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SUMMARY

Objective: to study teratogenic effect — the long-term pregnant mother-taken antiepileptic drugs (AEDs) related consequences
on paired child mental, social and intellectual development.

Material and methods. There were enrolled 80 subjects: 40 children aged 3-9 years and paired mothers suffering from epilepsy
for 3 to 35 years. Thirteen and 27 patients had generalized and focal epilepsy, respectively. Seven mothers were in prolonged
remission without taking AEDs, 23 were on monotherapy and 10 were on polytherapy. Child research methods: T. Achenbach's
clinical GBCL (The Child Behavior Checklist) scales (for children aged under 5 and 6-18 years), a questionnaire for detecting
attention deficit hyperactivity disorder and other behavioral disorders modified by N.N. Zavadenko, Wechsler Intelligence Scale
for Children (WISC), Luria batteries of neuropsychological tests adapted by J.M. Glozman (for children aged 3—6 and 7-12 years).

Results. Neuropsychological study and assessment of intelligence revealed problems in the development of praxis, speech,
gnostic functions and memory, as well as disproportion in the development of verbal and non-verbal structures of intelligence.
The most common behavioral disorders in children were impulsivity, distraction, difficulties in controlling and organizing
movements. The most affected spheres were praxis (motor awkwardness, fine motor disorders of the hands) and speech.

Conclusion. The proposed hypothesis that the teratogenic effect of taking AEDs may result in unevenness or delay in developing
mental functions in a child was confirmed.
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PE3HOME

Lenp: n3yyeHne TepaToreHHOro agopekTa — OTAaNeHHbIX NMOCNEACTBUN NpueMa MaTepsMu B Nepuos 6epemMeHHOCTN aHTu-
anunenTuyeckux npenaparos (A3MM) Ha NCUXMYECKOe, COLMANTbHOE U UHTENNEKTYanbHOEe Pa3BUTNe pebeHKa.

Marepuan n merogel. B nccnegoaHum npunanm yqactue 80 venosek: 40 geTeil B Bo3pacte 3—9 net n ux matepu, ctpajaro-
Lme anunencueit B TedeHne 3—35 net. TpuHaauatb NaLMeHTOK UMeSN FreHepann3oBaHHyo opmy anunencun, 27 — okanb-
HYI0; 7 MaTepei HaxoAUNNCb B MHOTONETHEN pemuccun u He npuHumanu A3M, 23 6biim Ha MoHoTepanuu n 10 — Ha nonuTe-
panuu. MeToabl uccnefoBaHus pebeHka: KnuHuveckme wkanbl T. Axen6axa (anrn. The Child Behavior Checklist, CBCL) (ans
neTeit 1o 5 net n 6-18 neT), aHkeTa AN4 BbIABJIEHUA CUHAPOMA AePULUTA BHUMAHWUSA U TUMEPAKTUBHOCTU U APYTUX MOBEAEH-
YECKNX paccTpoiicTe B Mmogudukaumm H.H. 3aBageHko, metoa uccneposanus uHtennekta . Bekcnepa (anrn. Wechsler
Intelligence Scale for Children, WISC), Jlypuesckue 6atapen Heiponcuxonorn4yecknx tectos B agantauum X.M. [nosman
(ans peten 3—6 net n 7-12 ner).

Pesynbratbl. Heponcuxonornyeckoe nccnefoBaHmne U OLeHKa MHTESINeKTa BbISBUNM Y AeTel Npo6nembl B pa3BUTUI Npak-
cuca, peyun, FTHOCTUHECKUX OYHKLIWIA U NamATH, a TakXXe ANCNPONOPLMOHANbHOCTb B (DOPMUPOBAHNM BePBanbHOI 1 HeBep-
6aJIbHON CTPYKTYP WHTENJIeKTa. Halle BCero BCTPEYaLWMMUCA HAPYLLUEHUAMMN NOBELEHNA Y LeTel Oblnu UMNYSIbCUBHOCTD,
OTBJ1IEKAEMOCTb, TPYLHOCTY KOHTPOMA 1 OpraHn3aunmn aBumxeHnin. Hanbonee nocTpajaBLummiy 0Ka3annch nNpakcuc (MoTop-
Has HENOBKOCTb, HAPYLIEHUA MeSIKOi MOTOPUKM PYK) 1 pedesas cdepa.

3aknwgyenne. Tunotesa nccnefoBaHns 0 TOM, YTO TepaToreHHbld dpdekT oT npuema A3M MOXET NPUBECTN K HEPABHOMEP-
HOCTU W 3afiepXKKe Pa3BUTUA NCUXUYECKNX DYHKLNIA Yy pebeHKa, noaTBepannacs.
KJTHO4EBDIE CJIOBA

dnunencus, 6epeMeHHOCTb, aHTMANWUMENTUYECKAA Tepanus, TepaToreHes, HapyLweHns NCMXM4eckoro pa3BuTirs, Helponcu-
XOJIOTNYECKUN CUHAPOM.

CtaTtba noctynuna: 24.08.2021 r.; B gopabotanHom suae: 13.09.2021 r.; npunsaTa k nevaru: 30.09.2021 r.

KoHchnukt uutepecos
ABTOpbI 3a4BNAT 06 OTCYTCTBMU HEOOXOAUMOCTY PACKPbLITUA KOHMNKTA MHTEPECOB B OTHOLLEHMMN SJaHHON Ny6nmKauun.

Bknap aBTopos
ABTOpbI CAeNann 3KBUBASIEHTHbIA BKNAL B NOAFOTOBKY Ny6nKaLuu.
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INTRODUCTION / BBEAEHUE

Epilepsy is one of chronic diseases in which constant
medication is vital, even during pregnancy period [1].
Taking antiepileptic drugs (AEDs) entails various risks to
a child, which include intrauterine growth restrictions,
congenital malformations, negative effects on cognitive
function, and an increased risk of developing nervous
system disorders [2]. V.A. Karlov et al. [1] explain the
pathological effect of AEDs on the fetus by altered phar-
macokinetics, immunological, allergic reactions, as well
as direct toxic effects. Hence, in most studies, taking
AEDs by mothers is considered as one of the key factors
in subsequent developmental disorders in paired child.

