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ABSTRACT

Female patient carrier of medium-chain acyl-CoA dehydrogenase deficiency (MCADD) with recurrent clinical episodes of hypoglycemia and
altered level of consciousness, presented changes in blood acylcarnitine profile by tandem mass spectrometry and in the urinary organic
acid analysis by gas chromatography/mass spectrometry (GC/MS). This case demonstrates the importance of fasting prior biological
sample collection (when possible) when MCADD is suspected, and emphasizes that the time/momentum of biological sample collection
is crucial to diagnosis, considering the possibility that MCADD is underdiagnosed in Brazil.
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RESUMO

Paciente portadora de deficiéncia de acil-CoA desidrogenase de cadeia média (MCADD), com episidios clinicos recorrentes de
hipoglicemia e alteragdo de consciéncia, apresentou alteracoes no perfil de acilcarnitinas em sangue por espectrometria de massas
em landem e na andlise de dcidos organicos urindrios por cromalografia gasosa acoplada a espectromelria de massa. Este caso
demonstra a imporidncia da colela de amostra biologica em jejum (se possivel) quando hd suspeila de MCADD e ressalta que o
tempo/momento de colela da amostra biologica é importante para o diagnostico, considerando a possibilidade de a MCADD ser
subdiagnosticada no Brasil.

Unitermos: defeilos da belaoxidagcdo mitocondrial; MCADD; jejum; acilcarnitinas; dcidos organicos.

RESUMEN

Paciente portadora de deficiencia de acil-CoA deshidrogenasa de cadena media (MCADD) con episodios clinicos recurrentes de
hipoglucemiay alteracion de consciencia presento mudanzas en el perfil de acilcarnitinas en la sangre con técnicas de espectromelria
de masas en tdndem y en el andlisis de dcidos orgdanicos urinarios mediante cromatografia de gases acoplada a espectromelria
de masas. Este caso demuestra la importancia de la toma de muestras biologicas en ayunas (se posible) cuando se sospecha de
MCADD y destaca que el tiempo/momento de extraccion de la muestra biologica es valioso para el diagndstico, considerando la
posibilidad de que la MCADD es subdiagnosticada en Brasil.

Palabras clave: defectos de la beta-oxidacion mitocondrial; MCADD; ayuno; acilcarnitinas, dcidos orgdnicos.
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INTRODUCTION

Medium chain acyl-CoA dehydrogenase deficiency (MCADD)
is an autosomal recessive disease caused by mutations in the
acyl-CoA dehydrogenase gene, C-4 to C-12 straight chain (ACADM)
that encodes this enzyme™™. Most patients are homozygous for
a single missense mutation at exon 1lof the ACADM gene,
the ¢.985A>G transition translated into replacing the lysine
residue by a glutamic acid at position 304 in the mature protein
(pLys304Glu) >, 1t is of considerable clinical heterogeneity
and high mortality rate. The most common symptoms include
recurrent hypoketotic hypoglycemia, lethargy, vomiting, acute
liver dysfunction, Reye-like syndrome episodes, seizures and coma,
sudden death may also occur'?,

Individuals with MCADD may remain clinically and laboratory
asymptomaticuntil the occurrence of a prolonged period of fasting —
often associated with a concomitant virus infection, more common
in children — or after intense physical exercise, which is common
in adolescents and adults. These scenarios trigger metabolic stress
and, consequently, patient decompensation®-1.

Treatment for MCADD consists of providing appropriate
calorie intake and avoiding fasting, catabolism situations and
infectious episodes. The prevention of metabolic decompensation
in a patient diagnosed with MCADD involves the establishment of
an early diagnosis, preferably presymptomatic. The establishment
of a carbohydrate-enriched lipid-poor diet supplemented with oral
carnitine may also prevent acute episodes'®. Once the disease is
diagnosed and therapeutic measures are properly implemented,
recurrence of metabolic crisis will be rare; therefore, the prognosis
of this pathology is very favorable'".

