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Abstract

Objective: To report an adolescent with infantile-onset carnitine

palmitoyltransferase 2 (CPT2) deficiency and cerebral malformations and to

review the occurrence of brain malformations in CPT2 deficiency. The patient

presented clinically at age 5 months with dehydration and hepatomegaly. He

also has an unrelated condition, X-linked nephrogenic diabetes insipidus. He

had recurrent rhabdomyolysis but normal psychomotor development. At age

17 years, he developed spontaneous focal seizures. Cerebral magnetic reso-

nance imaging revealed extensive left temporo-parieto-occipital poly-

microgyria, white matter heterotopias, and schizencephaly. Neuronal

migration defects were previously reported in lethal neonatal CPT2 deficiency

but not in later-onset forms.

Design and Methods: We searched PubMed, Google Scholar, and the bibliog-

raphies of the articles found by these searches, for cerebral malformations in

CPT2 deficiency. All antenatal, neonatal, infantile, and adult-onset cases were

included. Exclusion criteria included insufficient information about age of clin-

ical onset and lack of confirmation of CPT2 deficiency by enzymatic assay or

genetic testing. For each report, we noted the presence of cerebral mal-

formations on brain imaging or pathological examination.

Results: Of 26 neonatal-onset CPT2-deficient patients who met the inclusion

criteria, brain malformations were reported in 16 (61.5%). In 19 infantile-onset

cases, brain malformations were not reported, but only 3 of the 19 reports

(15.8%) include brain imaging or neuropathology data. In 276 adult-onset

cases, no brain malformations were reported.

Conclusion: To the best of our knowledge, this is the first report of cerebral

malformations in an infantile onset CPT2-deficient patient. Brain imaging

Abbreviations: CPT, carnitine palmitoyltransferase (EC 2.3.1.21); CPT2, carnitine palmitoyltransferase 2.
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should be considered in patients with CPTII deficiency and neurological mani-

festations, even in those with later clinical onset.
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CPT2, carnitine, cerebral, heterotopias, infantile, malformation, palmitoyltransferase,
polymicrogyria

1 | INTRODUCTION

The hereditary deficiency of carnitine palmitoyltransferase
2 (CPT2, OMIM 600650) is an autosomal recessive inborn
error of carnitine and long-chain fatty acid metabolism.1-4

Three clinical subtypes have been reported: a lethal neona-
tal form (antenatal, OMIM #608836), an early-onset infan-
tile form (hepatic, hepatocardiomuscular, with hypoketotic
hypoglycemia, OMIM #600649), and a late-onset (adult)
form (myopathic, OMIM #255110).

The lethal neonatal/antenatal subtype of CPT2 defi-
ciency is the most severe form. Classically, it presents
with acute metabolic signs in the first days of life, accom-
panied by respiratory distress, hypoglycemia, seizures,
hepatomegaly, cardiomegaly, arrhythmias and abnormal-
ities of cardiac conduction, and often mild facial dysmor-
phic features, cystic renal dysplasia, and brain
malformations, including neuronal migration defects
(pachygyria), defects of cortical organization (poly-
microgyria), brain calcifications or cystic dysplasia, and
posterior fossa anomalies (Dandy-Walker malformations,
vermis hypoplasia), often with co-existing hydrocepha-
lus.5,6 Most patients with this subtype die shortly after
birth.5

Infantile CPT2 deficiency shares the metabolic features
of the neonatal form,7 but signs typically appear between
6 months and 2 years of age, are milder than in the neo-
natal form and are not known to be accompanied by con-
genital malformations.5-8

Late-onset (adult) CPT2 deficiency is the commonest
form and usually the least severe. It is characterized by
episodes of rhabdomyolysis precipitated by prolonged
exercise, fasting, high fat intake, exposure to cold, infec-
tions, fever, emotional stress and drugs such as ibupro-
fen, diazepam, and valproic acid.5

To date about 30 patients with the infantile form and
about 300 patients with the adult form of CPT2 defi-
ciency have been described.

We report a CPT2-deficient patient with an infantile
age of clinical onset in whom an extensive cortical mal-
formation was discovered following a focal seizure at
17 years of age.

