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Abstract We report the case of a
33-year-old man who presented with
headaches and vomiting. Soon after
admission he became drowsy and
agitated, developed ventricular
tachycardia and his neurological
state worsened (Glasgow coma
score 6). Blood analysis showed
respiratory alkalosis, hyperlactacide-
mia (8§ mmol/l), hyperammonemia
(390 pmol/1) and hypoglycaemia
(2.4 mmol/l). Subsequently, he de-
veloped supraventricular tachycar-
dia, ventricular tachycardia and
ultimately ventricular fibrillation re-
sulting in cardiac arrest, which was

successfully treated. A CT scan of
the head revealed cerebral oedema.
Whilst in the intensive care unit, he
developed renal failure and rhabdo-
myolysis. The metabolic abnormali-
ties seen at the time of admission
normalised within 48 h with IV glu-
cose infusion. Biological investiga-
tions, including urinary organic acids
and plasma acylcarnitines, showed
results compatible with MCAD defi-
ciency. Mutation analysis revealed
the patient was homozygous for the
classical mutation A985G. This is
one of only a few reports of severe
cardiac arrhythmia in an adult due to
MCAD deficiency. This condition is
probably under-diagnosed in adult
patients with acute neurological
and/or cardiac presentations.
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Introduction

Inborn errors of metabolism are rare disorders. Medium-
chain acyl-CoA dehydrogenase (MCAD) is a key en-
zyme involved in mitochondrial fatty acid oxidation
(FAQO). MCAD deficiency is the most common FAO de-
fect with a clinical prevalence of about 1/15,000 to
1/19,000 [1]. It is relatively common in some European
populations and individuals descended from there [2].
Most affected individuals exhibit symptoms during the
neonatal period or the first 15 months of life. The clini-
cal presentation may include acute liver dysfunction,

hypoglycaemic coma and sudden unexpected death [3].
This condition is treatable using avoidance of fasting,
L-carnitine supplementation and dietary control. Appli-
cation of these treatment measures has been shown to
improve outcomes and prevent acute life-threatening epi-
sodes [4]. Reported clinical cases are very few compared
to the theoretical number of homozygous (or composite
heterozygous) individuals when the prevalence is esti-
mated by neonatal screening [5]. This suggests that most
individuals with MCAD deficiency do not present with a
life-threatening, acute metabolic episode during child-
hood. In this report we describe an adult case of MCAD
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Fig. 1 The abnormal excretion
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deficiency that demonstrates the critical importance of
considering this disease in cases presenting with unex-
plained neurological or cardiac disorders and the need to
collect blood and urine samples at the time of presenta-
tion to enable diagnosis.

Case repoit

A 33-year-old man was admitted to the Emergency Department
with a 4-h history of sudden onset of lethargy, headaches and
vomiting. By the time of admission he was drowsy and his speech
was incoherent. He had not taken any medication. He was a heavy
smoker with chronic alcoholism, but no other significant personal
or familial medical history. Collateral medical history from the
man’s family revealed no previous episodes of metabolic decom-
pensation during the neonatal period, childhood or adolescence.
Assessment at admission showed a4 Glasgow coma score (GCS) of
7 (eye: 3, motor: 3, verbal: 1), blood pressure 80/60 mmHg and
regular pulse at 85/min. Six hours later, he developed ventricular
tachycardia, which was treated with intravenous lidocaine. After a
further 8 h, he developed ventricular fibrillation with cardiac ar-
rest, which was successfully treated by cardioversion. Atrial fibril-
lation occurred 2 h later and was treated using amiodarone. In the
meantime, the patient’s neurological status had worsened (GCS:
6), and a CT scan showed diffuse cerebral oedema. Laboratory in-
vestig ations performed on blood collected at the time of admis-
sion revealed the following abnormalities: pH: 7.49, PaCO,:
-16 mmHg, bicarbonates: 12 mmol/l, potassium: 5.4 mEq/l, calci-
um; 2.1 mmol/l, lactates: 8 mmol/l (controls <2.2 mmol/1), ammo-
nia: 390 pmol/l (controls <50 pmoVl/l), glucose: 2.4 mmol/l, CK:
3,195 UU/ml (controls <220 UIM), ASAT: 59 UI/1 (controls
5-35 UI/1) and ALAT: 35 UL/l (controls 540 UI/1). The metabolic
abnormalities gradually normalised with administration of IV glu-
cose (175 g/day) over the ensuing 2 days. The patient remained
comatose during this period. In addition to the metabolic abnor-
malities, this man developed acute renal failure requiring haemo-
dialysis. The patient’s clinical status subsequently improved, al-
lowing tracheal extubation after 6 days of mechanical ventilation.
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Clinical recovery was complete and the patient was discharged
10 days after admission. The patient was advised to abstain from
alcohol, to avoid fasting and to follow a low-fat diet with camnitine
supplementation. At follow-up 1 year after discharge, he remained
well and completely asymptomatic.

Extensive cardiac investigations performed during admission,
including cardiac ultrasound, 24-h Holter recording, programmed
electrical stimulation and coronary angiography, were normal.

In addition, detailed metabolic investigations of urine showed
dicarboxylic aciduria (octanoic, 5-hydroxyhexanoic, adipic, /-UH-
octanoic, 7-keto-octanoic, suberic, octenedioic, sebacic, dec-
enedioic acids), phenylpropionylglycine and suberylglycine
(Fig. 1). The plasma acylcamnitines profile was also pathological
and showed octanoylcarnitine 5.3 pmol/l (controls <0.2 pmol/l),
decenoylcarnitine 1 pmol/l (controls <0.2 pmol/l) and hexanoyl-
carnitine 1.1 pmol/1 (controls <0.4 pmol/l) (Fig. 2). Given these
results, a diagnosis of MCAD was strongly suspected. The diagno-
sis was ultimately confirmed by molecular biology, the patient be-
ing homozygous for the common mutation A985G.

