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SUMMARY

In pediatric practice, epilepsy holds one of the leading places among neurological pathologies. Along with seizures, a child's
intellectual impairment lowering quality of life plays a crucial role in social disintegration. Cognitive impairments occuring
in idiopathic generalized epilepsies (IGE) and self-limited epilepsy with centrotemporal spikes (SeLECTS) considered benign
have been widely investigated. However, available data suggest that such disorders result in multiple persistent alterations in
the cognitive sphere. In this case, features of the epilepsy etiopathogenesis account for disease early onset and profoundly
remodeled structures involved in the implementation of cognitive functions. Current review is aimed to summarizing data
regarding developmental mechanisms and range of cognitive impairment in IGE and SeLECTS.
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PE3HOME

dnunencus 3aHMMaeT OLHY U3 NULMPYOLWMUX NO3ULNIA B CTPYKTYpe AETCKON HEBPONOrM4eCKOW nartosiornn. Hapagy ¢ npu-
CTynamuy 3HAYMTEIbHYIO POJib B COLMANIbHON Le3UHTerpauun urparT HapyLweHnsa pasnmnyHbiX COCTABNALLNX UHTENIIEK-
Ta pebeHka. LLInpoko nccnepyoTcsa KOrHUTUBHbIE AUCHYHKLUN, BOSHUKAIOLLNE NPW MANONATUYECKUX FEHEPaIN30BaAHHbIX
anunencuax (M) u camokynupyoLLeics anunencun ¢ LeHTpoTemMmnopanbHbiMu cnaikamu (aHrn. self-limited epilepsy with
centrotemporal spikes, SeLECTS). 3T hopMbl NO3ULNOHNPYIOTCA KakK AOOPOKA4YECTBEHHbIE, OAHAKO AaHHbIE NNTEpaTypbl
YKa3blBalOT Ha CTONKNE MHOXXECTBEHHbIE U3MEHEHWNS KOTHUTUBHOW chepbl Y Takux naumeHToB. OCO6EHHOCTU 3TUonaTore-
Hes3a anunencuy B NOA06HbLIX Cy4aax 06yCIIOBNNBAIOT PAHHEE HAYAS0 U TNyO0KUE NePeCcTPOKN CTPYKTYP, YHACTBYHOLLMX
B peann3aunmn KOrHUTUBHbLIX GOYHKUNIA. MpefcTaBNeHHbIR 0630p NOCBALLEH 0606LEHNI0 MHGOPMALUN 0 MEXaHU3MaX Pas-
BUTMA N CNEKTPE KOTHUTUBHbIX HapyLweHui npu U3 n SeLECTS.

KNHOYEBbLIE CJIOBA
anunencus AeTCKOro Bo3pacra, MAnonatnyeckas reepann3osanHas anunencus, I3, camokynupyowasca anunencus

NH®OPMALINA O CTATbE

KoHdhnukT uuTepecos

Bknap aBTopos

[Ans uuTnposaHus
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ABTOpbLI 3a4BNAT 06 OTCYTCTBMU HEOOXOAUMOCTU PACKPbLITUA KOH(DNKTA MHTEPECOB B OTHOLLEHWMN aHHON Ny6nmKaunu.

ABTOpbI CAeNany 3KBUBANEHTHbIA BKNaJ B NOATOTOBKY Ny6aMKaLuu.

MapamoHoBa A.W., JlbicoBa K.[., Tumeuko E.E., CeHuyenko I.B., CanpoHoBa M.P., AmutpeHko [O.B. KorHutneHble HapyLue-
HUS NpK anunencun ¢ fe6TOM B AETCKOM BO3pacTe. Inusiencus u napokcnudmasbHble cocTosiHns. 2024; 16 (1): 54—68.

INTRODUCTION / BBEAEHHUE

The incidence of epilepsy in the pediatric population
ranges from 0.5% to 2% [1, 2]. Currently, much attention
has been paid to the epilepsy-associated cognitive-
behavioral problems [3]. According to the available studies,
cognitive impairment occurs in children with epilepsy in 20—
60% of cases and 4.8 times more often than in the general
population [4, 5]. In some prospective studies, patients
with severe cognitive impairments had the lowest chance
of achieving long-term seizure remission and an increased
risk of early death [6].

The simultaneous disorganization of several epilepsy-
related intellectual functions leads to lowered overall social
integration in children and additionally directly affects the
educational process. According to the latest data, up to 50%
of pediatric patients have learning problems, including those
with average 1Q scores [7].

Taking into account the anatomical and physiological
characteristics of brain ontogenesis, the influence of
epileptogenic processes during childhood can result in
neuropsychic development disorders. Early-onset epilepsy
in two out of three cases is characterized by impaired general
cognitive abilities, adaptive behavior and social functions
[8]. In the study by Z. Rogag et al. (2022), intellectual and
emotional-volitional disorders in children were identified
within the first six months after seizures onset [9]. Other data
indicate that already at the onset of the disease about 30%
of children have behavioral and cognitive impairments [10].

anunencus n NapokcnamMasibHble COCTOSAHUS

Self-limited epilepsy with centrotemporal spikes
(SeLECTS) [11] is one of the most common forms of
childhood epilepsy. SeLECTS is diagnosed in 10-20%
of cases. For SeLECTS, the concept of benignity can be
fully attributed only to seizures outcome, because studies
demonstrate the presence of persistent neuropsychological
disorders in 28-53% of patients [12].

