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Abstract

Very long-chain acyl-coenzyme A dehydroge-
nase (VLCAD) deficiency (MIM 201475) is a
rare inherited disorder with three forms of
clinical presentation: a severe early-onset
form; an intermediate form with childhood
onset; and an adult-onset form, of mild severi-
ty. During adolescence and adulthood, exercise
intolerance, myalgia and recurrent episodes of
rhabdomyolysis are the main clinical features.
The authors present a case of a 13-year old
female, with severe myalgia and dark urine
after prolonged exercise. Analytical evaluation
showed marked elevation plasma creatine
kinase and myoglobin. The increased levels of
tetradecenoyl carnitine in patient’s dried blood
spot suggested a VLCAD deficiency, which was
confirmed by molecular study. Family history is
remarkable for first grade consanguinity of
parents and a 19-year old brother with records
of repeated similar episodes after moderate
intensity physical efforts which was subse-
quently also diagnosed with VLCAD deficiency.
This is one of the first cases of late-onset of
disease diagnosed in Portugal.

Introduction

Rhabdomyolysis is defined as a clinical and
biochemical syndrome resulting from the lysis
of skeletal muscle cells. It usually affects
healthy individuals following excessive physi-
cal activity, trauma, infections, use of medica-
tions or illicit drugs and other toxic agent’s
consumption.'?

Metabolic myopathies might be a rare cause
of rhabdomyolysis. They result due to an
inability of muscle cells to produce an ade-
quate amount of energy for their needs
because of underlying defects in glucose,
glycogen, lipid or nucleoside metabolism.?
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This heterogeneous group of inherited dis-
eases include disorders of fatty acid oxidation
(FAO) such as very long-chain acyl-CoA dehy-
drogenase (VLCAD) deficiency. VLCAD is a key
enzyme catalyzing the first reaction in the
mitochondrial beta-oxidation of long-chain
fatty acids with a chain length of 14 to 20 car-
bons. This autosomal recessive disorder has a
prevalence of about 1:85,000,* and was first
identified in 1992 by Izai et al’ The human
VLCAD gene has been identified and located
on the short arm of chromosome 17 between
bands p11.2 and p11.13105.

Since 2004, Portuguese Newborn Screening
Program includes this disorder in its panel.
Until the end of 2012 a total of 738,816
neonates were screened and eight VLCAD defi-
ciency cases were identified (1:92,352). In this
cohort, VLCAD deficiency is the second more
prevalent FAO after medium-chain acyl-CoA
dehydrogenase deficiency. The early detection
avoids the morbility and mortality disease-
associated.

There are three phenotypes described,
according to the age at onset of clinical mani-
festations:™1 i) early infantile-onset cardiac
type, a severe form that involves hyperthroph-
ic cardiomyopathy and sometimes leads to sud-
den death in the early infantile period; ii)
childhood-onset hypoglycemia type, of moder-
ate-severity childhood onset, that usually pres-
ents as a hypoketotic hypoglycemia eventually
with hepatomegaly which is induced by fasting
or preceding infections; and iii) adolescent/
adult-onset myopathic type, of mild severity
and adolescent or adult onset, that occurs dur-
ing situations of increased energy demand,
e.g., after physical exercise or fasting and
mostly results in muscle weakness or muscle
pain that can proceed to severe rhabdomyoly-
sis with highly elevated creatine phosphoki-
nase (CPK) concentrations.!>

Here, we describe the clinical, biochemical
and molecular findings of a female teen with
the late-onset type of VLCAD deficiency.

Case Report

A 13-year old female was admitted for
severe, generalized muscle pain and dark
urine lasting less than one day. The day before,
she underwent prolonged physical effort as a
result of four soccer games. No history of
recent infection or trauma neither intake of
herbs, alcohol or other drugs. No history of pre-
viously similar episodes or other relevant med-
ical history, such hypoglycemia, recurrent
vomiting, liver disease or coma.

