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Pesiome

B HacToseM ob630pe npescTaB/ieHbl COBPEMeHHble CBefeHNA 06 0COBEeHHOCTAX PUOPUANALMN NPeACepPAUIi Y L, C TMNepTPOPUYECKON Kapamno-
Muonatuei. MpUBOAATCA AaHHbIE O PACNPOCTPAHEHHOCTYU, MAaTOreHe3e U OCNIOKHEHUAX GUEPUANALMM NPeACcepAnii. B cTaTbe npeacTaBieHbl Co-
BPEMeHHbIe KNMHMYECKNE peKOMeHAaLUM aBTOPUTETHBIX Hay4YHbIX MEAULIMHCKMUX coobluecTB no obcyxaaeMoii npobaeme. MogpobHo oceelyaoTcs
daKTopbl pUCKa BO3HUKHOBEHWUA GUBPUNNALUN NPeACEPANIi Ha GpoHe rnnepTpodUYeCcKol KapAMOMMONaTUK C AeMOHCTpaLMel pe3yibTaToB pasiny-
HbIX MCCNe0BaHUM, MOCBALLEHHBIX M3YYEHUIO B3aUMOCBA3N MeXAY (paKTOPaMM pUCKa U BEPOATHOCTbLIO PasBUTUA apuUTMUU. OMUCHIBAKOTCA METOAbI
BbIIB/IEHWA, K/IMHUYECKME NPOABAEHUA U TeueHne GUEPUANALUM NPesCcepAnia Y 60/bHBIX C TUNepTPOpUYecKoii KapAavoMuonaTueit. MpeacTaBaeHsbl
COBpEMEHHble IMTepaTypHbIE AaHHbIE, MOCBALLEHHbIE TaKTUKe BeAEeHWUA NaLMeHTOB ¢ GUEPUANALMEN NpesCepANi, PacCMATPUBAIOTCA MOAXOAbI K
NIeYEHMNIO C UCMO/Ib30BAHMEM AaHTUKOArY/IAIHTOB, aHTUAPUTMUYECKUX MPenapaToB, NMoKasaHUsA AN NPOBEAEHUA PaAVOoYaCcTOTHOWM TPaHCKaTeTepHOM
abnauun n pesynbTaThl UCCNEA0BAHNIN, MOCBALLEHHbIE JONTOCPOYHON 3dPeKTUBHOCTU npoleaypbl. ObcyxgaeTca BegeHne 60/IbHBIX B Cy4Yae He-
BO3MOXHOCTW BOCCTAHOB/IEHUA U NOAAEPXKaHUSA CUHYCOBOMO pUTMA.
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Abstract

The current information about features of atrial fibrillation in patients with hypertrophic cardiomyopathy is presented in this review. The data about
prevalence, pathogenesis and its various complications in these patients are disclosed. The article contains updated clinical recommendations of
authoritative medical societies on the discussing problem. There is detailed discussion of risk factors of atrial fibrillation onset in setting of hypertrophic
cardiomyopathy with demonstration of results of different studies concerning to investigation of relationship between risk factors and probability
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of the arrhythmia development. There is description of detection methods, clinical manifestations, and the course of atrial fibrillation in patients
with hypertrophic cardiomyopathy. The contemporary literature data are presented regarding to the management of patients with atrial fibrillation
with use of anticoagulants, antiarrhythmic drugs, indications for performing of radiofrequency ablation and results of studies concerning long-term
efficacy of such procedure are demonstrated. The discussion on the management of the patients in cases of sinus rhythm restoration or maintenance
failure is described.

Key words: hypertrophic cardiomyopathy, cardiac arrhythmias, atrial fibrillation, risk factors, anticoagulant therapy, antiarrhythmic therapy, left
ventricular outflow tract obstruction, catheter ablation
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Introduction

Hypertrophic cardiomyopathy (HCM) is a disease
with morphological expression only in the heart; it is
primarily characterized by left ventricular (LV) hyper-
trophy with no other cardiac, systemic or metabolic dis-
eases that can cause severe hypertrophy in a particular
patient with sarcomere mutation that causes this disease,
or with genetic etiology that remains unclear [1-5].

HCM prevalence is quite high and is approximately
one case per 500 individuals [2-3, 6]. By some accounts,
the prevalence of this disease in the United States is even
higher, reaching a ratio of 1:200 [4]. HCM is an auto-
somal dominant disease; its causes include mutations
of genes that encode regulatory, contractile and struc-
tural proteins of cardiac sarcomeres [7-9]. To date, at
least 13 genes with more than 1,500 mutations expressed
mainly or exclusively in heart tissues have been found in
patients with HCM [5, 9-11].

Various clinical manifestations of HCM due to the
severe hypertrophy of heart walls, obstruction of LV
outflow tract (LVOT), mitral valve insufficiency and
microvascular pathology include various rhythm distur-
bances (RD) [12-15]. Almost all types of arrhythmias
are detected in association with HCM, particularly atrial
fibrillation (AF), other supra- and ventricular RD, extra-
systoles, Wolff-Parkinson-White syndrome and, to a
lesser extent, bradyarrhythmia [11, 16].

