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Abstract
Hypertrophic cardiomyopathy (HCM) is an inherited cardiological condition that exhibits various clinical
symptoms. The leading cause of atrial fibrillation (AF) in patients with HCM is advanced diastolic
dysfunction and left atrial dilatation and remodeling. In addition to the gradual symptomatic and functional
decline caused by AF, there is an increased risk of thromboembolic disease and mortality, especially if there
is a rapid ventricular rate or obstruction of the left ventricular outflow tract. The mainstay of management
of AF in HCM is a combination of non-pharmacological lifestyle and risk factor modification, long-term
anticoagulation, and rhythm control with anti-arrhythmic medications, septal ablation, and radiofrequency
catheter ablation. This article has examined the development of AF in HCM, its clinical symptomatology,
and its impact, highlighting its management and the mortality associated with AF in HCM.
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Introduction And Background
Hypertrophic cardiomyopathy (HCM) is an umbrella term for a variegated heart disease defined by left
ventricular hypertrophy (LVH) in the absence of any aberrant cardiac etiologies like hypertension or aortic
stenosis [1]. Vulpian took the first step in developing the diagnosis of HCM by identifying it anatomically in
a patient in the year 1868 [2]. According to statistics, 1 out of 500 people is affected by HCM, with a large
percentage of patients being undiagnosed, making it one of the major causes of cardiac mortality in the US
[3]. The prevalence of HCM exhibits a higher inclination toward the African population and is predominantly
observed in males of younger ages [4]. HCM is considered to be a complex disorder that tends to manifest in
patients with attributable risk factors such as a pre-existing arrhythmia, presence of strong family history,
the occurrence of an abnormal blood pressure response on exercise, and ubiquity of deteriorating heart
function [5]. Being a predicament of inheritance, up to 60% of cases of HCM are caused due to mutations in
sarcomeric proteins such as myosin binding protein C, beta-myosin light chain, troponin I, and troponin T.
In comparison, 5-10% of them are caused due to other genetically linked neuromuscular disorders like
Friedreich's ataxia and mitochondrial myopathies [6]. The symptoms capitalized to make a provisional
diagnosis of the disease may vary with individuals and mainly involve chest pain, fatigue, syncope, and
exertion dyspnea causing little exercise [7]. To reach an adequate diagnosis, the most appropriate
investigations used for HCM include electrocardiogram (ECG) and echocardiography (ECHO), which are
performed and interpreted together due to their ability to provide complementary information [1]. A ≥13
mm increase in ventricular septal thickness in the absence of secondary determinants like hypertension and
aortic stenosis is habitually considered to be diagnostic of HCM [1]. Other investigating modalities also
include ambulatory monitoring, exercise ECG, and magnetic resonance imaging (MRI) [1]. The
comprehensive management of HCM starts with a systematic approach of three-generation family history,
which incorporates a regular physical examination, a routine ECG, and a conventional ECHO of first-degree
relatives [8]. Other therapeutic interventions encompass lifestyle modifications such as discontinuation of
high-energy sports and use of first-line medications such as beta-blockers and calcium-channel blockers [9].
Implantable cardiac defibrillator and septal reduction therapy should be considered in patients with
significant risk factors and severe left ventricular outflow tract (LVOT) obstruction, respectively [9]. The
management goal in HCM is to screen families of patients with positive family history, alleviate symptoms
of dyspnea and chest pain, improve the cardiac function to prevent hypertrophic adversities, advance the
scrutinizing modalities to achieve an early diagnosis in young adults, hinder the chances of premature
sudden cardiac deaths, impede the development of future complications, repress events of hospitalizations,
and improve the prognostication of HCM itself [9]. Being heterogeneous, HCM embraces a spectrum of
manifestations depending on the extent and severity of the disease [10]. Atrial fibrillation (AF) is the most
common arrhythmia that tends to sustain in patients with HCM, with the majority of them developing poor
tolerance to it [10]. AF reduces LV filling time, predisposing the patient to an advanced diastolic
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dysfunction, left atrial dilatation, and extensive cardiac remodeling [10]. AF occurring in patients with HCM
commences thromboembolic events, especially in the setting of ventricular tachycardia or LVOT obstruction,
reduces the cardiac output, increases hemodynamic instability, and exacerbates a progressive symptomatic
and functional decline with a heightened rate of cardiac mortality and morbidity [11]. This review article
explores the clinical interrelation between HCM and AF and highlights the diagnostic and therapeutic
possibilities.

