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Cardiomyopathy associated with primary carnitine
deficiency in adults: lack of complete response in
patients with delayed treatment initiation

Miocardiopatia por déficit primario de carnitina en el adulto,
ausencia de respuesta completa al tratamiento iniciado
tardiamente

To the Editor,

Primary carnitine deficiency (PCD) is an autosomal recessive
disorder with an incidence of 1 in 40,000 to 120,000 births. PCD is
caused by mutations in the SLC22A5 gene, which encodes the
plasmalemmal organic cation transporter type 2 (OCTN2),
primarily expressed in the myocardium. These mutations lead
to a reduction in plasma carnitine concentrations (<5 wM;
normal, 10-55 wM) and an increase in urinary carnitine excretion,
causing a decline in the transfer of long-chain fatty acids from the
cytoplasm into the mitochondria.'

Most reported cases of PCD occur in infants and very young
children. These patients often display multisystem involvement,
including hepatomegaly, hypoketotic hypoglycemia, elevated
ammonia levels in blood, organic acidosis, and hepatic encepha-
lopathy. School-aged children (5-6 years) typically exhibit muscle
weakness, elevated transaminases, and heart failure (hypertrophic
or dilated cardiomyopathy).'

Onset is extremely rare in adolescence or adulthood. In these
age groups, the diagnosis and specific treatment may be delayed
for years, as cardiologists attending adults are not highly aware of
this condition. A recent systematic review identified 161 patients
with a symptom-based diagnosis of PCD. Of the 621 patients
included, only 13 cases were in adults (table 1). The typical
manifestations in adulthood are exclusively cardiac-related,

Table 1
Summary of PCD cases in adults

commonly involving the triad of hypertrophic or dilated cardio-
myopathy, noncompaction cardiomyopathy, and short QT interval.
Without an accurate diagnosis and appropriate treatment, patients
are at risk of ventricular arrhythmias and sudden cardiac death
(23/621, 3.7% of symptomatic cases, 8 in adults) or severe heart
failure.>*>

Regarding treatment, early supplementation with oral
L-carnitine at a dose of 100 to 300 mg/kg is effective in young
children, with rapid and complete reversal of the phenotype.
L-carnitine supplementation is safe at long-term, with reported
follow-ups of more than 30 years. Even after cardiologic
normalization, interrupting this treatment may lead to clinical
deterioration, which can be reverted if supplements are re-
sumed.?” There is considerable evidence supporting the benefits of
early treatment, but a striking lack of information on the outcome
in adults starting treatment many years after receiving the
cardiomyopathy diagnosis.

We present the case of a 27-year-old man diagnosed with PCD
after years of symptomatic treatment for dilated cardiomyopathy
with hypertrophy, noncompaction, and short QT interval. After
the sudden death of his sister, the patient started regular follow-
up visits, including 2 genetic studies that yielded no relevant
findings. A short time later, the patient underwent defibrillator
implantation for primary prevention, which delivered 2 appropri-
ate therapies for ventricular fibrillation at 6 months. Fourteen
years later, the diagnosis of PCD was established based on clinical
manifestations (low carnitine levels) and genetic criteria (com-
pound heterozygote for the pathogenic SLC22A5 variants
p.Glu452Lys and p.Leu269HisfsTer27). Weight-adjusted L-carni-
tine replacement treatment was started (commercial brand
followed by compounded formulations, initially in dry powder
form and later as a syrup), which achieved relatively stable

PCD diagnosis in adults  Onset in adult age

Status of heart condition when
treatment was started in
adulthood

Event in adulthood

1  Rasmussen, 2014% (n=76)> 76 by screening 1 with LVH

Totally asymptomatic and preserved
LVEF

Hypertrophy improvement
without specific details. No
mention of follow-up time

2 Crefcoeur, 2022 (n=621)° 181 by screening

13 by symptoms

5 with symptoms
3 with CMP

2 SVT and 6 VF (5 asymptomatic and
no previous replacement treatment)
6 deaths due to asystole or VF
(2 without cardiac symptoms,
2 following pivampicillin treatment)

Not specified

3 Rasmussen, 2020 (A:
n=31,866 screened;
B: n=53 sudden deaths)*

A: 21/21,209 adults
B: 13/53°

A: not specified
in screening
B: 7/13 LVH

A: not specified
B: 13 sudden deaths (inclusion
criterion)

A: Not specified
B: Untreated during their lifetime

4 Lu, 2020 (n=1)° 1 by symptoms 1 with VF, no CMP

1 VF at presentation

Stable electrical activity. No
mention of follow-up time.

1 due to CMP at
27 years of age

5 The present article

asymptomatic)

No (diagnosis of CMP at
the age of 13 years,

2 VF (at the age of 14 years)

Treatment started at age 27 years.
CMP improved without complete
resolution after 6 years of
treatment.

