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WHAT IS NEW

Table 1 reflects recommendations that are substantially
revised from the 2020 Hypertrophic Cardiomyopathy
Guidelines or were drafted as new recommendations in
the 2024 Hypertrophic Cardiomyopathy Guidelines.
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Table 1. What Is New: New and Substantially Revised Recommendations in the 2024 HCM Guideline*
()
New or | 2024 COR in 2020 COR in 2024 = 5
Revised | Section Title Recommendation in 2020 HCM Guideline Guideline Recommendation in 2024 HCM Guideline | Guideline E —
Revised | 6.5 Heart Rhythm | In patients with HCM who have additional 2a In patients with HCM who are deemed to be | 1 2 =
Assessment risk factors for AF, such as left atrial dilatation, at high risk for developing AF based on the =] E
advanced age, and NYHA functional class Il presence of risk factors or as determined by E =
to class IV HF, and who are eligible for a validated risk score, and who are eligible for ﬁ =
anticoagulation, extended ambulatory anticoagulation, extended ambulatory o E
monitoring is reasonable to screen for AF as monitoring is recommended to screen for AF as c_n|
part of initial evaluation and periodic follow-up. part of initial evaluation and annual follow-up.
New 6.7 Exercise N/A N/A In pediatric patients with HCM, regardless 1
Stress Testing of symptom status, exercise stress testing is
recommended to determine functional
capacity and to provide prognostic information.
Revised | 7.2 Patient For patients >16 years of age with HCM and | 2a For patients with HCM with >1 major SCD 2a
Selection for ICD | with >1 major SCD risk factors, discussion risk factor, discussion of the estimated 5-year
Placement of the estimated 5-year sudden death risk sudden death risk and mortality rates can
and mortality rates can be useful during the be useful during the shared decision-making
shared decision-making process for ICD process for ICD placement.
placement.
Revised | 8.1.1 For patients with obstructive HCM who have 1 For patients with obstructive HCM who have | 1
Pharmacological | persistent severe symptoms attributable persistent symptoms attributable to LVOTO
Management of to LVOTO despite beta blockers or despite beta blockers or nondihydropyridine
Symptomatic nondihydropyridine calcium channel blockers, calcium channel blockers, adding a
Patients with either adding disopyramide in combination myosin inhibitor (adult patients only), or
Obstructive HCM | with 1 of the other drugs, or SRT performed disopyramide (in combination with an
at experienced centers, is recommended. atrioventricular nodal blocking agent), or
SRT performed at experienced centers, is
recommended.
New 8.2 Management | N/A N/A For younger (eg, <45 years of age) patients 2b
of Patients With with nonobstructive HCM due to a
Nonobstructive pathogenic or likely pathogenic cardiac
HCM With sarcomere genetic variant, and a mild
Preserved EF phenotype, valsartan may be beneficial to
slow adverse cardiac remodeling.
New 8.3 Management | N/A N/A In patients with HCM who develop persistent | 1
of Patients With systolic dysfunction (LVEF <560%), cardiac
HCM and Ad- myosin inhibitors should be discontinued.
vanced HF
Revised | 9.1 Recreational | For patients with HCM, participation in 2b For patients with HCM, participation in 2a
Physical Activity high-intensity recreational activities or vigorous recreational activities is reasonable
and Competitive | moderate- to high-intensity competitive sports after an annual comprehensive evaluation and
Sports activities may be considered after a shared decision-making with an expert
comprehensive evaluation and shared professional who balances potential benefits
discussion, repeated annually with an expert and risks.
provider who conveys that the r.ISk of sudden For patients with HCM who are capable of 2b
death and ICD shocks may be increased, and . X
with the understanding that eligibility a hlgh. Iev_el O.f physical _performance,
decisions for competitive sports participation partlc_:lpatlon n competmve sports may be
often involve third parties (eg, team conslldere(':i after review by an tlaxpert
physicians, consultants, and other institutional pr.owder with experience managing athletes
leadership) acting on behalf of the schools with HCM w.ho condugts an annual
or teams. corr?p.rehensn./e evaluation and shareq
decision-making that balances potential ben-
efits and risks.
New 9.1 Recreational | N/A N/A For most patients with HCM, universal 3: No Benefit
Physical Activity restriction from vigorous physical activity or
and Competitive competitive sports is not indicated.
Sports
New 9.3 Pregnancy N/A N/A In pregnant women, use of mavacamten is 3: Harm
in Patients With contraindicated due to potential teratogenic
HCM effects.

“Table 1 highlights new and substantially revised practice-changing recommendations since 2020 and is not a comprehensive list of all updates in this guideline.

AF indicates atrial fibrillation; COR, Class of Recommendation; EF, ejection fraction; HCM, hypertrophic cardiomyopathy; HF, heart failure; ICD, implantable cardioverter-
defibrillator; LVEF, left ventricular ejection fraction; LVOTO, left ventricular outflow tract obstruction; N/A, not applicable; NYHA, New York Heart Association; SCD,
sudden cardiac death; and SRT, septal reduction therapy.
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TOP 10 TAKE-HOME MESSAGES

1.
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Shared decision-making is essential to provide the
best clinical care. This involves thoughtful dialogue
among patients, families, and their care team in
which health care professionals present all avail-
able testing and treatment options; discuss the
risks, benefits, and applicability of those options
to the individual patient; and ensure the patient
expresses their personal preferences and goals to
develop their treatment plan.

Although the primary cardiology team can initiate
evaluation, treatment, and longitudinal care, refer-
ral to multidisciplinary hypertrophic cardiomyopa-
thy (HCM) centers with appropriate expertise can
be important to optimizing care for patients with
HCM. Challenging treatment decisions—where
reasonable alternatives exist, where the strength of
recommendation is weak (eg, any decision relying
on a Class of Recommendation 2b) or is particu-
larly nuanced (eg, interpretation of genetic testing;
primary  prevention implantable cardioverter-
defibrillator  decision-making), and for HCM-
specific invasive procedures—may critically benefit
from involving specialized HCM centers.

Careful ascertainment of family history, counseling
patients with HCM about the potential for genetic
transmission of HCM, and options for genetic
testing are cornerstones of care. Screening first-
degree family members of patients with HCM,
using either genetic testing, serial imaging, or elec-
trocardiographic surveillance as appropriate, can
begin at any age and can be influenced by spe-
cifics of the patient and family history and family
preference. Because screening recommendations
for family members hinge on the pathogenicity of
any detected variants, the reported pathogenic-
ity should be reconfirmed every 2 to 3 years, and
input from specialized HCM centers with genetics
expertise may be valuable.

Assessing a patient's risk for sudden cardiac
death is an important component of management.
Integrating the presence or absence of established
risk markers with tools to estimate individual risk
score will facilitate the patient's ability to par-
ticipate in decision-making regarding implantable
cardioverter-defibrillator placement. These discus-
sions should incorporate a patient's personal level
of risk tolerance and their specific treatment goals.
The risk factors for sudden cardiac death in children
with HCM carry different weights and components
than those used in adult patients. Pediatric risk
stratification also varies with age and must account
for different body sizes. Coupled with the complex-
ity of placing implantable cardioverter-defibrillators
in young patients with anticipated growth and a

10.
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higher risk of device complications, the threshold
for implantable cardioverter-defibrillator implan-
tation in children often differs from adults. These
differences are best addressed at comprehensive
HCM centers with expertise in caring for children
with HCM. New risk calculators, specific to chil-
dren and adolescents, have been validated and can
help young patients and their families contextualize
their estimated risk of sudden cardiac death.
Cardiac myosin inhibitors are now available to
treat patients with symptomatic obstructive HCM.
This new class of medication inhibits actin-myosin
interaction, thus decreasing cardiac contractility
and reducing left ventricular outflow tract obstruc-
tion. Mavacamten is currently the only US Food
and Drug Administration—approved agent. These
agents can be beneficial for patients with obstruc-
tive HCM who do not derive adequate symptomatic
relief from first-line drug therapy.

Invasive septal reduction therapies (surgical septal
myectomy and alcohol septal ablation), when per-
formed by experienced HCM teams at dedicated
centers, can provide safe and effective symp-
tomatic relief for patients with drug-refractory or
severe outflow tract obstruction. Given the data on
the significantly improved outcomes at compre-
hensive HCM centers, these decisions represent
an optimal opportunity for referral.

Patients with HCM and persistent or paroxysmal
atrial fibrillation have a sufficiently increased risk
of stroke such that oral anticoagulation with direct-
acting oral anticoagulants (or alternatively warfarin)
should be considered the default treatment option
irrespective of the CHA_DS,-VASc score. New tools
to stratify risk for incident atrial fibrillation have been
developed and may assist in determining the fre-
quency of screening patients with ambulatory telem-
etry. Because rapid atrial fibrillation is often poorly
tolerated in patients with HCM, maintenance of sinus
rhythm and rate control are key treatment goals.
Exercise stress testing is particularly helpful in
determining overall exercise tolerance and for
latent exercise provoked left ventricular out-
flow tract obstruction. Because children may not
describe symptoms readily, routine exercise testing
can be particularly important for young patients.
Increasingly, data affirm that the beneficial effects
of exercise on general health are extended to
patients with HCM. Healthy recreational exercise
(light [<3 metabolic equivalents], moderate [3-6
metabolic equivalents], and vigorous [>6 metabolic
equivalents] intensity levels) has not been associ-
ated with increased risk of ventricular arrhythmia
events in short-term studies. If patients pursue rig-
orous exercise training for the purpose of perfor-
mance or competition, it is important to engage in

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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a comprehensive discussion and seek input from
expert HCM professionals regarding the poten-
tial risks and benefits, to develop an individualized
training plan, and to establish a regular schedule
for reevaluation.

PREAMBLE

Since 1980, the American College of Cardiology (ACC)
and American Heart Association (AHA) have translated
scientific evidence into clinical practice guidelines with
recommendations to improve cardiovascular health.
These guidelines, which are based on systematic meth-
ods to evaluate and classify evidence, provide a founda-
tion for the delivery of quality cardiovascular care. The
ACC and AHA sponsor the development and publication
of clinical practice guidelines without commercial sup-
port, and members volunteer their time to the writing and
review efforts. Guidelines are the official policy of the
ACC and AHA. For some guidelines, the ACC and AHA
partner with other organizations.

Intended Use

Clinical practice guidelines provide recommendations
applicable to patients with or at risk of developing car-
diovascular disease. The focus is on medical practice in
the United States, but these guidelines are relevant to
patients throughout the world. Although guidelines may
be used to inform regulatory or payer decisions, the in-
tent is to improve quality of care and align with patients’
interests. Guidelines are intended to define practices
meeting the needs of patients in most, but not all, cir-
cumstances and should not replace clinical judgment.

Clinical Implementation

Management, in accordance with guideline recommenda-
tions, is effective only when followed by both practition-
ers and patients. Adherence to recommendations can be
enhanced by shared decision-making between clinicians
and patients, with patient engagement in selecting inter-
ventions on the basis of individual values, preferences,
and associated conditions and comorbidities.

The ACC/AHA Joint Committee on Clinical Prac-
tice Guidelines (Joint Committee) continuously reviews,
updates, and modifies guideline methodology on the
basis of published standards from organizations, includ-
ing the Institute of Medicine,"? and on the basis of inter-
nal reevaluation. Similarly, presentation and delivery of
guidelines are reevaluated and modified in response to
evolving technologies and other factors to optimally facil-
itate dissemination of information to health care profes-
sionals at the point of care.

Numerous modifications to the guidelines have been
implemented to make them shorter and enhance “user

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250
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friendliness.” Guidelines are written and presented in a
modular, “knowledge chunk” format, in which each chunk
includes a table of recommendations, a brief synopsis,
recommendation-specific supportive text, and, when
appropriate, flow diagrams or additional tables. Hyper-
linked references are provided for each modular knowl-
edge chunk to facilitate quick access and review.

In recognition of the importance of cost—value con-
siderations, in certain guidelines, when appropriate and
feasible, an analysis of value for a drug, device, or inter-
vention may be performed in accordance with the ACC/
AHA methodology.?

To ensure that guideline recommendations remain cur-
rent, new data will be reviewed on an ongoing basis by
the writing committee and staff. Going forward, targeted
sections/knowledge chunks will be revised dynamically
after publication and timely peer review of potentially
practice-changing science. The previous designations of
“full revision” and “focused update” will be phased out,
For additional information and policies on guideline devel-
opment, readers may consult the ACC/AHA guideline
methodology manual* and other methodology articles.®™”

Selection of Writing Committee Members

The Joint Committee strives to ensure that the guide-
line writing committee contains requisite content exper-
tise and is representative of the broader cardiovascular
community by selection of experts across a spectrum of
backgrounds, representing different geographic regions,
sexes, races, ethnicities, intellectual perspectives/biases,
and clinical practice settings. Organizations and profes-
sional societies with related interests and expertise are
invited to participate as collaborators.

Relationships With Industry and Other Entities

The ACC and AHA have rigorous policies and methods
to ensure that documents are developed without bias or
improper influence. The complete policy on relationships
with industry and other entities (RWI) can be found online.
Appendix 1 of the guideline lists writing committee mem-
bers’ comprehensive and relevant RWI; for the purposes
of full transparency, comprehensive and relevant disclosure
information for the Joint Committee is also available online.

Evidence Review and Evidence Review
Committees

In developing recommendations, the writing commit-
tee uses evidence-based methodologies that are based
on all available data*® Literature searches focus on
randomized controlled trials (RCTs) but also include reg-
istries, nonrandomized comparative and descriptive stud-
ies, case series, cohort studies, systematic reviews, and
expert opinion. Only key references are cited.
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An independent evidence review committee is com-
missioned when there are >1 questions deemed of
utmost clinical importance and merit formal systematic
review to determine which patients are most likely to ben-
efit from a drug, device, or treatment strategy and to what
degree. Criteria for commissioning an evidence review
committee and formal systematic review include absence
of a current authoritative systematic review, feasibility of
defining the benefit and risk in a time frame consistent
with the writing of a guideline, relevance to a substantial
number of patients, and likelihood that the findings can
be translated into actionable recommendations. Evidence
review committee members may include methodologists,
epidemiologists, clinicians, and biostatisticians. Recom-
mendations developed by the writing committee on the
basis of the systematic review are marked “~".

Guideline-Directed Management and Therapy

The term guideline-directed management and therapy
(GDMT) encompasses clinical evaluation, diagnostic
testing, and both pharmacological and procedural treat-
ments. For these and all recommended drug treatment
regimens, the reader should confirm dosage with prod-
uct insert material and evaluate for contraindications
and interactions. Recommendations are limited to drugs,
devices, and treatments approved for clinical use in the
United States.
Joshua A. Beckman, MD, MS, FAHA, FACC
Chair, ACC/AHA Joint Committee on
Clinical Practice Guidelines

1. INTRODUCTION
1.1. Methodology and Evidence Review

The recommendations listed in this guideline are,
whenever possible, evidence based. An initial extensive
evidence review, which included literature derived from
research involving human subjects, published in English,
and indexed in MEDLINE (through PubMed), EMBASE,
the Cochrane Library, the Agency for Healthcare Re-
search and Quality, and other selected databases rel-
evant to this guideline, was conducted from September
14, 2022, to November 2022, and included literature
published between 2013 and 2022. Various published
search hedges were used to eliminate animal studies
and to locate relevant material that may not have been
retrievable using existing database study type filters at
the time the searches were performed.'® Key search
words included but were not limited to the following:
hypertrophic cardiomyopathy, coronary, ischemia, sys-
tole, atrial fibrillation, exercise, stroke volume, transplant,
magnetic resonance imaging, sudden death, left ven-
tricular hypertrophy, subvalvular stenosis, echocardiog-
raphy, nuclear magnetic resonance imaging, computed
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tomographic angiography, genetic testing, and diagnostic
imaging. Additional relevant studies, published through
May 23, 2023, during the guideline writing process, were
also considered by the writing committee and added to
the evidence tables when appropriate. The final evidence
tables are included in the Online Data Supplement and
summarize the evidence used by the writing committee
to formulate recommendations. References selected and
published in the present document are representative
and not all-inclusive.

1.2. Composition of the Writing Committee

The writing committee consisted of clinicians, adult car-
diologists, pediatric cardiologists, interventionalists, a
cardiac surgeon, and 2 lay/patient representatives. The
writing committee included representatives from the
ACC, AHA, American Medical Society for Sports Medi-
cine, Heart Rhythm Society, Pediatric & Congenital Elec-
trophysiology Society, and Society for Cardiovascular
Magnetic Resonance. Appendix 1 of the current docu-
ment lists writing committee members’ comprehensive
and relevant RWI.

1.3. Document Review and Approval

The Joint Committee appointed a peer review commit-
tee to review the document. The peer review committee
was composed of individuals nominated by ACC, AHA,
and the collaborating organizations. Reviewers’ RWI in-
formation was distributed to the writing committee and is
published in Appendix 2.

This document was approved for publication by the
governing bodies of the ACC and the AHA and was
endorsed by American Medical Society for Sports Medi-
cine, Heart Rhythm Society, Pediatric & Congenital Elec-
trophysiology Society, and Society for Cardiovascular
Magnetic Resonance.

1.4. Scope of the Guideline

In developing the ‘2024 AHA/ACC/AMSSM/HRS/
PACES/SCMR Guideline for the Management of Hy-
pertrophic Cardiomyopathy” (2024 HCM guideline), the
writing committee reviewed previously published guide-
lines. Table 2 contains a list of these publications and
statements deemed pertinent to this writing effort and is
intended for use as a resource, thus obviating the need
to repeat existing guideline recommendations.

1.5. Class of Recommendations and Level of
Evidence
The Class of Recommendation (COR) indicates the

strength of recommendation, encompassing the estimat-
ed magnitude and certainty of benefit in proportion to

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Table 2. Associated Guidelines and Statements Abbreviation Meaning/Phrase
Publication Year DOAC direct-acting oral anticoagulants
Title Organization (Reference)
EF ejection fraction
Guidelines
ESM extended septal myectomy
Hypertrophic cardiomyopathy ACC/AHA 2011?
GDMT guideline-directed management and therapy
ESC 20142
HCM hypertrophic cardiomyopath
2090° yp P yopathy
o HF heart failure
Atrial fibrillation AHA/ACC 20144
ICD implantable cardioverter-defibrillator
2019°
20236 LBBB left bundle branch block
Heart failure ACC/AHA 20137 LGE late gadolinium enhancement
20168 Lv left ventricular
2029° LVAD left ventricular assist device
Primary prevention AHA/ACC 201910 LVEF left ventricular ejection fraction
Management of overweight and AHA/ACC/TOS | 2014" H left ventricular hypertrophy
obesity in adults LVOT left ventricular outflow tract
Device-based therapy for cardiac ACC/AHA/HRS | 201312 LVOTO left ventricular outflow tract obstruction
rhythm abnormalities
MET metabolic equivalent
Ventricular arrhythmias and sudden AHA/ACC/HRS | 2017
cardiac death MR mitral regurgitation
Bradycardia ACC/AHA/HRS | 20184 NSVT nonsustained ventricular tachycardia
Prevention of cardiovascular disease | AHA/ACC 20117 NYHA New York Heart Association
'n women RCT randomized controlled trial
Secoqdary prevention ar'{d risk . AHA/ACC 20111 RV right ventricular
reduction therapy for patients with
coronary and other atherosclerotic SAM systolic anterior motion
vascular disease SCAF subclinical atrial fibrillation
H 1 H 17
Assessment.of cardiovascular risk in | ACC/AHA 2010 scD sudden cardiac death
asymptomatic adults
SRT tal reduction th
Seventh Report of the Joint National | NHLBI 20038 septal reduction therapy
Committee on Prevention, Detec- TEE transesophageal echocardiogram
tion, Evaluation, and Treatment of . .
High Blood Pressure TTE transthoracic echocardiogram
. VF ventricular fibrillation
VHD statement on comprehensive AATS/ACC/ 2019™
centers ASE/SCAI/STS vT ventricular tachycardia
AATS indicates American Association for Thoracic Surgery; ACC, American Vus variant of uncertain significance

College of Cardiology; AHA, American Heart Association; ASE, American Society
of Echocardiography; ESC, European Society of Cardiology; HRS, Heart Rhythm
Society; NHLBI, National Heart, Lung, and Blood Institute; SCAI, Society for Car-
diovascular Angiography and Interventions; STS, Society of Thoracic Surgeons;
TOS, The Obesity Society; and VHD, valvular heart disease.

risk. The Level of Evidence (LOE) rates the quality of sci-
entific evidence supporting the intervention on the basis
of the type, quantity, and consistency of data from clinical
trials and other sources (Table 3).

1.6. Abbreviations
Abbreviation Meaning/Phrase
AF atrial fibrillation
CAD coronary artery disease
CMR cardiovascular magnetic resonance
CPET cardiopulmonary exercise test
CRT cardiac resynchronization therapy

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250

2. DEFINITION, ETIOLOGY, CLINICAL
COURSE, AND NATURAL HISTORY

2.1. Prevalence

HCM is a common inherited heart disease reported in
populations globally. The estimated prevalence of HCM
varies depending on whether subclinical or clinically
evident cases are being considered, how or if the di-
agnosis is adjudicated, and age of the sample studied.!
The prevalence of unexplained asymptomatic hyper-
trophy in young adults in the United States has been
reported in the range of 1:500.2 Symptomatic hypertro-
phy based on medical claims data has been estimated
at <1:3000 adults in the United States:; however, the
true burden is much higher when unrecognized dis-
ease in the general population is considered.® HCM
is often inherited in an autosomal dominant pattern
but does not require a family history of HCM. There
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Table 3. Applying American College of Cardiology/American Heart Association Class of Recommendation and Level of
Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care* (Updated May 2019)

CLASS (STRENGTH) OF RECOMMENDATION

CLASS 2a (MODERATE) Benefit >> Risk

Suggested phrases for writing recommendations:

Is reasonable

Can be useful/effective/beneficial

Comparative-Effectiveness Phrasest:

— Treatment/strategy A is probably recommended/indicated in
preference to treatment B

— Itis reasonable to choose treatment A over treatment B

LEVEL (QUALITY) OF EVIDENCE+

LEVEL C-LD

(Limited Data)

e Randomized or nonrandomized observational or registry studies with
limitations of design or execution

o Meta-analyses of such studies

e Physiological or mechanistic studies in human subjects

LEVEL C-EO (Expert Opinion)

e Consensus of expert opinion based on clinical experience

COR and LOE are determined independently (any COR may be paired with any LOE).

A recommendation with LOE C does not imply that the recommendation is weak. Many
important clinical questions addressed in guidelines do not lend themselves to clinical
trials. Although RCTs are unavailable, there may be a very clear clinical consensus that a
particular test or therapy is useful or effective.

*

The outcome or result of the intervention should be specified (an improved clinical
outcome or increased diagnostic accuracy or incremental prognostic information).

—

For comparative-effectiveness recommendations (COR 1 and 2a; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons
of the treatments or strategies being evaluated.

+

The method of assessing quality is evolving, including the application of stan-
dardized, widely-used, and preferably validated evidence grading tools; and for
systematic reviews, the incorporation of an Evidence Review Committee.

COR indicates Class of Recommendation; EO, expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

is equal distribution of HCM by sex, although women
are diagnosed less commonly than men. Differences
in prevalence have been reported by race and ethnic-
ity. Whether this difference is due to social disparities
resulting in less access to specialists for diagnosis is
unclear. As a result, these differences likely reflect un-
derlying differences in social determinants of health,
such as structural inequities in access to care leading
to differences in diagnosis and awareness. Patients
who self-identified as Black individuals (8.3%, N=205)
compared with White individuals had a younger mean
age at diagnosis (40 years versus 45.5 years), were
more likely to have symptomatic heart failure (HF), and
were less likely to undergo genetic testing.* Epidemio-
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logic studies of diverse samples are needed to better
understand the interplay between genetic and social
factors in the prevalence of HCM.

2.2. Nomenclature and Differential Diagnosis

Since the original clinical description of HCM was pre-
sented >60 years ago, various names have been used to
describe this disease, including idiopathic hypertrophic
subaortic stenosis and hypertrophic obstructive cardio-
myopathy. Because left ventricular (LV) outflow tract ob-
struction (LVOTO) is not invariably present, the writing
committee recommends the term HCM (with or without
outflow tract obstruction).

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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In some areas, the use of HCM to describe the
increased LV wall thickness associated with systemic
disorders or secondary causes of LV hypertrophy (LVH)
can lead to confusion. Systemic disorders include
various metabolic and multiorgan syndromes such
as RASopathies (variants in several genes involved in
RAS-MAPK signaling); mitochondrial myopathies; gly-
cogen and lysosomal storage diseases in children; and
Fabry, amyloid, sarcoid, and Danon cardiomyopathies.
In these syndromic or infiltrative diseases, although the
magnitude and distribution of increased LV wall thick-
ness can be similar to that of HCM, the pathophysiologic
mechanisms responsible for hypertrophy, natural history,
and treatment strategies are not the same.'® For these
reasons, other cardiac or systemic diseases capable of
producing LVH (ie, HCM mimics) will not be addressed
in this document.

In addition, other scenarios can arise that present
diagnostic challenges. These include conditions that
produce secondary LVH, which can also overlap phe-
notypically with HCM, including remodeling second-
ary to athletic training (ie, “athlete’s heart”) as well as
morphologic changes related to long-standing sys-
temic hypertension (ie, hypertensive cardiomyopathy).
Similarly, hemodynamic obstruction caused by left-sided
obstructive lesions (valvular or subvalvular stenosis) or
obstruction after antero-apical infarction and stress car-
diomyopathy can cause diagnostic dilemmas.®” Although
HCM cannot be definitely excluded in such situations, a
number of clinical markers and testing strategies can be
used to help differentiate between HCM and conditions
of physiologic LVH.