Review
Pathogenic mechanisms and hemodynamic implications
The pathogenesis of HCM is explained by a mutation that causes structural changes in sarcomere proteins,
which results in an increased muscle cell size of the heart [1]. The mutations element a disarrangement of
cells, which precipitate fibrosis in the structural components of the cardiac muscle cells, augmenting LVH
and an increased thickness of the interventricular septum [12]. Histopathologically, the cardiomyocytes
show complete disorganization and fibrosis, characterized by the loss of nuclei and accumulation of
extracellular connective tissue [13]. These changes precipitate as LVOT obstruction, which leads to an
elevated LV end-systolic volume in the systolic phase (contraction stage) (Figure 1). A failure to meet the
circulation needs augments tissue ischemia and the leaflet of the valve, causing mitral regurgitation (MR)
[14]. This disease can be characterized as a single-gene disorder with an autosomal-dominant inheritance
pattern, and one allele mutation is usually enough to cause the disease, even though its expression and
penetrance can vary considerably [15]. Statistically, the disease is shown to be inherited by about 60% of
patients with HCM [15]. On the other hand, diastolic dysfunction (the relaxation phase) ensues due to an
increased thickness in the LV wall inducing the need for an intensified blood supply [16]. Other inheritance
modes, apart from autosomal dominant and X-linked, have been shown to exist but are rare in occurrence
[16]. Both phenocopy and syndromic conditions have been shown to contribute to the development of HCM
[16,17]. The syndromic conditions mainly comprise Noonan syndrome and storage disorders like Anderson-
Fabry's disease.
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FIGURE 1: Pathogenesis of atrial fibrillation in hypertrophic
cardiomyopathy

In contrast, the phenocopy condition includes Fabry's disease, which is associated with an X-linked pattern
of inheritance [16-18]. Pioneering studies conducted by Geisterfer-Lowrance et al. led to the discovery of an
essential variant of MYH7 gene that coded for a sarcomere protein called myosin heavy chain (MYH7),
thereby attempting to uncover the molecular genetic basis of HCM, which came to become the basis of
large-scale discoveries made in the following years [1,19]. There were a small number of autosomal-
dominant mutations that have led to premature truncation of the encoded proteins, which primarily include
the p.Gln425X mutation in the MYBPC3 gene or the c.2864-2865delCT in the MYBPC3 gene and explained as
a gain of a stop codon or frameshift mutation in itself [20,21]. The nonsense-mediated decay (NMD) pathway
identifies the premature termination codon (PTC), which precipitates the release of the elongation factors
(proteins that attach amino acids to the template during protein synthesis), and the decay-inducing complex
(involved in mRNA degradation) [22,23]. Consequently, degradation of such transcripts ensues and causes a
decline in the number of functional proteins [24]. The absence of a natural stop codon in a transcript induces
a mechanism called the "non-stop decay pathway," which identifies the transcripts and releases them from
ribosomes to prevent translation [24,25]. Furthermore, the exosome complex degrades the released
transcripts while the No-Go mRNA decay pathway stalls ribosome progression during translation, resulting
in an endo-nucleolytic cleavage of the mRNA transcript [23]. As a result of these quality control
mechanisms, truncated proteins fail to synthesize, causing the transcripts containing PTC, which escape the
NMD, to be expressed as truncated proteins resulting in abnormal proliferation of the myocardial septum
[1].
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A hypertrophied LV typically has an average end-diastolic volume, a standard or elevated ejection fraction
(65-70%), and a decreased end-systolic volume [25]. When hyperdynamic ejection occurs, the anterior
leaflet of the mitral valve moves anteriorly during systole, passing against the hypertrophied
interventricular septum during that time, which results in obstruction of outflow in approximately one-third
of patients with HCM [26]. HCM is characterized by dynamic blocks, which are further determined by factors
such as the ventricular preload, afterload, and myocardial contractility itself [26-30]. According to a research
study analyzing LVOT obstruction conducted by Maron MS et al., out of 320 patients who were diagnosed
with HCM and suffered from a predominantly obstructive disease that was characterized by LV outflow
gradients, 225 of them presented with symptoms of heart failure, which was detectable by exercise alone
[30]. Diastolic dysfunction is considered the most common cause of heart failure among HCM patients [31].
The interstitial fibrosis and increased stiffness lead to thickening of the ventricular wall, which augments
slowed relaxation, LA volumes elevation, and an eventual prediction of pathological developments such as
AF and heart failure themselves [31]. The disease contributes to developing mechanisms that hinder the
heart's normal automaticity, leading to an increased prevalence of AF in HCM patients [32]. HCM elements
LV thickness, impedes chamber contractility, and promotes conduction abnormalities in the left atrium [32].
Automaticity is primarily determined by atrial muscle cells' action potential maintained by the physiological

