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Abstract: Hypertrophic cardiomyopathy (HCM) is widely recognized as one of the most common inheritable cardiac disorders. Since 
its initial description over 60 years ago, advances in multimodality imaging and translational genetics have revolutionized our 
understanding of the disorder. The diagnosis and management of patients with HCM are optimized with a multidisciplinary approach. 
This, along with increased safety and efficacy of medical, percutaneous, and surgical therapies for HCM, has afforded more 
personalized care and improved outcomes for this patient population. In this review, we will discuss our modern understanding of 
the molecular pathophysiology that underlies HCM. We will describe the range of clinical presentations and discuss the role of genetic 
testing in diagnosis. Finally, we will summarize management strategies for the hemodynamic subtypes of HCM with specific emphasis 
on the rationale and evidence for the use of implantable cardioverter defibrillators, septal reduction therapy, and cardiac myosin 
inhibitors. 
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Introduction
Hypertrophic cardiomyopathy (HCM) affects more than 750,000 individuals in the United States.1–3 While a substantial 
proportion of individuals with HCM can expect a normal life expectancy without the need for HCM-specific therapies, 
data from referral-based cohorts demonstrate that 30–40% of the patients with HCM experience adverse cardiovascular 
events.4,5 Advances in contemporary cardiovascular diagnostics and therapeutics have decreased the burden of malignant 
cardiovascular outcomes and have helped shift focus to the early identification of patients and at-risk family members.6 

Herein, we review the diagnosis, mechanisms, and management of HCM with a focus on emerging therapies.

Epidemiology
Screening studies of asymptomatic adults in the general population indicate that the prevalence of HCM ranges from 
0.17% to 0.23%.1,3,7–9 The frequency of HCM is not expected to differ by ancestry or sex as the rate of spontaneous 
disease-causing rare variants is not thought to be impacted by selection pressures.3 Data from the Sarcomeric Human 
Cardiomyopathy Registry (SHaRe), the largest HCM registry to date, indicate that the median age of HCM diagnosis is 
45.8 years.5 In this registry, patients diagnosed before the age of 40 years had higher rates of adverse cardiac outcomes 
including atrial fibrillation, ventricular arrhythmias, and heart failure. Young patients with HCM aged 20–29 years had 
a nearly fourfold increase in the risk of death as compared to the general population.

Sex also plays an important role in diagnosis. Women are often diagnosed later in life than men10 and at more 
advanced stages of the disease with more symptoms, a higher risk of heart failure, and a greater risk of mortality.11 

Women are also more likely to have pathogenic sarcomeric variants.12 The exact reason for this disparity remains 
unclear. One increasingly recognized explanation is the role of bias in disease recognition and treatment.13 Indeed, there 
may be a lower clinical suspicion of HCM in younger women which could thereby delay the time to diagnosis. 
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Furthermore, women are less likely to be referred for implantable cardiac defibrillators when compared to men.11,13 

A potential physiological explanation for the sex disparity in diagnosis is that estrogen may be able to suppress 
hypertrophic signaling in females.14–16 However, this hypothesis remains challenging to confirm clinically and may be 
difficult to address pharmacologically.17 Regardless of the underlying cause, women continue to face many disparities in 
diagnosis and treatment as compared to their male counterparts.

Diagnosis and Classification
In adults, the diagnosis of HCM is made in the presence of myocardial hypertrophy ≥1.5 cm in the absence of abnormal 
loading conditions.6 The threshold for diagnosis is reduced to ≥1.3 cm in adults with familial HCM to improve the 
diagnostic yield in this at-risk population.6 In children, a BSA normalized Z score of myocardial thickness greater than 2 
is used as the diagnostic threshold. Disorders that mimic HCM, such as Fabry’s disease, hypertensive heart disease, 
mitochondrial cardiomyopathies, and cardiac amyloidosis, must also be ruled out before diagnosis.18–20 In children, 
additional care must be taken to rule out additional syndromic diseases such as glycogen storage disease (eg, Danon 
disease, Pompe disease, gamma-2 regulatory subunit of adenosine monophosphate-activated protein kinase-2 disease), 
mitochondrial cytopathies, and inborn errors of metabolism.19