2.3. Definition, Clinical Diagnosis, and
Phenotype

For the purposes of this guideline, the clinical definition
of HCM is considered a disease state in which mor-
phologic expression is confined solely to the heart. It is
characterized predominantly by LVH in the absence of
another cardiac, systemic, or metabolic disease capable
of producing the magnitude of hypertrophy evident in a
given patient and for which a disease-causing sarcomere
(or sarcomere-related) variant is identified or genetic eti-
ology remains unresolved. A clinical diagnosis of HCM
in adult patients can therefore be established by imag-
ing (see Section 6.1, “Clinical Diagnosis®), typically
with 2D echocardiography or cardiovascular magnetic
resonance (CMR) showing a maximal end-diastolic wall
thickness of 215 mm anywhere in the left ventricle, in
the absence of another cause of hypertrophy in adults."*
More limited hypertrophy (13-14 mm) can be diagnostic
when present in family members of a patient with HCM
or in conjunction with a positive genetic test identifying
a pathogenic or likely pathogenic variant often in a sar-
comere gene.

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250
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For children, the diagnostic criteria are confounded
by needing to adjust for body size and growth. Tradi-
tionally, a body surface area adjusted z-score of 22
standard deviations above the mean has been used.
This cut-off represents a significantly lower threshold
than the 15-mm absolute value used in adults. For ref-
erence, 15 mm represents a z-score of approximately
6 standard deviations above the mean in adults. We
propose that the diagnosis of HCM in children should
therefore consider the circumstances of screening
and the pretest probability of disease: a threshold of
a z-score >2.5 may be appropriate to identify early
HCM in asymptomatic children with no family his-
tory, whereas for children with a definitive family his-
tory or a positive genetic test, a threshold of a z-score
>2 may suffice for early diagnosis. The emergence of
the HCM phenotype in younger family members who
carry a pathogenic or likely pathogenic variant with-
out previously evident LVH at initial screening (ie,
genotype-positive/previously phenotype-negative) is
well recognized and underscores the principle that, as
the disease manifests, normal or mildly increased LV
wall thicknesses will be encountered in individuals with
genetically affected status. In the absence of increased
wall thickness, such individuals should be considered
at risk for subsequent development of, but not yet hav-
ing, clinically evident HCM.

Nearly any pattern and distribution of LV wall thick-
ening can be observed in HCM, with the basal anterior
septum in continuity with the anterior free wall the most
common location for LVH. In a subset of patients, hyper-
trophy can be limited and focal, confined to only 1 or 2
LV segments with normal LV mass. Although common in
HCM, systolic anterior motion (SAM) of the mitral valve
and hyperdynamic LV function are not pathognomonic
and are not required for a clinical diagnosis. Several other
morphologic abnormalities are also not diagnostic of
HCM but can be part of the phenotypic expression of the
disease, including hypertrophied and apically displaced
papillary muscles, myocardial crypts, anomalous insertion
of the papillary muscle directly in the anterior leaflet of
the mitral valve (in the absence of chordae tendineae),
elongated mitral valve leaflets, myocardial bridging, and
right ventricular (RV) hypertrophy.

2.4. Etiology

In the early 1990s, the DNA sequencing from families
with HCM led to the discovery that damaging variants
in genes coding for sarcomere proteins segregated
(or were coinherited) with LVH identified by echocar-
diographic assessment, abnormal electrocardiograms
(ECGs), and physical findings. HCM thereby became
regarded as a potentially monogenic disease, helping
to consolidate a clinically heterogeneous disease into a
single entity based on genetic substrate.’
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Currently, variants in 1 of 28 genes encoding pro-
teins of the cardiac sarcomere (or sarcomere-related
structures) have been implicated in causing LVH, the
sine qua non of HCM. Among patients with HCM,
approximately 30% to 60% have an identifiable patho-
genic or likely pathogenic genetic variant. A substantial
proportion of patients with HCM are currently without
any evidence of a genetic etiology to their disease,
including a subgroup (up to 40% of patients in 1 study)
who also have no other affected family members (ie,
‘nonfamilial” HCM).2 These observations suggest that
other novel pathophysiologic mechanisms may be
responsible for, or contribute to, phenotypic expres-
sion in these affected patients with HCM. Although
HCM appears to be a monogenic disease in some
cases, common genetic variants have also been iden-
tified as genetic modifiers of disease penetrance and
-associated with risk for LVH and HCM, which suggests
both monogenic and polygenic susceptibility.®

Among patients with HCM and a pathogenic sarco-
meric gene variant, the 2 most common genes are beta
myosin heavy chain 7 (MYH?7) and myosin-binding protein
C3 (MYBPC3), identified in most patients who are vari-
ant positive, while other genes (TNNI3, TNNT2, TPM1,
MYL2, MYL3, ACTC1) each account for a small propor-
tion of patients (1%-5%). Within these genes, most rare
variants identified are “private” (unique to the individual
family). Each offspring of an affected family member
has a 50% chance of inheriting the variant* Although
the likelihood of developing clinical HCM is high in fam-
ily members with a pathogenic variant, the age at which
disease expression occurs in a given individual as well as
the degree of expression is variable.

The precise mechanisms by which sarcomere variants
result in the clinical phenotype have not been fully eluci-
dated. Alterations in the sarcomere gene trigger myocar-
dial changes, leading to hypertrophy and fibrosis, which
ultimately results in a small, stiff ventricle with impaired
systolic and diastolic performance despite a preserved
left ventricular ejection fraction (LVEF). Similarly, abnor-
mal sarcomeric proteins may not be solely responsible
for all of the clinical characteristics observed in patients
with HCM. Diverse disease features including abnormal
intramural coronary arteries responsible for small vessel
ischemia, elongated mitral valve leaflets, and congenital
anomalies of the submitral valve apparatus, which are
widely recognized components of the HCM phenotype,
appear to have no known direct association with sarco-
mere variants.

2.5. Natural History and Clinical Course

Although HCM can be compatible with normal life ex-
pectancy without limiting symptoms or the need for
major treatments in most patients, many patients can
experience significant consequences that are attribut-
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able to the disease. To this point, there is increasing
recognition of patients with HCM identified clinically
at >60 years of age with little to no disability. Yet, a
multicenter registry report has suggested that the life-
long risk of adverse events (eg, mortality, HF, stroke,
ventricular arrhythmia, atrial fibrillation [AF]) caused by
HCM may be greater among patients with pathogenic
or likely pathogenic sarcomeric gene variants or those
diagnosed early in life." The large number and diver-
sity of the HCM-associated variants do not allow the
specific genotype to be used to inform the anticipated
outcomes in individual patients.

Among referral-based cohorts of patients with HCM,
many will experience adverse events, including: )
sudden death events; (2) progressive limiting symp-
toms because of LVOTO or diastolic dysfunction; (3)
HF symptoms associated with systolic dysfunction; and
(4) AF with risk of thromboembolic stroke. Neverthe-
less, studies reporting relatively long-term outcomes in
patients with HCM have demonstrated that for patients
at risk for, or who develop one of these disease-related
complications, the application of contemporary cardio-
vascular therapies and interventions has significantly
lowered HCM mortality rates.?® One of the major treat-
ment initiatives responsible for lowering the mortality
rate has been the evolution of sudden cardiac death
(SCD) risk stratification strategies based on several
major noninvasive risk markers that can identify adult
patients with HCM at greatest risk for sudden death
who are then candidates for implantable cardioverter-
defibrillator (ICD) placement. The decrease in sudden
death rates in HCM appears now to have shifted focus
to HF and complications of AF as the predominant
cause of disease-related morbidity and mortality and,
therefore, the greatest unmet treatment need in adults.
Risk for adverse events in HCM, particularly for HF,
are likely due to the complex interplay of genetics with
environmental factors, such as obesity, hypertension,
sleep apnea, and diabetes.* Among patients with HCM,
cardiometabolic risk factors (eg, obesity, hypertension,
diabetes, obstructive sleep apnea) are highly prevalent
and are associated with poorer prognosis, highlighting
the importance of intensive risk factor modification of
traditional risk factors.

3. PATHOPHYSIOLOGY

The pathophysiology of HCM consists of dynamic
LVOTO, mitral regurgitation (MR), diastolic dysfunc-
tion, myocardial ischemia, arrhythmias, metabolic and
energetic abnormalities, and potentially autonomic
dysfunction. For a given patient with HCM, the clinical
outcome may be dominated by one of these compo-
nents or may be the result of a complex interplay. Thus,
the potential presence of such abnormalities should
be considered with comprehensive clinical evaluation

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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and their impact addressed in the management of
these patients.

3.1. Left Ventricular Outflow Tract Obstruction

LVOTO, either at rest or with provocation, is present in
a significant proportion of patients with HCM' and pri-
marily caused by SAM of the mitral valve. Obstruction is
considered present if peak LVOT gradient is 230 mm Hg.
Resting or provoked gradients 260 mm Hg are generally
considered capable of causing symptoms and, therefore,
are the threshold for contemplating advanced pharmaco-
logical or invasive therapies if symptoms are refractory to
standard management.

LVOTO in HCM is dynamic and sensitive to ventricu-
lar preload, afterload, and contractility.? Thus, gradients
vary with heart rate, blood pressure, volume status, activ-
ity, medications, food, and alcohol intake.®* Provocative
maneuvers are recommended if minimal gradients (ie,
<30 mm Hg) are observed at rest. Maneuvers include
standing, Valsalva strain, or exercise with simultaneous
auscultation or echocardiography.®= Using dobutamine
to identify latent LVOTO and eligibility for advanced ther-
apies is not advised due to lack of specificity.'

The site and characteristics of obstruction should
be identified. Management will change depending
on whether the obstruction is deemed to be valvular,
dynamic LVOTO, fixed subvalvular, or midcavitary due
to hypertrophied/anomalous papillary muscles and/or
hyperdynamic LV function with systolic cavity oblitera-
tion. If clinical and echocardiographic findings are discor-
dant, invasive assessment for LVOTO may be helpful."’

3.2. Diastolic Dysfunction

Altered ventricular load with high intracavitary pres-
sures, impaired LV compliance from hypertrophy and
fibrosis, altered energetics, microvascular ischemia,
and delayed inactivation from abnormal intracellular
calcium reuptake are features of HCM that contribute
to diastolic dysfunction.'® Additionally, impaired relax-
ation can be identified in young sarcomere gene variant
carriers with normal LV wall thickness, suggesting that
diastolic abnormalities can be an early manifestation of
pathogenic sarcomere variants.* In some patients, in-
creased stiffness and severe hypertrophy significantly
compromise ventricular cavity size and stroke volume
and may result in restrictive physiology. Diastolic dys-
function can contribute to decreased exercise capacity
and adverse prognosis independent of LVOTO.2%6 De-
termining if exercise intolerance or symptoms are due
to diastolic dysfunction may require invasive testing.
With impaired ventricular myocardial relaxation, greater
dependency on the atrial systole for ventricular filling
may occur, leading to poor tolerance of AF or similar
arrhythmias in some patients.

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250
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3.3. Mitral Regurgitation

MR can occur secondarily from SAM or primarily from
leaflet abnormalities and, regardless of etiology, can
contribute to symptom burden. Common primary abnor-
malities of the mitral valve in patients with HCM include
excessive leaflet length, anomalous papillary muscle in-
sertion, and anteriorly displaced papillary muscles.'”* MR
jet characteristics can provide insight to etiology as MR
caused by SAM is typically mid-to-late systolic in timing
and posterior or lateral in orientation, owing to the ante-
rior distortion of the mitral valve and compromised leaflet
coaptation.* However, central and anterior jets may also
result from SAM of the mitral valve. For patients in whom
invasive septal reduction therapy (SRT) is being contem-
plated, close examination of the mitral valve is required
to determine the optimal invasive approach and potential
need for concomitant mitral valve intervention.?

Factors that affect the severity of LVOTO may also
affect the degree of MR, thus imaging should be per-
formed at rest and with provocation. Additionally, variation
in the degree of MR may underlie some of the variation in
symptoms reported by patients.

3.4. Myocardial Ischemia

Patients with HCM may be susceptible to myocardial
ischemia due to potential mismatch between myocardial
oxygen supply and demand. Myocardial hypertrophy, mi-
crovascular dysfunction with impaired coronary flow re-
serve, and medial hypertrophy and reduced density of the
intramural arterioles are common findings in HCM.'2? These
abnormalities may be exacerbated by the presence of hy-
perdynamic systolic function and LVOTO with high intra-
cavitary pressures.* Blunted coronary flow reserve occurs
even without epicardial stenosis, although the presence of
concomitant severe coronary atherosclerosis exacerbates
mismatch and is associated with a poorer prognosis.® Api-
cal myocardial ischemia and injury (with or without midven-
tricular obstruction) may be one of the mechanisms that
contributes to the development of LV apical aneurysms,
which may carry increased risk of HF, stroke, and ven-
tricular arrhythmias.®” Myocardial bridging, a congenital
anomaly whereby a bridge of overlying myocardium causes
systolic compression of an epicardial coronary artery that
can persist into diastole, may impair blood flow and may
rarely cause myocardial ischemia in a subset of patients®'2

3.5. Autonomic Dysfunction

Patients with HCM may have autonomic dysfunction,
with impaired heart rate recovery and inappropriate
vasodilatation.”™* The prevalence of autonomic dysfunc-
tion in HCM is uncertain, although studies have described
an abnormal blood pressure response to exercise in ap-
proximately 25% of patients.>* Whether these findings
were due to pure autonomic dysfunction, LVOTO, or other
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conditions is unclear. Currently, no specific recommen-
dations exist for assessment or treatment of autonomic
dysfunction in patients with HCM.

4. SHARED DECISION-MAKING

Recommendation for Shared Decision-Making

Referenced studies that support the recommendation are
summarized in the

Recommendation

1. For patients with HCM or at risk for HCM, shared
decision-making is recommended in developing a
plan of care (including, but not limited to, decisions
regarding genetic evaluation, activity, lifestyle, and
therapy choices) that includes a full disclosure of the
risks, benefits, and anticipated outcomes of all
options, as well the opportunity for the patient and
caregivers to express their goals and concerns.'™®

Synopsis

Shared decision-making is a dialogue that allows pa-
tients, families, and health care professionals to work
together to select options that fully consider the input,
values, and preferences for the patient. This approach
has been shown to improve confidence in clinical deci-
sions and improved health outcomes.® Although shared
decision-making discussions should be the default in-
teraction between patients (or their families in the case
of an affected minor) and their care teams, the biggest
opportunities are those areas where there are complex
pathways that vary by the individual patient.

Recommendation-Specific Supportive Text

1. In the management of HCM, decisions around
genetic testing, ICD implantation, advanced thera-
pies for relief of LVOTO, and participation in com-
petitive or high-intensity exercise are particularly
critical for these crucial dialogues. Some of these
discussions and decisions could also represent
opportunities where referral to centers with more
comprehensive experience are most appropri-
ate and highly impactful (as described in detail in
Section 5, “Multidisciplinary HCM Centers”).

5. MULTIDISCIPLINARY HCM CENTERS

Recommendations for Multidisciplinary HCM Centers
LOE | Recommendations

1. In patients with HCM in whom SRT is indicated, the

procedure should be performed at experienced
C-LD centers (comprehensive or primary HCM centers)
with demonstrated excellence in clinical outcomes
for these procedures (Tables 4 and 5).'-2

2. In patients with HCM, consultation with or referral
to a comprehensive or primary HCM center is
reasonable to aid in complex disease-related
management decisions (Table 4).4'4

C-LD
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Synopsis

The specialized needs, complex and evolving clini-
cal management, and the relatively uncommon preva-
lence of HCM in many clinical practices have created a
greater demand and need for clinical HCM centers with
HCM-specific competencies similar to that proposed
for the management of patients with valvular heart
disease.®""® The main goal of the HCM centers’ frame-
work is to optimize care and counseling of patients with
HCM and their families. The proposed approach recog-
nizes that a spectrum of expertise exists and is inclusive
of roles for cardiologists working outside of HCM cen-
ters, those working in primary HCM centers, and those
working at fully comprehensive HCM centers. Cardiolo-
gists practicing outside of HCM centers have a critical
role in many aspects of HCM management (Table 4)
including, but not limited to, providing ready access for
initial and surveillance testing, treatment recommenda-
tions, and availability for rapid assessment when a pa-
tient's disease course changes.

Referral to HCM centers can help to confirm diag-
nosis, provide genetic counseling and testing, advise
regarding more advanced treatment decisions, and pro-
vide patients with access to the highest level of longitu-
dinal care possible for their disease.”

Recommendation-Specific Supportive Text

1. When performed in centers with limited experi-
ence and low procedural volume, invasive SRTs
for relief of LVOTO are associated with increased
mortality and morbidity rates, as well as mitral
valve replacement.'”®'®7 Strong consideration
should therefore be given to referral of patients
with obstructive HCM who are candidates for
invasive SRTs to established high-volume primary
or comprehensive HCM centers, which can per-
form these procedures with optimal safety and
benefit outcomes. Primary HCM centers that
perform invasive SRTs should ensure outcomes
for safety and benefit, commensurate with that
reported from comprehensive HCM centers
(Tables 4 and 5). If only one of the invasive SRT
options is available at a given center, patients
should be fully informed of alternative options,
including the pros and cons of both procedures
and the possibility for referral to a comprehen-
sive HCM center that offers all treatment options
to ensure appropriate patient participation in the
decision-making.

2. Given the unique needs of patients with HCM in
clinical cardiovascular practice, as well as the
specialized training and interpretation associ-
ated with many of the procedures and testing for
this complex condition, challenging management
decision-making can arise for which referral to or

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Table 4. Suggested Competencies of Comprehensive and
Primary HCM Centers

2024 Hypertrophic Cardiomyopathy Guideline

Table 5. Targets for Invasive Septal Reduction Therapies
Outcomes

Primary | Referring
Potential HCM Care Delivery | Comprehensive | HCM Centers and
Competencies HCM Center Center | Physicians
Diagnosis X X X
Initial and surveillance TTE X X X
Advanced echocardiographic X X
imaging to detect latent LVOTO
Echocardiography to guide SRT | X *
CMR imaging for diagnosis X X
and risk stratification
Invasive evaluation for VOTO | X * *
Coronary angiography X X X
Stress testing for elicitation X
of LVOTO or consideration of
advanced HF therapies and
transplant
Counseling and performing X X X
family screening (imaging and
genetic)
Genetic testing and counseling | X X *
SCD risk assessment
COR 1 and COR 2aICD X X X
decision-making with adult
patients
COR 2b ICD decision-making | X
with adult patients
ICD implantation (adults) X X *
ICD decision-making and X *
implantation with children and
adolescents and their parents
and caregivers
Initial AF management and X X X
stroke prevention
AF catheter ablation X X *
Initial management of HFrEF X X X
and HFpEF
Advanced HF management X *
(eg, transplantation, CRT)
Pharmacological therapy for HCM | X X X
Invasive management of X 1
symptomatic obstructive HCM
Counseling occupational and X X X
healthy living choices other
than high-intensity or
competitive activities
Counseling options on X
participation in high-intensity or
competitive athletics
Managing women with HCM X *
through pregnancy
Management of comorbidities | X X X

“Optional depending on the core competencies of the institution.

t1f these procedures are performed, adequate quality assurance should be in
place to demonstrate outcomes consistent with that achieved by comprehensive
centers.

AF indicates atrial fibrillation; CMR, cardiovascular magnetic resonance;
COR, Class of Recommendation; CRT, cardiac resynchronization therapy; HCM,
hypertrophic cardiomyopathy; HF, heart failure; HFpEF, heart failure with pre-
served ejection fraction; HFrEF, heart failure with reduced ejection fraction;
ICD, implantable cardioverter-defibrillator; LVOTO, left ventricular outflow tract
obstruction; SCD, sudden cardiac death; SRT, septal reduction therapy; and
TTE, transthoracic echocardiography.

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250

Rate (%)
Alcohol
Septal
Myectomy | Ablation
30-d mortality <1 <1
30-d adverse complications (tamponade, LAD <5 <5

dissection, infection, major bleeding)

30-d complete heart block resulting in need for | <6 <10
permanent pacemaker

Mitral valve replacement within 1y <5

More than moderate residual mitral regurgitation | <5 <5
Repeat procedure rate <3 <10
Symptomatic improvement (eg, >1 NYHA >90 >90

functional class)

Rest and provoked LVOT gradient <60 mm Hg | >90 >90

LAD indicates left anterior descending; LVOT, left ventricular outflow tract; and
NYHA, New York Heart Association.

consultation with an HCM center would be rea-
sonable.*”'® Referral to a comprehensive HCM
center should specifically be considered for
those patients with HCM who are candidates for
any procedure that requires specialized exper-
tise, including complex invasive SRTs,*#° cath-
eter ablation for ventricular and complex atrial
tachyarrhythmias,'®"" and advanced HF thera-
pies, including transplant.'?'® In addition, refer-
ral to a comprehensive HCM center can aid in
complex disease-related management decisions
including, but not limited to, genetic counseling,
challenging primary prevention ICD decision-
making, as well as counseling patients with HCM
on sports participation.*

6. DIAGNOSIS, INITIAL EVALUATION, AND
FOLLOW-UP

6.1. Clinical Diagnosis

Recommendation for Clinical Diagnosis
Referenced studies that support the recommendation are
summarized in the

Recommendation

1. In patients with suspected HCM, comprehensive
physical examination and complete medical and
3-generation family history is recommended as
part of the initial diagnostic assessment
(Tables 6 and 7).'-®

Synopsis

Clinical evaluation for HCM may be triggered by the
identification of a family history of HCM; by symptoms
including a cardiac event; by detection of a heart murmur
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Table 6. Clinical Features in Patients With HCM Phenocopies (Mimics)

Typical Presentation Age

Systemic Features

Possible Etiology

Diagnostic Approach

Infants (0-12 mo) and toddlers

Dysmorphic features, failure to
thrive, metabolic acidosis

RASopathies
Glycogen storage diseases, other meta-

Geneticist assessment
Newborn metabolic screening

bolic or mitochondrial diseases Specific metabolic assays

Infant of a mother with diabetes Genetic testing

AND GUIDELINES

Early childhood Delayed or abnormal cognitive
development, visual or hearing

impairment

RASopathies
Mitochondrial diseases

Biochemical screening

(2]
[
—
L
=
=
=
oW
-
=T
(]
—
=
(-]

Genetic testing

Skeletal muscle weakness or Friedreich'’s ataxia

movement disorder

Youth and adolescence Biochemical screening

Danon disease Neuromuscular assessment

Mitochondrial disease Genetic testing

Adulthood Movement disorder, peripheral

neuropathy, renal dysfunction

Anderson-Fabry disease Biochemical screening

Friedreich’s ataxia Neuromuscular assessment
infiltrative disorders (eg, amyloidosis) Genetic testing
Glycogen storage diseases

Mitochondrial disease

HCM indicates hypertrophic cardiomyopathy.

during physical examination; during an echocardio-
graphic examination performed for other indications; or
by abnormal results on a 12-lead ECG. A proper clinical
evaluation should begin with a comprehensive cardiac
history, a family history including 3 generations, and a
comprehensive physical examination (including maneu-
vers such as Valsalva, squat-to-stand, passive leg rais-
ing, or walking). This should be followed by an ECG and
cardiac imaging to identify LVH when clinical findings are
suggestive.

Recommendation-Specific Supportive Text

1. Many patients with HCM are asymptomatic and
are identified incidentally or as a result of
screening. Clinical history includes a detailed
cardiac history and family history (3 genera-
tions) to identify relatives with HCM or unex-
pected or sudden death. Assessment of overall
fitness and functional capacity, and symptoms
in response to exertion—chest pain, dyspnea,
palpitations, and syncope—should also be per-
formed. Associated syndromic or systemic and
extracardiac symptoms or organ involvement
are also documented. Alternative etiologies
should be excluded, including athletic remod-
eling, uncontrolled hypertension, renal disease,

Table 7. Screening With Electrocardiography and 2D Echo-
cardiography in Asymptomatic Family Members*

G20z ‘0z AInc uo Aq Bio'seusnofeye//:dny wouy papeojumoq

Age of First-Degree Repeat 9 ) ; .
Relative Initiation of Screening ECG, Echo or infiltrative diseases. In neonates, a history of
Pediatric maternal gestational diabetes should be consid-
Children and At the time HCM is diag- Every 1-2y ered, an.d’ in infants <1 year of age, exclude Sys-
adolescents from nosed in another family temic disease (Table 6).
genotype-positive member Classically, patients with HCM have a harsh
f;;::":j;;';i;?"'* crescendo-decrescendo systolic murmur often due
disease to SAM of the mitral valve with LVOTO, prominent
All other children At any time after HCM Every 2-3y apical point of maximal impulse, abnormal carotid
and adolescents is diagnosed in a family pulse, and a fourth heart sound. Presence of out-
meg“berb“‘ no later than flow tract obstruction should be sought at rest
ubert: . . .
pebery and with provocative maneuvers when possible
Adults At the time HCM is diag- Bvery 35y (Valsalva maneuver, standing from the squatting
nosed in another family . .
member position). SAM related to an elongated anterior

mitral valve leaflet and papillary muscle abnormali-
ties may result in leaflet separation or poor coap-
tation with posteriorly directed MR in late systole
over the mitral position. Those without LVOTO
(provocable or resting) may have a normal physical
examination.'®

“Includes all asymptomatic, phenotype-negative, first-degree relatives deemed
to be at risk for developing HCM based on family history or genotype status
and may sometimes include more distant relatives based on clinical judgment.
Screening interval may be modified (eg, at onset of new symptoms or in families
with a malignant clinical course or late-onset HCM).

ECG indicates electrocardiogram; Echo, echocardiogram; and HCM, hypertro-
phic cardiomyopathy.
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6.2. Echocardiography

2a

2a

C-LD

(adults)

C-LD

C-LD

Recommendations for Echocardiography
Referenced studies that support the recommendations are
summarized in the

. In patients with suspected HCM, a transthoracic

echocardiogram (TTE) is recommended in the
initial evaluation.'®

In patients with HCM who have no change in
clinical status or events, repeat TTE is
recommended every 1 to 2 years to assess the
degree of myocardial hypertrophy, dynamic LVOTO,
MR, and myocardial function (Figure 1).7-'4

For patients with HCM who experience a change
in clinical status or a new clinical event, repeat
TTE is recommended.®'4~"7

For patients with HCM and resting peak LVOT
gradient <60 mm Hg, a TTE with provocative
maneuvers is recommended.'®?!

