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SUMMARY 

Background. The emergence of the latest pharmacotherapeutic methods opened up new opportunities for delivery of healthy 
children born to women with epilepsy, whereas comprehensive pregravid preparation became the “gold standard” of treatment, 
reducing the risks of teratogenesis and the appearance of mental development disorders and adaptation in offspring.

Objective: to study an effect of a comprehensive pregravid preparation for women with epilepsy on mental development and 
adaptation in paired children.

Material and methods. A multicenter, retrospective, uncontrolled, open, observational study assessing mental development 
level in children born to women with epilepsy was conducted. The study involved 176 subjects: 88 children (aged 3–9 years) 
and paired mothers with epilepsy. Several methods we used: a medical questionnaire (biographical data, clinical data on the 
form, course and treatment of maternal epilepsy, course of pregnancy and childbirth, as well as information on pediatric 
early development), Luria neuropsychological batteries adapted by J.M. Glozman (for preschool and primary school children), 
Wechsler Intelligence Scale for Children (WISC) (for children aged 5 years and older), Child Behavior Checklist (CBCL) forms 
for parents (by T. Achenbach), and attention deficit hyperactivity disorder and other behavioral dysfunctions questionnaire 
modified by N.N. Zavadenko (for children aged 5 years and older).

Results. In children born to mothers who did not undergo pregravid preparation, the overall indicator of developmental and 
adaptation disorders was higher: anxiety, attention problems, motor awkwardness, hyperactivity and internalization problems 
were more pronounced. They also had a higher overall index of neuropsychological disorders – gnosis, phonemic hearing, 
understanding of reversed speech and speech logic, and logical operations were specifically affected. A comparison of age 
groups showed that by the age of 7–9 years old, children born to mothers who underwent pregravid preparation were better 
compensated. Seizures during pregnancy is a predictor for developing large number of pediatric mental development disorders 
in the future (somatic problems, disorders of socialization and attention, motor awkwardness, externalization problems), 
whereas conducting pregravid preparation significantly lowers the predictive power of such effect, which allows to consider 
it as a moderator. Pregravid preparation is also a moderator that lowers a negative impact of toxicosis on probability for deliver 
a child with externalization (aggression) and delayed neurodynamic development.

Conclusion. A comprehensive pregravid preparation exhibits a moderating effect: it lowers a negative impact of epileptic 
seizures and pregnancy complications (toxicosis) on further mental development and adaptation of children, as well as 
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increases their compensatory capabilities. The study results have both scientific and significance for neurologists, obstetricians 
as well as gynecologists and clinical psychologists.
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РЕЗЮМЕ 

Актуальность. Появление новейших фармакотерапевтических методов открыло новые возможности рождения здоро-
вых детей у женщин, страдающих эпилепсией, а проведение комплексной прегравидарной подготовки стало «золо-
тым стандартом» лечения, снижающим риски тератогенеза и появления нарушений психического развития и адап-
тации у потомства.

Цель: изучение влияния комплекса прегравидарной подготовки женщин с эпилепсией на психическое развитие и адап-
тацию их детей.

Материал и методы. Проведено многоцентровое ретроспективное неконтролируемое открытое наблюдательное иссле-
дование психического развития детей, рожденных женщинами, страдающими эпилепсией. В исследовании приняли 
участие 176 человек: 88 детей в возрасте 3–9 лет и их матери, больные эпилепсией. В качестве методов использова-
лись: медицинская анкета (биографические и клинические данные о форме, течении и лечении эпилепсии у матери, 
протекании беременности и родов, а также информация о раннем развитии ребенка), Луриевские батареи нейропси-
хологических тестов в адаптации Ж.М. Глозман (для детей дошкольного и младшего школьного возраста), методи-
ка исследования интеллекта Д. Векслера (англ. Wechsler Intelligence Scale for Children, WISC) для детей 5 лет и стар-
ше, Контрольный лист поведения ребенка (англ. Child Behavior Checklist, CBCL) Т. Ахенбаха и анкета для выявления 
симптомов синдрома дефицита внимания с гиперактивностью и других поведенческих расстройств в модификации 
Н.Н. Заваденко (для детей 5 лет и старше).

Результаты. У детей матерей, не прошедших прегравидарную подготовку, общий показатель нарушений развития 
и адаптации был выше: сильнее выражены тревожность, расстройства внимания, моторная неловкость, гиперактив-
ность и интернализационные проблемы. Общий показатель нейропсихологических нарушений у них также был выше – 
особенно страдали гнозис, фонематический слух, понимание обращенной речи и логики речи, логические операции. 
Сравнение возрастных групп показало, что к 7–9 годам дети, матери которых прошли прегравидарную подготовку, 
компенсировались лучше. Приступы во время беременности являются предиктором появления у ребенка в дальней-
шем большого количества нарушений психического развития (соматические расстройства, ухудшение социализа-
ции и внимания, моторная неловкость, экстернализационные проблемы), а проведение прегравидарной подготовки 
достоверно снижает предсказательную силу этого влияния, что позволяет рассматривать ее в качестве модератора. 
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EPILEPSY 
and paroxysmal 

conditions 

INTRODUCTION / ВВЕДЕНИЕ

Pregravid preparation (preparation for pregnancy) is an 
essential component for strengthening the health of a mother 
and a child. Rationally planned pregravid preparation notably 
lowers a risk of delivering children with congenital malfor-
mations caused by micronutrient deficiency and unrelated to 
hereditary defects [1].

International registries of pregnancies with epilepsy re-
plenish the lack of studies unable to conduct international 
clinical trials with new antiepileptic drugs (AEDs) in pregnant 
women due to ethical restrictions [2]. At the same time, preg-
nancy with epilepsy exhibits specific characteristics such as 
a risk of worsening disease course during pregnancy (un-
controlled seizures), higher frequency of multiple pregnancy 
complications (toxicosis, anemia, gestosis, etc.), as well as 
the potential AED-related fetal  adverse effects (teratogen-
esis) [3].

For patients with epilepsy, it is especially important to 
plan pregnancy before conception so that the most effective 
and safe antiepileptic treatment protocol, in which the ex-
pected therapeutic benefit would exceed potential teratogen-
esis risks associated with drug use is selected [4].

