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Abstract

Purpose—To characterize patterns and determinants of normal and abnormal cognitive
development in children with new onset epilepsy compared to healthy controls.

Methods—Longitudinal (2-year) cognitive growth was examined in 100 children, age 8-18
years, including healthy controls (n=48) and children with new onset epilepsy (n=52). Cognitive
maturation was examined as a function of the presence/absence of two neurobehavioral
comorbitiies (Attention Deficit Hyperactivity Disorder and/or Academic Problems) identified at
the time of epilepsy diagnosis. Groups were compared across a comprehensive neuropsychological
battery assessing intelligence, academic achievement, language, memory, executive function and
psychomotor speed.

Results—Children with new onset epilepsy without neurobehavioral comorbidities were
comparable to healthy controls at baseline, rate of cognitive development, and follow-up
assessment across all neuropsychological domains. In contrast, the presence of neurobehavioral
comorbidities were associated with significantly worse baseline and prospective cognitive
trajectories across all cognitive domains, especially executive functions.

Conclusion—The presence of neurobehavioral comorbidities at the time of epilepsy onset is a
major marker of abnormal cognitive development both prior to and after the onset of epilepsy.
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INTRODUCTION

Cognitive abnormalities are an important potential comorbidity of childhood epilepsy
(Hommet et al., 2006; Lassonde et al., 2000; Macallister and Schaffer 2007; Williams et al.,
1998ab). An extensive cross-sectional descriptive literature has identified a number of
seizure-related factors associated with cognitive disruption in pediatric epilepsy including
epilepsy etiology and syndrome (Besag 2006; Elger et al., 2004; Hommet et al., 2006; Lendt
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et al., 1999; Reijs et al., 2006; van Rijckevorsel 2006), degree of seizure control (Nolan et
al., 2003; Smith et al., 2002), antiepilepsy medications (Bourgeois 1998; Loring et al., 2007;
Vermeulen and Aldenkamp 1995), and underlying EEG abnormalities (Aldenkamp and
Arends 2004ab; Aldenkamp 1997; Koop et al., 2005; Tedrus et al., 2006; Wolff et al., 2005).

In contrast to adults with epilepsy, where a developed and reasonably stable cognitive
substrate is the target of adverse epilepsy factors, children present with a dynamic pattern of
cognitive and brain development (Gogtay et al., 2004; Sowell et al., 2003; 2004; Thompson
et al., 2000). Cognitive abnormalities in childhood epilepsy identified by cross-sectional
designs may represent any one of a number of effects including abject loss of function from
a previously higher level of ability, slowed rate of normal cognitive development, static and
fixed impairments that antedate epilepsy onset, transient postictal cognitive abnormalities
due to seizures and treatment factors, or other influences.

Controlled prospective investigations initiated at epilepsy onset are best suited to
characterize the nature, timing, and course of neuropsychological abnormalities in pediatric
epilepsy, or in other words, their natural history. There are at least 18 prospective studies
dating from 1924 that examined cognitive change in children and adolescents with epilepsy
(Dodrill 2004; Seidenberg et al., 2007). Limitations of prior studies include lack of control
groups, excessive reliance on broad 1Q measures with under-investigation of important
cognitive domains (e.g., language, memory, executive function), variable test-retest
intervals, and arbitrary definitions of meaningful cognitive change (Dodrill 2004;
Seidenberg et al., 2007). Most importantly, only two investigations examined prospective
cognitive development from the time of epilepsy onset (Bourgeois et al., 1983; Oostrom et
al., 2005), with one of the studies focused solely on I1Q. It is clear that much remains to be
learned about the natural history of cognitive impairment and general cognitive development
in pediatric epilepsy. Notably, a small number of studies have demonstrated the important
point that at the time of seizure onset, and even prior to administration of antiseizure
mediations, cognitive impairment may be evident (Fastenau et al., 2005; Hermann et al.,
2006; Kolk et al., 2001; Oostrom et al., 2003; Stores et al., 1992). These findings suggest the
presence of antecedent anomalies in cognitive development with their cause and course
remaining to be determined.