Arrhythmias usually aggravate the clinical picture
of cardiomyopathy, increase the risk of stroke and over-
all mortality and contribute to the progression of heart
failure (HF) [17-19]. AF is the most frequent persistent
cardiac RD in patients with HCM that contributes to the

worsening of the symptoms of the underlying disease
and the quality of life [17, 20, 21].

The objective of this review was to summarize litera-
ture data on epidemiology, pathogenetic features, clini-
cal manifestations, screening methods and management
of AF associated with HCM.

1. Epidemiology and Relevance

AF is the most common persistent arrhythmia in
patients with HCM found in 14-28% of cases [3, 14, 17,
21-27]; its incidence in people aged 70+ reaches 40%
[25]. AF is found 4-6 times more often in patients with
cardiomyopathy than in patients of the same age in the
general population [5, 28]. In patients with non-valvular
AF, HCM is detected in 1.1% of cases [29]. AF in patients
with hypertrophic cardiomyopathy is hard to manage;
its course is worse than in patients without this pathol-
ogy since diastolic filling during the development of AF
with HCM is even more disturbed; so, there is increased
filling pressure and LV diastolic dysfunction due to the
thickening and rigidity of myocardial walls [30]. Besides
the absence of atrial systole, increased frequency of ven-
tricular response in AF reduces the time of LV diastolic
filling. Therefore, AF leads to decreased cardiac output,
afterload and arterial hypotension, which, in turn, can
contribute to LV myocardial hypercontractivity. As a
result, the pressure gradient in LVOT increases, and,
despite hypotension, LV filling pressure remains high,
further aggravating diastolic dysfunction and symptoms
of HF [28].
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Diagnosing HCM in most cases precedes arrhyth-
mia development; therefore, pathophysiological disor-
ders such as diastolic dysfunction, myocardial ischemia
and autonomic dysregulation predispose to AF [18, 21].
Patients with HCM and AF have an elevated risk of car-
diovascular complications due to thromboembolic epi-
sodes, HF, as well as general and sudden cardiac death
(SCD) [18, 28, 31]. The prevalence of thromboembolic
complications in patients with HCM and AF reaches
30%, with an annual frequency of 3.75% per 100 patients
per year. Patients with AF more often have acute cere-
brovascular accidents than patients with sinus rhythm
do (13.4% and 6.7%, p = 0.019) [18]. A systematic
review that included 51 studies with a total of more than
20,000 patients with HCM showed that AF is associ-
ated with an elevated risk of thromboembolic complica-
tions seven times, HF — 2.8 times, SCD — more than
1.7 times, and death from other causes — 2.5 times [5].
In general, patients with HCM and AF have an unfavor-
able prognosis, especially in combination with LVOT
obstruction and age below 50 years [24, 25].

2. Risk Factors

Size, volume and function of left atrium (LA).
Increased size and volume of LA are directly related to
the onset or relapse of AF [5, 21, 23, 32-35]. Increased
LA size and increased ventricular dysfunction, associ-
ated with HCM, lead to an elevated risk of thrombosis
in atria and, consequently, the risk of thromboembolic
events. In a pooled cross-sectional study of patients with
HCM and sinus rhythm, the mean LA diameter was
38 mm compared with 45 mm in patients with AF [18,
26]. However, it is still not clear whether LA increases
before AF or dilation is secondary to arrhythmia [17].

LA remodeling associated with HCM represents a
typical pattern with the impairment of all three atrial
functions: reservoir, conduit (passing blood from pul-
monary veins to LV) and pumping that increase as HCM
progresses, which was demonstrated by Kowallick J. T. et
al. (2017): LA dysfunctions are associated with the pres-
ence and severity of LV fibrosis but not with its hypertro-
phy [36]. Numerous studies with echocardiography and
magnetic resonance imaging (MRI) of the heart revealed
that the increased volume and impaired function of LA
are independent and more reliable predictors of AF than
the size of LA [37, 38].

In a prospective study of 427 patients with HCM,
41 of whom subsequently developed AF after enrollment
in the study, LA ejection fraction (EF) and its end-dia-
stolic volume were important markers of predisposition
to AF [39]. End-diastolic volume of LA =118 ml and EF
of LA <38% obtained via cardiac MRI independently
predicted a new onset of AF with a negative predictive

value of 95%. It is noteworthy that in 59% of patients
with HCM and with AF first detected during the aver-
age 5-year follow-up period, LA diameter was <45 mm,
which, in accordance with modern recommendations,
is considered a factor related to low risk of AF [40].
Patients with LA size <45 mm and newly diagnosed
AF had high values of LA volume and a more signifi-
cant disturbance of its function compared with patients
without AF [28].