While hypertrophy is most commonly identified in the interventricular septum, it can be present globally or in any 
myocardial segment.2 The location of hypertrophy can be described using a variety of different classification frame
works. The initial schema was devised using echocardiography and differentiated hypertrophy based on the anatomic 
location of hypertrophy.21 This schema denotes four main subtypes: basilar anterior hypertrophy (type I), hypertrophy of 
the entire septum (type II), hypertrophy of the entire septum and additional hypertrophy of the posterior lateral wall (type 
III), and hypertrophy involving the apex, posterior or lateral wall (type IV).21 A more recent schema that utilized cardiac 
MRI uses phenotypic rather than anatomic classifications (Figure 1).22 These phenotypes include reverse curvature HCM 

Figure 1 Phenotypic subtypes of hypertrophic cardiomyopathy, differentiated by region of hypertrophy. (A) Representation of a normal human heart. (B) Type A/type 
I hypertrophy results in a sigmoid septum with discrete hypertrophy of the basilar septum with less severe hypertrophy of the basolateral wall. (C) Type B/Type II 
hypertrophy involves the majority of the basilar septum and in three dimensions spirals anteriorly as it tracts down to the apex. (D) Type C hypertrophy (a subclass of Type 
III hypertrophy) denotes primarily uniform hypertrophy of both the septum and the posterior wall. (E) Type D (a subclass of Type IV hypertrophy) primarily involves the apex 
with minimal hypertrophy in the septum or posterior wall. (F) Type E (a subclass of Type III hypertrophy) involves both the septum and the posterior wall with minimal apical 
involvement and can lead to mid-cavitary gradients.
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(type A – mid-septal convexity), sigmoid septum HCM (type B – concave septum towards to LV cavity), neutral HCM 
(type C – neither a concavity nor convexity), apical HCM (type D – predominant apically localized HCM), and mid- 
cavitary HCM (type E). Mid-cavitary and apical HCM are further differentiated by the presence or absence of an apical 
aneurysm.

Ninety percent of the HCM cases present with hypertrophy of the interventricular septum (type A and type B).8,23 

However, diagnosis of type A HCM is challenging to clinically differential from the more benign discrete upper septal 
thickening.24–26 Key features that differentiate between the two include systolic anterior motion of the mitral valve 
(SAM), left ventricular outflow tract (LVOT) obstruction, mitral valve abnormalities, age of onset, symptoms, and/or 
identification of a pathogenic sarcomere variant.27 Patients with a sigmoid septal hypertrophy phenotype are generally 
younger than patients with discrete upper septal thickening and present with symptomatic LVOT obstruction and/or 
SAM. However, clinical scenarios consistent with but potentially unrelated to HCM, such as syncope, make diagnosis 
often challenging.28 Additional information, such as diastolic dysfunction, increased left ventricular posterior wall 
thickness, or the presence of myocardial fibrosis on cardiac magnetic resonance imaging (CMR) can help provide clarity 
in these situations.29

While left ventricular septal thickness is routinely quantified by echocardiography, other regions are not routinely 
sampled for wall thickness. For this reason, subtle hypertrophy in other regions can be easily missed or misconstrued as 
artifact with this modality.30 CMR is more sensitive to detect myocardial hypertrophy in regions outside of the septum. 
However, it is costlier and less readily available than echocardiography. CMR does have the additional advantage of 
being able to quantify myocardial fibrosis which can be incorporated into sudden death risk stratification. Therefore, 
a CMR is strongly recommended for confirmatory testing in patients with newly diagnosed HCM. Prescreening should 
then be repeated every 3–5 years to monitor for progression.6

Genetics
Approximately 40–60% of the HCM is caused by autosomal dominant genetic variants in genes that encode myocardial 
sarcomere proteins.8 Within this subset, the majority (~70%) of patients have disease-causing variants in either myosin- 
binding protein C3 (MYBPC3) or myosin heavy chain 7 (MYH7) (Table 1).31–33 The remaining ~30% harbor variants in 
other regions of the sarcomere including myosin light chain 2 (MYL2), myosin light chain 3 (MYL3), troponin T2 
(TNNT2), troponin I3 (TNNI3), tropomyosin 1 (TPM1), and actin alpha cardiac muscle 1 (ACTC1).5,34 Alterations in 