Although rarely discussed in the epilepsy literature, patterns of cognitive maturation may be
influenced by co-occurring conditions known to independently affect neuropsychological
status in the population at large, conditions that are in fact known to be overrepresented in
childhood epilepsy. Examples of such conditions include learning disorders (Aldenkamp et
al., 1990; Beghi et al., 2006; Berg et al., 2005; McNelis et al., 2007) and psychiatric
diagnoses with known cognitive consequences such as Attention Deficit Hyperactivity
Disorder (ADHD) (Dunn et al., 2003; Dunn and Kronenberger 2003; 2005; Gonzalez-
Heydrich et al., 2007; Hesdorffer et al., 2004; Sherman et al., 2006). Differences in the
cognitive trajectory associated with these conditions have not been characterized in pediatric
epilepsy, and importantly, the cognitive development of children with epilepsy without these
co-morbid conditions has not been reported.

Examining a cohort of children with new onset idiopathic epilepsy, we identified two groups
of children who presented with comorbid conditions that significantly affected cognitive
status, children with ADHD and children with academic problems (Hermann et al., 2006,
2007). These two groups demonstrated significant cognitive abnormalities at baseline,
associated neuroimaging abnormalities, and evidence that these co-occurring conditions or
comorbidities antedated seizure onset in a subset of children suggesting an antecedent
neurobiological effect. In this controlled prospective cohort study, we report patterns of
cognitive development over a fixed 2-year interval. Children with new onset epilepsy and
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healthy controls underwent comprehensive neuropsychological re-assessment and
prospective cognitive trajectories were examined taking into consideration the effects of two
major comorbidities diagnosed at baseline evaluation (ADHD, AP).

The research sample included 100 children between the ages of age 8 and 18, including 52
children with new/recent onset epilepsy and 48 healthy first-degree cousin controls, all
attending regular schools. All children underwent neuropsychological evaluation at time of
enrollment and at a fixed follow-up time point (2 years later).

Children with epilepsy were recruited from pediatric neurology clinics at Midwestern
medical centers (University of Wisconsin-Madison, Marshfield Clinic, Dean Clinic) and
initial selection criteria included: 1) diagnosis of epilepsy within the past 12 months, 2)
chronological age between 8-18 years, 3) no other developmental disabilities (e.g., autism),
4) no other neurological disorder, and 5) normal clinical MRI. Epilepsy participants met
criteria for classification of idiopathic epilepsy in that they had normal neurological
examinations, no identifiable lesions on MR imaging, and no other signs or symptoms
indicative of neurological abnormality (Engel 2001). Control participants were age and
gender-matched first-degree cousins. Criteria for controls included no histories of: 1) any
initial precipitating event (e.g., simple or complex febrile seizures), 2) any seizure or
seizure-like episode, 3) diagnosed neurological disease, 4) loss of consciousness greater than
5 minutes, or 5) other family history of a first-degree relative with epilepsy or febrile
convulsions. This study was reviewed and approved by the Institutional Review Boards of
both institutions and on the day of study participation families and children gave informed
consent and assent and all procedures were consistent with the Declaration of Helsinki
(1991). 94% of the baseline cohort was retained and retested two years later.

Neuropsychological Assessment

Subjects were administered a comprehensive test battery that included standard clinical
measures of intelligence, language, immediate and delayed verbal memory, executive
functions, speeded fine motor dexterity, and academic achievement. Table 1 provides details
regarding the target cognitive domains, the specific abilities assessed within each domain,
the test measures and the nature of the dependent measure (i.e., number correct, errors, or
time). The initial age range studied here was broad (ages 8-18 years) and particular attention
was paid to the use of tests that allowed administration of identical items across the entire
age range. For safety reasons, the research assistants were aware of each participant's group
membership (epilepsy versus controls), but blinded to co-morbidity status.