In a condition suggestive of MCADD, a differential diagnosis is
necessary, as this condition presents clinical signs common to other

beta-oxidation disorders. Medium chain fatty acid dehydrogenase
(MCAD) deficiency is biologically associated with change in the
free fatty acids in plasma profile and urine organic acids®*',
Therefore, initial tests include analysis of the acylcarnitine profile
in blood using tandem mass spectrometry (MS/MS), analysis of
urine organic acids using gas chromatography coupled to mass
spectrometry (GG/MS) and analysis of acylglycines in urine using
GC/MS. Confirmatory tests are composed of ACADM gene mutation
screening by deoxyribonucleic acid (DNA) analysis and additional
biochemical genetics testing, such as assays for enzymatic activity
of MCAD — leukocytes, fibroblasts or other tissues —, as well as
cellular studies of global oxidation in fibroblasts™ 515,

In the present work, we describe the results of the investigation
of a suspected case of mitochondrial fatty acid beta-oxidation
disorders, specifically MCADD, in a patient with intermittent
manifestations at three stages: by analysis of urine organic acids
using gas chromatography, by the measurement of acylcarnitines
inblood using MS/MS, and by molecular investigation for mutation
in ACADM gene, stressing the importance of the appropriate time
of biological sample collection for laboratory investigation, in
order to promote a better knowledge in the investigation of this
pathology.

CASE REPORT

Female patient, 1 year and 7 months of age, was referred
for investigation of inborn errors of metabolism (IEM) during
hospitalization due to recurrent clinical episodes complaining
of vomiting, drowsiness and hypoglycemia (Table), through the
EIM Brazil Network. At the first examination, urine organic acids
were investigated using gas chromatography coupled to mass
spectrometry (GC/MS)" and acylcarnitines and amino acids in

TABLE — Patient clinical data and hospitalization history

Hospitalizations (age)

Clinical data

Date of birth: 05 June, 2015

Birth weight: 2860 g; weight at discharge: 2710 g; Apgar 9/9

At birth

Teenage mother (14 years old); four prenatal visits

GA: 38 weeks + 2 days for 26 weeks ECHO
Negative serology
Cesarean section for active genital herpes
No report of parental consanguinity

1% hospitalization (67 hours of life)

Hypoactivity
HGT 27 mg/dl
Neonatal ICU admission
Discharge at 7" of life

No record of hypoglycemia during hospitalization
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Vomiting
Sensory lowering
Hypoactive and with mild but vigorous breathing effort, but afebrile
Very slow perfusion, thin wrists
Received 2 SF push 0.9% 20 ml/kg
2" hospitalization (9 months) ) .HGT % mgl/dl o
Sepsis screening and ceftriaxone initiation
Transferred to the pediatric ICU
CSF normal; CK 1141 U/1; CKMB 35 U/1; troponin 39 ng/ml
Head CT scan unchanged
EEG with left diffuse slowing, phenobarbital initiation
She was discharged after 23 days with diagnosis of sepsis resolved, with no record of complications during hospitalization

Vomiting complaints
3 hospitalization (1 year and 4 months) Sensory lowering
History of hypoglycemia

Febrile, bradypnea, bradycardia, with HGT 18 mg/dl
Received PPV and mask until ventilation recovered
Received 5% glycated serum 2 ml/kg, push SF 20 ml/kg
Sepsis screening: normal tests results
Abdominal ultrasound with no changes
Brain MRI unchanged

Endocrine and genetic consulting

Endocrine assessment: normal lest cortisol/low GH, but isolated deficiency would not justify severe hypoglycemia
4" hospitalization (1 year and 7 months) Glucose: 44 mg/dl; insulin: 1 mU/l
Normal arterial blood gas
Laclate 0.7 mg/dl
Free fatty acids 1.61 mMol/l
Glucagon test (GH up to 1.79 and cortisol 18.6)
Neurological assessment: gradual decrease of phenobarbital
Tests submitted for screening for IEM

Discharge with outpatient return for IEM test results
Febrile, bradypnea, bradycardia, with HGT 18 mg/dl

Vomiting and drowsiness complaint
FGC, afebrile, paleness, hypoactive, drowsiness, HGT 109 mg/dl
CA: RR in two periods of time, NFS, with no heart murmur
LA: EDBM with no adventitious noises
Innocent abdomen
No signs of hemorrhagic suffusion or meningism
Well perfused ends
Patient follow-up at the service for similar clinical conditions

