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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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РЕЗЮМЕ 

Эпилепсия занимает одну из лидирующих позиций в структуре детской неврологической патологии. Наряду с при-
ступами значительную роль в социальной дезинтеграции играют нарушения различных составляющих интеллек-
та ребенка. Широко исследуются когнитивные дисфункции, возникающие при идиопатических генерализованных 
эпилепсиях (ИГЭ) и самокупирующейся эпилепсии с центротемпоральными спайками (англ. self-limited epilepsy with 
centrotemporal spikes, SeLECTS). Эти формы позиционируются как доброкачественные, однако данные литературы 
указывают на стойкие множественные изменения когнитивной сферы у таких пациентов. Особенности этиопатоге-
неза эпилепсии в подобных случаях обусловливают раннее начало и глубокие перестройки структур, участвующих 
в реализации когнитивных функций. Представленный обзор посвящен обобщению информации о механизмах раз-
вития и спектре когнитивных нарушений при ИГЭ и SeLECTS.

КЛЮЧЕВЫЕ СЛОВА 

Эпилепсия детского возраста, идиопатическая генерализованная эпилепсия, ИГЭ, самокупирующаяся эпилепсия 
с центротемпоральными спайками, SeLECTS, когнитивные нарушения, когнитивные функции. 
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INTRODUCTION / ВВЕДЕНИЕ

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 IQ 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 Ž. Rogač 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].

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]. 

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

MATERIAL AND METHODS / МАТЕРИАЛ 
И МЕТОДЫ

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”, 
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“idiopathic generalized epilepsy”, “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 / РЕЗУЛЬТАТЫ 
И ОБСУЖДЕНИЕ

Characteristics of cognitive impairment in IGEs 
and SeLECTS / Характеристика когнитивных 
нарушений при ИГЭ и 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 
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Figure 1. PRISMA (Preferred Reporting Items for 
Systematic reviews and Meta-Analyses) workflow

Рисунок 1. Блок-схема PRISMA (англ. Preferred 
Reporting Items for Systematic reviews and Meta-
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 IQ), 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 IQ 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 СAE 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 IQ 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 IQ level is lower in children with 

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 / Этиологические факторы

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 / Генетические предикторы

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, CACNA1H, CACNA1G 
and CACNG3, 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 
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and ICK 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-PAX6, 
GABAA-R, GABRG2, RBFOX1/3, RYR2, CHRNA5 and KALRN 
[50–52]. It was evidenced that loci 16p12–11.2, 15q14 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].

Disease course and antiepileptic therapy effects / 
Характер течения заболевания и эффекты 
противоэпилептической терапии

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 

Tissue-related structural changes / 
Структурные изменения тканей

Reorganized neural networks / 
Реорганизация нейронных сетей

Antiepileptic therapy / 
Противоэпилептическая терапия

External factors / 
Внешние факторы

Disease course / 
Течение заболевания

Epileptiform activity / 
Эпилептиформная активность

Familial history / 
Семейный анамнез

Gene pathogenic variants / 
Патогенные варианты в ряде генов

Cognitive impairment /
Когнитивные нарушения

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

Рисунок 2. Факторы развития когнитивных 
нарушений при эпилепсии (рисунок авторов)
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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 IQ 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 / Структурные 
изменения головного мозга

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 / Особенности организации 
и функционирования нейронных сетей

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)

Таблица 1. Структурные изменения головного мозга при идиопатических генерализованных эпилепсиях и самокупирую-
щейся эпилепсии с центротемпоральными спайками (англ. self-limited epilepsy with centrotemporal spikes, SeLECTS)

CAE/JAE // ДАЭ/ЮАЭ [19, 57] JME / ЮМЭ [58] SeLECTS [59, 60]

– Decreased gray matter volume in the 
frontal lobe / Уменьшение объема 
серого вещества лобной доли
– Decreased gray matter volume 
in the right anterior temporal region / 
Уменьшение объема серого 
вещества правой передней височной 
области
– Decreased gray matter volume 
in the cerebellum / Уменьшение 
объема серого вещества мозжечка
– Decreased basal ganglia volume 
(caudate nucleus and putamen) / 
Уменьшение объема базальных 
ганглиев (хвостатое ядро 
и скорлупа)
– Increased gray matter volume 
in the thalamus / Увеличение объема 
серого вещества таламусов