Parents were interviewed and medical records were reviewed to determine interval seizure
history and seizure course. Three research staff, blinded to cognitive, psychiatric and social
information, classified outcomes over the two-year prospective period using a slightly
modified version of Berg et al.'s (2001) outcome classification scheme. The three categories,
and their respective criteria, are as follows: Good: Children had at least a 1-year remission
as of their 2-year follow-up visit. Remission was defined as being aura and seizure free, and
included children taking antiepileptic drugs (AEDSs). Intractable: Children who met the
criteria for intractability from the time of enrollment to the 2-year follow-up time point.
Intractability was defined as (a) failure or lack of seizure control on at least two appropriate
AED:s or failure of one AED for seizure control and two other AEDs with adverse side
effects; and (b) an average of at least one seizure per month over the 2-year interval. Drug
failure was determined based on a review of the medical records including documentation
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by the treating physician that doses were increased,; the AED was not effective; or the AED
resulted in adverse side effects. Indeterminate: Children who were either not in remission at
the 2-year follow-up or did not meet the criteria for intractability during the 2-year interval.

Definition of Comorbidities

Analyses

DSM-IV ADHD—L ifetime-to-date psychiatric status was assessed using the Kiddie-SADS-
PL (K-SADS) (Ambrosini 2000), the semi-structured diagnostic interview designed to
assess current and past episodes of psychopathology in children and adolescents according
to DSM-1V criteria. The K-SADS was completed separately with the child and parent(s) and
summary ratings included all sources of information in arriving at a diagnosis. Children and
adolescents were interviewed first followed by interview with parents. Administration of the
K-SADS included completion of the Diagnostic Screening Interview and the appropriate
Diagnostic Supplements. Interviews were videotaped with patient/family consent and IRB
approval. 15% of subjects were randomly selected for independent review with an outside
consultant to insure reliability of diagnoses and prevent rater drift. Impairment and/or
distress criteria were evaluated in order to accurately reflect the diagnostic criteria of the
DSM-IV. The primary dependent measures were the rate of lifetime to date ADHD and the
specific ADHD subtypes (predominantly inattentive, hyperactive, combined, or NOS). An
important concern in assessing symptoms of inattention, and ADHD in particular, is the
possible confounding effect of postical or frank ictal activity. Parents were specifically
instructed to ignore anything that could be construed as seizure related symptoms and this
was reconfirmed during the interviews. In addition, one purpose of the independent review
of 15% of the interviews was to guard such potential errors and no diagnostic changes were
made through this process. The interviewer and outside consultant were not blinded to group
membership as seizure history often arose spontaneously during the interview.

Academic Problems—History of academic problems (AP) was obtained through a
structured interview with the child's parent(s) by an interviewer blinded to all cognitive and
psychiatric information. The categories of AP were based on actual academic modifications/
responses instituted by the child's educational system to identified difficulties. These
categories of services were developed by an independent pediatric neuropsychologist with
considerable experience with educational systems and the ways in which academic
difficulties were handled other than the traditional IEP process. There were 6 overall
categories of services: a) birth to 3 programs, 2) early childhood programs, 3) IEP, 4)
repeating a grade, 5) required summer school, and 6) miscellaneous school based assistance
(tutor, homework club, reading/math groups, Title 1). If a parent indicated a positive
response on any item or more than one item they were coded as positive for AP.

A mixed 3 x 2 MANOVA was conducted for each of the 6 cognitive domains shown in
Table 1 (intelligence, academic achievement, language, memory, executive function,
psychomotor speed). Raw test scores (as opposed to standard scores) were used for all
analyses in order to permit assessment of cognitive change/development from baseline to 2-
year follow up examination. For each MANOVA the between subject variable was group
(controls, epilepsy with comorbidity [comorbidity+] and epilepsy without comorbidity
[comorbidity—]) and the within subject variable was time of assessment (baseline, 2-year
follow-up). Bonferroni correction was used to adjust for testing across multiple domains
using MANOVA, with strict significance achieved if p-value <.05/6=.008.