Idiopathic generalized epilepsies (IGEs) occur in 15-20%
of new cases and are also classified as benign forms [13].
According to the classification proposed by the International
League Against Epilepsy (ILAE), IGEs were identified as a
separate subgroup of genetic generalized epilepsies, taking
into account the high prevalence, similar clinical course and
electroencephalographic (EEG) patterns, the potential for
transition from one form to another as well as a relatively
favorable outcome [11, 14]. However, such patients are also
characterized by neuropsychological disorders that persist
or progress into adulthood [15].

Objective: to summarize publications on the mechanisms
of developing cognitive impairment in IGEs and SeLECTS
and to compare a relevant clinical spectrum.

MATERIAL AND METHODS / MATEPUAJI
N METOJbI

A search for publications was carried out in PubMed/
MEDLINE, ScienceDirect and Google Scholar databases over
the past 10 years available in Russian and English languages
(Fig. 1) using the following query terms: “childhood epilepsy”,

https://epilepsia.su
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“idiopathic generalized epilepsy”,

LI TS

childhood absence
epilepsy”, “juvenile absence epilepsy”, “juvenile myoclonic
epilepsy”, “self-limited epilepsy with centrotemporal
spikes” in combination with separate keywords: “cognitive
impairments”, “cognitive functions”, “neuropsychological
testing”. The search was also repeated using common
disease name abbreviations (eg., IGE, CAE, JAE, JME) and
names revised in the 2017 and 2022 ILAE classifications.

Review articles and original studies were analyzed, and
duplicate articles were excluded. Some earlier works were
also reviewed and manually selected from the reference lists
retrieved from review articles. The selection of publications
was carried out by two researchers independently of each
other, involving a third researcher in case of opinions
divergence.

The review did not include articles on epilepsy with

generalized tonic-clonic seizures alone.

RESULTS AND DISCUSSION / PE3YJIBTATDbI
N OBCYKJIEHUE

Characteristics of cognitive impairment in IGEs
and SeLECTS / XapakTepuCTHKAa KOTHUTHBHBIX
HapymeHu npu UI'D u SeLECTS

According to the current data, disorders of neuropsycho-
logical functions in patients with epilepsy are heterogeneous
and can affect several brain areas at once: memory and
learning, executive function, speech, visual perception,
constructive thinking and emotional intelligence [16].

According to the original studies and systematic reviews,
the neuropsychological profile of disorders in IGE patients
of different ages is characterized by simultaneous damage
to several cognitive domains [17], including executive,
perceptual and visuospatial functions, verbal generativity

x Publications removed before screening /
= Publications identified from databases / [Ty6nukauumn, NCKIHOYEHHbIE N0 Ha3BaHUIO
E My6nukauuu, nOeHTUMULUPOBAHHbIE [0 oT6opa:
S M0 Ha3BaHWIO B 6a3ax AAHHbIX: - —dublicate publications / ny6nupoBaHHble
§ PubMed/MEDLINE (n=1520) HasBaHuA
= Google Scholar (n=3560) (n=7)
E ScienceDirect (n=2320) —irrelevant / He OTHOCALLMECS K TEME MOUCKA
= (n=6175)
Y
Publications included after initial selection Not meeting search criteria publications /
and duplicate removal / [y6nukaumn, = My6nmkauum, He COOTBETCTBYIOLLME
BKJ/IIOYEHHbIE HA OCHOBAHWUMN Ha3BaHUA KpUTEpMAM nomcka
(n=1218) (n=1035)
= Y
=
=
= Publications selected in analysis of full-text Publications not retrieved / [y6nukaumnn,
e versions / [y6nukauuu, oTo6paHHbIe AJis _ UCKNIOYEHHbIE N3-32 HEJOCTYNHOCTU
= 13Y4YeHMS NOTHOTEKCTOBbLIX BEPCUIA MOJIHOTEKCTOBbIX BEPCUIA
& (n=183) (n=21)
L]
S
(7]
Y
Full-text publications assessed for I .
S p Publications excluded due to irrelevant
eligibility / MonHoTekcTOBbIE Ny6ANKALMH, .
_ topic / Myb6nukaumu, NCKIOYEHHbIE 13-3a
NpoaHann3mpoBaHHbIe Ha COOTBETCTBUE >
; HEeCOOTBETCTBMS TeMaTnKe 0630pa
3aJaHHOi Teme (n=67)
(n=162) N
A
Figure 1. PRISMA (Preferred Reporting Items for
~ O Systematic reviews and Meta-Analyses) workflow
= 5 Publications included in review / .
o= Pucynok 1. binok-cxema PRISMA (anri. Preferred
=) [My6nukauum, BKNOYEHHbIe B 0630p ) . ) )
S S (n=95) Reporting Items for Systematic reviews and Meta-
Em Analyses)
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and non-verbal thinking, stability of attention, speed of
information processing and working memory [18, 19].