Thus, a neurologist who accompanies pregnancy with epi-
lepsy, like Odysseus, must pass “between Scylla and Charyb-
dis.” On the one hand, in order to avoid the risk of fetal tera-
togenesis, it is necessary to apply AEDs at minimum dosage 
and control drug concentration in the blood or replace a AED 
with a less toxic counterpart. On the other hand, it is impor-
tant to prevent recurrence of seizures (primarily generalized 
convulsive seizures), which is achieved by constant thera-
peutic drug monitoring [4, 5].

Pregravid preparation for women with epilepsy should be 
comprehensive including gynecological and somatic along 
with epileptological preparation. The main goal of epilepto-

logical preparation is to prevent seizures and reduce terato-
genesis risk in a child [6]. Optimal therapy of epilepsy before 
conception involves monotherapy with a best efficacy/tera-
togenesis ratio drug [7] and folic acid (up to 13 weeks) [4].

Comprehensive pregravid preparation lowers both the 
risks of congenital malformations and the likelihood of neu-
robehavioral teratogenicity, i.e., a negative impact on pedi-
atric neuropsychiatric development [8].

Until recently, research on AEDs-related teratogenesis in 
female epilepsy was mainly focused on assessing congeni-
tal physical abnormalities in offspring [9]. Studies examin-
ing the AEDs effect of on child’s mental development as well 
as an opportunity to correct it at the stage of pre-pregnancy 
training are evidently insufficient [10, 11].

Pregnancy complications, increased frequency of mater-
nal epileptic seizures related to AEDs during pregnancy are 
considered as risk factors and causes of neurobehavioral 
teratogenesis. For example, taking valproic acid during preg-
nancy can lead to the formation of both congenital anomalies 
and delayed nervous system development [12].

According to recent studies, the change in the AEDs spec-
trum used during pregnancy has affected not only the inci-
dence of congenital malformations, but also improved the 
indicators of neuropsychic development of children born to 
mothers with epilepsy [13, 14]. However, most studies con-
tinue to focus on the management of ongoing pregnancy, while 
the issues of preparing a woman with epilepsy for pregnancy 
remain insufficiently investigated. At the same time, the per-
centage of unplanned pregnancies in epilepsy remains high [2]. 

Therefore, assessing an impact of pregravid preparation 
on child's postnatal development remains relevant both in 
practical and scientific terms.

Objective: to study an effect of a comprehensive pregravid 
preparation for women with epilepsy on mental development 
and adaptation in paired children.

Прегравидарная подготовка также является модератором, снижающим негативное влияние токсикоза на вероятность 
появления у ребенка проблем экстернализации (агрессии) и задержки в развитии нейродинамики.

Заключение. Комплексная прегравидарная подготовка оказывает модерирующий эффект – снижает негативное влия- 
ние эпилептических приступов и осложнений беременности (токсикоз) на дальнейшее психическое развитие и адап-
тацию ребенка, а также повышает его компенсаторные возможности. Результаты исследования имеют как научную, 
так и практическую значимость для неврологов, акушеров-гинекологов и клинических психологов.

КЛЮЧЕВЫЕ СЛОВА 

Женская эпилепсия, беременность, прегравидарная подготовка, дети, нейроповеденческая тератогенность, психи-
ческое развитие. 

Для цитирования 
Краско А.С., Михайлова Н.Ф., Ларина И.В., Михайлов В.А., Одинцова Г.В. «Между Сциллой и Харибдой»: влияние пре-
гравидарной подготовки на психическое развитие детей, рожденных матерями с эпилепсией. Эпилепсия и пароксиз-
мальные состояния. 2024; 16 (4): 298–315 (на англ. яз.). https://doi.org/10.17749/2077-8333/epi.par.con.2024.191.  
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MATERIAL AND METHODS / МАТЕРИАЛ 
И МЕТОДЫ

Study design / Дизайн исследования

A multicenter retrospective uncontrolled open observa-
tional study analyzing level of mental development in children 
born to women with epilepsy was conducted to assess an im-
pact of pregravidar preparation of mothers with epilepsy on 
further mental development in paired children.

Diagnostics / Диагностика

The clinical diagnosis of women with epilepsy was car-
ried out by neurologists at the Russian Polenov Neuro-
surgical Institute (branch of Almazov National Medical 
Research Center), the City Epileptology Center of Saint 
Petersburg, Bekhterev National Medical Research Center 
for Psychiatry and Neurology and included the anamnesis 
(estimated disease duration, age of onset, frequency of 
seizures, antiepileptic therapy in anamnesis and in preg-
nancy, dynamics of epilepsy clinical manifestations during 
pregnancy). Medical data related to pregnancy, childbirth, 
newborn physical development and early psychomotor 
development were also collected.

The assessment of the child's mental and intellectual 
development, as well as adaptation, was carried out by 
psychologists from the Chair of Developmental and Dif-
ferential Psychology of Saint Petersburg State University.

Cohort characteristics / Характеристика 
когорты

There were enrolled 176 subjects: 88 children aged 
3–9 years and paired 88 mothers suffering from epilepsy. 

To assess an impact of pregravid preparation on further 
child's mental development, the cohort was divided into 2 
groups: group 1 (42 subjects) consisted of children whose 
birth was planned and prepared, group 2 (46 subjects) in-
cluded children born to women with unprepared pregnancy. 
The study included children from three age groups, divided 
according to the methods we used and statistical expedien-
cy: 31 children aged 3–4 years, 29 children aged 5–6 years 
and 28 children aged 7–9 years.

Inclusion criteria:
– age of children ranging from 3 to 9 years;
– verified diagnosis of maternal epilepsy before preg-

nancy; 
– mother's informed consent to participate in the study;
– informed consent of the child's parents to participate 

in the study.
Exclusion criteria:
– age of children under 3 and over 10 years old;
– mental retardation;
– parents' refusal to participate in the study.