Several reasons for the increased LA size and volume
are considered. In particular, LV diastolic dysfunction
typical for HCM leads to an increase in filling pressure,
which, in turn, is accompanied by remodeling and dilata-
tion of LA [41, 42]. Increased filling pressure in LV leads
to increased pressure in LA, which is required to main-
tain adequate diastolic filling. This pathophysiological
mechanism contributes to remodeling and increase of
LA, creating a substrate for the development of arrhyth-
mia and the formation of blood clots due to blood stag-
nation in LA. According to Zegkos T. et al. (2017), AF
is the consequence of the progression of the underlying
disease and severe impairment of LV diastolic function,
which, in addition to its clinical manifestations, is a
key event in the development of arrhythmia [18]. Also,
increased LA size with HCM is due to primary sarco-
mere myopathy of LA myocardium, LVOT obstruction,
increased myocardial stiffness, mitral regurgitation and
other RD. Considering the established role of increased
LA size and its dysfunction in the development of AF
with HCM, it is recommended to annually monitor LA
parameters and re-examine in case of new symptoms for
all stable patients with this disease [28].

Atrial ischemia and myocardial infarction with HCM
are caused by calcium metabolism disorders that lead to
increased trigger activity due to delayed postdepolar-
ization, hypertrophy of myocardial sleeves (myocardial
fibers located outside the pulmonary vein transition zone
in LA), which is responsible for triggers from pulmonary
veins to LP, microvascular coronary dysfunction, and
other causes [5].

AF associated with HCM worsens coronary blood
flow reserve, and the imbalance between myocardial
oxygen supply and demand leads to the specific activa-
tion of redox signaling pathways and the formation of
reactive oxygen forms, which, in turn, causes oxida-
tive stress that plays a key role in ventricular remodel-
ing. These mechanisms contribute to stable AF since
myocardial ischemia creates a substrate for maintaining
arrhythmia [43].

Mpyocardial fibrosis. In 2001, a small morphologi-
cal study was conducted to analyze fragments of heart
tissue in 10 patients with HCM (5 patients with AF and
5 with no arrhythmia) [44]. It was found that the extent
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of fibrosis and the grade of stenosis in intramyocardial
small arteries were more pronounced in the group of
patients with AF. In patients with HCM, AF develops as
a result of progressive atrial remodeling and fibrosis due
to increased stretching of LA caused by LVOT obstruc-
tion, which leads to atrial myopathy [5]. The condition
of “atrial standstill” is a severe form of atrial cardiomy-
opathy representing an arrhythmogenic substrate for
AF. Atrial standstill can be associated with heterozygous
mutations of SCN5A and connexin-40 genes [45].

With the latest advances in imaging diagnostic meth-
ods, cardiac MRI results dedicated to the identification
of additional risk factors of AF were obtained. The detec-
tion of late gadolinium enhancement (LGE) in MRI indi-
cates foci of myocardial fibrosis [46, 47]. To study the
features of localization and extensiveness of LV myocar-
dial fibrosis, cardiac MRI was performed in 67 patients
with HCM, 17 of them with AF [48]. Results of this study
revealed that AF was more often observed in patients
with signs of LV myocardial fibrosis compared with indi-
viduals without it (42.1% and 3.4%, respectively). In a
comparative study of two groups of patients with HCM
with paroxysmal AF (n = 18) and without it (n = 27),
Sivalokanathan S. et al. (2019) found the LGE phenom-
enon in the posterior LV wall when performing MRI in
all patients with cardiomyopathy [47]. However, patients
with paroxysmal AF had a greater LA volume, lower LA
EF and larger LGE zones compared with the group of
patients without AE

Electrical remodeling of LA. Structural and func-
tional remodeling of LA leads to its electrical instability
and creates conditions for the development of various
atrial arrhythmias, mostly AE.

Notably, in expanded LA, maximum diastolic
potential decreases due to high pressure, and myocyte
depolarization occurs faster, increasing susceptibility
to arrhythmia. Interstitial fibrosis increases simultane-
ously with LA remodeling, changing the structure and
function of the atria. Fibrosis impedes pulse conduction
due to the interruption of the electrical integrity of myo-
cytes, which leads to longer intra- and interatrial con-
duction time, and heterogeneous distribution of sinus
impulses [49].

Predictors of AF in patients with HCM detected
during electrocardiography (ECG) are being introduced
into modern clinical practice and can help identify indi-
viduals with a high risk of AF. Maximum P wave duration
(Pmax) and its dispersion (PWD) are easily calculated
based on the standard ECG. Pmax reflects prolonged
intra- and interatrial conduction. PWD is the difference
between the longest (Pmax) and the shortest P (Pmin)
wave according to ECG in 12 leads and reflects the het-
erogeneity of atrial conduction [28].