Children are characterized by decreased academic perfor-
mance and arithmetic skills, reading and writing [20, 21],
which also aligns with the available data on impaired execu-
tive functions and decreased attention in IGE children [22].

In accordance with the severity of clinical manifestations,
three IGE cognitive phenotypes were identified:

— no impairment, with average neuropsychological test
results consistent with healthy controls (44%);

—mild impairment in several cognitive areas (44%);

—alterations in all cognitive domains with severe attention
impairment (12%).

In this case, no relation between severity of clinical
manifestations and a specific IGE syndrome is observed; the
greatest impact is exerted by factors such as family history
(parental 1Q), developmental disorders in early childhood,
and the detected changes in neuroimaging data [19].

Childhood absence epilepsy (CAE) is characterized by
a wide range of alterations including deteriorated verbal and
non-verbal memory, visual attention, speech impairment
and executive function along with normal or slightly
reduced 1Q levels [23]. Impairments in behavioral inhibition,
psychosocial functioning, and motor function are also often
detected [24]. The combination of characteristic changes
suggest a complex damage with predominant dysfunction
in the frontal lobes [25]. At the same time, it has been
evidenced about persistent attention deficit in CAE children
both before treatment and during compensation of seizures
[26], which indicates that the frontal cortex is primarily
involved in the general pathogenesis of the disease.

The spectrum of cognitive impairment in juvenile
absence epilepsy (JAE) is also associated with frontal lobe
dysfunction [27]. In a study of intellectual profile among
IGE adult patients, the JAE/CAE group with persistent
seizures revealed the lowest IQ level and the most noticeable
impairments in executive function, learning and information
acquisition [18, 24].

Children with JME are characterized by multiple cognitive
impairments [27]. E.H. Kim et al. (2016) note a slightly
decreased 1Q level, disturbances in attention, control of
reaction inhibition, verbal and working memory as well
as the speed and quality of information processing and
flexibility along with fluency of speech [28].

Research by D.N. Almane et al. (2019) has also
demonstrated worsening results in all cognitive domains
tested; in most cases, neuropsychological problems arose
before the onset of epilepsy [29]. In a prospective study on
the development of cognitive functions in JME children vs.
with healthy subjects, impairments were identified both at
the time of seizures onset and 2 years after disease onset, at
the same time, improved skills were noted in the study group,
but the level and speed did not correspond to the average
range among healthy children [22].

Children with SeLECTS are known to have a higher
risk of cognitive, behavioral or emotional difficulties [30].
Most systematic reviews indicate impairments in memory,
attention, visuospatial and executive functions [31]. It was
also noted that the average 1Q level is lower in children with

anunencus n NapokcnamMasibHble COCTOSAHUS

SeLECTS. Many researchers identify common disorders
of verbal function, including changes in both expressive
and receptive speech with impaired semantic language
processing [32]. It is typical that the risk of developing
speech dysfunction increases in parallel with longer disease
duration [33].

In addition to impairments in verbal domain, it has been
increasingly evidenced about altered memory functions in
children with SeLECTS. At the same time, some studies
indicate a deteriorated memorization of both verbal and
nonverbal material [31, 34]. According to other data, the
majority are presented as disorders of predominantly
verbal memory [35], which, according to some studies, is
consistent with the predominant deficit of speech functions
and is secondary by nature due to altered processes of
verbal encoding and storage of information [31].

Etiological factors / DTronorudeckme (paxKTopsl

Modern ideas about the pathogenesis of epilepsy suggest
a multifactorial nature of cognitive impairment (Fig. 2), pri-
marily coupled to the three most important predictors [17]:

— etiology considered the most important cause;

—the nature and frequency of seizures;

— effects of antiepileptic therapy.

Genetic predictors / TeHeTHYEeCKHE NIPETHUKTOPHI

The presence of clinical and anamnestic similarity be-
tween CAE, JAE and JME implies common etiopathogenetic
mechanisms in development of such IGE forms [11, 14].
General genetic factors regulating epileptogenesis are
discussed in numerous studies; in particular, there are the
data on an opportunity for all four IGE syndromes to occur
in a single family [36]. In addition, study data demonstrate
similarities in the structural and functional characteristics of
EEG and magnetic encephalography in patients and healthy
siblings [37].

The general mechanisms underlying development of
concomitant cognitive impairment are also discussed.
The genetic etiology of neuropsychological dysfunction is
indicated by the manifestation of similarly altered cognitive
profile both in patients with IGE and related relatives [36].

