Diagnosis of Very Long Chain Acyl-Dehydrogenase Deficiency From an
Infant’s Newborn Screening Card
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ABSTRACT. Very long chain fatty acid dehydrogenase
(VLCAD) deficiency is a rare but treatable cause of car-
diomyopathy, fatty liver, skeletal myopathy, pericardial
effusions, ventricular arrhythmias, and sudden death.
Unrecognized, VLCAD deficiency may be rapidly pro-
gressive and fatal, secondary to its cardiac involvement.
Because early diagnosis improves outcome, we present a
neonate with VLCAD deficiency in whom retrospective
analysis of the newborn screening card revealed that a
correct diagnosis could have been made by newborn
screening using tandem mass spectrometry.

Our patient demonstrated a classic neonatal course
with transient hypoglycemia at birth, interpreted as cul-
ture-negative sepsis, followed by a quiescent period no-
table only for hypotonia and poor feeding. At 3 months,
he presented with cardiorespiratory failure and pericar-
dial effusions, requiring pericardiocentesis, tracheos-
tomy, and prolonged mechanical ventilation. Plasma
free-fatty acid and acylcarnitine profiles demonstrated
small but significant elevations of C14:2, C14:1, C16,
and C18:1 acylcarnitine species, findings consistent
with a biochemical diagnosis of VLCAD deficiency.
Enteral feeds were changed to Portagen formula with
marked improvement in cardiac symptoms over sev-
eral weeks.

To confirm the biochemical diagnosis, molecular anal-
ysis was performed by analysis of genomic DNA on a
blood sample of the patient. Sequencing analysis and
delineation of VLCAD mutations were performed using
polymerase chain reaction and genomic sequencing. The
patient was heterozygous for 2 different disease-causing
mutations at the VLCAD locus. The maternal mutation
was a deletion of bp 842-3 in exon 8, causing a shift in the
reading frame. The paternal mutation was G+1A in the
consensus donor splice site after exon 1; this splice-site
mutation would likely result in decreased mRNA. The
likely consequence of these mutations is essentially a
null phenotype.

To determine whether this case could have been
picked up by tandem mass spectrometry analysis at birth
when the patient was asymptomatic, acylcarnitine anal-
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ysis was performed on the patient’s original newborn
card (after obtaining parental consent, the original spec-
imen was provided courtesy of Dr Kenneth Pass, Direc-
tor, New York State Newborn Screening Program). The
blood sample had been obtained at 1 week of age and
stored at room temperature for 6 months and at 70°C
thereafter for 18 months. Electrospray tandem mass spec-
trometry used a LC-MS/MS API 2000 operated in ion
evaporation mode with the TurbolonSpray ionization
probe source.

The acylcarnitine profile obtained from the patient’s
original newborn card was analyzed 2 years after it was
obtained. In comparison with a normal control, there was
a significant accumulation of long chain acylcarnitine
species, with a prominent peak of tetradecenoylcarnitine
(C14:1), the most characteristic metabolic marker of
VLCAD deficiency. This profile would have likely been
even more significant if it had been analyzed at the time
of collection, yet 2 years later is sufficient to provide
strong biochemical evidence of the underlying disorder.

Discussion. VLCAD was first discovered in 1992, and
clinical experience with VLCAD deficiency has been ac-
cumulating rapidly. Indeed, the patients originally diag-
nosed with long chain acyl-CoA deficiency suffer instead
from VLCAD deficiency. The phenotype of VLCAD de-
ficiency is heterogeneous, ranging from catastrophic met-
abolic and cardiac failure in infancy to mild hypoketotic,
hypoglycemia, and exertional rhabdomyolysis in adults.
This case demonstrates that VLCAD deficiency could
have been detected from the patient’s own neonatal heel-
stick sample. Most likely, a presymptomatic diagnosis
would have avoided at least part of a lengthy and inten-
sive prediagnosis hospitalization that had an estimated
cost of $400 000.