PWD = Pmax — Pmin
where PWD is P wave dispersion, ms; Pmax is the dura-
tion of the widest P wave, ms; Pmin is the duration of the
narrowest P wave, ms

Ozdemir O, et al. (2004) analyzed ECG parameters
in 27 patients with HCM and AF paroxysms compared
with 53 patients selected by gender and age with no his-
tory of AF episodes [50]. Pmax of >134.5 ms and PWD
of >52.5 ms determine AF with sensitivity of 92% and
96% and with specificity of 89% and 91%, respectively.

Kose S., et al. (2003) compared the morphological
characteristics of P wave in 22 patients with HCM and
history of AF and in 26 individuals without arrhythmia
and found that PWD of >46 ms predicts AF with a sen-
sitivity of 76% and a specificity of 82% [51]. In a study
of 70 patients with HCM, 18 of whom developed AF in
about 4.5 years, the authors found that PWD of >47.5 ms
predicts AF with a sensitivity of 78% and a specificity of
72% [38].

Cardiac markers. It was previously found that highly
sensitive cardiac troponin T (¢TnT) has a predictive value
for adverse outcomes with HCM [52, 53]. A small study
demonstrated that cTnT levels were independent predic-
tors of the presence and severity of AF [54]. The mecha-
nism responsible for cTnT increase in such patients is not
tully understood and requires further study. It is believed
that it is based on pathological events such as remodeling
of the heart, cardiomyocyte necrosis and atrial fibrosis.
However, there is limited available information regard-
ing cardiac marker value in assessing the relationship
between AF and HCM [28].

It was shown that increased levels of B-type natri-
uretic peptide (BNP) with HCM are associated with AF
[25]. N-terminal pro-BNP of 720 pg/ml predicts AF with
a sensitivity of 72% and a specificity of 60% [38]. Over-
all, natriuretic peptides have a weak predictive power in
relation to AF associated with this disease. Available data
on using cardiac troponin and BNP levels to predict AF
with HCM are insufficient. Therefore, most scientists do
not recommend their clinical use for risk stratification in
such patients [28].

LV hypertrophy and LVOT obstruction. The effect
of LVOT obstruction on the development of AF is not
fully understood since data from earlier studies are very
contradictory. Moreover, the assessment of the presence
and severity of LVOT obstruction in patients with HCM
and heart RD can be very difficult. A positive correlation
was confirmed by some studies [55, 56] but not found
in others [21, 23]. Interesting results were obtained in
a study of the relationship between the localization and
severity of LV hypertrophy in patients with HCM with
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clinical characteristics, a variant of RD, and the disease
outcome during an average follow-up period of 6.1 years
[57]. In the group of patients with more pronounced
hypertrophy of the interventricular septum when hyper-
trophy covered more than half of the septum length from
the heart apex to the base, various RD were observed
significantly more often than in patients with local LV
hypertrophy (50.1 % and 27.6%, respectively). AF was
associated with a high incidence of interventricular
septum lesion regardless of LVOT obstruction.

Obstructive Sleep Apnea Syndrome (OSAS) is the
most common type of respiratory failure during sleep
and is characterized by recurring episodes of upper
airway obstruction, leading to hypopnea or apnea
associated with periods of hypoxia, activation of the
sympathetic nervous system with increased heart rate,
increased blood pressure and awakening.

The prevalence of OSAS among patients with AF
is extremely high — approximately 50%. When OSAS
is associated with HCM, it worsens the severity of the
underlying disease and increases mortality due to a 2-4-
fold increase in AF incidence, increased diastolic dys-
function, LA dilatation, a more severe functional class of
HF according to the classification of the New York Heart
Association (NYHA), and deterioration in the quality of
life despite optimal therapeutic management of patients
[58]. Numerous studies demonstrated a higher preva-
lence of AF among patients with HCM and OSAS com-
pared with subjects without it, as well as a larger LA and
worse diastolic function with increased severity of OSAS
[28, 58].

The pathophysiological mechanisms underlying the
association of OSAS and HCM are likely to be associated
with catecholaminergic activation observed in OSAS,
which increases arrhythmogenicity, LV hypertrophy, fill-
ing pressure, reduces cardiac output, potentially initiat-
ing or worsening LVOT obstruction gradient and mitral
regurgitation [28].

Other factors affecting the development of AF with
HCM include the severity of LV hypertrophy, certain
genetic mutations, insulin resistance, female gender,
more severe NYHA class of HF, LVEF, severe mitral
regurgitation, history of syncope, etc. [30, 34, 35, 46,
59-61].

3. Detection of Atrial
Fibrillation

ECG is an available and informative method of
detecting AF, especially in cases of long-term monitor-
ing (24-48 hours) [62].