2 | MATERIALS AND METHODS

We reviewed the patient's medical records from birth until
17 years of age. To test whether other patients with post-
neonatal clinical onset of CPT2 deficiency and cerebral mal-
formations had been reported, we searched PubMed using
keywords, as follows: (CPT2 OR “CPT 2” OR CPTII OR
“CPT II” OR “Carnitine palmitoyltransferase 2” OR “Carni-
tine palmitoyltransferase II”) AND (case OR antenatal OR
neonatal OR infantile OR hepatocardiomuscular OR hepatic
OR “hypoketotic hypoglycemia” OR muscular OR adult OR
brain OR cerebral OR neurological OR malformation OR het-
erotopias OR “migration defect”). We also traced the references
cited in the articles found by these searches as necessary.

Exclusion criteria for case histories of neonatal and
infantile forms included insufficient information about
age of clinical onset and lack of confirmation of CPT2
deficiency by enzymatic assay or genetic testing.

For adult-onset patients, we did not apply exclusion
criteria. The majority of these patients are described in
review articles of genotype-phenotype correlations. Often,
only limited clinical data are available. It is not possible
to determine from these publications whether some
patients are described in more than one study.

Each phenotypic description was analyzed for the
presence or absence of documented cerebral mal-
formations by imaging or neuropathology.

3 | CASE REPORT

3.1 | Initial presentation

The patient is the first child of healthy, unrelated individuals
of Italian descent. The pregnancy was uneventful. He was
born at term by spontaneous vaginal delivery. Pediatric visits
during the first 5 months showed normal growth and devel-
opment for his age. The family history revealed no other
instances of epilepsy, brain malformations, or metabolic dis-
eases. At 5 months of age, he was admitted because of 2 days
of recurrent vomiting and restlessness, with dehydration and
a liver edge palpable 4 cm below the costal margin.
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Laboratory studies revealed normal blood glucose
and lactate and mild-to-moderate ketonuria. Plasma
aspartate aminotransferase was 500 U/L (reference
range, 5-70 U/L); alanine aminotransferase, 341 U/L
(5-25 U/L); total bilirubin, 27 μmol/L (0-14 μmol/L);
direct bilirubin, 14 μmol/L (0-4 μmol/L); gamma
glutamyl transferase (GGT), 96 U/L (3-43 U/L); serum
sodium 150 mmol/L (130-142 mmol/L). Urine density
was persistently below 1.005. Creatine kinase was not
measured.

Abdominal ultrasound revealed hepatomegaly
with an echotexture suggesting fatty infiltration. The
kidneys appeared normal. Severe hepatic steatosis
with hepatomegaly was confirmed on abdominal CT-
scan. Hepatic biopsy showed isolated macrovesicular
steatosis. Cardiac ultrasound demonstrated mild sep-
tal and left ventricular hypertrophy with normal myo-
cardial function.

Urine organic acids showed acetoacetic acid,
340 μmol/mmol creat. (upper reference level for age,
19 μmol/mmol creat.) and 3-hydroxybutyric acid,
66 μmol/mmol creat. (upper reference level for age,
36 μmol/mmol creat.) and were otherwise normal.

3.2 | Diagnostic investigations

The first determination of plasma free carnitine level was
normal, with elevated esterified carnitine, 58.4 μmol/L
(reference range, 6.4-31.6 μmol/L). Plasma acylcarnitines
showed levels of C16 and C18 species more than 10-fold
above the upper reference value, with lesser elevations of
C12, C14 and C2 acylcarnitines.

Fatty acid oxidation studies in cultured fibroblasts
showed low oxidation of palmitate and myristate (7.2%
and 6.7% of control values, respectively). CPT2 assay in
fibroblasts showed CPT2 activity <2.7% of control activity
(<0.01 nmol palmitoylcarnitine formed/min/mg protein
vs 0.36 in the control).

Sequencing of all CPT2 exons and surrounding intronic
regions revealed compound heterozygosity for two previously
reported pathogenic variants, c.887G > A (p.Arg296Gln)9 of
paternal origin and c.1891C > T (p.Arg631Cys)10 of maternal
origin (reference sequence, NM_000098).