Most neuropsychological measures are known to be multifactiorial in nature and assignment
to a priori cognitive domains (Table 1) should be viewed with caution. Our sample size
precludes the likelihood that a stable factor structure for the administered cognitive tests
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would be derived. However, the selected tests have been validated to assess the cognitive
constructs under investigation. The administered tests within each domain serve to provide a
multi-dimensional measure of that particular cognitive area. Though each test provides
incremental information regarding the cognitive domain under investigation, more
information would be gained per test if the measures were completely independent, which is
known not to be the case. Overall, the statistical approach utilized here takes into
consideration the correlated nature of the tests within each domain by jointly analyzing
statistical significance within major cognitive areas rather than evaluating each test
separately, thereby significantly reducing the number of analyses and reducing the
probability of Type I error with further corrections for multiple comparisons.

Patterns of Comorbidity

Comorbidities in the control sample included ADHD (n= 3), AP (n=7), or none (n=38);
while comorbidities in the epilepsy group included ADHD (n=15), AP (n=13), or none
(n=24). Children with new onset epilepsy exhibited a significantly elevated rate of both
ADHD (p <.001) and AP (p <.001). A small number of control children had neurobehavioral
comorbidities (n=10). To provide a rigorous test of the comparability of comorbidity—
epilepsy children to healthy controls, these 10 control children with AP/ADHD were
excluded from further consideration. Primary analyses combined the epilepsy ADHD and
AP groups in the comorbidity+ group (n=28) for comparison to the epilepsy comorbidity—
(n=24) and healthy controls (n=38) groups. A limited set of exploratory secondary analyses
examined the unique effects associated with ADHD and AP in the children with epilepsy.

Table 2 provides information regarding the sociodemographic characteristics of the control
and epilepsy groups. There were no significant group differences in overall age (p=.66),
grade (p=.59), or gender (p=.49). There were no differences between the two epilepsy
groups in the age of onset of epilepsy (p=.37), overall syndrome (idiopathic generalized vs.
localization related, p=.16), number of epilepsy medications (p=.25), comorbid medical
conditions (p=.26) or other medications (p=.27). The distribution of left handedness differed
significantly across groups with more left-handed children in the epilepsy comorbidity+
group (21%) compared to both the epilepsy comorbidity— (4%) and control (0%) groups
(X2=11.5, df=2, p<.001). There was no difference in the course of the epilepsy (Berg et al.,
2001) over the two year interval (X2=1.5, df=4, p=.83). Time to baseline assessment from
the diagnosis of epilepsy ranged from 1 to 12 months overall with no significant difference
between the epilepsy comorbidity +/— groups (p=.33). We asked parents if, in retrospect,
they believed their children may have experienced seizures prior to the event that led to
evaluation and diagnosis of epilepsy. A total of 26 of the 52 families thought this might be
the case. We of course have no way to prove that these prior events were indeed seizures.
There was no difference between the epilepsy comorbidity +/— groups (p=.33) or the AP and
ADHD groups in particular (p=.27) in the distribution of the presence/absence of possible
prior seizures. Table 2 shows that 24 children were diagnosed with localization related
epilepsies and 28 with idiopathic generalized epilepsies. In terms of specific syndrome
types, there were 12 BECTS, 18 focal (temporal, frontal, nos), 15 JME, and 7 absence (child
and juvenile). The number of children in these specific syndromes was felt to be too small to
provide reliable findings and analyses were restricted to IGE vs. LRE.

We examined the distribution of comorbid mood and anxiety disorders (the most commonly
occurring lifetime to date K-SADS disorders), demographic and clinical seizure variables to
determine whether there were any baseline differences between the epilepsy comorbidity +/
— groups overall or the epilepsy ADHD and AP groups in particular. There were no
significant differences between epilepsy comorbidity +/— groups, or between the AP and
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ADHD groups, in the rate of lifetime to date mood or anxiety disorders, core demographic
variables (age, gender, or education), or clinical seizure variables (age of onset, time since
diagnosis of epilepsy, number of medications) (p's ranging from .13 to .59). There was no
difference in the distribution of associated medical illness (e.g., asthma) across the groups

(p=.48). .