The effect of each of the drugs separately has been
studied for a long time, but the results of such studies re-
main ambiguous and often contradict each other. The
most studied is the effect of valproic acid (VA). Numerous
reports confirm that for children whose mothers took VC
during pregnancy, cognitive impairments were much
more likely to be detected, mostly affecting verbal intelli-
gence [3, 4].

The data on the effect of carbamazepine (CBZ) are con-
tradictory — in some studies, no differences in develop-
ment were found between children whose mothers took
CBZ and those from control group [5]. However, other
studies [6] observed a definite effect on the general intel-
ligence (1Q) in children exposed to CBZ.

A.E. Scheuerle et al. [7] found no effect of taking leve-
tiracetam (LTC) on fetal development. However, the re-
sults from the majority of the studies assessing effects of
LTC and topiramate (TPM) also turned out to be rather
contradictory [8].

Now, the effect of lamotrigine (LTD) on child develop-
ment has been well examined due to the growing tenden-
cy to assess it and the lack of evidence about any terato-
genic effects related to it, it is currently the most common
drug used during pregnancy [4, 9].

A.A. Veroniki et al. [10] in an extensive literature re-
view note the absence of convincing evidence for a link
between the intake of CBZ, LTD, phenytoin and neurolog-
ical as well as neuropsychological disorders in children.
No data were found about the effects of clonazepam, ox-
carbazepine, gabapentin and pregabalin. Nevertheless,
despite the number of studies confirming the relative
safety of taking AEDs during pregnancy, the incidence of
developmental disorders in children from paired mothers
with epilepsy is significantly higher than its average level
in the population, which indicates that this issue is not
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well understood. It is also important to note that the ma-
jority of the studies were conducted with drawbacks
(small and non-randomized samples), and resulted in er-
rors in data interpretation.

In addition to the difference in teratogenic effects of di-
verse AEDs, the effect of mono- or polytherapy has also
been investigated. Studies on long-term AEDs effects on
the cognitive development in children showed that in
case of polytherapy, child intelligence was significantly
lower than the age-related norm [11], as was in the case
of mothers taking VA and CBZ [12]. A number of other in-
ternational studies [11, 13] confirmed this issue — in case
of polytherapy vs. monotherapy during pregnancy, a risk
of potential cognitive impairments in child was higher.
Primarily, it affected the general level of intellectual de-
velopment, verbal intelligence and psychological maturi-
ty of the child.

T.T. Kispayeva and A.S. Nurakhmetova [14] note an in-
creased risk of malformations, as well as cognitive im-
pairment of children, if mother takes several drugs. They
established a dose-dependent effect: the higher the drug
dosage mother required, the higher was likelihood of de-
veloping malformations in the future. The effect of drug
dosage on the cognitive development of children has
been proven if mothers took VA [3, 5, 9]. However, for
other AEDs, this effect was not found [3].

Undoubtedly, the choice of AEDs is accounted for by
type of epileptic seizures, and generalized tonic-clonic
seizures are the most dangerous during pregnancy due to
the risk of trauma to both mother and child (in utero) [15].
Upon that, most common are generalized seizures [16].
Especially dangerous is tonic-clonic status epilepticus,
which prevalence comprises 3%, and may cause prema-
ture birth, hypoxia, or even fetal death [17].

Other seizures may not be as dangerous, but uncon-
trolled astatic, myoclonic, and complex focal seizures
during pregnancy can also lead to trauma if mother falls
or intrauterine fetal trauma, as well as to delayed fetal
development and the risk of premature birth [18].

The presence of seizures could also cause the develop-
ment of cognitive impairments — children who had 5 or
more maternal seizures in utero had lower verbal scores,
deteriorated speech understanding, motor skills and co-
ordination [5].

Thus, patients with epilepsy face a dilemma. On the one
hand, AEDs refusal can cause recurrence of epileptic sei-
zures, which is extremely dangerous for maternal life and
health as well as intrauterine child development. On the
other hand, due to toxicity, taking AEDs poses risks for de-
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veloping fetus and can negatively affect its subsequent de-
velopment. Therefore, in case of inability to achieve remis-
sion before conception, the main task for medical doctors
in managing pregnancy is to find a balance between the
risks associated with seizures and exposure to AEDs [1].

The problems noted above confirm the high practical
importance of preparing and managing pregnancy in
women with epilepsy, however, in Russia, studies on the
long-term effects from mothers taking AEDs on cognitive
development of paired children are still rare. For instance,
A.B. Kozhokaru et al. [19] found that the indicator of gen-
eral intellectual development in such children was low-
ered compared to control group, but no significant differ-
ences in the level of verbal and non-verbal intelligence
were observed. The data obtained can be accounted for
by the specifics of the applied methodological tools. First,
the psychometric method — the Wechsler Intelligence
Scale for Children (WISC) evaluates integral parameters
of intelligence, and not individual mental functions, based
on which they are formed. Each subtest reflects the level
of development for several basic child functions, and, ac-
cordingly, if something “falls behind”, then it will not be
that obvious within the overall parameter. Secondly, this
test was proposed in 1940s for Russian cohort and stan-
dardized in 1973. And now it should be revised because
part of the test tasks (both verbal and non-verbal) be-
came outdated over decades and irrelevant to current re-
ality, so that the test material presented to children today
is simply not identified by them (e.g., an image of corded
telephone) or has a completely different meaning. Hence,
the test material and age norms, which psychologists rely
on while assessing level of intellectual development, need
to be revised [20].

No studies on children from paired mothers with epi-
lepsy were conducted by using neuropsychological meth-
ods which are most sensitive to even minor impairments
of individual mental functions and, therefore, providing
more differentiated assessment of the "sliced" child men-
tal underdevelopment. In this regard, this study is rele-
vant and highly demanded both in scientific and practical
terms.

Objective: to study teratogenic effect — the long-term
pregnant mother-taken AED-related consequences on
paired child mental, social and intellectual development.

MATERIAL AND METHODS / MATEPHAJT
1 METO/IbI

The specific objectives of the study were as follows:
assessing parameters of mental, social and intellectual
development, neuropsychological syndromes of im-
paired child development, depending on the form of epi-
lepsy in paired mother, observed remission, the type and
number of mother-taken AEDs, the preparedness for de-
livery and complications of pregnancy (toxicosis, ane-
mia, ARVI), routes of delivery and type of feeding; search-
ing for predictors of mental development disorders in
children with paired mothers suffered from epilepsy.

anunencus n NapokcnamMasibHble COCTOSAHUS

Study design / Iu3a¥iH HCCIIETOBAHU S

The interventional study was conducted in a con-
trolled environment: while mothers were filling out the
methods, the researcher conducted neuropsychological
tests and subtests from the WISC battery with children in
person in a playful manner, following the recommended
breaks and switching activities. Since standardized
methods were used, the results were compared with age
norms, which made it possible not to recruit a control
group.

