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Abstract: Background: Seizures
during the critical period of cere-
bral maturation in children may
interfere with neuro-
developmental changes in their
brain. This may lead to wide-
spread impairments in a child’s
neurological development and
manifest as cognitive problems.
Objective: The aim of the study
was to determine the prevalence
of cognitive impairment as well as
its determinants in children with
epilepsy (CWE) attending the
Child Neurology Clinic of the
University of Benin Teaching
Hospital, Benin City, Nigeria.
Subjects and Methods: One hun-
dred and sixty CWE (comprising
80 treatment naive and 80 on
treatment) aged 6-16 years were
recruited for the study. Cognitive
functions were evaluated using
the Wechsler’s intelligence scale
for children (4™ edition).

Results: Prevalence of cognitive
impairment was 55%. Children
with epilepsy on treatment had a
higher prevalence of cognitive
impairment (63.8%) compared to

the newly diagnosed who were not
on antiepileptic drug (AED) treat-
ment (46.3%).Twenty-nine
(18.1%) of the subjects had scores
consistent with a diagnosis of in-
tellectual disability (FSIQ<70).
Age group (p<0.01), socio-
economic class (p<0.01), age at
onset of seizure (p<0.01) and type
of seizures (p<0.01) were signifi-
cantly associated with cognitive
impairment in bivariate analysis.
However, in a multivariable logis-
tic regression model, only socio-
economic class and age at onset of
seizure remained significant.
Conclusion/Recommendation: The
findings of this study highlight the
need for evaluation of cognitive
performance of CWE periodicaly,
especialy those on AED treat-
ment. Early intervention programs
to improve the cognitive function
would be beneficial for the overall
development of CWE. In addition,
future longitudinal studies should
shed more light on the influence of
AED on cognitive performance of
CWE.

Introduction

Cognitive impairment occurs more frequently in chil-
dren with epilepsy (CWE) than those without.® It is be-
lieved that early seizures and prolonged abnormal neural
activity during the critical period of cerebral maturation
disrupt unique processes that occur in the brain and/or
interfere  with  neuro-developmental  trgjectories.®
“Interruption of these processes may manifests as poor
intelligence, learning disabilities, poor academic per-
formance, behaviour problems, language stagnation or
deterioration and other cognitive problems. >A preva-
lence of cognitive impairment ranging between 26.4%
and 64.3% has been reported in with CWE 8910112
Ibadan, South west Nigeria (2016), Lagunju and col-
leagues® in a study of 40 children newly diagnosed with
idiopathic epilepsy reported global intellectual impair-
ment in 47.5% of the subjects.

Although the cause of cognitive impairment in epilepsy
is multifactorial; these factors appear to be inter-related
in a complex way“*™**. Epilepsy related factors includ-
ing underlying aetiology of epilepsy, seizure type, fre-
guency or control, age at onset of epilepsy, on-going
subclinical epileptiform discharges, and the duration of
epilepsy as well as use of antiepileptic drugs (AED) are
among the important causes. Studies have described
below average performance in children with sympto-
matic epilepsies compared to idiopathic epilepsies and
those without epilepsy.****Similarly, the age at onset of
disease seem to be one of the most important predictor
of cognitive outcome.’>™ Early onset seizures, espe-
cialy before the fifth birthday have been identified as an
increased risk for cognitive impairment.>*%" |ong du-
ration of epilepsy,”generalised seizures™® and greater
seizure frequency™ have also been described in several
studies as predisposing factor for low intelligence quo-
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tient (1Q) scores. To understand the exclusive effect of
underlying seizure condition on cognitive function, idio-
pathic epilepsy not due to any brain lesion would give a
better insight. The purpose of this study is to determine
the prevalence and predictors of cognitive impairment in
children with epilepsy seen in a tertiary ingtitution in
Nigeria.