According to recommendations of the Euro-
pean Society of Cardiology (ESC) for the diagno-
sis and management of HCM [3], patients with sinus
rhythm and anteroposterior LA size 245 mm should
undergo 48-hour Holter monitoring (HM) ECG every
6-12 months. As per the recommendations of the
American College of Cardiology / American Heart
Association (ACC/AHA)-2011, one-time 24-hour out-
patient ECG monitoring for adult patients with HCM
should be carried out to detect asymptomatic flutter
or AF [2]. According to the Russian clinical guidelines
for HCM, ECG (in 12 leads) is recommended during
the initial examination of all patients with suspected
HCM and during follow-up. HM ECG (optimally for
48-72 hours) is recommended during the initial clinical
examination and every 12-24 months. According to the
comments to this paragraph, indications for HM ECG
include the patient’s complaints of palpitations and/or
dizziness [63].

According to retrospective analysis, daily HM ECG
allowed to detect AF in 9% of patients among the elderly
population, who had severe HF and increased LA com-
pared to the patients with sinus rhythm [12].

In late 2020, updated ACC/AHA recommendations
[4] were issued with proposals in the «Assessment of
heart rhythm» section that are given in Table 1.

Table 1. ACC/AHA 2020 guidelines for the assessment of heart rhythm in patients with hypertrophic cardiomyopathy

Recommendations |

In patients with HCM who develop palpitations or lightheadedness, extended (>24 hours) electrocardiographic

symptoms while being monitored

monitoring or event recording is recommended, which should not be considered diagnostic unless patients have had

In patients with HCM who have additional risk factors for atrial fibrillation (AF), such as left atrial dilatation,

2a B-NR

advanced age, and NYHA class III to class IV heart failure (HF), and who are eligible for anticoagulation,

extended ambulatory monitoring is reasonable to screen for AF as part of initial evaluation and periodic follow-up

(every 1 to 2 years)

In adult patients with HCM without risk factors for AF and who are eligible for anticoagulation, extended

2b B-NR
and periodic follow-up (every 1 to 2 years)

ambulatory monitoring may be considered to assess for asymptomatic paroxysmal AF as part of initial evaluation

Abbreviations: COR — class of recommendation; LOE — level of evidence; B-NR — moderate-quality evidence from 1 or more well-designed, well-executed nonrandomized
studies, observational studies, or registry studies, meta-analyses of such studies; ECG — electrocardiography; HCM — hypertrophic cardiomyopathy; AF — atrial fibrillation;
HF — heart failure; NYHA — New York Heart Association. Adapted from S.R. Ommen et al. [4]
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The accompanying text to this section includes the fol-
lowing: «Although some studies show that the incidence
of asymptomatic AF can be as high as 50%, it remains
unclear whether asymptomatic episodes, especially short
ones, have an effect on an adverse outcome. AF predic-
tors include LA dilatation, elderly age, HF grade III-IV
according to NYHA. Therefore, patients with these char-
acteristics should be examined more often, including
extended ECG screening on an outpatient basis» [4].

According to Zegkos T. et al. (2017), who noted a
smaller LA size among individuals with AFE there is no
reliable indicator of the size of LA, which is important for
screening patients with HCM for arrhythmia and timely
administration of anticoagulant agents [18]. In this con-
text, physicians should bear in mind the possibility of
AF in any patient with HCM, even in an asymptomatic
patient without risk factors for this atrial arrhythmia.

In recent years, with the development of digital and
portable devices, it has become possible to use new
mobile systems designed primarily to detect AF par-
oxysms. Table 2 shows sensitivity and specificity values
of some devices for AF screening considering ECG in
12 standard leads as the «gold standard» [19].

Table 2. Sensitivity and specificity of various AF screening
tools

Screening tools | Sensitivity | Specificity
Pulse taking 87-97 % 70-81 %
Automated BP monitors 93-100 % 86-92 %
Single lead ECG 94-98 % 76-95 %
Smartphone apps 91,5-98,5 % 91,4-100 %
Smartwatch 97-99 % 83-94 %

Notes: BP — blood pressure; ECG — electrocardiogram. Adapted from G. Hindricks
etal. [19]

When determining AF using modern mobile and
portable devices, an ECG should be recorded in one
(=30 sec) or 12 leads with the interpretation of results
by a physician experienced in interpreting heart RD in
order to make a final diagnosis [19].

4. Clinical Manifestations
and Course

AF in some patients with HCM may not be accompa-
nied by any complaints or symptoms, and in such cases,
arrhythmia is detected during routine ECG. In some
patients, AF is manifested by a variety of complaints
of palpitations, pre- and syncopal conditions, onset or
intensification of pain in the left half of the chest, short-
ness of breath at rest or during physical activity; there
may be decreased exercise tolerance or blood pressure
(62, 64].

According to the study by Zegkos T. et al. (2017),
patients with HCM and AF had more pronounced clini-
cal manifestations of HF than patients with no AF did
[18]. In the study conducted by Siontis K., et al. (2014),
a significant decrease in the functional ability of patients
with HCM and AF was registered during a cardiopul-
monary exercise test [25]. This was because LV diastolic
dysfunction is initially observed in the cases of HCM,
and, with the onset of AF, i.e., the loss of coordinated
atrial systole, LV filling worsens significantly, which
aggravates HE, especially during physical exertion. Thus,
both AF and increased HF can be the result of progres-
sive structural and functional impairment due to HCM.
Therefore, ESC experts consider it appropriate to include
a cardiopulmonary exercise test in the initial assessment
program of such patients [2].