3.3 | Subsequent clinical course

Hypernatremia and low urine density persisted. He was
found to have a second condition, X-linked nephrogenic
diabetes insipidus, caused by a de novo known patho-
genic variant in AVPR2 (c.541C > T in NM_000054
(p.Arg181Cys).11-13

He was initially treated by glucose-containing intrave-
nous fluids then transitioned to frequent nasogastric tube
feeding with a low fat, high carbohydrate formula.
Plasma aminotransferase levels normalized within days.
He had severe gastroesophageal reflux. The treatments of
CPT2 deficiency and of nephrogenic diabetes insipidus
both require frequent feeds and/or hydration, and there-
fore gastrostomy was performed at 7 months of age. He
received nocturnal gavages until 10 years of age. Subse-
quently, the gastrostomy was closed and oral hydration
at night was prescribed.

After his first hospitalization, intake of long-chain
fatty acids was restricted and he received supplements of
medium chain fatty acids and L-carnitine. Serial abdomi-
nal and cardiac ultrasounds showed complete normaliza-
tion of hepatic morphology at age of 3 years and
persistently normal heart function after 13 months of
age. He was hospitalized 12 times between 5 and 17 years
of age for episodes of rhabdomyolysis precipitated by
fever, fasting or intense exercise. He recovered quickly
and completely from each episode. Developmental mile-
stones were normal. He had average performance in reg-
ular school. A generalized anxiety disorder appeared
during adolescence.

At age 17 years, he experienced two brief focal sei-
zures with secondary generalization (he was found
unconscious, with leftward deviation of his head and
body, and generalized tonic-clonic movements). Right-
sided hyperreflexia was present. Brain magnetic reso-
nance imaging (MRI) revealed extensive left parietal,
temporal, and occipital polymicrogyria with closed lip
schizencephaly, subcortical grey matter heterotopias and
a dysplastic left hippocampus (Figure 1A,B). Three elec-
troencephalographic studies performed during follow-up
were normal. He was treated with carbamazepine and
remains seizure-free after 27 months of follow-up.

3.4 | Literature review

3.4.1 | Neonatal onset patients

Twenty six of 27 reports of neonatal (or antenatal) CPT2
deficiency met the inclusion criteria (Table S1). Sixteen
patients (16/26, 61.5%) were reported to have brain mal-
formations. Five of these (31.25%) were consistent with a
defect of neuronal migration or cortical organization.
Other brain anomalies included: hydrocephalus in four
patients (25%); Dandy-Walker malformation in
four (25%); cerebral cystic dysplasia and dysplastic corpus
callosum in two patients (12.5%); corpus callosum agene-
sis and fetal cerebral dysgenesis in two patients (12.5%);
brain calcifications in two (12.5%). Some had more than
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one malformation. In the 10 patients in whom brain mal-
formations were not reported, seven (70%) did not have
brain imaging or neuropathology, and therefore a brain
malformation cannot be excluded in these individuals
(Table 1).

3.4.2 | Infantile onset patients

Twenty-six infantile-onset patients were identified in the
literature (Table S2). For seven patients (27%), the age of
clinical onset was not recorded (Ref. 7 six cases; Ref. 14,
one case) and they were excluded. Of note, in these
patients, brain malformations were not reported. In the
19 remaining documented infantile CPT2-deficient
patients, brain malformations were not reported. Impor-
tantly, only 3 of the 19 (15.8%) of the case reports men-
tioned brain imaging or neuropathology (Table 1).

3.4.3 | Adult onset patients

The search identified 276 patients with the adult muscu-
lar form of CPT2 deficiency (Table S3). Brain mal-
formations were not reported in these publications
(Table 1).

4 | DISCUSSION

The clinical spectrum of CPT2 deficiency ranges from
congenital malformations with early death to isolated
intermittent skeletal muscle involvement in adults. Here,
we confirm that cerebral malformations are common
(62%) in the neonatal (antenatal) form of CPT2 deficiency
and can be present in patients with later clinical
presentation.

To the best of our knowledge, this is the first report of
a cortical malformation in a CPT2-deficient patient with
clinical onset after the neonatal period. Ohtani et al15

described a 17-month-old boy with infantile spasms,
global developmental delay, and recurrent episodes of
rhabdomyolysis. Cerebral MRI revealed bilateral
T2-hyperintense regions in the frontal white matter but
no malformations.