M ethod
Participant

Subjects included children with epilepsy (CWE) who
were recruited from the Child Neurology Clinic of the
University of Benin Teaching Hospital (UBTH) between
October 2017 and November 2018 and were classified
based on the International League Against Epilepsy
(ILAE) criteria. A researcher-administered proforma
was used to obtain information including age at onset of
epilepsy, frequency of seizures, type of seizures and
treatment. Subjects were selected based on the following
criteria @) age 6 — 16 years, b) idiopathic epilepsy and c)
absence of other known neurologic diagnosis. The socio
-economic class of study subjects and controls were
classified into the high, middle and low socio-economic
class based on the fathers’ profession and mothers’ level
of education according to the method described by Olu-
sanyaet al®

Procedures and assessment of Intelligence

The children were recruited during their clinic appoint-
ment. The aim and procedures involved in the study
were explained in detail to them and/or their parents/
carers. After informed consent was obtained from the
parents/carers, the children were scheduled for their psy-
chological assessment. Ethical approval was obtained
from the Ethics Committee of UBTH.

Intellectual function was assessed using the Wechsler’s
intelligence scale for children fourth edition (WISC V).
Scores for full scale intelligence quotient (FSIQ) were
estimated from four index scores Verbal comprehension
index, Perceptual reasoning index, Working memory
index and Performance speed index. The study popula-
tion was categorised according to their composite Full
scale scores (FSIQ) for age into normal and impaired.
The cut off FSIQ score was set at 85. Scores greater than
or equal to 85 were categorised as normal while scores
less than 85 were categorised as impaired.!Results ob-
tained from the neuropsychological assessment of the
children were communicated to them and their parents.
Those who were found to have impaired intelligence
were counselled along with the neuropsychologist and
offered professional help and guide.

Satigtical analysis

The collected data were organised, tabulated and statisti-
caly analysed using the International Business Ma-
chines Corporation (IBM) Statistical Package for the
Social Sciences (SPSS) version 21.0 (SPSS for Window
Inc; Chicago, LL, USA) Statistical Software. The per-

formance on the WISC 1V (FSIQ) was used to deter-
mine the prevalence of cognitive impairment. Level of
cognitive function was dichotomised into normal (FSIQ
> 85) and impaired (FSIQ < 85). The associations be-
tween cognitive impairment and variables such as age
group, sex, socioeconomic class, age at onset of seizure,
type of seizure, etc., were investigated using Chi square
statistics. A logistic regression analysis was used to de-
termine the variables that were independently associated
with cognitive impairment. Variables considered in-
cluded age group, sex, socioeconomic status, age at sei-
zure onset, duration of epilepsy, type of seizure, seizure
frequency, duration of treatment and number of AEDs.
Difference was considered to be statistically significant
if the two-tailed p-value was less than 0.05.

Result

A total of 160 children with epilepsy (CWE) were en-
rolled into the study. Eighty of the subjects were already
on antiepileptic drug (AED) treatment for at least 3
months while 80 were newly diagnosed, and not yet
commenced on AED treatment.

Socio-demographic and clinical characteristics

The children’s age ranged from 6 — 16 years with a
mean age of 10.65 years (SD 2.60). The children were
categorized into preadolescent (56), early adolescent
(70) and mid adolescent (34). The male to female ratio
was 1.03 and magjority of the children (42.5%) were
from the lower socioeconomic class.

Prevalence of cognitive impairment

The overal prevalence of impaired cognitive function
was 55% (N = 88), of which 63.8% (51) of those on
AED and 46.3% (37) of the newly diagnosed subjects
not on AED had impaired cognition. The prevalence of
mental retardation (FSIQ < 70) was 18.1% (29) in the
subjects. Fourteen (17.5%) of the newly diagnosed chil-
dren who were yet to commence AEDs had FSIQ results
consistent with mental retardation and fifteen (18.8%) of
those who were already on AEDs had FSIQ scores less
than 70.Cognitive impairment was more prevalent in the
early-adolescence group (44.3%), followed by themid-
adol escence age-group (34.1%) and was least in the pre-
adolescence group (21.6%). More femae (51.1%) par-
ticipants than males (48.9%) had impaired cognition.
The prevalence of cognitive impairment was 29.4%
among the upper social class, 65.9% among participants
in the middle socia class, while 81.3% of participants
from the lower social class had cognitive impairment.

