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ARTICLE INFO ABSTRACT

Keywords: Introduction: Very long-chain acyl-CoA dehydrogenase (VLCAD) deficiency is an autosomal recessive mi-
Very long-chain acyl-CoA dehydrogenase tochondrial fatty acid oxidation disorder and presents as hypoketotic hypoglycemia or rhabdomyolysis during
deﬁde_“_cy childhood. 1-Carnitine supplementation for patients with VLCAD deficiency is controversial. Herein, we describe
1-Carnitine two siblings with VLCAD deficiency who experienced more frequent episodes of rhabdomyolysis after L-carnitine
Supplementation 1 .

Rhabdomyolysis supplementation.

Side effect Case presentation: Case 1 involved a 6-year-old boy who was diagnosed with VLCAD deficiency after repeated

episodes of hypoketotic hypoglycemia at 3 years of age. He developed rhabdomyolysis more frequently after
starting L-carnitine supplementation. Case 2 involved an 8-year-old boy, the elder brother of case 1, who was also
diagnosed with VLCAD deficiency by sibling screening at the age of 5 years. He first developed rhabdomyolysis
during a common cold after treatment with r-carnitine. Both patients had fewer rhabdomyolysis episodes after
the cessation of r-carnitine supplementation.

Conclusion: Our cases suggest that r-carnitine supplementation can increase rhabdomyolysis attacks in patients

with VLCAD deficiency.

1. Introduction

Very long-chain acyl-CoA dehydrogenase (VLCAD) is an enzyme
that catalyses the dehydrogenation of long-chain acyl-CoA esters of 12
to 18 carbons at the mitochondrial inner membrane [1,2]. During
prolonged fasting, infectious illnesses, or physical over-exercise, pa-
tients with VLCAD deficiency cannot meet the energy demands of their
bodies due to a lack of ketone body production and therefore exhibit
various clinical symptoms in response to stress induced by the afore-
mentioned situations. VLCAD deficiency is roughly classified into the
following three clinical phenotypes: 1) early-onset, cardiac-type, which
is a severe form, often with onset during the neonatal period or early
infancy, that involves cardiomyopathy, arrhythmia, and liver dysfunc-
tion and has high mortality; 2) childhood-onset, hypoglycaemic-type,
which is a milder form in which patients have repeated episodes of
hypoketotic hypoglycemia under hypercatabolic conditions, such as
long fasting, infection or diarrhea; and 3) late-onset, myopathic-type,
which is another milder form with onset often during later childhood or
adulthood and involves muscular symptoms such as hypotonia, exercise
intolerance, myalgia, and rhabdomyolysis [3]. Treatments for VLCAD

deficiency include a high carbohydrate/low long-chain fat diet, sup-
plementation with medium-chain triglycerides, and avoiding long
fasting. Although 1-carnitine supplementation may frequently be con-
sidered to facilitate fatty acid oxidation and maintain serum free car-
nitine concentrations, the efficacy of this treatment remains con-
troversial [4].

We describe two siblings with VLCAD deficiency who presented
with more frequent rhabdomyolysis attacks after starting r-carnitine
treatment and experienced fewer such episodes after the cessation of t-
carnitine administration.

2. Case presentation

Case 1 involved a 6-year-old boy with bronchial asthma and delayed
language development. He had experienced a total of three episodes of
hypoglycaemia and convulsions during a common cold at 3 years of
age. Acylcarnitine analysis of dried blood spots (DBSs) revealed an
elevated tetradecenoylcarnitine concentration (Cl14:1 7.42uM, cut-
off < 0.4uM) that was highly suspicious of VLCAD deficiency.
ACADVL gene analysis revealed two novel mutations, L243F and

* Corresponding author at: Lalala Children's Clinic, 32-37 Chuo-cho, Kagoshima-shi, Kagoshima 890-0053, Japan.