Remarkably, the patient remained neurologically
asymptomatic for 17 years despite having a large and
complex malformation including extensive poly-
microgyria, closed lip schizencephaly, subcortical grey
matter heterotopias and hippocampal dysplasia. Among
101 patients with malformations of cortical development,
aged 1 month to 19 years,16 68% had mental retardation,
73.3% had abnormal neurological examination and 71.3%
had epilepsy, with seizure onset typically starting in
young children. Their presentation and clinical course
were related to the extent and location of the malforma-
tion.16 By definition, the incidence of asymptomatic brain
malformations cannot be determined from such case
series: such patients will be underrepresented because
imaging studies are usually performed only if

FIGURE 1 Cerebral magnetic resonance imaging at age

17 years in the carnitine palmitoyltransferase 2 (CPT2)-deficient

patient. Coronal,A, and sagittal, B, 1 mm reformat from a 3D T1

volume acquisition. A, Extensive polymicrogyria, closed lip

schizencephaly, and heteropia. B, Extensive heterotopia and

abnormal hippocampal formation. The yellow arrows indicate the

edge of the malformation
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neurological signs appear. Clinical experience, however,
suggests that such observations are exceptional. Of note,
the normal psychomotor development of our patient
despite his extensive brain malformations, suggests that
the involved regions retained considerable functional
capacity.

Both mutations of our patient have previously been
reported. c.887G > A (p.Arg296Gln) was reported in
trans with a complex allele that produces an in-frame
deletion.9 This patient had severe neonatal onset CPT2
deficiency, hydrocephalus, polymicrogyria, and hypopla-
sia of the cerebellar vermis. The other mutation,
c.1891C > T (p.Arg631Cys), has been described in five
patients, in a homozygote with clinically severe,
infantile-onset CPT2 deficiency10 and also in four homo-
zygotes with isolated muscular signs.17 The latter four
patients also had two other homozygous variants in
CPT2, c.1102G > A (p.Val368Ile) and c.1939A > G (p.
Met647Val).

The mechanisms underlying the occurrence of cere-
bral malformations in CPT2 deficiency are unknown.
Patients may also have renal cysts.5,6 Intriguingly, similar
brain and kidney malformations also occur in glutaric
aciduria type 2, an inborn error affecting multiple flavin-
dependent dehydrogenases, including those of mitochon-
drial fatty acid oxidation18 (Figure 2), but such mal-
formations are not to our knowledge reported in other
disorders of fatty acid oxidation, including deficiency of
very long-chain acyl-CoA dehydrogenase (Figure 2).

The classification of CPT2 deficiency based on age of
clinical onset is convenient and often useful, but as this
patient shows, the age of clinical onset does not define
biologically distinct categories. The patient presented as
an infant, evolved to have a classical “adult” course dom-
inated by recurrent episodes of rhabdomyolysis, yet in
late adolescence, was found to have a cerebral malforma-
tion of prenatal onset.

In practice, clinical descriptions of infantile-onset
CPT2 deficiency are few and are often incomplete. It is
not possible to conclude upon the incidence of brain

TABLE 1 Reported cerebral malformations in CPT2 deficiency

Form Neonatal/Antenatal Infantile (including this report) Adult

Total patients reported 27 26 (27) 276

Patients accepted for further analysis (see
Methods)

26 19 (20) 276

Brain imaging or autopsy reported 19 3 (4) 0

Cerebral malformation(s) observed 16a 0 (1) 0

aMost frequent anomalies: Defects of neuronal migration or cortical organization (polymicrogyria, heterotopias), 5 (31.25%); Dandy-Walker malformation, 4
(25%); hydrocephalus, 4 (25%); corpus callosum agenesis or dysplasia, 3 (18.75%); ventriculomegaly, 3 (18.75%); brain calcifications, 2 (12.5%). Some patients

had more than one malformation (for details, refer to Table S1).
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palmitoyltransferase 2 (CPT2) deficiency (CPT2-D) and glutaric

aciduria type 2 (GA2, OMIM 231680), inborn errors with similar

malformations. Long-chain fatty acids (LCFA) are esterified to

LCFA-CoA in the cytoplasm (not shown), then shuttled into

mitochondria. First, LCFA-carnitines are synthesized near the

outer mitochondrial membrane (dotted rectangle) by CPT1.

Transport of the LCFA-carnitine into the mitochondrial matrix is

mediated by carnitine-acylcarnitine translocase (CACT). CPT2

catalyzes reesterification to coenzyme A, forming a LCFA-CoA for

oxidation by very long-chain acyl-CoA dehydrogenase (VLCAD).

