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AUTHOR'S SUMMARY

By actively implementing contemporary management strategies in hypertrophic
cardiomyopathy, morbidity and mortality can be substantially reduced. In this review, we
discuss the pathophysiology and management of the major clinical issues in hypertrophic
cardiomyopathy, including sudden cardiac death, atrial fibrillation and thromboembolism,
dynamic left ventricular outflow tract obstruction, and heart failure progression. Although
echocardiography and cardiac magnetic resonance imaging currently play an essential and
complementary role in the management of hypertrophic cardiomyopathy, further studies
are needed to establish how developing techniques such as myocardial deformation and late
gadolinium enhancement can provide better risk stratification and guide treatment.

ABSTRACT

Hypertrophic cardiomyopathy (HCM) is one of the most common inheritable
cardiomyopathies. Contemporary management strategies, including the advent of
implantable cardioverter-defibrillators and effective anticoagulation, have substantially
improved the clinical course of HCM patients; however, the disease burden of HCM is

still high in Korea. Sudden cardiac death (SCD), atrial fibrillation and thromboembolic

risk, dynamic left ventricular outflow tract (LVOT) obstruction, and heart failure (HF)
progression remain important issues in HCM. SCD in HCM can be effectively prevented with
implantable cardioverter-defibrillators. However, appropriate patient selection is important
for primary prevention, and the 5-year SCD risk score and the presence of major SCD risk
factors should be considered. Anticoagulation should be initiated in all HCM patients with
atrial fibrillation regardless of the CHA,DS,-VASc score, and non-vitamin K antagonist oral
anticoagulants are the first option. Symptomatic dynamic LVOT obstruction is first treated
medically with negative inotropes, and if symptoms persist, septal reduction therapy is
considered. The recently approved myosin inhibitor mavacamten is promising. HF in HCM
is usually related to diastolic dysfunction, while about 5% of HCM patients show reduced left
ventricular ejection fraction <50%, also referred to as “end-stage” HCM. Myocardial fibrosis
plays an important role in the progression to advanced HF in patients with HCM. Patients
who do not respond to guideline-directed medical therapy can be considered for heart
transplantation. The development of imaging techniques, such as myocardial deformation
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on echocardiography and late gadolinium enhancement on cardiac magnetic resonance, can
provide better risk evaluation and decision-making for management strategies in HCM.

Keywords: Hypertrophic cardiomyopathy; Sudden cardiac death; Atrial fibrillation;
Ventricular outflow obstruction; Heart failure

INTRODUCTION

Hypertrophic cardiomyopathy (HCM) as a disease entity was first introduced in the late
1950s in patients with significant subaortic pressure gradients and discrete hypertrophy

of the interventricular septum, but without aortic stenosis, leading to coining of the term
“idiopathic hypertrophic subaortic stenosis.”?? Since then, HCM has been noted to manifest
with various patterns of left ventricular (LV) hypertrophy, with and without dynamic left
ventricular outflow tract (LVOT) obstruction.” Genetically, HCM is mainly caused by gene
mutations of the cardiac sarcomeric complex with an autosomal dominant inheritance
pattern, though the pathogenic gene variant is currently identifiable in only around 50%

of the patients.”” HCM has been reported worldwide with a prevalence of 1:200 to 1:500;
however, many individuals affected with HCM are under-recognized, especially in minorities
and developing countries, and the currently diagnosed population of HCM represent only
the tip of the iceberg.?” The prevalence and incidence of HCM are gradually increasing in
Korea as well as worldwide, which is likely related to heightened clinical awareness of the
disease;® of note, there is increased recognition of older individuals with HCM at advanced
ages of >60 years with mild disease progression. Despite the similar prevalence regardless of
ethnicity, some differences are worth mentioning in Asian HCM populations; for instance,
the apical type of HCM, which is associated with a relatively benign course, is more common
in around 30% of Asians,’*Y compared to 7% in Caucasians.'?® This may partly account for
the relatively lower incidence of obstructive physiology observed in Asian HCM.”"V

