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Abstract

Published: 30 October 2025

Hypertrophic cardiomyopathy (HCM) is a prevalent cardiac disease characterized by marked phenotypic variability. Recent advances in

diagnosis and treatment have allowed a personalized approach to the treatment of this disease. Depending on the predominant phenotype,

management can be tailored to address left ventricular outflow tract obstruction, heart failure, arrhythmia control, and/or sudden cardiac
death prevention. This review highlights recent advances that have transformed the therapeutic landscape of HCM. Modern imaging
techniques have improved sudden cardiac death risk stratification. The development of myosin inhibitors represents a paradigm shift

in the treatment of symptomatic obstructive HCM. Invasive septal reduction techniques have also evolved, with novel approaches such

as percutaneous intramyocardial septal radiofrequency ablation and transapical beating-heart septal myectomy. Finally, gene-targeted

therapies including replacement, editing and silencing approaches, are emerging as promising strategies for HCM management.
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1. Introduction

Hypertrophic cardiomyopathy (HCM) constitutes the
most frequently inherited cardiomyopathy with an esti-
mated adult prevalence of 0.2% [1]. HCM in adults is de-
fined by a left ventricular (LV) wall thickness >15 mm
in any myocardial segment that is not solely explained by
abnormal loading conditions. With lesser degrees of wall
thickening (13—14 mm), other variables, such as family
history, genetic findings and ECG abnormalities, must be
evaluated. In children, the diagnosis of HCM requires an
LV wall thickness more than 2 standard deviations above
the predicted mean (z-score >2) [1]. It presents a highly
variable clinical course, ranging from a completely asymp-
tomatic and stable condition, to one with severe outcomes
[2]. Phenotype spectrum includes, amongst many other
manifestations, left ventricular outflow tract obstruction
(LVOTO), heart failure and arrhythmias, which may lead
to sudden cardiac death (SCD). A tailored management ap-
proach results in improved morbidity and mortality out-
comes [3].

Since the first descriptions of obstructive HCM
(oHCM) and non-obstructive HCM (nHCM), there has
been a revolution in the understanding of its pathophysi-
ology [4,5]. This has led to substantial changes in diagno-
sis, treatment, and SCD risk assessment [1]. Advances in
imaging techniques, especially cardiac magnetic resonance
(CMR), have provided key insights [6]. New risk assess-

ment tools and algorithms have been developed [7]. Myosin
inhibitors (MI) have transformed the treatment algorithm
of patients with oHCM; being the first pharmacological
group to act upon HCM’s pathophysiological mechanism
[8]. Many interventional alternatives to Morrow classical
septostomy have emerged [9]. Finally, better understand-
ing HCM’s underlying genetic mechanisms has allowed the
development of gene therapy (GT), raising the question of
whether some HCM patients may be definitively cured in a
near future [10].

All of the previous advances, has increased the need
for clinicians to be fully updated to offer the best personal-
ized integral management to HCM patients.

2. Sudden Cardiac Death Risk Stratification

Annual SCD in HCM is estimated to be around 0.5—
0.8% in adults and 1.2-1.5% in children. It may occur as
the initial presentation of HCM [2,11], being ventricular
tachycardia/fibrillation (VT/VF) the most common causes
of SCD. Implantable cardioverter-defibrillators (ICD) are
an effective therapy for managing life-threatening ventric-
ular arrhythmias [12]. Nonetheless, risk stratification is still
challenging and controversial [13].

Both ESC European Society of Cardiology guidelines
(ESC) and American Heart Association guidelines (AHA)
guidelines [1,14] uniformly recommend, with class I indi-
cation, ICD implantation in secondary prevention. How-
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Fig. 1. Flowchart of sudden cardiac death risk assessment and implantable cardioverter-defibrillator implantation indications

according to European (2023) and American (2024) guidelines. AHA, American Heart Association guidelines; ESC, European Society

of Cardiology guidelines; HCM, Hypertrophic Cardiomyopathy; ICD, Implantable Cardioverter-Defibrillator; LGE, Late Gadolinium
Enhancement; LV, Left Ventricular; LVEF, Left Ventricular Ejection Fraction; LVH, Left Ventricular Hypertrophy; SCD, Sudden Cardiac

Death; VF, Ventricular Fibrillation; VT, Ventricular Tachycardia.

ever, they diverge in their recommendations for primary
prevention (Fig. 1). ESC guidelines endorse the use of
the HCM Risk-SCD model for adults and the HCM Risk-
Kids tool for patients under 16 to estimate 5-year SCD risk
[7,15]. ICD implantation is based on defined risk thresholds
(low risk <4%, intermediate risk 4-6%, high risk >6%)
[1]. In contrast, AHA guidelines adopt a major risk marker
approach, using individual clinical features as a basis for
shared decision-making [14].

Key differences exist between guidelines regarding
the role of CMR, apical aneurysm [16,17], and left ventric-
ular ejection fraction (LVEF) [18,19] (Table 1, Ref. [1,14]).
While the ESC guidelines view the previous as risk modi-
fiers, emphasizing the limitations of current evidence and
the need for individualized clinical interpretation, AHA
guidelines consider them as independent risk factors that
warrant ICD implantation. These differing strategies result
in varying ICD implantation rates. The AHA method offers
a higher sensitivity (=95%) but lower specificity (=78%),
leading to more implants in low-risk patients. The ESC
model favors specificity (92%), potentially missing some
at-risk individuals [7]. Despite these contrasts, both ap-
proaches show similar effectiveness, with approximately
six to seven patients needing ICD implantation to prevent
one episode of VI/VF.

Future Directions in Sudden Cardiac Death Risk
Stratification

Previous ESC and AHA SCD risk stratification mod-
els rely on regression analysis methods. However, emerg-
ing data derived from CMR, as well as genetic informa-
tion, are becoming increasingly relevant for identifying ar-
rhythmogenic risk. Looking ahead, new risk stratifica-
tion paradigms that integrate old and new risk markers are
needed. Machine learning and artificial intelligence (AI)
offer the potential to synthesize complex data, delivering a
more personalized risk assessment, particularly in patients
with intermediate or uncertain risk profiles under conven-
tional models.

Cardiovascular Magnetic Resonance

CMR enhances SCD risk prediction in HCM by pro-
viding detailed myocardial tissue characterization. Para-
metric mapping techniques like late gadolinium enhance-
ment (LGE), T1/T2 mapping, and extracellular volume
(ECV) to quantify fibrosis, edema, and extracellular expan-
sion linked to arrhythmic risk can be used [6]. An LGE
affecting >15% of LV mass significantly increases the 5-
year SCD risk, even among patients initially classified as
low risk [20]. Additionally, the combination of LGE with
elevated T2 mapping (>44.9 ms) is associated with worse
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Table 1. Comparison of key clinical risk factors for sudden cardiac death in hypertrophic cardiomyopathy from the ESC and
AHA guidelines.

Risk factor ESC Guidelines (2023) [1]

AHA Guidelines (2024) [14]

Family history of SCD
age with confirmed HCM

SCD in >1 first-degree relative <40 years or at any

SCD in >1 first-degree or close relative <50 years;
multiple tertiary relatives also relevant

Not independently associated with prognosis in pe-

diatric HCM

Unexplained syncope Recent (<6 months)

Events >5 years ago less relevant

Age Younger patients (<15 years) at higher risk

Age affects marker sensitivity

Not explicitly discussed

Maximum LV wall thickness ~ Highest risk if >30 mm

>30 mm major risk factor

>28 mm considered at physician discretion
Pediatric: z-score >20 (or >10 + additional risk
factors)

Left atrial diameter

Larger size linked to increased SCD risk

Not mentioned

LV apical aneurysm Not listed Regardless of aneurysm size

LVEF Not emphasized LVEF <50%

LVOTO Uncertain impact of provocable LVOTO or treat-  Not mentioned
ment
Conlflicting pediatric data

NSVT Independent risk factor Higher risk if frequent (>3 runs), longer (>10
Exercise-related NSVT may increase risk beats), faster (>200 bpm); pediatric: >20% above
Frequency/duration not clearly predictive baseline HR

LGE >15% LGE shared decision making Extensive LGE

HCM, Hypertrophic Cardiomyopathy; LGE, Late gadolinium enhancement; LV, Left Ventricle/Left Ventricular; LVEF, Left ventricular
ejection fraction; LVOTO, Left Ventricular Outflow Tract Obstruction; NSVT, Non-Sustained Ventricular Tachycardia; SCD, Sudden

Cardiac Death.

outcomes [21]. ECV correlates more strongly with sud-
den cardiac death risk than LGE alone [22]. Finally, native
T1 mapping independently predicts adverse cardiovascu-
lar events more accurately than guideline-based risk scores
[23]. The association between SCD risk and LGE in chil-
dren is not well defined [14].

Taking into account these findings, both ESC/AHA
guidelines support the use of CMR for SCD risk stratifica-
tion in low to intermediate risk HCM patients [1,14]. How-
ever, several uncertainties temper the integration of CMR
clinical practice [24]. Quantification of LGE varies widely
between centres, scans and software programmes, lacking
standardization. Moreover, availability of CMR in low re-
source settings is limited. Before generalization of the rec-
ommendations, a consensus on how to incorporate these
variables into decision algorithms is required.

Genotype Status

Genetic testing may provide prognostic insight into
HCM. Carriers of pathogenic or likely pathogenic sarcom-
ere gene variants generally face higher risks of adverse out-
comes. Certain mutations and regions in genes such as
MYBPC3, TNNT2 and MYH7 have been linked to a worse
prognosis and increased arrhythmic risk [25-27].
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Despite the previous guidelines, the most recent 2023
ESC guidelines have removed the presence of a single sar-
comeric pathogenic variant as a standalone indication for
ICD implantation in patients with intermediate SCD risk.
Genetic findings are supportive but not determinative of el-
igibility [1]. This is due to association inconsistency across
all patient groups. Moreover, additional factors such as
polygenetic variants and diastolic blood pressure influence
disease expression [28], making it challenging to attribute
SCD risk to a single variant or genomic region alone [29].
Before integration into clinical algorithms, more investi-
gation is needed in order to correctly delineate genotype—
phenotype correlations in HCM.