Table 1 Genes Responsible for the Development of Hypertrophic Cardiomyopathy

Gene MOI Protein Function Percent of Cases

MYBPC3+ AD Myosin-binding protein C Cardiac contraction 50–60

MYH7+ AD β-Myosin heavy chain Sarcomere force generation 20–30

TNNI3+ AD Cardiac troponin I Inhibitor of actomyosin interaction 3–5

TNNT2+ AD Cardiac troponin T Regulator of actomyosin interaction 2–3

TPM1+ AD α-Tropomyosin Places troponin complex on cardiac actin <5

MYL2+ AD Myosin light chain-2 Role in cross-bridge cycling kinetics 2–5

MYL3+ AD 
AR

Myosin light chain-3 Regulatory light chain of myosin <1

ACTC1+ AD Cardiac α-actin Actomyosin interaction <1

PLN+ AD Phospholamban Regulates calcium pump in cardiac myocytes <3

TPM1+ AD α-Tropomyosin Places the troponin complex on cardiac actin <3

(Continued)
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these proteins interfere with the mechanical properties of the sarcomere and lead to myocyte hypertrophy and disarray, 
diastolic dysfunction, and myocardial fibrosis. Over time, these changes impair global cardiac function and can cause 
hyper-contractility, atrial and ventricular arrhythmias, and heart failure.

The remainder of the genetic variants that are known to be associated with HCM lie in genes outside the sarcomere.8 

These include proteins integral to the Z-disk (eg, ACTN2, ANKRD1, MYOZ2, TCAP, VCL), calcium handling (eg, PLN, 
RYR2, CASQ2, TNNC1, JPH2), and the proteasome (TRIM63).35 However, there remains a large population of patients 
with HCM who do not carry disease-causing genetic variants. This suggests that additional host factors – genetic, 
epigenetic, and environmental – that influence penetrance and expressivity. In monozygotic twin studies, there appears to 
be a strong epigenetic or environmental role in the expression of the HCM phenotype.36,37 For example, one possible 
environmental exposure that is thought to potentiate HCM is obesity. Multiple studies have shown that a higher body 
mass index is strongly associated with higher LVOT gradients and worse clinical outcomes.38–41 The mechanism of this 
effect remains unclear, and it is unclear if obesity is causal or simply a confounding variable due to its associated 
cardiometabolic and functional impacts. However, the possibility of treating or preventing HCM with weight manage
ment strategies such as exercise, caloric restriction, or weight loss treatments is an area of active investigation.42–45

Major Hypertrophic Cardiomyopathy Subtypes
Obstructive Hypertrophic Cardiomyopathy
HCM phenotype plays a major role in the development of obstruction, which is a key physiologic differentiator in HCM. 
Approximately two-thirds of patients with HCM develop obstruction, which is strongly associated with symptoms and 
heart failure progression.6 Patients with LVOT obstruction typically have asymmetric septal hypertrophy (ie types A and 
B). Obstructive HCM is characterized by a peak LVOT gradient of ≥30 mmHg. In patients with LVOT gradients of ≤30 
mmHg, provocative maneuvers such as Valsalva or exercise should be performed to evaluate for latent obstruction.6 

Obstruction can also occur at the mid-cavitary or apical levels. The cause of LVOT obstruction is variable and dependent 

Table 1 (Continued). 