Mothers / Матери

Age of epilepsy onset, disease duration, forms 
and activity 

The experience of epilepsy ranged from 5 to 44 years and 
averaged 19 years. The age of epilepsy onset is spanned from 
0 to 37 years (on average 15 years). According to the epilepsy 
classification by the International League Against Epilepsy 
[15], 44 patients (50%) had generalized epilepsy, 44 (50%) – 
focal epilepsy. Sixty-three mothers (72%) were in disease 
remission, most of them having no seizures for more than 
1 year before the onset of pregnancy, and rare epileptic sei-
zures found in the remaining subjects.

Antiepileptic therapy
At the time of delivery, 11 mothers (13%) did not take 

AEDs, 62 (70%) and 15 (17%) receiving monotherapy and 
polytherapy, respectively. The latter received first (old)-, new- 
and newest-generation AEDs (30 (40%) and 45 (60%) moth-
ers, respectively).

Maternal age and pregnancy complications 
The average age of a women was 28 years, ranging from 

18 to 41 years that matched between groups (prepared and 
unprepared pregnancy). 58 (65%) mothers had pregnancy 
without toxicosis, with the remaining of them showing com-
plications such as toxicosis of the first half of pregnancy, 
manifestations of toxicosis of the second half of pregnancy 
(edema, increased blood pressure, protein in urine), anemia, 
exacerbation of chronic diseases (pyelonephritis, cholecys-
titis, etc.).

Terms and routes of delivery
The gestation period at delivery ranged from 35 to 42 

weeks. Most babies were born full-term after 37 weeks. Pre-
maturity was noted in 7 cases of premature birth in accor-
dance with the classification of degrees of prematurity [16]. 
43 (49%) and 45 (51%) women gave birth to a child naturally 
and by Caesarean section, respectively.

Pregravid preparation
A three-layered pregravid preperation included: epilepto-

logical, gynecological and somatic preperation. Antiepileptic 
therapy was optimized, hormonal disorders, somatic health, 
vitamin and micronutrient deficiencies were corrected, in-
cluding folic acid intake at least 3 months before pregnancy 
and throughout the first trimester (up to 12 weeks of preg-
nancy inclusive).

Children / Дети

The study examined 39 girls and 49 boys aged 3 years 
1 month to 9 years 9 months (the average age was 5 years 
5 months). All children attended pre-school educational in-
stitutions or school.
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The birth body weight of the children was within the range 
of 1900–4500 g. In the first year of life, 32 (36%) children 
were artificially fed, 56 (64%) – breastfed.

Methods / Методики

The following methods were used in the study:
– a medical questionnaire describing biographical data, 

clinical data on the form, course and treatment of maternal 
epilepsy, the course of pregnancy and delivery, as well as in-
formation about early child’s development; 

– to assess the level of child’s mental development and 
adaptation, forms for parents were used as follows: Child 
Behavior Checklist (CBCL) by T. Achenbach1 and a question-
naire to identify symptoms of attention deficit hyperactivity 
disorder (ADHD) and other behavioral disorders modified by 
N.N. Zavadenko (for children of at least 5 years old).

The following experimental psychological methods were 
used to assess child’s mental and intellectual development:

for mental development – two Luria’s batteries of neuro-
psychological tests adapted by J.M. Glozman (for children of 
3–6 years and 7–12 years old); 

for intellectual development – D. Wechsler Intelligence 
Scale for Children (WISC) (for children of at least 5 years old). 

All methods are standardized for different paediatric age 
groups.

Statistic analysis / Статистический анализ

Statistical data processing was carried out using SPSS-
23 (IBM, USA) software by applying nonparametric U Mann–
Whitney criterion, two-factor analysis of variance (ANOVA), 
correlation, regression analysis and moderator analysis.

RESULTS AND DISCUSSION / РЕЗУЛЬТАТЫ 
И ОБСУЖДЕНИЕ

Overall disorder indicators / Общие показатели 
нарушений

Differences in the severity of mental development and 
adaptation disorders were found between groups of children 
born to mothers with/without pregravid preparation (Table 1). 
In children born after unprepared pregnancy, the overall dis-
order indicator was higher particularly being generally more 
pronounced for anxiety, attention problems, motor awkward-
ness, hyperactivity and internalization problems (fears, ob-
sessions, etc.).

1 �The Achenbach questionnaire was translated and adapted by T.V. Kornilova, E.L.Grigorenko, S.D. Smirnov at Vygotsky National 
Research Center "DAR" (Moscow) and The Yale Child Study Center (New Haven, USA), version EG –  1-2.

2 �Orientation is a parameter that reflects how correctly a child names his age, class, date and month of birth, address, first name and 
patronymic of the parents, place of residence at the moment, the current time of the year and the date of the examination.

3 Adequacy is a parameter that reflects how child can control his behavior and how it corresponds to the examination situation.
4 �Criticality is a parameter that reflects how much a child is interested in the results of an examination and adult's assessments, treats his 

mistakes adequately, worries, tries to correct himself, and formulates problems at school and at home (from the age of 9).

Moreover, they had also higher overall disorder rate for all 
neuropsychological tests compared with those born to moth-
ers after pregravid preparation showing affected gnosis, pho-
nemic hearing, understanding of reversed speech and speech 
logic. In addition, during examination situation, they were 
less oriented2, less adequate3 and critical4, so that such diffi-
culties peaked while performing intellectual tests in general, 
especially logical operations (exclusion of concepts). Similar 
problems were found during subtests of WISC methodology. 
Difficulties in performing “Encryption” indicate insufficient 
volume and distribution of attention, poor coordination of 
movements and the speed of new skills formation. Errors 
in the performance of the “Missing details” subtest indicate 
deficiencies in visual perception and attention concentration, 
whereas the “Arithmetic” subtest points at the lack of con-
centration of arbitrary attention, insufficient intelligence and 
clarity in operating numerical material.

Thus, the revealed differences suggest that the children 
born to mothers whose pregnancy was accompanied by op-
timization of antiepileptic treatment and prevention of preg-
nancy pathology showed fewer problems in further develop-
ment and adaptation. 

