GLUT-1 deficiency presenting with a reversible leukoencephalopathy
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Introduction

Glucose transporter type 1(GLUT1) deficiency syndrome is a treatable genetic neurometabolic disorder
due to a mutation in the GLUT1 (encoded by the SLC2A1 gene) which results in an impaired glucose
transport across the blood-brain barrier with associated low cerebrospinal fluid glucose levels™3. This
syndrome was initially reported in infants with progressive encephalopathy, acquired microcephaly and
drug-resistant epilepsy that can be treated with the ketogenic diet. Increase awareness and advance in
genetic diagnoses resulted in expansion of the phenotype to include milder presentations with epilepsy,
movement disorders, cognitive impairment which may occur in both in combination or isolation2.
Conventional neuroimaging is uninformative in the majority of patients2. Here we describe a case of an
infant with GLUT1 deficiency and extensive bilateral predominantly frontal white matter changes

mimicking Alexander’s disease. He improved both clinically and radiologically on the ketogenic diet.

Case

A 5-month old boy presented with a 2-week history of myoclonic jerks (up to 100 jerks a day) which
occurred predominantly in the morning. He was the first child of healthy non-consanguineous
Caucasian parents. There was no significant family history and he had an unremarkable antenatal,
perinatal and postnatal history. His development at presentation was delayed. There were no concerns

regarding his hearing and vision.



On examination, he was normocephalic (43.5 cms — 50t -75t centile) and had no dysmorphic features.
He was only intermittently fixing and following. He had truncal hypotonia with significant head lag. Tone,
power and reflexes in the limbs were normal. Electroencephalogram (EEG) revealed irregular
generalised spike and slow wave epileptiform discharges on the background of multifocal spikes with no
hypsarrhythmia. MRI brain showed a confluent symmetrical T2 hyperintense signal abnormality in both
anterior frontal lobes involving periventricular, deep and juxtacortical white matter (Figure 1A). The
myelination elsewhere was delayed with normal N-acetylaspartate and choline peaks. The myelination
elsewhere was delayed. He was treated empirically with Pyridoxine and Biotin. Extensive
neurometabolic and genetic screen revealed low CSF glucose of 1.2mmol/L, CSF/serum ratio 0.24 and
a CSF lactate of 0.8mmol/L. GFAP mutation was negative. No other cause of his white matter disease
was identified. A provisional diagnosis of GLUT1 deficiency was made. This was subsequently
confirmed by finding a pathogenic de novo heterozygous mutation in SLC2A1 (c.275+1G>A). Treatment
with the ketogenic diet on a 2:1 ratio was commenced with a dramatic termination of seizures at 72
hours. Repeat imaging at the age of 11-months revealed significant resolution of the previously seen
white matter changes; with age appropriate myelination and improvement in white matter bulk (Figure
1B). At 15-months, he continued to be seizure-free with marked developmental catch up although still

delayed (level of 8-month old). He is maintained on the ketogenic diet.

Discussion

Identification of distinct white matter changes on MRI, typically suggests a diagnosis of a
leukodystrophy or a genetic leukoencephalopathy. In the majority of these disorders no established
treatment are available®. The neuroimaging finding in our case has made us look for an additional
diagnosis such as Alexander’s disease but the temporal improvement both clinically and
developmentally on the Ketogenic diet and the reversibility of the radiological changes suggests that

leukoencephalopathy was secondary to the GLUT1 deficiency.

Leukoencephalopathhy in association with GLUT1 deficiency was previously reported in one child’; as
his scan was done following the initiation of the ketogenic diet, the MRI changes were attributed to the
diet. The MRS was different to our case and where suggestive of demyelination and axonal loss with
markedly lower N-acetylaspartate peak, higher choline peak, and slightly higher myo-Inositol and
glutamate-glutamine peaks’. Milder white matter changes were also reported in 3.5 year old boy which

were thought to represent delayed myelination®

Lack of glucose supply to the brain tissue could be the causative factor of the white matter changes
seen in patients with GLUT-1 deficiency. Indeed multiple subcortical reversible white matter

hyperintensities were reported in children with chronic hypoglycaemia such as glycogen storage



disease?® and 3-hydroxy-3-methylglutaryl coenzyme A deficiency'C.

Taken together, GLUT1 deficiency should be considered in the differential diagnosis of infants with
genetic leukoencephalopathies. Importantly as GLUT1 deficiency is treatable, early diagnosis and

initiation of the ketogenic diet will result in significantly improved neurocognitive outcome.

Figure 1: Brain MRI (A) age 5-month, Axial T2 demonstrating confluent hyperintense signal
abnormalities symmetrically in both anterior frontal lobes which involves the periventricular, deep and
juxtacortical white matter with delayed myelinayion (B) Repeat imaging at 11month of age
demonstrated resolution of the white matter changes, improvement in the white matter bulk and normal

age appropriate myelination.
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