Artificial Intelligence

In the years ahead, Al is poised to become a new tool
for SCD risk assessment. It has proven useful in HCM
screening through ECG analysis, with high specificity and
negative predictive value [30,31]. Although a validated
Al tool specifically designed for SCD risk assessment in
HCM is not yet available, several promising models exist.
These include Al algorithms that identify high-risk ECG
patterns, integrating clinical, genetic and imaging data to
predict outcomes [32—34]. Model generalizability is how-
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Fig. 2. Mechanism of action of myosin inhibitors. HCM, Hypertrophic Cardiomyopathy.

Table 2. Main differences between myosin inhibitors.

Mavacamten Aficamten
Half-life (days) 6-23 2.8
Drug interactions CYP450 None
Dosage titration Slow (4 weeks) Quick (2 weeks)
Risk of LVEF <50% +++ +
Efficacy in oHCM ™ ™

LVEF, Left Ventricular Ejection Fraction; oHCM, Obstructive
Hypertrophic Cardiomyopathy. +++: higher risk; +: risk but
less than with mavacamten. 11 higher efficacy.

ever hindered in HCM due to limited sample sizes, variable
disease expression, and complex phenotypes.

3. Pharmacological Therapy
3.1 Myosin Inhibitors

MI are a new drug group, which selectively and re-
versibly inhibit cardiac myosin adenosine triphosphatase.
They stabilize the super-relaxed state of myosin, thus reduc-
ing actin-myosin bridge formation and, consequently, the
excessive myocardial contractility associated with HCM
pathophysiology. This leads to a reduction in LVOTO and
LV filling pressures. It also reduces myocardial energy de-
mands and diastolic dysfunction [8,35] (Fig. 2).

To date, there are two MI: mavacamten and aficamten.
The main differences between them are shown in Table 2.
Aficamten, a second-in-class allosteric MI was developed
to improve the pharmacokinetic and pharmacodynamic
properties of mavacamten. Their most frequent adverse re-
actions are dizziness (17%), dyspnea (12%), left ventricular
systolic dysfunction (5%) and syncope (5%) [1,35].

3.1.1 Myosin Inhibitors in Obstructive Hypertrophic
Cardiomyopathy

Mavacamten and aficamten have demonstrated effi-
cacy in oHCM across several trials (Table 3, Ref. [36—
41]). Mavacamten received FDA approval in 2022, while
aficamten received approval in 2024. When published, the
ESC guidelines were unable to recommend the use of MI as
first-line medical therapy, due to the absence of direct head-
to-head comparisons with other treatments available at the
time. However, they did consider the evidence sufficiently
robust to support their use as second-line therapy when op-
timal medical therapy with beta-blockers, calcium antago-
nists, and/or disopyramide was ineffective, poorly tolerated
or contraindicated [1]. MI may be co-administered with
beta-blockers or calcium antagonists. However, safety with
negative ionotropic drugs (such as disopyramide) has not
been established.

In the EXPLORER-HCM trial, mavacamten im-
proved functional capacity, symptoms, and quality of life.
37% of patients on treatment reached the primary end-
point, compared to 17% on placebo [36]. In VALOR-HCM,
mavacamten showed a 77% reduction in the need for sep-
tal reduction therapy (SRT). In addition, improvements in
functional class, LVOT gradients, and quality of life were
observed [37]. Similarly, the SEQUOIA-HCM trial of afi-
camten reported increased peak VO, significant reductions
in LVOT gradients, better New York Heart Association
(NYHA) class and improvement in symptom scores. The
time that patients remained eligible for SRT shortened by
78 days [37].

Regarding long-term data, MAVA-LTE [38] is the
five-year long-term study of mavacamten and FOREST-
HCM [39] was the extension trial of aficamten. Both tri-
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als assessed long-term safety and tolerability, and included
individuals who enrolled in previous pivotal studies. No
treatment-related serious adverse events were identified. In
MAVA-LTE, mean LVEF decreased by 11% from baseline
to week 180, but remained within the normal range. In
both studies, sustained reductions in LVOT gradient, and
improvements in functional and hemodynamic parameters
were observed during follow up. More real-world data from
the Risk Evaluation and Mitigation Strategy (REMS) pro-
gram support the safety and effectiveness of mavacamten.
In 70% of patients, LVOT gradient reductions to <30
mmHg were observed. Most patients achieved benefits at
low doses (5-10 mg) and only a low proportion of indi-
viduals had potential drug-drug interactions [42]. 4.6% of
patients experienced reduced LVEF and 1.3% required hos-
pitalization for heart failure [43].

Although not currently approved for use in children,
pediatric studies with MI are underway. SCOUT-HCM
[43] and CEDAR-HCM [44] are two currently recruit-
ing clinical trials designed to evaluate the efficacy, safety,
and pharmacokinetics of mavacamten in adolescents with
symptomatic oHCM. Endpoints include, amongst others,
changes in LVOT gradient, NYHA functional class and car-
diac biomarkers. CEDAR-HCM will recruit children aged
6 to 11 years in its open-label extension study.

MAPLE-HCM is the first head-to-head trial compar-
ing MI with beta-blockers. Preliminary results demonstrate
that aficamten significantly improved peak VO, with a fa-
vorable safety profile [40]. It remains to be determined if
evidence will be sufficient to propose MI use as first-line
monotherapy in oHCM.

3.1.2 Myosin Inhibitors in Non-Obstructive Hypertrophic
Cardiomyopathy

A shared underlying abnormality, regardless of hemo-
dynamic features, in both o0HCM and nHCM, has led to the
clinical trials designed to assess MI efficacy in patients with
nHCM (Table 4, Ref. [45-47]).

Phase 2, MAVERICK-HCM [45] included 59 pa-
tients with symptomatic nHCM. Its primary outcome was
safety. Mavacantem was well tolerated, with no differ-
ences in reported serious adverse events. Drug discon-
tinuation because of LVEF reduction to <45% was un-
common (8%). Regarding efficacy, no difference between
groups was observed in the composite functional outcome
of maximum oxygen consumption (pVOz) + NYHA im-
provement. Exploratory analyses demonstrated reductions
in N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and high-sensitivity troponin I levels, suggesting improve-
ment in myocardial wall stress.

However, phase 3 ODYSSEY-HCM refuted MI clin-
ical utility in nHCM [46]. Including 580 patients with
nHCM in NYHA functional class II-III, it did not meet
its primary outcome. No significant improvement was
observed in Kansas City Cardiomyopathy Questionnaire—
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Clinical Summary Score (KCCQ-CSS) or in pVO,, after 48
weeks of treatment. Full results are still to be published.
ACACIA-HCM [47] is an ongoing nHCM clinical trial as-
sessing aficamten. It will include 420 patients and its pri-
mary endpoint is a change in KCCQ-CSS from baseline
to week 36. Secondary endpoints are changes in maximal
pVO; and submaximal (Ve/VCO,) exercise capacity, pro-
portion of patients with >1 class improvement in NYHA
class, changes in left atrial volume index (LAVI), changes
in NT-proBNP, and time to first major adverse cardiovascu-
lar event (MACE). The results are expected in 2026.

3.1.3 Myosin Inhibitors in Structural Remodeling of
Hypertrophic Cardiomyopathy

Small sub-studies using both echocardiography and
CMR suggest that MI can promote favorable myocardial
remodeling. Treatment has been associated with regression
of septal wall thickness and indexed LV mass, reduction in
left atrial volume, and improvement in diastolic filling pat-
terns. Modest regression of fibrosis has also been observed
through LGE and T1 mapping. Some patients showed nor-
malization of previously abnormal ECGs [41,48].

In the EXPLORERHCM CMR sub-study, after 30
weeks of mavacamten, the mean left ventricular mass in-
dex (LVMI) was decreased by 17.4 g/m?. The LAVI was
also decreased by 10.3 mL/m?2. There were no significant
differences in LGE or ECV between groups at follow-up
[48]. Similarly, in the SEQUOIA-HCM CMR sub-study,
patients experienced reductions in LVMI (-15 g/m?) and
LAVI (-13 mL/m?). Maximal wall thickness (-2.1 mm)
and indexed extracellular volume mass (-3.9 g/m?) also
decreased. Replacement fibrosis, assessed by LGE, re-
mained stable with no statistically significant differences
[41]. These findings may indicate that MI do more than
justrelieve symptoms. They may reverse key structural fea-
tures of HCM phenotype, especially if treatment is initiated
at earlier stages.

3.2 Other Emerging Pharmacological Therapies for
Non-Obstructive Hypertrophic Cardiomyopathy

Negative results on the use of MI in nHCM may reflect
fundamental pathophysiological differences between both
HCM phenotypes. While obstruction drives symptoms in
oHCM, diastolic dysfunction, caused by impaired myocar-
dial bioenergetics, appears to be the main issue in nHCM.
New treatment strategies specifically targeting nHCM are
therefore needed.

IMPROVE-HCM evaluated ninerafaxstat, a cardiac
myotrope in 67 patients with nHCM. The trial’s primary
endpoint was safety and tolerability over 6 weeks. Sec-
ondary efficacy outcomes included ventilatory efficiency
(VE/VCO,) and quality of life (KCCQ-CSS). Although re-
sults were promising, a phase 3 trial is yet to be initiated
[49].
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Table 3. Main studies of Myosin Inhibitors in adults with obstructive hypertrophic cardiomyopathy.