Patients with SeLECTS and their siblings also show
change in similar cognitive domains. The genetic nature
is corroborated by the studies on intellectual function,
demonstrating a specific cognitive phenotype with impaired
language functions, verbal memory and attention in both
children with SeLECTS and healthy siblings [38].

Genome-wide studies demonstrate a polygenic mode
of inheritance and identified multiple single nucleotide
polymorphisms accounting for about 58% of genetic
changes in IGE [39]. Changes in the gamma-aminobutyric
acid receptor genes GABRA1 (rs2279020), GABRG2
(rs121909673), GABRA6 (rs3219151) are commonly
recognized [40-42]. According to genetic studies, the role
of genes encoding calcium channels, CACNATH, CACNA1G
and CACNGS3, has been shown in the etiopathogenesis of
CAE [43, 44].

In patients with JME, several individual loci are
involved, of which GABRA1, GABRD, EFHC1, BRD2, CASR

https://epilepsia.su
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1 2 3

Familial history /
CemenHblii aHamHe3

Cognitive impairment /
KoruutuHble HapyleHus

Antiepileptic therapy /
lpoTnBO3NUNENTUYeCKas Tepanus

ith

Epileptiform activity /
AnuenTHopmMHas akTUBHOCTb

Disease course /
TeyeHue 3a6oneBaHus

External factors /
BHelLHMe thakTops!

Figure 2. Factors involved in development
of epilepsy-related cognitive impairment (drawn
by authors)

PrcyHOK 2. DaKkTOPBI pa3BUTHA KOTHUTUBHBIX
HAPYLIEHUI IIPU MUIENICUU (PUCYHOK ABTOPOB)

and /CK are considered the most pathogenic, displaying
complex inheritance [45, 46]. The T-allele in the GJD2
gene encoding the connexin 36 protein and increasing the
risk of epileptogenesis has been also discussed [47, 48].
The identified genetic variants, however, are not the only
sufficient etiological factor for the development of IGE
and concomitant cognitive deficits. The cumulative and
synergistic effect as well as epigenetic and environmental
factors are of great importance [14, 39].

According to a study by W. Xiong and D. Zhou (2017),
up to 59% of patients with SeLECTS had a positive family
history [49]. SeLECTS is also characterized by polygenic
inheritance, with pathogenic variants in several genes
reported: GRIN2A, KCNQ2, KCNQ3, DEPDC5, ELP4-PAXG,
GABAA-R, GABRG2, RBFOX1/3, RYR2, CHRNA5 and KALRN
[50-52]. It was evidenced that loci 16p12-11.2, 15914 and
11p13 support the hereditary nature of centrotemporal
spikes. At the same time, pleiotropy for speech dyspraxia
and spikes was revealed for the 11p13 locus. The 16p11.2
microduplication is considered characteristic of SeLECTS
because it was detected both in isolated spikes and patients
with seizures [49].

4 _
o)

Disease course and antiepileptic therapy effects /
Xapaxkrtep TeueHus 3a60aeBaHuA U 3¢ PexTor
IIPOTHBOIHIECIITHIECCKOH TEPATTHH

The severity of the disease with persistent seizures
is considered a crucial factor in developing cognitive
impairment. For instance, A.W. Byars et al. (2014) in the
study with 193 sick children showed a correlation between
the nature of epilepsy course and the severity of affected
speech function, regardless of the etiology and disease
form. The most unfavorable data at the time of disease onset
and 1.5 years later were shown in children with persistent
seizures compared to children with intermittent seizures and
healthy individuals [53].

Results from a 50-year-long prospective study on cog-
nitive outcomes in patients with childhood-onset epilep-
sy also demonstrated an association between cognitive
decline and persistent seizures. Patients with active epilepsy
receiving antiepileptic drugs (AEDs) vs. those in remission
had clinically significant impairments according to the
neuropsychological testing data [15].

The development of cognitive impairment in patients
receiving AEDs has been actively discussed. Among children
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with various forms of epilepsy, decreased attention and slow
thinking are the most common AED-related side effects
[54]. Study by I.N. Mohamed et al. (2018) showed that 1/3
of children had a correlation between a reduced 1Q level
and treatment with more than one AEDs [55]. According to
some data, AEDs rather than etiology and course of epilepsy
stronger affect the severity of psychobehavioral dysfunction
[56].

Brain structural alterations / CTpyKTypHBIE
HM3MEHEHH I'OJIOBHOI'O MO3I'a

Despite the fact that the described types of epilepsy
are classified as forms lacking brain structural pathology,
neuroimaging data indicate persistent anatomical alterations
(Table 1).

In the study by J.J. Lin et al. (2014) with JME children,
disorders of age-related brain development were found
in downmodulating age-associated processes of lowered
gray matter volume and thickness in the fronto-parietal-
temporal regions [22]. There are experimental data
regarding the impact of epileptogenesis in JME on regulating
developmental events in the cerebral cortex. A mouse study
revealed a neuronal migration disorder associated with the
EFHC1 gene [22, 61].