Clinical characteristics of subjects

The clinical characteristics (age at onset, duration of
epilepsy, type of seizures, seizure frequency, humber of
antiepileptic drugs [AEDS] and duration of treatment) of
the subjects are presented in Table 1. The frequencies of



Determinants of cognitive impairment in children with epilepsy in Benin City Ikhurionan Paul E et al 130

cognitive impairment according to the age at seizure
onset were 33.3% (onset before their first birthday);
64.5% (1-5years); 32.2% (5-10 years of age) and92.6%
(onset after 10years of age). Ten (28.6%) of participants
with focal seizure had cognitive impairment while 78
(62.4%) of children with generalised epilepsy had im-
paired cognition. Other distributions are highlighted in
Table 2.

Bivariate Analysis

To identify if there was an association between cogni-
tive impairment and the socioeconomic and clinical
characteristics, bivariate analysis was done. Significant
association was found between cognitive impairment
and chronological age group (x* = 25.24, p < 0.01),

socio-economic class of participants (x> = 33.469, p
<0.01), age at seizure onset (x° = 32.350, p <0.01) and
type of seizures (x* = 12.643, p < 0.01). There was how-
ever, no significant association with sex, duration of
epilepsy and seizure frequency (Table 2).

Multivariate Logistic Regression (Table 3)

In multivariable analysis the only associations that re-
mained significant were socioeconomic class and age at
onset of seizure. Children from a high socioeconomic
class and those with seizure onset before one year were
less likely to have cognitive impairment compared to a
lower socioeconomic class and seizure onset after five
years respectively

Table 2: Association between cognitive function and seizure-

Table 1: Clinical characteristics of children with epilepsy related characteristics of subjects
) Characteristics Cognitive Function X P
Age at onset of epilepsy Frequency (%) Normal  Impaired
Age at onset of epilepsy
; 1 %’earears ég ggg}) <1year HEY e (111) 4(45) 3235  <0.01%t
B Y - 1-5years 22(30.6) 40(455) O
5-10years 59 (36.9) 6- 10 years 40(555) 19 (21.6)
> 10 years 27(16.8) >10 years 2(2.8) 25 (28.4)
Duration of illness Duration of Epilepsy
< 2years 74 (46.2) < 2years 38(52.8) 36(40.9) 2248 033
2 -5years 30(18.8) 2-5 years 12(16.6) 18(205)
> 5 years 56 (35.0) >5 years 22(306) 34(386)
Type of seizure Typeof sazre
Focal 25(347) 10(114) 1264 <0.01*
gf:r?gr Jiced ig éz(%g)l) Generalised 47(653) 78(886) 3
. ' Seizure fregquen
Frequency of seizures Yearly/2 ;gars fcryeedom 12(16.7) 15(17.0) 1421 049
> 1/month 46 (28.8) < 1 seizure/ month 36(50.0) 51(58.0)
< 1/month 87 (54.4) > 1 seizure/ month 24 (33.3) 22(25.0)
Yearly/ Nonein 2 years 27 (16.8) Number of AEDs
No of AEDS Monotherapy 28(96.6) 43(843) 2773 0.0t
Monotherapy 71 (88.8) Polytherapy 134 8(157)
Polytherapy 9(11.2) Duration of treatment
Duration of treatment < 2years 13(448) 27(52.9) 5422 014
<2 years 40 (50) 2-5 years 11(37.9) 16(3L4)
2.5 years 27(238) > 5years 5(17.3) 8(15.7)
>5 years 13 (16.2) *significant at p < 0.05; T = fishers exact two-tailed p value,
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Table 3: Multivariate logistic regression analyses for factors associated with impaired cognition in children with epilepsy

