curve and multivariate analysis revealed that 
performing pulmonary vein antrum isolation by catheter ablation 
was a statistically significant and the only predictive factor for HF 
rehospitalization [101]. Despite this, the patients who did receive 
catheter ablation do require rehospitalizations for further ablations 
and cardioversions to maintain sinus rhythm [101].

In a retrospective study, radiofrequency ablation was found to 
have short-term advantages with 75% having AF-free rates. However, 
40% of patients experienced an atrial arrhythmia within five years 
[102]. A hybrid epicardial and endocardial radiofrequency ablation 
was seen to be retrospectively effective in patients with long-standing 
persistent AF. Moreover, the hybrid radiofrequency ablation was 
associated with significantly improved results of sinus rhythm 
conversion, LA remodeling reversal, and improved LV function 
[103]. A retrospective study showed that patients with AF and 
diastolic dysfunction who received catheter ablation had a higher rate 
of maintaining sinus rhythm without antiarrhythmics versus those 
with systolic dysfunction [102]. Another retrospective study reported 
that catheter ablation’s efficacy is similar in patients with HFpEF 
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and HFrEF [104]. A similar trial found no significant differences 
in recurrence of atrial arrhythmia, all-cause hospitalizations, and 
mortality [105]. These findings are pertinent because many studies 
have theorized that with the altered pathophysiology and higher 
mortality rate of HFpEF versus HFrEF, there would also be a 
difference in efficacy after catheter ablation. However, these studies 
demonstrate that prognosis is favorable in both HFrEF and HFpEF.

Catheter ablation, when effective, was associated with the 
decreased LA diameter, size, and volume as well as reversal of LA 
remodeling and improved LV EF. This was especially in patients who 
converted to sinus rhythm, but was also seen in patients who had 
future recurrences of AF. The proposed etiology was that extensive 
catheter ablation decreased the AF burden [106-109]. As with any 
procedure, there are complications to catheter ablation. Some of 
these include the formation of LA scars (which can further decrease 
LA compliance and distensibility), myocardial injury (which can 
exaggerate LA fibrosis), decreased LA systolic function, and impaired 
ability of LA to transport pulmonary venous blood [32,47]. Therefore, 
these complications would induce and exaggerate AF as described 
above.

In conclusion, this method is potentially helpful for patients 
with comorbid AF and HFpEF. However, further studies, specifically 
RCTs, are required to evaluate and confirm this theory. RAFT-AF 
(Catheter Ablation With or Without Antiarrhythmic Drug Control 
of Maintaining Sinus Rhythm Versus Rate Control with Medical 
Therapy and/or Atrio-ventricular Junction Ablation and Pacemaker 
Treatment for Atrial Fibrillation, NCT01420393) is an ongoing RCT 
that is comparing catheter ablation versus medical rate control.

Other Medications and Procedural Options
Besides the aforementioned treatments, there are still options 

that can be used in patients with AF and HFpEF. As described above, 
the patients with AF and HF have an increased risk of stroke and 
systemic embolic events; however, this risk can be greatly reduced 
with guideline-based anticoagulation therapy [76,110]. Moreover, 
the AFFIRM trial showed that therapeutic anticoagulation was 
associated with significantly decreased long-term mortality [87]. 
Currently, the recommendations for which patients with AF need to 
be anticoagulated are based on the CHADS-VASc score, with males 
requiring 2 points and females requiring 3. As HF - either HFpEF or 
HFrEF - count as one point, all patients with AF who do not have any 
contraindications should be treated appropriately [9,87]. In patients 
with AF and HF, the novel oral anticoagulants were demonstrated 
to have a better efficacy and safety profile, as compared to warfarin 
[111]. However, further trials need to be designed specifically in 
HFpEF before recommendations can be designed.

Furthermore, the high rate of cardiovascular mortality in AF 
demonstrated that the treatment regimen to control the cardiac 
comorbidities needs to be altered and more well defined [76]. As in 
most patients with HF, the core of the treatment regimen is based 
on optimizing the patient’s fluid status. When the overall volume 
is normal, however, the LA pressure is typically elevated due to 
LA myopathy. Therefore, further diuresis generates symptoms, 
is counter-productive, and contraindicated [9]. Additionally, 
simvastatin, pirfenidone, and poly-unsaturated omega-3-fatty acids 
have been illustrated to attenuate atrial fibrosis and AF development 
in HF patients [34].

The sodium-glucose cotransporter 2 inhibitors (SGLT2i), 
namely dapagliflozin and empagliflozin, are showing promising 
results in patients with HF. The DECLARE-TIMI 58 (Dapagliflozin 
and Cardiovascular Outcomes in Type 2 Diabetes) trial included a 
total of 17,160 patients and 1,316 of them had HFpEF [112]. In a 

Author Publication 
Year Trial Name Study Design Population Total 

patients Study arms Conclusion

Oluleye et al. 
[16] 2014 None RCT, 

multicenter

Older than 60 years with 
symptomatic HFpEF and 

at least one hospitalization 
for heart failure during the 

previous six months

4128

AF on baseline EKG 
versus history of AF 
but not on baseline 

EKG

History of AF was common and 
independently associated with an 
increased risk of fatal or nonfatal 

stroke. Patients with HFpEF and a 
history of AF should be considered at 

risk of stroke.