GA2 results either from deficiency of electron transfer flavoprotein

(ETF) or of ETF dehydrogenase (ETFDH). GA2 causes the

deficiency of multiple flavin-bound acyl-CoA dehydrogenases

(FAD-DH) including VLCAD. These enzymes covalently bind

flavin adenine dinucleotide (FAD). During catalysis, FAD is

reduced to FADH, which must be oxidized in order to restore

enzymatic activity. This oxidation is carried out by ETFDH and is

coupled to the reduction of ETF to ETFH. ETFH moves to donate

an electron to coenzyme Q in the respiratory chain (RC), providing

an important fraction of cellular energy supply. Neuronal migration

defects and renal cysts can occur both in CPT2 deficiency and in

GA2. Both conditions increase LCFA-carnitines in the

mitochondrial matrix, with corresponding increases of plasma

LCFA-carnitines. The mechanistic link, if any, between these

metabolic abnormalities and brain and kidney malformations is

currently unknown
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malformations in this form of CPT2 deficiency, but this
patient shows that they can occur. Presumably, in most
patients, brain malformations cause detectable neurologi-
cal signs if present, and the decision to perform cerebral
imaging depends upon clinical indications. Conversely,
the observation of a complex, extensive cerebral malfor-
mation that was clinically asymptomatic until adoles-
cence, suggests that cerebral malformation should be
considered in any CPT2-deficient patient who develops
unexplained seizures or other neurological signs, regard-
less of the age of clinical onset.

ACKNOWLEDGMENTS
The authors thank Daniel Bichet, Sacré-Coeur Hospital,
Montréal, for performing molecular analysis of the
AVPR2 gene for the diagnosis of X-linked nephrogenic
diabetes insipidus in our patient.

CONFLICT OF INTEREST
Ivan Shelihan, Elsa Rossignol, Jean-Claude Décarie,
Jean-Paul Bonnefont, Michèle Brivet, Catherine Brunel-
Guitton, and Grant A. Mitchell declare that they have no
conflict of interest.

ETHICS APPROVAL
Ethics approval was not required for all research studies.

PATIENT CONSENT
The patient and his parents provided informed consent for
publication of this case report. This article does not con-
tain any studies with human or animal subjects performed
by the any of the authors.

AUTHORS CONTRIBUTIONS
Ivan Shelihan: Data analysis and interpretation and plan-
ning and drafting most of the article. Elsa Rossignol: Arti-
cle contribution and revision. Jean-Claude Décarie: Article
contribution and revision. Jean-Paul Bonnefont: Article
contribution and revision. Michèle Brivet: Article contri-
bution and revision. Catherine Brunel-Guitton: Article
contribution and revision. Grant A. Mitchell: Data analysis
and interpretation and planning and drafting of article.

ORCID
Ivan Shelihan https://orcid.org/0000-0001-7793-7860

REFERENCES
1. Taggart RT, Smail D, Apolito C, Vladutiu GD. Novel mutations

associated with carnitine palmitoyltransferase II deficiency.
Hum Mutat. 1999;13(3):210-220.

2. Joshi PR, Deschauer M, Zierz S. Clinically symptomatic hetero-
zygous carnitine palmitoyltransferase II (CPT II) deficiency.
Wien Klin Wochenschr. 2012;124(23–24):851-854.

3. Fanin M, Anichini A, Cassandrini D, et al. Allelic and pheno-
typic heterogeneity in 49 Italian patients with the muscle form
of CPT-II deficiency. Clin Genet. 2012;82:232-239.

4. Rafay MF, Murphy EG, McGarry JD, Kaufmann P, DiMauro S,
Tein I. Clinical and biochemical heterogeneity in an Italian
family with CPT II deficiency due to Ser 113 Leu mutation.
Can J Neurol Sci. 2005;32:316-320.

5. Bonnefont JP, Djouadi F, Prip-Buus C, Gobin S, Munnich A,
Bastin J. Carnitine palmitoyltransferases 1 and 2: biochemical,
molecular and medical aspects. Mol Aspects Med. 2004;25:
495-520.

6. Isackson PJ, Bennett MJ, Lichter-Konecki U, et al. CPT2 gene
mutations resulting in lethal neonatal or severe infantile carni-
tine palmitoyltransferase II deficiency. Mol Gen Metab. 2008;
94:422-427.