amalgamation of an inward rectifier K+ current and pacemaker current (If) [33]. Since the resting potential is

stabilized by a high flow of K+ ions balanced by a high pacemaker current, a decrease in the inward flow of K +

ions and already elevated pacemaker current hampers the automaticity leading to an aberrant conduction
system [33]. Early afterdepolarizations are caused mainly by prolongation of action potential duration

because of allowing the L-type Ca2+ current to recover from inactivation, causing depolarizing and inward

movement of Ca2+ ions. These changes in the atrial muscle cell contribute to the prevalence of AF in
patients diagnosed with congenital long-QT syndrome [34]. Ryanodine receptors (RyRs) are
specialized sarcoplasmic/endoplasmic reticular channels that are known to precipitate the abnormal release
of calcium, resulting in delayed afterdepolarizations [35]. A combination of transmembrane abnormalities
and calcium overload in the sarcoplasmic reticulum causes premature opening of RyRs. It induces the

sodium-calcium (Na+-Ca+) pump activation, which exchanges three Na+ ions for one Ca2+ leading to a net
depolarizing inward positive-ion movement [35]. These changes lead to delayed afterdepolarizations and a
discrepancy in the automaticity leading to the development of AF [35].

The extracellular matrix primarily comprises small, spindle-shaped cells known as fibroblasts [36]. Up to
75% of cardiac cells are made up of these cells, but they account for less than 10% of total cardiac mass [36].
Profibrotic stimuli activate an aberrant differentiation of fibroblasts into myofibroblasts [37]. Myofibroblasts
tend to be secretory and nonproliferative, contribute to the formation of contractile scar, and are shown to
possess smooth muscle actin, which is associated with increased differentiation into these cells [37]. Bone
marrow-derived cells, endothelial cells, pericytes, and endothelial cells contribute to the sources that
explain the origination of fibroblasts and myofibroblasts in the remodeled myocardium [37].

Several pathways have been identified to enhance the molecular and cellular mechanisms contributing to
atrial fibrosis development. The calcium entry pathway contributes to extracellular signal-regulated kinase
(ERK) phosphorylation and activation, consequently inducing fibroblast survival and promoting fibrosis
[38,39]. A cardiomyocyte-fibroblast coupling enables low-resistance electrical junctions, which modulate
mutual electrical activity and account for slowed conduction and the implementation of reentrant
arrhythmias [40,41]. There is evidence that physiological effects of fibrosis on atrial conduction occur as a
consequence of collagen production that physically separates cardiomyocytes instead of fibroblasts that
couple with cardiomyocytes and electrically load them [42]. Maintenance of AF in HCM is mainly dependent
on the up-regulation of inward rectifier currents, which Girmatsion Z et al. explained, who conducted a
study on 62 patients undergoing mitral valve repair or bypass grafting [42]. Thirty-one of 62 patients were
diagnosed with AF, and the study helped provide potential therapeutic benefits and new insights attempting
to explain molecular mechanisms for AF maintenance in HCM patients [42,43].

An increase in the thickness of the LV wall and interventricular septum obstructs the aorta and causes an
increase in LV diastolic volume and pressure because the movement of the mitral valve anteriorly causes MR
(Figure 2).
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FIGURE 2: Mitral regurgitation with an increase of thickening of the left
ventricular wall
LA, left atrium; MR, mitral regurgitation; Ao, aorta; MV, mitral valve; LV, left ventricle

Risk factors and the clinical impact for the development of AF in HCM
According to various research studies, diagnostic modalities such as the ECG and ECHO have been successful
in describing independent factors associated with AF in patients with HCM [44]. LA diameter, age, and heart
failure class have shown to be the strongest independent predictors of the development of AF [45]. One of
the most critical risk factors for the development of AF in HCM patients is LA size [44]. A cohort study
performed by Olivotto I et al. in 480 patients of HCM (age at diagnosis >50 years) in the year 2001 that
involved a nine-year follow-up concluded that there was a significant association between HCM and the LA
size with 107/480 patients developing AF as a consequential complication of the disease [44]. A meta-
analysis conducted by Guttmann OP et al. in 2013 in 7381 patients of HCM attempted to understand the
prevalence of AF in HCM by explaining the association of LA size with the disease, only to reveal LA
diameters of 45 mm and 38 mm in patients with AF and sinus rhythm, respectively [45]. The development of
paroxysmal atrial fibrillation (PAF) was shown to have an imperative association with LA volume and left
atrial volume index (LAVI) [46]. While LA volume was shown to be the most sensitive and specific marker for
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detecting PAF, LAVI was established to provide additional information on LA modeling, proving a stronger
predictor of AF development than right atrial modeling in patients diagnosed with HCM [46]. In a study

conducted by Tani T et al. in 141 patients of HCM, an LAVI >40 mL/m2 was considered a crucial prognostic
tool in determining the development of AF in these patients [46].