Univariate Multivariate

p OR(95% C.I. of OR) p OR(95% C.I. of OR)
Seizure type
Focal 0.01 0.24(0.11-0.55) 0.13 0.28(0.05-1.48)
General 1.00
Sex
Mae 0.62 0.86(0.46-1.60) 0.15 0.36(0.09-1.44)
Femae 1.00
Seizure frequency
Y early/2 year seizure freedom 0.52 1.36(0.53-3.54) 0.03 7.95(1.25-50.56)
< 1 seizure/month 0.24 1.55(0.76-3.17) 0.01 7.80(1.51-40.32)
> 1 seizure/month 1.00
No of AED
Monotherapy 0.13 0.19(0.02-1.62) 0.14 0.06(0.00-2.37)
Polytherapy 1.00
Social Class
High 0.01 0.10(0.04-0.24) 0.02* 0.06(0.01-0.35)
Middle 0.10 0.45(0.17-1.16) 0.05 0.15(0.02-0.98)
Low 1.00
Duration of Illness
<2years 0.17 0.61(0.30-1.24) 0.23 0.31(0.04-2.12)
2 - byears 0.95 0.97(0.39-2.40) 0.87 0.85(0.12-5.84)
> 5 years 1.00
Duration of Treatment
<2years 0.17 0.61(0.30-1.24) 0.08 7.91(0.77-81.32)
2-5years 0.95 0.97(0.39-2.40) 0.62 1.72(0.20-15.02)
> 5 years 1.00
Age group
6-9 years <0.01 0.07(0.02-0.22) 0.20 0.36(0.07-1.74)
> 9 years 1.00
Age at onset of epilepsy
<1lyear 0.24 0.51(0.17-1.56) 0.03* 0.23(0.06-0.83)
1-byears 0.19 1.70(0.77-3.73) 0.40 1.47(0.06-3.56)
> 5 years 1.00 1.00

*significant at p < 0.05

Discussion

The present study assessed intellectual functioning in
relatively large samples of children with idiopathic epi-
lepsy. As many as one in two CWE (55%) had impaired
intelligence from this study. This prevalence is compara-
ble with the findings of Park et al?in Korea (54.7% ),
Cormack et al™®in United Kingdom (57%) and Ranta-
nenet al*¥in Finland (59% ). The prevalence is however
lower than that reported by Powell et al®® (69%) and
Burton et al®/(64%) both in Tanzania. These authors
studied a mixed population of idiopathic and sympto-
matic epilepsies. It iswell known that causes of sympto-
matic epilepsy could affect cognition independent of the
seizures and hence account for higher prevalence found
in such children. Hypoxic ischaemic encephalopathy
(HIE) for instance can impair cognitive function inde-
pendent of the epilepsy induced by the condition.® The
study of a homogenous population provides a more real-
istic estimate of the prevalence of seizure related cogni-
tive impairment than that of a heterogeneous group.

Eighteen percent of CWE had FSIQ scores consistent

with a diagnosis of intellectual disability. The observa-
tion was similar to the findings by Rantenan and col-
leagues™ (16.7%) among Finnish preschool-aged chil-
dren with idiopathic epilepsy. The prevalence of intel-
lectual disability was similar in those on treatment and
those recently diagnosed with epilepsy not on treatment.
This may suggest that serious cognitive impairment pre-
sent at time of diagnosis remains static and unaffected
by treatment or the course of the disease. It is aso
likely, that the effects of treatment on cognition are quite
modest and not significant to cause serious cognitive
problem. This observation might however, be better
evaluated with a longitudinal study design in our locale.
Jones et al*® in a 2-year longitudinal study of 94 Ameri-
can children with epilepsy also suggested that there was
no significant change in FSIQ of children with epilepsy
over time.

When compared with each other, children on AED treat-
ment appear to have a higher prevalence of cognitive
impairment than those not on AED treatments. The ef-
fect of medication on cognitive functions in children
with epilepsy remains controversial. Mandelbaum and
Burack® reported that there was improvement in cogni-
tive function of children with epilepsy following treat-
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ment. Other authors, however, suggest that medications
may cause cognitive deterioration through both dose-
dependent and type-specific adverse effect.’>*%® The
effect of treatment on cognitive performance would be
better studied with a longitudinal or case-control study.
The presence of association in this study however, pro-
vides a base for further evaluations.