FOREST-HCM [39]

MAPLE-HCM [40]

Study title EXPLORER-HCM [36] VALOR-HCM [37] MAVA-LTE [38] SEQUOIA-HCM [41]
Drug Mavacamten Mavacamten Mavacamten Aficamten Aficamten Aficamten
Design Double-blind Randomized Double-blind Open-label Double-blind Open-label Double-blind
Randomized Extension Randomized Extension Randomized vs
Placebo controlled, Cross-over at Placebo controlled metoprolol
week 16
N 251 112 231 282 213 175
Duration (weeks) 30 56 260 24 Ongoing. 48 week 24. Final results
analysis. pending publication.
NYHA class 1111 -1v 1111 TI-11I1 1111 1111
Primary endpoint pVOsz increase >1.5 mL/kg/min Proportion of patients Safety (©) pVO2 Safety (©) pVO2 (1)
and at least one NYHA class undergoing SRT or remaining
guideline elegible ({)
Secondary endpoints LVOT gradient ({) LVOT gradient ({) LVOT gradient ({) LVOT gradient ({) LVOT gradient ({) LVOT gradient
KCCQ-CSS (1) NYHA (1) NT-proBNP (}) NYHA (1) NYHA (}) NYHA
NT-proBNP ({) NYHA (}) KCCQ-CCS (1) NT-proBNP () NT-proBNP
hs-cTnl () hs-cTnl () KCCQ-CCS

KCCQ-CCS (1)

LV mass, LAVI

CPET, Cardiopulmonary Exercise Test; CV, Cardiovascular; cTnl, High-Sensitivity Cardiac Troponin I; EF, Ejection Fraction; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire—Clinical
Summary Score; LVOT, Left Ventricular Outflow Tract; LVOT-G, Left Ventricular Outflow Tract Gradient; N, Patient Number; NRS, Numerical Rating Scale; NYHA, New York Heart Asso-
ciation; NT-proBNP, N-Terminal Pro-B-Type Natriuretic Peptide; pVO2, Maximum Oxygen Consumption; SRT, Septal Reduction Therapy; HCM, Hypertrophic Cardiomyopathy. ©: Positive

Clinical Trial Results. 1: Increased |: Decreased.

Ss3id NI
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Table 4. Main studies of Myosin Inhibitors in non-obstructive hypertrophic cardiomyopathy.

MAVERICK-HCM [45]

ODYSSEY-HCM [46]

ACACIA-HCM [47]

Drug Mavacamten Mavacamten Aficamten
Design Double-blind Double-blind Double-blind
Randomized Randomized Randomized
Placebo-controlled Placebo controlled Placebo-controlled
N 59 580 420
Duration (weeks) 16 48. Final results pending publication. ~ Ongoing. 72. Results expected in 2026
NYHA class TI-111 [I-111 TI-11T
Primary endpoint Safety (©) KCCQ-CSS (-) KCCQ-CSS
pVO2 (-)
Secondary endpoints pVO2 + NYHA (=) VE/VCO- pVO2, Ve/VCO2
NT-proBNP and hs-cTnl ({.) NYHA NYHA
NT-proBNP LAVI
KCCQ-CSS NT-proBNP
MACE

Hs-cTnl, High-Sensitivity Cardiac Troponin I; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire—Clinical Summary Score; LAVI,

Left Atrial Volume Index; MACE, Major Adverse Cardiovascular Event; pVOz, Maximum Oxygen Consumption; VE/VCOa2, Ventilatory

Equivalent for Carbon Dioxide. ©: Positive Clinical Trial Results; -: Negative Clinical Trial Results; =: indicates no significant change.

J: Decreased.

Potential use of sodium-glucose co-transporter 2 in-
hibitors (SGLT2i) in nHCM has also been evaluated. A
clinical trial tested SGLT2i in patients with diabetes and
symptomatic nHCM with preserved ejection fraction (EF).
Its primary composite endpoint (a >1.5 improvement in
E/e’ ratio and a reduction of at least one NYHA functional
class after 6 months) was achieved by 70.8% of treated pa-
tients versus 4.2% of controls. Improvements were also
noted in the 6-minute walk test and NT-proBNP levels.
Recent real-world data further suggest potential benefits
in reducing all-cause mortality and heart failure exacerba-
tions [50,51]. Confirmatory clinical trials are however still
awaited.

4. Emerging Percutaneous and Surgical
Techniques

The 2023 ESC guidelines recommend SRT for pa-
tients with oHCM who have severe symptoms and a LVOT
gradient >50 mmHg despite optimal medical therapy. With
a lower strength of recommendation, SRT may also be con-
sidered in mildly symptomatic patients with resting or pro-
voked gradients >50 mmHg when additional features such
as atrial fibrillation, systolic anterior motion of the mitral
valve, or left atrial enlargement are present. Currently, there
is no evidence to support the use of SRT in asymptomatic
individuals, regardless of imaging findings [1].

For decades, septal myectomy and alcohol septal abla-
tion (ASA) have represented the two main options for STR.
However, new strategies such as percutaneous intramy-
ocardial septal radiofrequency ablation (PIMSRA), micro-
coil septal embolization and transapical beating-heart sep-
tal myectomy (TA-BSM), have emerged as possible alter-
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natives (Fig. 3). These techniques offer less invasive al-
ternatives with promising efficacy. Compared to surgical
myectomy, they present lower complication rates (5-10%),
such as fewer conduction disturbances. They however tend
to achieve a smaller reduction in LVOT gradient, especially
in patients with complex anatomies [52]. Many of these
new SRT techniques remain limited to specialized centres
or are still in early-phase experience, with limited long-term
data. Careful patient selection and individualized therapeu-
tic planning remain essential. Moreover, MI and GT may
promptly change LVOTO SRT indications.

4.1 Percutaneous Intramyocardial Septal Radiofrequency
Ablation

PIMSRA is a catheter-based SRT that delivers con-
trolled radiofrequency energy directly into the hypertro-
phied septum via a specialized needle-electrode system
with expandable arms. This creates a customizable,
elliptical-shaped lesion through localized myocardial heat-
ing (up to 80 °C), while sparing the endocardial surface and
protecting the conduction system [53]. The procedure is
performed via transapical access under echocardiographic
and CT guidance. Studies have shown significant reduc-
tions in LVOT gradient and improvements in NYHA func-
tional class [54]. In a large cohort of 200 patients, resting
gradient decreased from 79.2 to 14.0 mmHg at 12 months,
with no need for permanent pacemaker implantation [55].
Subsequent studies confirmed a gradient reduction of over
80% and notable symptom relief. When compared with sur-
gical myectomy, PIMSRA offers similar efficacy with sub-
stantially lower complication rates [56,57].
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Septal coilembolization

Transapical beating-heart septal myectomy

Percutaneous intramyocardial septal radiofrequency ablation

Fig. 3. Emerging percutaneous and surgical techniques.

4.2 Septal Embolization With Micro-Coils

Septal embolization with micro-coils offers a mechan-
ical alternative to ASA. It also imitates local myocardial in-
farction by selectively occluding a septal artery, but leaving
behind the possible toxicity of alcohol [58]. It is less likely
to affect the conduction tissue, thus reducing the risk of per-
manent atrioventricular block and the need for permanent
pacing [58]. A 58% reduction in LVOT gradient has been
previously reported.

4.3 Transapical Beating-Heart Septal Myectomy

TA-BSM is a novel surgical procedure that allows di-
rect septal resection through mini-thoracotomy and LV apex
access. It is performed while the heart is beating (without
cardiopulmonary bypass), and employs a retractable cor-
ing device guided by real-time transesophageal echocar-
diography [59]. Recent studies report high procedural suc-
cess (91%)), significant LVOT gradient reduction, and low
complication rates, including no need for permanent pac-
ing [59—-61]. TA-BSM appears effective even in complex
anatomical variants and shows comparable short- and mid-
term outcomes to conventional Morrow surgery, with the
added benefits of less invasiveness and real-time control.
Long-term data are still pending.

4.4 Other Emerging Approaches

Endocardial radiofrequency septal ablation offers pre-
cise endocardial targeting of the septal myocardium through
guided electroanatomic mapping and intracardiac echocar-
diography.  Short-term results have shown significant
LVOT gradient reduction and symptomatic relief. How-

ever, comparative analyses suggest slightly lower efficacy
than ASA and PIMSRA, in terms of septal thickness reduc-
tion [62,63].

Robotic-assisted minimally invasive myectomy com-
bines the precision of robotic platforms with reduced sur-
gical trauma. Although still in the early stages of adop-
tion, initial case series have demonstrated its feasibility and
safety, particularly in elderly or high-risk patients [64].

High-intensity focused ultrasound employs extracor-
poreal energy delivery to induce precise myocardial necro-
sis. It has shown potential in canine models, presenting it-
self as an encouraging non-invasive alternative [65].

Transthoracic laser ablation (TTLA) involves percu-
taneous insertion of a laser fibre into the interventricular
septum, delivering laser energy under magnetic resonance
imaging or transesophageal echocardiogram guidance [66].
Its primary goal is to induce targeted myocardial coagula-
tion necrosis, resulting in septal thinning and fibrosis. Pre-
clinical animal studies have demonstrated feasibility and
accuracy [67]. However, validation in humans is still re-
quired.

5. Gene Therapy

Multiple genes have been associated with HCM.
According to the latest ClinGen Hereditary Cardiovas-
cular Disorders Gene Curation Expert Panel, 29 genes
have moderate, strong, or definitive evidence of asso-
ciation with HCM [68]. Most of these are sarcomeric
genes, with MYBPC3 and MYH7 accounting for approxi-
mately 70-80% of genotype-positive cases [26].