Neuropsychological performance

Table 3 provides the mean baseline and 2 year prospective retest data organized by cognitive
domain. The effect of group was significant for five of the six cognitive domains including
Intelligence (F=6.91, df=4,170, p <.0001), Academic Achievement (F=5.54, df=6,166, p<.
0001), Language (F=3.53, df=8,166, p=.0008), Executive Function (F=2.57, df=10,156, p=.
0067), and Psychomotor Speed (F=4.57, df=6,164, p=.0003). These results are significant
after Bonferroni adjustment. A significant group effect was not evident for Memory
(F=2.11, df=4,170, p=.082).

The simple effects of group were examined across all cognitive domains (except Memory).
There were no significant differences between controls and the epilepsy comorbidity—
groups across any cognitive domain including Intelligence (p=.93), Academic Achievement
(p=.32), Language (p=.67), Executive Function (p=.23) and Psychomotor Speed (p=.31).
The epilepsy comorbidity+ group performed significantly worse than both the epilepsy
comorbidity— and control groups across all cognitive domains (all p's < .0025), these results
remain significant after Bonferroni adjustment.

For every cognitive domain there was a significant effect of time indicating that subjects’
scores improved across the two year interval; this was the case for Intelligence (F=73.7,
df=2,85, p<.0001), Academic Achievement (F=67.9, df=3,83, p<.0001), Language (F=39.2,
df=4,83, p< .0001), Memory (F=11.71, df=2,85, p< .0001), Executive Function (F=18.4,
df=5,78, p<.0001), and Psychomotor speed (F=19.1, df=3,82, p<.0001). These results are
significant after Bonferroni adjustment.

For most cognitive domains the differences between groups remained constant over time.
This was the case for Intelligence (p=.56), Academic Achievement (p=.33), Language (p=.
48), Memory (p=.16), Executive Function (p=.11), and Psychomotor Speed (p=.35). There
was a significant group by time interaction for Executive Function (F=1.99, df=10,128, p=.
03). This interaction was driven by two of the five tests included in this domain, CPT errors
of omission (inattention) and commission (impulsive) errors. For each measure the number
of errors for the control and comorbidity— groups decreased over time reflecting improved
performance, while the comorbidity group+ increased slightly reflecting poorer
performance. The remaining three tests in the Executive Function domain followed the same
pattern seen in the other five cognitive domains and improved over time.

The figures characterize the main findings for two representative specific test measures.
Figure 1 provides the results for raw score Verbal 1Q performance. The top panel of Figure 1
depicts a traditional comparison of children with epilepsy versus controls. The middle panel
of Figure 1 depicts the results of the analyses when the presence/absence of neurobehavioral
comorbidities is considered. As can be seen, epilepsy children without comorbidities
perform identically to healthy controls at baseline, follow-up, and rate of cognitive
development. The bottom panel of Figure 1 depicts the relative performance of children with
epilepsy with ADHD or AP to the other groups. The results in Figure 1 depict the
predominant pattern observed across cognitive domains (except memory) and individual
tests (Table 3).
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Secondary Analyses

Two sets of secondary analyses were performed. First, in order to confirm the robustness of
results across individual tests within each cognitive domain, repeated-measures ANOVAs
were examined separately for each test and p-values were adjusted to account for the
comparison of multiple tests (n=18). Similar patterns were observed with three exceptions,
two in executive function (CPT omission and commission errors) where a group by time
interaction indicated that scores for the control and epilepsy comorbidity— group improved
over time while performance of the comorbidity+ group did not. This effect was due
specifically to poorer attention performance in the ADHD group compared to all others
(Figure 2). The final exception was delayed verbal memory where none of the differences
between groups reached statistical significance.