In this study, socio-economic class was significantly
associated with cognitive impairment in CWE. The fre-
guency of cognitive impairment was higher in children
from the lower socio-economic class compared to those
from the upper classes. This finding is in concord with
reports by other authors.*®*’Low socioeconomic class is
associated with economic and socia deprivation.?® This
may result in limited cognitive stimulation and poor
cognitive performance. Similarly, the poor cognitive
performance of children from low socio-economic class
may reflect the inability for children from low socio-
economic class to afford care and treatment for epilepsy.
Delay in seeking and commencing appropriate epilepsy
treatment will result in progressive detrimental effect of
seizure on cognition.

The relationship between seizure variables and cognitive
functioning in children with epilepsy is not clearly un-
derstood. Some studies support a causal relationship and
others do not. In our sample, age at seizure onset and
type of seizure were associated with poor cognitive test
performance in CWE. Y ounger age of onset was associ-
ated with poorer performance on cognitive tests. This
observation compares with reports from the United
Kingdom,® Finland,*® Canada® and the United States of
America. Lopes et al'* in Portugal and Lagunju et al®
in Nigeria however found no significant association be-
tween age of seizure onset and cognitive impairment. It
is possible the disparity in our finding might be related
to the fact that this study had significantly higher pro-
portion of children with onset of first seizure at younger
ages compared to the studies by Lopes et al and Lagunju
et al.

Children with generalised seizures had significantly
higher prevalence of cognitive impairment compared to
those with focal seizures in the bivariate analysis. Gen-
eralised seizures originate at some point and rapidly
engage, bilaterally distributed cortical and sub-cortical
networks. Focal seizures on the other hand have their
effect localised to the locus of origin. It is predictable
therefore, that the effect on cognition would be worse in
children with generalised seizure compared to those with
localised seizure. Thisis similar to the findings by Ker-
nan et al® in a study involving children with complex
partial seizure and childhood absence epilepsy. Lopes
and colleagues™ also showed that the type of epilepsy
had significant effect on the cognitive performance of
CWE in a study involving three common childhood epi-
lepsy syndromes — frontal lobe epilepsy (FLE), child-
hood absence epilepsy (CAE) and benign epilepsy with
centro-temporal spikes (BECTS).

The duration of epilepsy was not significantly associated
with cognitive performance of children with epilepsy.
This was unlike the study by Lordo et al®'in the United
States where longer lifetime seizures were shown to be
significantly associated with impairment of cognitive
function in children with epilepsy. It however accords
with studies by Cormack et al*in London, United King-
dom; Rantanen et al*® in Tampere, Finland and Lagunju
et al® in Ibadan, Nigeria. With a median duration of epi-
lepsy of 3 years and most of the subject with duration of
epilepsy less than five yearsin this study, it is likely that
the cumulative effect of seizures on cognition might not
be apparent yet nor become significant. Lordo and col-
leagues had a significant proportion of children with
epilepsy duration longer than five yearsin their cohort.

Age below one year at onset of seizures and higher so-
cioeconomic class were negatively associated with cog-
nitive impairment in CWE. The impact of seizure onset
before one year on cognition is not fully understood.
Younger age of seizure onset has been strongly linked
with symptomatic cause and epileptic encephal opathy
which are both associated with cognitive impairment.*
However, some benign epilepsy with onset in infancy
have good cognitive profile.'Similarly, some authors
have suggested that good cognitive profile in children
with seizure onset in infancy may be due to plasticity of
the immature brain.*>**The number of subjects in this
study with seizure onset in infancy was quite small and
thus, it may be difficult to draw conclusions from our
finding. Higher socioeconomic class may be protective
against cognitive impairment in CWE because of associ-
ated better psycho-social stimulation and access to
prompt and appropriate care in these children.

Conclusion

This study indicates that cognitive impairment is com-
mon in children with epilepsy and as much as one in two
children with idiopathic epilepsy has cognitive impair-
ment. Children on AEDs appear to have worse cognitive
outcome than those newly diagnosed and yet to com-
mence treatment. The age at onset of seizures and the
socioeconomic class play significant roles in determin-
ing cognitive impairment in children with epilepsy.

Recommendation

It is therefore recommended that children with epilepsy
be evaluated for cognitive impairment periodically con-
sidering the high prevalence of cognitive impairment in
them. It may be necessary to have more frequent assess-
ment in children on treatment.
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