Genetic testing in HCM carries a Class I recommen-
dation according to ESC guidelines. Approximately 30—
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40% of patients with HCM will have a pathogenic or likely
pathogenic variant identified [1]. A positive result has sig-
nificant clinical implications, especially for initiating cas-
cade screening in family members. While genotype status
is not yet fully integrated into treatment algorithms, the de-
velopment of GT is expected to change this in the future.

GT aims to correct the disease at the DNA level [69].
It may be applied through different mechanisms: gene re-
placement, gene editing and gene silencing. While gene
replacement and editing are typically designed as one-
time therapies, gene silencing requires recurrent adminis-
tration to maintain therapeutic effect. Adeno-associated
virus (AAV) vectors are commonly used for cardiac GT de-
livery due to their natural cardiotropism.

o Gene replacement involves introducing a functional
copy of a defective gene to enable the production of a nor-
mal protein [69]. It is mainly used for loss-of-function
variants associated with haploinsufficiency. However, it
may also serve as a disease-modifying strategy in dominant-
negative or gain-of-function mutations by shifting the bal-
ance towards functional protein production [10].

e Gene editing aims to modify specific DNA se-
quences through insertion, deletion, or conversion of nu-
cleotides [69]. The CRISPR-Cas9 system (Clustered Reg-
ularly Interspaced Short Palindromic Repeats-associated
Cas9), guided by a single-guide RNA (sgRNA), introduces
double-strand breaks at targeted genomic loci, enabling pre-
cise modifications [70]. Gain-of-function mutations can be
disrupted by introducing frameshift-inducing insertions or
deletions, while missense mutations may be corrected via
targeted nucleotide substitutions. A critical challenge is
to selectively target the mutant allele while preserving the
wild-type allele [10].

e Gene silencing aims to prevent the production of
defective protein while preserving normal protein expres-
sion [69]. It employs small interfering RNAs (siRNA)
which bind complementarily to the mutated RNA selec-
tively prompting its degradation. A critical challenge is
to selectively target the mutant allele while preserving the
wild-type allele [10]. This strategy is mainly employed
in dominant-negative mutations. It requires the patient to
be heterozygous with one functional allele that can tolerate
haploinsufficiency.

5.1 Clinical Trials in Gene Therapy

Numerous clinical trials employing different GT ap-
proaches have been conducted (Table 5).

Gene replacement strategies targeting MYBPC3 have
shown encouraging results in both animal and human mod-
els. Initial approaches used trans-splicing techniques, later
evolving to full-length gene delivery. In a homozygous
MYBPC3 knock-in mouse model (c.722G>A), treatment
with AAV9 carrying a therapeutic transgene led to increased
messenger ribonucleic acid (mRNA) and protein expres-
sion, preventing the development of cardiac hypertrophy
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and dysfunction [71]. These findings were extended to hu-
man cardiomyocytes with truncating MYBPC3 mutations
[72]. Building on this progress, a recombinant AAV9 vector
(TN-201) containing the MYBPC3 gene is currently under-
going evaluation in a phase 1 clinical trial (NCT05836259)
[73].

Gene editing approaches have also demonstrated ther-
apeutic potential. One study targeting a premature stop
codon mutation (p. W1098X) in MYBPC3 achieved a cor-
rection rate of approximately 3.65% of total mutations at
6 months post-treatment. Despite the modest editing ef-
ficiency, no pathological phenotype was observed during
follow-up [74]. Further preclinical work using CRISPR-
Cas9 systems with adenine base editors in mouse models
carrying the MYH7 c.1208G>A mutation achieved correc-
tion of over 70% of mutant transcripts, with minimal off-
target (bystander) editing. Serial echocardiographic assess-
ments confirmed a reduction in myocardial hypertrophy
[75,76]. Notably, the p.R403Q variant alone accounts for
about 0.5% of all sarcomeric mutations, representing an es-
timated 25,000 patients who may benefit from this thera-
peutic strategy [26].

Finally, gene silencing has been successfully applied
to target MYH6 mutations. In a heterozygous HCM mouse
model carrying the R403Q mutation, administration of a
mutation-specific siRNA (4031) resulted in an 80% reduc-
tion of the mutant transcript, while sparing approximately
80% of the wild-type allele. After 6 months of follow-up,
treated mice showed no evidence of myocardial hypertro-
phy or fibrosis [77]. Importantly, this approach also demon-
strated the ability to silence multiple mutations within the
same gene by targeting shared single nucleotide polymor-
phisms, potentially broadening its applicability.

5.2 Future Prospects of Gene Therapy

While GT shows promising preclinical results in
HCM, several challenges limit its clinical application.
Firstly, AAV vectors can trigger immune responses
leading to hepatotoxicity, myocarditis, and neurotoxicity.
Dosing must be carefully managed to avoid adverse ef-
fects, and treatment is contraindicated in patients with pre-
existing neutralizing antibodies [78,79]. Packaging capac-
ity of AAV is limited to ~4.7 kb, necessitating complex
multi-vector delivery for large transgenes or editing tools
[76]. Alternative vectors are under investigation [80].
Secondly, CRISPR designs must be allele-specific to
avoid off-target effects. Normal gene function must be pre-
served and oncogenesis evaded. The need for mutation-
specific sgRNAs also raises concerns about the scalability
and cost-effectiveness of therapies for rare variants. Poly-
genic or non-Mendelian HCM forms may not benefit.
Clinical trial design is complicated by small sample
sizes, ethical concerns due to incomplete penetrance and
variable expressivity, and uncertainties about timing and
disease reversibility. Evaluation often requires invasive
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Table 5. Gene therapy strategies.

Gene therapy strategy Mechanism of action

Main use

Limitations

Preclinical evidence Clinical translation

Gene Replacement Delivery of a functional gene

s>

copy to restore normal protein

expression.

Loss of function variants
associated with

haploinsufficiency.

- Dose dependent.

MYBPC3 knock-in mice: 1
mRNA and protein levels, no
phenotype.

TN-201:
AAV9-MYBPC3.
Ongoing Phase 1 trial.

Gene Editing Precise correction of pathogenic
§(§ \\Q& variants by insertion, deletion or

S - O . .

S N conversion of nucleotides.

Gain of function mutations

and missense mutations.

- Allele specificity critical.
- Atrial editing suboptimal.
- Off-target editing.

MYBPC3 p.W1098X: correction Not yet in clinical trials.

of 3.65% of mutations; no

phenotype.
MYH7 p.R4030Q: >70%

correction, Jhypertrophy.

Gene Silencing siRNA-mediated selective
& & degradation of mutant mRNA
) @JV while preserving wild-type

expression.

Dominant-negative
mutations.

Requires heterozygosity with

tolerable haploinsufficiency.

Recurrent administration for
long term efficacy.

MYH6 p.R403Q: 80% mutant
knockdown, no phenotype.

Not yet in clinical trials.

mRNA, Messenger Ribonucleic Acid; siRNA, Small Interfering Ribonucleic Acid. 1:

Increased |: Decreased.
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biopsies, with surrogate endpoints being necessary. Long-
term efficacy, durability of single-dose treatments, and op-
timal therapeutic windows remain undefined. To date, the
longest published preclinical follow up lasted just 34 weeks
[71].

Finally, access and affordability present major obsta-
cles. High development costs, regulatory complexity, and
limited availability may restrict treatment to high-resource
settings. Regulatory hurdles are sure to arise due to GT
complexity, safety concerns and long-term effects. Specific
regulatory frameworks must be created, with a likely long
approval process.

Despite these significant barriers, GT still represents a
therapeutic revolution, sparking the hope that, in the future,
gene-targeted approaches may offer curative potential for
select subtypes of HCM [10].

6. Conclusions

During the last few years, a revolution in HCM has
occurred; and a future revolution is to come. New SCD
risk stratification methods incorporating technological ad-
vances and Al, are expected to emerge, improving ICD
decision-making in HCM patients. As MI studies come to
light, oHCM treatment algorithms may evolve, potentially
positioning novel therapies as first-line options. Specific
nHCM treatment is due to emerge. Septal ablation tech-
niques will likely be reserved for non-responders, employ-
ing novel methods to improve outcomes and reduce compli-
cations. Finally, GT will soon become available for certain
HCM genotypes enabling tailored, definitive treatments.
Future prospects may even include preventive treatments
for genetic carriers. HCM management will shift from
phenotype-based to genotype-specific approaches, usher-
ing us into the era of precision personalized medicine.

Abbreviations

AAV, Adeno-Associated Viral Vectors; Al, Artifi-
cial Intelligence; ASA, Alcohol Septal Ablation; CMR,
Cardiac Magnetic Resonance; CRISPR-Cas9, Clustered
Regularly Interspaced Short Palindromic Repeats Asso-
ciated Cas9 Nucleases; ECV, Extracellular Volume; EF,
Ejection Fraction; GT, Gene Therapy; HCM, Hyper-
trophic Cardiomyopathy; ICD, Implantable Cardioverter-
Defibrillators; KCCQ-CSS, Kansas City Cardiomyopathy
Questionnaire—Clinical Summary Score; LAVI, Left Atrial
Volume Index; LGE, Late Gadolinium Enhancement; LV,
Left Ventricular, LVEF, Left Ventricular Ejection Frac-
tion; LVMI, Left Ventricular Mass Index; LVOT, Left
Ventricular Outflow Tract; LVOTO, Left Ventricular Out-
flow Tract Obstruction; MACE, Major Adverse Cardio-
vascular Event; MI, Myosin Inhibitors; mRNA, Messenger
Ribonucleic Acid; nHCM, Non-Obstructive Hypertrophic
Cardiomyopathy; oHCM, Obstructive Hypertrophic Car-
diomyopathy; pVOs, Maximum Oxygen Consumption;
PIMSRA, Percutaneous Intramyocardial Septal Radiofre-

&% IMR Press

quency Ablation; REMS, Risk Evaluation and Mitigation
Strategy; SCD, Sudden Cardiac Death; sgRNA, single
guide RNA; siRNA, small interfering RNA; SRT, Septal
Reduction Therapy; TA-BSM, Transapical Beating-Heart
Septal Myectomy; TTLA, Transthoracic Laser Ablation;
VF, Ventricular Fibrillation; VT, Ventricular Tachycardia.