Age is considered one of the most indicative predictors of AF in HCM patients [44]. According to several
cohort studies, AF associated with HCM is rarely seen to develop in patients aged <30 years and is more
prominent in the older groups [44]. Age thresholds ranging from 40 to 50 years have proven to be vital
indicators of AF development in the general population and patients with HCM themselves [44]. LA
enlargement is shown to occur due to the amalgamation of obstructive physiology, myocardial stiffness,
irregular heart rhythms, and MR, with MR being one of the most critical repercussions associated with AF in
patients with HCM [47]. Some studies have also shown that a New York Heart Association Class III/IV,
moderate to severe MR, and an LV ejection fraction less than 50% are associated with an elevated risk of AF
[47]. Siontis KC et al. conducted a retrospective analysis of >3500 patients with HCM from 1975 to 2012, and
studies concluded that several echocardiographic markers in HCM patients like LV wall thickness and LV
stiffness are associated with higher chances of developing AF as a consequence of structural abnormalities
precipitated by the disease [47]. Inhomogeneous atrial conduction is determined by P wave dispersion
(PWD), which is used as an estimation modality to assess PAF development in patients with HCM [48]. Early
measurement of the LA diameter and PWD could lead to an early identification of high-risk patients of HCM
prone to develop AF, allowing the establishment of appropriate treatments and follow-up protocols required
for long-term management of the disease [48]. Ozdemir O et al. (2004) conducted a study in 30 patients from
1998 to 2001. With a sensitivity of 96% and specificity of 91% for detecting AF, as measured by PWD greater
than 52.5 ms of the P wave, results showed 27 patients with AF compared with a control group consisting of
53 patients without any documented AF episodes and a significant correlation between PWD and AF in
HCM patients [48].

AF can be defined as either paroxysmal when it can be terminated spontaneously or successfully
cardioverted to sinus rhythm, or as chronic when it can be established, based on ECG recordings obtained,
following the acute onset of symptoms or by chance during a routine medical examination [44]. A study
performed by Olivotto I et al. in 2001 in 480 patients found that ischemic stroke was eight times as typical in
the AF group as it was in the control group (21% AF; 2.6% non-AF), with most of the patients being affected
by the symptoms of progressive heart failure [44]. In a study conducted by Rowin EJ et al. in the Tufts
Medical Center Hypertrophic Cardiomyopathy Institute from 2004 to 2014, 1558 patients showed that
226/304 patients experienced symptomatic AF, which highlighted an impairment in the quality of life (QOL)
due to the unpredictability of the frequency and timing of the transient episodes of AF [49]. HCM patients
with AF tend to have an increased risk of death by up to four-fold compared to individuals with sinus
rhythm, with a significant amount of mortality associated with spontaneous episodes of thromboembolism
(TE) and worsening heart failure [44]. Moreover, few sudden cardiac deaths have also been reported due to
deterioration of AF into ventricular tachycardia, especially when pre-excitation is present [44]. In HCM, AF
is common and is associated with a high risk of TE [45]. Most data suggest that anticoagulation should be
considered for AF patients as there is critical evidence proving that AF increases the risk of systemic TE in
HCM patients [45]. Guttmann OP et al. conducted a retrospective longitudinal cohort study from 1986 and
2008. They concluded that there is an eight-fold risk of TE in HCM patients with AF, and the development of
TE is considered a poor predictive factor in the long-term prognostication of HCM [45,50]. AF in patients
with HCM continues to sway the etiologic diagnosis among physicians and should be investigated
thoroughly.

Management
Several studies have identified that lifestyle modifications like healthy eating and physical activity could
reduce the incidence of AF and produce successful ablation outcomes. Even though these have not explicitly
included HCM patients, recommendations and treatment of underlying comorbidities like diabetes,
hypertension, and sleep apnea should be undertaken to prevent AF.