For symptomatic patients with HCM who do not
have a resting or provocable outflow tract peak
gradient 260 mm Hg on TTE, exercise TTE is
recommended for the detection and
quantification of dynamic LVOTO.2°-2°

For patients with HCM who are undergoing
surgical septal myectomy, intraoperative
transesophageal echocardiogram (TEE) is
recommended to assess mitral valve anatomy and
function and adequacy of septal myectomy.26-2°

For patients with HCM who are undergoing
alcohol septal ablation, TTE or intraoperative TEE
with intracoronary ultrasound-enhancing contrast
injection of the candidate's septal perforator(s) is
recommended.*-3

For patients with HCM who have undergone
SRT, TTE within 3 to 6 months after the
procedure is recommended to evaluate the
procedural results.®>-¢

Screening: In first-degree relatives of patients
with HCM, a TTE is recommended as part of

initial family screening and periodic follow-up
(Figure 1, Table 7) 3571432

Screening: In individuals who are genotype-
positive, phenotype-negative, echocardiography is
recommended at periodic intervals depending on
age (1-2 years in children and adolescents, 3-5
years in adults) and change in clinical status
(Figure 1, Table 7).59-4

. For patients with HCM, TEE can be useful if TTE

is inconclusive in clinical decision-making
regarding medical therapy, and in situations

such as planning for myectomy, exclusion of
subaortic membrane or MR secondary to
structural abnormalities of the mitral valve
apparatus, or in the assessment of the feasibility of
alcohol septal ablation.?>*

For patients with HCM in whom the diagnosis of
apical HCM, apical aneurysm, or atypical patterns
of hypertrophy is inconclusive on TTE, the use of an
intravenous ultrasound-enhancing agent is reason-
able, particularly if other imaging modalities such

as CMR are not readily available or are contraindi-
cated.***®

For asymptomatic patients with HCM who do not
have a resting or provocable outflow tract peak
gradient 260 mm Hg on standard TTE, exercise
TTE is reasonable for the detection and
quantification of dynamic LVOTO.!5192022-25

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250

Synopsis

Cardiac imaging has an essential role in the diagnosis
and clinical decision-making for patients with HCM.
Echocardiography is the primary imaging modality in
most patients, with CMR imaging offering complemen-
tary information and as an alternative to echocardiogra-
phy for selected patients in whom the echocardiogram
is inconclusive. Important information to be gained from
imaging includes establishing the diagnosis (or exclud-
ing alternative diagnoses), evaluating the severity of
the phenotype, and evaluating for concomitant struc-
tural and functional cardiac abnormalities (eg, systolic,
diastolic, valvular function). Characterization of dynamic
LVOTO, including the integral role of the mitral valve, is
a key strength of echocardiography. Documentation of
the maximal wall thickness, cardiac chamber dimensions,
systolic function, and the presence of LV apical aneurysm
all inform phenotype severity and SCD risk stratification.

Recommendation-Specific Supportive Text

1. Comprehensive 2D echocardiography has a pri-
mary role in establishing the diagnosis of HCM,
determining hypertrophy pattern, presence of LV
apical aneurysms, LV systolic and diastolic function,
mitral valve function, and presence and severity of
LVOTO.™®

2. Routine follow-up of patients with HCM is an impor-
tant part of optimal care. In asymptomatic patients,
serial TTE, performed every 1 to 2 years, can help
assess for changes in LV systolic and diastolic
function, wall thickness, chamber size, LVOTO, and
concomitant valvular disease. This interval may be
extended in patients who remain clinically stable
after multiple evaluations.” ™

3. Changes in signs or symptoms in patients with
HCM are often attributable to progression of the
hemodynamics of HCM, or the development of new
concomitant cardiovascular abnormalities, such as
valvular heart disease. Echocardiography is the pri-
mary imaging modality to assess these changes in
patients with new or worsening symptoms.®'4'7

4. LVOT gradients are dynamic, influenced by loading
conditions, and recumbent resting echocardiog-
raphy tends to underestimate the presence and
severity of ambulatory LVOTO, with up to 50% of
patients with obstructive physiology being iden-
tified on resting echocardiography. If the resting
gradient is <60 mm Hg; it is essential to perform
provocative maneuvers such as sustained Valsalva
or squat-to-stand (or simply standing) maneuvers
to uncover the presence of LVOTO, which may
inform the care of the individual.'>'82" Provocative
maneuvers may not be as helpful in children, who
often cannot cooperate with these maneuvers.
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In general, to attribute effort-related symptoms to
LVOTO, the resting or provoked gradient would
need to be >b0 mm Hg. LVOT gradients can be
dynamic and can be missed on resting echocar-
diography in up to 50% of patients with obstruc-
tive physiology.'® Maneuvers performed during
a resting TTE to provoke an LVOT gradient (eg,
Valsalva) can be variable because of inconsis-
tencies in instruction and patient effort. Stress
echocardiography (focusing on LVOTO rather
than regional wall motion), representing the most
physiologic form of provocation, can be most
helpful for those patients where the presence or
severity of LVOTO is uncertain after the baseline
echocardiogram.?°?2-2% Postprandial exercise may
also be useful, particularly if the patient expresses
increased symptoms after meals.*® Exercise test-
ing is only useful in older children, typically >7 to 8
years of age, or when the child is able to cooper-
ate with testing, because young children are often
unable to cooperate with exercise testing.
Intraoperative TEE is a standard part of surgical
myectomy and adjunctive repairs for patients with
HCM. TEE can assess mitral valve abnormalities
and MR and extent of septal hypertrophy, as well as
provide assessment of residual SAM of the mitral
valve and LVOTO and occurrence of a ventricular
septal defect or new aortic insufficiency.26-2°

TTE or TEE imaging helps guide alcohol septal
ablation, particularly in localizing the appropriate left
anterior descending septal perforator by intracoro-
nary contrast injection as well as monitoring of LVOT
gradient reduction during the procedure. The use of
transthoracic guidance with ultrasound-enhancing
agents has resulted in greater procedural success,
decreased intervention time, smaller infarct size,
and lower heart block rates®3°% |n cases where
transthoracic image quality is suboptimal, intrapro-
cedural TEE with ultrasound-enhancing agents can
be used to guide septal ablation therapy.5**
Following SRT, efficacy of therapy, particularly
evidence of septal thinning and LVOT gradient
decrease, should be assessed. Residual SAM of the
mitral valve and MR, aortic insufficiency, LV systolic
and diastolic function, and ventricular septal defect
should also be assessed. Although these results are
usually apparent immediately after surgical septal
myectomy, changes in LVOTO and formation of a
myocardial septal scar may evolve over time (typi-
cally complete in 3 months but in some patients may
persist for a year) after septal ablation.3537384748
When a diagnosis of HCM is made in a proband,
echocardiographic screening of first-degree rela-
tives is offered to identify affected relatives. In 2
large pediatric studies, yield on echocardiographic
screening for clinical HCM in first-degree relatives

10.

11,

12.

13.

2024 Hypertrophic Cardiomyopathy Guideline

was 10% to 15% throughout childhood and ado-
lescence with similar disease rates of penetrance
across age range.'>%#0 The median age at HCM
onset was 8.9 (4.7-13.4) years, with earlier onset in
male individuals, those with family history of SCD, and
pathogenic variants in MYH7/MYBPC3.% Likewise,
the median time from HCM onset to a major cardiac
event, including death, SCD, or cardiac intervention
(eg, myectomy, ICD), was 1.5 years.3%404® Taken
together, these data support family screening initi-
ated in childhood and repeated on a periodic basis in
children and adults (Table 7). Changes in LV systolic
strain and diastolic function can precede definitive
hypertrophy.?°%2 Family members with these abnor-
malities likely warrant closer follow-up.

The ongoing screening of genotype-positive,
phenotype-negative family members of all ages
is important. Previous small studies reported
onset of clinical HCM in adolescence or young
adulthood for most genotype-positive cases.?®3
However, large studies suggest that clinical HCM
can develop in younger family members, with 5%
to 10% being phenotype-positive at first screen-
ing and another 3% to 5% before 18 years of
age. Phenotype conversion can occur in young
adults; therefore, continued screening into adult-
hood is warranted, although frequency of screen-
ing can be lowered because the penetrance
rate is lower in individuals who are >18 years of
age.?* Although an absence of systematic evi-
dence is observed, most physicians continue clini-
cal screening until midlife (approximately 50 years
of age) because disease can manifest in adults,
albeit at a lower frequency.

TEE can be particularly useful if there is uncer-
tainty regarding mitral valve structural abnormali-
ties, mechanism of MR, or suspicion of alternate
causes of outflow obstruction (discrete subaortic
stenosis, valvular stenosis) on TTE or suspected or
by other clinical parameters.?®

In patients with HCM, LVH can be localized to any
segment of the LV wall, and care should be taken
to completely image all LV wall segments. In cases
where the LV apex is suboptimally visualized, use
of an ultrasound-enhancing agent or CMR imaging
can aid in detection of apical hypertrophy, aneu-
rysm, and thrombus.*445

In patients who are asymptomatic, understand-
ing whether they have LVOTO at rest or provoca-
tion is important in understanding the potential
pathophysiology. Even in asymptomatic patients,
knowing that they have provocable obstruction
can influence health advice (eg, regarding hydra-
tion) or choice of therapies for concomitant condi-
tions (eg, diuretics or vasodilators for patients with
hypertension).2022-25

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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6.3. CMR Imaging

Recommendations for CMR Imaging
Referenced studies that support the recommendations are
summarized in the

Recommendations

1. For patients suspected of having HCM in whom
echocardiography is inconclusive, CMR imaging is
indicated for diagnostic clarification.””

2. For patients with LVH in whom there is a suspicion
of alternative diagnoses, including infiltrative or stor-
age disease as well as athlete’s heart, CMR imaging
is useful (Figure 1).""

3. For patients with HCM who are not otherwise
identified as high risk for SCD, or in whom a deci-
sion to proceed with ICD remains uncertain after
clinical assessment that includes personal or family
history, echocardiography, and ambulatory electrocar-
diographic monitoring, CMR imaging is beneficial to
assess for maximum LV wall thickness, EF, LV apical
aneurysm, and extent of myocardial replacement
fibrosis with late gadolinium enhancement (LGE)."""®

4. For patients with obstructive HCM in whom the ana-
tomic mechanism of obstruction is inconclusive on
echocardiography, CMR imaging is indicated to inform
the selection and planning of SRT.'6-2°

5. For patients with HCM, repeat contrast-enhanced
CMR imaging on a periodic basis (every 3-5 years)
for the purpose of SCD risk stratification may be
considered to evaluate changes in LGE and other
morphologic changes, including EF, development of
apical aneurysm, or LV wall thickness (Figure 1,
Table 8).

Synopsis

CMR imaging provides high spatial resolution and
tomographic imaging of the heart and assessment of
myocardial replacement fibrosis (LGE) after contrast
administration."? These attributes make CMR imaging
well-suited for characterizing the diverse phenotypic
expressions of HCM. CMR imaging is therefore a com-
plementary imaging technique in the evaluation of HCM
patients for diagnosis, risk prediction, and preprocedural
planning for SRT.'”

CMR imaging produces images with sharp contrast
between the blood pool and myocardium. This allows
for accurate LV wall thickness measurements, quan-
tification of LV and RV chamber size, LV mass, systolic
function, and identification of LVH not well visualized by
echocardiography.'”” In addition, optimal images of LV
apical aneurysms and structural abnormalities of the
mitral valve and subvalvular apparatus that contribute to
LVOTO are produced, which may impact management
strategies.”167'° Extensive LGE (ie, myocardial replace-
ment fibrosis) represents a noninvasive marker for
increased risk for potentially life-threatening ventricu-
lar tachyarrhythmias and progression to systolic dys-
function.'""* CMR imaging may not be feasible in
certain patients because of availability, cost, contraindi-
cations attributable to pacemakers or ICDs, severe renal

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250
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insufficiency, and patient factors (pediatric age and a
requirement for general anesthesia, or sedation, claus-
trophobia, or body habitus).

Recommendation-Specific Supportive Text

1. For patients in whom HCM is suspected based
on cardiac symptoms, an abnormal 12-lead ECG,
or family history of inherited heart disease, and in
whom echocardiographic examination is nondiag-
nostic or inconclusive, CMR imaging is an impor-
tant adjunctive test to clarify diagnosis."”" In such
clinical situations, CMR imaging can identify focal
areas of LVH, particularly when hypertrophy is con-
fined to certain regions of the LV wall, including
the anterolateral wall, posterior septum, and apex.
This increased sensitivity in detecting LVH by CMR
imaging is attributable to high spatial resolution
and the fact that CMR imaging is not encumbered
by poor acoustic windows caused by pulmonary or
thoracic parenchyma.*®

2. Important differences in the pattern and location of
LVH, cavity dimensions, and the pattern and distri-
bution of LGE can aid in the differentiation of HCM
from other cardiovascular diseases associated
with LVH, including other inherited cardiomyopa-
thies (eg, lysosomal or glycogen storage diseases),
infiltrative cardiomyopathies (eg, amyloid), or con-
ditions with secondary hypertrophy attributable
to pressure overload (eg, hypertension or athletic
conditioning).”

3. Maximal LV wall thickness measurements can be
underestimated (or overestimated) with echocar-
diography compared with CMR imaging."" This
can have direct management implications for
diagnosis and SCD risk assessment, because LV
wall thickness is a major risk marker for SCD.*-61°
In addition, apical aneurysms may not always be
detected by echocardiography8® Extensive LGE,
often occupying multiple LV segments, is associ-
ated with increased risk for life-threatening ven-
tricular arrhythmias, independent of location or
pattern within the LV wall."'""® Studies have pro-
moted a threshold for extensive LGE of 215% of
the LV mass as representing a significant (2-fold)
increase in SCD risk.'” However, no consensus
on the optimal quantification technique(s) has
been determined. LGE can serve as an arbiter in
decision-making on whether to pursue ICD place-
ment when risk remains ambiguous after standard
risk stratification.” Patients with HCM and systolic
dysfunction (EF <50%), adverse LV remodeling
with ventricular cavity enlargement and wall thin-
ning because of scarring, are at increased risk for
lethal ventricular tachyarrhythmias and increased
HF symptoms.''® CMR can provide quantitative
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EF assessment in whom determination of systolic
function remains uncertain with echocardiography.
Absence of (or minimal) LGE is associated with
lower risk of SCD.'2132"

4. Because of specific anatomic features of the LVOT,
some patients with HCM will be more suitable can-
didates for septal myectomy than for percutane-
ous alcohol ablation.'®2° CMR imaging can reliably
characterize specific features of the LVOT anatomy
that may be contributing to SAM-septal contact
and obstructive physiology and, therefore, are rel-
evant to strategic planning for septal reduction
procedures, including precise distribution of septal
hypertrophy, abnormalities of the mitral valve and
subvalvular apparatus, including abnormally posi-
tioned papillary muscles, anomalous papillary mus-
cle insertion directly into mitral valve, accessory
muscle bundles, and abnormal chordal connec-
tions, particularly if these morphologic features are
not clearly identified with echocardiography.'6-2

5. The progression of high-risk morphologic features,
including apical aneurysm, extensive LGE, systolic
dysfunction, and massive LVH, is not well-defined.
Nevertheless, given the importance of these in
management considerations, including SCD pre-
vention with ICD therapy, periodic longitudinal
evaluation with CMR imaging to detect develop-
ment or progression in >1 of these issues may be
informative 810152223

6.4. Cardiac CT

Recommendation for Cardiac CT

1. In adult patients with suspected HCM, cardiac
CT may be considered for diagnosis if the
echocardiogram is not diagnostic and CMR
imaging is unavailable.'”®

2b C-LD

Synopsis

Cardiac CT provides excellent spatial resolution that al-
lows for clear definition of LV structure (including hyper-
trophy pattern, wall thickness measurement, detection
of subaortic membrane, and intracardiac thrombus) and
function. Small studies have demonstrated the ability of
CT to assess myocardial fibrosis, although this adds fur-
ther radiation exposure and needs further validation.?®
In addition to myocardial structure, CT can provide an
assessment of coronary anatomy, including stenosis
and anomalous origin of coronary arteries. Disadvan-
tages of CT are the use of radiation and radioiodine
contrast and inferior temporal resolution compared with
echocardiography. CT angiography is discussed in Sec-
tion 6.6 (“Angiography and Invasive Hemodynamic
Assessment”).

e1256 June 4, 2024

Recommendation-Specific Supportive Text

1. Although not commonly used, CT can provide
important insights when echocardiography is tech-
nically limited and CMR imaging is contraindicated
or unavailable and is one of the tools that can be
used to define coronary anatomy.'™

6.5. Heart Rhythm Assessment

Recommendations for Heart Rhythm Assessment
Referenced studies that support the recommendations are

summarized in the

. In patients with HCM, a 12-lead ECG is
recommended in the initial evaluation and as part of
periodic follow-up (every 1-2 years) (Figure 1, Table
718

2. In patients with HCM, 24- to 48-hour ambulatory
electrocardiographic monitoring is recommended in
the initial evaluation and as part of periodic follow-up
(every 1-2 years) to identify patients who are at risk
for SCD and to guide management of arrhythmias
(Figure 1).4°

3. In patients with HCM who develop palpitations
or lightheadedness, extended (>24 hours) elec-
trocardiographic monitoring or event recording is
recommended for arrhythmia diagnosis and clinical
correlation.®

4. In first-degree relatives of patients with HCM, a
12-lead ECG is recommended as a component of
the screening algorithm (Figure 1, Table 7).'-®

5. In patients with HCM who are deemed to be at high
risk for developing AF based on the presence of risk
factors or as determined by a validated risk score,
and who are eligible for anticoagulation, extended
ambulatory monitoring is recommended to screen for
AF as part of initial evaluation and annual follow-up
(Figure 1).7-12

6. In adult patients with HCM without risk factors
for AF and who are eligible for anticoagulation,
extended ambulatory monitoring may be considered
to assess for asymptomatic paroxysmal AF as part
of initial evaluation and periodic follow-up (every 1-2
years)."1?

Synopsis

Both 12-lead electrocardiographic and ambulatory moni-
toring are necessary for patients with HCM. A 12-lead
ECG can convey information about LVH and repolariza-
tion abnormalities as well as arrhythmias, including bra-
dycardia and tachycardia. It also provides information
about conduction abnormalities that may be present at
initial evaluation or in follow-up. Ambulatory monitoring is
necessary in the evaluation of SCD risk. Historically, this
has been 24 to 48 hours. Extended monitoring is most
useful for the determination of the cause of symptoms
or to diagnose AF. In patients with additional risk factors,
periodic screening of AF may be necessary in order to
intervene promptly.

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Recommendation-Specific Supportive Text

1.

The 12-lead ECG is abnormal in 75% to 95% of
patients with phenotypic HCM, including, but not lim-
ited to, evidence for LVH and repolarization changes.
However, these abnormalities do not reliably corre-
late with the severity or pattern of hypertrophy.'® The
12-lead ECG is also useful in identifying other abnor-
malities, such as Wolff-Parkinson-White pattern,
which may suggest certain phenocopies of HCM.'*®
Alternative diagnoses may also be suggested, such
as amyloidosis in the presence of low-voltage and
conduction delays. In addition, a pseudo—myocardial
infarction pattern may be present in young individu-
als before there is manifest evidence of wall thick-
ening on echocardiography.’”® A12-lead ECG is
commonly used in the screening for HCM, including
family members without LVH.""® There is consider-
able debate regarding the utilization of the 12-lead
ECG in screening healthy adolescents for HCM as
part of preparticipation athletic screening.'
Ambulatory electrocardiographic monitoring for
detection of ventricular tachyarrhythmias has his-
torically played an important role in risk stratification
of patients with HCM. Episodes of nonsustained
ventricular tachycardia (NSVT) may identify patients
at significantly higher risk of subsequent SCD.*®
There is increasing evidence that NSVT in young
patients with HCM is more prognostic for SCD than
in patients >35 years of age, and also that longer
and faster NSVT is associated with greater inci-
dence of ICD-treated arrhythmias.'® There is also
evidence that longer periods of monitoring will diag-
nose more episodes of NSVT'®; however, NSVT as
a risk factor for SCD has historically been based on
a 24- to 48-hour monitor. The optimal time frame of
monitoring is not yet established and, thus, at this
time, it is reasonable to perform serial ambulatory
electrocardiographic monitoring every 1 to 2 years
in patients who do not have ICDs.

In the presence of symptoms, ambulatory elec-
trocardiographic monitoring should be continued
until a patient has symptoms while wearing the
monitor, such that the proper diagnosis is made.
Clinical studies have shown a broad spectrum of
arrhythmias in patients with HCM, most of them
not lethal; thus, clinical correlation of symptoms
with monitor findings is essential.? In some patients
with infrequent symptoms, portable event monitors
or implantable monitors may be warranted.

ECGs are considered to be a standard part of the
initial screening of relatives of patients with HCM.'=3
Electrocardiographic abnormalities may precede
the development of LVH in children who are gene
carriers; thus, ECG is considered more sensitive
than echocardiography as a screening tool in fami-
lies with HCM.™

2024 Hypertrophic Cardiomyopathy Guideline

5. AF is associated with adverse outcomes (including
stroke) in patients with HCM. Although several stud-
ies show that asymptomatic AF is present in up to
50% of patients,””'" it is unclear that asymptomatic
episodes, especially if short in duration (<30 sec-
onds) and low burden (<19%), contribute to adverse
outcomes. Predictors of clinically important AF include
left atrial dilatation, increasing age, duration of disease,
and NYHA functional class Il to IV HF. Thus, patients
with these characteristics should be assessed more
frequently and possibly including extended (duration
determined by clinical circumstances) ambulatory
electrocardiographic screening to provide prompt
intervention when AF is detected. To facilitate identify-
ing patients who would benefit the most from screen-
ing, a risk score (the HCM-AF score) was developed
that includes the aforementioned risk factors and
allows prognostic estimation of the risk of develop-
ing AF. The model was developed from a cohort of
1900 patients with HCM and subsequently validated;
in the development cohort, 17.2% of high-risk patients
developed AF (rate 3.4% per year), whereas in the
external validation cohort, 13.3% of high-risk patients
developed AF (rate 2.7% per year)."? In the HCM-AF
score study, AF was defined as >1 clinically overt
episodes documented by ECG or telemetry, requir-
ing medical attention and consideration for treatment
within 10 years of initial visit."

6. AF is associated with adverse outcomes (including
stroke) in patients with HCM. Although several stud-
ies show that asymptomatic AF is present in up to
50% of patients,”'" it is unclear whether asymptom-
atic episodes, especially if short in duration, contrib-
ute to adverse outcomes. Predictors of AF include
left atrial dilatation, advanced age, and NYHA func-
tional class Ill to class IV HF. Yet, in patients with-
out risk factors, the risk of developing AF is low,
although not zero: approximately 3.3% at 5 years.'?

6.6. Angiography and Invasive Hemodynamic
Assessment

Recommendations for Angiography and Invasive Hemodynamic
Assessment

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. For patients with symptomatic HCM for whom there
is uncertainty regarding the presence or severity
of LVOTO on noninvasive imaging studies, invasive
hemodynamic assessment with cardiac
catheterization is recommended.”*

2. In patients with HCM who have symptoms or
evidence of myocardial ischemia, coronary
angiography (CT or invasive) is recommended.®

3. In patients with HCM who are at risk of coronary
atherosclerosis, coronary angiography (CT or
invasive) is recommended before surgical myectomy.®
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Synopsis

Echocardiography remains the gold standard for the re-
liable, noninvasive assessment of dynamic outflow tract
obstruction in HCM. Invasive hemodynamic assessment
should be undertaken only when the diagnostic informa-
tion cannot be obtained from the clinical and noninvasive
imaging examinations and when such information will
alter patient management. In addition, invasive hemody-
namic assessment can be useful to guide management in
carefully selected patients with HCM who have persistent
symptoms despite optimal medical therapy to more fully
characterize the hemodynamic profile, presence or ab-
sence of LVOTO, and contribution of other disease states,
such as chronic primary or secondary pulmonary hyperten-
sion or concomitant valve disease. It is crucial that the op-
erator performing the assessment be experienced in such
cases and use appropriate catheters (eg, end-hole pigtali,
halo), while avoiding pitfalls such as catheter entrapment.

Recommendation-Specific Supportive Text

1. In patients with a clinical history of significant, limit-
ing HF symptoms (NYHA functional class Il to IV)
but in whom there is ambiguity regarding presence
or magnitude of an LVOT gradient on cardiac imag-
ing, invasive hemodynamic studies can clarify the
presence of resting or latent outflow tract obstruc-
tion as well as provide information on cardiac out-
put and filling pressures."? Such circumstances
may arise if the reliability of echocardiographic
imaging is limited by poor acoustic windows or if
the Doppler profile cannot be reliably distinguished
between increased velocity from outflow tract
obstruction versus contamination of the profile by
MR. Outflow gradients can be extremely dynamic,
with spontaneous variability influenced by altered
myocardial contractility and loading conditions at
the time of cardiac imaging testing.? Several pro-
vocative maneuvers have been used in the cath-
eterization laboratory to identify the presence of a
latent gradient, including Valsalva maneuver, induc-
ing a premature ventricular contraction to assess
for the Brockenbrough-Braunwald-Morrow sign
(post-extrasystolic augmentation in LVOT gradient
and reduction in aortic pulse pressure), or upper or
lower extremity exercise®* Documentation of the
LVOT gradient atrestand, if not severe (=50 mm Hg),
after provocative maneuvers helps guide clinical
care.

2. Chest discomfort is a common symptom in patients
with HCM. For those patients with atherosclerotic
coronary risk factors or in whom chest pain does
not respond to medical therapy, the possibility of
epicardial coronary artery disease (CAD) needs
to be considered. Epicardial CAD may also be
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suspected based on noninvasive testing, although
high false-positive and false-negative rates are
associated with nuclear and echocardiographic
stress testing. Coronary angiography is useful in
patients with HCM when findings of CAD could aid
in patient management.®

3. Coronary angiography is usually performed in
patients who are scheduled for surgical myectomy
and have risk factors for coronary atherosclero-
sis and significant myocardial bridging. Findings
of extensive CAD would inform decision-making
regarding altering the strategy to surgical myec-
tomy combined with coronary bypass surgery.?
Coronary angiography is a requisite component of
alcohol septal ablation, to assess septal anatomy,
and for the presence of CAD that can be addressed
at the time of septal ablation.