Author Contributions

All authors meet the 4 criteria for authorship as out-
lined in the authorship policy. APA and JPD designed
the research study. APA and JPD performed the research.
APA, HLG, ALP, AVR and CJM wrote the manuscript.
There was a conception and design meeting with all the
authors. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

Julian Palomino-Doza is partially supported by the
British Heart Foundation’s Big Beat Challenge award to
CureHeart (BBC/F/21/220106).

Conflict of Interest

The authors declare no conflict of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

Artificial intelligence has been partially used for the
elaboration of some of the images of this paper. The authors
reviewed and edited the content as needed and takes full
responsibility for the content of the publication.

References

[1] Arbelo E, Protonotarios A, Gimeno JR, Arbustini E, Barriales-
Villa R, Basso C, et al. 2023 ESC Guidelines for the manage-
ment of cardiomyopathies. European Heart Journal. 2023; 44:
3503-3626. https://doi.org/10.1093/eurheartj/ehad194.

[2] Sclafani M, Falasconi G, Tini G, Musumeci B, Penela D, Sagli-
etto A, et al. Substrates of Sudden Cardiac Death in Hyper-
trophic Cardiomyopathy. Journal of Clinical Medicine. 2025;
14: 1331. https://doi.org/10.3390/jcm14041331.

[3] Maron BJ, Rowin EJ, Casey SA, Maron MS. How Hypertrophic
Cardiomyopathy Became a Contemporary Treatable Genetic
Disease With Low Mortality: Shaped by 50 Years of Clinical
Research and Practice. JAMA Cardiology. 2016; 1: 98-105.
https://doi.org/10.1001/jamacardio.2015.0354.

[4] BERCU BA, DIETTERT GA, DANFORTH WH, PUND EE,
Jr, AHLVIN RC, BELLIVEAU RR. Pseudoaortic stenosis

11


https://doi.org/10.1093/eurheartj/ehad194
https://doi.org/10.3390/jcm14041331
https://doi.org/10.1001/jamacardio.2015.0354
https://www.imrpress.com

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

12

produced by ventricular hypertrophy. The American Jour-
nal of Medicine. 1958; 25: 814-818. https://doi.org/10.1016/
0002-9343(58)90021-4.

Braunwald E, Aygen MM. Idiopathic myocardial hypertrophy
without congestive heart failure or obstruction to blood flow.
Clinical, hemodynamic and angiocardiographic studies in four-
teen patients. The American Journal of Medicine. 1963; 35: 7—
19. https://doi.org/10.1016/0002-9343(63)90159-1.

Norrish G, Niemiec M, Kaski JP, Mizia-Stec K. How to assess
sudden cardiac death risk in hypertrophic cardiomyopathy? Cur-
rent challenges and future directions. Kardiologia Polska. 2025;
83: 8-17. https://doi.org/10.33963/v.phj.104052.

O’Mabhony C, Jichi F, Pavlou M, Monserrat L, Anastasakis A,
Rapezzi C, et al. A novel clinical risk prediction model for sud-
den cardiac death in hypertrophic cardiomyopathy (HCM risk-
SCD). European Heart Journal. 2014; 35: 2010-2020. https:
//doi.org/10.1093/eurheartj/eht439.

Braunwald E, Saberi S, Abraham TP, Elliott PM, Olivotto I.
Mavacamten: a first-in-class myosin inhibitor for obstructive
hypertrophic cardiomyopathy. European Heart Journal. 2023;
44: 4622-4633. https://doi.org/10.1093/eurheartj/ehad637.
Morrow AG, Lambrew CT, Braunwald E. Idiopathic hyper-
trophic subaortic stenosis. II. Operative treatment and the re-
sults of pre- and postoperative hemodynamic evaluations. Cir-
culation. 1964; 29: 1V-120. https://doi.org/10.1161/01.cir.29.5s
4.iv-120.

Paratz ED, Mundisugih J, Rowe SJ, Kizana E, Semsarian C.
Gene Therapy in Cardiology: Is a Cure for Hypertrophic Car-
diomyopathy on the Horizon? The Canadian Journal of Cardi-
ology. 2024; 40: 777-788. https://doi.org/10.1016/j.cjca.2023.
11.024.

Stroumpoulis KI, Pantazopoulos IN, Xanthos TT. Hypertrophic
cardiomyopathy and sudden cardiac death. World Journal of
Cardiology. 2010; 2: 289-298. https://doi.org/10.4330/wjc.v2.
i9.289.

Christensen EB, Vissing CR, Silajdzija E, Mills HL, Thune
1], Larroudé C, et al. Long-term incidence of implantable
cardioverter-defibrillator therapy in patients with hypertrophic
cardiomyopathy: analysis of appropriate and inappropriate in-
terventions. Heart (British Cardiac Society). 2025; 111: 575—
582. https://doi.org/10.1136/heartjnl-2024-325020.

PulL, LiJ, Qi W, Zhang J, Chen H, Tang Z, et al. Current per-
spectives of sudden cardiac death management in hypertrophic
cardiomyopathy. Heart Failure Reviews. 2024; 29: 395-404.
https://doi.org/10.1007/s10741-023-10355-w.

Ommen SR, Ho CY, Asif IM, Balaji S, Burke MA, Day SM,
etal. 2024 AHA/ACC/AMSSM/HRS/PACES/SCMR Guideline
for the Management of Hypertrophic Cardiomyopathy: A Re-
port of the American Heart Association/American College of
Cardiology Joint Committee on Clinical Practice Guidelines.
Circulation. 2024; 149: e1239—e1311. https://doi.org/10.1161/
CIR.0000000000001250.

Norrish G, Ding T, Field E, Ziolkowska L, Olivotto I, Limon-
gelli G, et al. Development of a Novel Risk Prediction Model for
Sudden Cardiac Death in Childhood Hypertrophic Cardiomy-
opathy (HCM Risk-Kids). JAMA Cardiology. 2019; 4: 918—
927. https://doi.org/10.1001/jamacardio.2019.2861.

Rowin EJ, Maron BJ, Haas TS, Garberich RF, Wang W, Link
MS, et al. Hypertrophic Cardiomyopathy With Left Ventricular
Apical Aneurysm: Implications for Risk Stratification and Man-
agement. Journal of the American College of Cardiology. 2017;
69: 761-773. https://doi.org/10.1016/j.jacc.2016.11.063.

Lee DZJ, Montazeri M, Bataiosu R, Hoss S, Adler A, Nguyen
ET, et al. Clinical Characteristics and Prognostic Importance of
Left Ventricular Apical Aneurysms in Hypertrophic Cardiomy-
opathy. JACC. Cardiovascular Imaging. 2022; 15: 1696-1711.

[18]

[19

—

[20]

(21]

[22

—

[23]

[24]

[25

—

[26]

[27

—

[28

[l

[29

—

[30

[l

https://doi.org/10.1016/j.jemg.2022.03.029.

Rowin EJ, Maron BJ, Carrick RT, Patel PP, Koethe B, Wells
S, et al. Outcomes in Patients With Hypertrophic Cardiomy-
opathy and Left Ventricular Systolic Dysfunction. Journal of
the American College of Cardiology. 2020; 75: 3033-3043.
https://doi.org/10.1016/j.jacc.2020.04.045.

Marstrand P, Han L, Day SM, Olivotto I, Ashley EA, Michels
M, et al. Hypertrophic Cardiomyopathy With Left Ventricular
Systolic Dysfunction: Insights From the SHaRe Registry. Cir-
culation. 2020; 141: 1371-1383. https://doi.org/10.1161/CIRC
ULATIONAHA.119.044366.

Chan RH, Maron BJ, Olivotto I, Pencina MJ, Assenza GE, Haas
T, et al. Prognostic value of quantitative contrast-enhanced car-
diovascular magnetic resonance for the evaluation of sudden
death risk in patients with hypertrophic cardiomyopathy. Cir-
culation. 2014; 130: 484-495. https://doi.org/10.1161/CIRCUL
ATIONAHA.113.007094.

Xu Z, Wang J, Cheng W, Wan K, Li W, Pu L, ef al. Incremental
significance of myocardial oedema for prognosis in hypertrophic
cardiomyopathy. European Heart Journal. Cardiovascular Imag-
ing. 2023; 24: 876—-884. https://doi.org/10.1093/ehjci/jead065.
Avanesov M, Miinch J, Weinrich J, Well L, Séring D, Stehn-
ing C, et al. Prediction of the estimated 5-year risk of sudden
cardiac death and syncope or non-sustained ventricular tachy-
cardia in patients with hypertrophic cardiomyopathy using late
gadolinium enhancement and extracellular volume CMR. Euro-
pean Radiology. 2017; 27: 5136-5145. https://doi.org/10.1007/
s00330-017-4869-x.

Qin L, Min J, Chen C, Zhu L, Gu S, Zhou M, et al. Incre-
mental Values of T1 Mapping in the Prediction of Sudden Car-
diac Death Risk in Hypertrophic Cardiomyopathy: A Compari-
son With Two Guidelines. Frontiers in Cardiovascular Medicine.
2021; 8: 661673. https://doi.org/10.3389/fcvm.2021.661673.
Neubauer S, Kolm P, Ho CY, Kwong RY, Desai MY, Dolman
SF, et al. Distinct Subgroups in Hypertrophic Cardiomyopathy
in the NHLBI HCM Registry. Journal of the American College
of Cardiology. 2019; 74: 2333-2345. https://doi.org/10.1016/j.
jacc.2019.08.1057.