Although VLCAD is relatively rare, timely and correct
diagnosis leads to dramatic recovery, so that detection by
newborn screening could prevent the onset of arrhyth-
mias, heart failure, metabolic insufficiency, and death.
Fatty acid oxidation defects, including VLCAD defi-
ciency, may account for as many as 5% of sudden infant
death patients. Recent instrumentation advances have
made automated tandem mass spectrometry of routine
neonatal heel-stick samples technically feasible. Pilot
studies have demonstrated an incidence of fatty acid
oxidation defects, including short chain, medium chain,
and very long chain acyl-CoA dehydrogenase deficien-
cies, of approximately 1/12 000. As a result, cost-benefit
ratios for this approach should be systematically
examined. Pediatrics 2001;108(1). URL: http://www.
pediatrics.org/cgi/content/full/108/1/e19; cardiomyopathy,
very long chain fatty acid dehydrogenase, fatty acid oxida-
tion defects, pericardial effusions, infant, neonatal screening.

ABBREVIATIONS. VLCAD, very long chain fatty acid dehydro-
genase.
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ery long chain fatty acid dehydrogenase

(VLCAD) deficiency is a rare but treatable

cause of cardiomyopathy, fatty liver, skeletal
myopathy, pericardial effusions, ventricular arrhyth-
mias, and sudden death.'-> Unrecognized, VLCAD
deficiency may be rapidly progressive and fatal, sec-
ondary to its cardiac involvement.??® Because early
diagnosis improves outcome,®” we present a neo-
nate with VLCAD deficiency in whom retrospective
analysis of the newborn screening card revealed that
a correct diagnosis could have been made by new-
born screening using tandem mass spectrometry.

CASE REPORT

The patient was the full-term male product of a normal preg-
nancy born by cesarean section for failure to progress. Family
history was negative for cardiomyopathy, sudden death, or struc-
tural heart disease, and the patient had 1 healthy sibling. After
delivery, a 1-week course of empirical intravenous antibiotics was
administered because of prolonged rupture of membranes, posi-
tive maternal group B streptococcal vaginal cultures, and mild
respiratory distress, despite negative blood cultures. At 3 months,
neurologic evaluation demonstrated hypotonia, hyporeflexia,
hepatomegaly, and poor respiratory effort, and the patient was
hospitalized. Within 24 hours, the patient suffered a respiratory
arrest requiring intubation and mechanical ventilation. Echocar-
diogram demonstrated concentric left ventricular hypertrophy
with mildly depressed systolic function and a large pericardial
effusion. Pericardiocentesis yielded 167 mL of transudative fluid
over 72 hours. Because of persistent hypoketotic hypoglycemia,
acidosis, elevated liver and muscle enzymes, hepatomegaly, and
hypotonia, a presumptive diagnosis of a fatty acid oxidation de-
fect was made. Enteral feeds were initiated with Pregestimil
(Mead-Johnson, Evansville, IN), and the patient was transferred to
Yale-New Haven Children’s Hospital, New Haven, Connecticut.

At admission, the patient was nondysmorphic and well-nour-
ished with a physical examination notable for hepatomegaly, hy-
potonia, and hyporeflexia; no murmur or gallop was appreciated.
Admission laboratory values demonstrated sodium 132, potas-
sium 5.5, chloride 100, bicarbonate 20, glucose 64, serum glutamic-
oxalacetic transaminase 159 (0-35 U/L), serum glutamic-pyruvic
transaminase 55 (0-35 U/L), alkaline phosphatase 173 (30-130
U/L), creatine kinase 601 (24-195 U/L), and creatine kinase myo-
cardial fraction 62 (<5 ng/mL). Urine analysis demonstrated a
specific gravity of 1.015 and was negative for ketones, blood, and
protein. Blood and urine cultures were negative. Plasma free-fatty
acid and acylcarnitine profiles demonstrated small but significant
elevations of C14:2, C14:1, C16, and C18:1 acylcarnitine species,

Fig 1. Butyl-ester acylcarnitine profiles of blood
spots from newborn screening cards obtained by 1
precursor ion scanning (parent of m/z 85) electro-
spray/tandem mass spectrometry. Top A): patient
with VLCAD deficiency, analyzed 2 years after
collection. Bottom B), normal control. The symbol

findings consistent with a biochemical diagnosis of VLCAD defi-
ciency. Enteral feeds were subsequently changed to Portagen for-
mula.

