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Infantile hemiconvulsion-hemiplegia epilepsy syndrome
associated with GRIN2A gene mutation

CunapoMm HH(paHTHIIHE XEMUKOHBYJI3HUj€ — XEMHILUIETH]€ U CIUIICTICH]e

yapyxeH ca myTtanujom reHa GRIN2A

SUMMARY

Introduction Infantile hemiconvulsion-hemiplegia
and epilepsy (IHHE) syndrome is defined as a specific
syndrome in a patient < 2 years of age, presenting as a
new onset refractory status epilepticus with unilateral
motor seizures and acute imaging abnormalities, fever,
hemiparesis >24 hours, and excluding infectious
encephalitis.

Case outline We present results of follow-up in 11
year-old girl with IHHE, associated with GRIN2A
mutation. The girl had normal development until the
first febrile hemiconvulsive status epilepticus at the
age of seven months. Neuroimaging initially showed
right hemisphere edema, followed by progressive right
side hemiatrophy. The patient has resistant epilepsy,
left side hemiparesis, and good language and cognitive
development.

Conclusion Despite IHHE described many years ago,
some syndrome's features, including etiology have
remained unexplained. The association. of IHHE and
GRIN2A mutation is described in current manuscript
for the first time in scientific literature.
Keywords: Infantile hemiconvulsion;
epilepsy; GRIN2A,; status epilepticus

hemiplegia

INTRODUCTION

CAXETAK

YBoa CunapoM uWHQAHTHIHE XEMHKOHBYI3HjC —
xemuruieruje u emmiencuje (MXXE) je crnermbwdaan
eHTUTET KOI OomecHuka < 2 rommHe. HUXXE
NpelncTaBjba  HOBOHACTAIHM  pedpakTapHU. Status
epilepticus kora KkapakTepuiiy: YHUJIATePATHH
MOTOPHYKHM Hamlagd W aKyTHE < HeypopaaroJIQIIKe
MpOMEHe Ha Mo3ry, (eOpPHIHOCT, XEMHIapesa Yy
Tpajaky > 24 cata, y OICYCTBY HH(EKTHBHOT
eHuedanuruca.

Ipuka3z GogecHuka  [lpukazyjemo  pesyirate
npahema jefaHaccToronuinmbe aeBojunie ca UXXE
yapyxeaum-.ca myrtanmujom GRIN2A. JleBojunma je
“Mana | HopMallaH . pa3BOj A0 IpBOT (eOprTHOT
XEMHUKOHBYJI3UBHOI' SMHJICITHYKOL CTaTyCca Y CeIMOM
Mecelly - JKMBOoTa. Heypopaiguwoiomku Hamas je
UHHULMjaITHO MOKAa3a0 eleM AecHe xemucdepe Mo3ra, a
KacHMj€ | IPOTPECUBHY JECHOCTPaHy XeMHATpoQujy
Mosra. bonecHuna je uMania pe3uCTEHTHY elUJIeTICH]Y,
JICBOCTPaHY  XEeMHUIapesy M  3aJoBoJbaBajyhun
KOTHUTHBHHU Pa3BOj U TOBOP.

3akipyuak Mako je UXXE naBHo onwmcan, OpojHe
KapaKTepUCTHKE CUHIPOMA, YKIbY4yjyhu eTHoJorujy,
jomr cy yBek HeoOjammeHe. YapyxeHoct UXXE u
mytamje GRIN2A y cTpydHOj je mureparypu cana
NPBY NyT ONKCAHA.

Kbyyne peunm: WHOaHTWIHE XEMHUKOHBYI3H]e;
xemuiieruja; enwiencuja; GRIN2A; status epilepticus

Infantile hemiconvulsion — hemiplegia and epilepsy (IHHE) syndrome is defined as a

specific syndrome in a patient younger than two years of age, presenting as a new onset

refractory status epilepticus (NORSE). IHHE characteristics are: unilateral motor seizures,

high grade fever at the time of onset of refractory status epilepticus (SE), and unilaterally

abnormal acute imaging, followed by hemiparesis lasting at least 24 hours, and excluding

infectious encephalitis [1]. In variable period, from a few months to years later, intractable

epilepsy emerges in two thirds to three fourths of children with IHHE. The mechanisms

underlying the IHHE syndrome remain unclear. A neuronal injury induced by venous

thrombosis and/or hypoxia, and previous abnormalities of the brain were suggested as
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underlying mechanism [2]. Gene mutations associated with IHHE syndrome were described
in the literature, such as CACNA1A, SCN1A, HNRNPU, ATP1A3 genes [3, 4, 5]. Initial acute
cytotoxic edema of the affected hemisphere at the time of SE is followed by chronic atrophic
changes of the same hemisphere [6]. Clinical presentation is characterized by prolonged
hemiconvulsions followed by hemiplegia and medication-resistant epilepsy [6-9]. The motor
deficit has a variable course, from definitive hemiplegia to complete resolution [6]. The long-

term cognitive outcome following IHHE syndrome has been poorly studied [9].

