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Abstract 
Developmental and epileptic encephalopathy 46 type (DEE 46, OMIM#617162) 
is caused by heterozygous mutation (autosomal dominant) in the GRIN2D 
(Glutamate Receptor, Ionotropic, N-methyl-D-aspartate, subunit 2D) gene 
(OMIM*602717) located on chromosome 19q13. We presented two 
clinical cases of resistant developmental and epileptic encephalopathy with 
resembling SWAS phenomenon on the EEG and caused by novel de novo point 
and microdeletion mutations in GRIN2D gene. Patient A., male, 9-year-old, 
demonstrated previously undescribed heterozygous mutation in exon 6 of the 
GRIN2D gene (chr19:48414871C>A) was identified, resulting in an amino acid 
substitution of proline to threonine at position 474 of the protein (c.1420C>A 
/ p.Pro474Thr, NM_000836.2). Along with the presence of channelopathy the 
child also had bilateral hippocampal atrophy and mesiobasal sclerosis combined 
with malrotation of the left hippocampus (focal cortical dysplasia IIIA type). 
Patient S., male, 13-year-old, had a heterozygous deletion of a segment of 
chromosome 19 with approximate boundaries 48391500-48399250 and a size 
of 7750 bp, encompassing regions of the GRIN2D gene. Cases were resistant 
to multiple anticonvulsants. Additional therapy with memantine is indicated 
in cases of DEE 46 type with GRIN2D gain-of-function mutations, but it is also 
necessary to monitor the possibility of aggravation of epileptiform discharges 
and seizures.
Introduction

Developmental and epileptic encephalopathies (DEE) are the most severe 
group of epilepsies, characterized by epileptic seizures (but sometimes without 
visual clinical ictal manifestation) and high expression epileptiform activity on 
EEG associated with developmental intellectual, speech, sometimes motor 
retardation or regression. Onset typically occurs in infancy or early childhood and 
includes a much number of epilepsy syndromes [1]. At present time an Online 
Catalog of Human Genes and Genetic Disorders – OMIM contains 121 genetic 
variants of DEE with a monogenic inheritance pattern. Have been described 60 
variants with autosomal dominant (AD), 52 with autosomal recessive (AR), 5 – 
X-linked dominant, and 4 – X-linked recessive DEE [2]. 

Developmental and epileptic encephalopathy 46 type (DEE 46, 
OMIM#617162) is caused by heterozygous mutation (autosomal dominant type 
of inheritance) in the GRIN2D (Glutamate Receptor, Ionotropic, N-methyl-D-
aspartate, subunit 2D) gene (OMIM*602717) located on chromosome 19q13. 
Mutation type c.1999G-A transition (OMIM*602717.0001), resulting in a valine 
667-to-isoleucine (V667I) substitution in the GRIN2D gene occurred de novo 
were identified in 2 unrelated girls with early-onset epileptic encephalopathy 
by Li et al. (2016) [3]. Then Tsuchida et al. in 2018 reported 3 unrelated patients 
with heterozygous de novo mutation in the GRIN2D gene, presented in the first 
months or years of life global developmental delay and intractable seizures of 
various types. Mutation types were designated in OMIM as OMIM*602717.0002 
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(c.2043G-C transversion, resulting in a methionine 681-to-
isoleucine (M681I) substitution), OMIM*602717.0003 
(c.2080A-C transversion, resulting in a serine 694-to-
arginine (S694R) substitution) and OMIM*602717.0004 
(c.1345G-A transition, resulting in an aspartic acid 449-to-
asparagine (D449N) substitution) [4].

N-methyl-d-aspartate (NMDA) receptors are glutamate-
activated ion channels that are widely distributed 
in the central nervous system and had an important 
implementation for brain development and function. 
Disturbances of NMDA receptors are associated with 
a variety of neurological disorders such as epilepsy, 
Parkinson's, Alzheimer's, Huntington's and other CNS 
disorders. According to its structure NMDA receptors are 
heterotetramers comprising different combinations of the 
GluN1, GluN2 (A-D), and GluN3 (A-B) subunits encoded 
by different genes of the GRIN family (GRIN1, GRIN2A, 
GRIN2B, GRIN2C, GRIN2D, GRIN3A and GRIN3B) [4, 5, 6]. 
Mutations in genes encoding NMDA subunits 1, 2A, 2B, 
2D are significant for epileptogenesis. Mutations of GRIN1 
gene (OMIM*138249) located on 9q34.3 is responsible for 
developmental and epileptic encephalopathy 101 type (DEE 
101,	 OMIM#619814) with autosomal recessive type of 
inheritance, neurodevelopmental disorder with or without 
hyperkinetic movements and seizures, autosomal dominant 
(OMIM#614254) and neurodevelopmental disorder 
with or without hyperkinetic movements and seizures, 
autosomal recessive (OMIM#617820) [7].  GRIN2A gene 
(OMIM*138253) located on 	 16p13.2 is responsible for 
epilepsy, focal, with speech disorder and with or without 
impaired intellectual development, autosomal dominant 
(OMIM#245570) including Landau-Kleffner syndrome 
and atypical rolandic epilepsy phenotype [8]. And 
GRIN2B gene (OMIM*138252) located on 12p13.1 – for 
developmental and epileptic encephalopathy 27 type (DEE 
27, OMIM#616139)	 and intellectual developmental 
disorder, autosomal dominant 6 type, with or without 
seizures (OMIM#613970), autosomal dominant [9].

