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Background and Purpose To determine how cognitive function is related to epilepsy clas-
sification and comorbid attention deficit hyperactivity disorder (ADHD) in children with newly
diagnosed epilepsy of genetic or unknown etiology.

Methods The medical records of children aged 6-16 years with newly diagnosed epilepsy of
genetic or unknown etiology were reviewed retrospectively. The Korean Education Develop-
ment Institute-Wechsler Intelligence Scale for Children and the Comprehensive Attention Test
were used to evaluate intelligence and attention/executive function, respectively.

Results The data of a total of 149 children, 103 with focal seizures and 46 with generalized
seizures, were reviewed. The prevalence of ADHD was 49.2% (59 out of 120 examined pa-
tients), and ADHD patients exhibited significantly worse auditory selective attention, flanker
test results, and spatial working memory. Patients with generalized seizures exhibited signifi-
cantly worse auditory selective and sustained attention than patients with focal seizures. In pa-
tients with generalized seizures, sustained attention, flanker test findings, and spatial working
memory were found to be affected by ADHD, and auditory selective and sustained attention
were significantly worse in patients with benign childhood epilepsy with centrotemporal spikes
and ADHD than in their counterparts without ADHD.

Conclusions Cognitive processes are affected by seizure type and comorbid ADHD. Proper
characterization of these neuropsychiatric impairments may allow earlier intervention during
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Introduction

Epilepsy is one of the most common neurologic childhood
disorders.! Although children with epilepsy frequently present
with neuropsychiatric problems during the course of their life-
time, they have only recently been studied systemically.** The
prevalence of attention deficit hyperactivity disorder (ADHD),
learning disorders, and developmental disorders is higher in
children with epilepsy than in normal controls, and approxi-
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mately half of children with epilepsy require special education
programs.** Neuropsychiatric impairments in these patients
have been attributed to interactions between ongoing seizures,
antiepileptic drugs, and underlying causes of symptomatic epi-
lepsy,®’ but there might also be contributions from the innate
properties of epilepsy.*'® Previous studies have established
that children with recent-onset epilepsy demonstrate anteced-
ent cognitive impairments or academic underachievement be-
fore the first recognized seizure,'" suggesting the presence of
common neurobiological mechanisms.

The high comorbid prevalence of ADHD and epilepsy sug-
gests that there is a bidirectional relationship between these
disorders.'*"* Cognitive impairment and attentional problems
are particularly crucial issues in children with epilepsy who
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are in a vigorous phase of neurodevelopment. Cognitive im-
pairment is more common in children with epilepsy of struc-
tural/metabolic causes than in those with epilepsy of unknown
or genetic etiology.'* Children with new-onset epilepsy of un-
known or genetic etiology are not influenced by factors that
can influence cognitive function, such as brain lesions and
drug side effects, which may help evaluate the effects of in-
nate epilepsy on cognitive function.'

The different innate neurobiological characteristics of chil-
dren with epilepsy and the bidirectional relationship between
ADHD and epilepsy were investigated by exploring intelli-
gence and attention and working memory according to type of
epilepsy, and the presence or absence of comorbid ADHD.

Methods

Subjects

The medical records of children aged 6-16 years with newly
or recently diagnosed epilepsy of genetic or unknown etiology
at the Asan Medical Center Children’s Hospital between 2008
and 2011 were reviewed retrospectively. Children with an in-
telligence quotient (IQ) of <70, underlying brain lesions, or
chronic illness that limited their daily activities were excluded.
Epilepsy type was classified by a board-certified Korean pedi-
atric neurologist based on electroencephalography and clinical
findings and in accordance with the classifications of the Inter-
national League Against Epilepsy."® The first routine electro-
encephalography records at diagnosis were selected for this
process. Patients were classified based on this electroclinical
evidence as having generalized or focal seizures. They were
further classified according to the total number of seizures
since the first event (single vs. multiple) and the presence or
absence of comorbid ADHD. ADHD was diagnosed accord-
ing to the criteria of the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition) by a pediatric psychiatrist.
The data of patients with well-established electroclinical syn-
dromes or benign childhood epilepsy with centrotemporal
spikes (BCECTS) were analyzed separately.

Evaluation of intelligence and attention

The Korean Education Development Institute-Wechsler Intel-
ligence Scale for Children (KEDI-WISC) was determined to
be an appropriate tool with which to evaluate this group of pa-
tients, and was used to measure intelligence, determine ver-
bal performance, and assess full-scale 1Q.'* The Comprehen-
sive Attention Test (CAT), which was developed to evaluate
the attention of Korean children and adolescents in ADHD
research trials,'”” was used to measure attention and working
memory. The time delay between the diagnosis of epilepsy
and psychometric analysis was a maximum of 4 months. The
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CAT comprises five attention tasks and one spatial working-
memory task.