Garcia-Giustiniani D, Arad M, Ortiz-Genga M, Barriales-Villa
R, Fernandez X, Rodriguez-Garcia I, ef al. Phenotype and prog-
nostic correlations of the converter region mutations affect-
ing the 8 myosin heavy chain. Heart (British Cardiac Soci-
ety). 2015; 101: 1047-1053. https://doi.org/10.1136/heartjnl
-2014-307205.

Ho CY, Day SM, Ashley EA, Michels M, Pereira AC, Ja-
coby D, et al. Genotype and Lifetime Burden of Disease in
Hypertrophic Cardiomyopathy: Insights from the Sarcomeric
Human Cardiomyopathy Registry (SHaRe). Circulation. 2018;
138: 1387-1398. https://doi.org/10.1161/CIRCULATIONAHA
.117.033200.

Weissler-Snir A, Adler A, Williams L, Gruner C, Rakowski H.
Prevention of sudden death in hypertrophic cardiomyopathy:
bridging the gaps in knowledge. European Heart Journal. 2017;
38: 1728-1737. https://doi.org/10.1093/eurheartj/ehw268.
Harper AR, Goel A, Grace C, Thomson KL, Petersen SE, Xu X,
et al. Common genetic variants and modifiable risk factors un-
derpin hypertrophic cardiomyopathy susceptibility and expres-
sivity. Nature Genetics. 2021; 53: 135-142. https://doi.org/10.
1038/s41588-020-00764-0.

Landstrom AP, Ackerman MJ. Mutation type is not clinically
useful in predicting prognosis in hypertrophic cardiomyopathy.
Circulation. 2010; 122: 2441-2449; discussion 2450. https://do
1.org/10.1161/CIRCULATIONAHA.110.954446.

Hillis JM, Bizzo BC, Mercaldo SF, Ghatak A, MacDonald AL,
Halle MA, et al. Detection of Hypertrophic Cardiomyopathy
on Electrocardiogram Using Artificial Intelligence. Circulation.

&% IMR Press


https://doi.org/10.1016/0002-9343(58)90021-4
https://doi.org/10.1016/0002-9343(58)90021-4
https://doi.org/10.1016/0002-9343(63)90159-1
https://doi.org/10.33963/v.phj.104052
https://doi.org/10.1093/eurheartj/eht439
https://doi.org/10.1093/eurheartj/eht439
https://doi.org/10.1093/eurheartj/ehad637
https://doi.org/10.1161/01.cir.29.5s4.iv-120
https://doi.org/10.1161/01.cir.29.5s4.iv-120
https://doi.org/10.1016/j.cjca.2023.11.024
https://doi.org/10.1016/j.cjca.2023.11.024
https://doi.org/10.4330/wjc.v2.i9.289
https://doi.org/10.4330/wjc.v2.i9.289
https://doi.org/10.1136/heartjnl-2024-325020
https://doi.org/10.1007/s10741-023-10355-w
https://doi.org/10.1161/CIR.0000000000001250
https://doi.org/10.1161/CIR.0000000000001250
https://doi.org/10.1001/jamacardio.2019.2861
https://doi.org/10.1016/j.jacc.2016.11.063
https://doi.org/10.1016/j.jcmg.2022.03.029
https://doi.org/10.1016/j.jacc.2020.04.045
https://doi.org/10.1161/CIRCULATIONAHA.119.044366
https://doi.org/10.1161/CIRCULATIONAHA.119.044366
https://doi.org/10.1161/CIRCULATIONAHA.113.007094
https://doi.org/10.1161/CIRCULATIONAHA.113.007094
https://doi.org/10.1093/ehjci/jead065
https://doi.org/10.1007/s00330-017-4869-x
https://doi.org/10.1007/s00330-017-4869-x
https://doi.org/10.3389/fcvm.2021.661673
https://doi.org/10.1016/j.jacc.2019.08.1057
https://doi.org/10.1016/j.jacc.2019.08.1057
https://doi.org/10.1136/heartjnl-2014-307205
https://doi.org/10.1136/heartjnl-2014-307205
https://doi.org/10.1161/CIRCULATIONAHA.117.033200
https://doi.org/10.1161/CIRCULATIONAHA.117.033200
https://doi.org/10.1093/eurheartj/ehw268
https://doi.org/10.1038/s41588-020-00764-0
https://doi.org/10.1038/s41588-020-00764-0
https://doi.org/10.1161/CIRCULATIONAHA.110.954446
https://doi.org/10.1161/CIRCULATIONAHA.110.954446
https://www.imrpress.com

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Heart Failure. 2025; 18: €012667. https://doi.org/10.1161/CIRC
HEARTFAILURE.124.012667.

Desai MY, Jadam S, Abusafia M, Rutkowski K, Ospina S, Ga-
balla A, et al. Real-World Artificial Intelligence-Based Elec-
trocardiographic Analysis to Diagnose Hypertrophic Cardiomy-
opathy. JACC. Clinical Electrophysiology. 2025; 11: 1324-
1333. https://doi.org/10.1016/j.jacep.2025.02.024.

Lyon A, Ariga R, Mincholé¢ A, Mahmod M, Ormondroyd E,
Laguna P, et al. Distinct ECG Phenotypes Identified in Hy-
pertrophic Cardiomyopathy Using Machine Learning Associate
With Arrhythmic Risk Markers. Frontiers in Physiology. 2018;
9: 213. https://doi.org/10.3389/fphys.2018.00213.

Smole T, Zunkovi¢ B, Pi¢ulin M, Kokalj E, Robnik-Sikonja
M, Kukar M, et al. A machine learning-based risk strati-
fication model for ventricular tachycardia and heart failure
in hypertrophic cardiomyopathy. Computers in Biology and
Medicine. 2021; 135: 104648. https://doi.org/10.1016/j.compbi
omed.2021.104648.

Alis D, Guler A, Yergin M, Asmakutlu O. Assessment of ven-
tricular tachyarrhythmia in patients with hypertrophic cardiomy-
opathy with machine learning-based texture analysis of late
gadolinium enhancement cardiac MRI. Diagnostic and Interven-
tional Imaging. 2020; 101: 137-146. https://doi.org/10.1016/j.
diii.2019.10.005.

Agencia Espanola de Medicamentos y Productos Sanitar-
ios. Informe de Posicionamiento Terapéutico de mavacamten
(Camzyos®) en el tratamiento de la miocardiopatia hipertro-
fica sintomatica (clase funcional II-III) en adultos. IPT-
254/V1/22032024. Ministerio de Sanidad: Madrid. 2024. Avail-
able at: https://www.sanidad.gob.es/areas/farmacia/infoMedica
mentos/IPT/home.htm (Accessed: 1 July 2025).

Olivotto I, Oreziak A, Barriales-Villa R, Abraham TP, Masri A,
Garcia-Pavia P, ef al. Mavacamten for treatment of symptomatic
obstructive hypertrophic cardiomyopathy (EXPLORER-HCM):
a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet (London, England). 2020; 396: 759-769. https://doi.or
2/10.1016/S0140-6736(20)31792-X.

Desai MY, Owens A, Wolski K, Geske JB, Saberi S, Wang A,
et al. Mavacamten in Patients With Hypertrophic Cardiomy-
opathy Referred for Septal Reduction: Week 56 Results From
the VALOR-HCM Randomized Clinical Trial. JAMA Cardi-
ology. 2023; 8: 968-977. https://doi.org/10.1001/jamacardio
.2023.3342.

Rader F, Oreziak A, Choudhury L, Saberi S, Fermin D, Wheeler
MT, et al. Mavacamten Treatment for Symptomatic Obstruc-
tive Hypertrophic Cardiomyopathy: Interim Results From the
MAVA-LTE Study, EXPLORER-LTE Cohort. JACC. Heart
Failure. 2024; 12: 164-177. https://doi.org/10.1016/j.jchf.2023.
09.028.

Saberi S, Abraham TP, Choudhury L, Barriales-Villa R, Elliott
PM, Nassif ME, et al. Aficamten Treatment for Symptomatic
Obstructive Hypertrophic Cardiomyopathy: 48-Week Results
From FOREST-HCM. JACC. Heart Failure. 2025; 13: 102496.
https://doi.org/10.1016/j.jchf.2025.03.040.

MGearcia-Pavia P, Bilen O, Burroughs M, Costabel JP, de Barros
Correia E, Dybro AM, et al. Aficamten vs Metoprolol for Ob-
structive Hypertrophic Cardiomyopathy: MAPLE-HCM Ratio-
nale, Study Design, and Baseline Characteristics. JACC. Heart
Failure. 2025; 13: 346-357. https://doi.org/10.1016/j.jchf.2024.
11.011.

Masri A, Cardoso RN, Abraham TP, Claggett BL, Coats CJ,
Hegde SM, et al. Effect of Aficamten on Cardiac Structure
and Function in Obstructive Hypertrophic Cardiomyopathy:
SEQUOIA-HCM CMR Substudy. Journal of the American Col-
lege of Cardiology. 2024; 84: 1806—1817. https://doi.org/10.
1016/j.jacc.2024.08.015.

&% IMR Press

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Desai MY, Seto D, Cheung M, Afsari S, Patel N, Bastien A, et
al. Mavacamten: Real-World Experience From 22 Months of
the Risk Evaluation and Mitigation Strategy (REMS) Program.
Circulation. Heart Failure. 2025; 18: e012441. https://doi.org/
10.1161/CIRCHEARTFAILURE.124.012441.

Rossano J, Canter C, Wolf C, Favatella N, Lockman J, Puli S,
et al. Mavacamten in adolescent patients with symptomatic ob-
structive hypertrophic cardiomyopathy: design of the Phase 3
SCOUT-HCM trial. Circulation. 2024; 150: A4132223. https:
//doi.org/10.1161/circ.150.suppl 1.4132223.