– Decreased gray matter volume in the frontal 
lobe / Уменьшение объема серого вещества 
лобной доли
– Decreased gray matter volume in the 
posterior cingulate cortex / Уменьшение 
объема серого вещества задней области 
поясной извилины
– Decreased volume of the supplementary 
motor area cortex / Уменьшение объема коры 
дополнительной двигательной области
– Lowered functional activity in the corpus 
callosum / Снижение функциональной 
активности в мозолистом теле
– Decreased basal ganglia volume (caudate 
nucleus, putamen) / Уменьшение объема 
базальных ганглиев (хвостатое ядро, 
скорлупа)
– Decreased white matter density / Снижение 
плотности белого вещества

– Decreased total frontal lobe volume / 
Уменьшение общего объема лобных 
долей
– Thickened right frontotemporal 
cortex / Утолщение правой лобно-
височной коры
– Thickened left orbitofrontal cortex / 
Утолщение орбитофронтальной 
коры слева
– Thickened bilateral precentral 
gyrus cortex / Утолщение коры 
прецентральных извилин с двух 
сторон
– Bilaterally increased mass and 
volume of the putamen and amygdala / 
Двустороннее увеличение  
массы и объема скорлуп  
и миндалевидных тел

Note. CAE – childhood absence epilepsy; JAE – juvenile absence epilepsy; JME – juvenile myoclonic epilepsy.

Примечание. ДАЭ – детская абсансная эпилепсия; ЮАЭ – юношеская абсансная эпилепсия; ЮМЭ – юношеская 
миоклоническая эпилепсия. 
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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 / Влияние 
эпилептиформной активности

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 IQ 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 
NREM1 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 

1 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 / Сравнительный профиль 
когнитивных нарушений при ИГЭ и 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 / 
Анатомо-физиологические особенности 
формирования головного мозга на фоне 
эпилептогенеза

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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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].

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 / Механизмы 
формирования когнитивных нарушений при 
ИГЭ и 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 

Table 2. Comparative characteristics of cognitive impairment in idiopathic generalized epilepsies and self-limited epilepsy with 
centrotemporal spikes (SeLECTS)

Таблица 2. Сравнительная характеристика когнитивных нарушений при идиопатических генерализованных эпилепсиях 
и самокупирующейся эпилепсии с центротемпоральными спайками (англ. self-limited epilepsy with centrotemporal spikes, 
SeLECTS)

Cognitive impairment / Когнитивные нарушения Epilepsy form-specific distribution /  
Распределение по формам эпилепсии

Speech functions / Речевые функции

       semantic speech perception / семантическое восприятие речи –

SeLECTS
       phonemic speech analysis / фонематический анализ речи –

       expressive speech / экспрессивная речь JME / ЮМЭ

       writing and reading / письмо и чтение –

Executive function / Исполнительные функции CAE, JAE, JME / ДАЭ, ЮАЭ, ЮМЭ SeLECTS

Visual-spatial analysis / Зрительно-пространственный анализ – SeLECTS

Attention / Внимание CAE, JAE, JME / ДАЭ, ЮАЭ, ЮМЭ SeLECTS

Memory / Память

       verbal component / вербальный компонент CAE, JME / ДАЭ, ЮМЭ
SeLECTS

       non-verbal component / невербальный компонент CAE, JАE / ДАЭ, ЮАЭ

       working memory / рабочая память JME / ЮМЭ –

Regulated reaction inhibition / Регуляция торможения реакций CAE, JME / ДАЭ, ЮМЭ –

Speed of thought and action / Скорость мышления и реакций CAE, JAE, JME / ДАЭ, ЮАЭ, ЮМЭ –

Motor functions / Моторные функции CAE / ДАЭ SeLECTS

Lowered IQ level / Снижение уровня IQ CAE, JAE, JME / ДАЭ, ЮАЭ, ЮМЭ SeLECTS

Note. JME – juvenile myoclonic epilepsy; CAE – childhood absence epilepsy; JAE – juvenile absence epilepsy.

Примечание. ЮМЭ – юношеская миоклоническая эпилепсия; ДАЭ – детская абсансная эпилепсия; ЮАЭ – юношеская 
абсансная эпилепсия. 
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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 / ЗАКЛЮЧЕНИЕ

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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