6.7. Exercise Stress Testing

Recommendations for Exercise Stress Testing

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. For symptomatic patients with HCM who do not have
resting or provocable outflow tract peak gradient
>60 mm Hg on TTE, exercise TTE is recommended
for the detection and quantification of dynamic
LVOTO."-®

2. In patients with nonobstructive HCM and advanced
HF (NYHA functional class Il to class IV), cardiopul-
monary exercise stress testing should be performed
to quantify the degree of functional limitation and aid
in selection of patients for heart transplantation or
mechanical circulatory support.”®

3. In pediatric patients with HCM, regardless of
symptom status, exercise stress testing is recom-
mended to determine functional capacity and to
provide prognostic information.'®

4. In adult patients with HCM, exercise stress testing is
reasonable to determine functional capacity and to
provide prognostic information as part of initial
evaluation.®'"1?

5. For asymptomatic patients with HCM who do not
have a resting or provocable outflow tract peak
gradient >60 mm Hg on standard TTE, exercise TTE
is reasonable for the detection and quantification of
dynamic LVOTO.!#-61814

2a C-LD

6. In patients with obstructive HCM and ambiguous
functional capacity, exercise stress testing may be
reasonable to guide therapy (Figure 1).'51°

2b C-LD

7. In patients with HCM for whom it is unclear if their
functional capacity has declined, exercise stress
testing may be considered every 2 to 3 years
(Figure 1).

2b C-EO

Synopsis

In patients with HCM, exercise stress testing is safe and
provides information on the severity and mechanism of
functional limitation. Particularly when combined with
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simultaneous analysis of respiratory gases (ie, cardiopul-
monary exercise test [CPET]), lower exercise capacity is
strongly prognostic of adverse events, including death,
HF, and ventricular arrhythmias in both adults and chil-
dren. The accuracy of exercise testing in assessing myo-
cardial ischemia can be limited if there are resting ECG
and/or wall motion abnormalities. Conversely, myocardial
perfusion imaging using single-photon or positron emis-
sion tomography has a high rate of false-positive find-
ings for epicardial CAD, with perfusion abnormalities
detectable in >50% of patients, most of whom have no
significant epicardial CAD. In patients with HCM with a
high clinical suspicion for myocardial ischemia, coronary
angiography (CT or invasive) should be considered. Do-
butamine is not recommended because diagnostic accu-
racy for ischemia is limited and induction of intracavitary
gradients is nonphysiologic. This section focuses only on
the modality of exercise stress testing for its utility in de-
tecting latent LVOT obstruction and exercise capacity as
it relates to prognosis and treatment recommendations.

Recommendation-Specific Supportive Text

1. In general, to attribute effort-related symptoms to
LVOTO, the resting or provoked gradient would
need to be >b0 mm Hg. LVOT gradients can be
dynamic and can be missed on resting echocar-
diography in up to 50% of patients with obstruc-
tive physiology,'” and maneuvers performed during
a resting TTE to provoke an LVOT gradient (eg,
Valsalva) can be variable because of inconsisten-
cies in instruction and patient effort. Stress echo-
cardiography, representing the most physiologic
form of provocation, can be most helpful for those
patients where the presence or severity of LVOTO
is uncertain after the baseline echocardiogram.'=-6
Postprandial exercise may also be useful, particu-
larly if the patient expresses increased symptoms
after meals.”® Exercise testing is only useful in
older children, typically >7 to 8 years of age, or
when able to cooperate with the testing protocol.

2. CPET is a standard part of the evaluation for
patients with severe symptoms, including those
being considered for cardiac transplantation.”®

3. In pediatric patients with HCM, there is a strong
association of exercise-induced ischemic electro-
cardiographic changes and abnormal blood pres-
sure response with lower transplant-free survival.’
Exercise-induced ischemia in pediatric patients is
also independently associated with a higher risk of
SCD. Exercise testing is only useful in older chil-
dren, typically >7 to 8 years of age, or when able to
cooperate with the testing protocol.

4. Exercise stress testing provides information on
the severity and mechanism of functional limitation
(eg, provocable LVOTO, abnormal blood pressure
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response, chronotropic incompetence, arrhythmias,
ischemia, and/or reduced heart rate reserve). When
available, the use of CPET, with simultaneous mea-
surement of respiratory gases, is preferred. Data
from >9000 patients show that reduced peak oxy-
gen consumption and submaximal exercise param-
eters, such as ventilatory efficiency and anaerobic
threshold, are associated with a higher rate of ven-
tricular arrhythmias, progression to advanced HF,
and higher all-cause mortality.>'"

5. In patients who are asymptomatic, understand-
ing whether they have LVOTO at rest or provoca-
tion is important in understanding the potential
pathophysiology. Even in asymptomatic patients,
knowing that they have provocable obstruction
can influence health advice (eg, regarding hydra-
tion) or choice of therapies for concomitant condi-
tions (eg, diuretics or vasodilators for patients with
hypertension).!%6

6. In patients with symptomatic LVOTO who are under-
going septal myectomy, lower preoperative peak
VO, and lack of improvement in peak VO, postoper-
atively despite resolution of LVOTO are associated
with higher mortality.’®'® Therefore, significantly
reduced exercise capacity measured with or with-
out use of CPET compared with the norm for the
patient's age and sex may prompt earlier consider-
ation for advanced therapies to alleviate LVOTO.

7. A decline in exercise capacity relative to the norm
for a patient's age and sex can impact decisions
on whether to escalate therapies, particularly if the
patient's functional capacity is ambiguous based
on their clinical history.

6.8. Genetics and Family Screening

Recommendations for Genetics and Family Screening

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with HCM, evaluation of familial
inheritance, including a 3-generation family history,
is recommended as part of the initial assessment.””"

2. In patients with HCM, genetic testing is beneficial
to elucidate the genetic basis to facilitate the
identification of family members at risk for
developing HCM (cascade testing).8""'

3. In patients with an atypical clinical presentation of
HCM or when another genetic condition is suspected
to be the cause, a workup including genetic testing
for HCM and other genetic causes of unexplained
cardiac hypertrophy (‘HCM phenocopies”)
is recommended.'?"'

4. In patients with HCM, genetic counseling by an
expert in the genetics of cardiovascular disease is
recommended so that risks, benefits, test results,
and their clinical significance can be reviewed
and discussed with the patient in a shared
decision-making process.'~%1®
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Recommendations for Genetics and Family Screening (Continued)

5. When performing genetic testing in a proband with
HCM, the initial tier of genes tested should include
genes with strong evidence to be disease-causing
in HCM.*8'11'16‘W

6. In first-degree relatives of patients with HCM, both
clinical screening (ECG and 2D echocardiogram)
and cascade genetic testing (when a pathogenic/
likely pathogenic variant has been identified in the
proband) should be offered.371218-20

7. In families where a sudden unexplained death has
occurred with a postmortem diagnosis of HCM,
postmortem genetic testing is beneficial to facilitate
cascade genetic testing and clinical screening in
first-degree relatives.?'?

8. In patients with HCM who have undergone genetic
testing, serial reevaluation of the clinical significance
of the variant(s) identified is recommended to
assess for variant reclassification, which may impact
diagnosis and cascade genetic testing in family
members?-% (Figures 1 and 2).

9. In affected families with HCM, preconception and
prenatal reproductive and genetic counseling should
be offered.'1°

10. In adult patients with HCM, the usefulness of
genetic testing in the assessment of risk of SCD is
uncertain,'02%27

11. In patients with HCM who have a variant of
uncertain significance (VUS), the usefulness of
clinical genetic testing of phenotype-negative
relatives for the purpose of variant reclassification
is uncertain. %28

12, For patients with HCM who have undergone
genetic testing and were found to have no
pathogenic variants (ie, harbor only benign or likely
benign variants), cascade genetic testing of the
family is not useful.48"°

13.  Ongoing clinical screening is not indicated in
genotype-negative relatives in families with
genotype-positive HCM, unless the disease-
causing variant is downgraded to a VUS, likely
benign, or benign variant during follow-up.2329-%2

*Strong evidence HCM genes include, at the time of this publication: MYH?7,
MYBPCS3, TNNI3, TNNT2, TPM1, MYL2, MYL3, and ACTC1.

Synopsis

Genetic testing has an important role in the diagnosis
and management of HCM in patients and their families.
HCM is inherited as an autosomal dominant trait in most
cases, with offspring having a 50% chance of inheriting
the same disease-causing genetic variant. A discussion
about the role of genetic testing is considered a standard
part of the clinical engagement of patients with HCM, in-
cluding appropriate pre- and posttest genetic counseling
performed either by a trained cardiac genetic counselor or
by someone knowledgeable in the genetics of cardiovas-
cular disease. It is essential to obtain a multigenerational
(preferably at least 3 generations) family history of HCM
and suspected SCD events. The importance of potential
psychological, social, legal, ethical, and professional impli-
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cations of having a genetic disease®® should be conveyed.
Genetic assessment should ideally be performed in a spe-
cialized multidisciplinary HCM center with experience in
all aspects of the genetic counseling and testing process."

Recommendation-Specific Supportive Text

1. Obtaining a family history facilitates the identifica-
tion of other clinically affected and at-risk family
members, patterns of disease transmission, con-
sanguinity within the family, and a history of SCD
in a relative. These findings may be relevant to
the diagnosis and management of individuals with
HCM in the family and subsequent clinical and
genetic screening of at-risk family members.25-25

2. Genetic testing in HCM has several clinical benefits,
including confirmation of the diagnosis, preclinical
diagnosis, cascade genetic testing in the family, and in
guiding reproductive decisions.8'" Cascade genetic
testing in the family identifies those who carry the
disease-causing variant and require ongoing surveil-
lance, while those who do not carry the variant can
be released from lifelong clinical surveillance.

3. Genes associated with HCM phenocopies may be
included in first-tier genetic testing if there is clini-
cal suspicion based on phenotype evaluation of a
systemic disorder, including PRKAG2 (glycogen
storage disease), LAMPZ (Danon disease),’® GLA
(Fabry disease)* transthyretin amyloid cardiomy-
opathy, and disease genes related to RASopathies.
In some circumstances, the genetic test result may
alter the management of the index case, such as
enzyme replacement therapy in patients with Fabry
disease or more aggressive clinical management
of patients with Danon disease.

4. Pretest genetic counseling is important to ensure the
patient undergoing genetic testing fully understands
and is informed of the benefits and potential harms
(including psychosocial, ethical, and insurability) of
finding a genetic cause of disease. Posttest genetic
counseling allows a clear explanation to be provided
for the genetic testing findings, regardless of whether
a pathogenic or likely pathogenic variant is identified,
and the implications of both a positive and a negative
result for the individual and for the family.'-31°

5. HCM is predominantly a disease of the sarcomere,
and first-line genetic testing primarily includes panel
testing for genes with strong evidence for being
disease-causing.!" Genetic testing can be performed
using various platforms, including gene panels,
exome sequencing, or genome sequencing® Gene
panels include 8 sarcomere genes, including MYH?7,
MYBPCS3, TNNI3, TNNTZ, TPM1, MYLZ, MYLS3, and
ACTCI, and identify a disease-causing variant in
approximately 30% of sporadic and 60% of familial
cases.*8719 Expanding to larger panels usually does
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not add diagnostic value®'” Initial genetic testing is
usually performed in the index case (probalnd).8 If tar-
geted gene panel testing does not reveal a causal
variant, exome sequencing may provide a second-tier
test on a clinical or research basis, recognizing the
chance of incidental findings. In up to 40% of patients
with HCM, no sarcomere variant is identified, and
there is no family history of disease.?® Identification
of a VUS is not a clinically actionable result but can
be investigated further at either a clinical or research
level to further clarify variant pathogenicity (eg,
through cosegregation analysis in family members,
DNA testing in parents to determine whether VUS is
de novo, functional studies) (Figures 1 and 2).

. After genetic testing, a clinically actionable result (ie,

likely pathogenic or pathogenic) can provide diagnos-
tic clarification in the proband and offers the poten-
tial for cascade (predictive) testing of at-risk family
members37121819 Cascade testing involves targeted
testing of first-degree relatives for the pathogenic or
likely pathogenic variant found in the proband. When
cascade testing is performed in an at-risk relative,
those who are found not to carry the disease-causing
gene variant can be released from further (lifelong)
clinical surveillance. Those who are found to carry the
disease-causing gene variant should undergo clinical
screening at regular intervals (Table 7). Family mem-
bers of a patient where genetic testing is not done
or is negative (ie, no likely pathogenic or pathogenic
variant is identified) also require clinical screening at
regular intervals because there is considerable phe-
notypic heterogeneity in age of onset and disease
progression within members of the same family.
Postmortem testing for HCM-associated variants
using blood or tissue collected at autopsy has been
reported, particularly in instances where the fam-
ily variant is unknown and no other affected family
members are still living.?'*3¢ Access to a molec-
ular autopsy as well as considerations related to
costs and insurance coverage for this testing can
vary between jurisdictions. Nevertheless, identifi-
cation of a likely pathogenic or pathogenic variant
not only confirms the diagnosis of HCM but allows
cascade genetic testing of other at-risk relatives as
outlined previously (Figures 1 and 2).

Determining pathogenicity of variants relies on a
weight of collective evidence based on American
College of Medical Genetics and Genomics criteria'®
and may change over time. This highlights the impor-
tance of periodic reevaluation of variants every few
years in case the variant has been reclassified (e,
either upgraded to likely pathogenic or pathogenic),
in which case family cascade genetic testing can be
initiated, or downgraded to a VUS, likely benign, or
benign variant, whereby family screening would revert
to regular clinical surveillance?*% In 1 report, 11% of

10.

11.
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HCM variants were either downgraded or upgraded
over 6 years into a category that would necessitate
a change in cascade screening of family members.?®
This highlights the importance of having the neces-
sary expertise within a specialized multidisciplinary
clinic setting to not only perform genetic testing and
interpret the results but to reevaluate the pathoge-
nicity of variants during follow-up.?*** The American
College of Medical Genetics and Genomics guide-
lines recommend clinical laboratories implement
policies to reevaluate variants based on new infor-
mation about the patient or family phenotype® The
American College of Medical Genetics and Genomics
also highlights the importance of notifying a patient
undergoing genetic testing that the genetic interpre-
tation may change over time, and that the patient may
be recontacted with updated results.?’

In autosomal dominant HCM, there is a 1 in 2
(50%) chance of passing on the disease-causing
gene variant to each offspring of an affected indi-
vidual, although variable penetrance can result in
differences in onset and severity of clinical mani-
festations.®” Prenatal genetic counseling is helpful
in explaining the risk of transmission of disease,
as well as discussing potential reproductive
options.'”'® These options include in vitro fertiliza-
tion with preimplantation genetic diagnosis, prena-
tal genetic screening, and postnatal genetic testing.
The benefits and potential harms can be discussed
for each of these options, such that the individual
or couple can make a fully informed decision.
Although some evidence exists that adults who
carry >1 likely pathogenic or pathogenic variant
may have more severe disease, including SCD, the
role of the genetic test result in the determination
of risk in SCD remains uncertain and is therefore
not clinically used for this purpose. Similarly, a
genetic result in isolation does not influence deci-
sions related to implanting an ICD in adult patients
with HCM. Several studies have reported that
patients with HCM who carry pathogenic or likely
pathogenic sarcomere variants have a worse prog-
nosis compared with patients with HCM who are
sarcomere variant-negative.'®'2?52738 This includes
earlier onset of disease, higher incidence of SCD,
higher incidence of AF and ventricular arrhyth-
mias, HF, and overall mortality.'®'2?52%38 |n pediat-
ric patients, the presence of sarcomeric variants is
more closely associated with SCD and has been
incorporated into one of the SCD risk tools.®
Genetic testing for HCM is first performed in an indi-
vidual in the family with clear phenotypic evidence of
HCM, usually the proband (index case). If a definitive
likely pathogenic or pathogenic variant is identified,
then cascade genetic testing in at-risk relatives can
be offered (Figures 1 and 2). Genetic testing in a
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12.

phenotype-negative relative without a known genetic
diagnosis in the proband has a very low yield of iden-
tifying a genetic cause of HCM, and a negative test
in this situation will not change recommendations
for ongoing clinical screening.#"2 |dentification of a
VUS in a proband is not a clinically actionable result.
In select circumstances only, family member testing
may be offered at either a clinical or research level
to further clarify the pathogenicity of the variant (eg,
through cosegregation analysis in family members,
determine de novo status through parental testing,
functional studies). However, this is most appropri-
ate in the setting of guidance from a cardiovascular
genetics expert (Figures 1 and 2).

If genetic testing does not identify a pathogenic
variant in a patient with HCM (ie, only identifies

13.

benign or likely benign variants), there is no indica-
tion to do genetic testing in family members as the
identification of such variants will not change clini-
cal management, including the need for continued
clinical screening.#8-1

In genotype-negative relatives of individuals with
genotype-positive  HCM, no further clinical
follow-up is required (Figures 1 and 2). Over
time, as more knowledge is gained, some vari-
ants previously thought to be likely pathogenic
or pathogenic may be downgraded to a VUS or
benign category.232%% In such instances, family
relatives who were released from clinical surveil-
lance on the basis of the previous gene result
need to be notified and regular clinical screening
recommenced.®'%2

HCM Suspected or Family History of HCM

!

Diagnostic Testing
(ECG, Imaging, Genetics)

(See Figure 2 for details
on genetic testing)

Complete Baseline Evaluation

« SCD risk assessment

« Stress testing if symptomatic,
if LVOTO is suspected but
unconfirmed, or to determine
baseline functional capacity

Family with
known P/LP
variant?
(See Figure 2 for
more detail)

NO
Patient
has family YES, or Unknown

variant?

v

[ Asymptomatic Adults ‘

G20z ‘0z AInc uo Aq Bio'sjeusnofeye//:dny wouy papeojumoq

| Children and/or Symptomatic Adults

—| Variant = P/LP Variant downgraded to VUS

Figure 1. Recommended Evaluation and Testing for HCM.

Colors correspond to Table 3. "The interval may be extended, particularly in adult patients who remain stable after multiple evaluations. AF indicates

atrial fibrillation; CMR, cardiovascular magnetic resonance; CPET, cardiopulmonary exercise test; ECG, electrocardiography/electrocardiogram; echo,
echocardiography/echocardiogram; HCM, hypertrophic cardiomyopathy; HF, heart failure; ICD, implantable cardioverter-defibrillator; LVOTO, left
ventricular outflow tract obstruction; P/LP, pathogenic or likely pathogenic variant; SCD, sudden cardiac death; and VUS, variant of unknown significance.
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HCM Index Case
Targeted Gene Testing

4

Disease-causing
LP/P variant

X

VUS, LB/B, or
no variant identified

Y 4

Variant positive Variant negative

v

/. ) \ N Consider second tier
Reclassified as Reclassified as i et i deerrl 16
LP/P VUS or LB/B = HEeSHNE 1D Precand Itne
variant is identified

Y

No evidence of
HCM

Y

HCM diagnosed

Figure 2. Genetic Testing Process in HCM.

Colors correspond to Table 3. HCM indicates hypertrophic cardiomyopathy; LB/B, likely benign/benign; LP/P, likely pathogenic or pathogenic;

and VUS, variant of unknown significance.

6.9. Individuals Who Are Genotype-Positive,
Phenotype-Negative

Recommendations for Individuals Who Are Genotype-Positive,
Phenotype-Negative
Referenced studies that support the recommendations are

summarized in the

. Iniindividuals who are genotype-positive,
phenotype-negative for HCM, serial clinical assess-
ment, electrocardiography, and cardiac imaging are
recommended at periodic intervals depending on
age (every 1-2 years in children and adolescents
and every 3-5 years in adults) and change in
clinical status (Figures 1 and 2, Table 7).

2. Inindividuals who are genotype-positive,
phenotype-negative for HCM, participation in
competitive sports of any intensity is reasonable.5”

3. Inindividuals who are genotype-positive,
phenotype-negative for HCM, ICD is not
recommended for primary prevention.2-%8

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250

Synopsis

Genotype-positive, phenotype-negative individuals are
those who carry a pathogenic or likely pathogenic HCM-
causing variant but are asymptomatic without evidence
of LVH on cardiac imaging. These individuals are also
described as having preclinical HCM. They need ongo-
ing cardiac surveillance for development of clinical HCM,
although the time from genetic diagnosis to clinical HCM
varies considerably within and between families."%® Stud-
ies have reported alterations in myocardial strain, LV re-
laxation abnormalities, myocardial crypts, mitral valve
leaflet abnormalities, abnormal trabeculae, myocardial
scarring, electrocardiographic abnormalities, and abnor-
mal serum NT-proBNP concentrations even in the ab-
sence of LVH.°"2 However, the clinical significance of
these subclinical structural and functional abnormalities
is unclear and, therefore, treatment decisions are usually
not made based on these findings alone.
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Recommendation Specific Supportive Text

1. The ongoing screening of genotype-positive,
phenotype-negative family members of all ages
is important. Previous small studies reported
onset of clinical HCM in adolescence or young
adulthood for most genotype-positive cases.'®
However, large studies suggest that clinical HCM
can develop in younger family members, with 5%
to 10% being phenotype-positive at first screen-
ing and another 3% to 5% before 18 years of
age.?*® A third of patients who developed clini-
cal HCM required medical, surgical, or device
therapy before 18 years of age.* Phenotype
conversion can occur in young adults and, there-
fore, continued screening into adulthood is war-
ranted," although frequency of screening can be
lowered because disease penetrance is lower in
individuals who are >18 years of age.® Although
there is an absence of systematic evidence,
most physicians continue clinical screening until
midlife (approximately 50 years of age) because
disease can manifest in adults, albeit at a lower
frequency.

2. Sudden death in genotype-positive, phenotype-
negative individuals is rare® No accurate risk
prediction models for SCD exist in genotype-
positive, phenotype-negative individuals currently.
In a recent prospective registry, no arrhythmic
events in genotype-positive, phenotype-negative
individuals (total of 126) were observed, includ-
ing those exercising vigorously or participating in
competitive athletics.” Decisions about participa-
tion in competitive sports are usually made jointly
with the patient and family taking into consider-
ation family history of SCD, type of sports activity,
and patient and family risk tolerance. Because of
the low risk of sudden death, phenotype-negative
individuals are not restricted from competitive
sports and are not routinely monitored with ambu-
latory electrocardiography and exercise stress
testing unless the family history indicates a high
risk for SCD or as part of precompetitive athletic
screening. This is appropriate every 1 to 2 years
to assess the safety of ongoing competitive ath-
letics participation.

3. ICDs are not offered for primary prevention in
genotype-positive, phenotype-negative individu-
als given the low risk of SCD. Similarly, preemptive
medical therapy is not offered in genotype-positive,
phenotype-negative individuals. In a small pilot
randomized trial, preemptive treatment of sar-
comere  variant-positive,  phenotype-negative
individuals with diltiazem was associated with a
small improvement in LV diastolic function and
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thickness:dimension ratio on 3-year follow-up.'
However, the trial was not powered to detect
effects on clinical outcomes.

7. SCD RISK ASSESSMENT AND
PREVENTION

7.1. SCD Risk Assessment
7.1.1. SCD Risk Assessment in Adults With HCM

Recommendations for SCD Risk Assessment in Adults With HCM
Referenced studies that support the recommendations are

summarized in the

1. In adult patients with HCM, a comprehensive,
systematic noninvasive SCD risk assessment at
initial evaluation and every 1 to 2 years thereafter
is recommended and should include evaluation of
these risk factors (Figures 1 and 3, Table 8)'-%%
a. Personal history of cardiac arrest or sustained

ventricular arrhythmias;

b. Personal history of syncope suspected by clinical

history to be arrhythmic;

c. Family history in close relative of premature
HCM-related sudden death, cardiac arrest, or
sustained ventricular arrhythmias;

. Maximal LV wall thickness, EF, LV apical

aneurysm;

. NSVT episodes on continuous ambulatory

electrocardiographic monitoring.

o

@

2. For adult patients with HCM who are not otherwise
identified as high risk for SCD, or in whom a decision
to proceed with ICD placement remains uncertain
after clinical assessment that includes personal/
family history, echocardiography, and ambulatory
electrocardiographic monitoring, CMR imaging is
beneficial to assess for maximum LV wall thickness,
EF, LV apical aneurysm, and extent of myocardial
fibrosis with LGE (Table 8).1"1215-20

3. For patients who are >16 years of age with HCM, it
is reasonable to obtain echocardiography-derived left
atrial diameter and maximal LVOT gradient to aid in
calculating an estimated 5-year sudden death risk
that may be useful during shared decision-making
for ICD placement (Table 8).2%?

Synopsis

HCM has been regarded as one of the most com-
mon causes of SCD in young people in North
America.'?21.2226-32 Among patients with HCM, young-
er patients are at higher risk for SCD than older
patients.526-3033-36 There appears to be no sex- or race-
based differences in SCD risk.?8?° Over several decades,
a multitude of studies have focused on identification
of major clinical risk markers that stratify patients ac-
cording to level of risk to identify high-risk patients who
may be candidates for SCD prevention with ICDs (Ta-
ble 8).172226-8387-61 Thjs risk stratification strategy and
the penetration of ICDs into clinical practice has sub-
stantially reduced disease-related mortality rates3"*?
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Predictive risk scores are also available that can derive
individualized estimated b-year SCD risk to aid in risk
stratification and ICD decision-making in adults and
children.2?2356263 Given that the risk of SCD extends
over many decades of life, periodic reassessment of
SCD risk is an integral component of the longitudinal
evaluation of most patients with HCM,!262281:32

the previous 6 months because they carry the most
prognostic importance, whereas those occurring >b
years in the past have little significance)'?4??; and
() cardiac imaging that helps determine maximal LV
wall thickness,™ EF'0?'242% and presence of apical
aneurysm with transmural scar or LGE.""'? Because
data suggest a lower SCD event rate in stable, older
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Recommendation-Specific Supportive Text

Numerous observational studies of patients with
HCM have identified variables associated with
increased risk for potentially life-threatening ventric-
ular tachyarrhythmias.'"?? For this reason, SCD risk
assessment at the initial visit and repeated every 1
to 2 years'?3' is a critical part of the evaluation of
patients with HCM and includes: (1) previous his-
tory of cardiac arrest or sustained (>30 seconds or
associated with hemodynamic compromise) ventric-
ular arrhythmias's; (2) family history of SCD, or sus-
tained ventricular arrhythmias judged definitively or
likely attributable to HCM in >1 first-degree or other
close family members <50 years of age'?°%; (3)
continuous (24- to 48-hour) ambulatory electrocar-
diographic monitoring to detect NSVT or sustained
VT126181422, (4) history of syncope considered likely

patients with HCM (>60 years of age),*? the deci-
sion regarding ongoing risk assessment is individu-
alized in this subset of patients.