Ethical aspects / DTHYeCKHE ACTIEKThI

Patients (mothers) signed an informed consent in
a medical institution, where they were constantly ob-
served. The study of the child's mental development took
place in the presence of the mother or other legal repre-
sentative.

Patients / ITaiiHeHTHI

There were enrolled 80 subjects: 40 children aged 3-9
years and paired mothers with epilepsy. The duration of
the epilepsy disease varied from 3 to 35 years and aver-
aged 15 years. The age of epilepsy onset was 4-36 years,
with an average of 14 years. Mothers were observed at the
Russian Polenov Neurosurgical Institute — the branch of
the Almazov National Medical Research Center and the
City Epileptological Center (CEC) of St. Petersburg. Neurol-
ogists of the Russian Polenov Neurosurgery Institute and
CEC carried out clinical diagnostics of patients with epilep-
sy, collected disease anamnesis (experience, frequency of
seizures, type of therapy, treatment plan) and other medi-
cal data regarding the course of pregnancy, delivery, and
early child development.

Mothers

Duration, age of disease onset, forms and activity of
epilepsy

The average age at which mothers gave birth was 27
years old and ranged from 18 to 41 years. The duration of
epilepsy history varied from 3 to 35 years and averaged
15 years. The age of onset of epilepsy was 4—-36 years (on
average 14 years).

According to International League Against Epilepsy
classification (1991), 13 (33%) and 27 (67%) patients
had generalized and focal epilepsy, respectively.

Twenty five (62%) mothers were in remission — had no
seizures for more than 4 years before the onset of preg-
nancy. The remaining subjects had rare seizures of epi-
lepsy.

Antiepileptic drug therapy

At the time of delivery 7 mothers did not take any
AEDs, 23 were on monotherapy and 10 — on polytherapy.
Of those who took the drugs, 15 mothers were taking the
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first-generation AEDs, and 18 were taking the next and
new generation agents.

Complications of pregnancy

In 26 (65%) mothers, pregnancy proceeded without
toxicosis, whereas others were noted to have early and
late gestosis: toxicosis, anemia, exacerbated chronic
diseases (pyelonephritis, cholecystitis, etc.).

Pre-gravidar preparation and routes of delivery

The gestation age ranged from 35 to 42 weeks; 21
(52%) of deliveries were prepared and 19 (48%) were un-
prepared.

All deliveries were urgent, babies were born full-term
after gestational age of 35 weeks; 22 (55%) women gave
birth to a child naturally, 18 (45%) — by caesarean section.

Children

Sex and age

There were enrolled 22 girls and 18 boys aged 3 years
1 month to 9 years 9 months, the average age was 5
years 5 months. All children attended preschool educa-
tional institutions or school.

Body mass

The birth body mass of the children ranged within
2345-4276 g.

Feeding type in the first year of life

Eighteen (45%) children were artificially fed, 22 (55%)
were breastfed.

Methods of child examination / Metroabt
HCC/IETOBAHHUA peOeHKA

The following child examination methods were used:

— questionnaire with medical data on child development;

— T. Achenbach's Child Behavior Checklist (CBCL) was
assessed by the mother, depending on child age, 2 vari-
ants were used: for age to 5 years, and for ages from 6 to
18 years;

— the questionnaire for identifying symptoms of atten-
tion deficit hyperactivity disorder (ADHD) and other be-
havioral disorders modified by N.N. Zavadenko (from 5
years of age and older) was assessed by the mother;

—Wechsler Intelligence Scale for Children (WISC) — from
5 years of age and older;

— two Luria batteries of neuropsychological tests adapt-
ed by J.M. Glozman (2018) for preschool (3—6 years old)
and school children (7-12 years old).

All methods were standardized.

Methods of statistical analysis / MeTogst
CTATHCTHYIECKOT'O AHATH3A

Statistical data processing was carried out by using
the SPSS Statistics (IBM, USA) software. The groups
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were compared by using nonparametric Mann-Whitney
U test, one-way analysis of variance (ANOVA, Bonfer-
roni) as well as correlation and regression analysis.

RESULTS AND DISCUSSION / PE3YJIBTATDI
N OBCYKJIEHHUE

Assessing children’s mental and intellectual
development level / Onienka ypoBHs
IICHXHYECKOT'0 M HHTEIEKTYAJIBHOT'O PA3BUTHA
Jeren

While assessing the level of intellectual development
using the WISC, we obtained the data similar to those by
A.B. Kozhokaru et al. [19] — the average score of general
intellectual development (M total IQ) corresponded to the
age norm and comprised 122.04 points (M verbal 1Q =
118.92; M non-verbal 1Q = 121.46). However, more than
half of the children showed a disproportionate develop-
ment of intellectual functions: 28% had verbal intelli-
gence higher than non-verbal by more than 10 points due
to uneven development or delayed development of some
higher mental functions, and 36% had the non-verbal pa-
rameter significantly exceeded the verbal level, which can
be due to delayed speech development or pedagogical
neglect. The data obtained on other clinical scales (CBCL
and N.N. Zavadenko's ADHD questionnaire) also indirect-
ly suggested altered development of motor and cognitive
spheres in children. The results obtained using neuropsy-
chological diagnostics have objectively confirmed this
premise. Hence, it repeatedly demonstrates that the
Wechsler method (WISC) should not be used alone and
requires additional tools while assessing level of child
mental development .

Adjusted by mother epilepsy form

Differences in mental and intellectual development
were found between children with paired mothers suf-
fered from various forms of epilepsy (Table 1). In partic-
ular, for children with paired mothers suffered from focal
epilepsy, attention and behavior problems, psychoso-
matic and emotional-volitional disorders, speech disor-
ders, symptoms of hyperactivity and attention deficit,
motor awkwardness were more prominent. Moreover,
child behavior was less adequate during examination and
less able to deal with tasks to derive analogies. They had
less short-term and working memory, but they coped
better with the similarity subtest, which requires a cer-
tain level of developed abstract-logical verbal thinking,
than children from paired mothers with generalized form
of seizures. It may infer that children from paired moth-
ers with focal epilepsy are also cognitively impaired, sim-
ilar to adults with focal seizures, probably due to the ex-
posure to AED.