Second, epilepsy ADHD and AP groups were compared to examine group differences
within the comorbidity+ group. These analyses were conducted as exploratory secondary
analyses because of small sample sizes. While there was a trend of poorer performance in
the ADHD group across virtually all cognitive domains, there were no significant ADHD vs.
AP differences across any cognitive domain including intelligence (p=.93), Academic
Achievement (p=.60), Language (p=.35), Executive Function (p=.74), or Psychomotor
Speed (p=.32). In part, this is due to limited power secondary to sample size constraints as a
total of 26 cases were included in this analysis. Figure 2 shows the results for CPT omission
errors where there was a group by time interaction. The top panel of Figure 2 depicts a
traditional comparison of children with epilepsy versus controls. The middle panel of Figure
2 depicts the results of the analyses when the presence/absence of neurobehavioral
comorbidities is considered. As can be seen, epilepsy children without comorbidities
perform identically to healthy controls at baseline, follow-up, and rate of cognitive
development, while the comorbidity+ group presents a distinct pattern of test-retest change.
The bottom panel of Figure 2 provides details regarding relative performance of the children
with epilepsy with ADHD and AP to the other groups where the ADHD group shows the
most disparate interval cognitive change. In the supplemental file section a data table has
been added providing specific test score data for the ADHD, AP, healthy controls and
epilepsy comorbidity— groups for interested readers.

DISCUSSION

Three core findings derive from this investigation. First, the presence/absence of two
primary comorbidites (ADHD, AP) at the time of epilepsy diagnosis is linked to patterns of
abnormal cognitive development and remains predictive of the subsequent two year
trajectory of cognitive maturation. Second, after accounting for these two major
neurobehavioral comorbidities, the remaining children with epilepsy (representing about
half the epilepsy sample) exhibit entirely normal neuropsychological status both at baseline
and 2-years later with a rate of cognitive development identical to the healthy controls.
Finally, presence or absence of the comorbidities in children with epilepsy were
unassociated with biological variables including syndrome (LRE, IGE), age of onset,
number of medications and the two year clinical course.

Essential comorbidites and cognitive development

We have previously shown that this cohort of healthy children and children with new onset
idiopathic epilepsy are characterized by significant differences from controls in the
presence, frequency, clinical presentation and neuroimaging characteristics of two
comorbidities, ADHD and academic problems (AP) (Hermann et al., 2006, 2007). The fact
that important neurobehavioral comorbidites may be present at epilepsy onset and even
antedate the first recognized seizure is now well appreciated, with such effects reported in
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the areas of behavioral adjustment (Austin et al., 2001), cognition (Oostrom et al., 2003),
school difficulties (Berg et al., 2005; McNelis et al., 2007; Oostrom et al., 2003), ADHD
(Hesdorffer et al., 2004; Jones et al., 2007); depression (Hesdorffer et al., 2006, 2007), and
other DSM-IV Axis | disorders (Jones et al., 2007).

Berg (2007) referred to the neurobehavioral complications evident at or before the onset of
seizures in children with epilepsy who are otherwise neurologically “normal” (i.e., normal
neurological exam, intelligence and imaging) as essential comorbidities. Cortez et al. (2006)
pointed out that the onset of recurrent spontaneous seizures is the end result of the complex
process of epileptogenesis involving a cascade of transcriptional changes in the brain
triggered by an interaction of genetic and environmental factors. The neurobiological results
of these transcriptional changes include plasticity, apoptosis and further neurogenesis, all of
which could conceivably affect behavior or cognition prior to the appearance of overt
seizures.