The attention tasks employed in this study included the fol-
lowing: visual selective attention, auditory selective attention,
sustained attention to response, flanker (interference), and di-
vided attention tasks. Two outcome measures were quantified
for each task: omission errors (failure to respond to a target)
and commission errors (erroneously responding to a nontar-
get). For spatial working-memory tasks, forward and back-
ward memory spans and correct responses were measured. All
scores were adjusted for age and sex, with higher scores indi-
cating better attention. Licensed clinical psychologists admin-
istered all tests.

Statistical analysis

All analyses were performed using SPSS (version 18.0 for
Windows, IBM, USA). A nonparametric Mann-Whitney test
was used to compare CAT and KEDI-WISC scores between
seizure classifications and between patients with multiple or
single seizures. The psychometric data of the patients with and
without ADHD were compared using Student’s #-test. Correla-
tions between age and psychometric scores were analyzed us-
ing Spearman correlation analysis.

Results

The data of 149 children [76 males and 73 females; age at
evaluation, 10.0+3.1 years (meantSD)] were reviewed. Of
this population, 103 patients (69%; age, 9.5+3.1 years) pre-
sented with focal seizures, and 46 (31%; age, 11.1£3.0 years)
presented with generalized seizures. The prevalence of ADHD
was 45.7% in the patients with focal seizures (37 patients with
a diagnosis of ADHD out of 81 patients evaluated by a psy-
chiatrist), 56.4% in patients with generalized seizures (22 of
39 patients); the difference was not statistically significant (p=
0.271; y* test). In the psychometric evaluation, 26 patients
(17.4%) had experienced a single seizure episode and all oth-
ers had experienced multiple seizure episodes (Table 1). Ver-
bal 1Q, performance IQ, and full-scale 1Q scores did not differ
significantly between patients with focal and generalized sei-
zures (Table 1). IQ scores were not affected by age, number of
seizures, electroclinical syndromes, antiepileptic drugs, or co-
morbid ADHD.

Attention deficit hyperactivity disorder patients demon-
strated significantly lower scores for the auditory selective at-
tention commission error (97.6+18.7 vs. 104.6+10.1; p<0.020),
flanker task omission error (87.6+22.0 vs. 96.7+18.0; p=
0.031), spatial working-memory forward span (86.0+20.9 vs.
100.4120.3; p=0.007), and backward memory span (93.5+
16.9 vs. 100.7+17.2; p=0.006) (Fig. 1). The correlation be-
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Table 1. Clinical characteristics and psychometric analysis of the study population according to the epilepsy classification

Variables All (n=149) Generalized (n=46) Focal (n=103)

Age 10.0 (3.1) 11.1 (3.0 9.5(3.1)

Sex, number (% female) 73 (49) 25 (54.3) 48 (46.6)
ADHD, n (% ADHD) 59/120 (49.2) 22/39 (56.4) 37/81 (45.7)
Epilepsy duration (mo) 12.0 (21.6) 11.1 (18.2) 12.4 (23.0)
AED (none/1/2) 36/94/19 11/24/11 25/70/8

VIQ 105.0 (14.7) 103.7 (13.2) 105.6 (15.4)
PIQ 105.0 (14.7) 102.3 (14.2) 106.1 (14.8)
FSIQ 105.5 (14.6) 103.4 (13.2) 106.4 (15.1)

ADHD: attention deficit hyperactivity disorder, AED: anti-epileptic drugs, FSIQ: full-scale intelligence quotient, PIQ: performance intel-

ligence quotient, VIQ: verbal inteligence quotient.
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Fig. 1. Attention and spatial working memory scores according to
comorbid ADHD in the study children with unknown/genetic epi-
lepsy. ADHD patients demonstrated significantly lower auditory
selective attention commission errors (p<0.020), flanking test
omission errors (p=0.031), and spatial working memory forward
(p=0.007) and backward memory spans (p=0.006). p values were
obtained using the Student’s t test. *p<0.05. ADHD: attention defi-
cit hyperactivity disorder, CE: commission errors, OE: omission
errors.

tween psychometric data and age at seizure onset was also an-
alyzed. The scores for auditory selective attention omission
error (r=-0.63; p<0.001), auditory selective attention commis-
sion error (+=-0.42; p<0.001), and visual selective attention
omission error (7=-0.19; p=0.033) were significantly and neg-
atively correlated with age (Fig. 2). Regarding seizure classifi-
cation, patients with focal seizures demonstrated a significant-
ly higher scores for the auditory selective attention omission
error (109.0£14.6 vs. 103.5+11.6; p=0.004) and auditory se-
lective attention commission error (101.3£16.9 vs. 98.0+12.1;
p=0.007; Mann-Whitney test) (Table 2). There was no signifi-
cant difference between patients with BCECTS and patients
with other focal seizures in this regard.