Correlation analysis

These patterns were also confirmed by the results
of a correlation analysis (Fig. 1): the focal form of

Epilepsy and Paroxysmal Conditions
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Table 1. Disorders of child mental development. abilities and intelligence. neuropsychological symptoms coupled to the form of epilepsy in

paired mother

Ta6muna 1. HapyueHus IICUXUYeCKOro Pa3BUTHSL. CIIOCOGHOCTEN M NHTEIUIEKTA. HEHPOIICHXOJIOITUECKIE CUMIITOMBL Y peOeHKa

B 3ABUCHMOCTH OT (DOPMBI SMUJICTICUH Y MaTePU

Middle rank / CpeHui pavr

Generalized form of

Focal form of

Significance of the
Mann-Whitney U

Parameters of development / [lapameTpbl passutua | epilepsy / levepanu- epilepsy / test / 3HayumocTtb
30BaHHas hopma ®dokanbHas Kputepus
anunencuu thopma anunencum U MaHHa-YuTHK
Mental development disorders / HapyieHusi ncuxmyeckoro n=13 n=07
pasBuTns
Attention problems / [1po6nembl BHUMAaHNA 14.5 23.39 0.023
Indicators of qb//ity and mental development / [Tokasatenu n=9 n=20
CIOCOOHOCTEN U ICUXNYECKOr0 Pa3BuTus
e s oza | 0% ke
Motor awkwardness / MoTopHas HeNOBKOCTb 9.26 17.40 0.023
Hyperactivity / TunepakTuBHocTb 9.06 17.68 0.010
Speaking disorders / HapyLieHus ycTHO peyn 9.06 17.68 0.010
Attention deficit / Jecbnunt BHUMAHUSA 7.56 18.35 0.001
Behavior problems / lpo6nembl noBefeHuns 9.56 17.45 0.020
Neuropsychological tests / Heviporicuxonornyeckue npobsi n=13 n=26
Intelligence — analogies / ViHTennekT — aHanorum 9.00 14.88 O.OEGGHSSSSEZ;:W
Intelligence subtests / VIHTeniekTyanbHble CyO6TECTbI n=9 n=18
Similarity / Cxonctso 19.11 11.44 0.017
Digit repetition / [oBTOpexune ungp 8.83 16.58 0.015

Neuropsychological tests
Heiponcuxonornyeckue npobbl

General
characteristics — adequacy
06wasn xapakTepucTuka — afiek-
BATHOCTb

Intellect — analogies
VIHTennekT — aHanoruu

0.391

Intellectual tests 0.409
WHTennekTyanbHbie Npo6bi

Similarity
CxoAcTBO

Digit repetition
MosTOpeHMe untp

"-0.466 —

0.473

Difference between

verbal vs. non-verbal
intellect

PasHnuya mexxay Bepb6anbHbiM

1 HeBep6anbHbIM

WHTENJIEKTOM

Maternal focal epilepsy
®dokanbHasa hopma
anunencuu y maTepm

0.362

Positive correlation (p<0.05)
MonoxutenbHas koppenaunsa (p<0,05)

—— Positive correlation (p<0.01)
MonoxutenbHas koppenauns (p<0,01)

Negative correlation (p<0.05)

OTpuuartenbHas koppenauus (p<0,05)

Negative correlation (p<0.01)
OTpuuartenbHas koppenauus (p<0,01)

0.600

0.457

0.439

Impaired mental development
HapyweHns ncuxu4eckoro passuTus

0.442

0.479

0.498

Attention problems
Mpo6nemMbl BHUMAHUA

Cnoco6HOCTM U NCMXUYECKOE pa3BUTHE
Ability and mental developmente

Motor
awkwardness
MoTopHas HeNoBKOCTb

Hyperactivity
[MnepakTMBHOCTb

Impaired oral
speech
APYLUEHUS YCTHOW peyu,

Attention deficit
Hdedununt BHUMaHUA

Emotional-volitional
disturbance
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BOMNEBbIE HAPYLUEHNS

Behavior problems
Mpo6nembl noBegeHUs

Figure 1. The correlation Pleiad 1: correlations between developmental disorders and maternal focal epilepsy

Pucynok 1. KoppenanuonHas mesaja 1: Koppensaiuy MeXAy HAPYIIECHUAMU PA3BUTHSA U (DOKAILHON (DOPMOI STTUJIETICUNA

y Marepu
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mother’s epilepsy was associated with such develop- Children of mothers who failed in achieving remission
mental disorders in a paired child such as hyperactivi- were more anxious, had problems with socialization,
ty, attention deficit, impaired oral speech, motor awk- thinking and attention. They had more internalization
wardness, attention and behavior problems, etc., the problems (withdrawal, somatic complaints, anxiety), and
maternal focal epilepsy correlated with the dispropor- the overall (total) parameter of developmental disorders
tionate development of intelligence in paired children was higher, which indicates a greater number of identified
(a large difference between verbal and non-verbal in- developmental disorders. They were more likely to have
telligence). psychosomatic disorders, fears, hyperactivity, attention

deficit, speech disorders and motor awkwardness.

Adjusted by current/lacking maternal disease remission Children whose mothers were in remission during

Differences in development were revealed between pregnancy were better oriented in surrounding environ-
children from paired pregnant mothers in disease remis- ment and behaved more adequately in the survey situa-
sion (no seizures for at least 1 year before the onset of tion.
pregnancy) and paired children with continuing seizures
(Table 2). Correlation analysis

Absolutely all the data indicate that the state of remis- The patterns found above were also confirmed in the
sion at the time of pregnancy is the key parameter to the correlation analysis (Fig. 2). In addition, remission was
favorable child development in the future. negatively correlated with externalization problems (de-

Table 2. Disorders of mental development. abilities and intelligence in children. depending on the presence or absence of disease
remission in paired mothers

Ta6una 2. HapymeHus ICUXIYeCKOro PA3BUTHSL. CIIOCOOHOCTEN 1 MHTEIUICKTA Y IETEH B 34BUCUMOCTH OT OTCYTCTBHS I HATMYHS
PEMUCCHH y MATEPU