CMP, cardiomyopathy; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; PCD, primary carnitine deficiency; SVT, sustained ventricular tachycardia;

VF, ventricular fibrillation; )
2 Article included in the review by Crefcoeur et al.>.
b Includes children: mean age, 23 (range, 1-43) years.
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Figure 1. A: PCD patient starting carnitine replacement treatment at the age of 27 years, after a 14-year delay since onset of heart disease. B-D: electrocardiograms
at the time of diagnosis, shortly after onset, and following 5 years of treatment. E: images from autopsy study of the patient’s sister: macroscopic view shows LV

hypertrophy, and histological image reveals areas of disarray.

carnitine values within the normal range. The QT interval
improved rapidly, and no further arrhythmic events were
detected. Systolic function and ventricular dimensions have
improved, but not completely normalized, in contrast to the
response reported for treatment started promptly and in
childhood (figure 1). The noncompaction has remained un-
changed. The patient’s parents and 1 healthy sibling were
identified as simple heterozygotes.

Diagnosis and treatment of PCD in adults poses a series of
challenges that will be discussed. A presymptomatic diagnosis is
often achieved through systematic neonatal screening for endo-
crine and metabolic diseases. However, when many of the current
adult patients were born, PCD was not included in these programs.
Moreover, PCD screening is not consistently performed across
regions and has recognized pros and cons.

PCD is largely unfamiliar to cardiologists. Hence, it may be
treated simply as an underlying cardiomyopathy, without the
specific supplementation that can reverse or mitigate the
phenotype, and without appropriate family-centered manage-
ment.

Several commercial genetic panels do not include the SLC22A5
gene, and others incorporated it only between 2015 and 2020.
Therefore, SLC22A5 was not investigated in older studies. Following
diagnosis, adults require high, weight-adjusted doses of L-
carnitine, which often leads to a common side effect: strong body
odor resembling decayed fish.

Regular monitoring is required to ensure that the free carnitine
concentration stays within the normal range, even when treatment
adherence is adequate and there are no signs of clinical
decompensation.

Reported information is scarce on the safety and effectiveness
of carnitine replacement initiated many years after onset of the
cardiomyopathic phenotype. In response to the aforementioned
challenges, the authors suggest the following:

e It is important to remember that some undiagnosed patients
without neonatal screening may reach adulthood and present
with heart disease.

Cardiologists attending adults should become more aware of PCD
to better suspect and confirm the presence of this condition.
Advances in cardiogenetic research, with an increasing number
of genes identified in exome and genome studies, will enable
systematic analysis of minority genes such as SLC22A5. When
gene panels are used, health care providers should be aware of
the clinical triad of hypertrophic or dilated cardiomyopathy,
noncompaction, and short QT interval to purposely include the
SLC22A5 gene in the analysis.

The high life-long doses of L-carnitine required in adolescents
and adults suggest a treatment strategy that avoids commercial
brands (need for many vials and high cost). A better option would
be more concentrated formulas compounded in hospital
pharmacies in dry powder or syrup form. In our experience,
syrup formulations have proved effective for achieving stable
values within the normal range.

Unpleasant body odor caused by intestinal bacteria overgrowth
can be treated with a 10 mg/kg/day dose of metronidazole for
10 days each month.®

To facilitate follow-up, remote appointments can be scheduled
between in-person visits. In this approach, patients send 3 blood
drops on Whatman paper by mail directly to the laboratory for
free carnitine analysis.

Based on our experience and a review of the literature, we have
outlined some useful suggestions to improve the diagnosis and
treatment of PCD patients diagnosed in adulthood. It is important
to note that the prospect of complete cure is not as favorable in this
population as in young children, especially when the start of
carnitine treatment is delayed for years after development of the
cardiac phenotype.
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Characterization of lesions produced by pulmonary vein
isolation with radiofrequency balloon

Caracterizacion de las lesiones producidas por el aislamiento
de venas pulmonares con balon de radiofrecuencia

To the Editor,

Pulmonary vein isolation (PVI) is the cornerstone of invasive
atrial fibrillation treatment. Robust evidence, however, is lacking on
the influence of lesion size after isolation of pulmonary veins in the
posterior left atrial wall and fibrillation recurrence. Several studies
have analyzed lesion extent following PVI performed with a range
of techniques, including cryoballoon and laser balloon ablation.!?
The Heliostar radiofrequency balloon catheter system (Biosense
Webster Inc, USA) can achieve single-shot PVI and integrates with
the CARTO 3 navigation system for full visualization (Biosense
Webster, Israel). The Heliostar combines 10 longitudinal electrodes

for tailored energy delivery and a module for real-time visualization
of temperature and local impedance (figure 1A). The extent and
characteristics of lesions following PVI with radiofrequency balloon
ablation are unknown.

The aims of this study were to characterize lesions produced
by PVI with the Heliostar radiofrequency balloon catheter and to
analyze potential predictors of lesion size and quality. This
observational, nonrandomized, noncomparative study was ap-
proved by the local health care ethics committee (Ref. CI 22/548-
P_NOEC). Signed informed consent was obtained from all
patients.

We studied 25 consecutive patients with a history of
paroxysmal or persistent atrial fibrillation of less than 1 year
who underwent PVI with the Heliostar radiofrequency balloon
catheter using a methodology described elsewhere.® Baseline
patient characteristics, procedural details, and outcomes are
summarized in table 1. The CARTO 3 navigation system (Biosense
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