Accepted Manuscript

PAEDIATRIC

Transient regional cerebral hypoperfusion during a paroxysmal hemiplegic event in
GLUT1 deficiency syndrome

Mohamed Almugbil, MD, Michael J. Rivkin, MD, Masanori Takeoka, MD, Edward
Yang, MD, PhD, Lance H. Rodan, MD

Pl S1090-3798(17)31989-X
DOI: 10.1016/j.ejpn.2018.02.005
Reference: YEJPN 2387

To appearin:  European Journal of Paediatric Neurology

Received Date: 17 November 2017

Accepted Date: 12 February 2018

Please cite this article as: Alimugbil M, Rivkin MJ, Takeoka M, Yang E, Rodan LH, Transient regional
cerebral hypoperfusion during a paroxysmal hemiplegic event in GLUT1 deficiency syndrome, European
Journal of Paediatric Neurology (2018), doi: 10.1016/j.ejpn.2018.02.005.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejpn.2018.02.005

Title: Transient regional cerebral hypoperfusion duripgeoxysmal hemiplegic event in
GLUT1 deficiency syndrome

Authors:
Mohamed Almugbil MD' 3 Michael J. Rivkin MO >® Masanori Takeoka Mt) Edward Yang,
MD, PhD’, Lance H Rodan Mb*

Affiliations:

! Division of Genetics and Genomics, Boston Childséttspital, Harvard Medical School,
Boston, MA, USA.

?Division of Pediatric Neurology, King Saud bin Abdziz University for Health Sciences,
Riyadh, Saudi Arabia.

3King Abdullah International Medical Research Cenkéng Abdullah Specialist Children’s
Hospital — Ministry of National Guard, Riyadh, Saddabia.

* Department of Neurology, Boston Children’s Hodpitsarvard Medical School, Boston, MA,
USA

> Department of Psychiatry, Boston Children’s Haspitlarvard Medical School, Boston, MA,
USA

® Department of Radiology, Boston Children’s Hospittarvard Medical School, Boston, MA,
USA

Corresponding author:

Mohamed Almugbil, MD, FRCP(C)

Division of Genetics and Genomics

Boston Children's Hospital

300 Longwood Ave.

Boston, MA 02115

Clinic 857-218-4637

Fax 617-730-0466
mohammed.almugbil@childrens.harvard.edu

Word Count: 1135

Abstract:

GLUT1 deficiency syndrome (GLUT1DS) is a well délsed neurometabolic disorder that
results from impaired glucose transport into thetige nervous system. GLUT1DS classically
presents with infantile-onset epilepsy, progressiveocephaly, developmental delay, ataxia,
dystonia, and spasticity, but a minority of pateemtay manifest with paroxysmal non-epileptic
phenomena including hemiparesis (Wang et al., 2002)report for the first time cerebral
perfusion changes during an acute episode of heesigan a 9 year old child with GLUT1DS.
The patient presented as a code stroke with hendezpisode of acute-onset left hemiparesis
and altered mental status. Emergency MRI of bramahstrated normal diffusion-weighted
imaging, but arterial spin label perfusion weighi@a@ging (ASL-PWI) showed regional
hypoperfusion of the right cerebral hemispherermadnetic resonance angiography (MRA)
revealed distally restricted flow related enhanaeinmethe right MCA. The patient’s deficits
resolved entirely within several hours from ong&apeat MRI one month later was normal. Our



report suggests that GLUT1DS-related hemiplegicevare associated with transient lateralized
cerebrovascular hypoperfusion similar to that desdrin hemiplegic migraine and other
pediatric stroke mimics. The underlying pathophlggig for this phenomenon in GLUT1DS is
not known, but may relate to cortical energy falor abnormal cerebral microvasculature.
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1.0 Introduction

GLUT 1 deficiency syndrome (GLUT1DS) is a geneigodder resulting in impaired glucose
transport across the blood-brain barrier. It isse@by heterozygous pathogenic variants in the
SLC2A1 gene; 90% of cases ocdemovo. Commonly, this condition manifests as infantile-
onset epilepsy, progressive microcephaly, globatldgmental delay, spasticity, dystonia, and
ataxia (De Vivo et al., 1991). In approximately 10%cases, GLUT1DS presents with a non-
epileptic phenotype associated with a paroxysmabnutisorder, classically exercise-induced
dystonia or hemiparesis (Schneider et al., 2008¢. disorder can be treated with the ketogenic
diet. Cerebrovascular changes during an acute hegigpevent in GLUT1DS have not been
previously described. We report for the first tinegional cerebral hypoperfusion during a
paroxysmal hemiplegic event in a 9 year old chiithaLUT1DS.

20 Case Study

The subject is a 9-year-old female with geneticatiyfirmed GLUT1DS. She was born at term
without complication. At the age of five monthsesteveloped head bobbing episodes and her
development plateaued. Following her first toniorit seizure at 16 months, prolonged video
EEG demonstrated that her recurrent head dropsalsveseizures. She was initially treated

with levetiracetam, but this was discontinued dubehavioral side effects. Sodium valproate
was effective in controlling her seizures, and iggmained seizure-free until she broke through at
6 years of age, when her dose was lowered in ampttto wean her off. She was subsequently
started on zonisamide, which is the only anticosant she remains on to date, and has remained
seizure-free since.

