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Objective: The cognitive teratogenicity of antiepileptic drugs (AEDs) has gained increasing attention in the last
decade. The objective of the current study was to assess the effects of AED fetal exposure on the cognitive devel-
opment of children of mothers with epilepsy from Georgia in a controlled study taking into consideration major
confounding factors.
Methods: A prospective cohort groupwas formed from children andmothers registered in the Georgian National
AED-Pregnancy Registry. The study group's age- and gender-matched control children without fetal AED expo-
sure were selected retrospectively. The Intelligence Quotient (IQ) using the Wechsler Adult Intelligence Scale –
revised (WAIS-R) was assessed in mothers. The Wechsler Preschool and Primary Scale of Intelligence (WPPSI-
4) were used to assess intellectual functioning for children of both study and control groups. Linear regression
analysis was performed to detect association of AED exposure on the cognitive performance of children.
Results: In total, 100 children aged 36 to 72monthswere evaluated. The IQ ofWWEwas significantly lower com-
pared to women without epilepsy in all modalities. Exposure to valproate (VPA) (n = 18) was associated with
lowest cognitive performance regarding Full Scale IQ (FSIQ) (β,−12.04; p= 0.006) and verbal comprehension
(VCI) (β,−8.89; p=0.019). Maternal FSIQ, maternal performance IQ (PIQ), and child's age at first phrases were
independent factors associated with the cognitive development of children.
Conclusions: Multivariate analysis showed VPA to be an independent predictor for decreased cognitive perfor-
mance. Maternal FSIQ, PIQ, and child developmental achievements were significant confounders for cognitive
performance in children.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Womenwith epilepsy require long-term treatment with antiepilep-
tic drugs (AEDs), including during the childbearing period and pregnan-
cy, to maintain adequate control of their seizures [1]. It is well known
that AEDs are associated with an increased risk of major congenital
malformations [2–4], while the cognitive teratogenicity of AEDs has
been more in focus the last decade [5]. There is increasing evidence
that fetal exposure to valproic acid (VPA) is associated with decreased
verbal and full-scale intelligence quotients (IQ) [6–10] and that verbal

IQ is significantly lower in VPA-exposed children compared to unex-
posed or other monotherapy groups including carbamazepine (CBZ)
or phenytoin [11]; and that the adverse effects of VPA are dose depen-
dent [8–10,12]. Data about cognitive impairment with CBZ fetal expo-
sure are more uncertain. Adab [11] and Wide et al. [13] did not find
any difference in children exposed to CBZ compared to a control
group, however; more specific influence on cognitive skills has been
suggested by some [14]. (See Box 1.)

Newer-generation AEDs are less well studied. Fetal exposure to
levetiracetram (LEV) was not associated with an increased risk of de-
layed cognitive development under the age of two years, but data are
scarce and more investigations are needed due to this limited evidence
[14,15]. In utero exposure to lamotrigine (LTG) has been studied more,
and does not seem to be associated with a significant detrimental effect
on neurodevelopment [8,9,12,16].

There are many factors in addition to AED exposure that can affect
the cognitive development of the exposed child. Possible confounding
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factors include maternal IQ [17,18], socio-economic status, gestational
age, and breastfeeding. Breastfeeding seems to be a factor associated
with better cognitive development of children [17]. Meador and col-
leagues measured cognitive ability in children with various AED in-
utero exposure and found breastfeeding to be associated with higher
IQ and enhanced verbal abilities [19,20].

Most previous studies on the neurodevelopment of children ex-
posed to AEDs in utero come from North America, Northern Europe or
Australia. Given the importance of the confounding factors discussed
above, it is important to analyze similar data from other parts of the
world. The current study attempts to estimate the effects of AED fetal
exposure on the cognitive development of children of mothers from
Georgia in a prospective study taking into consideration major con-
founding factors.

2. Material and methods

2.1. Participants

2.1.1. Study groups

2.1.1.1. Children with fetal AED exposure and their mothers. A study with
prospective ascertainment of pregnancy-related information was con-
ducted with a group formed from children and mothers registered in
the Georgian National AED-Pregnancy Registry that opened in 2001 at
the Epilepsy Prevention and Control Centre of the Institute of Neurology
and Neuropsychology (INN) in Tbilisi, Georgia. Since its establishment
this has been the Georgian branch of the International Registry of Anti-
epileptic Drugs and Pregnancy (EURAP).

All women with epilepsy registered in the Georgian Antiepileptic
Drugs and Pregnancy Register are managed by epileptologists at INN.

From all pregnancies registered in the Georgian registry of EURAP,
we selected women with epilepsy whose children had reached ages
from 36 to 72 months at the time of the study.

Children with major congenital malformations were excluded from
the study (see Box 1 for flow chart).

All mothers with epilepsy of recruited children were invited and in-
formed about the study. After obtaining informed consent from the
mothers, they and their children were included in the study group
and investigated according to the study protocol.

2.1.2. Control group
Children without fetal AED exposure (andwithout major congenital

malformations, genetic or chromosomal abnormalities, and any somatic
diseases) and their mothers (without epilepsy, with no AED or other
drug treatment during pregnancy) were selected as a control group.
Children from the control group were age and gender-matched with
those from the study group. Control group representatives were select-
ed at admittance to the planned consultation or for prophylactic vacci-
nation in three independent Primary Healthcare Centres, located in
different districts of Tbilisi, Georgia.

Sixty-one mothers of children who met the study criteria were in-
formed about the study and were invited for the structured interview
in the Epilepsy Centre. Of these, 4 mothers declined participation and
57 were interviewed. Of the interviewed mothers, 49 women were se-
lected whose pregnancies and deliveries were undermedical and gyne-
cological surveillance and had complete data about anthropologic and
medicalmeasurements of their new-borns aswell as the course of preg-
nancy. After obtaining informed consent, themothers and their children
were included in the control group and investigated according to the
study protocol. Study data were obtained through a structured ques-
tionnaire (see Appendix 1).

Among other data, developmental milestones were assessed retro-
spectively during the mother's structured interview as indices
expressed in months: age at independent sitting, age at independent
walking, and age atfirst phrases. This assessmentwasmade for children
in both groups by two non-blinded child neurologists. For detailed in-
formation about the structured questionnaire used, see Appendix 1.

2.2. Neuropsychological assessment

The Intelligence Quotient (IQ) using theWechsler Adult Intelligence
Scale – revised (WAIS-R) [21] was assessed in mothers of both study
and control groups. Scores for Verbal IQ (VIQ), Performance IQ (PIQ),
and Full Scale IQ (FSIQ) were calculated.

TheWechsler Preschool and Primary Scale of Intelligence (WPPSI-4)
[22] were used to assess intellectual functioning for children of both the
study and control groups. Two forms ofWPPSI-4were used: for children
aged 2.6–3.1 years and for children aged 4.0–7.7 years. Composite
scores of Verbal Comprehension Intelligence (VCI - Knowledge acquired
from child's environment, verbal concept formation and verbal reason-
ing), Visual-Spatial Intelligence (VSI - Organising visual information,

Box 1. Flow chart showing recruitment of study and control groups.
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