5™ hospitalization (1 year and 10 months)

Bone age x-ray: normal
MRI normal sella turcica
Normal EEG
[EM result: medium-chain acyl-CoA dehydrogenase deficiency of fatty acids

Gastroenteritis
6™ hospitalization (2 years) Cardiorepiratory arrest
Death

GA: gestational age; ECHO: echography; HGT: fasting blood glucose; ICU: intensive care unit; S: sterile saline; IEM: inborn errors of metabolism; CSF: cerebrospinal fluid; CK: creatine
kinase; CKMB: MB isoenzyme; CT: computed tomography; EEG: electroencephalogram, PPV: Positive-pressure ventilation; GH: growth hormone; FGC: fair general condition; CA: cardiac
auscultation; RR: regular rhythm; NFS: normophonetic sounds; LA: lung auscultation; EDBM: evenly distributed breath murmur; MRI: magnetic resonance imaging.
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whole blood filter paper samples using liquid chromatography
coupled with tandem mass detector (LC/MS/MS)**™. The
result for urine organic acids was normal and the acylcarnitines
measure in blood showed an increase in both octanoylcarnitine
(C8) and octanoylcarnitine and decanoylcarnitine ratio
(C8/C10); there was a decrease in free carnitine (C0) and normal
levels of hexanoylcarnitine (C6), decanoylcarnitine (C10) and
decenoylcarnitine (C10:1).

Inasecond phase, at 1 year and 10 months, a new acylcarnitine
test in a postprandial blood sample was ordered to confirm the first
result, which revealed normal acylcarnitine profile. As the clinical
hypothesis of beta-oxidation disorder persisted, days later, a third
test for acylcarnitine profile and for urine organic acids screening
was ordered in blood samples using cards, and urine sample
collected after 4 hours of fasting. A considerable increase of C8, C8/
(10 ratio and of C10:1 in the blood acylcarnitine profile and the
presence of urinary hexanoylglycine were found. Such laboratory
findings were indicative of MCADD.

In order to confirm the biochemical diagnosis of MCADD,
molecular analysis of blood filter paper sample was performed®.
Molecular study of ACADM gene showed homozygosis for mutation
(c.985A>G) (Figure).

After the diagnosis, the patient continued outpatient treatment
at the Sao Lucas Hospital of the Pontificia Universidade Catolica
do Rio Grande do Sul (HSL-PUCRS). Unfortunately, a few weeks
after the diagnosis of MCAD deficiency was confirmed, she was
admitted at the emergency room of another hospital during an
episode of acute gastroenteritis, in cardiorespiratory arrest with no
response to resuscitation maneuvers, and died.
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FIGURE — Genomic DNA sequencing of patient and control. Sequencing analysis of the
ACADM gene in patient revealed ¢.9854>G mutation (p.Lys304Gluw). Arrows indicate the
location of the mutation

Patient

DNA: deoxyribonucleic acid.

DISCUSSION

In several countries, MCAD deficiency is considered the
most common cause of mitochondrial fatty acid beta-oxidation
disorder, with a prevalence of 1:6500 to 1:7000, comparable to
phenylketonuria. It often expresses in the early years of life; the
individual presents episodes of metabolic decompensation that
may develop neurological sequelae, or even be fatal"”. With the
introduction of neonatal screening for MCADD using MS/MS, in
addition to monitoring the frequency and incidence of this disease,
there was a significant reduction in disease-associated mortality
(approximately 30% in the first episode of decompensation) and
in morbidity caused by metabolic changes"®'”. Therefore, early
diagnosis and initiation of treatment have the potential to improve
patients prognosis®.

In Brazil there are no prevalence data of MCADD, only data
of heterozygote frequency is available®. It is noteworthy that
this disease is still underdiagnosed in Brazil, since the diagnosis
depends on the measurement of acylcarnitines in blood using MS/
MS. Unfortunately, this methodology is not yet widely available in
Brazil for patients treated by the Unified Health System [Sistema
Unico de Satide (SUS)], nor by public neonatal screening, it is
only offered by some private laboratories.