CASE REPORT

We present 11-year-old girl with resistant focal epilepsy and left side hemiparesis. The
girl was the second child from an uneventful pregnancy and perinatal history. She had normal
global development until the first epileptic attack at the age of seven months. The child was
febrile (39°C) for three days before the first seizure and had facial exanthema. NORSE
started with the head and eyes deviation toward the left side, clonic jerks of left limbs and
impaired consciousness lasting for hours, and repeating in clusters within three days. All
hematological, coagulation factors, biochemical and metabolic blood analyses were normal.
Cytological, biochemical and microbiological analyses of cerebrospinal fluid were normal.
Fundoscopy was normal. Electroencephalographic (EEG) record showed continuous slow
epileptic discharges above right hemisphere (figure 1). Urgent brain CT showed edema of
right hemisphere (figure 2). The girl was treated according to the protocol for SE:
benzodiazepine as the first line (intravenously midazolam in dosage of 0.2 mg/kg),
Phenobarbital as a second line (20 mg/kg), and since it was ineffective, midazolam was given
in continuous intravenous infusion (0.2 mg/kg/h). Anti-edematous therapy was given
(Manitol, Dexamethasone). From the fourth day of hospitalization, the infant was seizure
free. Phenobarbital was continuing in maintaining dosage of 5 mg/kg. After two months,
focal seizures started in afebrile, awake state: the infant interrupted activities, had staring,
cyanosis, deviation of the head lasting up to two minutes. Left side hemiparesis persisted
from NORSE. At the age of ten months, the child was referred to our clinic. EEG showed
asymmetric background activity, slower above the right hemisphere with almost continuous
discharges above parietotemporal right region. Brain MR showed right cerebral white mater

hypotrophy. Diagnosis of IHHE was based on the data of febrile refractory hemiconvulsive
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SE at the early age followed by recurrent focal-onset seizures, persistent hemiparesis, and
MR evidence of brain hemiatrophy. Antiepileptic therapy was corrected, phenobarbital was
withdrawn, and carbamazepine was introduced leading to seizure control for one year (25
mg/kg). At the age of 18 months, hemiconvulsive seizures reappeared, and clobasam (1.2
mg/kg) was added. At the age of 28 months, brain MR showed progressive right side
hemiatrophy (figure 3). Despite this progression in brain atrophy, the girl had improvement in
global development. Psychological testing showed mild language delay, and developmental
quotient 80-90. Levetiracetam was introduced due to worsening of seizure control. The girl
was continuing to have sporadic focal seizures in frequency up to five seizures per month. At
the age of six, the girl started to complain on feeling of fast heart beating, chest pain and
tremor of the hands. If it happened during the sleep, the girl awoke and complained of fast
heart beating. These episodes were short repeating up to ten per day and night. Cardiologist
found normal clinical and heart ultrasound findings, while second degree of A-V block was
registered on 24-hour ECG holter. Since carbamazepine might contribute to'ECG changes,
the dosage was reduced and substituted by oxcarbazepine. Two repeated 24-hour ECG holter
in period of two months, showed normal heart rhythm. Since the symptoms were continuing
at the age of eight, long term video EEG was performed. No clinical seizures were observed
during recording, while EEG showed clear asymmetric background activity, slower above
right hemisphere with frequent epileptic discharges. Sulthium was added, but since the girl
became drowsy, the drug wasexcluded. At the age of nine, topiramate was introduced with
good effect to both, seizure control and episodes of paroxysmal tachycardia. With current
medications (Levetiracetam 40 mg/kg/day, Clobazam 0.9 mg/kg/day, Topiramate
Smg/kg/day) seizure control was achieved. At the end of follow up, the speech and
intelligence are normal, as well as physical finding, and only discrete spastic left side
hemiparesis was observed. She goes to regular school and she is successful in achieving

academic knowledge.

Whole gene sequencing showed that the patient has an extremely rare heterozygous
nonsense  likely pathogenic variant in the mutation in GRIN2A gene
(NM_001134407:¢.2776C>T).

All procedures performed were in accordance with the ethical standards of the
institutional and national research committee and with the 1964 Helsinki declaration and its

later amendments or comparable ethical standards.
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Written consent to publish all shown material was obtained from the patient’s

caregiver.