While many patients with HCM can expect a normal life expectancy without disabling
symptoms or the need for major treatment, approximately one-third of patients with HCM
experience disease-related complications,™ such as sudden cardiac death (SCD) due

to malignant ventricular arrhythmia, symptoms related to dynamic LVOT obstruction,
development of atrial fibrillation (AF) with related thromboembolic stroke, and heart
failure (HF) due to advanced LV diastolic dysfunction with or without systolic dysfunction.
Despite contemporary management strategies, HCM patients are still at increased risk for
HCM-related and all-cause mortality compared to the general population,'® and more than
one-fifth of HCM patients visit the emergency department during a I-year period."” With
this background, this review focuses on the current management of major clinical issues in
patients with HCM, including SCD, AF, LVOT obstruction, and HF.

EFFECTIVE PREVENTION OF SUDDEN CARDIAC DEATH
WITH IMPLANTABLE CARDIOVERTER-DEFIBRILLATORS

Until the last part of the 20th century, there were no effective management strategies to
prevent SCD in patients with HCM. Prophylactic administration of beta-blockers, calcium-
channel blockers, and/or antiarrhythmic drugs was done with the “positive” hope of

SCD prevention, without any solid evidence.'® Since then, the possibility of implantable
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cardioverter-defibrillators (ICD) placement for aborting fatal ventricular arrhythmias in
humans was first suggested in 1980." Subsequently, ICDs were proven to be effective for the
primary and secondary prevention of SCD in high-risk patients with HCM in 2000, with
ventricular tachycardia or fibrillation shown to be the principal mechanism of SCD in these
patients. The introduction of ICD has revolutionized the prevention of SCD in patients with
HCM, and life-saving appropriate ICD therapy rates have been reported to be approximately
10%/year for secondary prevention and 4%/year for primary prevention in retrospective
HCM registries.'®?92) However, ICD implantation is not without its risks, as a substantial
number of ICD-related issues have been reported, with a 4.8% annual rate of inappropriate
ICD intervention and 3.4% annual rate of ICD-related complications.?) Thus, the risks and
benefits of ICD placement should be carefully weighed and discussed in depth with patients
and family members before the final decision. There is no disagreement that ICDs should
be implanted for secondary prevention in HCM patients who have aborted SCD, ventricular
fibrillation, or sustained ventricular tachycardia; however, in a primary prevention setting,
different risk stratification strategies have evolved to select patients at high risk of SCD who
would benefit from ICD placement.*??

RISK STRATIFICATION FOR PRIMARY PREVENTION
OF SUDDEN CARDIAC DEATH IN HYPERTROPHIC
CARDIOMYOPATHY

The 2014 European Society of Cardiology (ESC) guidelines for HCM recommend using the
HCM Risk-SCD model® to estimate the 5-year risk of SCD.?? The variables included in the
HCM Risk-SCD model are age, family history of SCD, unexplained syncope, LVOT gradient
(at rest or with Valsalva maneuver), maximum LV wall thickness, left atrial (LA) dimension,
and non-sustained ventricular tachycardia on Holter monitoring. The result is a continuous
estimate of the 5-year SCD risk. ICD implantation is recommended in patients with a 5-year
SCD risk 26% (class IIa) and may be considered in patients with a 5-year SCD risk >4% and
<6% (class IIb); however, it is not recommended in patients with a 5-year SCD risk <4%. The
ESC 5-year SCD risk model was validated in the Korean HCM population.)

In contrast, the American Heart Association (AHA)/American College of Cardiology (ACC)
guidelines recommend the use of a risk factor-based strategy for ICD patient selection.
Patients with >1 established risk factor are considered candidates for ICD implantation.

In the 2011 ACC/AHA guidelines, established SCD risk factors included family history of
SCD, unexplained syncope, maximum LV wall thickness >30 mm (class IIa), non-sustained
ventricular tachycardia on Holter monitoring, and abnormal blood pressure response during
exercise (class IIb).? In the recently revised 2020 AHA/ACC guidelines, abnormal blood
pressure response was removed, while apical aneurysm, left ventricular ejection fraction
(LVEF) <50% (class IIa), and extensive late gadolinium enhancement (LGE) on cardiac
magnetic resonance (CMR) imaging (class IIb) were formally included in the SCD risk
factors.” In contrast to the ESC guidelines, LVOT gradient and left atrial diameter were not
included in SCD risk evaluation in the 2020 AHA/ACC guidelines.