GRIN2D-related developmental and epileptic 
encephalopathy (DEE46) is characterized by mild-to-
profound developmental delay or intellectual disability, 
epilepsy with the onset of intractable seizures in the first 
months or years of life, abnormal EEG (hypsarrhythmia, 
multifocal and diffuse spike and slow wave complexes, 
spike-wave activation in sleep – SWAS pattern), abnormal 
muscle tone (axial hypotonia and spasticity in extremities), 
movement disorders (uncoordinated movements, dystonia, 
dyskinesia, chorea), attention deficit hyperactivity disorder 
(ADHD) and autism spectrum disorder, sleep disorders, 
feeding difficulties with dysphagia, and in some patients 
microcephaly, dysmorphic features, orofacial hypotonia and 
cortical visual impairment can be observed. Brain imaging 

could be normal or loss of white matter volume, dilated 
ventricles, thin corpus callosum and cerebral atrophy could 
be seen [3, 4, 10]. Two unrelated girls with DEE46 described 
by Li et al. (2016) had onset of intractable seizures at 2 and 
4 months of age [3]. In patients of Tsuchida et al. (2018) 
observation one Japanese boy showed developmental delay 
from 9 months and onset of intractable seizures at 2 years 
of age, one Japanese girl was noted to have developmental 
delay from 2 years and onset of tonic and atonic seizures 
at 3 years, and one Malaysian boy had onset of seizures at 
3 days of life with also severe developmental delay [4]. At 
present time according to international publications about 
22 patients with DEE46 have been reported [10].

Material and Methods 
At the period of 2019-2025 the two boys with 

clinical characteristics of developmental and epileptic 
encephalopathy with spike-wave activation in sleep was 
investigated and treated. Clinical, anamnesis and laboratory 
data were analyzed. Dynamical video-EEG monitoring 
investigations were performed on "NeuroScope'' NS25A 
Biola (Russia). Magnetic resonance visualization had 
obtained on General Electric Discovery 750W 3 Тl (USA) in 
Russian Children Clinical Hospital (Moscow, Russia). Next 
generation DNA sequencing (NGS) was obtained on platform 
Illumina NovaSeq 6000 (USA) and SURFSeq Q, GeneMind 
(China) in "Genetico" and "Genomed" Laboratories and 
Medical Centers (Moscow, Russia). 

Results 
We presented two cases of DEE 46 in 9-year and 

13-year-old boys.

Patient A., male, 9-year-old, with pharmacoresistant 
epileptic encephalopathy and SWAS phenomenon on 
EEG, cerebral palsy syndrome, mixed (spastic-ataxic) form, 
moderate tetraparesis D>S, GMFCS level 2, impaired 
psychomotor and speech development. Seizure types: 
neonatal seizures from the first day of life, at 1.5 years of 
life occurrence of febrile status epilepticus with admitting 
to the intensive care unit – prolonged dialeptic state with 
motor arrest, ophthalmoclonus, vomiting, defecation; 
at 1 year and 10 months – seizure during sleep, “glassy” 
gaze, bilateral tonic tension with version to the left; 
further asymmetric tonic seizures, predominantly during 
daytime sleeping, with a frequency ranging from 3 times 
per month to 1 time per six months; brief daytime atonic-
astatic seizures, up to 30 per day, since age 5.5 years, and 
atypical absence seizures "pseudogeneralized" nature (due 
to secondary bilateral synchrony and diffuse spreading of 
epileptiform discharges) since age of 6 years. On the EEG 
“benign epileptiform discharges of childhood” (BEDOC 
or “rolandic” spike-waves) was observed with fronto-
central, fronto-centro-anteriotemporal and centro-parieto-
temporal localization and alternative lateralization. Sleep 
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Figure 1: EEG of patient A. 
А. Wake EEG. BEDOC. (Explanations in the text)
B. Wake EEG. Atypical absence pattern.
C. Sleep EEG – transformation of CSWS into ESES pattern.
D. Wake EEG. Increasing of epileptiform discharges on memantine

Figure 2: Magnetic-resonance imaging of patient A. 