CMR imaging may more accurately measure
maximal LV wall thickness and detect LV apical
aneurysm in some patients with HCM,1215-17
In addition, extensive myocardial replacement
fibrosis, as detected by CMR-derived LGE, is
associated with increased risk for potentially life-
threatening ventricular arrhythmias.'®2° For these
reasons, if a patient with HCM does not have
evidence of increased SCD risk after assess-
ment with family and personal history, echocar-
diography, and ambulatory monitoring, or risk
stratification otherwise remains uncertain, con-
trast-enhanced CMR imaging can provide further
characterization of maximum LV wall thickness
measurement in any segment, EF, presence of
LV apical aneurysm, and presence and extent of
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to be caused by arrhythmia (eg, episodes occurring in LGE."1071215-21.24.2531

Table 8. Clinical Sudden Death Risk Factors for Adults and Children With HCM

Family history of sudden death | Sudden death judged definitively or likely attributable to HCM in >1 first-degree or close relatives who are <50 y of age. Close
from HCM relatives would generally be second-degree relatives; however, multiple SCDs in tertiary relatives should also be considered
relevant.®03!

Massive LVH Wall thickness >30 mm in any segment within the chamber by echocardiography or CMR imaging; consideration for this
morphologic marker is also given to borderline values of 228 mm in individual patients at the discretion of the treating
cardiologist. For pediatric patients with HCM, an absolute or z-score threshold for wall thickness has not been established;
however, a maximal wall thickness that corresponds to a z-score >20 (and >10 in conjunction with other risk factors)

appears reasonable.®2%

Unexplained syncope >1 unexplained episodes involving acute transient loss of consciousness, judged by history unlikely to be of neurocardiogenic
(vasovagal) etiology, not attributable to LVOTO, and especially when occurring within 6 mo of evaluation (events beyond 5 y in

the past do not appear to have relevance).®*

HCM with LV systolic
dysfunction

Systolic dysfunction with EF <50% by echocardiography or CMR imaging.?*?

LV apical aneurysm Apical aneurysm defined as a discrete thin-walled dyskinetic or akinetic segment with transmural scar or LGE of the most distal
portion of the LV chamber, independent of size. (In children, apical aneurysm is uncommon, and the risk has not been

studied.)®'®

Extensive LGE on CMR Extensive LGE, representing replacement fibrosis, either quantified or estimated by visual inspection, comprising >15% of LV
imaging mass (extent of LGE conferring risk has not been defined in children).o-1120-22.25

NSVT on ambulatory monitor >3 beats at 2120 bpm has generally been used in studies. It would seem most appropriate to place greater weight

on NSVT as a risk marker when runs are frequent (eg, >3), longer (eg, 210 beats), or faster (eg, 2200 bpm) occurring
usually over 24 to 48 h of monitoring. For pediatric patients, a VT rate that exceeds the baseline sinus rate by >20% is
considered significant.®>-%"

Genotype status Genotype-positive status (ie, harboring a putatively disease-causing pathogenic/likely pathogenic variant) is associated with

higher SCD risk in pediatric patients with HCM."4

bpm indicates beats/min; CMR, cardiovascular magnetic resonance; EF, ejection fraction; HCM, hypertrophic cardiomyopathy; LGE, late gadolinium enhancement;
LV, left ventricular; LVH, left ventricular hypertrophy; LVOTO, left ventricular outflow tract obstruction; NSVT, nonsustained ventricular tachycardia; SCD, sudden cardiac
death; and VT, ventricular tachycardia.
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3. To calculate estimated SCD 5-year risk estimates
for adults with HCM, echocardiographic left atrial
diameter and maximal instantaneous LVOT gradi-
ent with continuous-wave Doppler technique are
needed.2?? The SCD risk estimate does not take
into account the impact of newer markers of SCD
risk, including systolic dysfunction (EF <500%), api-
cal aneurysm, and LGE. The impact of 21 of these
newer risk markers on the 5-year risk estimate for
an individual patient with HCM is undetermined.

7.1.2. SCD Risk Assessment in Children and
Adolescents With HCM
Recommendations for SCD Risk Assessment in Children and
Adolescents With HCM

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. For children and adolescents with HCM, a compre-
hensive, systematic noninvasive SCD risk assess-
ment at initial evaluation and every 1 to 2 years
thereafter is recommended and should include
evaluation of these risk factors (Figures 1 and 3,
Table 8)'8:

a. Personal history of cardiac arrest or sustained
ventricular arrhythmias;

b. Personal history of syncope suspected by clinical
history to be arrhythmic;

c. Family history in close relative of premature
HCM-related sudden death, cardiac arrest, or
sustained ventricular arrhythmias;

d. Maximal LV wall thickness, EF, LV apical aneu-
rysm;

e. NSVT episodes on continuous ambulatory elec-
trocardiographic monitoring.

2. For children and adolescents with HCM who have
a borderline risk for SCD, or in whom a decision to
proceed with ICD placement remains uncertain after
clinical assessment that includes personal and family
history, echocardiography, and ambulatory electro-
cardiographic monitoring, CMR imaging is beneficial
to assess for extent of myocardial fibrosis with LGE
(Table 8).°-'

3. For patients <16 years of age with HCM, it is rea-
sonable to calculate an estimated 5-year sudden
death risk that includes echocardiographic param-
eters (interventricular septal thickness in diastole,
LV posterior wall thickness in end-diastole, left atrial
diameter, maximal LVOT gradient) and genotype,
which may be useful during shared decision-making
for ICD placement (Table 8)."1?

Synopsis

Historically, risk stratification for SCD in children has been
based on risk markers derived from adult HCM studies.
Several studies suggest that adult risk factors have lim-
ited ability to predict SCD in pediatric patients.'-813
More recent collaborative studies suggest some, but
not all, of the adult risk factors are important in pedi-
atric patients with HCM.™5 Two risk prediction models
for children with HCM have been developed and are be-
ing used in clinical practice."™ The risk factors proposed
in these guidelines include a combination of adult risk
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factors and currently available pediatric-specific informa-
tion. Ultimately, decisions regarding ICD placement must
be based on individual judgment for each patient, taking
into account all age-appropriate risk markers, strength of
the risk factor(s) identified, the overall clinical profile, the
level of risk acceptable to the patient and family, and the
potential complications related to device implants, includ-
ing psychological impact and inappropriate ICD shock.

Recommendation-Specific Supportive Text

1. SCDrisk assessment at the initial visit and repeated
every 1 to 2 years is a critical part of the evalua-
tion of patients with HCM'8134 and includes: (1)
previous history of cardiac arrest or sustained (>30
seconds or associated with hemodynamic compro-
mise) ventricular arrhythmias; (2) family history of
sudden death, cardiac arrest, or sustained ventricu-
lar arrhythmias judged definitively or likely attrib-
utable to HCM in >1 first-degree or other close
family members <50 years of age; (3) continuous
(24- to 48-hour) ambulatory electrocardiographic
monitoring to detect NSVT or sustained VT; (4)
history of syncope considered likely to be caused
by arrhythmia; and (5) cardiac imaging that helps
determine maximal LV wall thickness, EF, and pres-
ence of apical aneurysm. In pediatric patients, LV
wall thickness is commonly reported both as an
absolute measurement and standardized z-score
adjusted for body surface area. The presence of
HCM-associated genetic variants is also included
in one of the risk calculators.

2. CMR imaging may more accurately measure maxi-
mal LV wall thickness and detect LV apical aneurysm
in some patients with HCM.'®7'9 In addition, exten-
sive myocardial replacement fibrosis, as detected
by CMR-derived LGE, is associated with increased
risk for potentially life-threatening ventricular
arrhythmias.?°-?? For these reasons, if a patient with
HCM does not have evidence of increased SCD
risk after assessment with family and personal his-
tory, echocardiography, and ambulatory monitoring,
or risk stratification otherwise remains uncertain,
contrast-enhanced CMR imaging can provide fur-
ther characterization of maximum LV wall thick-
ness measurement in any segment, EF, presence
of LV apical aneurysm, and presence and extent of
LGE.'528 Although CMR imaging may be helpful
in pediatric patients with HCM,*"" this may require
sedation, the risk of which may outweigh the ben-
efits in an otherwise asymptomatic child. The use
of CMR imaging should be determined by the phy-
sician and family after evaluating the child's indi-
vidual risk.

3. To calculate b-year SCD risk estimates for chil-
dren with HCM, age, echocardiographic LV wall

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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diameter z-scores, left atrial diameter z-score, max-
imal instantaneous LVOT gradient with continuous-
wave Doppler technique, in addition to history of
unexplained syncope, NSVT, with or without gen-
otype status are used.”'? The SCD risk estimate
does not account for systolic dysfunction (EF
<50%), apical aneurysm, exercise-induced isch-
emia, or LGE.>"""?° The contribution of >1 of these
newer risk markers on the b-year risk estimate for
an individual patient with HCM is undetermined.

7.2. Patient Selection for ICD Placement

Recommendations for ICD Placement in High-Risk Patients With HCM
Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with HCM, application of individual
clinical judgment is recommended when assessing
the prognostic strength of conventional risk marker(s)
within the clinical profile of the individual patient, as
well as a thorough and balanced discussion of the
evidence, benefits, and estimated risks to engage
the fully informed patient’s active participation in ICD
decision-making.'®

2. For patients with HCM and previous documented
cardiac arrest or sustained VT, ICD placement is
recommended (Figure 3, Table 8).2°

3. For adult patients with HCM with >1 major risk
factors for SCD, it is reasonable to offer an ICD. These
major risk factors include (Figure 3, Table 8)>37-2":

a. Sudden death judged definitively or likely
attributable to HCM in >1 first-degree or close
relatives who are <60 years of age;

b. Massive LVH 230 mm in any LV segment;

c. 21 recent episodes of syncope suspected by
clinical history to be arrhythmic (ie, unlikely to be
of neurocardiogenic [vasovagal] etiology, or related
to LVOTO);

d. LV apical aneurysm with transmural scar or LGE;

e. LV systolic dysfunction (EF <50%).

4. For children with HCM who have >1 conventional risk
factors, including unexplained syncope, massive LVH,
NSVT, or family history of early HCM-related SCD,
ICD placement is reasonable after considering the
relatively high complication rates of long-term ICD
placement in younger patients (Figure 3,

Table 8).22-30

5. For patients with HCM with >1 major SCD risk
factors, discussion of the estimated b-year sudden
death risk and mortality rates can be useful during
the shared decision-making process for ICD
placement (Figure 3, Table 8).%1929:0

6. In select adult patients with HCM and without major
SCD risk factors after clinical assessment, or in
whom the decision to proceed with ICD placement
remains otherwise uncertain, ICD may be considered
in patients with extensive LGE by contrast-enhanced
CMR imaging or NSVT present on ambulatory moni-
toring (Figure 3, Table 8).2%161981-83

7. In pediatric patients with HCM, it can be useful to
consider additional factors such as extensive LGE on
contrast-enhanced CMR imaging and systolic
dysfunction in risk stratification for ICD shared
decision-making (Figure 3, Table 8).34%°
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Recommendations for ICD Placement in High-Risk Patients With HCM
(Continued)

“con | toe_

Recommendations

8. In patients with HCM without risk factors, ICD
placement should not be performed.?

9. In patients with HCM, ICD placement for the sole
purpose of participation in competitive athletics
should not be performed.®®

Synopsis

In patients with HCM, risk stratification and selection
of patients for prophylactic ICD therapy continues to
evolve,'"283173587 The proven efficacy of the ICD has
placed increasing weight on the importance of accurate
selection of patients for device therapy.*®2881-33%8 |n as-
sociation with clinical judgment and shared decision-
making, patients with HCM are considered potential
candidates for primary prevention ICDs by virtue of >1
major risk markers that have a high sensitivity in predict-
ing those patients with HCM at greatest risk SCD.'2%38
More recently, risk estimate calculators have been devel-
oped for adult and pediatric patients with HCM.3.192937
This 5-year risk estimate may help patients understand
the magnitude of their SCD risk and can be used dur-
ing shared decision-making discussions.®'® Because in-
dividual patients may consider the impact of SCD risk
estimates differently, it is the consensus of the writing
committee that management recommendations should
not be assigned to prespecified risk estimates as the
sole arbiter of the decision to recommend an ICD. Con-
temporary SCD risk markers in HCM, including LV api-
cal aneurysm, LGE (with transmural scar), and systolic
dysfunction (EF <60%), are not included in the risk cal-
culator, and their impact on the calculated 5-year risk
estimate is uncertain.

Recommendation-Specific Supportive Text

1. Primary prevention ICD decision-making in HCM
can often be complex and challenging, because of
the low SCD event rates observed in this disease.
In addition, the relatively young age of patients
with HCM considered for SCD prevention means
risk periods can often extend over many years
and decades of an individual patient's life. For
these reasons, decisions regarding primary pre-
vention ICD therapy should incorporate a discus-
sion with patients that includes risk for SCD and
the benefit that ICD therapy provides in protect-
ing against life-threatening ventricular tachyar-
rhythmias balanced with the understanding that
long-term device therapy can be associated with
complications.®

2. Patients with HCM who have experienced a previ-
ous documented cardiac arrest or hemodynamically
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significant VT/ventricular fibrillation (VF) remain at
significantly increased risk for future life-threatening
ventricular tachyarrhythmias and should there-
fore be considered for secondary prevention ICD
therapy.2®

Identification of adult patients with HCM at high
risk for SCD should be guided by the presence of
a number of acknowledged noninvasive SCD risk
factors (Table 8). Because each of these major risk
factors individually is associated with increased
risk, it would be reasonable to consider primary
prevention ICD for patients with >1 SCD risk fac-
tors (Figure 3, Table 8)2457-18202131-83 This risk
stratification strategy provides high sensitivity for
identifying at-risk patients who may benefit from
life-saving ICD therapy and the opportunity to fully
incorporate a shared-decision making process that
takes into consideration the complete clinical pro-
file of the patient as well as physician judgment
and patient preference.’?% Given the very low SCD
event rate observed in patients of advanced age
(>60 years) with HCM, the risk stratification strat-
egy with major markers is most applicable to young
adults and middle-aged patients with HCM,2453738
Risk stratification in children with HCM requires
evaluation of multiple age-appropriate risk
factors.?2739% |t would be reasonable to consider
primary prevention ICD for pediatric patients with
>1 SCD risk factors with the understanding that the
magnitude may be higher when multiple risk factors
coexistin a patient (Figure 3, Table 8).2272987%4041 Risk
estimate scores that incorporate risk factors relative
to pediatric patients, along with left atrial diameter
z-score and genotype status, have been developed
in children with HCM.223% Although LV systolic dys-
function and apical aneurysms are uncommon in
children, it would seem prudent (based on adult
evidence) to consider these in the context of the
entire risk profile of the individual patient. Finally,
the complexity and potential psychological impact
of ICD decision-making in this age group must be
underscored, given the long periods of time with
exposure to ICD therapy in young patients and the
relatively higher complication rates of long-term
device therapy in this subgroup of patients.??2°

In patients with HCM with >1 major SCD risk fac-
tors, estimating b-year SCD risk may aid patients
in understanding the magnitude of their individual
risk for SCD to further assist in ICD decision-mak-
ing.'®29%% Because individual patients may consider
the impact of SCD risk estimates differently, it is the
consensus of the writing committee that prespeci-
fied risk thresholds should not be the sole arbiter of
the decision to insert an ICD. Contemporary SCD
risk markers in HCM, including LV apical aneurysm,
LGE, and systolic dysfunction (EF <60%), are not

2024 Hypertrophic Cardiomyopathy Guideline

included in the risk calculator, and their impact on
5-year risk estimates is uncertain. There are sepa-
rate risk calculations for adult patients' and chil-
dren and adolescents.?®%

Extensive LGE often occupying multiple LV seg-
ments is associated with increased risk for future
potentially life-threatening ventricular arrhythmias
in adults, independent of location or pattern within
the LV wall®'~% Some studies have promoted a
threshold for extensive LGE of >15% of the LV
mass as representing a significant increase in SCD
risk33%: however, several methods are used to
quantify LGE that can yield different results, and no
consensus has been achieved about which method
is optimal. The strong cross-sectional relationship
between LGE and NSVT in patients with HCM
provides further support for LGE as representing
the structural nidus for ventricular tachyarrhyth-
mias in HCM. In addition, bursts of NSVT identified
on ambulatory monitoring performed over 24 to
48 hours are also associated with some increase
in SCD risk,245161719 with greatest weight as an
independent risk factor given to adult patients
with HCM with particularly frequent, long, and fast
runs of NSVT.' In the absence of other major risk
markers, the impact of short, isolated bursts of
NSVT on SCD risk is less certain."*'"® The ben-
efit of extended monitoring period with longer-term
ambulatory monitoring devices for the purpose of
risk stratification in HCM remains uncertain.

. The association between SCD risk and LGE in

children with HCM is not well defined. Although
nearly half of older children and adolescents have
LGE, the extent of LGE that constitutes high risk
in children has not been established.?#%® However,
given that LGE represents a structural nidus for VT
that can increase risk of SCD outcomes in adult
patients with HCM,®'-*3 it would seem appropriate
to consider extensive LGE as potentially increas-
ing SCD risk in children. LV systolic dysfunction
is uncommon in children but likely also increases
risk for adverse events, including SCD. Sedation
or general anesthesia may be required for CMR
imaging in young patients.

Given the long-term complications associated
with ICD placement, device therapy should not be
offered to patients with HCM without evidence of
increased risk based on the proposed risk factor
algorithm (Figure 3).4°

Sudden death risk stratification and recommenda-
tions for ICD placement should be made in accor-
dance with the algorithm put forth in this guideline,
independent of decisions regarding sports partici-
pation. Inappropriate ICD utilization would expose
patients unnecessarily to device-related complica-
tions and should be avoided.®

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Figure 3. Patient Selection for ICD Use.
Colors correspond to Table 3.*ICD
decisions in pediatric patients with HCM
are based on >1 of these major risk
factors: family history of HCM SCD,

NSVT on ambulatory monitor, massive

risk estimates can be considered to fully
inform patients during shared decision-
making discussions. ¥t would seem most
appropriate to place greater weight on
frequent, longer, and faster runs of NSVT.
CMR indicates cardiovascular magnetic
resonance; EF, ejection fraction; FH, family
history; HCM, hypertrophic cardiomyopathy;
ICD, implantable cardioverter-defibrillator;
LGE, late gadolinium enhancement;

LVH, left ventricular hypertrophy; NSVT,
nonsustained ventricular tachycardia;

SCD, sudden cardiac death; VF, ventricular
fibrillation; and VT, ventricular tachycardia.

7.3. ICD Device Selection Considerations

Recommendations for ICD Device Selection Considerations
Referenced studies that support the recommendations are
summarized in the

. In patients with HCM who are receiving an ICD,
either a single-chamber transvenous ICD or a
subcutaneous ICD is recommended after a shared
decision-making discussion that takes into
consideration patient preferences, age, lifestyle,
and potential need for pacing for bradycardia or VT
termination.'®

2. In patients with HCM who are receiving a
transvenous ICD, single-coil ICD leads are
recommended in preference to dual-coil leads, if
defibrillation threshold is deemed adequate.”®

3. In patients with HCM who are receiving an ICD,
dual-chamber ICDs are reasonable for patients with
a need for atrial or atrioventricular sequential pacing
for bradycardia/conduction abnormalities, or as an
attempt to relieve symptoms of obstructive HCM
(most commonly in patients >65 years of age).''®

4. In selected adult patients with nonobstructive HCM
receiving an ICD who have NYHA class Il to ambula-
tory class IV HF, left bundle branch block (LBBB), and
LVEF <50%, cardiac resynchronization therapy (CRT)
for symptom reduction is reasonable.'*"'®

5. In patients with HCM in whom a decision has been
made for ICD implantation and who have paroxysmal
atrial tachycardias or AF, dual-chamber ICDs may be
reasonable, but this decision must be balanced against
higher complication rates of dual-chamber devices.'®2*

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250

Synopsis

The decision of which type of ICD to implant is nu-
anced. There are risks and benefits to consider. Con-
siderations include transvenous versus subcutaneous
ICD, single-chamber versus dual-chamber versus CRT
devices, and number of defibrillation coils with transve-
nous approach. Patients with HCM who receive ICDs
are usually younger than those with ischemic and even
nonischemic cardiomyopathies who receive a device
and, thus, life-long complications are likely to be higher
in those with HCM.

ICD implantation in children raises additional con-
cerns and challenges."?5% Although selection for whom
should receive ICDs is discussed in Section 7.2, “Patient
Selection for ICD Placement,” the approach to implan-
tation will vary based on body size. Epicardial leads will
often be necessary in smaller children, usually <30 kg,
and for children requiring an LV/CRT lead. Complica-
tions of ICDs may be higher in children and adolescents
because of higher baseline heart rates, which can lead
to inappropriate shocks, somatic growth that increases
risk of lead fracture, and the need for multiple device
replacements or extractions over a lifetime.?® In younger
patients, transvenous leads have shown higher rates
of failure compared with in older patients. Smaller indi-
viduals with subcutaneous ICDs may also be at risk for
higher complication rates, including device erosion."?627
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Recommendation-Specific Supportive Text

1.
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The decision to implant an ICD includes additional
considerations, including transvenous versus sub-
cutaneous ICD.'"® Benefits of transvenous devices
include the ability to pace for bradycardia, and
potential RV apical pacing for reduction of symp-
toms, antitachycardia pacing for VT, smaller size,
and extended battery longevity. The disadvantage
is the lead, which may fail over time, necessitating
additional leads and removal of older leads, which
is associated with significant risk and the poten-
tial for lead infections. Advantages of the subcu-
taneous ICD include the lack of a transvenous
lead, potentially fewer lead failures, and ease of
removal. Disadvantages include the larger size of
the device, the shorter battery longevity, potentially
increased inappropriate shocks, inability to pace,
and shorter history of use. Patients with HCM who
undergo subcutaneous ICD implantation should be
screened for potential oversensing after exercise
and even potentially on a treadmill after implanta-
tion. Shared decision-making conversations should
incorporate patient preferences, lifestyle, and
expected potential need for pacing for bradycar-
dia or VT termination. Providers should consider
the age of the patient, because complications with
transvenous systems are higher in young patients, 2
potential need for pacing, and concerns about
inappropriate shock and lead longevity.

Single-coil ICD leads are less complicated to
remove but carry the risk of elevated defibrilla-
tion thresholds.”® However, most individuals, both
with and without HCM, have an adequate safety
margin with single-coil leads.”*?° Single-coil leads
have almost exclusively been implanted with left-
sided implants, and data from populations without
HCM suggest that dual-coil leads are necessary
for right-sided implants. Thus, the recommendation
for single-coil leads should be applied only to left-
sided implants. Finally, strong consideration should
be given to defibrillation threshold testing in those
patients with single-coil leads, right-sided implants,
epicardial systems, and massive hypertrophy.

In patients with HCM with a need for atrial pac-
ing, a dual-chamber system would be needed.
Four RCTs have shown consistent findings on the
benefit of RV pacing in patients with HCM with
LVOT gradients 230 mm Hg. Acutely, RV apical
pacing reduces the LVOT gradient, but the long-
term clinical benefits have not been consistently
beneficial.’”*""*%° However, in subgroup analysis,
some evidence has been seen that RV pacing may
benefit some individuals who are 265 years of age.
This potential advantage must be weighed against
the higher complication risk with dual-chamber
devices.

2024 Hypertrophic Cardiomyopathy Guideline

4. Although most of the evidence supporting the ben-
efit of CRT is derived from studies with minimal or
no patients with HCM, it would be reasonable to
offer this therapy to patients with HCM who meet
current recommendations of a CRT-defibrillator
in accordance with the AHA/ACC/HFSA HF
guideline®' including patients with NYHA func-
tional class Il to ambulatory class IV HF, LVEF
<35%, and QRS duration with LBBB. In addition
to those patients, several small case series of CRT-
defibrillator in patients with HCM and LVEF >35%
have been published.''® Some patients will clini-
cally respond to CRT with an improvement in their
NYHA functional class or evidence of reverse LV
remodeling. The benefit appears to be greater in
those with LBBB and very prolonged QRS dura-
tion. Responders show a modest improvement in
LVEF. One study found a significantly longer time
to the combined endpoint of left ventricular assist
device (LVAD) placement, heart transplantation, or
death,'® while 2 other studies did not identify a sur-
vival benefit."*"® RV pacing shares a similar physiol-
ogy to LBBB so that this recommendation may be
extended to those with LVEFs between 35% and
50% and expected to be paced >40% of the time,
similar to the recommendation in the 2018 AHA/
ACC/HRS bradycardia and cardiac conduction
delay guideline.®?

5. An atrial lead may provide better discrimination
between ventricular and supraventricular arrhyth-
mias, although data are modest regarding reduced
inappropriate therapy in those with dual-chamber
devices, and data show that the complication rate
is higher with dual-chamber devices.'®?* However,
in pediatric patients with atrial tachyarrhythmias,
the rates of which can approach typical VT rates,
a dual-chamber device may aid in distinguishing
supraventricular tachycardia from VT. This poten-
tial advantage must be weighed against the higher
complication risk with the additional hardware.