Before the revised 2020 AHA/ACC guidelines for HCM were published, LV systolic

dysfunction was not one of the established major SCD risk factors considered for ICD
placement. In HCM, LV systolic dysfunction is defined with the cutoff of LVEF <50%,¥??)
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which is a higher threshold than that of LVEF <40%, a threshold used to define HF with
reduced ejection fraction in the general population.?®?) Clinically, the threshold of 50% is of
vital importance given that LVEF <50% was reported to be associated with an increased risk
of SCD in HCM. %39 Consequently, LVEF <50% is now included as an established SCD risk
factor in the 2020 AHA/ACC guidelines with a class IIa recommendation.

Although LVEF is a well-established index for LV systolic function, the LVEF is an insensitive
index and thus is decreased only at the later stage of LV systolic dysfunction in HCM.?" To
overcome this pitfall of LVEF, the left ventricular global longitudinal strain (LV-GLS) has been
introduced as a new, sensitive index for detecting early LV systolic dysfunction.*? This index
may thus be more useful in the assessment of HCM, as around 90-95% of HCM patients have
preserved LVEF.??% Moreover, LV-GLS also reflects LV hypertrophy, myofiber disarray, and
myocardial fibrosis in HCM.*? With this background, decreased absolute LV-GLS <15% has
been shown to be associated with an increased risk of SCD events.*?® Moreover, the addition
of LV-GLS to the ESC risk score or the 2020 AHA/ACC risk factor strategy enhanced the
performance of both models for predicting SCD events, suggesting the potential of LV-GLS
for incorporation in the SCD risk prediction algorithms.>® LV-GLS may be especially useful for
improving the sensitivity of the ESC model and the specificity of the AHA/ACC model.>*®)

LGE on CMR imaging is a noninvasive representation of irreversible replacement fibrosis of the
myocardium, which may act as a structural nidus for lethal ventricular arrhythmias.* LGE in
HCM is usually measured in a quantitative manner using the threshold of 6 standard deviations
above the mean signal intensity of the normal myocardium in HCM.*” LGE is present in
approximately 50-80% of patients with HCM**® and can progress with time.*Y The extent of
LGE was reported to be proportionally associated with ventricular tachyarrhythmia events,
including non-sustained ventricular tachycardia.® The increasing extent of LGE was shown

to be associated with a higher incidence of SCD events, and LGE >15% has been proposed as

a threshold for high SCD risk.**?%) However, LGE quantification may differ according to the
method used, and no general consensus on the optimal threshold has been made.

ATRIAL FIBRILLATION AND THROMBOEMBOLIC RISK IN
HYPERTROPHIC CARDIOMYOPATHY

AF is commonly observed in HCM, with an estimated prevalence of approximately 20% in referral-
based cohorts.*® AF development in HCM is associated with multiple factors, including worse LV
diastolic dysfunction, greater LA size, worse LA function, older age, female sex, worse functional
class, and the presence of hypertension.”*¥ From a clinical point of view, the presence of AF is
associated with a substantially higher risk of stroke, HF, and death in HCM.**Y In particular, AF
is associated with a 60% higher risk of stroke in patients with HCM, and this AF-associated stroke
risk is augmented even in patients with no or few risk factors.®” As AF-associated stroke risk in
HCM is significantly increased irrespective of the CHA,DS,-VASc score, aggressive intervention
for stroke prevention is important. With the use of contemporary treatment strategies for AF,
including effective anticoagulation and rhythm control with antiarrhythmic drugs or AF ablation,
the disease burden and fatal consequences of AF in HCM may be reduced to low levels similar to
those in the general population.*