DISCUSSION

IHHE was described more than half a century ago, but still many features of the
syndrome have remained unexplained [6]. There is a diagnostic challenge since clinical
presentation of IHHE has similarities with other neurological disorders which-has to be
considered in differential diagnosis such as Rasmussen’s encephalitis; cerebrovascular insult
and mitochondrial disorders. Infective, genetic, and structural underlying causes are proposed
in IHHE etiology [10]. There are case reports of acute infantile’hemiplegia associated with
exanthema subitum caused by HHV-7 [11]. In our case, at the time of NORSE, exanthema
was observed for two days, but PCR for HHV-'6 and HHV-7 was not done in regional
hospital. Various gene mutations are associated with IHHE [3, 4, 5,12], and this is the first
case with IHHE associated with mutation of GRIN1A gene. GRIN1A mutation is associated
with different epileptic disorders, such as Rolandic epilepsy, Landau-Kleffner syndrome, and
continuous spike waves during slow wave sleep [13, 14]. A great number of variants in the
GRIN genes that encode N-methyl-D-aspartate (NMDA) glutamatergic receptor subunits
have been.found in patients with neuropsychiatric disorders, including epilepsy. There is
evidence that NMDA-receptor activation might play an important role in epilepsy, and
NMDA receptor antagonists have been considered in treating epilepsy, including SE
(MgSO4, felbamate, ketamine). The results of preclinical studies showed that excessive
activation of NMDA receptors has been implicated in the pathogenesis of neuronal injury in
acute neurologic disorders, and that magnesium reduced NMDA-mediated brain injury [15,
16]. Magnesium normally does not readily penetrate the fully developed blood-brain barrier
(BBB), but BBB permeability is greater in infants especially during seizures, thus,
systemically administered magnesium may provide effective therapy in these conditions [15].
NMDA receptors play an important role in the induction of programmed cell death during SE
[17, 18]. If further genetic investigation shows more frequent association of IHHE with
mutation of the genes responsible for NMDA receptors, the strategy for the treatment of
hemiconvulsive SE in IHHE syndrome, should include NMDA antagonists, such as MgSO4
in high dosage [19], or ketamine [20].

DOI: https://doi.org/10.2298/SARH201125049K Copyright © Serbian Medical Society



Srp Arh Celok Lek 2021 | Online First June 1, 2021 | DOI: https://doi.org/10.2298/SARH201125049K 6

Auvin et al. [2] suggested that anti-edema therapy should be discussed to prevent the
cell injury, since the pathological studies showed that cytotoxic edema in HHE is responsible
for neuronal damage playing a role in the development of a later epilepsy. Very aggressive
anti-edema treatment by manitol and corticosteroids, and antiseizure therapy in acute phase in

our patient, did not prevent further damage and epilepsy.

In patients with IHHE, magnetic resonance imaging (MRI) of the brain reveals
evidence of abnormal diffusion within the white matter in the acute phase, but hippocampal
sclerosis (HS) and/or hemiatrophy later in life [2, 21]. In our case, three months after initial
brain edema, increased T2 hyperintensity, severe gliosis and unilateral brain atrophy were
evident by MRI of the brain. The similar MRI unilateral changes were described in literature,
only one month after initial hemiconvulsive febrile SE [21]. Recently, some unusual IHHE
presentation and etiology were published, such as IHHE in adult cases [22], or associated

with cortical dysplasia type 111 [23], or cobalamin C deficiency [24].

The long-term cognitive outcome following HHE syndrome has been poorly studied,
although mental retardation has been reported in cases with IHHE. Recent study reported that
mental retardation is not a uniform feature of the IHHE syndrome and demonstrated that
reorganization of language to the right cerebral hemisphere or its bilateral representation is
common in patients with IHHE syndrome affecting the left cerebral hemisphere [9]. In our
patient, right cerebral hemisphere was affected, and language delay was present initially, but
during follow up, the-girl developed normal speech, and had normal intellectual and school
performance. Study which included ten patients with IHHE showed that peri-insular
hemisherotomy provides excellent long-term seizure control in patients with drug-resistant
hemispheric epilepsy [25]. Recent reports pointed the rule of inflammation in epilepsy
associated with GRIN2A mutation and good response to intravenous immunoglobulin [26],

and this therapy might be considered also in our patient if other treatment failed.

In conclusion, we suggest to explore genetic underlying in all cases with IHHE. Our
case with IHHE and GRIN1A mutation has favorable neurological and cognitive development
despite resistant epilepsy from early age. Since the disorder is very rare, multicenter
investigation is recommended, with particular attention to genetic underlying of IHHE. It
seems that genetic factors contribute to IHHE pathogenesis in addition to all other proposed

factors, such as excessive neuronal excitation, hyperthermia, inflammation and blood-brain
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barrier damage [27, 28]. Further investigations are necessary in order to find the answers to

present questions about pathogenesis, treatment and prognosis of IHHE.

Conflict of interest: None declared.
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Figure 1. Interictal electroencephalogram during the first day of seizure onset showed high-

amplitude, slow, 2 Hz spikes and waves, above the right centro-parietz preading

to the whole right
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Figure 2. Brain computed tomography scan during hemiconvulsive status epilepticus,

showing right cerebral edema
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Figure 3. Brain magnetic resonance scan at the age of 28 months, showing progressive right

hemisphere atrophy
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