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Primary carnitine deficiency may mimic hypertrophic cardiomyopathy and be mistakenly attributed to genotype-negative

sarcomeric protein dysfunction in hypertrophic cardiomyopathy. Although rare, timely diagnosis may have significant

implications on management and should prompt testing of family members. (JACC Case Rep. 2024;29:102730)
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access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
T he definition of hypertrophic cardiomyopa-
thy (HCM) has evolved over time. The
currently accepted definition includes hyper-

trophy (>15 mm) anywhere within the left ventricular
wall that cannot be attributed to another systemic or
metabolic disease. HCM is caused by genetic muta-
tions encoding cardiac sarcomeric proteins or
sarcomere-related proteins.1 The American College
of Medical Genetics and Genomics identifies 14 core
genes containing most pathogenic variants of HCM.2

The yield of genetic testing has improved, discov-
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ering a pathogenic variant in 30% to 50% of pro-
bands.3 Cases without identifiable mutations may be
due to undiscovered variants, polygenic etiologies,
or HCM phenocopies or mimics. HCM mimics include
inborn errors of metabolism, metabolic storage disor-
ders, and neuromuscular disorders. In this report, we
review a rare mimic of HCM and explore the chal-
lenges and implications in arriving at this diagnosis.

HISTORY OF PRESENTATION

An 11-year-old boy was referred to pediatric cardiology
for evaluation prior to initiating stimulant medication
for attention deficit hyperactivity disorder. Although
extensive cardiac screening is not routinely recom-
mended prior to stimulant initiation, the patient’s
sister had recently been diagnosed with cardiomyop-
athy which prompted the referral. During the evalua-
tion, the patient reported that he was asymptomatic
and had normal exercise tolerance. Physical exami-
nation revealed weight 34.6 kg, height 136.7 cm, heart
rate 86 beats/min, respiratory rate 24 breaths/min, and
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ABBR EV I A T I ON S

AND ACRONYMS

CDSP = systemic primary

carnitine deficiency

HCM = hypertrophic

cardiomyopathy

LVH = left ventricular

hypertrophy

Stafford et al J A C C : C A S E R E P O R T S , V O L . 2 9 , 2 0 2 4

Carnitine Deficiency as an HCM Mimic N O V E M B E R 2 0 , 2 0 2 4 : 1 0 2 7 3 0

2

blood pressure 119/61 mm Hg. Cardiovascular
examination revealed a normal S1 and S2 with
a vibratory systolic murmur best heard at the
left lower sternal border. No other abnormal-
ities were appreciated.

PAST MEDICAL HISTORY

The patient was born in Mexico. Aside from

newly diagnosed attention deficit hyperactivity dis-
order, he had no known medical problems. The pa-
tient’s sister had been diagnosed with suspected HCM
after suffering a dysrhythmia at 9 years of age. Ge-
netic testing of the sister had been unrevealing for the
etiology of her cardiomyopathy. The parents and 3
younger siblings had no chronic medical conditions.

INVESTIGATIONS AND DIFFERENTIAL

DIAGNOSIS

Initial electrocardiogram showed sinus rhythm and
left ventricular hypertrophy (LVH) with strain pattern
(Figure 1A). Echocardiogram showed preserved ejec-
tion fraction and concentric LVH with a septal thick-
ness of 13 mm (z score 3.4) and posterior wall
thickness of 14 mm (z score 4.6) (Figure 1B). Given
these findings and family history, the differential
diagnosis most strongly suggested an inherited car-
diomyopathy. Potential etiologies included sarco-
meric HCM and monogenic systemic disorders such as
glycogen storage disease (due to PRKAG2 mutations),
Danon disease (LAMP2), Fabry disease (GLA), and the
RASopathies.

MANAGEMENT AND OUTCOME

He continued to follow with pediatric cardiology for
surveillance echocardiograms. Genetic testing was
not performed initially given that it was negative in
his sister. Unfortunately, the patient experienced
ventricular fibrillation at 13 years of age. He was
appropriately resuscitated by emergency medical
services and survived without neurologic sequelae.
During the postarrest hospital admission, a cardiac
magnetic resonance was obtained and showed HCM
with relative septal sparing and no evidence of
obstruction or interstitial fibrosis (Figures 1C and 1D).
He received a single chamber implantable cardiac
defibrillator for secondary prevention. A GeneDx
Hypertrophic Cardiomyopathy Panel was obtained
and did not identify a pathogenic variant. This panel
sequenced the following genes: ACTC (ACTC1),
CAV3, GLA, LAMP2, MTTG, MTTI, MTTK, MTTQ,
MYBPC3, MYH7, MYL2, MYL3, PRKAG2, TNNC1,
TNNI3, TNNT2, TPM1, and TTR. His sister was later
discovered to have low carnitine levels and under-
went whole exome sequencing which revealed a
pathogenic variant in SLC22A5, indicative of auto-
somal recessive systemic primary carnitine defi-
ciency (CDSP). Carnitine levels were obtained in the
presented patient and revealed total carnitine of
3 nmol/mL (reference, 25-69 nmol/mL), free carni-
tine 3 (reference, 16-60 nmol/mL), and acylcarnitine
short chain <1 nmol/mL (reference, 0-19 nmol/mL).
He subsequently underwent directed genetic testing
revealing homozygosity for the same pathogenic
variant as his sister. He was placed on carnitine
supplementation; however, he had multiple subse-
quent device rescues for ventricular arrhythmias and
progression of LVH in the setting of nonadherence to
supplementation (Figures 2A and 2B). During his last
follow-up at 21 years of age, he reported doing well
and was compliant with carnitine supplementation
and sotalol.