According to the current hypothesis, decreased car-
diac output due to atrial systole loss and decreased stroke
volume are taken into consideration in relation to the
mechanisms by which AF is associated with decreased
exercise tolerance in patients with HCM. Although,
according to Azarbal E et al. (2014) [65], who found
that the paroxysmal form of AF is significantly associ-
ated with decreased exercise tolerance in patients with
sinus rhythm at the time of the study and with no active
hemodynamic consequences of arrhythmia, there are
probably other non-arrhythmogenic causes of physical
exercise intolerance. Diastolic dysfunction, ventricular
remodeling, atrial enlargement, systemic vasodilation,
or decreased intravascular volume predisposing to arte-
rial hypotension, as well as increased adrenergic tone,
are considered possible causes of decreased exercise tol-
erance in patients with HCM and AF [65].

The most common complication of AF associated
with HCM is systemic thromboembolism [29, 31].
In particular, this arrhythmia increases the risk of isch-
emic stroke eightfold [21]. It should be noted that the
increased risk does not depend on the form of arrhyth-
mia (paroxysmal/persistent for a long time/permanent)
or the number of AF paroxysms.

5. Management

Modern methods of managing AF with anticoagu-
lants, antiarrhythmic agents, catheter ablation, and maze
procedure have demonstrated their high efficiency,
which has helped reduce the mortality rate of patients
with HCM and AF to the level of patients with no AF
[28, 31].

Anticoagulant therapy. AF in a patient with HCM
is a direct indication for oral anticoagulant therapy.
According to the ESC-2014 [3], ACC/AHA 2014 [66] and
2019 recommendations [67], the CHA DS -VASc scale is
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not recommended for stroke risk assessment. Accord-
ing to Alphonse P. et al. (2020), based on the results of
a meta-analysis and taking into consideration the mul-
tifold increase in the risk of thromboembolic complica-
tions, HCM itself should be included in the CHA DS -
VASc scale as an independent risk factor [5].

The ACC/AHA 2011 guide for the diagnosis and
management of HCM offers recommendations for anti-
coagulant therapy with oral anticoagulants, including
vitamin K antagonists with a target range of the inter-
national normalized ratio of 2.0-3.0 [2] for patients
who developed paroxysmal, persistent or permanent AF.
Unfortunately, there are currently no randomized clini-
cal trials of anticoagulant therapy in patients with this
form of cardiomyopathy [5]. However, numerous ret-
rospective studies demonstrated a decrease in the level
of embolic complications in patients taking warfarin.
Therefore, anticoagulant therapy is justified if AF persists
for more than 48 hours or if there is a high probability of
its relapse [2, 21]. Warfarin should be prescribed literally
after the first AF episode [21].

Direct oral anticoagulants — direct thrombin inhibi-
tor (dabigatran) and direct factor Xa inhibitors (rivaroxa-
ban and apixaban) — can be successfully used in patients
with HCM and AF [46, 63, 68]. According to the Russian
recommendations on HCM, in the cases of side effects of
warfarin or the inability to reach target INR, dabigatran
etexilate, or rivaroxaban, or apixaban is recommended.
In all cases of HCM complicated by AF, life-long therapy
with warfarin (INR 2-3.0) or direct anticoagulant agents
is recommended, even if sinus rhythm has been restored
[63]. Patten M. et al. (2018) [64] recommend life-long
oral anticoagulant therapy in cases of documented AF
regardless of the individual score according to CHA,DS.,-
VASc in order to reduce the risk of stroke.

Antiarrhythmic therapy. Relative benefits of rhythm
control compared with heart rate (HR) control in the
management of AF in patients with HCM are not yet
clear [30, 69]. This is partly because there are very lim-
ited data on the safety and efficacy of drug therapy for
AF rhythm control in individuals with HCM. However,
in some patients, especially with severe LVOT obstruc-
tion and increasing severity of HF and ventricular tachy-
systole, restoration of sinus rhythm is justified. Clinical
guidelines of the Ministry of Health of the Russian Fed-
eration on AF and atrial flutter reccommend restoration
of sinus rhythm by electric or pharmacological cardio-
version to improve symptoms for all patients with HCM
and onset of symptomatic AF for the first time [62].