Discussion

In humans, medium-chain acyl-CoA dehydrogenase
[MCAD (E.C.1.3.99.3; MIM 201450)] deficiency is the
most frequently diagnosed defect of mitochondrial 8-oxi-
dation [1]. The vast majority of patients present with
metabolic crisis during the first years of life when meta-
bolically challenged by fasting and/or viral illness. First
presentation in adulthood has been described rarely [6,
7]. Usually, the phenotype includes hypoketotic hypo-
glycaemia, lethargy, coma, seizures and possibly death.
Sudden infant death resulting from cardiac arrhythmia
has also been described in relation to MCAD deficiency
(8].

Numerous data can explain the cardiac toxicity of
compounds that accumulate in defective fatty oxidation.
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Fig. 2 The abnormal increase
in hexanoylcarnitine (Cy),
octanoylcamitine (Cg) and
decenoylcamnitine (C,g,;) con-
firms MCAD deficiency
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High plasma concentrations of free fatty acids are associ-
ated with an increased incidence of ventricular arrhyth-
mia and fibrillation in patients with acute myocardial
ischemia or infarction [9]. Fatty acid oxidation is inhibit-
ed during myocardial infarction [10], leading to an accu-
mulation of acyl-camitine and acyl-CoA, which may
lead to cytosolic calcium overload and arrhythmia [11].
The accumulation of detergent CoA derivatives and
lysophospholipids also favours the development of ven-
tricular arrhythmias.

MCAD-related coma occurs as a consequence of
hyperammonemia associated with hypoketotic hypo-
glycaemia. In most hypoglycaemic states, ketone bodies
(3-hydroxybutyrate and acetoacetate) are released from
counter-regulatory lipolysis, serving as an alternative,
neuroprotective fuel source for the brain [12, 13]. In
MCAD deficiency, there is a reduced capacity to pro-
duce ketone bodies in response to fasting-induced hypo-
glycaemia. This leads to a lack of both glucose and ke-
tone bodies as available energy sources during prolonged
fasting and/or intercurrent illness. Thus, in the setting of
metabolic challenge in MCAD deficiency, lactate be-
comes the only available energy source that can be used
by the brain, and the energy that can be derived from this
compound is insufficient to maintain normal brain func-
tion [14]. Moreover, ketosis increases brain uptake of
neutral amino acids in exchange for glutamine. In
MCAD deficiency the absence of ketone bodies could
result in increased intracerebral glutamine concentra-
tions, thus augmenting the toxic effects of concurrent hy-
perammonemia [15]. ‘

In our patient, MCAD deficiency was suspected given
the initial findings of hypoglycaemia associated with hy-
perammonemia. In the urine, we found dicarboxylic ac-
iduria and acylglycine excretion (Fig. 1), which is very
suggestive of MCAD deficiency. The gold standard for
diagnosis of fatty acid oxidation defects is plasma acyl-
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carnitine profile analysis performed by tandem mass
spectrometry. At admission this patient’s acylcarnitine
profile was typical of MCAD deficiency: increased oc-
tanoylcarnitine, decenoylcamitine and hexanoylcamitine
(Fig. 2). Twelve h later (after glucose infusion) the pro-
file was normal. These findings highlight the fact that in
MCAD deficiency and related inborn errors of metabo-
lism, it is crucial to perform the appropriate laboratory
investigations during the acute metabolic crisis, prefera-
bly as part of the initial metabolic work-up. The typical
pattern of organic acids in urine persists longer than the
serum abnormalities, but is still only detectable for less
than 24 h. A diagnosis of MCAD must be considered
when dealing with unexplained acute digestive (vomit-
ing), neurological (drowsiness, seizures, coma) or cardi-
ac (arrhythmia) presentations, especially if there is an as-
sociated abnormality like hypoglycaemia, hyperammo-
nemia, hyperlactacidemia, hepatic cytolysis or rhabdo-
myolysis [16]).

Adult presentation of MCAD deficiency is very rare,
with only two other published cases [6, 7]. Raymond [7]
described the case of an unexpected death in a 45-year-
old woman who fasted for 2 days in preparation for a co-
lectomy. The diagnosis was made on postmortem analy-
sis. The absence of past medical history, the fasting epi-
sode and the very severe presentation described in Ray-
mond’s report are very similar to our case.

This disorder is included in routine neonatal screen-
ing programs in some countries, including Germany,
Australia and some parts of the U.S.A. [17, 18, 19].
These screening programs have shown that the preva-
lence of MCAD deficiency is much higher than estimat-
ed by clinical diagnosis. Each year in France, about six
cases are clinically diagnosed, whereas the theoretical
number of cases, estimated by systematic neonatal
screening, is more than 40 new homozygous or compos-
ite heterozygous carriers per year [5]. These figures sug-
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gest that a grseat number of adults with MCAD defi-
ciency have never suffered symptoms. Even if they nev-
er do, this case report demonstrates that patients with
this disorder can present for the first time as adults with
a very severe, life-threatening, acute crisis. It is very im-
portant to reach the diagnosis, because it is a treatable

and timely treatment. The major goal of treatment is the
prevention of metabolic decompensation by avoiding
fasting (the therapeutic importance of the low-fat diet
and carnitine supplementation is still under investiga-
tion). This preventive treatment either dramatically re-
duces or completely eliminates recurrent episodes of

disease with an excellent prognosis when given correct

this disease [20].
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