7. Thuillier L, Rostane H, Droin V, et al. Correlation between
genotype, metabolic data, and clinical presentation in carnitine
palmitoyltransferase 2 (CPT2) deficiency. Hum Mutat. 2003;21:
493-501.

8. Bonnefont JP, Taroni F, Cavadini P, et al. Molecular analysis of
carnitine palmitoyltransferase II deficiency with
hepatocardiomuscular expression. Am J Hum Genet. 1996;58:
971-978.

9. Sigauke E, Rakheja D, Kitson K, Bennett MJ. Carnitine
palmitoyltransferase II deficiency: a clinical, biochemical, and
molecular review. Lab Invest. 2003;83(11):1543-1554.

10. Taroni F, Verderio E, Fiorucci S, et al. Molecular characteriza-
tion of inherited carnitine palmitoyltransferase II deficiency.
Proc Natl Acad Sci U S A. 1992;89(18):8429-8433.

11. Pan Y, Metzenberg A, Das S, Jing B, Gitschier J. Mutations in
the V2 vasopressin receptor gene are associated with X-linked
nephrogenic diabetes insipidus. Nature Genet. 1992;2:103-106.

12. Bichet DG, Birnbaumer M, Lonergan M, et al. Nature and
recurrence of AVPR2 mutations in X-linked nephrogenic dia-
betes insipidus. Am J Hum Genet. 1994;55:278-286.

13. Knoers NV, van den Ouweland AM, Verdijk M, et al. Inheri-
tance of mutations in the V2 receptor gene in thirteen families
with nephrogenic diabetes inspidus. Nat Genet. 1992;2:103-106.

14. Yang BZ, Ding JH, Dewese T, et al. Identification of four novel
mutations in patients with carnitine Palmitoyltransferase II
(CPT II) deficiency. Mol Genet Metab. 1998;64(4):229-236.

15. Ohtani Y, Tomoda A, Miike T, Matsukura M, Miyatake M,
Narazaki O. Central nervous system disorders and possible
brain type carnitine palmitoyltransferase II deficiency. Brain
Dev. 1994;16(2):139-145.

16. Güngör S, Yalnızo�glu D, Turanlı G, et al. Malformations of cor-
tical development: clinical spectrum in a series of 101 patients
and review of the literature (part I). Turk J Pediatr. 2007;49:
120-130.

17. Musumeci O, Aguennouz M, Comi GP, et al. Identification of
the infant-type R631C mutation in patients with the benign
muscular form of CPT2 deficiency. Neuromuscul Disord. 2007;
17:960-963.

18. Wilson GN, de Chadarévian JP, Kaplan P, Loehr JP,
Frerman FE, Goodman SI. Glutaric aciduria type II: review of
the phenotype and report of an unusual glomerulopathy.
Am J Med Genet. 1989;32:395-401.

19. Yahyaoui R, Espinosa MG, G�omez C, et al. Neonatal carnitine
palmitoyltransferase II deficiency associated with Dandy-

8 SHELIHAN ET AL.

https://orcid.org/0000-0001-7793-7860
https://orcid.org/0000-0001-7793-7860


Walker syndrome and sudden death. Mol Genet Metab. 2011;
104:414-416.

20. North KN, Hoppel CL, De Girolami U, et al. Lethal neonatal defi-
ciency of carnitine palmitoyltransferase II associated with dysgen-
esis of the brain and kidneys. J Pediatr. 1995;127(3):414-420.

21. Elpeleg ON, Hammerman C, Saada A, et al. Antenatal presen-
tation of carnitine palmitoyltransferase II deficiency. Am J Med
Genet. 2001;102(2):183-187.

22. Albers S, Marsden D, Quackenbush E, et al. Detection of neo-
natal carnitine palmitoyltransferase II deficiency by expanded
newborn screening with tandem mass spectrometry. Pediatrics.
2001;107:e103.

23. Boemer F, Deberg M, Schoos R, et al. Diagnostic pitfall in ante-
natal manifestations of CPT II deficiency. Clin Genet. 2016;89:
193-197.

24. Meir K, Fellig Y, Meiner V, et al. Severe infantile carnitine
palmitoyl-transferase II deficiency in 19-week fetal sibs. Pediatr
Dev Pathol. 2009;12(6):481-486.