Pharmacological Treatment

1. AV node suppressants

Beta-adrenergic antagonists have long been used in the treatment of HCM. Beta-blockers were believed to
reduce symptoms (primarily breathlessness and chest pain) and enhance exercise tolerance mainly by
decreasing the heart rate and a consequent lengthening of diastole. A clinical study conducted by Cohen LS
et al. in 13 patients with beta-adrenergic antagonist (propranolol) results showed that 10 patients had
improvement with the symptoms of obstruction blockade and hemodynamics in ischemic hearts, and also
when propranolol was used in exercise-induced angina pectoris in people with ischemic heart disease, there
was a significant improvement in symptoms [51]. Another small study was performed by Thompson DS et al.
with propranolol (beta-adrenergic antagonist) in 13 HCM patients aged 18-62 years. Results have shown
that there is a decrease in oxygen consumption in these patients. Indirectly the reduction in heat rate is
beneficial in severe ischemic patients to prevent excessive oxygen consumption [52].
Calcium-channel blockers serve as a cornerstone in AV node suppression therapy and have been used for a
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long time. A study was performed using a calcium-channel blocker (verapamil) by Hanrath P et al. in 11
HCM patients. The results revealed that there was a significant improvement in regional LV relaxation and
LV filling, 10 minutes after intravenous injection (IV) of verapamil (0.15 mg/kg body weight), and prolonged
isovolumic LV relaxation time was observed. The data concluded that intravenously administered verapamil
could significantly shorten the LV relaxation time in HCM patients, and it is associated with improved filling
of the left ventricle [53]. Another study was performed by TenCate FJ et al. using verapamil in 10 HCM
patients using a combined hemodynamic-ultrasonic technique. LV pressure was recorded with the help of
ECHO. These patients were given IV verapamil for a short term, and data show no significant improvement
after short-term administration. LV relaxation and filling dynamics were abnormal [54].

Harrison DC et al. conducted a clinical study in 15 patients between 8 and 42 years with a new beta-
adrenergic blocker called Nethalide. These patients underwent right heart catheterization after beta-
adrenergic receptor blocking with Nethalide, and five postoperative subjects also underwent the procedure.
The heart rate and rate of pressure development in the right ventricle decreased slightly during rest, but the
cardiac index was not altered by Nethalide administration. The study concluded that there was a significant
symptomatic relief in these HCM patients [55].

A study performed by Pollick C et al. in 43 HCM patients showed substantial decreases in basal subaortic
pressure gradient in 35 patients and a subgroup of 13 patients despite prolongation of the pre-ejection
period from 104 to 137 ms, and the cardiac output remained unchanged after the use of disopyramide. So
despite a decrease in contractility, cardiac output appears to be maintained because disopyramide reduces
mitral valve anterior motion resulting in decreased MR. The study concluded that in patients with HCM and
resting obstruction of LV outflow, disopyramide produced predictably favorable hemodynamic effects [56].

Digoxin was considered adequate for controlling AF rate; however, it does not effectively manage ventricular
rate when exercised. Digoxin is a positive inotropic drug beneficial in patients with heart failure. A study
performed by Roberts SA et al. in 115 HCM patients with AF has given digoxin in Technology Advancement
Center of the University Hospital Consortium (UHC), with a rapid ventricular rate (>120 beats/minute). The
time to control the rate is 11.6 h to bring the heart rate to <100 beats/minute. The study concluded that rapid
ventricular rate is inconsistent, inefficient, and in some cases inappropriate [57]. However, the use of
digoxin is limited by the unpredictability of its adverse reactions like arrhythmias and gastrointestinal
symptoms.

2. Control of AF in HCM patients

The management of AF was based on two principles -- symptom relief (managed with rate control or rhythm
control methods) and prevention of complications (prevented with anticoagulation). Acute complications
include strokes, tachycardia-induced cardiomyopathy, and worsening heart failure.

Control of AF in HCM patients leads to marginally lower rates of cardiovascular deaths, decreased number of
admissions to hospitals for heart failure, lesser thromboembolic events, severe bleeding, pacemaker
implantation, or adverse effects from antiarrhythmic drugs in the general population. In a large randomized
trial performed by Al-Khatib SM in 28,836 HCM patients, the study concluded that after treatment with
antiarrhythmic drugs, there was a significant decrease in mortality and a symptomatic improvement in
these HCM patients [58]. There are about four classes of antiarrhythmic drugs (Table 1), Class 1 (sodium-
channel blockers) and Class 3 (potassium-channel blockers) are helpful for rhythm control, and Class 2
(beta-blockers) and Class 4 (calcium-channel blockers) are for rate control. These drugs are used depending
upon the progression of the disease and the clinical outcome.

