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Abstract

Hypertrophic cardiomyopathy (HCM) is an inheritable cardiac disease characterized by the hypertrophy of the myocardial
segments.HCM is the leading cause of sudden cardiac death in young athletic adults in the United States. While the prevalence
rate of HCM is 0.2-0.8%, it is widely underdiagnosed. Left ventricle hypertrophy is most observed, but other myocardial
segments are also susceptible to hypertrophy. These include anterolateral wall, apex, mid-ventricular, isolated basal septa, and
asymmetric interventricular septal hypertrophy. Outcomes in HCM have improved over the years but continue to require access
to better therapies in young children, who currently do not have access to myosin inhibitors.

Keywords: cardiac, genetic, myocardial

Case Summary

A preschool-aged boy with a family
history of sudden death of unknown
etiology presented with chest pain and
palpitations. His physical exam was
notable for normal vital signs, but a II/VI
systolic ejection murmur was present at
the left sternal border that increased in
intensity on Valsalva maneuver.

Imaging Findings

Transthoracic echocardiogram (Figure
1) showed severe asymmetric left
ventricular hypertrophy (LVH) with
normal systolic function. Cardiovascu-
lar magnetic resonance (CMR) con-
firmed severe asymmetric LVH, with the
mid-septal wall measuring 2.5 cm in
diameter (normal 1-1.5 cm) with normal
systolic function and severely dilated
left atrium consistent with restrictive
physiology (Figure 2). There was extensive

myocardial fibrosis present (Figure 3) with
a patchy mid-myocardial late gadoli-
nium enhancement (LGE) pattern of the
mid-septal wall.

Diagnosis

Hypertrophic cardiomyopathy (HCM).
The differential diagnosis of HCM
includes causes such as idiopathic
HCM, aortic stenosis, coarctation of
the aorta, coarctation, chronic systemic
hypertension, or athletic heart syn-
drome. Alternatively, genetic or associated
diseases such as amyloidosis, Fabry
disease, Pompe disease, dilated cardiomy-
opathy, and restrictive cardiomyopathy.

Discussion

HCM is an inheritable cardiac disease
characterized by the hypertrophy of the
myocardial segments.' HCM is the leading
cause of sudden cardiac death (SCD)
in young athletic adults in the United
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States. While the prevalence rate of

HCM is 0.2-0.8%), it is widely underdiag-
nosed. In children <1 year old, HCM

may be associated with diastolic and/or
systolic dysfunction and most commonly is
caused by metabolic-based abnormalities
or syndromes (mitochondrial dysfunction,
Pompe disease, Noonan syndrome, etc).
However, in young adults, the disor-

der is mostly associated with primary
diastolic dysfunction.'

Left ventricular outflow tract or
mid-ventricular obstruction may occur. In
cases with severe diastolic dysfunction,

a restrictive physiology with a dilated

left atrium and no mitral regurgitation
may develop, and these patients are the
highest risk individuals. Nonsarcomeric
causes such as RASopathies like Noonan
syndrome, metabolic storage disorders,
neurological illnesses, and mitochondrial
disorders account for the majority of

the HCM cases in infants under 1 year

of age and neonates.” HCM due to
mutations in sarcomeric genes is most
common in ages 1-18 and adults. The
most common sarcomeric gene mutations
involved in HCM are the B-myosin

heavy chain (MYH?7) and myosin-bind-
ing protein C (MYBPC3) gene, account-
ing for nearly 70% of all HCM cases.”
Neonates of mothers with diabetes are
also at high risk for developing HCM
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Figure 1. Two-dimensional parasternal long-axis transthoracic echocardiogram at end diastole branching, and woven interstitial fibrosis.
showing severe asymmetric left ventricular hypertrophy of the septal wall (yellow arrow). LA, left