Her diagnostic evaluation included normal acyldameiprofile, plasma amino acid, urine
organic acid, urine acylglycine, and chromosom@mmicroarray. An Epilepsy gene panel
demonstrated de novo heterozygous missense variant in the SLC2A1 gene,
€.79G>A/p.Gly27Ser. This is a non-conservative anaioid substitution at a highly conserved
location, and is not found in the gnomAD datab&®f glucose was not measured. A clinical
diagnosis of GLUT1DS was made.

At the age of 6 years, the subject presented witbpasode of altered mental status and acute left
hemiparesis lasting approximately half a day. EE@aohstrated interictal 3 hz generalized spike
and wave discharges, but no seizures. Brain MR1 MiRA was performed when her deficits

had resolved and was normal.

She was started on the ketogenic diet (2:1) aadfeeof 7 years to treat her underlying disorder,
and has remained on it to date. Her baseline beteskybutyrate levels are generally in the
range of 1-2 mmol/L. She has mild intellectual tifty and ADHD.

At the age of 9 years, the subject presented wélicand episode of altered mental status and
acute-onset left sided hemiplegia involving fagej and leg. She also reported headache and
had several episodes of emesis. EMS was calleglad/as brought to a local hospital, where
non-contrast head CT was normal. The patient vestdd with 10mg of IV ketorolac, given a
normal saline bolus, and then transferred to ospital for further evaluation. On arrival at our
institution approximately 3 hours after symptometnger deficits had resolved with a
pedNIHSS score of 0. At this time, serum beta hygbatyrate level was 0.58 mmol/L, lower



than her typical levels. Blood glucose was 77 md/te patient and family denied any
intentional non-adherence to her ketogenic dietiBMRI/MRA (Figure 1) demonstrated mild
attenuation of the distal cortical right MCA braeshwith corresponding increase in oxygen
extraction on susceptibility weighted imaging (SWABL demonstrated decreased perfusion in
the right hemisphere (delayed arterial transitaappt cortical hypoperfusion). There were no
diffusion abnormalities, or areas of abnormal Tghal. The patient was discharged from the ED
later that day. Repeat MRI/MRA brain one monthriatas normal (Figure 1).

3.0 Discussion

Various non-epileptic, paroxysmal events have lveported in patients with GLUT1DS,
including exercise induced dystonia, paroxysmakkioesigenic dyskinesia, alternating
hemiplegia of childhood, and hemiplegic migrainere&ent report described the EEG changes
during an acute episode of reversible hemiparesiscated with confusion and aphasia in a
GLUT1DS patient consisting of contralateral hemeshslowing (Pellegrin et al., 2017). The
neuroimaging correlate of acute hemiplegic phen@merGLUT1DS has not been previously
described.

We report for the first time transient imaging abnalities during an acute episode of
hemiplegia in a patient with GLUT1DS. Imaging irr @atient demonstrated unilateral
attenuation of distal cortical MCA branches on MRArresponding increase in oxygen
extraction on susceptibility weighted imaging (SWhd decreased hemispheric perfusion on
ASL. There were no diffusion abnormalities, or arehabnormal T2 signal. These
abnormalities were not seen on repeat imaging anghnater. These perfusion abnormalities
are similar to those reported in patients with @dJT1DS associated hemiplegic migraine, and
may suggest a common pathophysiology (Bosemati, &@04.4; Prodan, Holland, Lenaerts, &
Park, 2002; Safier et al., 2014). Similar, transygerfusion abnormalities have also been recently
reported in a pediatric cohort of otherwise heatthydren presenting with acute, reversible
stroke-like events. Imaging findings in the lag&rdy included evidence of lobar or hemispheric
hypoperfusion by susceptibility-weighted imaginglém arterial spin-labeled perfusion imaging
and presence of arterial pruning without occlugiarMRA. Subsequent imaging confirmed
normalization of vascular and perfusion findingshwut infarction (Lehman et al.,2017).

The underlying pathophysiology for such episodesanfsient neurological symptoms in
association with focal cerebral hypoperfusion isacestain. In the context of hemiplegic
migraine, cortical spreading depression and aswsatdecrease in cerebral perfusion related to
neurovascular coupling has been implicated. Ircdse of GLUTADS, it is possible that cortical
hypometabolism related to insufficient glucose $yppthe CNS serves as the trigger for these
episodes, with secondary decreased regional cépbfasion (related to neurovascular
coupling). This is supported by the onset of sym#an our patient in association with a loss of
ketosis, our patient’s primary source of energytiier CNS. Alternatively, the GLUT1
transporter is particularly abundant in cerebralset endothelial cells, and angiogenesis is
highly reliant on glycolysis. This raises the pbgdgy of whether failure of glucose metabolism
in the CNS may result in abnormality of cerebraldal vessels or dysregulation of vasomotor
tone that make these individuals more susceptibépisodes of transient vasospasm, wherein
the hypoperfusion itself is the cause rather ttHigeceof the neuronal dysfunction. A primary
effect on cerebral vasculature is supported byribase SLC1A2 haploinsufficiency model,
which demonstrates impaired angiogenesis and aymdfdiminution of brain microvasculature



resulting from impaired glycolysis and decreaseelkeof the vascular growth factor, Vegfr2
(Tang et al.,2017).

In conclusion, we report for the first time tramgiperfusion abnormalities associated with
reversible neurological deficits in a patient wdhUT1DS. This imaging is reminiscent of the
pattern seen in hemiplegic migraine, and in childséth idiopathic transient focal neurological
symptoms, suggesting a possible common pathoplogsioGLUT1DS should be added to the
list of pediatric stroke mimics.
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