Correlation analysis / Корреляционный 
анализ

The results of the correlation analysis also confirmed the 
importance of preparing mothers suffering from epilepsy for 
a childbirth (Fig. 1). Negative correlations were found be-
tween pregravid preparation and the severity of the following 
developmental disorders in children:

– motor awkwardness and attention problems were less 
pronounced in children born to mothers underwent pregrav-
id preparation.

– they made fewer mistakes while performing intellec-
tual tests, speech tests (for understanding reversed speech, 
grammar and logic of speech), operated better with numeri-
cal material (“Arithmetic” subtest) and had more developed 
phonemic hearing. 

Two-factor analysis of variance / 
Двухфакторный дисперсионный анализ

We assumed that the preparedness to delivery in women 
with epilepsy is essential for child's mental development not 
only in the short term, but also in the long term – i.e., to some 
extent, it is one of the compensation factors for disorders of 
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Table 1. Disorders of mental development, abilities and intelligence in children depending on maternal pregnancy preparedness

Таблица 1. Нарушения психического развития, способностей и интеллекта у детей в зависимости от подготовленности 
матери к беременности 

Developmental parameters /  
Параметры развития

Unprepared 
pregnancy 

(mean rank)  /
Неподготовленная

беременность
(средний ранг)

Prepared 
pregnancy 

(mean rank) / 
Подготовленная 

беременность 
(средний ранг)

 p (Mann–Whitney 
U test value) / 
Значимость 
U-критерия 

Манна–Уитни р

Mental development disorders (CBCL) / Нарушения психического 
развития (CBCL) n=46 n=42

Anxiety / Тревожность 49,09 39,52 0,079 (tend/тенд)

Attention problems / Проблемы внимания 49,83 38,67 0,040*

Internalization problems / Интернализационные проблемы 49,32 39,23 0,064 (tend/тенд)

Overall problem indicator / Общий показатель проблем 49,20 39,36 0,071 (tend/тенд)
Abilities and mental development (ADHD and behavioral dysfunctions 
questionnaire) / Способности и психическое развитие (анкета СДВГ 
и поведенческих расстройств)

n=31 n=22

Motor awkwardness / Моторная неловкость 31,83 22,67 0,032*

Hyperactivity / Гиперактивность 31,05 23,76 0,094 (tend/тенд)

Neuropsychological tests / Нейропсихологические пробы
General characteristics – orientation / Общая характеристика – 
ориентировка
(n=45/41)

46,80 39,88 0,071 (tend/тенд)

General characteristics – overall indicator (orientation, adequacy, 
criticality) / Общая характеристика – суммарный показатель 
(ориентировка, критичность, адекватность)
(n=45/42)

48,07 39,64 0,084 (tend/тенд)

Gnosis – overall indicator / Гнозис – суммарный показатель
(n=45/41) 47,54 39,06 0,081 (tend/тенд)

Understanding of addressed speech / Понимание обращенной речи
(n=44/42) 46,36 40,50 0,014*

Phonematic hearing / Фонематический слух
(n=18/7) 14,56 9,00 0,097 (tend/тенд)

Speech – understanding logic / Речь – понимание логики
(n=31/26) 32,18 25,71 0,036*

Intelligence – exclusion of concepts / Интеллект – исключение 
понятий
(n=40/40)

44,98 36,03 0,026*

Intelligence – overall indicator / Интеллект – суммарный показатель
(n=40/39) 45,24 34,63 0,022*

Overall disorder indicator / Общий показатель нарушений
(n=45/42) 49,87 37,71 0,024*

Intellectual subtests (WISC) / Интеллектуальные субтесты (WISC) n=31 n=22

Arithmetic / Арифметический 21,90 32,77 0,010*

Missing details / Недостающие детали 23,20 31,96 0,039*

Encryption / Шифровка 22,98 29,98 0,095 (tend/тенд)

Note. * Statistically significant differences at the level of p≤0.05; "tend" – differences found at the level of statistical trend (p<0.10). 

The number of children for neuropsychological tests is shown in brackets (unprepared pregnancy / prepared pregnancy) due to the testing specifics: a unique 
set of tools is applied for each age groups while conducting neuropsychological diagnostics – the older a child, the more tests are available allowing to compare 
mean indicators regardless of age (in this regard, the number of participants assessed in each individual test differs in study groups). The data highlighted 
in bold indicate a greater degree of mental development disorders, a greater number of errors while performing neuropsychological tests, and worse 
performance in intellectual subtests. CBCL – Child Behavior Checklist; ADHD – attention deficit and hyperactivity disorder; WISC – Wechsler Intelligence Scale 
for Children. 

Примечание. * Статистически значимые различия на уровне p≤0,05; «тенд» – различия, обнаруженные на уровне 
статистической тенденции (p<0,10).  

Для нейропсихологических проб количество детей указано в скобках (неподготовленная беременность / подготовленная беременность) 
в связи с особенностями тестирования: при проведении нейропсихологической диагностики для каждого возраста подбирается уникальный 
набор инструментов – чем старше ребенок, тем больше тестов для него доступно, при этом возможно сравнить усредненные показатели 
вне зависимости от возраста (поэтому группы различны по количеству участников в каждом отдельном тесте). Выделенные полужирным 
шрифтом данные свидетельствуют о большей степени выраженности нарушений психического развития, большем количестве ошибок 
при выполнении нейропсихологических проб и худшем выполнении интеллектуальных субтестов. CBCL (англ. Child Behavior Checklist) – 
Контрольный лист поведения ребенка; СДВГ – синдром дефицита внимания и гиперактивности; WISC (англ. Wechsler Intelligence Scale 
for Children) – методика исследования интеллекта Д. Векслера. 
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EPILEPSY 
and paroxysmal 

conditions 

child's mental development, if they were observed in an ear-
lier developmental period.

To assess the long-term effects of pregravid preparation 
on child's mental development, a two-factor analysis of vari-
ance was conducted, taking into account the influence of two 
factors simultaneously – a child age and pregravid prepara-
tion. We were interested as to how compensation for devel-
opmental disorders occurred at similar age in children who 
were born to paired mothers with/without pregravid prepa-
ration. For this purpose, it was necessary to make micro-age 
sections and, accordingly, to stratify children from prepared 
and unprepared pregnancy cohorts into three age groups 
(3–4 years, 5–6 years and 7–9 years). Conducting two-factor 
analysis of variance, the study data were obtained with a high 
level of statistical significance.