DISCUSSION

CDSP has an estimated prevalence of 1 per 50,000 in
the United States4 and results from dysfunction of the
cationic transporter (OCTN2) which is encoded by the
SLC22A5 gene. Mutations in SLC22A5 impair the
ability of OCTN2 to import carnitine into cells, leading
to low intracellular carnitine levels and urinary
carnitine wasting. Low intracellular carnitine levels
impair fatty acid oxidation because carnitine is
essential for the transport of fatty acids into the
mitochondria through the carnitine shuttle. CDSP is
therefore characterized by hypoketotic hypoglyce-
mia, hyperammonemia, liver dysfunction, cardiomy-
opathy, and skeletal hypotonia.5 Phenotypic
presentation can range from metabolic decompen-
sation in infancy, childhood myopathy, to fatigu-
ability in adults or complete absence of symptoms.
Cardiac arrest may precede diagnosis.5 Despite the
broad range of phenotypic presentations associated
with CDSP, cardiac dysfunction appears to be the
most prevalent, particularly in those presenting at
an older age.6 This is most likely due to car-
diomyocytes reliance on fatty acids as the primary
substrate for oxidative metabolism. Although car-
diomyocytes can use other substrates for meta-
bolism, the heart is particularly vulnerable to the
reduced capacity to oxidize fatty acids because it
has the highest adenosine triphosphate requirement
of any organ.7

Typically, the disorder is discovered through
routine newborn screening; however, false-negative



FIGURE 1 Initial Cardiac Investigation

(A) Electrocardiogram consistent with left ventricular hypertrophy (LVH) with strain pattern. (B) Echocardiogram with concentric LVH with a

septal thickness 13 mm (z score 3.4) and posterior wall thickness of 14 mm (z score 4.6). (C and D) Cardiac magnetic resonance with

concentric LVH without evidence of late gadolinium enhancement.
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results may occur because carnitine is transported
transplacentally and will reflect the mother’s level for
several days after birth. Once CDSP is suspected,
diagnosis is established by testing for pathogenic
variants in the SLC22A5 gene and demonstrating low
plasma carnitine levels.

American College of Cardiology/American Heart
Association guidelines recommend genetic testing
for all patients with HCM. The HCM genetic panel
initially sent for this patient did not include
SLC22A5 variants, which remains the case on
contemporary expanded genetic cardiomyopathy
panels. Other limitations to identifying CDSP and
other HCM mimics include variable penetrance and
expressivity of HCM variants, racial disparities in
identifying pathogenic variants, and complex un-
derlying genetics such as the cumulative role of
multiple variants.8 American College of Cardiology/
American Heart Association guidelines also stress
the importance of a 3-generation family history and
genetic counseling, when available, for all patients
with HCM. The importance of this recommendation
is exemplified by the subsequent discovery that in
addition to his sister being diagnosed with HCM,
consanguinity existed between the parents, and
there was a distant relative who had died in her 30s
while awaiting heart transplant.

The primary treatment of CDSP is carnitine sup-
plementation and avoidance of fasting to reduce
disease progression. An important difference be-
tween HCM and HCM mimics like CDSP are treat-
ment options. Whereas pathogenic variant
identification typically does not change manage-
ment in HCM, pathogenic variant identification of
HCM mimics almost always alters management.
When initiated before irreversible organ damage
occurs, carnitine supplementation in CDSP has been
shown to slow disease progression and even
improve cardiac muscle function.5 Nonadherence to
supplementation can be devastating as evidenced
by this patient’s multiple device rescues and pro-
gression of LVH.



FIGURE 2 Subsequent Cardiac Outcomes

(A) Ventricular fibrillation successfully terminated by a single 36-J defibrillation. (B) Progression of concentric left ventricular hypertrophy

with interventricular septum thickness 15.7 mm and left ventricular posterior wall thickness 17 mm.
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CONCLUSIONS

HCM mimics (eg, primary carnitine deficiency) are
rare and often nonspecific in presentation, and
therefore challenging to identify. HCM phenocopies
may be correctable with enzyme or protein replace-
ment/stabilization, leading to improved cardiac out-
comes and systemic symptoms. Clinicians must
maintain a high clinical suspicion for HCM pheno-
copies when evaluating patients with apparent HCM
to facilitate prompt diagnosis and proper disease-
modifying treatment.
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