Features of neural networks organization

and functioning / OCOGEHHOCTH OPIAHU3AIHH

¥ ()yHKITHOHHUPOBAHHUS HEHPOHHBIX CETEH
Another important etiopathogenetic mechanism behind

cognitive dysfunction is coupled to altered neural networks

in epilepsy [62]. According to the concept of network

organization, epilepsy can be considered as a pathology
with disrupted cerebral networks as well as altered
interplay and mutual regulation in related brain areas due
to epileptogenesis [63]. Research data demonstrate an
abnormal structure of brain networks and nodes that ensure
multiple complex inter-network crosstalk that can be directly
involved in production and transmission of pathological
impulses in epilepsy [62, 64].

The study by T.S. Kellermann et al. (2015) in children
with epilepsy, showed that the organization of networks
was characterized by less differentiated and impaired
connections between domains of some functions with the
rest of the global network as well as relative isolation of
domains of attention and executive function. Neural networks
in children without epilepsy and neuropsychological
development disorders had a clear modular organization
[65]. According to other sources, patients with epilepsy had
disturbances in the temporal and spatial variability of the
“default mode” networks (brain passive mode networks)
including the posterior cingulate gyrus, prefrontal cortex,
middle and superior frontal cortex, anterior cingulate and
angular gyri, were identified [12, 66].

Patients with IGE have been described to have changed
structural and functional characteristics in neural networks
including disrupted integrability and isolation of affected
functional cognitive centers, restructuring of “default mode”
networks as well as increased spatiotemporal networks
variability [63, 66, 67].

In CAE, the most prominent changes in the networks
of the frontal lobe region have been identified including
dorsolateral prefrontal circuits and connections between

Table 1. Brain structural alterations in idiopathic generalized epilepsies and self-limited epilepsy with centrotemporal spikes

(SeLECTS)

Ta6muna 1. CTpyKTypHBIE H3MEHEHHS F'OJIOBHOIO MO3T'd MPH WIUOMATHICCKUX F'€HEPATN30BAHHBIX SIUJIENICHUAX U CAMOKYITHPYIO-
IEHCS SMUJIETICUH C IICHTPOTEMIIOPAIILHBIMU CITalikamu (aHILL self-limited epilepsy with centrotemporal spikes, SeLECTS)

CAE/JAE // 1A3/H0A3 [19, 57]

JME / HOM3 [58]

SeLECTS [59, 60]

— Decreased gray matter volume in the
frontal lobe / YmeHbLUeHNE 06beMa
Ceporo BeLLecTsa JIOGHOW Aonu

— Decreased gray matter volume

in the right anterior temporal region /
YMeHblUEeHre 06bema Ceporo
BELLECTBA NPaBOii NepeaHe BUCOYHON
obnacTu

— Decreased gray matter volume

in the cerebellum / YmeHbLweHne
06beMa Ceporo BelecTBa MO3XeYKa
— Decreased basal ganglia volume
(caudate nucleus and putamen) /
YMeHblUeHre 06bema 6a3anbHbIX
raHrnunes (Xsocrartoe A4po

1 ckopnyna)

—Increased gray matter volume

in the thalamus / YBennyeHne o6bema
CEeporo BelecTBa TalaMycoB

— Decreased gray matter volume in the frontal
lobe / YMeHbLUEHME 06bemMa CepOoro BeLLecTBa
N06HOW Jonn

— Decreased gray matter volume in the
posterior cingulate cortex / YmeHbLIeHne
06bema ceporo BellecTBa 3ajiHell 0651acTu
MOSCHON N3BUUHbI

— Decreased volume of the supplementary
motor area cortex / YmeHbLUeHe 06bema Kopbl
[OONONHUTENbHON BUraTeNbHO 0651aCTH

— Lowered functional activity in the corpus
callosum / CHU>XeHue QyHKLMOHANbHON
aKTUBHOCTU B MO30JICTOM Tene

— Decreased basal ganglia volume (caudate
nucleus, putamen) / YmeHbLUeHne 06bema
6a3asfibHbIX raHrInMeBs (XBocTaToe f4po,
cKopJiyna)

— Decreased white matter density / CHuxeHue
NAOTHOCTM 66N0ro BeLlecTBa

— Decreased total frontal lobe volume /
YMeHbLIeHne 06Lero 06bema nobHbIX
nonen

— Thickened right frontotemporal
cortex / YTosiLLeHNe NpaBoii I06HO-
BMCOYHOII KOPb!

— Thickened left orbitofrontal cortex /
YTonuweHre opbUTOMPOHTaNbLHON
KOpbl cnesa

— Thickened bilateral precentral

gyrus cortex / YTonLeHe Kopbl
MPeLEHTPaNbHbIX N3BUNH C ABYX
CTOPOH

— Bilaterally increased mass and
volume of the putamen and amygdala /
[1ByCTOpOHHEE YBENMYEHNE

Macchbl M 06beMa CKopyn

U MUHANEeBUIAHbIX TeN

Note. CAE — childbood absence epilepsy; JAE — juvenile absence epilepsy; IME — juvenile myoclonic epilepsy.