The age dynamics related to the severity of mental health 
and adaptation disorders in children is presented in plots 
(Fig. 2) highlighted by the “multidirectional dynamics” for de-
velopment and compensation disorders found in most cases. 
At early age (3–4 years), children from unprepared pregnan-
cy group had more pronounced disorders symptoms, but at 
the same time these two groups do not differ so significantly 
between each other. However, by the age of 5–6, they seem 
to reverse places: children born to mothers undergone pre-

gravid preparation, on the contrary, show more pronounced 
symptoms, but as early as at primary school age (7–9 years) 
had sharply decreased severity of disorders symptoms sug-
gesting about compensation for the defect and equalization 
of developmentally delayed mental functions.

At the same time, at this age (7–9 years), the children born 
to mothers without prior pregravid preparation showed great-
er isolation (p=0.019) and anxiety (p=0.015) level, more pro-
nounced attention problems (p=0.026), aggression (p=0.015) 
and socialization disorders (p=0.017). They were also char-
acterized by higher severity rate for internalization problems 
(fears, anxiety, isolation, etc.) (p=0.007), externalization (de-
linquent, aggressive behavior, oppositional defiant behav-
ior) (p=0.031), as well as greater overall problems indicator 
(p=0.006).

A similar dynamic pattern in developing mental functions 
is observed in premature infants, and has been called the 

“false start” phenomenon described by S. Blüml et al. [17] and 
confirmed in the study by N.I. Bakushkina and E.R. Isaeva [18].

S. Blüml et al. examining premature vs. full-term infants 
lacking any brain injuries showed that the process of syn-
chronization of maturation for brain white and gray matter is 
disrupted. It has been found that physiological changes and/
or stimulating factors can trigger the premature or “false” on-

0,360**

–0,292*

–0,220*

–0,267*

–0,420*

–0,280*

–0,326*

–0,251*

–0,260*

Neuropsychological tests / Нейропсихологические пробы Intellectual subtests / Интеллектуальные субтесты

Abilities and mental
development / Способности
и психическое развитие

Prepared pregnancy /
Подготовленная
беременность

Mental development disorders
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Нарушения психического
развития по оценке матери

Intelligence /
Интеллект Arithmetic /

Арифметический

Motor awkwardness /
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Attention problems /
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Speech –
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логики

Understanding
of addressed speech /

Понимание обращенной
речи
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Фонематический слух

Direct (positive) correlation (р≤0.05) /
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Inverse (negative) correlation (р≤0.01) /
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Figure 1. Correlations between mental development disorders in children and pregnancy preparedness in women with epilepsy

Рисунок 1. Корреляции между нарушениями психического развития детей и подготовленностью к беременности женщин 
с эпилепсией
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Figure 2. Age dynamics for severity of mental development and adaptation disorders in children depending on pregravid 
preparation for mothers with epilepsy: 
a – isolation; b – anxiety; c – socialization disorders; d – attention problems; e – aggression; f – internalization problems; 
g – externalization problems; h – overall problem indicator

Рисунок 2. Возрастная динамика выраженности нарушений психического развития и адаптации у детей в зависимости 
от проведения матерям с эпилепсией прегравидарной подготовки:  
а – замкнутость; b – тревожность; c – нарушения социализации; d – проблемы внимания; e – агрессия; f – проблемы 
интернализации; g – проблемы экстернализации; h – общий показатель проблем
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set of specific developmental events. The authors suggested 
to call this phenomenon a “false start” implying a profound-
ly increased biochemical processes determining brain white 
matter maturation followed by an abnormal decline (rela-
tive to the normal trajectory) in intensity of such processes. 
That is, the function begins to emerge even before it is ready 
for development. This process is mainly observed in brain 
white matter. The authors prove that even in infants “with 
unremarkable MRI scans” the biochemical profile of key me-
tabolites associated with axon development, energy metab-
olism and membrane generation becomes changed. Hence, 
even in infants in whom magnetic resonance imaging reveal 
no external signs of abnormality, such data suggest that the 
cellular processes supporting brain development can be al-
tered [17].

In addition, it was shown that prematurity had none/little 
effect on metabolic processes in the brain. Early birth only 
affected some metabolites in the white matter presumably 
suggesting that it also acts on the timing and synchroniza-
tion of developmental processes. O. Kapellou et al. empha-
size that “prematurity does not damage the cerebral cortex 
in isolation, but disrupts the coordinated growth of the en-
tire brain” [19].

The peak synaptogenesis begins at 34 weeks and contin-
ues in the early postnatal period [20]. Its dynamics differ at 
individual measurement points in various cortical areas both 
in infancy and older age [20, 21].

N.I. Bakushkina and E.P. Isaeva [18] conducted a longitudi-
nal study and identified special trajectories for development 
of cognitive functions influenced by periods of synaptogen-
esis in the primary sensory and prefrontal cortex observed 
in premature vs. full-term infants aged 3 months to 3 years. 
It has been proven that these trajectories are influenced by 
periods of synaptogenesis – phases (during the period of 
maximum synapse formation or post-peak state) occurring in 
those brain areas that are responsible for relevant functions. 
Premature infants demonstrate normal development during 
peak synaptogenesis, whereas in post-peak periods – lower 
rates of cognitive development, receptive communication, 
and development of fine and large motor skills compared 
with full-term infants. Differences in neurocognitive devel-
opment in most premature infants are leveled without any 
intervention: by the age of 14 months – for receptive com-
munication and large motor skills, by 24 months – for fine 
motor skills [18].

We suggest that a similar effect may be observed in chil-
dren born to mothers with epilepsy, as a long-term result of 
AED-related teratogenic effect on child’s neurocognitive de-
velopment because synaptogenesis processes occur not only 
early, but also at later age. This is evidenced by uneven men-
tal development, which proceeds differently at similar age 
in children born to mothers after prepared and unprepared 

pregnancy. Moreover, it underlies the dynamic development 
of both a set of mental functions as “prerequisites of intel-
ligence” (gnosis, praxis, neurodynamics), and its more inte-
grated structures particularly speech and intelligence.