Currently, amiodarone is the most effective agent
that reduces the frequency of AF paroxysms [17, 46, 63].
Amiodarone is recommended for patients with recent
AF (<48 h) [63]. The minimum effective dose of this

drug is 200 mg 5-7 times a week with regular monitor-
ing of thyroid, hepatic and pulmonary functions [70,
71]. In one study involving 52 patients with HCM and
AF, amiodarone was associated with more rare episodes
of AF and embolic events compared with class I antiar-
rhythmic drugs [72]. In patients who initially received
standard therapy (including digoxin,  blockers, calcium
channel blockers, quinidine and disopyramides), sinus
rhythm maintenance was achieved in 22 out of 38 (58%)
compared with 7 out of 8 (87%) patients on amiodarone.
Over time, 20 (39%) patients receiving conventional
treatment switched to amiodarone, which significantly
reduced the number of cardioversions [72]. Despite
the high effectiveness of amiodarone in preventing AF
relapse, this antiarrhythmic drug is considered not ideal
for the group of patients with HCM due to the need for
long-term use and high frequency of side effects [17, 46].
According to the results of another study with 98 partici-
pants, 19.1% of patients taking amiodarone developed
side effects, which was the reason for the discontinua-
tion of the drug, once again confirming the limited use
of amiodarone among patients, especially young ones.
At the same time, amiodarone was found to be highly
effective in rhythm control: the drug was discontinued
due to inefficiency (no sinus rhythm along with amio-
darone intake) in 8.5% of patients [30]. The probability
of taking amiodarone after 1 and 3 years was 51.4% and
29.2%, respectively, indicating poor tolerability of this
drug in most patients.

Sotalol and disopyramide are alternative antiarrhyth-
mic drugs for managing AF in patients with HCM. [30,
73-75]. Besides a direct antiarrhythmic effect, diso-
pyramide also has a negative inotropic effect, which is
especially important in cases of LVOT obstruction [19].
According to a retrospective analysis, using disopyra-
mide was not associated with an increased risk of ven-
tricular arrhythmia or SCD in patients with HCM [74].
Considering that monotherapy with disopyramide is
potentially dangerous due to increased atrioventricu-
lar conduction, which accelerates ventricular response
in AF [3], this agent is mainly used in emergency care.
In such cases, disopyramide is administered simultane-
ously with rhythm control drugs along with continuous
monitoring of the QTc interval [2]. When the QTc inter-
val value reaches >480 ms, the dose of the drug should be
immediately reduced, or the drug should be completely
withdrawn [3]. Along with this, other drugs that extend
QT interval should be avoided. The small number of
examined patients with HCM does not provide a com-
plete picture of the efficacy and safety of disopyramide
and dofetilide in this population [30].

Sotalol, as a class III antiarrhythmic drug, dem-
onstrated its efficacy in patients with structural heart
diseases.
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A recent study by Miller C. A. S. et al. (2019) showed
that sotalol is effective for rhythm control with AF
(27.2% of patients had to stop taking sotalol due to its
inefficiency) [30]. At the same time, the probability of
taking sotalol after 1 and 3 years was 74.4% and 50%,
respectively, which indicates good tolerability of this
drug. Based on the results of the then-largest study of the
group of patients with HCM and AF who were taking
sotalol (45 patients observed for 2.3 + 2.3 years), the
authors believe that sotalol may be the drug of choice in
the treatment of such patients considering the absence of
serious side effects [30].

In the study, there were no cases of SCD and no
serious side effects among patients receiving amioda-
rone and sotalol. In the group of patients taking diso-
pyramide, three cases of side effects were registered:

anaphylaxis in one patient, stable form of ventricu-
lar tachycardia in one patient and QTc prolongation
according to ECG data in one patient as well [30]. Three
patients who received dofetilide developed side effects:
symptomatic bradycardia in one patient and syncope in
two patients. In one case, stable ventricular tachycardia
was detected in a 50-year-old patient with HCM who
received disopyramide. Due to a family history of SCD,
a cardioverter-defibrillator was implanted for secondary
prevention. During the administration of disopyramide
(200 mg twice a day), the patient received three shocks of
a cardioverter-defibrillator due to polymorphic ventricu-
lar tachycardia [30].

Experts from the ACC/AHA Working Group for the
study of HCM in 2011 assigned amiodarone and diso-
pyramide class ITa as agents for rhythm control (Fig. 1) [2].
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Figure 1. Management of atrial fibrillation in hypertrophic cardiomyopathy
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Table 3. ACC/AHA 2020 guidelines for the management of atrial fibrillation in patients with hypertrophic