8. MANAGEMENT OF HCM

8.1. Management of Symptomatic Patients With
Obstructive HCM

8.1.1. Pharmacological Management of
Symptomatic Patients With Obstructive HCM

Recommendations for Pharmacological Management of Symptomatic
Patients With Obstructive HCM

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with obstructive HCM and symptoms*
attributable to LVOTO, nonvasodilating beta
blockers, titrated to effectiveness or maximally
tolerated doses, are recommended.'®

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Recommendations for Pharmacological Management of Symptomatic
Patients With Obstructive HCM (Continued)

Recommendations

2. In patients with obstructive HCM and symptoms*
attributable to LVOTO, for whom beta blockers are
ineffective or not tolerated, substitution with
nondihydropyridine calcium channel blockers
(eg, verapamil,t diltiazem#) is recommended.*®

3. For patients with obstructive HCM who have
persistent symptoms* attributable to LVOTO despite
beta blockers or nondihydropyridine calcium
channel blockers, adding a myosin inhibitor (adult
patients only), or disopyramide (in combination
with an atrioventricular nodal blocking agent),
or SRT performed at experienced centers,§ is
recommended.””"*

4. For patients with obstructive HCM and acute
hypotension who do not respond to fluid
administration, intravenous phenylephrine (or other
vasoconstrictors without inotropic activity), alone or
in combination with beta-blocking drugs, is
recommended.'®

5. For patients with obstructive HCM and persistent
dyspnea with clinical evidence of volume overload
and high left-sided filling pressures despite other
HCM GDMT, cautious use of low-dose oral diuretics
may be considered.

2b C-EO

6. For patients with obstructive HCM, discontinuation
of vasodilators (eg, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers,
dihydropyridine calcium channel blockers) or digoxin
may be reasonable because these agents can
worsen symptoms caused by dynamic outflow tract
obstruction.

2b C-EO

7. For patients with obstructive HCM and severe dys-
pnea at rest, hypotension, very high resting gradients
(eg,>100 mm Hg), as well as all children <6 weeks
of age, verapamil is potentially harmful.4'®

C-LD

“Symptoms include effort-related dyspnea or chest pain and occasionally other
exertional symptoms (eg, syncope, near syncope) that are attributed to LVOTO
and interfere with everyday activity or quality of life.

tSymbol corresponds to the Level of Evidence for verapamil.

$Symbol corresponds to the Level of Evidence for diltiazem.

§Comprehensive or primary HCM centers with demonstrated excellence in
clinical outcomes for these procedures (Tables 4 and 5).

Synopsis

The principal role of pharmacological therapy targeted
at the dynamic LV obstruction is that of symptom relief
because no convincing data are available to suggest
that pharmacological therapy alters the natural history
of HCM. Because the outflow tract obstruction is re-
markably variable throughout daily life, the success of a
given medication is determined by the patient's symptom
response and not the measured gradient. In general,
nonvasodilating beta blockers are considered first-line
therapy. The calcium channel blockers—verapamil or
diltiazem—are reasonable alternatives to beta-blocker
therapy. For patients who do not respond to trials of >1
of these drugs, advanced therapies with disopyramide,
mavacamten (a cardiac myosin inhibitor), or septal re-
duction are often the next step. One of the other key

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250
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steps in managing symptomatic, obstructive HCM is to
eliminate medications that may promote outflow tract
obstruction, such as pure vasodilators (eg, dihydro-
pyridine class calcium channel blockers, angiotensin-
converting enzyme inhibitors, angiotensin receptor
blockers) and high-dose diuretics. Low-dose diuretics,
when added to other first-line medications, are some-
times useful for patients with persistent dyspnea or
congestive symptoms. The principles of pharmacologi-
cal management outlined here also apply to patients
with obstruction at the midventricular level.

Recommendation-Specific Supportive Text

1. Beta blockers were the first studied medication for
treatment of dynamic outflow tract obstruction and
are generally considered the first-line agent for
most patients with obstructive HCM. Medications
should be titrated to a dose where symptom ben-
efit is observed, but failure of beta-blockade should
not be declared until demonstrated physiologic evi-
dence of beta-blockade (ie, suppression of resting
heart rate) is reported.'™

2. Diltiazem and verapamil both have been demon-
strated to provide relief of symptoms in patients
with obstructive HCM. These agents can have
vasodilating properties, in addition to the negative
inotropic and negative chronotropic effects, which
can be limiting. The use of calcium channel block-
ers in combination with beta blockers, as therapy
directed at HCM, is unsupported by evidence*®;
however, these may have a role in management of
concomitant hypertension.

3. Patients with HCM who do not respond to first-line
therapy are candidates for escalation of therapy,
including cardiac myosin inhibitors (eg, mava-
camten) (in adult patients only), disopyramide,
and SRT when performed by experienced opera-
tors in comprehensive HCM centers (Tables 4
and b). The choice among these options should
be approached through a comprehensive discus-
sion with the patient that includes the success
rates, benefits, and risks of each of the options.
Mavacamten is a cardiac myosin inhibitor and has
been shown to improve LVOT gradients, symp-
toms, and functional capacity in 30% to 60% of
patients with obstructive HCM."™' In the United
States, a risk evaluation and mitigation strategy
is required due to the observed decrease in LVEF
<B0% in 5.7% of patients attributable solely to
the drug, but as high as 7% to 10% of patients
when other extenuating clinical conditions are
considered that nevertheless may also result in
temporary discontinuation."*'” Disopyramide has
also been shown to provide symptomatic benefit
in patients with obstructive HCM who have failed
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first-line therapy.”® Because disopyramide can
enhance conduction through the atrioventricular
node, which could lead to rapid conduction with
the onset of AF, this medication should be used
in combination with another medication that has
atrioventricular nodal blocking properties (eg,
beta blocker, verapamil, or diltiazem). SRT, when
performed by experienced operators in compre-
hensive HCM centers (Tables 4 and b), is very
effective for relieving LVOTO and can be used
instead of mavacamten or disopyramide.’®'?

4. Acute hypotension in patients with obstructive
HCM is a medical urgency. Maximizing preload
and afterload, while avoiding increases in con-
tractility or heart rate, is the critical focus in
treating acute hypotension. Intravenous vaso-
constrictors, such as phenylephrine, can also
reverse this dangerous situation. Beta-blockade
can also be useful in combination with the
vasoconstrictor as it dampens contractility and
improves preload by prolonging the diastolic fill-
ing period.'®

5. When signs or symptoms of congestion are
observed, cautious use of low-dose diuretics may
provide some symptom relief. Aggressive diuresis
can be problematic, as decreasing the preload can
augment LVOTO.

6. Caution should be used when introducing ther-
apies in patients with HCM who will be treated
for coexisting conditions. Some medications can
cause or worsen symptoms related to LVOTO.
Examples include the use of diuretics and vaso-
dilators to treat hypertension or protect renal
function. Those medications can be used in
asymptomatic patients. However, if symptoms are
present, or emerge after the initiation of the medi-
cation, it may be necessary to uptitrate medica-
tions being used for obstructive HCM or consider
alternative therapies for the comorbid condition.
As aresult, positive inotropic agents, pure vasodi-
lators, and high-dose diuretics can be considered
relatively contraindicated in patients with symp-
tomatic obstructive HCM.

7. Although verapamil and diltiazem can be very effec-
tive medications to relieve symptoms attributable to
LVOTO, in some patients, they have been reported
to have a more prominent vasodilatory action. This
afterload-reducing effect can be particularly dan-
gerous in patients with very high resting gradi-
ents (>80-100 mm Hg) and signs of congestive
HF. Several reports have been published of life-
threatening bradycardia and hypotension in new-
borns of <6 weeks of age who have received
intravenous verapamil for supraventricular tachy-
cardia.'® However, verapamil has been found to be
efficacious and well tolerated when administered
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to older infants and children with HCM in con-
trolled conditions.'®

8.1.2. Invasive Treatment of Symptomatic Patients
With Obstructive HCM

Recommendations for Invasive Treatment of Symptomatic Patients
With Obstructive HCM

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with obstructive HCM who remain
symptomatic despite GDMT, SRT in eligible patients;
performed at experienced HCM centers, t is recom-
mended for relieving LVOTO (Tables 4 and 5).'-%

2. In symptomatic patients with obstructive HCM
who have associated cardiac disease requiring
surgical treatment (eg, associated anomalous
papillary muscle, markedly elongated anterior mitral
leaflet, intrinsic mitral valve disease, multivessel CAD,
valvular aortic stenosis), surgical myectomy,
performed at experienced HCM centers,t is
recommended (Tables 4 and 5).4~7

3. In adult patients with obstructive HCM who remain
severely symptomatic, despite GDMT and in whom
surgery is contraindicated or the risk is considered
unacceptable because of serious comorbidities or
advanced age, alcohol septal ablation in eligible
patients” performed at experienced HCM centers,t
is recommended (Tables 4 and 5).8-°

4. In patients with obstructive HCM, earlier (NYHA
class II) surgical myectomy performed at
comprehensive HCM centers (Tables 4 and 5) may
be reasonable in the presence of additional clinical
factors, including®'"'-2%:

a. Severe and progressive pulmonary hypertension
thought to be attributable to LVOTO or
associated MR;

. Left atrial enlargement with >1 episodes of

symptomatic AF;

c. Poor functional capacity attributable to LVOTO as

documented on treadmill exercise testing;

d. Children and young adults with very high resting

LVOT gradients (>100 mm Hg).

o

B, For symptomatic patients with obstructive HCM, SRT
in eligible patients” performed at experienced HCM
centerst (Tables 4 and 5), may be considered as
an alternative to escalation of medical therapy after
shared decision-making including risks and benefits
of all treatment options."'02%-2%

6. For patients with HCM who are asymptomatic and
have normal exercise capacity, SRT is not
recommended.'®?!

7. For symptomatic patients with obstructive HCM in
whom SRT is an option, mitral valve replacement
should not be performed for the sole purpose of
relief of LVOTO.262"

“General eligibility criteria for septal reduction therapy: (a) clinical: severe dys-
pnea or chest pain (usually NYHA functional class Il or class IV), or occasion-
ally other exertional symptoms (eg, syncope, near syncope), when attributable
to LVOTO, that interferes with everyday activity or quality of life despite optimal
medical therapy; (b) hemodynamic: dynamic LVOT gradient at rest or with physi-
ologic provocation with approximate peak gradient of 260 mm Hg, associated
with septal hypertrophy and SAM of mitral valve; and (c) anatomic: targeted ante-
rior septal thickness sufficient to perform the procedure safely and effectively in
the judgment of the individual operator.

tComprehensive or primary HCM centers with demonstrated excellence in
clinical outcomes for these procedures (Tables 4 and 5).
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Synopsis

SRT is generally reserved for drug-refractory symptoms
and should be performed in experienced HCM centers.?®
Transaortic extended septal myectomy (ESM) is an ap-
propriate treatment for the broadest range of patients and
allows gradient relief at any level within the ventricle,?9™®’
with a mortality rate of <1% and clinical success >90%
to 9509%.242732-39 Syccessful ESM eliminates or reduces
SAM-mediated MR and its consequences.?*#24%41 | ong-
term survival after ESM is similar to an age-matched
general population. Recurrent outflow tract obstruction
is rare after ESM.“?** ESM is especially advantageous
when associated cardiac disease or associated papillary
muscle abnormalities are present*3%% In HCM centers
with experienced interventional teams, alcohol septal ab-
lation is also associated with a low procedural mortality
rate (<19%) but requires appropriate coronary anatomy.
Alcohol septal ablation avoids sternotomy, has a shorter
hospital stay, and is advantageous when frailty or comor-
bidities increase the risk of ESM. Alcohol septal ablation
is less effective with gradients 2100 mm Hg and septall
thickness 230 mm®® and is associated with greater risk
of permanent pacemaker and greater need for repeat
intervention for residual obstruction.8'° Although 5-year
survival is similar between alcohol septal ablation and
myectomy,39478 at 10 years of follow-up, survival is lower
with alcohol septal ablation compared with ESM.

Recommendation-Specific Supportive Text

1. Generally, SRT performed by experienced opera-
tors in comprehensive centers (Tables 4 and B)
is contemplated when patients continue to have
severe symptoms despite optimal medical therapy
or intolerant adverse effects from medical therapy.'
SRT with either surgical myectomy or alcohol sep-
tal ablation is rarely indicated for the asymptomatic
patient. Survival of patients with LVOTO is reduced
compared with those without obstruction, and relief
of obstruction may mitigate this incremental risk.2®
Currently, however, insufficient evidence is avail-
able to recommend SRT to improve patient survival
as the only indication for the procedures. Highly
symptomatic patients should be able to participate
in a full discussion of all treatment options, includ-
ing the success rates, benefits, and risks. If either of
the procedures is unavailable for the patient at their
primary cardiology practice, referral to more com-
prehensive HCM centers is encouraged because
the literature demonstrates a volume-outcome
relationship. The classic approach of transaortic
septal myectomy is potentially limited in infants and
young children in whom the aortic annulus is small.
In such instances, the modified Konno procedure
has been reported to provide equally satisfac-
tory long-term results for basal obstruction and a

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250
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transapical approach (or combined transaortic and
transapical) for midventricular obstruction.*®

In patients with symptomatic obstructive HCM who
have associated cardiac disease requiring surgi-
cal treatment (eg, associated anomalous papillary
muscle, markedly elongated anterior mitral leaflet,
intrinsic mitral valve disease, CAD, valvular aortic
stenosis), surgical myectomy performed by expe-
rienced operators provides the opportunity to cor-
rect all structural and anatomic issues with a single
procedure. Similarly, for patients with paroxysmal
AF, intraoperative pulmonary vein isolation or maze
procedure can also be added to septal myec-
tomy2%5! Transaortic septal myectomy adds little
to the risk of other cardiac procedures, and relief
of LVOTO will minimize the risk of hemodynamic
instability early postoperatively.*”

In adult patients with symptomatic obstructive HCM
in whom surgery is contraindicated or the risk is
considered unacceptably high because of serious
comorbidities or advanced age, alcohol septal abla-
tion when feasible and performed in experienced
HCM centers (Tables 4 and 5) becomes the pre-
ferred invasive strategy for relief of LVOTO& 0

. Although most patients who undergo SRT are

those with advanced symptoms (NYHA functional
class Ill to class IV), select patients who report
fewer symptoms but who have other evidence
of significant hemodynamic impairment may be
eligible for surgical myectomy at comprehen-
sive HCM centers (Tables 4 and 5) to relieve the
LVOTO and its sequelae. Data suggest that surgi-
cal myectomy can improve progressive pulmonary
hypertension,''2%2 improve outcomes of those
with marked exercise impairment,’® reverse left
atrial enlargement,’*'5%% ameliorate occult gastro-
intestinal bleeding,*"*? and decrease rates of sub-
sequent atrial® and ventricular arrhythmias.3'8'°
Similar to the recommendations for patients with
asymptomatic mitral valve disease, earlier surgery
in patients with HCM should be limited to those
comprehensive HCM centers with documented
evidence of the highest success rates and lowest
complication rates (ie, durable success is >90%
with an expected mortality rate <1%) (Table 5).2°
Although successful alcohol septal ablation has
been shown to improve new onset AF burden and
NYHA functional class in those presenting with
NYHA functional class Il symptoms and thereby
could be reasonably expected to offer similar ben-
efits at comprehensive HCM centers, this must be
balanced against the higher pacemaker and rein-
tervention rates in this lower risk cohort.39%5-58

Some patients with obstructive HCM and severe
symptoms might choose SRT as an alternative to
escalation of medical management after being fully
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informed through shared decision-making about
risks and benefits. Previously, SRT was reserved,
appropriately, for the most symptomatic patients
because a procedural mortality rate was 5% to
10%. This high mortality rate has been observed
in the recent era in HCM centers with less experi-
ence with the operation.?® In comprehensive HCM
centers, procedural complication rates are very
low, offering septal reduction to patients with sig-
nificant limiting HF symptoms without waiting for
progression to marked disability (ie, traditional
NYHA functional class Ill and class V) and can be
seen as similar to offering early intervention in val-
vular heart disease in centers with demonstrated
excellent outcomes."'92%?%5 However, symptoms
and impaired quality of life may be perceived very
differently by individual patients with HCM, under-
scoring the importance of shared decision-making
in establishing the optimal timing for intervention.

6. No definitive data have been published to suggest
benefit for SRT in adult patients with HCM who
are asymptomatic with normal exercise tolerance
or those whose symptoms are easily minimized on
optimal medical therapy.'3?

7. Mitral valve replacement is more common in gener-
alized HCM centers than in specialized HCM cen-
ters, and while valve replacement eliminates SAM
and associated MR as well as the outflow tract gra-
dient, the addition of mitral valve replacement with
or without myectomy increases the hospital mor-
tality rate (>10-fold) and length of hospitalization
compared with patients undergoing isolated sep-
tal myectomy.?® Further, when intervention on the
valve at the time of myectomy is needed because
of intrinsic mitral disease, every effort should be
made to repair the valve because early and long-
term mortality is worse in patients with prosthetic
replacement compared with patients who have
septal myectomy and mitral valve repair?”

8.2. Management of Patients With
Nonobstructive HCM With Preserved EF

Recommendations for Management of Patients With Nonobstructive
HCM With Preserved EF

Referenced studies that support the recommendations are
summarized in the

COR LOE Recommendations

1. In patients with nonobstructive HCM with preserved
EF and symptoms of exertional angina or dyspnea,
beta blockers or nondihydropyridine calcium channel
blockers are recommended.'®

2. In patients with nonobstructive HCM with preserved
EF, it is reasonable to add oral diuretics when
exertional dyspnea persists despite the use of
beta blockers or nondihydropyridine calcium

2a C-EO

channel blockers.
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Recommendations for Management of Patients With Nonobstructive
HCM With Preserved EF (Continued)

COR LOE Recommendations

3. In patients with nonobstructive HCM with preserved
EF, the usefulness of angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers in the
treatment of symptoms (angina and dyspnea) is not
well established.®

2b C-LD

4. In highly selected patients with apical HCM with
severe dyspnea or angina (NYHA functional class
Il or class IV) despite maximal medical therapy, and
with preserved EF and small LV cavity size (LV
end-diastolic volume <60 mL/m? and LV stroke
volume <30 mL/m?), apical myectomy by experi-
enced surgeons at comprehensive centers may be
considered to reduce symptoms.”

2b C-LD

5. In asymptomatic patients with nonobstructive HCM,
the benefit of beta blockers or calcium channel
blockers is not well established.

2b C-EO

6. For younger (eg, <45 years of age) patients with
nonobstructive HCM due to a pathogenic or likely
2b pathogenic cardiac sarcomere genetic variant, and a
mild phenotype,* valsartan may be beneficial to slow
adverse cardiac remodeling®

*Mild phenotype indicates NYHA functional class | or I, maximal LV wall thick-
ness 13 to 25 mm, no secondary prevention ICDs, no history of appropriate ICD
shocks, and no AF.

Synopsis

Symptomatic, nonobstructive HCM is a diagnostic and
therapeutic challenge. This is related to differences in
disease onset, severity, and risk for adverse outcomes.®
The overall risk for HCM-related death appears similar
between patients with and without obstructive physiol-
ogy."® Dyspnea and chest discomfort are common symp-
toms in patients with nonobstructive HCM. These can be
a result of increased LV filling pressures related to dia-
stolic dysfunction (including restrictive physiology) or de-
compensated HF, increased myocardial oxygen demand,
impaired microvascular function, or coincidental CAD.
The presence of restrictive physiology in association with
HCM has been described in children and appears to con-
fer higher risk of adverse outcomes.' In patients with
angina or CAD risk factors, obstructive CAD should be
excluded.” Comorbid conditions including hypertension,
diabetes, obesity, obstructive sleep apnea, and physical
inactivity are often major contributors to reduced fitness
and symptoms in patients with nonobstructive HCM.
Control of these comorbid conditions in combination with
pharmacological therapies for HCM can provide optimal
reduction of symptom burden. No trials have prospective-
ly evaluated the long-term outcomes with medications in
patients with nonobstructive HCM.

Recommendation-Specific Supportive Text

1. In patients with nonobstructive HCM without
obstructive CAD, pharmacological management
of chest discomfort is similar to that of dyspnea.
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Beta blockers and nondihydropyridine calcium
channel blockers are first-line agents. Both thera-
pies aim to slow the heart rate, improve diastolic
function, reduce LV filling pressures, and reduce
myocardial oxygen demand. These agents have
only been evaluated in a few small trials, with most
of the trials having a mix of patients with obstruc-
tive and nonobstructive HCM. In patients without
LVOTO, verapamil or diltiazem are effective at
reducing chest pain and improving exercise capac-
ity and may improve stress myocardial perfusion
defects.'™® Alternatively, beta blockers are used in
symptomatic patients based on clinical experience
and extrapolation from obstructive HCM, rather
than trial data.”®'* The medication doses should
be titrated to effectiveness with monitoring for
bradycardia or atrioventricular conduction block,
especially if the calcium channel blockers and beta
blockers are used in combination. Beta blockers
should be the primary medical therapy in neonates
and children. Limited data suggest verapamil (in
patients >6 months of age) can be used safely as
an alternative to beta blockers.”™

Loop or thiazide diuretics may be used to improve
dyspnea and volume overload in nonobstruc-
tve HCM when volume overload is present.
Aldosterone antagonists are also used in some
patients. Cautious use of any of these diuretics is
needed, usually as intermittent dosing as needed
or chronic low-dose therapy, to prevent symptom-
atic hypotension and hypovolemia.

Although several pilot trials suggested that
angiotensin receptor blockers and angiotensin-
converting enzyme inhibitors may have benefits
on myocardial structure and function, a 12-month
placebo-controlled trial of 124 patients with non-
obstructive and obstructive HCM (112 with LVOT
gradient <30 mm Hg) did not show any benefit of
losartan versus placebo on LV mass, fibrosis, or
functional class.? However, treatment with losartan
was without clinically adverse consequences and
could be used for other indications, if needed.
Patients with extensive apical hypertrophy extend-
ing to the midventricle may have severely reduced
LV end-diastolic volume and severe diastolic dys-
function. This often leads to refractory angina, dys-
pnea, and ventricular arrhythmias with very limited
medical options. Transapical myectomy to augment
LV cavity size with an aim to increase stroke volume
and decrease LV end-diastolic pressure has been
found to be safe and reduced symptoms.” Although
experience of only a single center has been pub-
lished,” this surgical approach may be an option for
this rare subgroup of severely symptomatic patients
with nonobstructive HCM who have a small LV
cavity size refractory to routine therapy. Practically,
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small cavity size has evolved to be defined as LV
end-diastolic volume <60 mL/m? and LV stroke vol-
ume <30 mL/m? This surgical approach requires
extensive surgical experience with HCM and should
be limited to centers of excellence with the highest
volumes, surgical experience, and expertise.

5. The aim of beta blockers and nondihydropyridine
calcium channel blockers is to reduce symptoms
by lowering LV diastolic pressures and improve
LV filling with a slower heart rate. In the absence
of symptoms, no data are available that indicate
a benefit, although the use of these agents may
paradoxically lead to chronotropic incompetence.
latrogenic chronotropic incompetence should be
considered in patients with symptoms and no iden-
tified obstructive physiology at rest or with provo-
cation. Assessment may include an ambulatory
ECG to look for a heart rate plateau or a stress test
to look for an inappropriate heart rate response. No
prospective data are available that demonstrating
benefit of these agents on long-term outcomes in
patients with nonobstructive HCM.

6. A randomized, double-blind placebo controlled
trial of valsartan, titrated to maximum US Food
and Drug Administration—approved doses, in 178
patients who had nonobstructive HCM and were 8
to 45 years of age with pathogenic or likely patho-
genic sarcomeric variants, NYHA functional class
| to Il symptoms, normal EF, no secondary preven-
tion ICDs, no history of appropriate ICD shocks,
and no prior SRT demonstrated an attenuation in a
composite endpoint of LV wall thickness, LV mass,
LV volume, left atrial size, diastolic parameters, and
biomarkers® Trials of other angiotensin recep-
tor blockers tended to be smaller, included older
patients with more advanced phenotypic expres-
sion, and/or those without sarcomeric variants.

8.3. Management of Patients With HCM and
Advanced HF

Recommendations for Management of Patients With HCM and
Advanced HF

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with HCM who develop systolic
dysfunction with an LVEF <60%, GDMT for HF with
reduced EF is recommended.'™

2. In patients with HCM and systolic dysfunction,
diagnostic testing to assess for concomitant causes
of systolic dysfunction (eg, CAD) is recommended.*®

3. In patients with nonobstructive HCM and advanced
HF (NYHA functional class Il to class IV despite
GDMT), CPET should be performed to quantify the
degree of functional limitation and aid in selection
of patients for heart transplantation or mechanical
circulatory support.®”
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Recommendations for Management of Patients With HCM and
Advanced HF (Continued)

Recommendations

4. In patients with nonobstructive HCM and advanced
HF (NYHA functional class Il to class IV despite
GDMT) or with life-threatening ventricular
arrhythmias refractory to maximal GDMT,
assessment for heart transplantation in accordance
with current listing criteria is recommended.®'®

5. In patients with HCM who develop persistent systolic
dysfunction (LVEF <50%), cardiac myosin inhibitors
should be discontinued.'

6. For patients with HCM who develop systolic
dysfunction (LVEF <50%), it is reasonable to
discontinue previously indicated negative inotropic
agents (specifically, verapamil, diltiazem, or
disopyramide).

7. In patients with nonobstructive HCM and advanced
HF (NYHA functional class Il to class IV despite
GDMT) who are candidates for heart transplantation,
continuous-flow LVAD therapy is reasonable as a
bridge to heart transplantation.'s='®

8. In patients with HCM and persistent LVEF <60%,
ICD placement can be beneficial.#%°

9. In patients with HCM and LVEF <50%, NYHA
functional class Il to class IV symptoms despite
GDMT, and LBBB, CRT can be beneficial to
improve symptoms.?'~2

2a C-LD

Synopsis

An approach to the management of HF symptoms is
shown in Figures 4 and 5. EF often overestimates myo-
cardial systolic function in patients with HCM. An EF
<b0% is associated with worse outcomes and therefore
is considered to represent significantly reduced systolic
function.22026-29 Although uncommon in patients with
HCM, an EF <35% confers a particularly high risk of
death, the need for advanced HF therapies, and malig-
nant ventricular arrhythmias.® As such, in patients with
HCM, GDMT for HF with reduced EF is initiated for EF
<b0% and otherwise is generally based on the AHA/
ACC/HFSA HF guideline.” An ICD for the primary pre-
vention of SCD, or CRT in patients with EF <60% and
NYHA functional class Ill to class IV symptoms who
meet other criteria for CRT, is also reasonable. Regard-
less of LVEF, if patients experience recurrent ventricular
arrhythmias or severe (NYHA functional class Ill to class
IV) symptoms despite optimization of medical therapy
and SRT is not an option, heart transplant evaluation is
warranted,'%3% and CPET has a role in risk stratification.5”
For patients with NYHA functional class Il to class IV
symptoms, an LVAD is sometimes used.'*'®

Recommendation-Specific Supportive Text

1. No RCTs have been performed in patients with
HCM and HF. When tested in RCTs in patients with
HCM and normal EF, neither losartan®' nor spirono-
lactone®? had any effect on markers of fibrosis, LV
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dimensions, EF, or symptoms. Observational stud-
ies of patients with HCM and EF <560% indicate
worse survival than that of patients with HCM and
preserved EF?20%-2% might be worse than that of
patients with dilated cardiomyopathy,®*® and does not
vary based on the presence or absence of LV dila-
tion®* Further, myocardial transcriptomic profiling
has identified substantial overlap in gene network
activation between dilated cardiomyopathy and
HCM.35% Thus, although HCM has typically been
excluded from RCTs in HF, no compelling reason
exists to indicate that HCM with reduced EF dif-
fers sufficiently to disqualify many highly effective,
evidence-based GDMTs for HF with reduced EF as
tolerated in the presence of restrictive physiology.'