The myocardial cell diameter commonl
atrium; LV, left ventricle; RV, right ventricle. Y y

ranges from 20 to 30 um, indicating mild to
severe HCM.*

LVH is most observed, but other
myocardial segments are also suscep-
tible to hypertrophy. These include
anterolateral wall, apex, mid-ventricu-
lar, isolated basal septa, and asymmet-
ric interventricular septal hypertrophy.®
In the neonatal population, histopatho-
logical findings include cardiomyocyte
nuclei enlargement with mild fibrosis and
diffuse concentric ventricular hypertro-
phy.° Children and young adults with
HCM may present with angina, palpita-
tions, syncope with exercise, lightheaded-
ness, dyspnea, or SCD. In patients with
suspected HCM, a comprehensive cardiac
history, 3-generation family history,
echocardiogram, CMR, stress echocar-
diography, 12-lead ECG, and genetic
testing are recommended.’” Key echo-

cardiographic features suggestive of HCM
include increased left ventricular wall

Figure 2. (A) Four-chamber cardiovascular magnetic resonance (CMR) cine steady-state-free
precession (SSFP) at end diastole showing severe asymmetric left ventricular hypertrophy of the
septal wall (yellow arrow) and apical lateral wall (black arrow). (B) Four-chamber CMR cine SSFP at Z-score >2.0 in children, mitral valve
end systole showing severe asymmetric left ventricular hypertrophy of the septal and apical lateral leaflet elongation, and anterior displace-
walls (yellow arrow) with normal left ventricular systolic function and near mid-left ventricular
cavity obliteration and severe left atrial dilation (black asterisk).

thickness of >15 mm in adults or a

ment of the anterolateral and posterome-
dial papillary muscles of the mitral valve.®

A dynamic left ventricular outflow tract
obstruction (LVOTO) may be observed
due to the systolic anterior motion of

the mitral valve leaflets in patients

with obstructive HCM.® Advances in
genomic medicine have strengthened the
echocardiographic-genotype relationship.
Zhou et al demonstrated that mutations in
MYH7 and MYBPC3 correlate with greater
susceptibility to myocardial thickening

of the anterior wall, interventricular
septum, and lateral wall. Mutations in

the ALPK3 correlate with apex hypertro-
phy.’ Diagnosing and managing HCM
often requires CMR for optimal imaging,

due to reactive hyperinsulinemia, which a pancreatectomy is needed to treat particularly in distinguishing hypertrophy
typically resolves within the first weeks hyperinsulinemia and resolve the HCM.? of different myocardial segments. CMR

of life.* Additionally, neonatal patients Histopathological findings in pediatric also enhances the characterization of
with severe congenital hyperinsuline- and young adult patients with HCM the mitral valve and papillary muscle

mia are also at risk. In such cases, include myocyte disarray, abnormal anomalies, which are crucial for managing
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Figure 3. (A) Three-chamber mid-short-axis cardiovascular magnetic resonance (CMR) cine
steady-state-free precession at end diastole showing severe mid-inferoseptal wall hypertrophy
(yellow arrow) and gradient recalled echo (GRE) post-contrast at end diastole showing extensive
patchy mid-myocardial late gadolinium enhancement (LGE) of the anteroseptal wall (yellow arrow).
(B) Mid-short-axis CMR GRE post-contrast at end diastole showing patchy mid-myocardial LGE of
the mid-anteroseptal inferoseptal wall (yellow arrow).

obstructive HCM.” CMR’s ability to further
accurately delineate the initial echocar-
diography findings may be essential in
evaluating LVOTO mechanisms and septal
reduction therapy planning.’

Moreover, LGE in CMR can monitor
HCM by assessing the extent of cardiac
fibrosis.” A CMR of adult and pedia-
tric patients may reveal extensive LGE,
which strongly correlates with a higher
incidence of SCD.? Given its comprehen-
sive evaluation capabilities, CMR should
be integrated into the diagnostic and
therapeutic decisions involving implanta-
ble cardioverter defibrillator placement.
Outcomes in HCM have improved over
the years but continue to require access
to better therapies in young children,
who currently do not have access to
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myosin inhibitors. Despite having tragic
consequences, HCM carries a favorable
prognosis if diagnosed early. Manag-
ing the symptoms includes negative
inotropic drugs such as -blockers,
myosin inhibitors such as mavacamten
and afikomen (pending FDA appro-

val), anti-arrhythmics, and anticoagu-
lants. Prophylactic management may
entail placing an implantable cardi-
overter defibrillator for SCD prevention.
Long-term management may involve
surgical myectomy, rarely alcohol septal
ablation, and heart transplantation in
end-stage progressive heart failure due
to hypertrophic obstructive cardiomy-
opathy, or nonobstructive HCM with
systolic dysfunction, or HCM with
restrictive physiology.'
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