Case Report
MCT oil-based diet reverses hypertrophic cardiomyopathy
in a patient with very long chain acyl-coA dehydrogenase
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Very long chain acyl-CoA dehydrogenase (VLCAD)
deficiency is one of the genetic defects of mitochondrial
fatty acid beta-oxidation presenting in early infancy
or childhood. If undiagnosed and untreated, VLCAD
deficiency may be fatal, secondary to cardiac involvement.
We assessed the effect of replacing part of the fat in the
diet of a 2 ½-month-old male infant, who was diagnosed
with VLCAD deficiency,with medium-chain triglyceride
(MCT) oil and essential fats. The patient presented with
vomiting, dehydration, and was found to have persistent
elevation of liver function tests, hepatomegaly, pericardial
and pleural effusion, right bundle branch block, and
biventricular hypertrophy. Because of the cardiomyopathy,
hepatomegaly, and an abnormal acylcarnitine profile and
urine organic acids, he was suspected of having VLCAD
deficiency. This was confirmed on acyl-coA dehydrogenase,
very long chain (ACADVL) gene analysis. He was begun
on an MCT oil-based formula with added essential fatty
acids, uncooked cornstarch (around 1 year of age), and
frequent feeds. By 7 months of age, cardiomyopathy had
reversed and by 18 months of age, all cardiac medications
were discontinued and hypotonia had improved such that
physical therapy was no longer required. At 5 years of
age, he is at the 50th percentile for height and weight along
with normal development. Pediatricians need to be aware
about the basic pathophysiology of the disease and the
rationale behind its treatment as more patients are being
diagnosed because of expansion of newborn screen. The
use of MCT oil as a medical intervention for treatment of
VLCAD deficiency remains controversial mostly because of
lack of clear phenotype-genotype correlations, secondary
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to the genetic heterogeneity of the mutations. Our case
demonstrated the medical necessity of MCT oil-based
nutritional intervention and the need for the further research
for the development of specific guidelines to improve the
care of these patients.
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Introduction
Very long chain acyl-CoA dehydrogenase (VLCAD) is
the first enzyme in the beta oxidation of fatty acids once
they have been transported inside the mitochondria;[1,2]
the enzyme lies on the inner mitochondrial membrane.
During times of high energy requirements, long chain fatty
acids are mobilized from adipose tissue and eventually
metabolized by the heart and muscle. There are three
phenotypes associated with this enzyme deficiency
based on age of presentation and organ system
involvement.[3] In this case report, we describe a patient
with VLCAD deficiency diagnosed symptomatically after
he was found to have hepatomegaly and cardiomyopathy.
Case Report
Our patient was a 2½-month-old male infant who
presented to the hospital because of persistent emesis
for 24 hours. He was also found to be hyponatremic,
dehydrated, and hypotensive. The patient was admitted
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for rehydration and needed cardiac support with
dopamine. He was also worked up for sepsis and,
although one culture was positive, it was believed to be
contamination. The remaining cultures were negative.
Because his liver enzymes were persistently elevated,
he underwent an abdominal ultrasound which showed
hepatomegaly and pleural effusion. This led to a chest
x-ray which revealed an enlarged cardiac shadow;
hypertrophic cardiomyopathy with decreased ejection
fraction and pericardial effusion were diagnosed
by echocardiogram. An electrocardiogram showed
right bundle branch block. There was no evidence of
hypoglycemia during the hospital stay, but the patient
was on dextrose drip from the time of admission which
could have prevented this. His urine was positive for
ketones. Unfortunately, no blood creatine phosphokinase
(CPK) levels were checked at this time. His acylcarnitine
profile [Table 1], done as part of a metabolic work up,

was consistent with VLCAD deficiency.
To treat this patient, the pericardial effusion was
drained. As he became rehydrated, his cardiac pressors
were stopped. He was started on a medium chain
triglyceride (MCT) oil-based formula (Portagen) as
part of his treatment.[4] Except for essential fatty acids,
long-chain fatty acids were avoided. After two weeks
of inpatient treatment, the patient was discharged on
captopril, lasix, aldactone, potassium, riboflavin, and
carnitine. He was continued on an MCT oil-based diet
(total fat calories came 60% from MCT and 40% from
long-chain triglycerides; these calories from fat represent
40% of his total energy requirement). A repeat echo done
at 18 months of age showed complete resolution of the
cardiomyopathy. The patient continued on an MCT oilbased diet and had a G-tube because of the taste of the
formula. All his cardiac medications had been stopped,
and he has regular cardiology follow-up. His creatinine
phosphokinase levels continue to fluctuate with his