Middle rank / Cpeauuii paur L
Significance of the
Parameters of development / Mann-Whitney U test /
MapameTpbl pa3BuTus pebeHka Remission / No remission / 3HauMMocTb KpuTepus
Pemuccus Het pemuccun U MaHHa-YuTHH
Mental development disorders /
n=25 n=14
HapytueHus ncuxn4eckoro pa3sutus
Anxiety / TpeBOXHOCTb 16.16 26.86 0.004
Socialization disorders / Hapywexus counanusaunm 16.14 26.86 0.004
Thinking problems / [po6siemMbl MbiLLINEHNSA 16.48 26.29 0.009
Attention problems / [po6nembl BHUMaHNS 16.52 26.21 0.010
Internalization problems /
NHTepHann3aunoHHble npo6nembl 16.90 23.54 0.022
General indicator / O6Lwnit nokasaTtenb 16.58 2611 0.011
Indicators of ability and mental development / n=16 =11
[lokasatenu cnoco6HOCTEN Y ICUXNIECKOr0 Pa3BUTUS B B
Psychosomatic disorders /
[cuxocomartumyeckue HapyLieHus .41 18.63 0.020
Psychosomatic disorders /
TpeBOXKHOCTb. CTpaxu. HaBA3YUBOCTb 11.78 1813 0.042
Motor awkwardness / MoTopHas HeNOBKOCTb 10.88 19.33 0.006
Hyperactivity / lnnepakTnBHoCTb 11.75 1817 0.042
. . o 0.100 (tendency /
Speaking disorders / HapyLeHus ycTHOW peyn 12.28 17.46 TeHeHINS)
. - 0.053 (tendency /
Attention deficit / Jecbuuut BHumanus 11.91 17.96 TeHeHIMS)
Neuropsychological tests / Hevipornicuxonornyeckue npoosl n=25 n=13
General characteristics — orientation / 17.26 23.81 0.085 (tendency /
06uaa xapakTepucTuka — OpUeHTUPOBKaA : : TeHIeHUus)
General characteristic — adequacy /
0611an xapakTepncTuka — ajekBaTHOCTb 16.82 24.65 0.038
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Impaired psychological development
HapyweHsus ncuXM4eckoro passuTus

Total parameter
06wmnin nokasaTenb

Abilities and mental development Cnoco6HocTu
U NCUXUYECKOE pa3BUTHE

Psychosomatic
disorders
McuxocomaTunyeckmne

\
Externalizing \ / HapyLenns
problems \ /
JKCTepHaNN3aunoHHble \ / Anxiety, fears, obsession
npo6nemsl N - TpeBOXHOCTb, CTPAXM, HABA3HN-
N\ -0.407 -0.456 BOCTb
- N \ /o
Internalizing problems /IHTepHa- 20313 N
NM3aLNOHHbIEe NPOGeMbl ~ N \ , / -0.394 Motor awkwardness MoTtopHas
_0.369 O \ _ HEI0BKOCTb
- _-0.534
Attention problems lMpo6nemsl - ~ - -
BHUMaHMS == _0415 = - Maternal remission 0.396 Hyperactivity
Pemuccus y matepu -U. [MnepakTMBHOCTb
N -0.433 =~
Thinking problems = _ P Neuropsychological tests
[po6nembl MblLLNEHNS S0 (o N _ Heiponcuxonornyeckue npo6bi
. \ 0.380
-0.464 e N ~
- Paad NN ~ General
Socialization disorders -~ - e \ . characteristics —
HapyweHnus -0.458 \ -0.403 orientation
coumannsaumm /,’/ \ \ 06Lwwasn xapakTepucTnka —
PG \ OpVEHTNPOBKA
Anxiety 27 <0385 cert
TpeBOXKHOCTH Positive correlation (p<0.05) N General characteristic
MonoxuTensHas koppenauus (p<0,05) \ - adequacy
\ 06uwas xapakTepucTmka —
———  Positive correlation (p<0.01) aJleKBaTHOCTb

MonoxutensHaa koppenauus (p<0,01)

Negative correlation (p<0.05)
OTpuuatenbHas koppenauns (p<0,05)

\ ) .
Object gnosis
MpeAMeTHbIN rHO3MC

Negative correlation (p<0.01)
OTpuuatenbHas koppenaums (p<0,01)

Figure 2. A correlation Pleiad 2: correlations between child developmental disorders and maternal remission during pregnancy

PucyHOK 2. KoppensauoHHas IIesaaa 2: KOPPEIALNN MEXAY HAPYIICHUAMU PA3BUTHA Y PEOCHKA U PEMUCCUEH B IIEPUOT,

6EPEMEHHOCTH Y MATEPH

linquent, aggressive behavior) and mental development
disorders, as well as with the child's subject gnosis. It
suggests about importance of achieving maternal dis-
ease remission for the further mental child development.
Perhaps this is due to lower doses of AEDs or their with-
drawal during the period of stable disease remission,
which reduces the risks of teratogenicity.

Adjusted to maternal therapy type

Differences in the development of children were re-
vealed depending on the therapy used for treating paired
mother (mono or polytherapy). The ANOVA data
(Table 3) confirm an increase in the teratogenic effect on
child mental development, depending on increased AED
amount applied to paired mother.

Children of paired mothers not taking vs. taking AEDs
in remission showed a higher development of logical pro-
cesses (according to the "Comprehensibility", "Sequen-
tial pictures" subtests).

They were also better at recognizing emotions and
testing for conditioned selection responses as well as re-
production of rhythmic structures.

Children of mothers receiving monotherapy dealt bet-
ter with tests for emotional gnosis, conditioned selection
reactions, and reproduction of rhythmic structures from
the sphere of praxis than children of mothers taking mul-

anunencus n NapokcnamMasibHble COCTOSAHUS

tiple AEDs. However, with neuropsychological tests (for
emotional gnosis, conditioned reactions of choice and
reproduction of rhythmic structures), children of paired
mothers taking no AEDs also dealt less efficiently than
those from paired mothers who did not take AEDs. Tak-
ing into account the small size of the sample, these data
require additional verification on a larger number of sub-
jects. Nevertheless, ANOVA data showed that increasing
the number of drugs exerted negative effect.