Gene MOI Protein Function Percent of Cases

CSRP3* AD Cysteine and glycine-rich protein 3 Muscle LIM protein, a Z disk protein <1

ACTN2* AD Actinin, alpha 2 Z-disk protein <1

TNNC1* AD Cardiac troponin C Calcium-sensitive regulator of myofilament function <1

TRIM63# AD Muscle ring finger protein 1 E3 ligase of proteasome ubiquitin system Rare

MYOZ2# AD Myozenin 2 (calsarcin 1) Z-disk protein <1

MYH6# AD (α)-Myosin heavy chain Cardiac contraction Rare

TTN# AD Titin Sarcomere function Rare

ACTN1# AD Actinin, alpha 1 Z-disk protein Rare

MYH6# AD α-Myosin heavy chain Sarcomere force generation Rare

TCAP# AD Telethonin Z-disk protein Rare

VCL# AD Vinculin/metavinculin Intercalated disk protein Rare

RYR2# AD Ryanodine receptor 2 Calcium-induced calcium release Rare

JPH2# AD Junctophilin 2 Sarcoplasmic reticulum-surface membrane binding protein Rare

Notes: +Denotes gene mutations that have definitive evidence of HCM causation; *Denotes genes with moderate evidence of HCM causation; #Denotes genes with 
limited evidence of HCM causation. 
Abbreviations: AD, autosomal dominant; AR, autosomal recessive; MOI, mode of inheritance.
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on several factors, including the degree of septal hypertrophy, mitral valve apparatus structure, hemodynamic loading 
conditions, and flow dynamics. An additional factor that remains under investigation is the left ventricle to aortic root 
angle (Figure 2).46,47

Another key factor that influences obstruction is the presence of SAM.2 SAM is thought to result from both the 
presence of disproportionate hypertrophy in the interventricular septum as well as structural abnormalities of the mitral 
valve apparatus. Abnormalities include anterior displacement of the papillary insertion, bifid papillary muscles, papillary 
muscle elongation, abnormal leaflet coaptation, and chordae elongation.48 The abnormalities in any combination can 
cause laxity in the mitral apparatus which can move into the LVOT during isovolumic contraction. This further narrows 
the LVOT and causes worsening obstruction.

Nonobstructive Hypertrophic Cardiomyopathy
The remaining one-third of patients with HCM have nonobstructive physiology.2 When symptomatic, patients with 
nonobstructive HCM can experience similar symptoms to those with obstructive HCM including dyspnea, palpitations, 
exercise intolerance, syncope, chest pain, and reduced functional capacity. Patients with nonobstructive HCM can have 
a variety of LV hypertrophy morphologies. Patients with nonobstructive HCM are thought to have a more favorable 
prognosis on average.49 They are 2–4 times less likely to develop heart failure than those with obstructive HCM and 
typically have preserved systolic function.2 However, a significant proportion of patients do become symptomatic. Even 
when asymptomatic, patients with nonobstructive HCM warrant routine longitudinal screening to monitor for 
progression.

Management
Medical and Interventional Therapies for Obstructive Hypertrophic Cardiomyopathy
Given the diversity of HCM phenotypes, patient-centered treatment plans and therapies are necessary to reduce the 
overall morbidity and mortality of this disease. One fundamental dividing line in therapeutic decisions is the presence or 
absence of obstruction. In patients with obstruction, those without symptoms may be monitored closely without medical 
management.4,6,15,46–49 Once symptoms develop, pharmacotherapy should be initiated with beta-blockers or non-dihy
dropyridine calcium channel blockers.6 Beta-blockers are particularly effective at reducing provocable gradients caused 
by exercise and may also improve resting gradients.2 Non-dihydropyridine calcium channel blockers can be an 

Figure 2 Left ventricle to aortic root angulation and its impact on left ventricular outflow tract gradient. (A) In structurally normal hearts, the left ventricular to aortic root 
angle (LVARA) is greater than 140°. (B) With septal hypertrophy, the LVARA decreases, and more blood is directed toward the anterior leaflet of the mitral valve. This is 
thought to promote a Venturi effect and drag forces that increase the left ventricular outflow tract gradient and promote systolic anterior motion of the mitral valve.
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alternative for patients that have contraindications or are intolerant to beta-blockade. If patients have symptoms 
refractory to maximum medical management with beta-blockers and calcium channel blockers, disopyramide, 
a sodium channel blocker with potent negative inotropic effects can be utilized.50 There is little evidence that any of 
these therapies alter the natural history of obstructive HCM, likely because they fail to address the underlying molecular 
pathophysiology of the disease.51