Bilateral hippocampal atrophy and mesiobasal sclerosis combined 
with malrotation of the left hippocampus (focal cortical dysplasia 
IIIA type).  

EEG demonstrated SWAS phenomenon with increasing of 
continuous regional spike-wave activity in sleep (CSWS) 
up to continuous diffuse discharges with 85-100% index in 
sleep (with characteristics of electrical status epilepticus 
in slow sleep – ESES pattern) (Picture 1). On the magnetic 
resonance imaging (MRI) is observed bilateral hippocampal 
atrophy and mesiobasal sclerosis combined with malrotation 
of the left hippocampus (focal cortical dysplasia IIIA type); 
periventricular leukopathy (Picture 2). But neurovisualization 
findings in mesiobasal regions have no real EEG correlation. 
New generation sequencing: a previously undescribed 
heterozygous mutation in exon 6 of the GRIN2D gene 
(chr19:48414871C>A) was identified, resulting in an amino 
acid substitution of proline to threonine at position 474 of 
the protein (c.1420C>A / p.Pro474Thr, NM_000836.2).

Patient S., male, 13-year-old, multifocal epilepsy with 

SWAS, mixed etiology – consequences of severe hypoxic-
hemorrhagic central nervous system disturbance in a 
premature born infant + genetic (DEE type 46), left-sided 
hemiparesis, impaired psychomotor development, alalia. 
From anamnesis: the child is from the fifth pregnancy, in 
vitro fertilization, prematurity, emergency cesarean section 
at 30 weeks of gestation, premature placental abruption, 
fetal cardiac arrest, risk of antenatal death, Apgar score 
5/6-degree, intraventricular hemorrhage III grade, neonatal 
seizures. Focal left-sided clonic and bilateral tonic-clonic 
seizures occurred between the ages of 7 and 9 months. 
A 9-year medical remission with a recurrence of two 
bilateral tonic-clonic seizures lasting up to 20 seconds, with 
post-ictal lethargy and drowsiness. On the EEG multifocal 
“benign epileptiform discharges of childhood” (BEDOC or 
“rolandic” spike-waves) was observed with fronto-centro-
anteriotemporal, centro-temporal and parieto-temporal 
localization with alternative lateralization, frequently with 
secondary bilateral synchronization and diffuse spreading 
phenomenon. Sleep EEG demonstrated SWAS phenomenon 
with increasing of predominantly diffuse discharges (ESES 
pattern) (Picture 3). New generation sequencing: were 
obtained data supporting the presence of a heterozygous 
deletion of a segment of chromosome 19 with approximate 
boundaries 48391500-48399250 and a size of 7750 bp, 
encompassing regions of the GRIN2D gene.
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Figure 3: EEG of patient S. 

А. Wake EEG. BEDOC. (Explanations in the text)

B. Sleep EEG – ESES pattern (severe type of SWAS pattern)

C. Wake EEG – reduction of epileptiform discharges on 
hydrocortisone treatment

D. Sleep EEG – rare discharges on hydrocortisone treatment 

Discussion
So, the presented cases demonstrated epileptic cases 

with similar electroencephalographic pattern – BEDOC with 
spike-wave activation in sleep (SWAS) with the phenomenon 
of shifting and alternative lateralization of epileptiform 
discharges. 

The first case demonstrated pharmacoresistance: 
valproates (convulex syrup → depakine chronosphere), 
mildly beneficial effect, but seizure frequency increased with 
dose reduction and withdrawal; levetiracetam (keppra syrup) 
– dose-dependent aggravation of atonic-astatic seizures at 
760 mg/day (from achieving dosage of 40 mg/kg/daily); 
zonisamide (zonegran) – moderate beneficial effect, but 
when dose was increased up to 100 mg/day – aggravation of 

atypical absences with an ophthalmotonic component and 
increasing of background epileptiform discharges on EEG; 
lamotrigine (seizar) – no effect; ethosuximide (petnidan) – 
decreased appetite, no weight gain; rufinamide (inovelone) 
– no effect; clobazam – moderate beneficial effect; therapy 
at present time: clobazam 5 mg x 2 times daily (10 mg/day) 
+ zonisamide (zonegran) 37.5 mg (1½ tablets of 25 mg) twice 
daily (75 mg/day) + valproate (depakine chronosphere) 250 
mg twice daily (500 mg/day). Contrary to international 
recommendations, the administration of memantine 
caused a behavioral disorder in the child with excitation, 
sleep disturbances, aggravation of epileptiform discharges 
on the EEG, and after 3.5 years of medicament clinical 
remission, the seizure occurrence appeared with falling to 
the right side, automatisms in the right leg, and developing 
of bilateral myoclonic and clonic phase lasting up 2 minutes.