The differential diagnosis for a child with recurrent clinical
episodes of vomiting, drowsiness and hypoglycemia, as in this
case, is quite broad, including infectious and metabolic causes.
Intermediary metabolism diseases usually have nonspecific
presentation, such as irritability, hydroelectrolytic imbalance
and gastrointestinal disorders, present in numerous common
childhood illnesses®™™”. Many of these cases present an acute
course and, when not properly diagnosed and treated, the patient
dies without an accurate diagnosis established, which affects
the family group as a whole"™. Due to the non-specificity of
clinical presentation of many inborn errors of intermediary
metabolism, which makes the elaboration of defined hypotheses
difficult, the laboratory plays a fundamental role in elucidating
the diagnosis®. Thus, in a condition suggestive of MCADD, as in
the patient described above, a careful investigation into the large
group of beta-oxidation disorders is also necessary because we
observe common clinical signs, such as vomiting, hypoglycemia,
and significant involvement of organs fatty acid-dependent for
energy (hypotonia, weakness, and sensory lowering) (Table).

For most mitochondrial beta-oxidation disorders, analysis of
urine organic acids using GG/MS will be a sensitive test if samples
are collected during acute episodes or when fasting-induced
hypoglycemia is present, but it may not be of great diagnostic
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value if samples are collected during asymptomatic periods® 15,
The analysis of the acylcarnitine profile in blood allows
detecting the metabolites alteration even when the individuals
are clinically stable ™1, However, among the hypoglycemic
crises, the metabolite profiles may be virtually normal®; even
more if collections are performed after glucose administration or
after recovery from a metabolic crisis (characteristic metabolites
may have already been eliminated)® '. There are studies
relating changes in the concentration of certain acylcarnitines in
postprandial samples®9,

The MCADD diagnosis requires considering patient’s clinical
status (asymptomatic or symptomatic) at the of biological sample
collection momentum. MCAD deficiency is, in biochemical basis,
associated with an alteration of the free fatty acid profile in
plasma and organic acids in urine. Due to enzymatic blockage,
medium-chain acyl-CoA esters accumulate in mitochondria
and are metabolized by alternative pathways with production
of medium-chain dicarboxylic acids (adipic, suberic, sebacic
and dodecanedioic acid in the urine) and/or eliminated as
acylglycines (urinary hexanoyl- and phenylpropionyl-glycines)
and 6-10 carbon acylcarnitines in plasma or on blood filter paper
samples, with particular emphasis on C8 and C10:1 levels, essential
metabolites in the diagnosis of this pathology™® 1.

In our patient, the results observed blood samples in card
and urine collected at 4 hours of fasting, for acylcarnitines profile
(significant increase of C8, C8/C10 ratio and G10:1) and for urinary
organic acids screening (presence of hexanoylglycine) were
compatible with MCADD. Furthermore, the diagnosis of MCADD
was confirmed by molecular analysis of the ACADM gene, which
showed homozygosis for mutation (c.985A>G), the most frequent
for this disease. Homozygosis for mutation (c.985A>G) is credited
by some authors as a more severe prognosis of MCADD, however,
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the occurrence of high heterogeneity of clinical phenotypes (from
severe clinical manifestations to absence of symptoms) in patients
with the same genotype and belonging to the same family suggests
the absence of the clinical phenotype-genotype correlation® ™10,

CONCLUSION

From the clinical point of view, the present case demonstrates
the importance of clinical suspicion of an TEM in children with
intermittent episodes of hypoglycemia and/or altered levels of
consciousness. In addition, the unfavorable outcome of the patient,
even after the diagnosis of MCADD, and the therapeutic orientation
reinforce the importance of knowledge dissemination among
health professionals about the diagnosis and management of
beta-oxidation disorders, including MCADD. From the laboratory
point of view, this case shows the importance of fasting prior to
sample collection (if possible) when a mitochondrial fatty acid
beta-oxidation disorder is suspected.

Considering the possibility that MCADD is underdiagnosed in
Brazil and is known to be a cause of sudden death in children,
it is important to emphasize that the timing/momentum of
biological sample collection may be crucial for proper diagnosis
and management.
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