Effective and safe anticoagulation is of particular importance in reducing the
thromboembolic risk associated with AF in HCM.“9>?5) The CHA,DS,-VASc score, used for
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clinical decision of anticoagulation strategy in the general population with AF, showed poor
prediction of stroke risk in HCM patients with AF, and even HCM patients with AF but no risk
factors (i.e., CHA,DS,-VASc score=0) are at an elevated risk of thromboembolic events.*)>)
Thus, anticoagulation should be strongly considered in HCM patients with AF regardless

of the CHA,DS,-VASc score. According to the 2014 ESC guidelines and the 2011 ACC/AHA
guidelines, all HCM patients with AF, either paroxysmal or persistent, were recommended to
receive anticoagulation with vitamin K antagonists.?”* Since then, non-vitamin K antagonist
oral anticoagulants have been reported to show superior effectiveness and safety compared
to vitamin K antagonists for the primary and secondary prevention of stroke in patients with
HCM and AF*¥® and are recommended as the first-line option for anticoagulation in the
2020 AHA/ACC guidelines.”

Beta-blockers and non-dihydropyridine calcium channel blockers, such as verapamil and
diltiazem, are recommended for rate control in HCM patients with AF,»*? which can also be
effective for dynamic LVOT obstruction, if present. There is a lack of firm evidence regarding
whether rhythm control is beneficial in HCM. Current guidelines recommend that a rhythm
control strategy with antiarrhythmic drugs or catheter ablation can be considered when AF

is poorly tolerated in HCM as a class I1a indication.» Amiodarone and sotalol are the most
commonly used antiarrhythmic drugs in HCM patients with AF.? Meanwhile, data on class Ic
antiarrhythmic drugs such as flecainide or propafenone are limited due to proarrhythmic safety
concerns in patients with structural heart disease; thus, these drugs should not be used in the
absence of an ICD. Successful rhythm control rates with catheter ablation are lower in HCM
patients with AF than that in non-HCM patients with AF; however, catheter ablation is still

an effective option, especially in patients with paroxysmal AF and small atria.>®>” Surgical AF
ablation has been reported to be more effective than catheter ablation®” and can be considered
concomitantly when there is a need for other surgical procedures such as myectomy.

DYNAMIC LEFT VENTRICULAR OUTFLOW TRACT
OBSTRUCTION IN HYPERTROPHIC CARDIOMYOPATHY

In HCM, septal hypertrophy and anatomic alterations in the mitral valve apparatus

causing systolic anterior motion of the mitral valve leaflets contribute to dynamic LVOT
obstruction.*®* Conventionally, obstructive physiology is defined as peak LVOT pressure
gradient >30 mmHg at rest or with provocation; meanwhile, hemodynamically significant
obstruction usually occurs at >50 mmHg.>?? Around one-third of HCM patients have been
reported to have dynamic LVOT obstruction at rest, and another one-third show latent
obstruction that can be provoked with physiological maneuvers.®” The reported incidence of
obstructive physiology was lower in Asian cohorts compared to that of Western cohorts, at
around 10-15% at rest®®? and around 20-30% even with utilization of the Valsalva maneuver
for provocation.!"® The greater prevalence of the apical subtype of HCM in Asians may
contribute to these observations.” Increased myocardial contractility, smaller LV cavity size
due to decreased preload, and decreased afterload can aggravate dynamic LVOT obstruction.

Drugs that decrease myocardial contractility (beta-blockers, non-dihydropyridine calcium
channel blockers, and disopyramide) have been used empirically to improve the symptoms
of LVOT obstruction in HCM. Current guidelines recommend maximally tolerated non-
vasodilating beta-blockers or non-dihydropyridine calcium channel blockers (e.g., verapamil,
diltiazem) as first-line therapy for symptomatic obstructive HCM.?*? Whether using a
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combination of both drugs can be beneficial is uncertain.” For patients who continue

to have severe symptoms related to LVOT obstruction, the addition of disopyramide is
recommended; however, this drug is currently unavailable in Korea. However, these drugs
are often inadequate or poorly tolerated. If symptoms of LVOT obstruction are not controlled
with medication, the next step is to consider septal reduction therapy, by either septal
myectomy or alcohol septal ablation, performed at experienced centers.>?