Classification Mechanism

Class I Sodium-channel blockers (Intermediate associated/dissociation)

Class II Beta-blockers

Class III Potassium-channel blockers (sotalol is also a beta-blocker; amiodarone has Class I, II, III, IV activity)  

Class IV Calcium-channel blockers  

TABLE 1: Classification of antiarrhythmic drugs

Class III antiarrhythmic medications were often used due to significant hypertrophy of the left ventricle and
proarrhythmic potential. Amiodarone is an effective agent, even though it was commonly used despite
having a relatively young population. In a study performed by Malasana G et al. in 52 consecutive patients
with HCM, 24 developed AF, and 29 (63%) were restored to sinus rhythm with amiodarone after a five-year
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follow-up period, which resulted in sinus rhythm being maintained in 22 out of 29 patients. Results
concluded that following treatment with amiodarone, these patients required fewer alterations in their drug
therapy, experienced a small number of embolic episodes, and needed fewer cardioversions [59]. In another
small study performed by McKenna WJ et al. with ambulatory ECG monitoring (48- hour), amiodarone was
found to be effective in treating paroxysmal AF/supraventricular tachycardia in eight of nine patients
without provoking ventricular arrhythmias, but discontinued due to side effects in three patients, one with
hair loss, one with facial discoloration, and one with neurological symptoms. After discontinuing
amiodarone in three patients due to side effects, the drug was reintroduced at a lower dose and was well
tolerated. They concluded that with the use of amiodarone, there was a significant decrease in paroxysmal
AF/supraventricular tachycardia in HCM patients [60].

Generally, sotalol is the antiarrhythmic choice for otherwise young patients with AF in HCM. HCM patients
may also benefit from sotalol in preventing AF. In a study performed by Tendera M et al. in 30 patients with
HCM, six out of seven patients experienced improvement by the abolition of supraventricular arrhythmias
by sotalol. In comparison, seven of 13 patients experienced improvement through suppression of
arrhythmias. After six months of follow-up, 25 patients had better exercise tolerance. Ventricular
tachycardia was abolished in four of eight cases. However, it appeared during sotalol treatment in one case
free of repetitive arrhythmias on placebo. It should be administered under supervision to monitor QT
prolongation over the first few doses. Monitoring of renal function, ECG changes, serum potassium, and
serum magnesium was regularly done when compared with placebo. But in one patient, it had to be
discontinued due to bronchospasm. The study concluded that sotalol significantly improves exercise
tolerance and effectively suppresses both supraventricular and ventricular arrhythmias in patients with
HCM [61].

Dofetilide is a Class III antiarrhythmic agent. In a study performed by Moore JC in 1404 HCM patients, 32%
female patients were reviewed retrospectively from 2008 to 2012 at the Cleveland Clinic to suppress the
AF. Twenty-one patients were discharged on dofetilide, three discontinued during loading due to QTc
prolongation, and one was ineffective. The study concluded that among this group of patients with AF and
HCM, dofetilide was well tolerated, and it helped to manage AF in 21/25 (84%) cases [62].

3. Thromboembolic prophylaxis

Patients with HCM who have AF have a substantial TE risk. Major guidelines recommend advising patients
to take anticoagulants for a long term to prevent TE in HCM patients with AF.

Thrombotic events are insufficiently appreciated complications of HCM, which causes a stroke or other
peripheral vascular events or may lead to sudden cardiac death. In a clinical study conducted by Maron BJ et
al. in 900 patients who were followed up for seven years, 51 (6%) patients experienced a stroke or other
vascular events. Out of these, 21 patients (41%) died. The results concluded that non-anticoagulated
patients with AF had a significantly higher cumulative incidence of these events than the warfarin-treated
patients (31% vs 18%) [63] (Table 2). In a retrospective analysis performed by Robinson K et al. between 1957
and 1985 in 174 HCM patients with AF who were followed up for 11 years, 25 of the 52 patients were treated
with conventional therapy alone and seven with amiodarone alone, and the remaining 20 patients received
standard treatment first. The study concluded that there was a prominent decrease in the episodic
reoccurrence of TE and a maintenance of sinus rhythm, and the use of amiodarone therapy was associated
with the maintenance of sinus rhythm, fewer drug therapy adjustments, and fewer attempts at direct current
cardioversions (over a shorter period) [64] (Table 2).
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  Reference   Therapy
 No of
patients

 Study design Result

Maron BJ et
al. (2002)
[63]

Warfarin 900 43.2% of patients with AF were anticoagulated

Cumulative incidence of
thromboembolism among non-
anticoagulated patients was twice that of
patients anticoagulated (31% vs 18%)

Robinson K
et al. (1990)
[64]

Amiodarone 174

45 of 52 patients with AF received conventional
therapy alone, 25 patients were followed with
amiodarone, and seven patients with only
amiodarone

Fewer alterations in drug therapy, fewer
embolic episodes, and more remained
in sinus rhythm; fewer current
cardioversion attempts have been noted

 
Higashikawa
M et al.
(1997) [65]