Correlation analysis

These patterns were confirmed by the data of correla-
tion analysis. In addition to emotional gnosis, polythera-
py was associated with altered child oral praxis, i.e. the
more AEDs were taken by the mother, the more pro-
nounced such disorders were observed in paired child.

Adjusted to generation of drugs taken by paired mother

Differences in the development of children adjusted to
novelty of AEDs used by paired mother were also found.
The results of variance ANOVA analysis (Table 4) also
confirm an increase in the teratogenic effect on the child
mental development, depending on the toxicity of the se-
lect AED.

Children of paired mothers taking no AEDs were high-
lighted by a higher development of logical processes

www.epilepsia.su - 218
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Table 3. Disorders of mental development, abilities and intelligence in children, depending on the type of therapy for the mother

Ta6muna 3. HapymeHust ICHXUYEeCKOrO PA3BUTHSL, CIIOCOGHOCTEH ¥ MHTEIUIEKTA Y ACTCH B 3aBUCUMOCTH OT OT BH/IA TEPAIIUH MATECPU

Parameters of Significance of differences /
e Maternal type of therapy / Bug tepanuu matepu Jl0CTOBEPHOCTE PasAMIME
MapameTpbi No AEDs (1) / Monotherapy (Il) / Polytherapy (lll) / .
ncuxXuyecKoro be3 A3 (1) MoxoTepanus (ll) Monutepanus (Il ANOVA Bonferronl
pa3BuTHsA pe6enka Mm | sm) M | sm) M | sm) F | P P
Intelligence subtests / VIHTesnnekTyanbHbie Cy6TeCTbI
. 0.096
ﬁomprehens'b"”y/ 1900 | 1000 | 1365 | 3372 | 1243 | 6503 2,585 (tendency / -
OHATNNBOCTb
TEHAEeHUNS)
f}onsecutlve pictures 0.090
MocnesoBaTenbHble 15.33 1.155 12.53 1.807 14.33 3.724 2.673 (tendency / -
TeHAeHUN)
KapTUHKI
Heviponicuxonornyeckune npobsi / Neuropsychological tests
Emotional gnosis / 0.062 p lI-1ll = 0.074
AMOUMNOHANbHbI 0.33 0.577 0.03 0.121 0.50 0.775 3.151 (tendency / (tendency /
rTHO3UC TeHJeHUns) TEHOEeHUNA)
Praxis — conditioned
choice responses / 0.089
Mpakcuc — 1.00 0.000 0.26 0.452 0.50 0.500 2.687 (tendency / -
YCNOBHbIe peakuuu TeHAeHUuns)
Bbl6Opa
Praxis — reproduction
of rhythmic
structures / lMpakcuc
- 250 | 0707 | 036 | 0479 | 067 | 0.876 11,552 0.001 P ool
BOCMNPOU3BEAEHME p -
PUTMUYECKNX
CTPYKTYP

Note. AED — anti-epileptic drugs; M — mean; S(M) — mean square; F — Fisher criterion value; P — significance level.

Lpumeuanue. ADI1 — anmusnunrenmuveckue npenapamet; M — cpeonee; S(M) — cpeonuti keaopam, F — 3nauerue kpumepus Puwepay,

P — yposers 3Hauumocmiu.

(“Comprehensibility” subtest) than those from paired
mothers taking AEDs. They also behaved more appropri-
ately in the survey situation.

The novelty (generation) of AEDs taken by paired
mother during pregnancy was also important for the fur-
ther child development: children of paired mothers who
took the first-generation drugs (VA, CBZ, phenytoin,
phenobarbital, ethosuximide) did less efficient tasks for
naming objects, their speech was less smooth and de-
tailed and, in general, less developed than those with
paired mothers taking the next-generation drugs (LTD,
LTC, TPM, oxcarbazepine, zonisamide, lacosamide).
They also understood grammatical constructions worse
than children from paired mothers taking none of AEDs.
Children whose paired mothers taking the new genera-
tion drugs, and worse, children from paired mothers tak-
ing former generation drugs exerted peak efficiency in
the task on conditioned responses of choice.

According to neuropsychological diagnostics, child
mental retardation was most prominent in the group with
paired mothers taking former generation drugs and the
least significant in the group of the next generation drugs.
Children with paired mothers taking former (old) genera-
tion drugs also showed greater motor awkwardness and
more pronounced delinquent behavior than those from
paired mothers taking the next (second) generation
drugs.

www.epilepsia.su

Even though the subject samples were very small and
require to be further tested on a larger number of sub-
jects, ANOVA showed that the novelty (generation) of the
drugs (and hence its toxicity), as well as the number of
AEDs used by paired mother (mono/polytherapy), affects
the child mental development. In addition, the differenc-
es revealed between AED generations are not sufficient
to identify a drug with the greatest teratogenic effect, be-
cause even among the next-generation drugs there were
identified those exerting lower and greater toxicity. To
identify a drug with the peak teratogenic effect, it is nec-
essary to compare groups with larger number of subjects
with paired mothers receiving monotherapy. Due to the
small size of our sample, division into subgroups (for
specific drugs) for statistical analysis was inappropriate.

Correlation analysis

Nevertheless, correlations (Table 5) between mater-
nal former generation AED taking and the child develop-
mental disorders noted above such as problems of so-
cialization, disorders of speech development (spontaneity,
understanding, naming of objects, understanding of log-
ic and grammar) were found.

For children whose mothers took drugs of the new
generation, socialization disorders, delinquent behavior,
motor awkwardness, speech disorders in general, and
spontaneous speech were less common.