For patients with LVOT gradients exceeding 50mmHg at rest or with physiologic provocation despite maximally 
tolerated medical management and persistent New York Heart Association (NYHA) III/IV moderate-to-severe symp
toms, the 2020 American College of Cardiology/American Heart Association guidelines recommend septal reduction 
therapy. Options include surgical septal myectomy and alcohol septal ablation, both of which aim to reduce overall septal 
mass, improve obstruction and thereby, improve the functional capacity of patients.52,53 Surgical myectomy is the 
preferred invasive option and is typically performed in patients at acceptable surgical risk and in patients with indications 
for other surgical procedures (ie, concomitant obstructive coronary artery disease, mitral valve abnormalities, valvular 
aortic stenosis). Myectomy alleviates symptoms of heart failure and improves quality of life in over 90% of the patients, 
with 70% becoming asymptomatic after the procedure.2,54 In older patients with comorbidities and prohibitive surgical 
risk, percutaneous alcohol septal ablation may be a more suitable option as it is less invasive and is without the attendant 
risks of cardiothoracic surgery.4 This procedure causes alcohol-induced transmural infarct, which mimics the effects of 
myectomy by resulting in septal thinning and improved subaortic gradients. Heart block is the most common complica
tion of the procedure, with 10% of patients requiring permanent pacemaker placement.4 Approximately 10% eventually 
require repeat ablation but is an overall well-tolerated procedure causing significant improvement in symptoms for 
patients.2,51–54

Cardiac Myosin Inhibitors
HCM is now widely recognized as a disease of enhanced ensemble force generation within the myocyte.55,56 This 
fundamental discovery led to the hypothesis that targeted pharmacologic inhibition of sarcomeric force generation could 
abrogate the disease process.51 Mavacamten (Bristol Myers Squibb, Inc.) was approved by the United States Food and 
Drug Administration in April 2022 as a first-in-class negative allosteric modulator of human cardiac beta myosin. 
Mavacamten inhibits the ATPase rate of beta myosin by shifting the equilibrium of beta myosin away from its activated 
state toward a super relaxed state.57,58 This reduction in beta myosin activity in turn inhibits contractility and reduces 
excitotoxic calcium handling. Beneficial effects of mavacamten in rodent models include reducing myocardial contrac
tility, preventing left ventricular (LV) hypertrophy, reducing myocardial fibrosis, and suppressing pro-fibrotic signaling 
pathways.51 Together, these effects were found to improve functional capacity and prevent hypertrophic remodeling in 
animal models.

Mavacamten was then evaluated in Phase II trials in patients with obstructive and nonobstructive HCM. Following 
positive data from the phase II PIONEER-HCM trial,59 the Phase III EXPLORER-HCM trial was designed to test if 
mavacamten was efficacious and safe at reducing LVOT obstruction and improving functional status in patients with 
obstructive HCM.60 This multicenter, randomized, placebo-controlled study randomized 251 patients with symptomatic 
obstructive HCM to an echocardiography-guided dose up-titration regimen of mavacamten or placebo. Participants were 
allowed to continue previously stabilized beta blockers and calcium channel blockers but had to discontinue disopyr
amide. The study met its primary composite endpoint of ≥ 1 point improvement in NYHA class with a ≥ 1.5 mL/kg/min 
increase in peak oxygen consumption (peak VO2) or a ≥ 3.0 mL/kg/min increase in peak VO2 with no worsening of 
NYHA class. Thirty-seven percent of patients assigned to mavacamten reached the primary endpoint as compared with 
17% of patients assigned to placebo (p = 0.0005). Twenty-seven percent of the patients had a complete therapeutic 
response, which was defined as LVOT obstruction <30mmHg and NYHA class I at final evaluation, versus 1% of 
placebo. Side effects were limited with the primary adverse event being transient and reversible episodes of LV systolic 
dysfunction. A subsequent echocardiographic substudy of EXPLORER-HCM demonstrated that treatment with mava
camten was associated with improvement in absolute intracellular myocardial mass index, LV mass index, maximum LV 
wall thickness, and left atrial volume index, which suggests the disease-modifying potential of the drug.61
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A follow-up study to EXPLORER-HCM, the phase III multicenter randomized trial VALOR-HCM, attempted to 
address whether mavacamten provided similar benefits in a sicker population of patients who were eligible for septal 
reduction therapy.62 Patients underwent a similar echocardiography-guided dose up-titration protocol and were evaluated 
for septal reduction therapy candidacy following a 16-week treatment course. Following this period, only 18% of the 
patients remained septal reduction therapy candidates as compared to 77% for placebo (p < 0.001). The trial also met 
multiple secondary endpoints including significant decreases in LVOT gradients and NYHA class with only two patients 
(3.6%) requiring temporary drug cessation for drops in LV ejection fraction. Open-label extension studies of mavacamten 
are underway, and preliminary results indicate that long-term use of mavacamten can reduce LV wall thickness and 
myocardial fibrosis.61