The second case also demonstrated pharmacoresistance: 
valproates, ethosuximide, levetiracetam, benzodiazepines 
(clonazepam), cannabidiol (CBD) and ketogenic diet – 
no effect. Corticosteroid therapy – a 6-month course of 
hydrocortisone (cortef) caused good but temporary positive 
effect followed by complete reduction of epileptiform 
discharges at wake state, disappearing of CSWS/ESES/SWAS 
phenomenon in sleep EEG with preservation of isolated 
low index discharges. However, after gradual withdrawal of 
hormones due to side effects – a gradual reactivation of the 
pathological EEG pattern was noted. Сontinues admittion of 
valproates + CBD. Admitting of memantine 20 mg per day – 
improved cognitive function was seen.

Recommendations to use memantine and ketamine 
with magnesium in patients with DEE46 are based on the 
experience of a series of studies and clinical observations [3, 
11, 12]. In Li D et al. (2016) observation valine to isoleucine 
substitution in 667 position (V667I) in gene product due to 
guanine to adenine (1999G-A) transition in GRIN2D gene is 
so-called gain-of-function mutation that increases glutamate 
and glycine potency by two times, increases channel open 
probability by six times, and reduces receptor sensitivity 
to endogenous negative modulators such as extracellular 
protons. This fact suggest that NMDA-receptor antagonists 
can be useful as adjuvant epilepsy therapy in individuals 
with GRIN2D gain-of-function mutations. Oral memantine 
up dose 20 mg daily (equivalent to 0.85-1.3 mg/kg/day) was 
administered to both children with this type of mutation, 
with resulting from mild to moderate improvement in 
developmental ability and seizure control. The elder girl 
subsequently developed refractory status epilepticus, with 
dramatic electroclinical improvement upon treatment with 
ketamine and magnesium. Escalating doses of midazolam 
and pentobarbital infusions only induced burst suppression 
pattern without significantly improving her EEG or clinical 
picture upon weaning. Ketamine infusion at 10 mg/kg/hr 
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aborted her electrographic status epilepticus, but frequent 
subclinical seizures and a high index of epileptiform 
discharges remained; restarting a lower dose of ketamine 
(2 mg/kg/hr) in combination with the magnesium infusion 
led to resolution of subclinical seizures for days and on 
EEG was observed background slowing but with reduction 
of epileptiform discharges. Then she was subsequently 
transitioned to an enteral regime of ketamine (1 mg/kg/
dose given every 6 hr) and magnesium as amino acids 
chelate (1.5 mEq/kg/dose given every 6 hr) [3]. According 
to Karnstedt M et al. (2026) investigation in 19 patients with 
pathogenic variants in GRIN1, GRIN2A, GRIN2B, or GRIN2D 
genes with pathogenic likely gain-of-function types in 14 
individuals (74%) benefited from memantine was observed, 
comprising improvements in behavior (71%), development 
(50%), and seizure frequency (39%) [12].

Now for two presented patients is planned introduction 
into therapy of perampanel (fycompa) suspension with a 
gradual increase in the dose to 4 mg (8.0 ml) per day. Li J et 
al. (2023) demonstrated that perampanel can be beneficial 
adjuvant therapy for patients with GRIN2D-related 
intractable epilepsy. They reported about an infant with 
severe developmental and epileptic encephalopathy with 
novel de novo GRIN2D mutation variant (NM_000836.2: 
c.2024C>T, p.Ala675Val). Therapeutic options including 
multiple anticonvulsants, oral corticosteroid therapy and 
ketogenic diet failed to achieve seizure control. Eventually, 
adjunctive therapy with perampanel led to marked 
electroclinical improvement in a child [13].

Conclusion
GRIN2D gene mutations could be the cause of resistant 

developmental and epileptic encephalopathy with SWAS 
phenomenon on the EEG. All the children with epileptic 
encephalopathies, delay of psychomotor and speech 
development and autistic behavior need a comprehensive 
examination, including video EEG monitoring, good quality 
neuroimaging and mandatory genetic examination by 
new generation sequencing techniques. The presence of 
perinatal problems in the anamnesis should not deter the 
physician from the diagnostic thought about the presence 
of a genetic cause of epilepsy in children. Also, dysgenesis 
brain defects can also be combined with the presence 
of channelopathy in a patient with resistant epileptic 
encephalopathy. Memantine is indicated in cases of 
developmental and epileptic encephalopathy 46 type with 
GRIN2D gain-of-function mutations, but it is also necessary 
to monitor the possibility of aggravation of epileptiform 
discharges and seizures.
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