Epilepsy and Paroxysmal Conditions
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Table 4. Disorders of mental development, abilities and intelligence in children, depending on the generation of the drug taken by

paired mother

Ta6auia 4. HapymieHust ICUXHYECKOrO PA3BUTHSL, CIOCOOHOCTEH M MHTE/ICKTA Y ICTEH B 3BICHMOCTH OT MTOKOJICHHS ITPEIApaTa,

TMIPUHUMACMOTI'O MATCPBIO

Parameters of

AEDs generation / Mokoneuue A3l

Significance of differences /
JlocTOBEPHOCTb pa3nuyun

development / First Second
MapameTpbl ncuxuye- No AEDs (l) / generation (Il) / Nepsoe generation (Il1) / ANOVA Bonferroni
CKOro pasBuTus bes A3 (I) Btopoe
nokonexue ()
pebeHka nokonexue ()
Mm | sm M | sm) M | sm) F | P P
Intelligence subtests / VIHTesnnexTyanbHbie cy6TeCTbI
0.083
Comprehensibility / 17.50 3.391 12.63 4.897 13.08 4153 2763 | (tendency/
MoHATANBOCTH TeHOeH-
uns)
Neuropsychological tests / Heviporicuxonornyeckue rnpobsi
Impal.red mental 0066 D lI=IIl =
function / (tendency/ |  0.062
3azepxka 2.20 1.418 3.32 2.926 1.61 1.037 2.939 y '
TEHOEH- (tendency /
MCUXNYECKOro ) TeHAeHLIA)
pasBuTus 4
General
characteristic — 0.087
adequacy / 0.15 0.338 0.77 1148 0.22 0.492 261 | (tendency/
06was TeHJEeH-
XapakTepucTmka — uns)
a[1eKBATHOCTb
Spontaneous speech p -l =
/ 0.082
0.50 0.707 0.91 1.221 0.11 0.274 3.831 0.031
CnoHTaHHas (tendency /
peyb TEHEHUNSA)
Speech —
naming / p =l =
Peyp — 0.10 0.316 0.64 1.206 0 0 3.395 0.045 0.047
Ha3blBaHNE
Understanding
grammar / pl-ll=
[lOHMMaHMe rpaMma- 0 0 0.80 0.837 0 0 5.107 0.023 0.070
TUKN
Speech / Peyb 0.20 0.350 0.82 1.189 0.060 0.236 4.591 0.017 pglal:é‘):
Praxis — conditioned
choice 0.073 p -l =
responses / 0.80 0.274 0.29 0.488 0.25 0.470 293 | (tendency/ 0.081
Mpakcuc — TeHAeH- (tendency /
YCNOBHbIE peakunn Lus) TeHAeHuns)
Bbl6Opa
Mental development disorders / HapyLueHns ncuxn4eckoro passutus
Delinquent behavior / (teg.d(:e?l?; /
[ennHKBEHTHOE 2.30 1.703 2.42 2.234 1.17 1.098 2.598 Ten eHy
nosefeHne AeH-
uus)
Indicators of ability and mental development / [lokazatesin criocOOHOCTEN U ICUXUHECKOTO PA3BUTUS
Motor awkwardness / (teg-doe?]?c, / =1l =
MoTopHas 2.67 2.503 41 2.619 1.43 2.311 3.307 y P -
TEHAEH- 0.049
HENOBKOCTb i)

Note.AED — anti-epileptic drugs; M — mean; S(M) — mean square; F — Fisher criterion value; P — significance level.

Lpumeuanue. ADI1 — anmusnurenmuveckue npenapamet; M — cpeonee; S(M) — cpeonuti keaopam, F — 3nauerue xpumepus Puepay
P — yposens 3HauuMOoCmi.
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Table 5. Correlations between disorders of mental development, abilities and intelligence and novelty (generation) of antiepileptic

drugs

Ta6muna 5. Koppessiiuu Mex/Ty HapyIeHUIMU ICUXUIECKOTO PA3BUTH S, CIOCOGHOCTEN 1 MHTEJUICKTA U TOKOJIEHUEM

AHTUINUICOTUYCCKUX ITPCHAPATOB

Spearman's correlation coefficients / Koachchmum-
Parameters of development / [lapameTpbl passutus old :’;;s' l;oppenﬂuuu Cn::::le::ns /
Crtapbie A3 HoBbie A3
Mental development disorders / HapyiueHunsi ncuxm4eckoro passutus
Socialization disorders / HapyweHus counanusaunum 0.319* -0.397*
Delinquent behavior / [lennHKkBeHTHOE NoBefeHne - -0.335*
Indicators of ability and mental development / [lokazateny cnoco6HOCTENA 1 NMCUXUYECKOr0 Pa3BUTUS
Motor awkwardness / MoTopHas HeNoBKOCTb - -0.422*
Neuropsychological tests / Heviporicuxonornyeckue npobsi
Spontaneous speech / CnoHTaHHas peyb 0.357* -0.339*
Speech — naming of objects / Pe4b — Ha3biBaHe npeamMeTOB 0.333* -
Understanding speech / [ToHumaHue pe4yn 0.349* -
Speech — understanding logic / Peyb — noHumaHue noruku 0.358™ -
Speech — understanding grammar / Pe4b — nOHUMaHue rpaMmmaTiki 0.709** -
Speech / Peub 0.462** -0.381*
Motor memory / [IBuratenbHas namsaTtb -0.416* -

Note." Correlation is significant at 0.05 level (two-sided).** Correlation is significant at the 0.01 level (two-sided). AEDs — antiepileptic

drugs.

Ipumeuanue.* Koppensyus snavuma nayposre 0,05 (0syxcmoponnas). = Kopperayus snavuma na yposne 0,01 (08yxcmoponmss).

ADI — anmudnuienmuueckue npenapameat.

Regression analysis / PerpecCHOHHBIN aHATH3

The regression analysis also confirmed the influence of
prenatal and perinatal factors associated with maternal
epilepsy on the further mental development of paired chil-
dren.

The admission of the maternal first-generation AEDs
during pregnancy led to delayed development of sponta-
neous speech and object gnosis (naming of objects) in
paired children, and also negatively affected entire devel-
opment of the speech sphere (Fig. 3);

R=0.741, R?=0.549

Children whose mothers were undergoing polythera-
py during pregnancy performed worse at recognizing
emotions, and this pattern was more characteristic of
children of young mothers (Fig. 4).

Children from paired mothers suffered from seizures
in the 2" trimester of pregnancy had the least develop-
ment of overall gnosis (R=0.400, R?=0.160, p=0.400);

Maternal anemia during pregnancy was a predictor of
subsequent child difficulties in understanding of ad-
dressed speech (R=0.471, R?=0.222, 3=0.471), and the
severe acute respiratory syndrome (SARS) — a predictor

R=0.741, R*>=0.549

First-generation AEDs
A3M nepBOro NoKoneHms

Object naming

~ =0.348= ™| HaswizaHue npeameTos

Speech shpere
PeuyeBas chepa ~—_ 0.640
. —
R=0.741, R?=0.549 -
Spontaneous speech P —0.533
CnoHTaHHas peyb

Figure 3. Predictors of child speech disorders, spontaneous speech and object gnosis.