In April 2022, the US Food and Drug Administration approved mavacamten for the treatment
of symptomatic obstructive HCM. Mavacamten is an allosteric inhibitor of cardiac myosin,
which decreases actin-myosin cross-bridge formation, thereby reducing sarcomere
hypercontractility inherent to HCM and improving myocardial energetics. Treatment with
mavacamten in obstructive HCM patients with New York Heart Association class II to III
symptoms led to marked improvement in LVOT obstruction, subjective symptoms, and
exercise capacity.®*¥ Mavacamten was also suggested to be associated with the reduction
of pathological LV hypertrophy in HCM.® The majority of pathogenic genetic variants in
HCM occur in the genes that encode the cardiac myosin or myosin-binding protein, which
likely lead to changes in the myocardial energetics causing hypercontractility and, finally,
myocyte hypertrophy and fibrosis.® Thus, mavacamten, which targets the fundamental
pathophysiology of HCM, may open a new chapter in HCM management.

HEART FAILURE PROGRESSION IN HYPERTROPHIC
CARDIOMYOPATHY

In patients with nonobstructive type of HCM, HF more commonly takes the form of HF with
preserved ejection rather than reduced ejection fraction. Current guidelines recommend

the use of beta-blockers or non-dihydropyridine calcium channel blockers and cautious

use of diuretics to control symptoms of dyspnea in patients with nonobstructive HCM and
preserved ejection fraction, under the idea that the negative inotropic and chronotropic effect
of these drugs will reduce LV filling pressures and myocardial oxygen demand.?*? LV diastolic
dysfunction with or without LVOT dynamic obstruction is the main pathophysiological
mechanism that causes symptoms of dyspnea and HF events in these patients with HF

with preserved ejection fraction. Myocardial hypertrophy, ischemia, and fibrosis, as well as
impaired cardiac energetics inherent to HCM, contribute to impaired myocardial relaxation,
chamber stiffness, and advanced diastolic dysfunction.’*”® Consequently, evaluation of

LV filling pressure and the state of diastolic dysfunction in these patients can be crucial for
deciding management strategies, but this is in many cases highly problematic.

Notably, noninvasive echocardiographic evaluation of LV diastolic function in HCM is
complex and not well-established.” Individual echocardiographic parameters showed, at
best, modest correlations with LV filling pressures in HCM, which may be related to the
heterogeneity in hypertrophic LV segments, myocyte disarray, myocardial fibrosis, and
ischemia.” The ratio of early mitral inflow velocity to early mitral annular velocity (E/e’ ratio)
was only modestly correlated with invasively measured mean LA pressure in HCM (r=0.44,
p<0.001); more importantly, individual values were widely scattered, and up to 25% of
patients with an E/e’ ratio of >15 had no elevation in mean LA pressure.” Also, LA volume
index showed poor correlation with mean LA pressure and LV end-diastolic pressure in
HCM.” Thus, the current guidelines recommend that a combination of echocardiographic
parameters such as the E/e’ ratio, LA volume index, pulmonary vein atrial reversal velocity,
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maximum tricuspid regurgitation velocity, the ratio of early to late mitral inflow velocity
(E/A), and e’ velocity should be considered in the grading of LV diastolic function in HCM.™
However, these parameters are often discrepant and can lead to indeterminate results. LA
mechanics are affected by increased LV filling pressure, which is associated with LV diastolic
dysfunction. An increase in LA volume reflects chronic elevation of LV filling pressure and is
considered one of the parameters of LV diastolic function.™ Recent studies have shown that
LA function measured by LA strain, especially reservoir strain, reflects elevated LV filling
pressure as well as early LV diastolic dysfunction.””””) As LA reservoir strain has been shown
to have substantial value for assessing LV diastolic function, it has been suggested to be
included in the algorithm for estimating LV filling pressure.” In HCM, LA reservoir strain
reflected the stage of LV diastolic dysfunction, and was also a strong predictor of future HF
events.” Based on these data, the incorporation of LA reservoir strain into the algorithms
assessing LV diastolic function in HCM should be considered.®”

The term “end-stage” HCM has been used clinically to describe patients with advanced