25. Taroni F, Gellera C, Cavadini P, et al. Lethal carnitine
palmitoyltransferase (CPT) II deficiency in newborns: a
molecular-genetic study. AmJ Hum Genet. 1994;55:A265.

26. Elpeleg ON, Joseph A, Branski D, et al. Recurrent metabolic
decompensation in profound carnitine palmitoyltransferase II
deficiency. Pediatr. 1993;122(6):917-919.

27. Yasuno T, Kaneoka H, Tokuyasu T, et al. Mutations of carni-
tine palmitoyltransferase II (CPT II) in Japanese patients with
CPT II deficiency. Clin Genet. 2008;73(5):496-501.

28. Vladutiu GD, Quackenbush EJ, Hainline BE, Albers S,
Smail DS, Bennett MJ. Lethal neonatal and severe late infantile
forms of carnitine palmitoyltransferase II deficiency associated
with compound heterozygosity for different protein truncation
mutations. J Pediatr. 2002;141:734-736.

29. Corti S, Bordoni A, Ronchi D, et al. Clinical features and new
molecular findings in carnitine palmitoyltransferase II (CPT II)
deficiency. J Neurol Sci. 2008;266(1–2):97-103.

30. Wieser T, Deschauer M, Olek K, Hermann T, Zierz S. Carnitine
palmitoyltransferase II deficiency: molecular and biochemical
analysis of 32 patients. Neurology. 2003;60(8):1351-1353.

31. Deschauer M, Wieser T, Zierz S, et al. Muscle carnitine
palmitoyltransferase II deficiency: clinical and molecular genetic
features and diagnostic aspects. Arch Neurol. 2005;62(1):37-41.

32. Joshi PR, Deschauer M, Zierz S, et al. Carnitine
palmitoyltransferase II (CPT II) deficiency: genotype-phenotype
analysis of 50 patients. J Neurol Sci. 2014;338(1–2):107-111.

33. Anichini A, Fanin M, Vianey-Saban C, et al. Genotype-
phenotype correlations in a large series of patients with muscle
type CPT II deficiency. Neurol Res. 2011;33(1):24-32.

34. Isackson PJ, Bennett MJ, Vladutiu GD, et al. Identification of
16 new disease-causing mutations in the CPT2 gene resulting
in carnitine palmitoyltransferase II deficiency. Mol Genet
Metab. 2006;89(4):323-323, 331.

35. Joshi P, Young P, Deschauer M, Zierz S. Expanding mutation
spectrum in CPT II gene: identification of four novel muta-
tions. J Neurol. 2013;260:1412-1414.

36. Sciacco M, Prelle A, Fagiolari G, et al. A case of CPT deficiency,
homoplasmic mtDNA mutation and ragged red fibers at mus-
cle biopsy. J Neurol Sci. 2005;239:21-24.

37. Demaugre F, Bonnefont JP, Colonna M, Cepanec C, Leroux JP,
Saudubray JM. Infantile form of carnitine palmitoyltransferase

II deficiency with hepatomuscular symptoms and sudden death.
Physiopathological approach to carnitine palmitoyltransferase II
deficiencies. J Clin Invest. 1991;87(3):859-864.

38. Yamamoto S, Abe H, Kohgo T, et al. Two novel gene mutations
(Glu174-->Lys, Phe383-->Tyr) causing the “hepatic” form of
carnitine palmitoyltransferase II deficiency. Hum Genet. 1996;
98(1):116-118.

39. Yamamoto T, Tanaka H, Kobayashi H, et al. Retrospective
review of Japanese sudden unexpected death in infancy: the
importance of metabolic autopsy and expanded newborn
screening. Mol Genet Metab. 2011;102:399-406.

40. Bouchireb K, Teychene A-M, Rigal O, et al. Post-mortem MRI
reveals CPT2 deficiency after sudden infant death. Eur J
Pediatr. 2010;169:1561-1563.

41. Wataya K, Akanuma J, Cavadini P, et al. Two CPT2 mutations
in three Japanese patients with carnitine Palmitoyltransferase
II deficiency: functional analysis and association with polymor-
phic haplotypes and two clinical phenotypes. Hum Mutat.
1998;11:377.386.