Identification of reduced EF in the setting of HCM
is uncommon (approximately 5%) and should
prompt an appropriate search for other poten-
tial contributing causes of LV dysfunction 2452834
Those causes should include, but are not limited
to, HCM phenocopies, CAD, valvular heart disease,
and metabolic disorders as outlined in the AHA/
ACC/HFSA HF guideline.’

CPET provides a noninvasive method for assessing
the cardiovascular, pulmonary, and skeletal muscle
components of exercise performance. In patients
with HCM, exercise parameters such as peak oxy-
gen consumption, minute ventilation to CO, pro-
duction, and ventilatory anaerobic threshold predict
death from HF and need for heart transplantation.®”
Patients with HCM, particularly those with LYOTO
whose symptoms respond to appropriate thera-
pies, do not warrant evaluation for transplanta-
tion. However, advanced HF arises in a subset
(8%-8%) of patients with HCM.26202830 Referral
for transplantation should be in accordance with
current guidelines."" Posttransplant survival in
patients with HCM is comparable, and possibly
superior, to that of patients with other forms of
heart disease.®%123738 |mportantly, 20% to 50% of
patients with HCM who have advanced HF have
preserved EF with restrictive physiology; hence,
transplant referral for HCM does not require a
reduced EF'?% Patients with HCM and advanced
HF are far less likely to receive mechanical cir-
culatory support® This is attributable to smaller
LV size and differing hemodynamic profiles, which
may increase the risk of adverse outcomes due to
prolonged wait time and limited options once listed
for transplant. The revised 2018 United Network
for Organ Sharing Heart Transplant Allocation
Policy addresses this disparity with separate list-
ing criteria and priority specific to patients with
HCM. These new listing criteria have significantly
increased transplantation rates and reduced wait-
list times in patients with HCM.”® Children with

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Patients With HCM
Obstructive physiology?
See Figure 5 4—@ | YES
Repeat evaluation as
per Figure 1, Box 2 m bl

Avoid vasodilators and
high-dose diuretics

If symptoms persist

Surgical
candidate?

Other surgical
indication?

Figure 4. Management of Symptoms in Patients With HCM.
Colors correspond to Table 3. GL indicates guideline; and HCM, hypertrophic cardiomyopathy.

HCM also warrant consideration for transplanta- 5. Mavacamten is a first-in-class myosin inhibitor
tion if they are not responsive to or appropriate that decreases myocardial contractility. Given this
candidates for other therapies.* mechanism of action, mavacamten reduces LVER
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e Patients With HCM
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5 g Obstructive e R et
== Bilsla obstructive HCM
= PRYSIOIREY (See Figure 4)
(X}
Systolic function
‘ # Section on
LVEF <50% LVEF 250% > symptomatic
nonobstructive HCM
Discontinue
negative
inotropic agents
(verapamil, égg
diltiazem, '
disopyramide)
(2a)
Y
_ | Reevaluation after
B GDMT
¢ ¢ v
Recurrent ventricular
NYHA class I-Il NYHA class Ill-IV asafisEins

LVEF <50%
and LBBB

YES NO
If patient
decompensates
while listed,
evaluate for LVAD
(2a)
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NYHA class

after CRT -1v

Figure 5. Heart Failure Algorithm.

Cardiac myosin inhibitor should be discontinued if LVEF <60% and can be restarted at a lower dose if the LVEF recovers. Colors correspond

to Table 3. CRT indicates cardiac resynchronization therapy; EF, ejection fraction; GDMT, guideline-directed management and therapy; HCM,
hypertrophic cardiomyopathy; ICD, implantable cardioverter-defibrillator; LBBB, left bundle branch block; LVAD, left ventricular assist device; LVEF,
left ventricular ejection fraction; and NYHA, New York Heart Association.
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and an LVEF <60% was a prespecified criterion
for temporary study drug discontinuation. Thus, in
those who develop LVEF <60%, interruption with
resumption at lower dose (if LVEF improves) or dis-
continuation (if LVEF does not improve to >60%)
of cardiac myosin inhibitors is required regardless
of associated signs and symptoms.*'

Despitethe absence of RCTs orobservational data,
negative inotropic agents (specifically, verapamil,
diltiazem, and disopyramide) that are otherwise
indicated for management of HCM may need
to be discontinued in patients with systolic dys-
function and worsening HF symptoms. However,
these agents may be continued if needed for
rate or rhythm control of AF on a case-by-case
basis.

Patients with HCM have traditionally been ineli-
gible for LVAD support because of small LV cavi-
ties and relatively preserved EF. However, several
case series have demonstrated that support with
continuous flow LVADs results in acceptable out-
comes in highly selected patients with HCM.™*"'°
Post-LVAD survival is superior in patients with
HCM and larger LV cavities (>46-50 mm)."%18
Only a small number of patients with HCM have
received an LVAD as destination therapy, perhaps
due to the younger age of this population relative
to those with dilated cardiomyopathy (mean, 52
versus b7 years).'® Limited data are available on
the role of temporary or biventricular mechanical
circulatory support in patients with HCM. Data on
the role of mechanical circulatory support in chil-
dren with HCM are similarly limited. One study of
20 children with advanced HF with preserved EF,
including 3 patients with HCM, showed poor sur-
vival, with only 50% either successfully weaned or
bridged to transplantation.*?

Patients with HCM were not included in the pri-
mary prevention ICD trials for patients with HE A
retrospective study of 706 patients with nonob-
structive HCM demonstrated a 68% lower mortal-
ity rate over b years in patients with ICDs; however,
only 11% had an ICD, 8% had EF <b0%, and
specific causes of death were not provided, pre-
cluding a causal association.* Among patients with
HCM whose EF was 35% to 50% and who had an
ICD, 9% to 17% received appropriate ICD thera-
pies, and sudden death event rates were approxi-
mately 2.6% per year??°?8 Therefore, prophylactic
ICD implantation is the generally accepted clinical
practice for patients with HCM and systolic dys-
function (EF <50%)." SHaRe (Sarcomeric Human
Cardiomyopathy Registry) further demonstrated a
graded spectrum of risk with a very high burden of
malignant arrhythmias in those with EF <35%.%
In the pediatric population, small body size may
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impact the feasibility and risk of ICD implantation
and should be taken into account when discussing
ICD implantation.

CRT is established to improve symptoms, reduce
HF hospitalizations, and increase survival in patients
with HF with EF <35% and LBBB with ORS dura-
tion 2150 ms." Whether the same benefits apply to
patients with HCM is unclear. Patients with HCM
were specifically excluded from some RCTs of CRT
in HE*44 and, in others, the proportion of patients
with HCM was not clearly defined.**4¢ Furthermore,
case series offer conflicting results on the effect
of CRT on symptoms, EF, and survival?'?° Future
studies are needed to identify CRT responders and
establish disease-specific eligibility criteria. Thus,
the usefulness of CRT in patients with HCM and
reduced EF is not well established, but CRT may
improve symptoms and LV chamber dimensions in
select patients.

8.4. Management of Patients With HCM and AF

Recommendations for Management of Patients With HCM and AF

Referenced studies that support the recommendations are
summarized in the

2a

2a

2a

2a
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Recommendations

1. In patients with HCM and clinical AF, anticoagulation
is recommended with direct-acting oral anticoagu-
lants (DOACs) as first-line option and vitamin K
antagonists as second-line option, independent of
CHA,DS,-VASc score.'

2. In patients with HCM and subclinical AF detected by
internal or external cardiac device or monitor of >24
hours’ duration for a given episode, anticoagulation
is recommended with DOACs as first-line option and
vitamin K antagonists as second-line option, inde-
pendent of CHA,DS,-VASc score.'*#

3. In patients with AF in whom rate control strategy is
planned, beta blockers, verapamil, or diltiazem are
recommended, with the choice of agents according
to patient preferences and comorbid conditions.®'®

4. In patients with HCM and subclinical AF detected by
internal or external device or monitor, of >5 minutes’
duration but <24 hours' duration for a given episode,
anticoagulation with DOACs as first-line option and
vitamin K antagonists as second-line option can be
beneficial, taking into consideration duration of AF
episodes, total AF burden, underlying risk factors,
and bleeding risk."581"

5. In patients with HCM and poorly tolerated AF, a
rhythm-control strategy with cardioversion or antiar-
rhythmic drugs can be beneficial with the choice of
an agent according to AF symptom severity, patient
preferences, and comorbid conditions.®2-24

6. In patients with HCM and symptomatic AF, as part
of an AF rhythm-control strategy, catheter ablation
for AF can be effective when drug therapy is
ineffective, contraindicated, or not the patient's
preference.'226%6

7. In patients with HCM and AF who require surgical
myectomy, concomitant surgical AF ablation proce-
dure can be beneficial for AF rhythm control.'#27-2¢
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Synopsis

AF, commonly observed in patients with HCM, is asso-
ciated with significant morbidity, impaired quality of life,
and substantial stroke risk. Therapy includes prevention
of thromboembolic events and controlling symptoms.
Traditional stroke risk scoring systems used in the gen-
eral population are not predictive in patients with HCM.
Vitamin K antagonists are effective for stroke prevention,
and recent studies support the use of DOACs as well."®
Asymptomatic AF detected by cardiac devices or moni-
tors also increases risk of stroke, so the decision to an-
ticoagulate should take into consideration the duration
of episodes as well as underlying risk factors. When a
rhythm-control strategy is needed, several antiarrhythmic
drugs have been shown to be safe and effective, allowing
for individualization according to underlying substrate and
patient preference. Catheter ablation is also an option, al-
though the procedure is less effective than in the general
population, and there is a more frequent need of repeat
procedures and concomitant use of antiarrhythmic drugs.
Surgical AF ablation is a potential rhythm management
option in patients undergoing surgical myectomy. Other
supraventricular arrhythmias and atrial flutter are likely
not increased in incidence in patients with HCM, and
treatment is usually similar to populations without HCM.

Recommendation-Specific Supportive Text

1. Clinical AF is AF that causes symptoms for which
patients seek medical attention. Although no RCTs
have been published, the risk of systemic embo-
lization is high in patients with HCM with AF. A
meta-analysis that included 33 studies and 7381
patients revealed an overall prevalence of throm-
boembolism in patients with HCM with AF of
2709% and incidence of 3.75 per 10 patients.!
The stroke risk is independent of CHA,DS,-
VASc score,*° with a significant number of strokes
observed in patients with a score of O. Several
studies have shown that anticoagulation, particu-
larly warfarin with target international normalized
ratio 2 to 3, reduces the stroke risk in this popu-
lation,?3° whereas other publications have shown
DOACs to be at least as effective as warfarin, with
additional advantages reported, such as improved
patient satisfaction and long-term outcomes3™®
Although left atrial appendage occlusion devices
have been evaluated in populations, the number of
patients with HCM in these trials was limited. Thus,
the role of left atrial appendage occlusion devices
in HCM remains untested. The recommendations
for anticoagulation of patients with atrial flutter are
the same as those for patients with AR™

2. Similar to patients without HCM, asymptomatic
or subclinical AF (SCAF) is detected by cardiac
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devices in patients with HCM as well. SCAF was
reported in 16 of 30 patients with HCM (53%) after
a median follow-up of 595 days.” Device-detected
AF was identified in 29 of 114 patients with HCM
(25%), resulting in an annualized incidence of 4%
per year® In patients without HCM, SCAF has been
associated with an increased risk of thromboem-
bolism, albeit lower than the risk described for clini-
cal AF® Considerable debate exists regarding the
AF duration threshold for initiating anticoagulation
in SCAF because the duration used to define and
quantify AF varied significantly between different
studies. Nevertheless, the data increasingly show
that longer duration episodes are associated with
greatest risk. One study suggested only episodes
>24 hours were associated with increased risk.'
Also influencing risk are the total AF burden' and
the presence of traditional risk factors, whereas
very short episodes lasting a few seconds do not
appear to increase risk."®'” When making the
diagnosis of device-detected AF, review of stored
intracardiac ECGs is essential to exclude artifact or
false-positives.

Given the poor tolerance of AF in patients with
HCM, a rhythm-control strategy is often preferred,
because data support improved outcomes with a
rhythm-control strategy compared with historical
controls.®'® For those patients for whom a rate-
control strategy is chosen (eg, because of patient
choice, antiarrhythmic drug failure, or intolerance),
a nondihydropyridine calcium channel blocker, a
beta blocker, or a combination of the 2 is prefer-
able. A theoretical concern exists that digoxin
could exacerbate LVOTO attributable to a positive
inotropic effect. However, in the absence of a gra-
dient, digoxin is a potential option, although data on
efficacy in this population are lacking. Medication
choice should be individually determined accord-
ing to age, underlying substrate, comorbidities, and
severity of symptoms. Dose adjustments are based
on the balance between adequate rate control ver-
sus adverse effects, including excessive bradycar-
dia. In patients with hypotension, dyspnea at rest,
and very high resting gradients (eg,>100 mm Hg),
verapamil should be avoided. Atrioventricular node
ablation with pacemaker implantation can be a last
option in refractory cases.

SCAF is often observed in patients with HCM and
implanted cardiac devices®” and has been associ-
ated with an increased risk of thromboembolism.®
Yet, the minimum duration of SCAF that confers
increased risk has not been precisely defined,
because a gradient of risk appears to be evident
depending on underlying substrate. Although
ASSERT (Asymptomatic Atrial Fibrillation and
Stroke Evaluation in Pacemaker Patients and the

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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Atrial Fibrillation Reduction Atrial Pacing Trial) data
suggested only episodes >24 hours increased
stroke risk,'® other evidence suggests that shorter
duration episodes may pose a risk in patients with
traditional risks factors.'® In ASSERT, the absolute
stroke risk increased with increasing CHADS,
score, reaching a rate of 3.78 per year in those with
score >2.'® Another group stratified risk according
to AF duration and CHADS2 score, with a CHADSQ
score of 1 increasing the risk only if AF duration
was >24 hours, whereas for CHADS, scores >2,
episodes >b minutes increased risk.'”® Similar risk
stratification is unavailable in HCM, yet risk fac-
tors for stroke in the population with HCM have
been identified and include advancing age, previ-
ous embolic events, NYHA functional class, left
atrial diameter, vascular disease, and maximal LV
wall thickness® When very short AF duration is
observed, continued surveillance should be main-
tained as the burden of AF is likely to progress.

Studies suggest that with current therapies, AF in
patients with HCM can be managed effectively,
leading to low morbidity and mortality compared
with historical controls®'® In general, drug selec-
tion for rhythm control in patients with HCM s
based on extrapolation from studies of the AF
population at large. Yet, reports suggest several
drugs are safe and effective in patients with HCM
(Table 9). Amiodarone has been used over many
years and is generally deemed a favored option.'9°
Disopyramide has been safely prescribed for
reduction of LVOTO, but its efficacy in AF is not
well established?'* Data on NYHA functional
class IC antiarrhythmic agents are limited because
of concerns regarding their use in patients with
structural heart disease. When used, therapy with
NYHA functional class IC agents is safest in the
presence of an ICD."® NYHA functional class Ill

2024 Hypertrophic Cardiomyopathy Guideline

agents have been used as well; a report in 25
patients with HCM showed dofetilide to be well
tolerated and facilitated AF management.’® Sotalol
has also been shown to be safe and is commonly
used in pediatric patients as well, either in oral or
intravenous forms.?3243142 The US Food and Drug
Administration—mandated  safety = precautions
should be adopted when prescribing antiarrhyth-
mic drugs.

Catheter ablation plays an important role in the
management of AF in HCM. Although no RCTs
existin this area, several meta-analyses have been
published in patients with HCM undergoing cath-
eter ablation for drug refractory AF, including one
that compared catheter ablation between patients
with HCM versus a cohort without HCM."?% |n
general, the procedure is safe and remains an
important tool. However, the results seem less
favorable compared with patients without HCM,
with a 2-fold higher risk of relapse, more fre-
quent need of repeat procedures, and higher
use of concomitant antiarrhythmic drugs. This
is attributed to the fact that patients with HCM
have a greater degree of electrophysiologic and
structural remodeling than the population without
HCM.?® Contributing factors for atrial remodel-
ing include LVOTO, diastolic impairment, MR, and
other factors. It can be postulated that aggressive
intervention in the earlier stages of disease would
be more effective, but this is unproven, and ongo-
ing remodeling is expected. Some authors have
suggested the need for a more extensive abla-
tion approach, with linear lesions and ablation of
triggers not associated with the pulmonary veins
often required to improve the long-term durability
of the procedure.?®

AF in patients with HCM is often poorly tolerated;
therefore, aggressive rhythm-control strategies

Table 9. Antiarrhythmic Drug Therapy Options for Patients With HCM and AF

Antiarrhythmic Drug Efficacy for AF | Adverse Effects Toxicities Use in HCM
Disopyramide Modest Anticholinergic Prolonged QTc Particularly with early onset AF
HF TdP Generally used in conjunction with
atrioventricular nodal blocking agents
Flecainide and propafenone Prolonged QRS Proarrhythmia Not generally recommended in the absence
Typical atrial flutter ofanICD
Sotalol Modest Fatigue Bradycardia | Prolonged QTc Reasonable
TdP
Dofetilide Modest Headache Prolonged QTc Reasonable
TdP
Dronedarone Low HF Prolonged QTc
Amiodarone Modest-high Bradycardia Liver, lung, thyroid, skin, neurologic Reasonable
Prolonged QTc

AF indicates atrial fibrillation; HCM, hypertrophic cardiomyopathy; HF, heart failure; ICD, implantable cardioverter-defibrillator; and TdP, torsades de pointes.
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are sometimes required. Because of the lower
success rate of catheter ablation in patients with
HCM compared with the general AF population,
surgical AF ablation is a potential rhythm manage-
ment option, especially in patients already under-
going open heart surgery for a surgical myectomy.
In combination with surgical relief of the LVOT
gradient and MR, which can limit or even reverse
negative atrial remodeling, concomitant surgical
AF ablation may be successful in decreasing AF
burden. Several studies have reported satisfac-
tory midterm efficacy, yet these reports univer-
sally include a small number of patients, and the
durability of the procedure appears to decrease
with time.?"° In a study that represents the largest
series of patients with AF treated surgically, free-
dom from AF recurrence at 1 year was 44% for
ablation patients (n = 49) and 75% with the maze
procedure (n=72) (F<0.001).° In this study, with
concomitant surgical ablation, freedom from AF
at 3 years was 70%, with left atrial size being a
predictor of recurrence.'®

8.5. Management of Patients With HCM and
Ventricular Arrhythmias

Recommendations for the Management of Patients With HCM and
Ventricular Arrhythmias

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with HCM and recurrent, poorly toler-
ated life-threatening ventricular tachyarrhythmias
refractory to maximal antiarrhythmic drug therapy
and ablation, heart transplantation assessment is
indicated in accordance with current listing criteria.'?

2. In adults with HCM and symptomatic ventricu-
lar arrhythmias or recurrent ICD shocks despite
beta-blocker use, antiarrhythmic drug therapy (eg,
amiodarone; dofetilide,t mexiletine,t or sotalolt) is
recommended, with the choice of agent guided by
age, underlying comorbidities, severity of disease,
patient preferences, and balance between efficacy
and safety.®

3. In children with HCM and recurrent ventricular
arrhythmias despite beta-blocker use,
antiarrhythmic drug therapy (eg, amiodarone 3*
mexiletine,® sotalol®*#) is recommended, with the
choice of agent guided by age, underlying
comorbidities, severity of disease, patient prefer-
ences, and balance of efficacy and safety.

4. In patients with HCM and pacing-capable ICDs,
programming antitachycardia pacing is
recommended to minimize risk of shocks.™

5. In patients with HCM and recurrent symptomatic
sustained monomorphic VT, or recurrent ICD shocks
despite optimal device programming, and in whom
antiarrhythmic drug therapy is either ineffective, not
tolerated, or not preferred, catheter ablation can be
useful for reducing arrhythmia burden.®""

“Indicates the LOE for amiodarone. tindicates the LOE for dofetilide, mexi-
letine, or sotalol.
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Synopsis

In patients with HCM and ICDs, preventing recurrent VT
is an important goal of therapy, because ICD shocks have
been associated with impaired quality of life and worse
outcomes.'? Most studies on secondary prevention of
VT are extrapolated from studies in patients without
HCM because data on VT management in patients with
HCM are limited. The choice of pharmacological therapy
should be individualized according to individual substrate,
but amiodarone is generally considered superior, albeit
at the expense of increased adverse effects and with no
effect on overall survival. Programming ICDs with antit-
achycardia pacing may minimize risk of shocks because
monomorphic VT and ventricular flutter are common. In
cases refractory to antiarrhythmic drugs and to optimal
ICD programming, catheter ablation is an option.

Recommendation-Specific Supportive Text

1. Referral for transplantation should be in accor-
dance with current guidelines.'® Transplant referral
does not absolutely require reduced EF, because
patients with preserved EF may also develop
advanced HF with restrictive physiology or intrac-
table ventricular arrhythmias.?

2. Most patients with HCM and VT are likely already
receiving beta blockers, generally the first treatment
option. Because no study has investigated phar-
macological therapies for preventing ICD shocks
specifically in the population with HCM, recommen-
dations are extrapolated from studies that enrolled
different disease substrates. In the OPTIC (Optimal
Pharmacological Therapy in Cardioverter Defibrillator
Patients) trial, 412 patients with documented ven-
tricular arrhythmias were randomized to amiodarone
plus beta blocker, sotalol, or beta blocker alone. At
1 year, shocks occurred in 38.5% assigned to beta
blocker alone, 24.3% assigned to sotalol, and 10.3%
assigned to amiodarone plus beta blocker?® Thus,
amiodarone was most effective but at the expense
of increased adverse effects® In an observational
study that included 30 patients, dofetilide was found
to decrease the number of ICD therapies even after
other agents were ineffective® Proof of efficacy
for mexiletine is limited but is often adjunctive to
amiodarone® A meta-analysis that involved 8 stud-
ies and 2268 patients confirmed that the benefit
of antiarrhythmic drug therapy was driven mainly by
amiodarone, with no effect on overall survival.* The
safety and efficacy of propafenone and flecainide is
uncertain, in addition to safety concerns when used
in patients with ischemic heart disease.™

3. In pediatric patients with HCM, recurrent episodes of
VT are generally treated with beta blockers as first-
line therapy. If VT is recurrent (with greater empha-
sis placed on episodes that are faster or longer and
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those that may trigger ICD shocks), additional anti-
arrhythmic agents may be used either to address
symptoms, suppress recurrent life-threatening
events, or to prevent unnecessary ICD shocks.
Drugs with risk for proarrhythmia are often initiated
in the hospital. ICD shocks, even when appropri-
ate, have been linked to psychological trauma in
pediatric patients, and thus it is reasonable to con-
sider management options that minimize shocks.
For children with recurrent ICD shocks despite
maximal antiarrhythmic therapy, data regarding
alternative therapies such as catheter ablation are
limited. Sympathetic denervation has been reported,
although data are limited to case reports.'®'”

4. ICD therapy has been shown to prevent SCD and
improve survival in patients with HCM.'® Historically,
it has been the general belief that the mechanism
of SCD in this population was VF. Yet, it appears
that ventricular arrhythmias amenable to termina-
tion by antitachycardia pacing, including monomor-
phic VT and ventricular flutter, are more common
than previously thought. Among 71 patients with
HCM and ICDs who received appropriate thera-
pies, 74 were VF, 18 ventricular flutter, and 57 were
for monomorphic VT. Further, when antitachycardia
pacing was available, it was successful in 74% of
episodes.” This is especially important in those at
risk for monomorphic VT, such as those with apical
aneurysms, although patients with fast ventricular
arrhythmias may benefit as well.