Additional cardiac myosin inhibitors are under development. Aficamten (formerly CK-3773274, Cytokinetics, Inc.) is 
a next-in-class selective cardiac myosin inhibitor that has a similar mechanism of action but acts to a distinct allosteric 
binding site on cardiac myosin. In contrast with mavacamten, it has a shorter half-life and fewer drug–drug interactions 
and has shown promise in preliminary results from its initial phase II clinical trial program.63,64 The REDWOOD-HCM 
trial evaluated the safety and tolerability of aficamten in patients with symptomatic obstructive HCM and demonstrated 
that compared with placebo, treatment with aficamten resulted in rapid and sustained reduction in LVOT gradients, 
improvement in NYHA class, and decrease in cardiac biomarkers.65 Importantly, there were no serious adverse events 
related to aficamten and no treatment interruptions or discontinuations due to adverse events. These data have set the 
stage for the phase III randomized controlled trial testing the clinical efficacy and safety of aficamten in symptomatic 
obstructive HCM, SEQUOIA-HCM (Safety, Efficacy, and Quantitative Understanding of Obstruction Impact of 
Aficamten in HCM), which is planned to be completed in September 2023.66 In animal studies, a newer mavacamten 
surrogate, MYK-581, has been shown to alleviate hypercontractility and LVOT obstruction and improve intracardiac 
hemodynamics.67,68

Medical Therapy for Nonobstructive Hypertrophic Cardiomyopathy
Pharmacologic therapy for symptomatic nonobstructive HCM includes the use of beta-blockers and calcium and channel 
blockers as primary agents to improve diastolic filling. Patients with symptomatic nonobstructive HCM are not eligible 
for septal reduction therapy. Mavacamten was evaluated in the phase II randomized MAVERICK-HCM trial and resulted 
in reduced NT-proBNP and troponin I levels in patients with nonobstructive HCM with NYHA class II/III symptoms.69 

The phase III ODYSSEY-HCM trial (NCT05582395), a randomized trial of mavacamten versus placebo in symptomatic 
nonobstructive hypertrophic cardiomyopathy is expected to be completed in March 2025. For patients with early HCM 
but without symptoms, valsartan has shown promise in a phase II clinical trial as a possible disease-modifying therapy.70 

Compared with placebo, valsartan demonstrated a statistically significant improvement in a composite endpoint of serum 
NTproBNP, serum high-sensitivity cardiac troponin, LV mass, left atrial volume, LV end-diastolic volume, LV end- 
systolic volume, maximal LV wall thickness, and echocardiographic markers of diastolic function.

Arrhythmia Management in Hypertrophic Cardiomyopathy
All patients with HCM should undergo risk stratification for sudden death.71 Major risk factors for sudden death include 
a family history of HCM with sudden cardiac death, unexplained syncope, prolonged nonsustained ventricular tachy
cardia, LV apical aneurysm, massive LV hypertrophy (> 30mm), extensive late gadolinium enhancement and LV ejection 
fraction <50%. Patients at elevated risk should be referred for primary prevention implantable cardioverter defibrillator 
placement.6 Patients with a history of cardiac arrest or sustained ventricular tachycardia should be referred for secondary 
prevention implantable cardioverter defibrillator placement.71 Risk stratification is an ongoing process and should be 
repeated annually.