42. Vianey-Saban C, Stremler N, Paut O, et al. Infantile form of
carnitine palmitoyltransferase II deficiency in a girl with rapid
fatal onset. J Inher Metab Dis. 1995;18:362-363.

43. Spiegel R, Shaag A, Gutman A, et al. Severe infantile type
of carnitine palmitoyltransferase II (CPT II) deficiency due
to homozygous R503C mutation. J Inherit Metab Dis.
2007;266.

44. Hori T, Fukao T, Kobayashi H, et al. Carnitine
palmitoyltransferase 2 deficiency: the time-course of blood and
urinary acylcarnitine levels during initial L-carnitine supple-
mentation. Tohoku J Exp Med. 2010;221(3):191-195.

45. Hurvitz H, Klar A, Korn-Lubetzki I, Wanders RJA,
Elpeleg ON. Muscular carnitine palmitoyltransferase II defi-
ciency in infancy. Pediatr Neurol. 2000;22(2):148-150.

46. Fontainea M, Briand G, Largillie C, et al. Metabolic studies in a
patient with severe carnitine palmitoyltransferase type II defi-
ciency. Clinica Chimica Acta. 1998;273(2):161-170. https://doi.
org/10.1016/s0009-8981(98)00041-2.

47. Pierce MR, Pridjian G, Morrison S, Pickoff AS. Fatal carnitine
palmitoyltransferase II deficiency in a newborn: new pheno-
typic features. Clin Pediatr. 1999;38(1):13-20.

48. Sharma R, Perszyk AA, Marangi D, Monteiro C, Raja S. Lethal
neonatal carnitine palmitoyltransferase II deficiency: an
unusual presentation of a rare disorder. Am J Perinatol. 2003;
20(1):25-32.

49. Smeets RJ, Smeitink JA, Semmekrot BA, et al. A novel splice
site mutation in neonatal carnitine palmitoyl transferase II
deficiency. J Hum Genet. 2003;48(1):8-13.

50. Land JM, Mistry S, Squier M, et al. Neonatal carnitine
palmitoyltransferase-2 deficiency: a case presenting with myop-
athy. Neuromuscul Disord. 1995;5:129-137.

51. Hug G, Soukup S, Berry H, et al. Carnitine palmityl transferase
(CPT): deficiency of CPT II but not of CPT I with reduced total
and free carnitine but increased acylcarnitine. Pediat Res. 1989;
25:115.

52. Hissink-Muller P, Lopriore E, Boelen C, Klumper F, Duran M,
Walther F. Neonatal carnitine palmitoyltransferase II defi-
ciency: failure of treatment despite prolonged survival. BMJ
Case Rep. 2009;2009:bcr0220091550.

SHELIHAN ET AL. 9

https://doi.org/10.1016/s0009-8981(98)00041-2
https://doi.org/10.1016/s0009-8981(98)00041-2


53. Vekemans BC, Bonnefont JP, Aupetit J, et al. Prenatal diagno-
sis of carnitine palmitoyltransferase 2 deficiency in chorionic
villi: a novel approach. Prenatal Diag. 2003;23:884-887.

References 19-53 are cited only in Supporting Informa-
tion, where they are numbered according to the accom-
panying list, “References for supplementary tables”

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

Table S1-S3 Reports of neonatal (antenatal) form of
CPT2 deficiency

How to cite this article: Shelihan I, Rossignol E,
Décarie J-C, et al. Infantile onset carnitine
palmitoyltransferase 2 deficiency: Cortical
polymicrogyria, schizencephaly, and gray matter
heterotopias in an adolescent with normal
development. JIMD Reports. 2022;63(1):3-10.
https://doi.org/10.1002/jmd2.12243

10 SHELIHAN ET AL.

https://doi.org/10.1002/jmd2.12243

	Infantile onset carnitine palmitoyltransferase 2 deficiency: Cortical polymicrogyria, schizencephaly, and gray matter heter...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	3  CASE REPORT
	3.1  Initial presentation
	3.2  Diagnostic investigations
	3.3  Subsequent clinical course
	3.4  Literature review
	3.4.1  Neonatal onset patients
	3.4.2  Infantile onset patients
	3.4.3  Adult onset patients


	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  ETHICS APPROVAL
	  PATIENT CONSENT
	  AUTHORS CONTRIBUTIONS
	REFERENCES