Whereas at early age, differences between these two 
groups of children are observed in developing basic mental 
functions, then by the age of 7–9, differences in social and 
psychological functioning (problems of socialization, inter-
nalization, externalization, etc.) become apparent – i.e., “sec-
ondary” social adaptation disorders.

 We obtained similar results while using the clinical scale 
for detecting symptoms of ADHD and other behavioral disor-
ders modified by N.N. Zavadenko (Fig. 3). By the age of 7–9, 
children born to mother after unprepared pregnancy showed 
more marked cerebrastenic symptoms, psychosomatic dis-
orders, fears, impaired oral speech, attention deficit, emo-
tional-volitional disorders, behavior problems, oppositional 
and aggressive reactions.

We found similar dynamics while assessing the level of 
mental development in children using neuropsychological 
methods. But if in the first two cases the mothers self-as-
sessed the mental development and adaptation of paired 
children by using CBCL and a questionnaire to identify symp-
toms of ADHD and other behavioral disorders (modified by 
N.N. Zavadenko), then in this case the Wexler test and neuro-
psychological data are considered an objective assessment.

We found that by the age of 7–9 years, children born to 
paired mothers not underwent pregravid preparation were 
less compensated than those children born after prepared 
pregnancy. Despite that after unprepared pregnancy children 
in the older preschool age coped well enough with tasks, at 
primary school age they lagged behind in the development 
of basic mental functions, which are traditionally considered 

“prerequisites of intelligence”.
Firstly, children born to mothers without pregravid prepa-

ration were less oriented and behaved less adequately in the 
examination situation (Fig. 4). Secondly, they lagged behind 
in the development of general gnosis particularly subject 
(naming of objects) and spatial (spatially oriented figures) 
gnosis (Fig. 5). In addition, the level of speech development 
was generally better in children born to mothers underwent 
pregravid preparation (Fig. 6).

Despite that at early age (3–4 years old), children after 
unprepared pregnancy made much more mistakes in logi-
cal tests (isolating the meaning of plot pictures), neverthe-
less, by preschool (5–6 years old) and primary school age 
(7–9 years old) they were able to compensate for and almost 
did not differ from each other (Fig. 7).

Thus, the results of two-factor analysis of variance 
showed that severe problems of mental development and 
adaptation were observed as early as at the age of 3–4 years 
old in both groups, however, compensatory capabilities were 
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Figure 3. Age dynamics in attention deficit hyperactivity disorder and other behavioral disorder symptoms in children depending 
on pregravid preparation for mothers with epilepsy: 
a – cerebrastenic symptoms; b – psychosomatic disorders; c – anxiety, fears and obsessive behavior; d – speech disorders; 
e – attention deficit; f – emotional-volitional disorders; g – behavioral disorders; h – aggression and oppositional reactions

Рисунок 3. Возрастная динамика симптомов синдрома дефицита внимания и гиперактивности и других поведенческих 
расстройств у детей в зависимости от проведения матерям с эпилепсией прегравидарной подготовки: 
а – церебрастенические симптомы; b – психосоматические нарушения; c – тревога, страхи и навязчивое поведение; 
d – нарушения устной речи; e – дефицит внимания; f – эмоционально-волевые нарушения; g – расстройства поведения; 
h – агрессивность и оппозиционные реакции
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Figure 5. Dynamics of gnosis development in children depending on pregravid preparation for mothers with epilepsy: 
a – subject gnosis; b – spatially oriented figures; c – overall indicator of gnosis development

Рисунок 5. Динамика развития гнозиса у детей в зависимости от проведения матерям с эпилепсией прегравидарной 
подготовки: 
a – предметный гнозис; b – пространственно ориентированные фигуры; c – суммарный показатель развития гнозиса

Figure 4. General characteristics of behavior during the study in children depending on pregravid preparation for mothers with epilepsy: 
a – orientation; b – adequacy; c – overall indicator of general characteristics (orientation, сriticality, adequacy)

Рисунок 4. Общая характеристика поведения во время исследования у детей в зависимости от проведения матерям 
с эпилепсией прегравидарной подготовки: 
а – ориентировка; b – адекватность; c – суммарный показатель общей характеристики (ориентировка, критичность, 
адекватность)
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Figure 6. The level of speech development in children 
(overall indicator) depending on pregravid preparation 
for mothers with epilepsy

Рисунок 6. Уровень развития речи у детей (суммарный 
показатель) в зависимости от проведения матерям 
с эпилепсией прегравидарной подготовки

Figure 7. Level of understanding plot picture meaning in 
children depending on pregravid preparation for mothers 
with epilepsy

Рисунок 7. Уровень понимания смысла сюжетных 
картинок у детей в зависимости от проведения матерям 
с эпилепсией прегравидарной подготовки 

better in children born to mothers undergone pregravid prep-
aration. It suggests that children in both groups were affected 
by AEDs, but in prepared pregnancy group, pregravid prepa-
ration helped to ameliorate such an affect and enhance com-
pensatory reserve5. 

Predictors of a child's mental development 
disorders / Предикторы нарушений 
психического развития ребенка

The regression analysis results revealed a number of 
disorder predictors for further child's mental development. 
Among all pregnancy complications, toxicosis of the first 
half along with pre-pregnancy seizures and lack of pregnan-
cy preparation exerted most destructive effect. In such case, 
children showed the greatest number of problems in various 
areas of mental development (Fig. 8a). Conversely, conduct-
ing pregravid preparation in focal epilepsy, but not in the case 
of artificial feeding, are predictors for a child's potential to 
successfully cope with “Arithmetic” subtest requiring to con-
centrate arbitrary attention, ingenuity, and precise operation 
of numerical material (Fig. 8b). 

Thus, pregnancy planning and pregravid preparation for 
mothers with epilepsy are crucial factors for preventing neu-
robehavioral teratogenesis, which lower risk of child’s disor-
ders, thereby increasing its potential for mental development.