Cytokinetics MD. A Study to Evaluate the Effect of Afican-
tem in Pediatric Patients with Symptomatic Obstructive Hyper-
trophic Cardiomyopathy (CEDAR HCM) [Clinical trial regis-
tration NCT06412666]. 2025. Available at: https://clinicaltrials
.gov/study/NCT06412666 (Accessed: 1 July 2025).

Ho CY, Mealiffe ME, Bach RG, Bhattacharya M, Choudhury
L, Edelberg JM, et al. Evaluation of Mavacamten in Symp-
tomatic Patients With Nonobstructive Hypertrophic Cardiomy-
opathy. Journal of the American College of Cardiology. 2020;
75: 2649-2660. https://doi.org/10.1016/j.jacc.2020.03.064.
Desai MY, Nissen SE, Abraham T, Olivotto I, Garcia-Pavia P,
Lopes RD, et al. Mavacamten in Symptomatic Nonobstructive
Hypertrophic Cardiomyopathy: Design, Rationale, and Base-
line Characteristics of ODYSSEY-HCM. JACC. Heart Failure.
2025; 13: 358-370. https://doi.org/10.1016/j.jchf.2024.11.013.
Cytokinetics, Masri A, Abraham TP, Arad M, Burroughs
M, Coats CJ, et al. A Phase 3, Multi-Center, Randomized,
Double-Blind Trial to Evaluate the Efficacy and Safety of Afi-
camten Compared to Placebo in Adults With Symptomatic
nHCM (ACACIA-HCM). NLM identifier: NCT06081894.
Available at: https://clinicaltrials.gov/ct2/show/NCT06081894
(Accessed: 1 July 2025).

Saberi S, Cardim N, Yamani M, Schulz-Menger J, Li W, Florea
V, et al. Mavacamten Favorably Impacts Cardiac Structure in
Obstructive Hypertrophic Cardiomyopathy: EXPLORER-HCM
Cardiac Magnetic Resonance Substudy Analysis. Circulation.
2021; 143: 606—608. https://doi.org/10.1161/CIRCULATIONA
HA.120.052359.

Maron MS, Mahmod M, Abd Samat AH, Choudhury L, Massera
D, Phelan DMJ, et al. Safety and Efficacy of Metabolic Modu-
lation With Ninerafaxstat in Patients With Nonobstructive Hy-
pertrophic Cardiomyopathy. Journal of the American College of
Cardiology. 2024; 83: 2037-2048. https://doi.org/10.1016/j.ja
cc.2024.03.387.

Subramanian M, Sravani V, Krishna SP, Bijjam S, Sunehra C,
Yalagudri S, et al. Efficacy of SGLT2 Inhibitors in Patients
With Diabetes and Nonobstructive Hypertrophic Cardiomyopa-
thy. The American Journal of Cardiology. 2023; 188: 80-86.
https://doi.org/10.1016/j.amjcard.2022.10.054.

Aglan A, Fath AR, Eldaly AS, Anderson AS, Phillips JS,
Maron BJ, et al. Impact of Sodium-Glucose Cotransporter 2 In-
hibitors on Mortality in Hypertrophic Cardiomyopathy. JACC.
Advances. 2024; 3: 100843. https://doi.org/10.1016/j.jacadv
.2024.100843.

da Silva Menezes Junior A, de Oliveira ALV, Maia TA,
Botelho SM. A Narrative Review of Emerging Therapies for
Hypertrophic Obstructive Cardiomyopathy. Current Cardiology
Reviews. 2023; 19: 240323214927. https://doi.org/10.2174/
1573403X19666230324102828.

Crossen K, Jones M, Erikson C. Radiofrequency septal reduc-
tion in symptomatic hypertrophic obstructive cardiomyopathy.
Heart Rhythm. 2016; 13: 1885—1890. https://doi.org/10.1016/j.
hrthm.2016.04.018.

Liu L, Li J, Zuo L, Zhang J, Zhou M, Xu B, et al. Percuta-
neous Intramyocardial Septal Radiofrequency Ablation for Hy-
pertrophic Obstructive Cardiomyopathy. Journal of the Ameri-

13


https://doi.org/10.1161/CIRCHEARTFAILURE.124.012667
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012667
https://doi.org/10.1016/j.jacep.2025.02.024
https://doi.org/10.3389/fphys.2018.00213
https://doi.org/10.1016/j.compbiomed.2021.104648
https://doi.org/10.1016/j.compbiomed.2021.104648
https://doi.org/10.1016/j.diii.2019.10.005
https://doi.org/10.1016/j.diii.2019.10.005
https://www.sanidad.gob.es/areas/farmacia/infoMedicamentos/IPT/home.htm
https://www.sanidad.gob.es/areas/farmacia/infoMedicamentos/IPT/home.htm
https://doi.org/10.1016/S0140-6736(20)31792-X
https://doi.org/10.1016/S0140-6736(20)31792-X
https://doi.org/10.1001/jamacardio.2023.3342
https://doi.org/10.1001/jamacardio.2023.3342
https://doi.org/10.1016/j.jchf.2023.09.028
https://doi.org/10.1016/j.jchf.2023.09.028
https://doi.org/10.1016/j.jchf.2025.03.040
https://doi.org/10.1016/j.jchf.2024.11.011
https://doi.org/10.1016/j.jchf.2024.11.011
https://doi.org/10.1016/j.jacc.2024.08.015
https://doi.org/10.1016/j.jacc.2024.08.015
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012441
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012441
https://doi.org/10.1161/circ.150.suppl_1.4132223
https://doi.org/10.1161/circ.150.suppl_1.4132223
https://clinicaltrials.gov/study/NCT06412666
https://clinicaltrials.gov/study/NCT06412666
https://doi.org/10.1016/j.jacc.2020.03.064
https://doi.org/10.1016/j.jchf.2024.11.013
https://clinicaltrials.gov/ct2/show/NCT06081894
https://doi.org/10.1161/CIRCULATIONAHA.120.052359
https://doi.org/10.1161/CIRCULATIONAHA.120.052359
https://doi.org/10.1016/j.jacc.2024.03.387
https://doi.org/10.1016/j.jacc.2024.03.387
https://doi.org/10.1016/j.amjcard.2022.10.054
https://doi.org/10.1016/j.jacadv.2024.100843
https://doi.org/10.1016/j.jacadv.2024.100843
https://doi.org/10.2174/1573403X19666230324102828
https://doi.org/10.2174/1573403X19666230324102828
https://doi.org/10.1016/j.hrthm.2016.04.018
https://doi.org/10.1016/j.hrthm.2016.04.018
https://www.imrpress.com

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

14

can College of Cardiology. 2018; 72: 1898-1909. https://doi.or
2/10.1016/j.jacc.2018.07.080.

Zhou M, Ta S, Hahn RT, Hsi DH, Leon MB, Hu R, et al. Per-
cutaneous Intramyocardial Septal Radiofrequency Ablation in
Patients With Drug-Refractory Hypertrophic Obstructive Car-
diomyopathy. JAMA Cardiology. 2022; 7: 529-538. https://do
i.org/10.1001/jamacardio.2022.0259.

Xie X, Chen S, Cui Y, Zhou Z, Lu J, Du Z, et al. Midterm Out-
comes of Percutaneous Intramyocardial Septal Radiofrequency
Ablation for Hypertrophic Cardiomyopathy: A Single-Center,
Observational Study. Journal of the American Heart Associ-
ation. 2024; 13: e034080. https://doi.org/10.1161/JAHA.123.
034080.

Bruscky LVR, Valdigem BP, Correia EDB, Chaccur P, Vilela
ADA, Paladino Filho AT, et al. Efficacy and safety of myectomy
and radiofrequency septal ablation for treating hypertrophic ob-
structive cardiomyopathy. Open Heart. 2025; 12: e003166.
https://doi.org/10.1136/openhrt-2025-003166.

Tacob M, Pinte F, Tintoiu I, Cotuna L, Coroescu M, Filip S,
et al. Microcoil embolization for ablation of septal hypertrophy
in hypertrophic obstructive cardiomyopathy. Eurolntervention:
Journal of EuroPCR in Collaboration with the Working Group
on Interventional Cardiology of the European Society of Cardi-
ology. 2005; 1: 93-97. http://doi.org/10.1016/S0195-668X(03)
93975-3.

Fang J, Liu Y, Zhu Y, Li R, Wang R, Dao Wen W, et al. First-
in-human transapical beating-heart septal myectomy in patients
with hypertrophic obstructive cardiomyopathy. JACC. 2023; 82:
575-586. https://doi.org/10.1016/j.jacc.2023.05.052.

LiJ, Wei X. Transapical beating-heart septal myectomy for hy-
pertrophic cardiomyopathy with latent obstruction. European
Journal of Cardio-thoracic Surgery: Official Journal of the
European Association for Cardio-thoracic Surgery. 2024; 65:
ezad425. https://doi.org/10.1093/ejcts/ezad425.

Fang J, Chen Y, Liu Y, Li R, Zhu Y, Zhou W, et al. Transapi-
cal Beating-Heart Septal Myectomy for Obstructive Hyper-
trophic Cardiomyopathy: Lessons Learned After the Learning
Curve Period. Circulation. Cardiovascular Interventions. 2025;
18: e015044. https://doi.org/10.1161/CIRCINTERVENTIONS.
124.015044.

Tian A, Qiao S, Yuan J, Yang W, Yao Y, Jia Y, et al. Compar-
ison of Percutaneous Endocardial Septal Radiofrequency Ab-
lation With Alcohol Septal Ablation in Treating Hypertrophic
Obstructive Cardiomyopathy. The Canadian Journal of Cardiol-
ogy. 2025; 41: 1457-1465. https://doi.org/10.1016/j.cjca.2025.
05.005.