When psychometric data were separated according to sei-
zure type, patients with generalized seizures demonstrated
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Fig. 2. Correlation between attention scores and age in children
with epilepsy. The auditory selective attention omission error (OE)
(r=-0.63, p<0.001), auditory selective attention commission error
(CE) (r=-0.42, p<0.001), and visual selective attention OE (r=-0.19,
p=0.033) demonstrated a significant and negative correlation with
age according to the Spearman correlation analysis. Scores <40
were excluded to show the approximate data that correlated with
the Spearman analysis.

significant differences in comorbid ADHD. Omission error
scores on sustained attention (p=0.050) and flanker tasks
(p=0.003), and forward and backward working-memory
scores on the spatial working-memory task (p=0.025 for for-
ward memory; p=0.035 for backward memory) were lower in
patients with generalized seizures and ADHD than in their
non-ADHD counterparts (Fig. 3). Among BCECTS patients,
the commission error scores on the auditory selection task
(p=0.004) and omission error scores on the sustained attention
task (p=0.039) were lower in BCECTS patients with ADHD
than in their non-ADHD counterparts.

Discussion

Children with epilepsy commonly develop neuropsychiatric



Table 2. Psychometric results for the study population according to epileptic seizure classification
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CAT subtests Total Generalized seizures Focal seizures P
Visual selection OE 97.56+16.55 (127) 98.22+12.02 (37) 97.29+18.15 (90) 0.346
CE 91.63+20.88 (127) 94.92+16.44 (37) 90.28+22.40 (90) 0.577
Auditory selection OE 107.36+13.95 (127) 103.51£11.58 (37) 108.94+14.58 (90) 0.004*
CE 100.35+15.70 (127) 98.00+12.05 (37) 101.31+16.94 (90) 0.007*
Sustained attention OE 94.74+19.04 (126) 91.86+19.28 (37) 95.93+£18.93 (89) 0.050
CE 95.11£18.24 (126) 97.51£16.14 (37) 94.11£19.04 (89) 0.466
Flanker test OE 93.24+19.04 (120) 91.30£18.17 (37) 94.11£19.45 (83) 0.070
CE 87.10+23.58 (122) 87.97+22.11 (37) 86.72+24.31 (85) 0.958
Divided attention OE 98.70+18.18 (88) 96.24+18.95 (29) 99.92+17.83 (59) 0.377
CE 95.73+23.63 (88) 98.21£16.39 (29) 94.51+26.52 (54) 0.869
Spatial working memory OE 95.09+20.14 (82) 92.86+22.14 (28) 96.24+19.14 (54) 0.487
CE 94.35+20.00 (84) 93.62%22.92 (29) 94.73+18.54 (55) 0.742

p values were obtained using the Mann-Whitney U test.
*p<0.05.

CAT: Comprehensive Attention Test, CE: commission errors, OE: omission errors.
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Fig. 3. Attention and spatial working memory scores according to
seizure classification and ADHD in the study cohort. Children with
generalized seizures and ADHD demonstrated significantly lower
scores for sustained attention, interference, and spatial working
memory than those without ADHD. p values were obtained using
the Mann-Whitney test. *p<0.05 compared to children with gener-
alized seizure without ADHD. ADHD: attention deficit hyperactivity
disorder, OE: omission errors.

problems. The high prevalence of mood disorders, autism, and
ADHD in these patients is well recognized. These problems
were historically considered as secondary findings; however,
seizures and neurobehavioral presentations are now consid-
ered to be different biological components of specific types of
epilepsy.'*"* Accordingly, the diagnosis and management of
these neurobehavioral comorbidities are strongly emphasized
in the treatment of epilepsy.’ The neurobehavioral phenotypes
that are unaffected by pathological brain lesions, treatment, or
seizure burden were determined by focusing on new or recent-
onset epilepsy due to unknown/genetic etiology. Despite hav-

ing a normal intelligence, children with epilepsy may demon-
strate attention deficits.'” The prevalence of attention deficits
in pediatric patients with epilepsy has been reported to be as
high as 77%.2**' Moreover, a recent study found similar work-
ing-memory deficits in patients with epilepsy-related ADHD
or developmental ADHD, which strongly suggests the exis-
tence of a common underlying neurobehavioral pathophysiol-
ogy between ADHD with and without epilepsy.”

The present study found that the incidence of ADHD was
high (45.7%) in children with epilepsy of unknown or genetic
etiology, and that this disorder was significantly associated
with poor performances on auditory selection attention, inter-
ference, and spatial working memory. This is consistent with
previous studies involving pediatric patients, and demonstrates
clearly that children with ADHD and epilepsy demonstrate
poorer auditory attention and working memory than either epi-
leptic children without ADHD'" or ADHD children without
epilepsy.” Patients with ADHD exhibit difficulties in working-

memory performance,**

which ties in closely with the im-
paired working memory identified in the epileptic patients
with ADHD reviewed in the present study.