Electrocardiogram demonstrated normal sinus rhythm with a
rate of 140 and biventricular hypertrophy. Initial chest radiograph
demonstrated cardiomegaly and clear lung fields. Echocardio-
gram demonstrated marked concentric left ventricular hypertro-
phy with an interventricular septal thickness of 9 mm and a
posterior wall thickness of 7 mm, both well beyond the 95th
percentile for body surface area. Shortening fraction and ejection
fraction by M-Mode were lower limits of normal for age at 28%
and 58%, respectively.

To confirm the biochemical diagnosis, molecular analysis was
performed by analysis of genomic DNA on a blood sample of the
patient. Sequencing analysis and delineation of VLCAD mutations
was performed as previously described, using polymerase chain
reaction and genomic sequencing.? The patient was heterozygous
for 2 different disease-causing mutations at the VLCAD locus. The
maternal mutation was a deletion of bp 842-3 in exon 8, causing a
shift in the reading frame. The paternal mutation was G+1A in the
consensus donor splice site after exon 1; this splice site mutation
would likely result in decreased mRNA. The likely consequence of
these mutations is essentially a null phenotype.

To determine whether this case could have been picked up by
tandem mass spectrometry analysis at birth when the patient was
asymptomatic, acylcarnitine analysis was performed on the pa-
tient’s original newborn card (after obtaining parental consent, the
original specimen was provided courtesy of Dr Kenneth Pass,
Director, New York State Newborn Screening Program). The
blood sample had been obtained at 1 week of age and stored at
room temperature for 6 months and at —70°C thereafter for 18
months. Electrospray tandem mass spectrometry was performed
according to a previously published method® using a LC-MS/MS
API 2000 (Perkin-Elmer Sciex, Toronto, Ontario, Canada) operated
in ion evaporation mode with the TurbolonSpray ionization probe
source (Perkin-Elmer Sciex, Toronto, Ontario, Canada).

Figure 1 shows the acylcarnitine profile obtained from the
patient’s original newborn card analyzed 2 years after it was
obtained. In comparison to a normal control (bottom profile), there
was a significant accumulation of long chain acylcarnitine species,
with a prominent peak of tetradecenoylcarnitine (C14:1), the most
characteristic metabolic marker of VLCAD deficiency.® This pro-
file would have likely been even more significant if it had been
analyzed at the time of collection, yet 2 years later is sufficient to
provide strong biochemical evidence of the underlying disorder.

DISCUSSION

VLCAD was first discovered in 1992, and clinical
experience with VLCAD deficiency has been accu-
mulating rapidly.!*419-12 Indeed, the patients origi-
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1) free carnitine (m/z 218); 2) acetylcarnitine (C1,
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nally diagnosed with long chain acyl-CoA dehydro-
genase deficiency suffer instead from VLCAD
deficiency.!! The phenotype of VLCAD deficiency is
heterogeneous, ranging from catastrophic metabolic
and cardiac failure in infancy to mild hypoketotic,
hypoglycemia and exertional rhabdomyolysis in
adults.?3713-15 This case demonstrates that VLCAD
deficiency could have been detected from the pa-
tient’s own neonatal heel-stick sample. Most likely, a
presymptomatic diagnosis would have avoided at
least part of a lengthy and intensive prediagnosis
hospitalization that had an estimated cost of
$400 000.

Although VLCAD is relatively rare, timely and
correct diagnosis leads to dramatic recovery, so that
detection by newborn screening could prevent the
onset of arrhythmias, heart failure, metabolic insuf-
ficiency, and death.23” Fatty acid oxidation defects,
including VLCAD deficiency, may account for as
many as 5% of sudden infant death patients.!® Recent
instrumentation advances have made automated
tandem mass spectrometry of routine neonatal heel
stick samples technically feasible.!”~° Pilot studies
have demonstrated an incidence of fatty acid oxida-
tion defects, including short chain, medium chain,
and very long chain acyl-CoA dehydrogenase defi-
ciencies, of approximately 1/12 000.'7 As a result,
cost-benefit ratios for this approach should be sys-
tematically examined.
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