Table 1: Acylcarnitine profile showing marked elevation
of long chain species, especially C14 complex, C16,
C18:1 in a pattern consistent with VLCAD deficiency
Species
C2
C3:1
C3
C4
C5:1
C5
C4-OH
C6
C5-OH
BZL
C4DC
C8:1
C8
C5DC
C6-DC
C10:1
C10
C8-DC
C12:1
C12
C14:2
C14:1
C14
C14:1-OH
C14-OH
C16
C16-OH
C18:2
C18:1
C18:2-OH
C18:1-OH
C16-DC
C18:1-DC

Acyl Group
Acetyl
Propenoyl
Propionyl
Butyryl/Isobutyryl
Tiglyl
Isovaleryl
3-OH-Butyryl
Hexanoyl
3-Oh-Isovaleryl
Benzoyl
Methylmalonyl
Octenoyl
Octanoyl
Glutaryl
Adipoyl
Cis-4-Decenoyl
Decanoyl
Suberyl
Dodecenoyl
Dodecanoyl
Tetradecadienoyl
Tetradecenoyl
Tetradecanoyl
3-OH-C14:1
3-OH-C14
Palmitoyl
3-OH-Palmitoyl
Linoleoyl
Oleoyl
3-OH-Linoleoyl
3-OH-Oleoyl
C16-Dicarboxylic
C18:1-Dicarboxylic

Normal Range Result
nmol/ml
2.0-15.7
<0.03
<0.75
<0.43
<0.03
<0.37
<0.21
<0.25
<0.08
<0.03
<0.04
<0.52
<0.22
<0.03
<0.08
<0.30
<0.34
<0.08
<0.24
<0.17
<0.15
<0.26
<0.10
<0.05
<0.03
<0.27
<0.03
<0.04
<0.42
<0.03
<0.03
<0.03
<0.03

BQL - Below quantitation limits; NL - Normal

nmol/ml
0.81
BQL
0.05
BQL
0.07
0.05
BQL
BQL
BQL
BQL
BQL
0.06
0.03
BQL
0.07
0.06
0.12
0.03
0.13
0.25
0.73
3.18
2.02
0.17
0.06
4.89
0.06
1.68
6.88
0.04
0.06
0.07
0.10

Status

activity level. His carnitine dose is adjusted periodically
dependent on his plasma carnitine levels. We aim to keep
it within normal ranges and stop it if it is higher than that.
Acyl-CoA dehydrogenase, long chain (ACADVL)[5]

Low
NL
NL
NL
Elevated
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated

gene sequencing revealed an apparently homozygous
c.1141_1143delGAG in-frame deletion in exon 11.
Targeted comparative genomic hybridization (CGH)
array for the ACADVL gene identified a deletion
mutation encompassing exon 8 to exon 18 (partial), with
approximate genomic breakpoints at nucleotide positions
g.7,065,899 in intron 7 and g.7,068,084 in exon 18. Both
of these mutations are expected to make a truncated
protein. Subsequent analysis identified one copy of the
c.1141_1143delGAG in-frame deletion in this individual’s
mother. The c.1141_1143delGAG mutation was not
found in this individual’s father, and we did not perform
targeted CGH array analysis on the father, though we
suspect that he might be a carrier of the partial deletion
mutation encompassing exon 8 to exon 18.
Discussion
VLCAD deficiency can present in one of the following
three forms: (1) severe, early-onset with cardiac and
multiorgan failure VLCAD-C, [6,7] (2) early childhood
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form with hypoketotic hypoglycemia and hepatomegaly

Because of the expanded newborn screen and its

VLCAD-H, and (3) the later-onset episodic myopathic

implementation in parts of the world, more pediatricians

form VLCAD-M. Clinically, our patient fits the first

are going to be involved in the care of these patients,

phenotype. He had a typical presentation consisting of

and this report will help them understand the basis

hepatomegaly, cardiomyopathy, and cardiac arrhythmias.

of treatment for these patients. We feel that once we

We did not record any hypoglycemic episodes during his

have genotype-phenotype information available on

hospital stay, though he was on a dextrose drip as part

patients diagnosed through newborn screen, we will

of his rehydration.

be able to improve the treatment further and provide

Treatment is essentially dietary modification, with
avoidance of long-chain fatty acids and supplementation
with medium chain triglycerides, so that the enzymedeficient step can be bypassed.[8] Such treatment should
reverse most symptoms, although during times of stress,
like exercise, the MCT dosage may need to be raised to
supply the extra energy. This helps prevent mobilization
of long-chain fatty acids from the adipose tissue. Fasting
needs to be avoided for similar reasons.[9] Close follow-up

personalized interventions. Based on such information,
further clinical studies with a larger sample size will
help determine optimal nutrition care for patients
with VLCAD deficiency, as well as the role of MCT oil
supplementation.
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