5 �Luria neuropsychological batteries (adapted by Glozman) are standardized for each age. A child whose development corresponds to 
the age norm should successfully cope with the test, i.e. the number of errors should be 0. Figures 4–7 show that this is far from the 
case: children in all age groups made mistakes, but by the age of 7–9, those whose mothers had undergone pregravidar preparation 
were better “aligned” in their mental development.

Moderator analysis / Анализ модераторов

As a result of the moderators’ analysis, we also discovered 

that pregravid preparation was a moderator of epileptic sei-

zures and pregnancy complications (toxicosis) in the mother 

on further mental development and adaptation of paired chil-

dren. Eleven moderators were identified.

Seizures during pregnancy are a predictor of emergence 

of a large number of further child’s mental development dis-

orders particularly somatic issues, attention disorders, mo-

tor awkwardness, externalization problems, including ag-

gression (Fig. 9). Conducting pregravid preparation markedly 

lowers predictive power of this effect.

It was also found that toxicosis is a predictor for emerging 

further child’s externalization problems including aggression, 

delayed development of neurodynamics, orientation, adequa-

cy and criticality in neuropsychological examination (Fig. 10), 

whereas conducting a pregravid preparation significantly re-

duces the predictive power of this effect.

Relevance and prospects of research / 
Актуальность и перспективы исследований

The presented report assessed a role of pregravid prepa-

ration on child’s mental development due to the lack of data 

regarding neurobehavioral teratogenesis in children born to 
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0,301 0,453

–0,387

0,2790,231

0,256

Toxicosis in the 1st half
of pregnancy / Токсикоз

1-й половины беременности

Рrepared pregnancy /
Подготовленная
беременность

Artificial feeding /
Искусственное
вскармливание

Arithmetic /
Арифметический

Focal epilepcy /
Фокальная форма

эпилепсии

Overall
problem indicator /

Общий
показатель проблем

R=0,486; R2=0,236
R=0,631; R2=0,398

No seizure control
before pregnancy /

Отсутствие контроля
приступов до беременности

Unprepared pregnancy / 
Неподготовленная

беременность

Positive predictor (a described pattern is typical to high values 
of the independent variable) / Положительный предиктор 
(данная закономерность характерна при высоких значениях 
этой независимой переменной)

Negative predictor (at low values or absence of this independent 
variable) / Отрицательный предиктор (при низких значениях 
или отсутствии данной независимой переменной)

a b
Figure 8. Predictors of mental development disorders in children born to mothers with epilepsy: 
a – predictors of total number of developmental and adaptation problems; b – predictors of ability to operate with numerical 
material.

R – coefficient of multiple correlation; R2 – coefficient of multiple determination. Above the arrows, values of beta-coefficients are indicated 

demonstrating the “contribution” of this specific variable to overall regression

Рисунок 8. Предикторы нарушений психического развития у детей, рожденных матерями с эпилепсией: 
а – предикторы общего количества проблем развития и адаптации; b – предикторы способности оперировать 
числовым материалом.

R – коэффициент множественной корреляции; R2 – коэффициент множественной детерминации. Над стрелками указаны значения бета-
коэффициентов, которые демонстрирует «вклад» данной переменной в общую регрессию

women with epilepsy. This type of studies is an interdisciplin-

ary that accumulates efforts and integrates data from several 

groups of specialists – psychologists, neurologists and ob-

stetricians-gynecologists, which is challenging. Despite be-

ing highly demanded and due to its practical significance for 

clinical practice, this research field is in infancy and has not 

yet fully achieved scientific potential [22].

The results of previous studies regarding mental and intel-

lectual development in children born to mothers with epilepsy 

are very contradictory. It is worth mentioning that attention 

was primarily drawn to delayed psychomotor development, 

behavior problems in children who are exposed to various 

teratogenic factors in utero due to maternal epilepsy [23]. In 

the works conducted by Russian and foreign researchers, it 

was revealed that mothers with epilepsy who received old-

generation AEDs were more likely to give birth to children 

with congenital malformations, e.g., spina bifida, hypospa-

dias, congenital heart defects [24]. Unfortunately, the impor-

tance of publications on congenital malformations in mater-

nal epilepsy still remains relevant [25].

Changes in AEDs spectrum used during pregravid prepa-

ration and pregnancy affected incidence of congenital mal-

formations, the frequency and pattern of neurocognitive dis-

orders in children born to mothers with epilepsy. According 

to the European Registry of Pregnancy in Epilepsy, the ad-

ministration of lamotrigine dominates, whereas use of old-

er-generation AEDs declines [2]. The usage of lamotrigine is 

associated with no negative effect on mental development in 

children born to mothers with epilepsy

A modern trend in the reproductology of epilepsy has be-

come a strategy focused on average reproductive behavior. In 

the cohort, the average age of mothers at birth is 27 years old, 

with average epilepsy duration comprising 15 years. The pre-

dominance of epilepsy onset at puberty and the long disease 

length increase a risk of developing reproductive endocrine 

disorders and substantiate a need to study hormonal profile 

within pregravid preparation [9]. Taking into account the high 

frequency of endocrine infertility in epilepsy, assisted repro-

ductive technologies have become more widely used. Thus, 

new directions are being created while assessing neuropsy-

chological development in children born to mothers with epi-

lepsy by using assisted reproductive technologies [26].