E-mail address: wkenji@lalalakodomo.jp (K. Watanabe).

https://doi.org/10.1016/j.ymgmr.2018.03.007

Received 22 January 2018; Received in revised form 19 March 2018; Accepted 19 March 2018
2214-4269/ © 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/BY/4.0/).


http://www.sciencedirect.com/science/journal/22144269
https://www.elsevier.com/locate/ymgmr
https://doi.org/10.1016/j.ymgmr.2018.03.007
https://doi.org/10.1016/j.ymgmr.2018.03.007
mailto:wkenji@lalalakodomo.jp
https://doi.org/10.1016/j.ymgmr.2018.03.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymgmr.2018.03.007&domain=pdf

K. Watanabe et al.

diagnosis start L-carnitine

Molecular Genetics and Metabolism Reports 15 (2018) 121-123

stop L-carnitine

Age (year- 3y ] 4y l I 5Y
month) | 0 1 2 3 4 s 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 0 1 2 3 4 5 6 7
L-carnitine (mg/day) 600 600
Respiratory infection, or |:| D I] D |:| D D D D D I:] H
asthma attack
Rhabdomyolysis |1 YYYY YYVVYY \l \l
glucose (mg/dl) 53 52 low 90 76 8 73 41 85 73 102 91 9425 94 88 a4
CK (X10z u/l) 15 0.6 19 1.1 108 21 17 55 184 54 431 140 54 70 6.4 237
€0 (20-60) 9.3 7.45 443 304 28.8 33.4 54.5 28.0 23.7 41.9
C2(5-45) 14.6 9.2 273 14.2 11.7 7.83 7.8 7.9 n/a 3.6
€12 (<0.3) 1.28 04 049 0.21 0.35 0.46 0.09 0.15 n/a 0.25
(?UE\;/IS) C14:1(<0.4) 7.42 266 7.81 37 4.0 5.18 0.15 0.9 1.8 4.84
C14 (<0.7) 2.58 0.68 2.87 1.33 21 2.66 0.17 0.32 n/a 1.95
C16 (<6) 3.51 1.34 5.15 242 4.11 3.36 0.92 0.77 n/a 2.01
AC C18(<2.1) 1.2 0.56 1.78 1.23 1.3 1.18 0.51 0.53 n/a 0.72
€0 (20-60) 13.9 86.8 54.5 45.4
C2 (4-60) 6.2 13.9 8.8 n/a
Serum €12 (<0.4) 0.68 0.04 0.22 n/a
(uM) C14:1(<0.1) 7.23 0.34 24 4.2
C14(<0.3) 1.30 0.19 0.7 n/a
C16 (<0.5) 0.64 0.14 0.29 n/a
€18 (<0.3) 0.24 0.07 0.12 n/a

Fig. 1. The clinical course of case 1. The lateral lengths of the boxes indicate the durations of the respiratory infections or asthma attacks. The bold type indicates an
abnormal value. AC, Acylcarnitine; CK, Creatine kinase; DBS, Dried blood spot; n/a, not available.

V547M. Additionally, VLCAD enzyme activity in fibroblasts derived
from this patient was 30% of normal, leading to a definite diagnosis of
VLCAD deficiency. 1-Carnitine supplementation was initiated at a dose
of 600 mg/day (37.5 mg/kg/day) because the patient presented with a
low free carnitine concentration (CO 7.45uM, reference value
20-60 uM) at 3 years and 6 months of age. The dose was increased to
900 mg/day two months later. One month after beginning r-carnitine
treatment, the patient presented with more frequent recurrent episodes
of rhabdomyolysis, particularly when suffering from a common cold or
an asthma attack or on sick days characterised by general fatigue. He
ultimately experienced 11 episodes of rhabdomyolysis and was hospi-
talised 10 times during the 15 months of r-carnitine administration
(Fig. 1). His CO concentration was elevated (CO 44.3 uM) during the
course of r-carnitine treatment; however, his C14:1 concentration did
not decrease during his rhabdomyolysis episodes. It was suspected that
the patient's rhabdomyolysis was triggered by r-carnitine supple-
mentation; therefore, 1-carnitine supplementation was stopped when
the patient was 4 years and 9 months of age. The patient subsequently
experienced rhabdomyolysis with acute bronchitis only once during the
next 15 months despite a lack of specific changes in his lifestyle.