Cikes et al. 
[20] 2018 TOPCAT RCT, 

multicenter

Older than 50 years with 
HFpEF and at least one 
sign or symptom of HF, 
had controlled systolic 
blood pressure, serum 
potassium level <5.0 

mmol/L, and an estimated 
glomerular filtration rate 
of greater than 30 mL/

min per 1.73 m2 of body 
surface area

1765
Received 

spironolactone 
versus placebo

In a well-defined HFpEF cohort, there 
is a significant association between 
AF confirmed by electrocardiogram 
at enrollment (but not a history of 
AF) and morbidity and mortality. 

There is also a markedly increased 
risk following the development of 
post-randomization AF during the 

course of the trial, in particular during 
the first 90 days after the episode of 

post-randomization AF. There was no 
effect of spironolactone on the risk of 
stroke in patients with any known AF 

at enrollment.

Shantsila et 
al. [115] 2020 IMPRESS-AF

RCT, single-
center, 
abstract

Ambulatory patients 251
Received 

spironolactone 
versus placebo

Spironolactone therapy does not 
improve exercise capacity, cardiac 
function, or quality of life in patients 
with atrial fibrillation and preserved 

ejection fraction.

Table 1: Randomized controlled trials evaluating patients with atrial fibrillation and heart failure with a preserved ejection fraction.

AF: Atrial Fibrillation; EKG: Electrocardiogram; HF: Heart Failure; HFpEF: Heart Failure with Preserved Ejection Fraction; IMPRESS-AF: Improved Exercise Tolerance 
in Participants with Preserved Ejection Fraction by Spironolactone on Myocardial Fibrosis in Atrial Fibrillation; RCT: Randomized Controlled Trial; TOPCAT: Treatment 
of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist.
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RCT, the HFpEF had a 12% reduction in HF hospitalizations and 
cardiovascular deaths, as compared to 38% reduction in HFrEF 
[113]. The EMPEROR-Preserved (Empagliflozin in Heart Failure 
with a Preserved Ejection Fraction) RCT showed that empagliflozin 
had a 21% lower relative risk in the primary composite outcome of 
cardiovascular death or hospitalization for HF compared to placebo 
and was mainly due to a 29% lower risk of hospitalization for HF. 
A subgroup of patients with AF revealed that empagliflozin was 
associated with a 22% lower relative risk of the primary outcome 
compared to the placebo. These results support the fact that SGLT2i 
can be another therapeutic option to consider in these patients to 
decrease morbidity and mortality, regardless of the presence or 
absence of diabetes [114].

Although mineral corticoid receptor antagonists are strongly 
indicated for patients with HFrEF, they are not recommended for 
HFpEF. Spironolactone has been recommended by certain studies 
[93] and shown to be not useful in others (Table 1) [9,115-117]. A 
hypothesis is that HFpEF’s less LA fibrosis and more LA stiffness 
and inflammation renders spironolactone less effective [73,118]. 
Candesartan, an angiotensin receptor blocker, was associated 
with reducing the risk of new-onset AF, especially in HFrEF and 
somewhat in HFpEF, in the CHARM (Candesartan in Heart failure 
- Assessment of Reduction in Mortality and Morbidity) study 
[119]. In dogs, the angiotensin II inhibitor enalapril was associated 
with preventing the comorbid sequelae of CHF and AF [120,121]. 
Moreover, the PARAMOUNT (Prospective comparison of ARNI 
with ARB on Management Of heart failure with preserved ejection 
fraction) phase II trial evaluated LCZ696, the angiotensin receptor 
neurolysin inhibitor, which was associated with decreased LA volume 
in HFpEF patients [122].

Additionally, the short-term safety and patency outcome of an 
interatrial shunt device was evaluated in a small sample of patients 
with HFpEF and elevated left atrial pressure by the RCT named 
REDUCE LAP-HF I (A Study to Evaluate the Corvia Medical, Inc. 
IASD System to Reduce Elevated Left Atrial Pressure in Patients With 
Heart Failure). At a one-month follow-up, the IASD appeared to be 
safe, reduced pulmonary capillary wedge pressure during exercise, 
and none of the participants developed new-onset AF or atrial flutter 
[123]. Furthermore, a one-year follow-up of this study demonstrated 
100% device patency and no major adverse cardiac, cerebrovascular, 
or renal events [124]. Therefore, a large-scale RCT, namely REDUCE 
LAP-HF II (National Clinical Trial 03088033), is currently ongoing 
with an estimated completion date of September 2026. 

Conclusion
AF and HFpEF are strongly associated in multiple facets of 

their disease course, traversing all of incidence, pathophysiology, 
and mortality outcomes. With the development of echocardiogram 
and cardiac magnetic resonance imaging, a diagnosis of HFpEF can 
be made in patients with AF. However, further RCTs are required 
to confirm that rhythm control is more efficacious, specifically 
with catheter ablation. Anticoagulation and SGLT2i have been 
recommended for usage in patients with AF and HFpEF. Other 
methods also require confirmation of efficacy, including implantable 
defibrillators, interatrial shunt device, and LA shunt.
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