Pregravid obstetric and gynecological preparation re-

duces the incidence of complications during pregnancy as 

well as risks of fetal pathology. A positive factor in pregrav-

id epileptological preparation is the predominance of preg-

nancy occurring during AED monotherapy. The commitment 

to undergoing pregravid preparation characterizes the cur-

rent trends in obstetric and gynecological practice in Russia 

and worldwide. Pre-pregnancy counseling (with further PP) 

should be carried out for all women of reproductive age at 

any planned and unscheduled visit [1].
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Приступы во время 
беременности / 
Seizures during 

pregnancy 

 

Somatic problems /
Соматические

проблемы 
 

 

R2 F df1 df2 p
0 ,0455 4,4561 1,0000 84,0000 0,0377

 Overall
disorder indicator /
Общий показатель

нарушений

 
 

 

R2 F df1 df2 p
0 ,0555 5,5433 1,0000 84,0000 0,0209  

R2 F df1 df2 p
0 ,0753 4,7604 1,0000 50,0000 0,0338

R2 F df1 df2 p
0 ,0903 5,9557 1,0000 50,0000 0,0183

Attention problems /
Проблемы внимания

 
 

R2 F df1 df2 p
0 ,0643 6,4560 1,0000 84,0000 0,0129

Agression / Агрессия   

R2 F df1 df2 p
0 ,0707 6,7009 1,0000 84,0000 0,0114

Seizures during
pregnancy / 

Приступы во время
беременности 

Seizures during
pregnancy / 

Приступы во время
беременности 

Seizures during
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Приступы во время
беременности 

Seizures during
pregnancy / 

Приступы во время
беременности 

Seizures during
pregnancy / 

Приступы во время
беременности 

Seizures during
pregnancy / 

Приступы во время
беременности   

Externalization
problems /

Экстернализационные 
проблемы

R2 F df1 df2 p
0 ,0644 6,0797 1,0000 84,0000 0,0157

Motor awkwardness / 
Моторная

неловкость

Motor awkwardness / 
Моторная

неловкость

Positive predictors / 
Положительные предикторы

Negative moderators /
Отрицательные модераторы

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
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Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Figure 9. Moderators of maternal epileptic seizures impact 
on a child’s subsequent mental development and adaptation: 
a – probability of mental development and adaptation 
disorders (moderator 1); b – probability of somatic problems 
(moderator 2); c – probability of attention disorder (moderator 
3); d – probability of motor awkwardness due to seizures before 
pregnancy (moderator 4); e – probability of motor awkwardness 
due to seizures during pregnancy (moderator 5); f – probability 
of externalization problems (oppositional defiant disorder, 
delinquent behavior, aggression) (moderator 6); g – probability 
of aggression (moderator 7).

R2 – coefficient of multiple determination (what percentage of the sample is 
accounted for by independent variable); F – statistical criterion;  

df1, df2 – degrees of freedom; p – significance level

Рисунок 9. Модераторы влияния эпилептических  
приступов у матери на дальнейшее психическое развитие и адаптацию ребенка: 
a – вероятность появления нарушений психического развития и адаптации (модератор 1); b – вероятность появления 
соматических проблем (модератор 2); c – вероятность нарушения внимания (модератор 3); d – вероятность возникновения 
моторной неловкости из-за приступов до беременности (модератор 4); e – вероятность возникновения моторной 
неловкости из-за приступов во время беременности (модератор 5); f – вероятность появления экстернализационных 
проблем (оппозиционно-вызывающее расстройство, делинквентное поведение, агрессивность) (модератор 6); 
g – вероятность появления 
агрессии (модератор 7).

R2 – коэффициент множественной детерминации (какой процент выборки объясняется влиянием независимой переменной); F – статистический 
критерий; df1, df2 – степени свободы; p – уровень значимости
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  Neurodynamics /
Нейродинамика

 
 

R2 F df1 df2 p
0 ,0916 8,8308 1,0000 84,0000 0, 0039

 

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

Pregravid 
preparation /

Прегравидарная
подготовка

 

Agression / Агрессия   

R2 F df1 df2 p
0 ,0442 4,3262 1,0000 84,0000 0,0406

 Toxicosis / Токсикоз Toxicosis / Токсикоз

Toxicosis / Токсикоз Toxicosis / Токсикоз

 
Экстернализационные 

 

проблемы

 
Externalization 

problems /

 

R2 F df1 df2 p
0 ,0445 4,3630 1,0000 84,0000 0,0398

  Общая характеристика

   
 

по нейропсихологическим

 
 

пробам

 

General characteristics by  

 

neuropsychological tests / 

 

R2 F df1 df2 p
0 ,0630 6,3571 1,0000 84,0000 0,0136

Positive predictors /
Положительные предикторы

Negative moderators /
Отрицательные модераторы

Figure 10. Moderators of maternal toxicosis impact on further child’s mental development and adaptation: 
a – probability of externalization problems (moderator 8); b – probability of aggression (moderator 9); c – probability of delayed 
neurodynamics development (moderator 10); d – probability of manifestation of insufficient orientation, adequacy and criticality 
(moderator 11).

R2 – coefficient of multiple determination (what percentage of the sample is accounted for by independent variable); F – statistical criterion; df1, df2 – degrees of 

freedom; p – significance level

Рисунок 10. Модераторы влияния токсикоза у матери на дальнейшее психическое развитие и адаптацию ребенка: 
a – вероятность появления экстернализационных проблем (модератор 8); b – вероятность появления агрессии 
(модератор 9); c – вероятность задержки развития нейродинамики (модератор 10); d – вероятность проявления 
недостаточной ориентировки, адекватности и критичности (модератор 11).

R2 – коэффициент множественной детерминации (какой процент выборки объясняется влиянием независимой переменной); F – статистический 
критерий; df1, df2 – степени свободы; p – уровень значимости

a

c

b

d

For women with epilepsy, careful preparation for mother-
hood is justified not only by generally accepted recommen-
dations, but also by the need for epileptological pregravid 
preparation, taking into account disease features to give birth 
to healthy offspring.

CONCLUSION / ЗАКЛЮЧЕНИЕ

The results obtained by using several types of statistical 
analysis have convincingly proved the crucial role for pre-
gravid preparation in lowering the risks of emergence and 
compensation for disorders of neuropsychiatric development 
and adaptation in children born to mothers with epilepsy.

Comprehensive pregravid preparation is a moderator: it 

reduces the negative impact of AEDs, epileptic seizures and 

toxicosis during pregnancy on further child’s neuropsychi-

atric development and adaptation as well as increases com-

pensation potential due to such disorders. Monotherapy with 

modern AEDs, control of seizures before and during pregnan-

cy as well as prevention of pregnancy complications reduce 

the risks of neurobehavioral teratogenicity in children born 

to women with epilepsy.

Altogether, pregnancy of women with epilepsy should be 

planned and prepared taking into account somatic, obstetric-

gynecological and epileptological aspects.
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