She was the second of three children born to
healthy first-degree cousins. Her 19-year old
brother had a history of repeated similar
episodes of muscle pain and dark urine after
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physical exertion of moderate intensity since
the age of 17 and a hospitalization, one year
ago, for rhabdomyolysis, but without further
etiologic diagnosis.

On admission her temperature was normal.
Except for tenderness in her muscles with
mobilization difficulties, the physical and neu-
rologic examinations were normal.

Blood sample analysis showed CPK 215,800
U/L (normal<167), lactate dehydrogenase
6000 U/L (normal 240-480), myoglobin 30,950
ng/mL (normal 25-58); and aspartate amino-
transferase 4773 U/L (normal 10-50). Glucose,
urea, creatinine, sodium, potassium, calcium
and phosphorous levels were normal. Venous
blood gas measurement revealed no abnormal-
ities. Urinalysis was positive for blood by
reagent testing and had 5-10 red blood cells per
high-power field by microscopy. Influenza A
and B, Epstein-Barr, herpes simplex, parain-
fluenza, coxsackie, echovirus, adenovirus,
human immunodeficiency virus or cytomega-
lovirus were excluded based on serological
studies.

Based on clinical presentation, family histo-
ry and laboratory results, the diagnosis of
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metabolic myopathy with rhabdomyolysis pre-
cipitated by exercise was suspected. For fur-
ther clarification additional investigations
revealed serum lactate 1.20 mmol/L (normal
0.63-2.44), pyruvate 77 pmol/. (normal 54.1-
119.9), ammonia 77 pg/dL (normal 45-80) and
free carnitine 15 pmol/L (normal 30-50). The
urine organic acids profile showed 3-hydroxy-
butyric acid and acetoacetic acid. Acylcarnitine
analysis by tandem mass spectrometry of the
patient’s dried blood spot disclosed elevated
tetradecanoyl carnitine (C14) (0.26 pM, nor-
mal<(.24), tetradecenoyl carnitine (C14:1)
(0.26 pM, normal<0.18) and tetradecadienoyl
carnitine (C14:2) (0.13 pM, normal<0.08),
suggesting VLCAD deficiency. This was con-
firmed on acyl-CoA dehydrogenase very long-
chain (ACADVL) gene analysis, using standard
polymerase chain reaction procedures, with
in-house designed primers, to amplify from
genomic DNA all exons and exon-intron
boundaries of this gene. Sequence analysis
was performed in an ABI Prism 3100x] genetic
analyzer using the Big Dye terminator v3.1
Cycle Sequencing kit (Applied Biosystems,
Inc., Foster City, CA, USA) and allowed the
identification of a homozygous mutation,
p.L500del  (c.1500_1502delCCT), already
described.® Echocardiography was performed
and showed no signs of hypertrophy or car-
diomyopathy.

Analgesic treatment with acetaminophen
was started as well as aggressive intravenous
hydration in order to avoid acute renal injury.
Favorable clinical and biochemical evolution
was noted, always with preserved renal func-
tion and no electrolytic abnormalities, and she
was discharged after five days.

Despite having received advice on lifestyle
and diet, a second episode of rhabdomyolysis
occurred two months later, following a pro-
longed physical effort, a two hour long soccer
game without hydration or food intake during
the exercise. Between the two episodes she
was asymptomatic with no laboratory abnor-
malities. Since the second episode, patient
compliance has improved, and she remains
asymptomatic when following a dietary regi-
men avoiding fasting for more than eight
hours overnight, prolonged exercise and a
high-carbohydrate, low-fat diet. She also start-
ed supplementation with medium-chain
triglyceride oil before physical exercise.

Recently, her brothers were also studied for
VLCAD deficiency. The older brother revealed
the same homozygous mutation on ACADVL
gene analysis. Her younger brother, though
asymptomatic, was studied through acylcarni-
tine analysis by tandem mass spectrometry of
a dried blood spot specimen collected during a
period of fasting that showed no alterations.
ACADVL gene analysis was also performed and
no mutation was identified.
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Discussion

Episodes of exercise intolerance followed by
dark urine as a result of rhabdomyolysis, and
increased serum CPK activity are symptoms of
skeletal muscle disease that can be acquired or
inherited. Recognized heritable causes of
rhabdomyolysis are defects in the glycogen
metabolism and glycolysis, in the respiratory
chain or in fatty acid oxidation. Within the
group of disorders of fatty acid metabolism,
carnitine palmitoyl-transferase II deficiency is
the most frequently reported condition, but
other defects, like VLCAD deficiency, have also
been described.