IIpumeuanue. /1AD — demcrasn adbcarcrasn snunencus; FOAD — ronoweckas adbcarncnasn snuaencus; FOMD — onouleckasn

MUOKSIOHUYCCKAA INUNCTICUA.
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the orbitofrontal and motor and premotor areas associated
with the implementation of executive and speech functions
[67]. Among these patients, functional impairments in the
attention network were also identified with altered signal
from the insula, frontal operculum, and medial frontal cortex
[68]. Disrupted functional activity in the medial regions of
the frontal cortex is also typical to JME. In addition, bilateral
structural disorders in thalamo-frontal connections were
also revealed in JME patients.

Patients with SeLECTS also exhibit extensive systemic
brain disruption characterized by involvement and
dysfunction in the areas outside the typical epileptogenic
focus [66, 69]. Some evidence suggests persistent abnormal
functional interactions between cortical and subcortical
structures regardless of detected seizures and epileptiform
activity [70].

Multiple changes in language networks occur with
high frequency among patients with SeLECTS and are
characterized by impaired integration between the motor and
language systems [64, 71]. Studies demonstrate a decrease
in impulse transmission from the epileptogenic zone, which
includes the sensorimotor area, to Broca's center [72]. In
addition, this pathology is also linked to changed activity in
the basal ganglia as well as reshaped connections between
the hippocampus and the ventral Brodmann area responsible
for the regulation of language syntax [33, 64, 73].

The impact of epileptiform activity / Biusuue
snmIenTHGOPMHOM AKTUBHOCTH

According to functional studies, some patterns of
neuropsychological changes have been identified depending
on the nature of epileptiform activity in SeLECTS. Thus,
children with unilateral vs. bilateral epileptiform spikes
have a higher 1Q level [74]. The study by A.E. Vaudano et al.
(2019) has determined the negative impact of interictal
epileptiform activity on speech networks functioning [75].
Another study revealed a detailed relationship between
language dysfunction and spike localization, with phonology
and speech production being more affected in the left-sided
spikes, whereas right-sided localization of epileptiform
activity had a greater impact on visuospatial skills and
language processing [76].

The influence of interictal epileptiform activity during the
NREM' sleep phase on memory consolidation processes has
also been demonstrated [34]. Similar data were obtained by
J. Zhang et al. (2020), revealing impaired memory, reaction
speed, and visuospatial functions in children with bilateral
localization of epileptiform activity and confirming higher
risk of cognitive deficits with a high activity index during the
NREM sleep phase [77].

In children with EEG-detected centrotemporal spikes
were found to have increased connections between the
auditory and the somatomotor networks, which may be
a compensatory mechanism for speech dysfunction [78].

For IGE, interictal epileptiform activity is also of
importance. Patients with JME have more severe cognitive
impairment while maintaining long-term generalized

"NREM — non-rapid eye movement sleep.

epileptiform activity [79]. The worst cognitive tests is typical
for JME patients with asymmetric interictal generalized
epileptiform activity [80].

Among patients with JAE, a link between prolonged
epileptiform activity (more than 3 sec) and deteriorated
information processing and memory was also noted [81].
The relationship between severe attention disorders and
epileptic attack duration at the onset of CAE of more than
20 sec-long based on EEG data before the start of therapy
has been shown [82].

Comparative profile of cognitive impairment
in IGE and SeLECTS / CpaBHUTEIBHBIN NPODUIH
KOTHUTHUBHBIX HapymeHu npu UI'D u SeLECTS

Current data are characterized by a marked heterogeneity
in both cognitive-behavioral and functional, neuroimaging
and clinical characteristics in epilepsy patients, which
suggests a multifactorial etiology and pathogenesis of
comorbid cognitive disorders [83]. The cognitive profiles
of patients with different IGE syndromes display no
clear differentiation [17]. When compared (Table 2), the
multiplicity of lesions in IGE and SeLECTS is clearly visible
with the majority of domains matching.

Research data agree that the determining profile of
cognitive impairment in addition to response to therapy is
affected by the location of the epileptogenic zone, age of
onset, environmental factors and additional undifferentiated
genetic factors.

Anatomical and physiological features

in developing brain during epileptogenesis /
AHaTOMO-(DH3HOTOTHIECKHE OCOOEHHOCTH
¢dhopMHEPOBAHHS I'OTOBHOTO MO3Ia HA (DOHE
3IHJIENITOI'CHE3a

The existing relationship between the age of disease onset
and the development of neuropsychological disorders can be
accounted for by development of cognitive and social skills
during epileptogenesis.

Normally, the spatiotemporal organization in developing
brain is characterized by general dynamic changes in gray
matter volume and cortical thickness during childhood
progression, reaching a maximum during puberty that
gradually declines in adolescence. White matter volume
increases within the first few years of life and continues to
expand linearly in the parietofrontotemporal regions with
the onset of puberty, which correlates with the formation
of areas in the most complex higher cortical functions [84].