Warfarin 83
37% (seven out of 19) of HCM patients with AF
were treated with warfarin

Ischemic stroke was seen in six out of
seven warfarin-treated HCM patients
with AF

Kitaoka H et
al. (2001)
[66]

Warfarin  91 45% of patients with AF anticoagulated
42% of patients without warfarin vs 10%
with warfarin experienced
thromboembolism

Jung H et al.
(2019) [67]

Effectiveness and
safety of non-
vitamin K
antagonist  vs
warfarin (oral
anticoagulants) 

2459

A cohort study conducted in The Korean
National Health Insurance Service database
warfarin-treated group of patients with HCM and
AF (n = 955) who were compared with a 1:2
propensity-matched NOACs-treated group (n =
1,504)

All-cause mortality and composite fatal
cardiovascular events were lower than
those taking warfarin and suggest that
patients with HCM and AF can be safely
and effectively treated with NOACs

TABLE 2: Summary of studies of different designs conducted between 1990 and 2019 on
thromboembolic prophylaxis of AF in HCM
AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy; NOACs, non-vitamin K antagonist oral anticoagulants; n, number

The ischemic cerebrovascular events are more commonly seen in HCM patients with AF than in patients
with only HCM. The risk of sudden cardiac death incidence increases with this. Anticoagulation with
warfarin reduces the thrombus formation and decreases the occurrence of cerebrovascular thrombotic
events. Higashikawa M et al. performed a clinical study at Shiga University of Medical Science Hospital from
1976 to 1994. In 83 patients with HCM, 19 of them were diagnosed with AF, and seven patients from these
19 were treated with warfarin. The results showed that six out of these seven warfarin-treated HCM patients
with AF had decreased thromboembolic risk. The study concluded a significant improvement with warfarin
for preventing cerebrovascular thrombotic events [65] (Table 2). In a small study conducted by Kitaoka H et
al. in 91 Japanese HCM patients, the patients were treated with warfarin and the prognostic value of AF for
long-term mortality and morbidity was examined. Eighty-seven patients with AF had 12 cardiovascular
events (embolic events in five, heart failure in four, and sudden death in three), and four patients without
AF had one cardiovascular event (embolic event in one). The study results concluded that 42% of patients
without warfarin vs 10% with warfarin experienced TE, and there was a significant improvement in
decreasing thrombotic events in HCM patients with AF [66] (Table 2).

Alternatives to warfarin include non-vitamin K antagonist oral anticoagulants (NOACs). A cohort study was
performed by Jung H et al. in 2458 HCM patients from the Korean National Health Insurance Service
database with a warfarin-treated group of patients with HCM and AF (n = 955) who were compared with a
1:2 propensity-matched NOAC-treated group (n = 1504). The study concluded that the risk of stroke and
major bleeding was similar in patients with HCM and AF taking NOACs. However, the all-cause mortality
and composite fatal cardiovascular events were lower than those taking warfarin, suggesting that HCM and
AF patients can be safely and effectively treated with NOACs [67] (Table 2).

Nonpharmacological Treatment

Patients with recurrence of AF, drug resistance, and contraindications to pharmacological therapy are
surgical candidates. 

Di Donna P et al. performed a study in 61 HCM patients with paroxysmal or long-standing AF. After
radiofrequency catheter ablation (RFCA), 41 patients were restored to sinus rhythm. An approach with
pulmonary vein (PV) isolation plus linear lesions was employed in these patients. Most patients with long-
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term sinus rhythms who underwent RFCA had symptomatic improvement. However, redo procedures were
necessary in some cases. The study results concluded a significant decrease in AF with RFCA in HCM
patients [68].

Another study was performed clinically by Bunch TJ et al. in 33 patients with HCM, in which the patients
underwent PV isolation or wide-area circumferential ablation and were followed up for two years with 12-
lead ECG, 24-hour ambulating ECGs, ECHO, event monitor strips, and SF 36 QOL surveys being obtained
before ablation and for routine follow-up. Additional linear ablation might improve outcomes in patients
with severe LA enlargements and more advanced diastolic dysfunction. The study concluded that there were
a prominent reduction in AF reoccurrence and reasonable symptomatic control in HCM patients who had
undergone ablation and PV isolation [69].

A clinical study was performed by Walters T et al., in which 83 AF patients with age <75 years were followed
up for 12 months; these patients underwent an early catheter ablative intervention, and after the procedure
was done, they were followed up with detailed baseline assessment including blood pressure readings,
anthropometric measurements, digital ECGs, and transthoracic ECHO, allowing evaluation of myocardial
strain by two-dimensional speckle tracking ECHO. And after effective AF ablation, with a negligible AF
burden over 12 months, the study concluded that there was a significant improvement in reverse structural
remodeling in HCM patients and there was a decrease in the occurrence of AF [70]. Derek P et al. performed
a study in 30 patients who were followed up for 12 months. Cavotricuspid isthmus block and PV isolation
were performed on all patients.