For the present patient, common causes of
rhabdomyolysis were excluded, including mus-
cle injury, drugs, toxins or infections. A meta-
bolic etiology, namely a fatty acid metabolism
disorder, was suspected given the onset of
symptoms after prolonged physical exercise
and the suggestive family history, such as par-
ent’s consanguinity and brother’s similar
symptoms. Studies were conducted to confirm
this diagnosis and exclude other above men-
tioned metabolic disorders, also associated to
this presentation.

The key biochemical test which allowed an
accurate diagnosis of VLCAD deficiency was
the measurement of blood spotted onto filter
paper acylcarnitines by tandem mass spectom-
etry that revealed accumulation of tetrade-
cenoyl carnitine (C14:1).” These biochemical
results were sufficiently characteristic to pro-
ceed directly to mutation analysis of ACADVL,
the only gene known to be associated with this
disorder.5 The molecular basis of VLCAD defi-
ciency is very diverse with more than 80 muta-
tions reported in the literature.%-1416 In fact,
no prevalent mutation has yet been detected.

In this particular case we report a known
mutation,® first described in 2006 which
results in deletion of leucine at position 501 of
the mature VLCAD protein, and are associated
with the same phenotype ie., the myopathic
type. Both parents were found to be heterozy-
gous for this mutation.

Several studies have addressed the question
whether or not it is possible to correlate geno-
type and phenotype in VLCAD deficiency. In
fact the only established relations are the pres-
ence of null mutations in severe and early phe-
notypes and missense mutations in milder and
later phenotypes.!1416 [n patients with two null
mutations, the complete absence of VLCAD
activity will affect many tissues, including the
heart and liver, resulting in cardiomyopathy,
hepatomegaly, and recurrent episodes of meta-
bolic decompensation. Patients with missense
mutations or single-amino acid deletion muta-
tions may have sufficient residual VLCAD
activity, when receiving adequate nourish-
ment, to avoid liver and cardiac symptoms, and
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may not undertake sufficient sustained exer-
cise, in childhood, to precipitate severe muscle
symptoms. The late onset of disease in adoles-
cent/adult patients could simply be the result of
their avoidance to metabolic stress during
childhood. Alternatively, it is possible that they
have mutations with higher residual enzyme
activity than that observed in patients with the
mild childhood phenotype, resulting in a differ-
ence in tolerance of metabolic stress between
the two groups of patients.!!

Although VLCAD deficiency may present
with severe cardiac involvement during child-
hood, almost all patients with later presenta-
tion, including the case presented here, did not
have symptomatic cardiac abnormalities.

Treatment of VLCAD deficiency is based on
dietary modification, with avoidance of long-
chain fatty acids and eventually supplementa-
tion with medium chain triglycerides (MCT),
so that the enzyme-deficient step can be
bypassed.”” Such diet should reverse most
symptoms, although during periods of stress,
like exercise, the MCT dosage may need to be
raised in order to supply the extra energy, thus
helping to prevent mobilization of long-chain
fatty acids from the adipose tissue. Fasting
needs to be avoided for similar reasons.!

The diagnosis of the older brother through
family screening, stresses the need to consid-
er this group of disorders in similar cases of
extreme exercise intolerance and rhabdomyol-
ysis.

Conclusions

In a patient with rhabdomyolysis, and after
more common causes are excluded, it is impor-
tant to consider the possibility of a metabolic
disease, in order to provide a quick and ade-
quate diagnosis. In this particular case, the
history of parent’s consanguinity and a brother
with similar symptoms help us to have a high
index of suspicion of this disorder. After the
diagnosis, adjustments in life-style and diet
are crucial in the prevention of recurrent
episodes of metabolic decompensation.
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