Also, a characteristic feature is the correspondence
between morphometric changes in gray matter and the
events of psychomotor development in childhood. At early
age, primary involvement of the sensorimotor cortex is
typical; at older age, the development of secondary and
multimodal areas associated with the implementation of
complex psychosocial skills predominates [85].

The latter occurs in the cortex and pathways of the frontal
and temporal lobes involved in the implementation of speech
and executive functions during physiological maturation.
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Table 2. Comparative characteristics of cognitive impairment in idiopathic generalized epilepsies and self-limited epilepsy with

centrotemporal spikes (SeLECTYS)

Ta6mmuna 2. CpaBHUTETbHASA XAPAKTEPUCTUKA KOTHUTHBHBIX HAPYIIECHUI TPU HIHONATHYECKUX TeHEPATI30BAHHBIX SITUIETICUAX
1 CAMOKYIIMPYIOMIEHCS SMUIEIICUH C [IEHTPOTEMIIOPAJIHBIMU crlarikamu (aHriL self-limited epilepsy with centrotemporal spikes,

SeLECTYS)
Cognitive impairment / KorHuTuBHbIE HapyLEHUs Pali:';i:)i':xsgn‘:;:le-fl%egai;i:n:ai;":g:ﬂg:llc/uu

Speech functions / Pe4yeBble dhyHKLMN

semantic speech perception / ceMaHTU4eCKOe BOCNPUATIE PeYL -

phonemic speech analysis / hoHemaTu4Yeckuini aHanna peym - SeLECTS

expressive speech / akcnpeccuBHas pedb JME / OM3

writing and reading / nucbMo 1 YTeHMe -
Executive function / icnonHuTeNIbHblE QYHKLNK CAE, JAE, JME / OA3, HOA3, OM3 SeLECTS
Visual-spatial analysis / 3putesibHO-NPOCTPAHCTBEHHBIN aHANN3 - SeLECTS
Attention / BHumaHue CAE, JAE, JME / [1A3, HOAS, M3 SeLECTS
Memory / Namstb

verbal component / Bep6asibHbIii KOMIOHEHT CAE, JME / [1A3, OM3 SeLECTS

non-verbal component / HeBep6asibHbIl KOMMOHEHT CAE, JAE / 1AD, HOA3

working memory / pa6o4as namsaTb JME / HOM3 -
Regulated reaction inhibition / Perynaumsa TopMoXxxeHus peakuui CAE, JME / [1A3, OM3 -
Speed of thought and action / CKOpoCTb MbILUNEHNS 1 PeaKLui CAE, JAE, JME / [1A3, HOAS, HMI -
Motor functions / MoTopHble oyHKLUN CAE /A3 SeLECTS
Lowered 1Q level / CHuxeHue ypoBHs 1Q CAE, JAE, JME / [1A3, HOAS, HMS SeLECTS

Note. JME — juvenile myoclonic epilepsy; CAE — childbood absence epilepsy; JAE — juvenile absence epilepsy.

IIpumeuanue. FOMD — 10H0UECKAA MUOKIOHUYECKAA Inuaencus; [JAD — demcrasn abcancrasn snunencus; FOAD — onoweckasn

aOCaAHCHAA INUNCNCUS.

Such alterations correspond to the period of improved
integration in language and cognitive processes during
adolescence [84].

Taking into account the high plasticity in childhood
nervous system, the nature of manifestations may depend
on crosstalk between pathological and compensatory
mechanisms. For example, in CAE, changes in frontothalamic
pathways and associated disorders result in secondary
reorganization of adjacent cortical areas allowing for partial
compensation in developing functions [86].

On the other hand, current data describe disturbed
physiological neuronal epileptogenesis-associated
plasticity that was associated with affected events in
maturation and formation of brain gray and white matter
as well as compensatory potential. For example, the
natural development of verbal function is characterized
by expanded speech network during maturation, whereas
healthy children show more prominent and differentiated
development compared to epilepsy children characterized
by weak organization and decreased connectivity between
verbal functions and other cognitive modules [69]. Such
abnormalities can be interpreted as an indicator of putative
immaturity and developmental disorders.

Also, one of potential causes for development of cognitive
impairment may be due to decreased ability to dynamically
restructure a task-driven neural network able to result in
altered quality of existing skill implementation [87].

anunencus n NapokcnamMasibHble COCTOSAHUS

Such age-related characteristics allow for a more
dynamic and variable impact from epileptogenic processes
on formation of intellectual functions that may also cause
varying degree of involvement in cognitive domains in
different same disease form patients.

It remains unclear whether the reorganization of
neural networks is a sole pathological or compensatory
mechanism or whether there is initially an opportunity for
a combined interplay between them [65]. Thus, taking into
account the existing structural and functional changes
patients with CAE and SeLECTS at the time of onset may
demonstrate mild or subclinical disorders [31]. In the study
by A.N. Datta et al. (2013), children with SeLECTS showed
only a tendency toward language impairment. Moreover,
the patients had abnormally expanded and strengthened
bilateral language networks, whereas physiologically the
language network is represented predominantly in the left
hemisphere [69].