The patients in this study with generalized seizures demon-
strated worse auditory selective attention than patients with
focal seizures. Intrinsic attention deficits and some differences
in attention between patients with generalized seizures and pa-
tients with focal seizures have also been found in studies in-
volving small groups of children with epilepsy.”'* However,
the exact mechanisms underlying any differences in neuropsy-
chiatric impairments across epilepsy classifications remain un-
clear.

The dichotomic seizure classification used in the present
study inevitably resulted in heterogeneity among the epilepsy
patients included in each group. The patients with generalized
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seizures mostly included patients previously diagnosed with
idiopathic generalized epilepsy (IGE), a cluster of syndromes
that includes childhood absence epilepsy, juvenile absence ep-
ilepsy, and juvenile myoclonic epilepsy.” Children with gen-
eralized epilepsy exhibit greater hyperactivity and emotional
and conduct problems than healthy controls or children with
benign focal epilepsy.”® It has also been reported that children
with IGE demonstrate decreased sustained attention?” and a
decreased ability to assemble objects® compared with children
with focal seizures. Considering that the impaired executive
control associated with IGE is suggestive of frontal network
involvement,” the presence of low auditory attention in pa-
tients with generalized seizures could be associated with dis-
rupted attentional processes due to abnormal diffuse neural
circuitry activation.

The present evaluations revealed that the prevalence of
ADHD was similar regardless of the type of epilepsy. Howev-
er, several subsets of attention were found to be affected by
ADHD in patients with generalized seizures and BCECTS.
Among the patients with generalized seizures, the ADHD cas-
es demonstrated significantly worse sustained attention, inter-
ference, and spatial working memory than their counterparts
without ADHD. There were no differences between children
in this cohort with focal seizures regardless of ADHD, and
those with BCECTS and ADHD demonstrated significantly
worse auditory attention and sustained attention compared
with the children in this series without ADHD. The affected
domains were found to differ between epilepsy classifications,
possibly due to the interactions between ADHD and epilepsy.

In general, attention is associated with cognitive processing
speed, which is in turn related to activity in the anterior cingu-
late cortex, prefrontal cortex, and striatothalamic pathway.” In-
terference involves mainly the ventrolateral prefrontal cortex
and the left anterior prefrontal cortex,** and working-memory
functions are scattered over large parts of the cortex including
the prefrontal cortex.’' The pathways involved in attention, in-
terference, and working memories are also hypothetically as-
sociated with ADHD,* and the generation of generalized
spikes and waves in IGE reportedly involve the “fronto-insu-
lar-thalamic network™.**** Thus, the comorbid presentation of
epilepsy, generalized seizures, and ADHD may interfere with
broader areas of the cognitive network and result in selective
decrements in sustained attention, interference, or spatial
working memory in comparison to patients without ADHD.

The BCECTS patients in the present series comprised one-
third of the cases with focal seizures, and were analyzed sepa-
rately from the other patients with focal seizures. Other cases
with focal seizures may also include patients with various foci,
and this complicated situation may be an obstacle to identify-
ing specific cognitive findings in these patients. Although
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BCECTS appears benign, it has frequently been associated
with neuropsychiatric impairments such as ADHD.* Previous
studies have shown that children with BCECTS exhibit diffi-
culties in impulse control’® and that children with ADHD ex-
hibit a frequency of rolandic spikes that is higher than that ex-
pected from epidemiological data.’” The complex network that
incorporates attention, impulsivity, and rolandic spikes***
may underlie the difficulties in auditory selective attention and
sustained attention that were observed in BCECTS patients
with ADHD in the present study.

A significant negative correlation was found in this analysis
between auditory and visual selective attention and age at on-
set, which we regard as innate characteristics of epilepsy. Ear-
ly onset could also include epilepsy with a more benign na-
ture, such as BCECTS and childhood absence epilepsy, and
late-onset epilepsy may include juvenile myoclonic epilepsy
or juvenile absence epilepsy, thereby explaining the relatively
poor level of attention in these categories.

The limitations of this study include its retrospective design,
the analysis of data obtained from a relatively small number of
patients from a single institution, the lack of normal controls
without epilepsy, and the time delay between the diagnosis
and psychometric evaluation. However, the analyses have pro-
vided information on cognitive problems in children with epi-
lepsy of unknown/genetic etiology, and the findings suggest
that epileptic seizure classification and ADHD can influence
cognitive function in this population. The pretreatment cogni-
tive data collected from epileptic children may explain the
poor school performance associated with epilepsy. Proper
characterization of these impairments could be useful in early
interventions in the disease course. Further prospective studies
with additional patients will help clinicians to better treat chil-
dren with epilepsy and cognitive impairments in the future.
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