Case 2 involved an 8-year-old boy, the elder brother of case 1. These
siblings did not undergo expanded newborn screening. He exhibited
developmental delay but no respiratory problems. No abnormalities
were observed in the acylcarnitine analysis of DBSs (C14:1 0.28 uM, cut
off < 0.4uM) at 1year of age. Although the patient caught up with
respect to his developmental milestones, he exhibited autistic beha-
vioural characteristics. When he was 5 years old, he was diagnosed with
VLCAD deficiency via genetic testing conducted after his brother was
diagnosed. Genetic analysis revealed that he had the same compound
heterozygous mutation as his brother. Because this patient's free car-
nitine concentration was close to the lower limit of the normal range
(CO 23.7uM, reference value 20-60puM), i-carnitine treatment
(900 mg/day; 45 mg/kg/day) was started. Two months later, the pa-
tient developed rhabdomyolysis for the first time in his life when he was
suffering from a common cold. r-Carnitine supplementation was sub-
sequently ceased, and the patient experienced no additional
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rhabdomyolysis episodes, even when suffering from influenza.

3. Discussion

In case 1, more frequent rhabdomyolysis attacks occurred during
the course of 1-carnitine supplementation, while few episodes occurred
after the cessation of 1-carnitine treatment. The main symptom of case 1
was initially hypoglycemia but changed to rhabdomyolysis after L-car-
nitine administration. In case 2, rhabdomyolysis developed for the first
time during r-carnitine administration; this might have been incidental.
However, we could not ignore the fact that patient's only rhabdomyo-
lysis attack occurred during 1-carnitine supplementation. Additionally,
these brothers' lifestyles did not change before and after 1-carnitine
administration. Although it was considered that the symptoms of fatty
acid oxidation disorders improve with age independent of treatment,
our results suggested that the rhabdomyolysis attacks might have been
triggered by L-carnitine supplementation. Previous reports indicated
that 1-carnitine supplementation induced the production of long-chain
acylcarnitines in the skeletal muscle of VLCAD-deficient mice [5,6];
therefore, treatment with r-carnitine might have enhanced the accu-
mulation of toxic acylcarnitine in the muscle in our patients.

Long-chain acylcarnitines considered to have cytotoxic and ar-
rhythmogenic consequences accumulate in various organs in VLCAD-
deficient mice, leading to lethal heart arrhythmia [7]. In contrast, t-
carnitine supplementation was described to complement free carnitine
deficiency and eliminate toxic acylcarnitines [8]. However, the con-
centrations of long-chain acylcarnitines, including C14:1, did not de-
crease despite r-carnitine supplementation, as shown Fig. 1. Therefore,
we concluded that L-carnitine did not effectively induce the excretion of
long-chain acylcarnitines in our patients. Unfortunately, because our
patients did not undergo cardiac tests such as an electrocardiogram or
echocardiogram, we could not draw a conclusion about the ar-
rhythmogenicity and cardiac toxicity of r-carnitine supplementation;
however, cardiac tests may be needed during 1i-carnitine supple-
mentation. Additionally, while secondary carnitine deficiency has been
observed in VLCAD deficiency [9], it was reported that carnitine
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supplementation might be not required to treat VLCAD deficiency be-
cause carnitine synthesis was accelerated in the liver by exercise and
stressors such as long fasting or cold stress in VLCAD-deficient mice
[10]. Our patients never showed signs of carnitine deficiency, such as
hypoglycaemia or liver dysfunction, after stopping i-carnitine treat-
ment. Based on our experience, we believe that L-carnitine supple-
mentation carries a risk of rhabdomyolysis in patients with VLCAD-
deficiency, even in the case of low free carnitine levels.

Lastly, we found two novel mutations, namely, L243F and V547, in
our patients. The residual enzyme activity (30% of normal) seems ra-
ther high for symptomatic patients. However, the enzyme activity
might not have been accurately measured, as the measurement was
performed in-house and was unfamiliar [11]. We thought that both
mutations were likely to cause mild genotypes, based on our patients'
clinical features. Moreover, we surmised that the genotypes might have
been associated with rhabdomyolysis induced by i-carnitine supple-
mentation because the rhabdomyolysis attacks following r-carnitine
supplementation were observed only in these brothers.

4. Conclusion

Our cases suggested that r-carnitine supplementation causes the
deterioration of the pathological conditions of patients with VLCAD
deficiency. Although r-carnitine supplementation for VLCAD deficiency
remains controversial, the compound should be administered more
cautiously to patients with VLCAD deficiency, even in patients with
secondary carnitine deficiency. A well-planned prospective study of the
roles of carnitine deficiency and supplementation in VLCAD deficiency
is needed.
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