LV systolic dysfunction, defined as an LVEF of <50%. According to the current evidence,
approximately 5% of HCM patients have reduced LVEE.*3% Up to 50% of these HCM

patients develop refractory HF, leading to death, heart transplantation, or LV assist device
implantation.?”*” Advanced HF in HCM with uncontrolled symptoms despite guideline-
directed maximal medical treatment is often associated with reduced LVEF, but can also occur
in patients with advanced LV diastolic dysfunction.®) Advanced HF in HCM is frequently
accompanied by diffuse replacement myocardial fibrosis, i.e., LV scarring.®? Replacement
myocardial fibrosis that can be quantified by LGE on CMR appears to be progressive in HCM,*)
and greater progression is associated with progression to LVEF <50% and admission for HE.”%)
There were reports suggesting that LGE confined to right ventricular insertion points in HCM is
also associated with worse LV diastolic and systolic function® and may be an intermediate stage
between patients with no LGE and patients with intramural LGE.® Predictors of progression to
“end-stage” HCM include greater LV size and wall thickness, borderline LVEF of 50% to 60%,
the presence of LGE, and the presence of a pathogenic sarcomeric gene variant.>” Patients

with HCM who develop LVEF <50% should receive optimal guideline-directed medical therapy
for HF with reduced ejection fraction and should be considered candidates for device therapy
including ICD and cardiac resynchronization therapy.®) Moreover, discontinuation of negative
inotropic agents such as verapamil and diltiazem, or a change to beta-blockers, if necessary,
should be considered. Heart transplantation should also be considered in HCM patients with
refractory advanced HF.59

Other comorbidities contributing to HF in HCM should also be evaluated and aggressively
managed. AF is an important contributor to HF progression in HCM, with the loss of effective
atrial contraction and uncontrolled tachycardia; in addition, AF itself can be a consequence of
chronically elevated LA pressure related to HE.3”%%) Diabetes mellitus, which often coexists
in elderly HCM patients, is associated with a higher risk of HF and mortality, possibly related
to the combined effect of HCM and diabetes on the myocardium, and should be actively
managed.®”") Female sex is also reported to be an independent risk factor for HF,*V the effect
of which appears to become more prominent at older age/postmenopause.®? Lastly, epicardial
coronary artery disease should be considered as a cause of exertional dyspnea or chest pain in
patients with HCM, and should be managed aggressively given its prognostic impact.>*¥
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CONCLUSIONS

By actively implementing contemporary management strategies in HCM, morbidity and
mortality can be substantially reduced. SCD in HCM can be effectively prevented with ICDs;
however, appropriate patient selection is important, especially for primary prevention.
There is no doubt that ICDs should be implanted for the secondary prevention of SCD in
HCM patients with aborted SCD events or sustained ventricular tachycardia. For the primary
prevention of SCD in HCM, the 5-year SCD risk score calculated according to the 2014 ESC
guidelines and the presence of major SCD risk factors according to the 2020 AHA/ACC
guidelines should be considered. LGE on CMR and LV-GLS on echocardiography can provide
an additive value for SCD risk prediction. AF is an important contributor to morbidity and
mortality in patients with HCM, and the importance of effective anticoagulation cannot be
overemphasized. Non-vitamin K antagonist oral anticoagulants should be a first option in all
HCM patients with AF, regardless of the CHA,DS,-VASc score. Dynamic LVOT obstruction
causing symptoms is first treated medically with beta-blockers or non-dihydropyridine
calcium channel blockers, and if symptoms persist, septal reduction therapy is considered.
Mavacamten has been approved for the treatment of symptomatic obstructive HCM and may
open a new chapter in HCM management. HF in HCM is usually attributed to LV diastolic
dysfunction. LA strain is useful for assessing LV diastolic function in HCM independent

of other established echocardiographic markers. Approximately 5% of HCM patients

show reduced LVEF <50%, also referred to as “end-stage” HCM. Myocardial fibrosis plays

an important role in the progression to advanced HF in patients with HCM. Although
echocardiography and CMR currently play an essential and complementary role in the
management of HCM, further studies are needed to establish how myocardial deformation
and LGE can provide better risk stratification and guide treatment.
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