Additionally, patients suffering from persistent and long-standing AF, and those who had undergone
repeated procedures, were created with linear lesions in the left atrium, and complex, fragmented atrial
potentials were ablated. The study concluded that it was a safe and an effective therapeutic option to treat
paroxysmal AF patients with HCM. Ablation worked less effectively in patients with persistent AF and even
less effectively in long-term continuous AF. Patients often required repeated procedures. Antiarrhythmic
drug therapy is often needed because of a significant degree of atrial remodeling [71]. AF can be treated by
circumferentially isolating all PVs or isolating electrical connections within their Ostia. Walczak F et al.
conducted a study in 80 HCM patients (51 men, 29 women) with AF, who were symptomatic and drug-
resistant. Selective ablation was done in those patients who had detectable AF. The results were obtained
with success in 61 patients, and there was a significant clinical improvement in another nine patients. The
study concluded that selective ablation effectively eliminated AF with only a few triggering foci. However,
chronic and persistent AF patients experienced some delay in benefiting from the treatment due to the
delayed reversal of atrial remodeling [72].

Dilling-Boer D et al. performed a study in 47 HCM patients (32 men and 15 women) with a mean age of 47 ±
10 years and who were followed up for seven months. Initially, only ectopic foci were ablated, and a
relatively high recurrence rate was associated with trigger-directed ablation of focally induced AF. Study
results concluded that comprehensive ablation techniques separate all PVs empirically and decrease the LA
structural remodeling in HCM patients and there was a significant decrease in AF occurrence in these
patients [73]. However, more extensive ablation techniques have emerged that isolate all PVs empirically
and place circumferential ablation lines in the left atrium. 

In AF recurrence, the posterior wall of the left atrium plays a key role, but the advantages of LA posterior
wall isolation are unclear. HE X et al. performed a meta-analysis in 594 AF patients and compared posterior
wall ablation with other ablation groups. The study participants had a lower atrial arrhythmia recurrence
rate (relative risk 0.81, 95% confidence interval 0.68-0.97, p = 0.02). The study concluded that there was a
significant decrease in the reoccurrence of AF without any procedure-related complications [74]. 

Limitations
HCM has a complex network of etiologies with multiple underlying components. This article concentrates
solely on HCM's impact on AF for analysis and does not address other variables in the prognosis of this
condition.

Conclusions
As evident from the studies reviewed in this article, HCM causes structural changes in myocardial tissue,
leading to the formation of AF. The occurrence of AF during the evolution of HCM is common, but at the
same time, it is associated with a poor prognosis. The causes of its development are multifactorial, including
the typical anatomical and hemodynamic alterations associated with HCM and genetic factors. Also, AF
arises from mechanical and electrical atrial adverse remodeling processes, particularly progressive LA
dilation. Clinical practitioners should be on the lookout for this arrhythmia during regular follow-ups with
patients. Several echocardiographic markers in HCM patients, like LV wall thickness and LV stiffness, are
associated with higher chances of developing AF due to structural abnormality precipitated by the disease.
The clinical implication of difficulties that physicians confront when dealing with these illnesses was the
reason for the development of various strategies for the treatment. Nowadays, several pharmacological and
nonpharmacological strategies are available for treating acute AF, preventing recurrences, and controlling
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the rate of patients with permanent AF. Beta-blockers and amiodarone, and interventional catheter-based
radiofrequency ablation in some cases, are options to maintain the patients in sinus rhythm. Disopyramide
was indicated as a third-line agent to be used for the treatment of life-threatening arrhythmia and AF. Other
management strategies such as regular monitoring via ambulatory electrocardiogram for those without
diagnosed AF and radiofrequency catheter ablation for HCM patients with AF were previously reported to be
associated with more minor embolic events.
Moreover, anticoagulation is a cornerstone in treating HCM patients already after the first documented AF
episode. Anticoagulation with warfarin reduces the thrombus formation and decreases the occurrence of
cerebrovascular thrombotic events. Alternatives to warfarin including NOACs are the mainstay for mortality,
and composite fatal cardiovascular events were lower than in those taking warfarin. Such treatment
protocols must be individually adjusted for each patient. Finally, we believe that more significant research
into the link between HCM and AF is needed to develop a more coordinated and direct approach to
diagnosing and treating these disorders.
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