AEDs — antiepileptic drugs

Pucynoxk 3. [IpeIMKTOPBI HAPYIICHUN B PEYEBOM C(Pepe, CIOHTAHHONM PEYU U IIPEIMETHOM T'HO3UCE y PEOCHKA.

ADIT — aHTHUANMUIENTUYECKUAE IPETTAPATEI
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R=0.721, R*>=0.520

Monutepanus
Monutepanus [~ 0.759
: ~.| Emotional gnosi§
Maternal age at the _ SMOHFMH%';?A“C'JH'D”"
onset of pregnancy —0.474

Bospact matepu
B Ha4ane
6epemMeHHOCTHN

Figure 4. Predictors of emotional gnosis disorders in a child

Pucynoxk 4. [IpeiuKTOpbl HAPYIIECHUH 3MOIIMOHATIBHOT'O
IHO3UCA y peHEHKA

of the child poor ability to automated speech (R=0.558,
R?=0.312, 3=0.558).

Anemia and toxicosis during pregnancy became the
predictors of later poor object gnosis (difficulties in rec-
ognizing objects) in paired children, but not in the case of
artificial feeding in the first year of life (Fig. 5).

R=0.770, R?=0.593

Anemia
AHemusa

0.759
™ Object gnosis
MpeameTHbIN

_ 7
,—0.474/ rHo3uc

Artificial feeding

MickyccTBeHHOE
BCKapM1BaHue
P 0.295
Toxicosis ,/’/,
Tokcnko3s

Figure 5. Predictors of object gnosis disorder

PuCyHOK 5. [IpeITMKTOPBI HAPYIIEHUN ITPEAMETHOIO
I'HO3UCA

Analytical abilities (derivation of analogies) were worse
in those children whose mothers suffered from anemia
during pregnancy, but this pattern was less typical for
children of mothers with generalized epilepsy (Fig. 6).

Of all the maternal pregnancy complications, the most
destructive effect on the general level of child neuropsy-

R=0.835, R?>=0.698

Anemia -
Aremms 0729 [ Intellect—
analogies

Maternal generalized - 7| Wutennekt -

epilepsy :0.533 aHanoruu
[eHepanu3oBaHHaa |
dropma anusiencumn

y maTepu

Figure 6. Predictors of altered child logical operations
(analogies)

PucyHOK 6. [Ipe[uKTOPBI HAPYIICHYSI IOTHYCCKUX
orepanuil (aHaJaIoruil) y pebeHka

anunencus n NapokcnamMasibHble COCTOSAHUS

chological development, despite the absence of the
threat to pregnancy termination, was anemia. The paired
children experienced the greatest difficulty in performing
neuropsychological tests — i.e. demonstrated a greater
number of problems in various areas of mental develop-
ment (Fig. 7).

R=0.553, R?>=0.306

Anemia
AHeMUS —~ Total score on
0.430 neuropsychological
) tests
- . ¥ 06wmni 6ann no
Threat of terminated -0.363 HENpOoncuxosnorun-
pregnancy |~ 4ecKuUM npo6am
Yrpo3bl NpepbiBaHMS
6epemMeHHOCTH

Figure 7. Predictors of the general level of
neuropsychological development

PrcyHOK 7. [IpeAMKTOPBI OOLIETO YPOBHA
HCprOHCI/IXOJIOI‘I/IquKOl‘O pa3BuTHA

Predictors of subsequent poor mechanical memoriza-
tion in paired children were associated with the maternal
focal epilepsy, seizures in the 2" trimester of pregnancy,
independent refusal to take AEDs, even despite the pre-
paredness of delivery. It can be noted that with the ma-
ternal focal epilepsy, the paired children also suffer from
poor mnestic processes (memory), which may be due to
the long-term use of certain drugs that form cognitive
deficits (Fig. 8).

The longer mothers suffered from epilepsy, especially
in the absence of seizure control, the more often the
paired children suffered from semantic memory (remem-
bering a story). Conversely, children whose paired moth-
ers had a short history of the disease and were in remis-

R=0.835, R?>=0.696

Birth preparedness
[loaroToBNEHHOCTb
pozos \

0.727
Maternal focal epilepsy|
dokanbHas popma ~0.548 Memory —
anunencumn y matepu . memorizing
! P ! unrelated words

Epileptic seizures in A7 NamaTtb — 3ay4nsa-
the 2" trimester of 0.515 HUE He CBA3AHHbIX
pregnancy - Mo CMbICITY CNOB

0

Mpuctynsl BO Il
TpuMecTpe 6epemeH-
HOCTK

No AEDs
OTcyTcTtBue A3

Figure 8. Predictors of child mnestic processes (rote
memorization).
AEDs — antiepileptic drugs

Pucynox 8. IIpe/IMKTOpbl MHECTUYECKUX IIPOIIECCOB
(MEXAaHMYECKOE 3aIIOMUHAHME) Y PEOCHKA.
ADIT — aHTHUANUIICTITUYECKHUE NTPETIAPATH
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sion were able to better remember the semantic elements R=0.741. R2=0.549
of stories (Fig. 9).
Maternal comorbidities
ConyTcTBYHOLIMNE
R=0.605, R?=0.366 3abonesaqus y matepu|  0.640 Intelligence —
- exclusion of
Maternal age at Threat of terminated | _g533_ concepts
epilepsy onset [~ Memory — pregnancy -~ | VHTennekT -
BoapacT matepu 0.451 —| memorizing Yrpo3bl npepbiBaHus _ NCKIMI0YeHne
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Figure 9. Predictors of child mnestic processes (semantic
memorization)

Pucynoxk 9. IIpeJUKTOPbI MHECTUYECKUX IIPOIIECCOB
(CMBICTIOBOE 3aIIOMHUHAHHE) Y PEOEHKA

Logical operations (excluding concepts) were less
performed by those children whose paired mothers, in
addition to epilepsy, suffered from other concomitant
diseases. This pattern was not typical for mothers taking
no first-generation AEDs and had no threat of termina-
tion of pregnancy. For this category of children, comor-
bid diseases of paired mothers had no such a destructive
effect on relevant intellectual abilities (Fig. 10).

CONCLUSION / 3AKTIIOYEHHE

After analyzing multiple regressions, we can conclude
that the predictors, which were most often encountered
in them and had the peak predictive power (having high
values of R, R? and B coefficients), were of paramanout
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