cardiomyopathy
COR LOE Recommendations
I B-NR In patients with HCM and clinical AF, anticoagulation is recommended with direct-acting oral anticoagulants as
first-line option and vitamin K antagonists as second-line option, independent of CHA2DS2-VASc score
In patients with HCM and subclinical AF detected by internal or external cardiac device or monitor of >24 hours’
I C-LD duration for a given episode, anti-coagulation is reccommended with direct-acting oral anticoagulants as first-line
option and vitamin K antagonists as second-line option, independent of CHA2DS2-VASc score
I C-LD In patients with AF in whom rate control strategy is planned, either beta blockers, verapamil, or diltiazem are
recommended, with the choice of agents according to patient preferences and comorbid conditions
In patients with HCM and subclinical AF detected by internal or external device or monitor, of >5 minutes’ but
<24 hours’ duration for a given episode, anticoagulation with direct-acting oral anticoagulants as first-line option
2a C-LD o . . . . Lo . . .
and vitamin K antagonists as second-line option can be beneficial, taking into consideration duration of AF
episodes, total AF burden, underlying risk factors, and bleeding risk
In patients with HCM and poorly tolerated AF, a rhythm control strategy with cardioversion or antiarrhythmic
2a B-NR drugs can be beneficial with the choice of an agent according to AF symptom severity, patient preferences, and
comorbid conditions.
2a B-NR In patients with HCM and symptomatic AF, as part of an AF rhythm control strategy, catheter ablation for AF can
be effective when drug therapy is ineffective, contraindicated, or not the patient’s preference
2a B-NR In patients with HCM and AF who require surgical myectomy, concomitant surgical AF ablation procedure can be

beneficial for AF rhythm control

Abbreviations: COR — class of recommendation; LOE — level of evidence; B-NR — moderate-quality evidence from 1 or more well-designed, well-executed nonrandomized studies,
observational studies, or registry studies, meta-analyses of such studies; C-LD — randomized or nonrandomized observational or registry studies with limitations of design or
execution, meta-analyses of such studies, physiological or mechanistic studies in human subject; HCM — hypertrophic cardiomyopathy; AF — atrial fibrillation.

Adapted from S.R. Ommen et al. [4]

Sotalol, dofetilide, and dronedarone belong to class
IIb and can be used in the rhythm control strategy in
patients with HCM [66, 67], but with the note that their
use should be carefully considered in patients with
implanted cardioverter-defibrillators. Flecainide and
propafenone are undesirable due to possible proarrhyth-
mic effects and hemodynamic deterioration [2, 3].

Thus, to date, the exact risks and benefits of using
antiarrhythmic agents in patients with HCM and AF
are unclear. Therefore, the decision on the choice of
rhythm control tactics should be made in each case indi-
vidually with discussion between the physician and the
patient [30].

There are interesting recent recommendations for the
management of patients with HCM and AF developed by
AHA/ACC and published in 2020. [4].

If sinus rhythm cannot be maintained, B blockers
or calcium channel blockers (verapamil, diltiazem)
are prescribed to control the frequency of ventricu-
lar response [2, 62, 63]. Atenolol, nadolol, metoprolol
succinate are justified in cases of preserved LV EF, and
bisoprolol or carvedilol — in cases of systolic dysfunc-
tion. Verapamil or diltiazem should be used only with
preserved LV EF [70]. Digoxin is actually not used for
AF in patients with “classical” HCM. However, its use
can be considered for patients with severe LV dysfunc-
tion in order to control heart rate. The Russian Guide-
lines for HCM recommend considering the use of
digoxin in low doses for patients with non-obstructive
HCM with persistent AF and chronic NYHA functional

class II-IV with EF <50% in order to control ventricular
contraction rate [63].

Catheter ablation. Indications for radiofrequency
catheter ablation include symptomatic AF that is refrac-
tory to drug treatment and intolerance to drug therapy
[66, 67]. The procedure should be carried out as soon
as possible after the onset of AF while the arrhythmo-
genic substrate remains pliable for external exposure
[70]. The 2014 ACC/AHA/Heart Rhythm Society guide-
lines include catheter ablation on the list of therapeu-
tic methods for heart rate control [66]. However, most
studies revealed a high frequency of repeated procedures
to achieve long-term control AF [76]. Rhythm restora-
tion and relapse rate reduction can be achieved in 2/3
of patients with HCM in two years [77]. The lower effi-
ciency of stopping AF in patients with HCM (varying
from 45 to 82% in the long-term) is due to pronounced
remodeling of LA — its hypertrophy/dilation [22] and
the presence of fibrotic zones (Fig. 2) [17, 76].

The need for re-ablation often occurs in elderly
people with a large LA and high functional class of HE,
according to NYHA [77]. With paroxysmal AF, the prob-
ability of successful relief is higher (77%) than with its
permanent form (50%) [78].

Therefore, AF is the most common persistent arrhyth-
mia that complicates the course of HCM. AF leads to the
aggravation of the clinical manifestations of the disease,
progression of HE, and an elevated risk of cardiovascu-
lar complications and mortality. In this regard, patients
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Figure 2. Bipolar stress maps and echocardiographic data in patients with hypertrophic cardiomyopathy and atrial
fibrillation

with HCM should be examined for risk factors and AF.
In the event of AF, a strategy for rhythm control or heart
rate control should be carefully chosen based on exist-
ing experience with antiarrhythmic drugs and current
recommendations. Anticoagulant therapy deserves spe-
cial attention; its prescription is justified for all patients
with HCM and AF in order to prevent thromboembolic
complications.
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