Mechanisms of cognitive impairment
formation in IGE and SeLECTS / MexaHu3MBbI
¢dopMHUpPOBAHUA KOTHUTHBHBIX HAPYIICHHUH IIPH
HUI'D 1 SeLECTS

The described developmental features are interrelated
with the age of onset and identified cognitive and
anatomical and functional changes observed in various
forms of epilepsy. It is argued that SeLECTS may represent
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a developmental disorder associated with delayed
maturation in brain networks [71, 88]. Then the causes of
diffuse damage with marked speech dysfunction may be
genetically determined in preclinical events for developing
abnormal neural networks and the early onset of the disease
along with focal epileptiform activity in the areas of localized
speech function [89].

In the case of IGE, the varying severity of cognitive
outcomes among adult patients with diverse disease forms
suggests an important role for the age of disease onset in
emerging cognitive deficits [18]. However, some studies
found no a relationship between the severity of cognitive
impairment and IGE form [17].

Indeed, common genetic factors regulating epilepto-
genesis in IGE are known to be of importance, which
can play a decisive role in the predisposition to seizures
development as well as remodeling brain substance and
disorganizing neural networks observed already at the
time of the disease onset. In particular, in JME, one of
the mechanisms for developing cognitive deficit relies
dysfunction in the thalamofrontal network. It was found that
lowered frontal functional activity predominantly affects the
severity of the disease manifestations rather than the profile
of cognitive impairment [90].

The lack of a predominant affected domain in IGE, as
is the case in SeLECTS, points at the involvement of an
epileptic focus. Children with SeLECTS show impaired
activity in the middle frontal gyrus and superior parietal
gyrus, which persists even after decline in centrotemporal
spikes [91], which may affect the development of cognitive
dysfunction.

Some researchers suggest that the development of
absence seizures is not primarily generalized in nature but
has a focal onset involving neural networks connecting
the ventromedial frontal cortex to the thalamic nuclei,
basal ganglia and reticular formation of the brainstem
and cerebellum [92]. In this case, the diffuse nature of the
lesion may be related to the epileptogenic zones involved
in crosstalk and switch of multiple neural networks. For
SeLECTS, an opportunity for thalami to directly participate in
the generation of epileptic activity has been also discussed
[91, 93].

The majority data indicate a relationship between specific
features of cognitive impairment and brain structural and
morphometric alterations in epilepsy [94]. The decline in
impulse activity in the central temporal regions and impaired
activity of the basal ganglia typical to SeLECTS correlate
with the neuroimaging phenotype [88]. Detected bilateral
cortical thickening in the precentral regions is considered
a sign of delayed brain development and affects not only
speech, but also executive function [95].

Structural changes in IGE also have a direct link to the
affected cognitive domains. At the same time, according
to some data, the neural networks reshaping during IGE
solely occurs at suboptimal level. The observed changes
with the isolation of functional centers and disrupted links
between the limbic system and the basal ganglia are partially
compensated by global integrative processes, which,
however, are also reduced [67].

The similarity in the localization of functional-anatomical
rearrangements and the spectrum of neuropsychological
changes suggests the presence of common patterns in the
development of cognitive disorders both in IGE and SeLECTS.
Qualitative and temporal characteristics of such disorders
indicate the important role for preclinical pathological
events resulting in an initial deviation in the trajectory of
neuropsychic development and formation of diffuse changes.

In the case of SeLECTS, it is impossible to deny the
relationship between the focus of epileptiform activity and
prevailing speech disorders, but it is problematic to interpret
other changes in the cognitive domain as secondary due to the
common morphofunctional picture. Persistent multi-impaired
cognition in patients with IGE may also indicate an early global
impairment in physiological brain maturation and function
exacerbated by epileptiform activity and persistent seizures.

CONCLUSION / 3AKJIIOYEHHE

The early onset of the pathological process with extensive
morpho-functional changes and impaired stages in brain
maturation profoundly impact on the further development of
cognitive functions in childhood epilepsy patients.

Even if the course is benign and the seizures are stopped,
it should be taken into account that epileptogenesis affects
neuropsychic development long before overt attacks. The
presence of cognitive impairment at the time of onset,
together with data on a more severe disease course
concomitant with marked intellectual-mnestic disorders
allows to consider cognitive disintegration as an important
independent link during epileptogenesis in IGE and
SeLECTS. It also correlates with the current paradigm shift
in the etiological secondary nature of neuropsychological
dysfunction in epilepsy.

Taking into account the prevalence and severity of
cognitive impairment, it is relevant to determine the tactics
for managing such patients and develop a protocol for
neuropsychological testing most accessible and informative
in everyday clinical practice. Timely diagnostics will allow
to identify and adjust potential deviations in the path of
developing cognitive functions at the time of onset and
organize multidisciplinary crosstalk between medical
specialists at early disease stages.
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