5. In patients with HCM and recurrent ventricular
arrhythmias, despite pharmacological therapy, addi-
tional therapies are required. Of 22 patients who
underwent ablation, there was a 73% success rate
with no major complications; of note, epicardial abla-
tion was required in 58%7° Freedom from VT 12
months postablation was found in 11 of 14 patients
with VT and apical aneurysms, which is a common
source of sustained monomorphic VT in this popu-
lation,’® and 78% VT-free survival was reported
after combined epicardial and endocardial ablation
in 9 patients with sustained monomorphic VT."
Therefore, it appears that in selected patients with
HCM, combined epicardial and endocardial ablation
is a reasonably safe and effective option for treating
monomorphic VT refractory to antiarrhythmic drugs
and to optimal ICD programming. A recent meta-
analysis that included 6 studies confirmed the find-
ings.’® In 1 case series, surgical aneurysmectomy
proved effective in 3 patients with apical aneurysms
and incessant ventricular arrhythmias as an alterna-
tive to ablation.?® In pediatric patients, age and heart
size must be taken into account when considering
ablation. An additional option in cases of refrac-
tory VT/VF is left cardiac sympathetic denervation,
which has efficacy in individual case reports.'
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9. LIFESTYLE CONSIDERATIONS FOR
PATIENTS WITH HCM

9.1. Recreational Physical Activity and
Competitive Sports

Recommendations for Recreational Physical Activity and
Competitive Sports

Referenced studies that support the recommendations are
summarized in the

m Recommendations

1. For patients with HCM, mild- to moderate-intensity”
recreationalt exercise is beneficial to improve
cardiorespiratory fitness, physical functioning, and
quality of life, and for overall health in keeping with
physical activity guidelines for the general
population.'~®

2. For athletes with HCM, a comprehensive evaluation
and shared decision-making about sports
participation with an expert professional is
recommended.*

3. Inindividuals who are genotype-positive,
phenotype-negative for HCM, participation in
competitive sports of any intensity is reasonable.®®

4. For patients with HCM, participation in vigorous®
recreational activities is reasonable after an
annual comprehensive evaluation and shared
decision-making with an expert professional who
balances potential benefits and risks, with this
process being repeated annually.*®™®

5. For patients with HCM who are capable of a high
level of physical performance, participation in
competitive sportst may be considered after review
by an expert provider with experience managing
athletes with HCM who conducts an annual
comprehensive evaluation and shared decision-
making that balances potential benefits and
risks. 59714

6. For most patients with HCM, universal restriction
from vigorous physical activity or competitive sports
is not indicated.®'!~1¢

7. In patients with HCM, ICD placement for the sole
purpose of participation in competitive sports
should not be performed.’®

“Exercise intensity can be gauged by metabolic equivalents (METs): light <3
METs, moderate 3-6 METs, and vigorous >6 METs,'® by percentage of maximum
heart rate achieved (light 40%-50%, moderate 50%-70%, vigorous >70%), or
by level of perceived exertion on the Borg scale (light 7-12, moderate 13-14,
vigorous >15).'6

tRecreational exercise is done for the purpose of leisure with no requirement
for systematic training and without the purpose to excel or compete against oth-
ers. Competitive sports involve systematic training for the primary purpose of
competition against others, at multiple levels, including high school, collegiate,
master’s level, semiprofessional, or professional sporting activities.

Synopsis

Regular physical activity promotes longevity and re-
duces overall cardiovascular disease risk. Most patients
with HCM can benefit from at least mild- to moderate-
intensity exercise. Some patients with HCM who have no
or minimal symptomatic limitation are capable of vigorous
activities or competitive sports and place a high personal
value on physical fitness, performance, or both. Recom-
mendations for recreational exercise and competitive
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sports for patients with HCM are evolving with emer-
gence of data and emphasis on promoting patient auton-
omy and shared decision-making.*'"'® Although previous
observational studies identify HCM as a common cause
of SCD among competitive athletes,’® in prospective
registries, HCM is the cause of SCD in <10% of young
individuals, including athletes.?*®" Although uncertainty
around the risk of SCD associated with exercise exists, a
disproportionate risk of SCD has not been demonstrated
in athletes in contemporary registries.5'""1339 Although
these data provide some reassurance, the nuances and
unique individual considerations regarding vigorous ex-
ercise or competitive sports warrant annual evaluation by
an expert professional, including a shared balanced dis-
cussion of potential benefits and risks and an individual
emergency preparedness plan,*'%183233

Recommendation-Specific Supportive Text

1. Inactivity is prevalent among patients with
HCM.34% “The Physical Activity Guidelines for
Americans” recommend that adults engage in at
least 160 to 300 minutes of moderate-intensity
or 75 to 150 minutes of vigorous-intensity aero-
bic exercise weekly, and that children engage
in at least 60 minutes of moderate-to-vigorous
exercise daily® In a randomized trial of exercise
training, adult patients with HCM who followed
prescriptions of moderate-intensity exercise for
4 months, compared with those doing their usual
activity, showed significant improvements in peak
oxygen consumption and subjective improve-
ments in physical functioning." No major adverse
events and no increase in nonlethal arrhythmias
with exercise training were observed. Exercise
intensity can be gauged by METs: light <3 METs,
moderate 3 to 6 METs, and vigorous >6 METs,'
by percentage of maximum heart rate achieved
(light 40%-50%, moderate 50%-70%, vigorous
>70%), or by level of perceived exertion on the
Borg scale (light 7-12, moderate 13-14, vigorous
>15)."% An initial period of supervised exercise
may be warranted in some patients. Children with
HCM can typically participate in physical educa-
tion at school, with an option not to grade, time, or
score for performance.

2. Expert professionals will be familiar with the evi-
dence and ongoing studies relevant to discussions
about vigorous exercise and sports participation
and will be in the best position to provide guidance
in the context of shared decision-making.* Advice
to avoid dehydration or exposures to extreme
environmental conditions (eg, heat, humidity) is
important, particularly for patients with obstructive
physiology. This discussion also provides an oppor-
tunity to devise plans for emergency preparedness.
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3. Sudden death in genotype-positive, phenotype-

negative individuals is rare.® Currently, no accurate
risk prediction models for SCD in genotype-
positive, phenotype-negative individuals are avail-
able. In a recent prospective registry, no arrhythmic
events were observed in genotype-positive,
phenotype-negative individuals (total of 126),
including those exercising vigorously or partici-
pating in competitive athletics.® Decisions about
participation in competitive sports are usually
made jointly with the patient and family taking
into consideration family history of SCD, type of
sports activity, and patient and family risk toler-
ance. Because of the low risk of sudden death,
phenotype-negative individuals are not restricted
from competitive sports and are not routinely
monitored with ambulatory electrocardiography
and exercise stress testing unless the family his-
tory indicates a high risk for SCD or as part of
precompetitive athletic screening. This is appro-
priate every 1 to 2 years to assess safety of ongo-
ing competitive athletics participation.

Many patients with HCM with no or minimal symp-
tomatic limitation are capable of vigorous-intensity
exercise and place a high personal value on physi-
cal fitness. Retrospective data have not shown a
higher rate of ventricular arrhythmias in individuals
with HCM who exercise vigorously.” Additionally, a
prospective nationwide population-based cohort
study in South Korea showed that among individu-
als with a diagnosis of HCM (mean age, 59 years),
those in the highest tertile of exercise (including
those exercising vigorously >8 METs) had the low-
est cardiovascular mortality (2.7% versus 3.8% in
midtertile and 4.7% in lowest tertile; P<0.001).8 In
a recently published prospective observational reg-
istry of adult and pediatric patients (8-60 years of
age) with HCM who were NYHA functional class |
to Il, those who engaged in vigorous exercise were
not more likely to experience an arrhythmic event
compared with those exercising moderately or who
were less active® Notably, most patients in this
study were managed at experienced HCM cen-
ters and receiving close follow-up and surveillance.
Therefore, although these data can inform discus-
sion between patients and physicians regarding
participation in vigorous exercise, these discus-
sions should occur in the context of an annual com-
prehensive clinical evaluation and risk assessment
using an individualized shared decision-making
framework by an expert professional with experi-
ence in managing patients with HCM.

Some patients with HCM who have no or minimal
symptomatic limitation are capable of vigorous-
intensity training and place a high personal value
on physical performance for the purpose of
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competition. Prospective studies over the past
decade have demonstrated a similar burden of
ventricular arrhythmias in adult patients with HCM
who have continued to engage in competitive ath-
letics compared with those who have withdrawn
from competition.’"'% In those athletes with ICDs,
shock rates in athletes with HCM are similar to
those reported in nonathletic populations, with
most shocks occurring outside training or compe-
tition, and with no reported shock-related injuries
or death.®'® A large prospective registry examined
the impact of recreational exercise and competi-
tive athletics on arrhythmic events and included
259 individuals engaging in competitive athletics,
including 42 high school and collegiate athletes
with HCM with >3 years' follow-up. Competitive
athletes with HCM did not experience an increased
arrhythmic risk compared with individuals exercis-
ing moderately or not at all.® Although these data
provide some reassurance and can inform discus-
sions between patients and physicians regarding
participation in competitive athletics, not all types
of athletes are well-represented in these studies.
Evaluations and shared decision-making with ath-
letes who have HCM regarding sports participation
should therefore be individualized, be undertaken
by professionals with expertise in managing com-
petitive athletes with HCM, and be repeated on at
least an annual basis.**? Final eligibility decisions
for organized sports participation may involve third
parties (eg, team physicians, consultants, institu-
tional leadership) acting on the behalf of schools
or teams.

6. Prospective studies to date have suggested that
patients with HCM who engage in competitive ath-
letics are not at increased risk of SCD compared
with less active individuals® or athletes who with-
draw from competitive sports.’'~'3

7. Sudden death risk stratification and recommenda-
tions for ICD placement should be made in accor-
dance with the algorithm put forth in this guideline,
independent of decisions regarding sports partici-
pation. Inappropriate ICD utilization would expose
patients unnecessarily to device-related complica-
tions and should be avoided.®"3®

9.2. Occupation in Patients With HCM

Recommendations for Occupation in Patients With HCM

COR LOE | Recommendations
1. For patients with HCM, it is reasonable to follow
Federal Motor Carrier Safety Administration
22 C-EO cardiovascular disease guidelines that permit driving

commercial motor vehicles, if they do not have an
ICD or any major risk factors for SCD and are using
a GDMT plan.

2024 Hypertrophic Cardiomyopathy Guideline

Recommendations for Occupation in Patients With HCM (Continued)

COR LOE | Recommendations

2. For pilot aircrew with a diagnosis of HCM, it is
reasonable to follow Federal Aviation Administration
guidelines that permit consideration of multicrew
flying duties, provided they are asymptomatic, are
deemed low risk for SCD, and can complete a maxi-
mal treadmill stress test at 85% peak heart rate.?

2a C-EO

3. ltis reasonable for patients with HCM to consider
occupations that require manual labor, heavy lifting,
or a high level of physical performance after a
comprehensive clinical evaluation, risk stratification
for SCD, and implementation of GDMT in the con-
text of shared decision-making.

2b C-EO

Synopsis

Several occupational considerations are important for
patients with HCM, particularly when potential for loss of
consciousness could occur that can place the patient or
others in a harmful situation. For some occupations (com-
mercial driving and piloting an aircraft), federal guidelines
and restrictions cannot be superseded by this guideline.

Recommendation-Specific Supportive Text

1. The Federal Motor Carrier Safety Administration
updated its guidelines in 2015." A permit for driving a
commercial vehicle can be obtained by patients with
HCM who do not have an ICD and do not possess
any of the major risk factors for SCD (see Section
7, “SCD Risk Assessment and Prevention”).

2. The Federal Aviation Administration guidelines do
not explicitly list HCM as a disqualifying diagnosis for
piloting an aircraft. However, a report from an occu-
pational aviation work group states that for patients
with HCM who are asymptomatic, they may be con-
sidered for multicrew flying duties? No restrictions
exist for patients with HCM to be nonpilot aircrew.

3. Occupations that require considerable heavy manual
labor (eg, construction work) or a high level of phys-
ical performance (eg, law enforcement, firefighters)
may impose some risk to patients with HCM but
also potentially to a coworker or the public, in the
event of loss of consciousness. Therefore, these
decisions should be approached on an individual
basis and in the context of shared decision-making.

9.3. Pregnancy in Patients With HCM

Recommendations for Pregnancy in Patients With HCM

Referenced studies that support the recommendations are
summarized in the

COR m Recommendations

1. For pregnant women with HCM and AF or other
indications for anticoagulation, low-molecular-weight
1 heparin or vitamin K antagonists (at maximum
therapeutic dose of <6 mg daily) are recommended
for stroke prevention.'?
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Recommendations for Pregnancy in Patients With HCM (Continued)

Recommendations

2. In pregnant women with HCM, selected beta
blockers should be administered for symptoms
related to outflow tract obstruction or arrhythmias,
with monitoring of fetal growth.3#

3. In most pregnant women with HCM, vaginal delivery
is recommended as the first-choice delivery option.®

4. In affected families with HCM, preconceptional and
prenatal reproductive and genetic counseling should
be offered.®®

B. For pregnant women with HCM, care should be
coordinated between their cardiologist and an
obstetrician. For patients with HCM who are deemed
high risk, consultation is advised with an expert in
maternal-fetal medicine.

6. For women with clinically stable HCM who wish to

become pregnant, it is reasonable to advise that
2a C-LD pregnancy is generally safe as part of a shared
discussion regarding potential maternal and fetal
risks, and initiation of GDMT."-1°

7. In pregnant women with HCM, cardioversion for new
2a C-LD or recurrent AF, particularly if symptomatic, is
reasonable5'!

8. In pregnant women with HCM, general or epidural
2a C-LD anesthesia is reasonable, with precautions to avoid
hypotension.?

9. In pregnant women with HCM, it is reasonable to
perform serial echocardiography, particularly during
the second or third trimester when hemodynamic
load is highest, or if clinical symptoms develop.

2a C-EO

10. In pregnant women with HCM, fetal
2b C-EO echocardiography may be considered for diagnosis
of fetal HCM in the context of prenatal counseling.

C-EO 11. In pregnant women, use of mavacamten is
contraindicated due to potential teratogenic effects.

Synopsis

Pregnancy in most women with HCM is well tolerated.
Maternal mortality is very low, with only 3 sudden deaths
reported in the literature, all in high-risk (and 1 undiag-
nosed) patients, over the past 17 years.””"® Symptoms
(dyspnea, chest pain, palpitations) and complications (HF
and arrhythmias) occur in approximately 25% of preg-
nant women with HCM for whom most had symptoms
preceding their pregnancy. No difference in outcomes
was reported for women with LVOTO compared with
those without obstruction.

Recommendation-Specific Supportive Text

1. AF is associated with stroke in HCM and can
be mitigated by anticoagulation.”>'* Both low-
molecular-weight heparin and low-dose warfa-
rin carry acceptable risk during pregnancy? and
should be administered in accordance with the
2020 ACC/AHA valvular heart disease guideline.!
Insufficient safety data regarding DOACs in preg-
nancy are available, and a recent meta-analysis

2024 Hypertrophic Cardiomyopathy Guideline

suggests that they are associated with a higher
rate of fetal complications compared with low-
molecular-weight heparin or warfarin.’

Most beta blockers (ie, metoprolol, bisoprolol,
labetalol, pindolol, propranolol) are generally con-
sidered safe to use during pregnancy; however,
atenolol has some evidence of potential fetal risk.
Closer monitoring of fetal growth and surveillance
for fetal bradycardia may be considered for preg-
nant women on beta blockers.®*

In pregnant women with cardiovascular disease,
including cardiomyopathies, adverse outcomes
during delivery are low (3%-4%) and similar
between vaginal delivery and cesarean section.®
Valsalva maneuver during labor has also been
shown to be well tolerated. Bleeding rates, includ-
ing serious bleeding requiring transfusions, are
higher in women who undergo cesarean section.
Therefore, cesarean section should be reserved
only for obstetric reasons or for emergency cardiac
or other maternal health reasons. A delivery plan
should ideally be established by the end of the sec-
ond trimester.

Prenatal genetic counseling is helpful in explain-
ing the risk of transmission of disease, as well as
discussing potential reproductive options. These
reproductive  options include preimplantation
genetic testing, fetal screening, prenatal test-
ing, and postnatal genetic testing. The benefits
and potential harms can be discussed for each of
these options, such that the individual or couple
can make a fully informed decision about prenatal
genetic testing and fetal screening.®-°

A multidisciplinary care team that includes cardiol-
ogists and maternal-fetal medicine specialists can
provide comprehensive management of pregnant
women with HCM.

Decisions regarding pregnancy in women with
HCM include a shared discussion that conveys that
maternal mortality with pregnancy is very low, and
cardiac events occur primarily in those with preex-
isting symptoms and previous cardiac events.” % In
those women who are very symptomatic, options
for mitigating risk before conception are discussed.
Depending on the individual circumstance, these
options might include SRT for women with medi-
cally refractory symptomatic LVOTO, advanced HF
therapies for women with HF, or ICD implantation
for women with high-risk features for ventricular
arrhythmias.

Some antiarrhythmic agents are contraindicated
during pregnancy because of potential terato-
genic effects, while others are not recommended
for patients with HCM. Cardioversion during preg-
nancy can be performed with minimal risk to the
fetus and is therefore preferred for restoring sinus
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rhythm in pregnant women with HCM, particu-  Recommendation-Specific Supportive Text

larly if they are symptomatic.? Anticoagulation to
decrease the risk of thromboembolism associated
with cardioversion would need to be individualized
based on the trimester of pregnancy and the risk of
anticoagulation to the fetus.

8. Epidural and general anesthesia are common
modes of anesthesia to make the delivery more
comfortable for the patient. There are generally no
contraindications to either of these forms of anes-
thesia in pregnant patients with HCM as long as
care is taken to avoid hypotension.®

9. Most complications that arise during pregnancy
occur in the third trimester. Therefore, it would be
reasonable to perform echocardiography in the
latter stages of pregnancy or if new symptoms
arise.

10. Fetal echocardiography is available for prena-
tal diagnosis of HCM and is used in some select
families, particularly if a history of pediatric disease
onset or severe disease manifestations in parents
or other family members are present.

11. Myosin inhibitors may cause fetal toxicity when
administered to a pregnant woman, based on
unpublished findings in animal studies.'®

9.4. Patients With Comorbidities

Recommendations for Patients With Comorbidities

Referenced studies that support the recommendations are
summarized in the

Recommendations

1. In patients with HCM, adherence to the ACC/AHA
primary prevention guideline is recommended to
reduce risk of cardiovascular events.’

2. In patients with HCM who are overweight or obese,

are recommended for achieving and maintaining
weight loss' and possibly lowering the risk of
developing LVOTO, HF, and AF2*

3. In patients with HCM and hypertension, lifestyle
modifications and medical therapy for hypertension
are recommended,’ with preference for beta blockers
and nondihydropyridine calcium channel blockers in
patients with obstructive HCM.

4. In patients with HCM, assessment for symptoms
of sleep-disordered breathing is recommended,
and, if present, referral to a sleep medicine
specialist for evaluation and treatment is
recommended.®®

Synopsis

Comorbid conditions, including hypertension, obesity, and
sleep-disordered breathing, are common in patients with
HCM and may contribute to increased symptom burden,
LVOTO, HF, and AF. Appropriate counseling and man-
agement of these conditions in patients with HCM is a
critical component of their care.

Circulation. 2024;149:¢1239-e1311. DOI: 10.1161/CIR.0000000000001250

1.

counseling and comprehensive lifestyle interventions 3

Patients with HCM are frequently affected by other
health conditions, including hypertension, diabetes,
hyperlipidemia, and obesity, and may also maintain
unhealthy lifestyle practices, including inactivity
and tobacco abuse, which together can compro-
mise their overall cardiovascular health. In addition
to treatment of their HCM, implementation of well-
proven primary prevention strategies is warranted
in symptomatic and asymptomatic patients.’
Excess weight is very common in adult patients
with HCM, with >70% having a body mass index of
>25 kg/m? and >30% having a body mass index
of >30 kg/m2% Obesity is also common in pedi-
atric patients with HCM, with almost 30% having a
body mass index in the 99th percentile for age and
sex.® Patients who are obese have an increased
burden of LVH and mass,>3° are more symptom-
atic, are more likely to have LVOTO, and have
reduced exercise capacity.>* In a large prospective,
multicenter registry of patients with HCM, obesity
was independently associated with a composite
outcome of death, HF, AF, ventricular arrhythmias,
and stroke, with hazard ratios ranging from 1.4 to
1.9.4 Although patients who were obese were less
likely to carry a sarcomere gene variant, obesity
increased risk in genotype-positive and genotype-
negative patients. Obesity is also associated with
increased susceptibility for developing HCM in
genotype-negative patients.'® Weight loss interven-
tions in patients who are obese with HCM there-
fore have the potential to reduce symptoms and
adverse outcomes, in addition to being an impor-
tant component of primary prevention for overall
cardiovascular health.

Hypertension is commonly coexistent in adult
patients with HCM, with a prevalence of approxi-
mately 35% to 50%, and affects sarcomere
variant-negative patients disproportionately."?
Intuitively, LV pressure overload imposed by ele-
vated systemic blood pressure could trigger the
onset of, or exacerbate, LVH. Hypertension has
been associated with increased penetrance in
gene variant carriers,'® and diastolic hypertension is
associated with a 4-fold risk of developing HCM in
genotype-negative individuals.'® Target blood pres-
sure should be in keeping with ACC/AHA primary
prevention guideline." In patients with symptomatic
obstructive HCM, beta blockers or nondihydropyri-
dine calcium channel blockers are often used as
first-line therapy. Low-dose diuretics may also be
used as antihypertensive agents. Although some
patients with obstructive physiology may tolerate
vasodilator therapy, these agents can exacerbate
LVOTO and symptoms. In younger patients with
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nonobstructive HCM due to a pathogenic or likely
pathogenic cardiac sarcomere genetic variant, who
have concomitant hypertension, valsartan may be
a good option because of its potential to slow dis-
ease progression.'

4. Sleep-disordered breathing is highly prevalent in
patients with HCM, affecting 55% to 70%. Patients
with obstructive sleep apnea are older, more often
hypertensive, and have greater symptom burden
and reduced exercise capacity.®” Obstructive sleep
apnea has also been associated with a greater
prevalence of AF and NSVT.°® Diagnosis and treat-
ment of obstructive sleep apnea could reduce
symptoms and arrhythmic complications in patients
with HCM but has not been systematically tested.

10. EVIDENCE GAPS AND FUTURE
DIRECTIONS

10.1. Refining the Diagnosis of HCM

The diagnosis of HCM is currently based on binary cut-
offs for LV wall thickness. However, due to imprecision in
measurement and variability based on sex, body size, and
comorbidities, relying on this single dichotomous metric
will result in overdiagnosis in some groups and underdi-
agnosis in others." Additionally, the phenotype of HCM
extends beyond LVH. Evolving toward a more molecular
or pathway-based approach to diagnosis, when possible,
will enable greater diagnostic accuracy, improve patient
stratification, and facilitate implementation of increas-
ingly targeted therapies.

10.2. Developing Therapies to Attenuate or
Prevent Disease Progression

Developing safe, effective medical therapy that can
forestall disease progression is a major therapeutic
goal, either with existing medications (eg, valsartan)' or
emerging medications (eg, cardiac myosin inhibitors).?
If the specific genetic etiology is identified, gene-based
therapies offer the potential for durably impacting dis-
ease with a single intervention, and testing is starting in
humans. However, for disease-modifying and preventive
therapies to be established, much more robust and gran-
ular understanding of disease pathogenesis is needed,
including identifying predictors of disease development,
predictors of adverse outcomes, and intermediate phe-
notypes that accurately track disease progression and, in
turn, response to therapy.

10.3. Improving Care for Nonobstructive HCM

Managing patients with symptomatic nonobstructive
HCM remains a major clinical challenge. In contrast to
obstructive HCM, where obstructive physiology can be
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effectively targeted and treated with medical and surgi-
cal approaches,'® determining the driving pathophysiol-
ogy of nonobstructive HCM remains somewhat elusive.
Diastolic abnormalities, including restrictive physiology
and myocardial energetics, are thought to be important
but are currently not well addressed. The role of cardiac
myosin inhibitors in nonobstructive HCM is being inves-
tigated in clinical trials.* With clinical benefit shown with
sodium-glucose cotransporter-2 inhibitors and mineralo-
corticoid receptor antagonists in patients with HF with
preserved EF investigating whether patients with nonob-
structive HCM may also benefit will be important. Clinical
trials that test lifestyle interventions to reduce symptom
burden are also needed. Given the benefits of cardiopul-
monary rehabilitation in other cardiac diseases, adding
HCM to the list of reimbursable diagnoses would extend
these benefits to this population.

10.4. Improving and Expanding Risk
Stratification

Despite several large, prospective studies'™ examin-
ing risk predictors of SCD, risk stratification algorithms
still have low positive-predictive values such that many
ICDs are placed unnecessarily. Conversely, sudden car-
diac arrest or SCD occurs in patients with no established
risk factors, albeit rarely. New risk factors and tools to
enhance the power of risk stratification algorithms are
needed, particularly in children.

Similarly, the ability to predict which patients with
HCM will suffer other adverse outcomes, such as HF and
AF, is limited. Artificial intelligence could prove useful in
screening, risk stratification, and/or disease progression
monitoring. The presence, pattern, or progression of LGE
or abnormal 3D strain on CMR,*® alone or in concert with
other biomarkers such as troponin levels, may become
useful predictors but must be consistent with existing
tools and show value against other risk metrics before
clinical adoption. These questions will benefit from con-
tinued assembly and growth of large, prospective regis-
tries that track clinical outcomes in well-genotyped and
-phenotyped patients with HCM. Studies including larger
numbers of pediatric and underrepresented racial and
ethnic group patients with HCM are particularly needed.

10.5. Arrhythmia Management

AF affects a large proportion of adult patients with
HCM, is often poorly tolerated, and may be more refrac-
tory to pharmacological and catheter-based interven-
tions than in patients without HCM.'® Further work is
needed to identify more robust predictors of developing
AF, refine risk scores, and better stratify for thrombo-
embolic complications.® Technical advances in ablative
therapy for AF may increase the success rate in pa-
tients with HCM.”

Circulation. 2024;149:e1239-e1311. DOI: 10.1161/CIR.0000000000001250
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10.6. Expanding Understanding of the Genetic
Architecture of HCM

Genetic evaluation and counseling are not widely avail-
able outside of experienced HCM centers. Greater ac-
cess to genetic counseling and testing, including expert
interpretation of results in the clinical context, is needed
for all patients with HCM to advance individual care, to
improve family management, and to advance the knowl-
edge base. Improved algorithms for the interpretation of
variants that are currently classified as variants of un-
certain significance are also evolving, including ongoing
efforts in expert variant curation by the Clinical Genome
Resource (ClinGen), a resource of the National Institutes
of Health (https://clinicalgenome.org/).!

Approximately 50% of cases of HCM are genetically
elusive. New gene discovery is needed to identify addi-
tional causal genes, recognizing that many of these cases
result from a combination of polygenic variants and envi-
ronmental factors.2® Additionally, better understanding of
the complex genetics underlying HCM and developing
polygenic risk scores will further advance patient stratifi-
cation and family management, including refining longi-
tudinal screening to be more limited in situations where
the risk of heritable disease can be predicted to be low.
Investigation into the correlations between genotype
and phenotype and clinical outcomes continues to be
an important endeavor as the field moves toward more
precise and tailored therapies—including gene-specific
therapeutics.
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