Patients with HCM are at risk of increased morbidity from atrial fibrillation and are often symptomatic with this 
tachyarrhythmia due to the combination of myocardial structural abnormalities and diastolic dysfunction.5,71 Frequent 
episodes of paroxysmal atrial fibrillation may interfere with quality of life and may require acute intervention with 
cardioversion. Episodes may be suppressed with the use of antiarrhythmic drugs or catheter ablation.72 Anticoagulation 
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with either warfarin or a direct oral-acting anticoagulant for the prevention of thromboembolism should be strongly 
considered in anyone with HCM and atrial fibrillation independent of their CHA2DS2-VASc score.6

Gene Therapy for Hypertrophic Cardiomyopathy
Gene therapy is an emerging strategy that seeks to directly address the underlying genetic causes of HCM.72,73 The 
various strategies being taken have been extensively reviewed elsewhere.74 Strategies currently being explored include 
gene replacement with adeno-associated viral vectors, gene editing, allele-specific silencing, trans-splicing, and exon 
skipping. These gene replacement tools have shown some promise in studies of induced pluripotent stem cells deficient 
of MYBPC3.75,76 Recently, base editing of a common disease-causing variant in HCM, MYH7 p.R403Q, has been shown 
to rescue the HCM phenotype in induced pluripotent stem cell cardiomyocytes and in a mouse model.77 While each 
approach has its unique potential benefits and risks, the ethical limitations of gene therapy trial design must remain 
paramount.78 Additional early challenges in early phase, first-in-human studies of gene therapy for inherited cardiomyo
pathies will include patient selection, identification of outcomes, and recognition and management of off-target effects.

End-Stage Disease
As HCM progresses, patients can develop symptoms that are refractory to drug therapy. This includes worsening systolic 
progressive exercise intolerance, systolic dysfunction, diastolic heart failure, and progressive VT burden. In the SHaRe 
registry, patients diagnosed before the age of 40 years had a higher cumulative risk of the development of adverse 
cardiovascular events, including heart failure, when compared with patients diagnosed after 40 years old.5 In other 
studies, up to 50% of patients with NYHA functional classes III/IV go on to develop an LV ejection fraction of less than 
50%.2,4 Once heart failure with reduced ejection fraction, defined as <50% in HCM, is discovered, patients are managed 
with typical guideline-directed therapies such as beta-blockers, renin-angiotensin-aldosterone system inhibitors, and 
diuretic therapy; however, these therapies have little evidence for efficacy in this population. Cardiac resynchronization 
therapy may be indicated for patients with intraventricular conduction delay and may improve overall symptoms and 
ejection fraction.6 Patients with advanced NYHA functional class III/IV symptoms and LV systolic dysfunction with LV 
ejection fraction <50% should be referred for an advanced therapies evaluation.6 Withdrawal of negative inotropic 
therapy, evaluation for other causes of systolic dysfunction, and referral for cardiac resynchronization therapy are 
indicated. Survival after cardiac transplant for HCM is 85%, 75%, and 61% at 1, 5, and 10 years with a gradually 
improved survival rate over the last decade.79,80 Patients with end-stage HCM and dilated LV cavities can also be eligible 
for ventricular assist devices if technically feasible.

Conclusion
Despite many advances, the care of patients with HCM presents many ongoing challenges. Younger patients and women 
represent an important subset of patients that require special consideration. The incomplete penetrance and variable 
expressivity of HCM pathogenic variants highlight the possible role of environmental or epigenetic factors in disease 
presentation. The arrival of cardiac myosin inhibitors provides patients and physicians with an ever-expanding treatment 
armamentarium. However, the long-term risk-benefit of this intervention as compared to more established surgical 
interventions remains unclear. Risk stratification remains an inexact science with primary prevention cardioverter 
defibrillator implantation requiring shared decision-making. Treatment of end-stage HCM also requires additional 
investigation as our current therapies for systolic dysfunction are inadequate for this unique population. Fortunately, 
the treatment of HCM remains a field of active inquiry and ingenuity.
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