He YG, Dong Y, Yang SH, Yang F, Yin JL, Zhao HQ, et a/. Short
time effects of two radiofrequency ablation methods on hyper-
trophic obstructive cardiomyopathy. Clinical Cardiology. 2024;
47: €24217. https://doi.org/10.1002/clc.24217.

Cheng BC, Chi NH. Robotic septal myectomy for hypertrophy
cardiomyopathy. Annals of Cardiothoracic Surgery. 2022; 11:
632-633. https://doi.org/10.21037/acs-2022-rmvs-24.

Rong S, Woo K, Zhou Q, Zhu Q, Wu Q, Wang Q, et al. Septal
ablation induced by transthoracic high-intensity focused ultra-
sound in canines. Journal of the American Society of Echocar-
diography: Official Publication of the American Society of
Echocardiography. 2013; 26: 1228-1234. https://doi.org/10.
1016/j.ech0.2013.06.020.

Fu J, Sun C, Liu F, Hu R, Hsi DH, Tuo S, et al. Transtho-
racic echocardiography guided percutaneous laser ablation of
the interventricular septum: A successful sheep model for septal
thickness reduction and one year follow-up. International Jour-
nal of Cardiology. 2019; 280: 135-141. https://doi.org/10.1016/
j-ijeard.2019.01.007.

He G, Sun C, Zhang X, Zuo L, Qin H, Zheng M, et al.

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Echocardiography-guided percutaneous per-ventricular laser
ablation of ventricular septum: in vivo study in a canine model.
Lasers in Medical Science. 2016; 31: 645-651. https://doi.org/
10.1007/s10103-016-1881-3.

Hespe S, Waddell A, Asatryan B, Owens E, Thaxton C, Adduru
ML, et al. Genes Associated With Hypertrophic Cardiomyopa-
thy: A Reappraisal by the ClinGen Hereditary Cardiovascular
Disease Gene Curation Expert Panel. Journal of the American
College of Cardiology. 2025; 85: 727-740. https://doi.org/10.
1016/j.jacc.2024.12.010.

Argiro A, Bui Q, Hong KN, Ammirati E, Olivotto I, Adler E. Ap-
plications of Gene Therapy in Cardiomyopathies. JACC. Heart
Failure. 2024; 12: 248-260. https://doi.org/10.1016/j.jchf.2023.
09.015.

Nguyen Q, Lim KRQ, Yokota T. Genome Editing for the Un-
derstanding and Treatment of Inherited Cardiomyopathies. In-
ternational Journal of Molecular Sciences. 2020; 21: 733. https:
//doi.org/10.3390/ijms21030733.

Mearini G, Stimpel D, Geertz B, Weinberger F, Kramer E,
Schlossarek S, et al. Mybpc3 gene therapy for neonatal car-
diomyopathy enables long-term disease prevention in mice. Na-
ture Communications. 2014; 5: 5515. https://doi.org/10.1038/nc
omms6515.

Monteiro da Rocha A, Guerrero-Serna G, Helms A, Luzod C,
Mironov S, Russell M, et al. Deficient cMyBP-C protein expres-
sion during cardiomyocyte differentiation underlies human hy-
pertrophic cardiomyopathy cellular phenotypes in disease spe-
cific human ES cell derived cardiomyocytes. Journal of Molec-
ular and Cellular Cardiology. 2016; 99: 197-206. https://doi.or
2/10.1016/j.yjmcc.2016.09.004.

Tenaya Therapeutics. Multi-center, open-label, single-ascending
dose study of safety and tolerability of TN-201 in adults with
symptomatic MYBPC3 mutation-associated hypertrophic car-
diomyopathy. NLM identifier: NCT05836259. Available at:
https://clinicaltrials.gov/study/NCT05836259 (Accessed: 1 July
2025).

Nie J, Han Y, Jin Z, Hang W, Shu H, Wen Z, et al. Homology-
directed repair of an MYBPC3 gene mutation in a rat model of
hypertrophic cardiomyopathy. Gene Therapy. 2023; 30: 520—
527. https://doi.org/10.1038/s41434-023-00384-3.

Chai AC, Cui M, Chemello F, Li H, Chen K, Tan W, ef al. Base
editing correction of hypertrophic cardiomyopathy in human
cardiomyocytes and humanized mice. Nature Medicine. 2023;
29: 401-411. https://doi.org/10.1038/s41591-022-02176-5.
Reichart D, Newby GA, Wakimoto H, Lun M, Gorham JM, Cur-
ran JJ, et al. Efficient in vivo genome editing prevents hyper-
trophic cardiomyopathy in mice. Nature Medicine. 2023; 29:
412-421. https://doi.org/10.1038/s41591-022-02190-7.

Jiang J, Wakimoto H, Seidman JG, Seidman CE. Allele-specific
silencing of mutant Myh6 transcripts in mice suppresses hyper-
trophic cardiomyopathy. Science (New York, N.Y.). 2013; 342:
111-114. https://doi.org/10.1126/science.1236921.

Mingozzi F, High KA. Overcoming the Host Immune Response
to Adeno-Associated Virus Gene Delivery Vectors: The Race
Between Clearance, Tolerance, Neutralization, and Escape. An-
nual Review of Virology. 2017; 4: 511-534. https://doi.org/10.
1 146/annurev-virology-101416-041936.

Louis Jeune V, Joergensen JA, Hajjar RJ, Weber T. Pre-existing
anti-adeno-associated virus antibodies as a challenge in AAV
gene therapy. Human Gene Therapy Methods. 2013; 24: 59-67.
https://doi.org/10.1089/hgtb.2012.243.

Pupo A, Fernandez A, Low SH, Frangois A, Sudrez-Amaran L,
Samulski RJ. AAV vectors: The Rubik’s cube of human gene
therapy. Molecular Therapy: the Journal of the American Soci-
ety of Gene Therapy. 2022; 30: 3515-3541. https://doi.org/10.
1016/j.ymthe.2022.09.015.

&% IMR Press


https://doi.org/10.1016/j.jacc.2018.07.080
https://doi.org/10.1016/j.jacc.2018.07.080
https://doi.org/10.1001/jamacardio.2022.0259
https://doi.org/10.1001/jamacardio.2022.0259
https://doi.org/10.1161/JAHA.123.034080
https://doi.org/10.1161/JAHA.123.034080
https://doi.org/10.1136/openhrt-2025-003166
http://doi.org/10.1016/S0195-668X(03)93975-3
http://doi.org/10.1016/S0195-668X(03)93975-3
https://doi.org/10.1016/j.jacc.2023.05.052
https://doi.org/10.1093/ejcts/ezad425
https://doi.org/10.1161/CIRCINTERVENTIONS.124.015044
https://doi.org/10.1161/CIRCINTERVENTIONS.124.015044
https://doi.org/10.1016/j.cjca.2025.05.005
https://doi.org/10.1016/j.cjca.2025.05.005
https://doi.org/10.1002/clc.24217
https://doi.org/10.21037/acs-2022-rmvs-24
https://doi.org/10.1016/j.echo.2013.06.020
https://doi.org/10.1016/j.echo.2013.06.020
https://doi.org/10.1016/j.ijcard.2019.01.007
https://doi.org/10.1016/j.ijcard.2019.01.007
https://doi.org/10.1007/s10103-016-1881-3
https://doi.org/10.1007/s10103-016-1881-3
https://doi.org/10.1016/j.jacc.2024.12.010
https://doi.org/10.1016/j.jacc.2024.12.010
https://doi.org/10.1016/j.jchf.2023.09.015
https://doi.org/10.1016/j.jchf.2023.09.015
https://doi.org/10.3390/ijms21030733
https://doi.org/10.3390/ijms21030733
https://doi.org/10.1038/ncomms6515
https://doi.org/10.1038/ncomms6515
https://doi.org/10.1016/j.yjmcc.2016.09.004
https://doi.org/10.1016/j.yjmcc.2016.09.004
https://clinicaltrials.gov/study/NCT05836259
https://doi.org/10.1038/s41434-023-00384-3
https://doi.org/10.1038/s41591-022-02176-5
https://doi.org/10.1038/s41591-022-02190-7
https://doi.org/10.1126/science.1236921
https://doi.org/10.1146/annurev-virology-101416-041936
https://doi.org/10.1146/annurev-virology-101416-041936
https://doi.org/10.1089/hgtb.2012.243
https://doi.org/10.1016/j.ymthe.2022.09.015
https://doi.org/10.1016/j.ymthe.2022.09.015
https://www.imrpress.com

	1. Introduction 
	2. Sudden Cardiac Death Risk Stratification 
	Future Directions in Sudden Cardiac Death Risk Stratification
	 Cardiovascular Magnetic Resonance 
	 Genotype Status
	 Artificial Intelligence


	3. Pharmacological Therapy
	3.1 Myosin Inhibitors
	3.1.1 Myosin Inhibitors in Obstructive Hypertrophic Cardiomyopathy
	3.1.2 Myosin Inhibitors in Non-Obstructive Hypertrophic Cardiomyopathy
	3.1.3 Myosin Inhibitors in Structural Remodeling of Hypertrophic Cardiomyopathy

	3.2 Other Emerging Pharmacological Therapies for Non-Obstructive Hypertrophic Cardiomyopathy

	4. Emerging Percutaneous and Surgical Techniques 
	4.1 Percutaneous Intramyocardial Septal Radiofrequency Ablation
	4.2 Septal Embolization With Micro-Coils
	4.3 Transapical Beating-Heart Septal Myectomy
	4.4 Other Emerging Approaches

	5. Gene Therapy
	5.1 Clinical Trials in Gene Therapy 
	5.2 Future Prospects of Gene Therapy

	6. Conclusions 
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process