A major finding of this investigation is that children with epilepsy with the two essential
comorbidities examined here exhibit a distinct pattern of cognitive development over the
two year period. These findings are consistent with and extend the report of Oostrom et al
(2005) who demonstrated that a particular problem in the early school career of children
with epilepsy (i.e., repeating a grade) were associated with an abnormal trajectory in some
cognitive abilities. Using a broader definition of problematic school career, we found that
children with epilepsy with such histories exhibited significant cognitive growth over time
across most but not all (executive function) cognitive domains, but remained significantly
below healthy controls and children with epilepsy without comorbidities over the two year
interval. Interestingly, it is in the area of executive function that a significant group by time
interaction was detected, indicating a divergent cognitive course. Epilepsy children without
essential comorbidities and healthy controls exhibited improvement in these skills over the
two year period while the epilepsy comorbidity+ group exhibited a flat or worsening course.
In order to understand the specifics of this divergent course, the tests within the Executive
Function domain were examined and a specific pattern of change was found in sustained
attention and concentration with increasing errors of commission (impulsive behavior) and
omission (passive inattention) in the epilepsy comorbidity+ group, specifically among
children with epilepsy with ADHD (bottom panel Figure 2). Executive functions are
critically important in everyday function (Jurado and Rosselli 2007), demonstrated to be
adversely affected in childhood epilepsy (Parrish et al., 2007; Sherman et al., 2006), and
linked to the core symptom complex of ADHD (Barkley 2006; Doyle 2006). In summary,
two specific neurobehavioral comorbidities, each easily identified at or shortly after the time
of the diagnosis of epilepsy, are indicative of atypical antecedent as well as subsequent
cognitive development. The importance of early recognition and intervention is readily
apparent.

Children with epilepsy without essential comorbidities

Especially interesting is the finding that after accounting for these two specific
comorbidities (ADHD and AP), there was a substantial percentage of children with epilepsy
(46%) that were not different from healthy controls. Children with epilepsy without these
two essential comorbidities were comparable and equivalent to healthy controls in all tested
areas of cognitive and academic achievement, both at baseline and follow-up, with a
comparable rate of cognitive development. These findings confirm that some epilepsies may
indeed be benign not only in terms of epilepsy syndrome, but also their impact on cognition,
but it is clear that neurobehavioral comorbidities are a critical consideration in this equation.

These findings have implications for an important related literature. Long term prospective
investigations of individuals with childhood onset epilepsy have reported considerably
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poorer psychosocial outcomes in adulthood. These outcomes involve salient areas of life
performance and quality of life including employment, marriage and family characteristics,
psychiatric status, income and socioeconomic status (Camfield et al., 1993; Jalava and
Sillanp&a 1997; Jalava et al., 1997; Kokkonen et al., 1997; Koponen et al., 2007; Lindsay et
al., 1979abc; Shackleton et al., 2003; Sillanpaa et al., 1998; Wirrell et al., 1997). This
general pattern of outcome has been reported even among individuals whose childhood
onset epilepsy remitted and medications stopped (Sillanpaa et al., 1998). Similar findings
have been reported in other population based studies involving children with “benign
epilepsies” such as absence epilepsy (Wirrell et al., 1997). Especially noteworthy is the
report that a history of unspecified “learning disorder” appeared significantly predictive of
poorer long term psychosocial outcomes, more predictive than so-called biological factors
(e.g., age of onset, seizure control) (Camfield et al., 1993). The results of this investigation
would predict that the observed divergent patterns of cognitive development associated with
ADHD and AP may have direct implications for successful transition to adulthood,
particularly since it is known that these comorbidities are known to have a divergent life
course in the general population (McKay and Halperin 2001; Seidman 2006; Spencer et al.,
2007; Wilens and Dodson 2004). If this proves to be the case, the epilepsy comorbidity+
cohort might represent a critically important target for a variety of early cognitive, social,
and transition programs in order to maximize opportunities for successful outcomes in
adulthood.

Epilepsy variables and comorbidity status

The presence or absence of the neurobehavioral comorbidities in children with epilepsy was
not associated with a variety of epilepsy factors (idiopathic generalized vs. localization
related epilepsy, presence or number of medications, age of onset of epilepsy, or two year
clinical course. Further, the neurobehavioral comorbidities were not associated with the
presence of other medical conditions (e.g. asthma) or use of medications for associated
medical conditions. These findings are consistent with prior reports of weak relationships
between seizure related variables and cognitive/psychosocial outcomes in children with
idiopathic or uncomplicated epilepsy (Camfield et al., 1993; Oostrom et al., 2005). Only the
distribution of left handedness separated the groups (epilepsy comorbidity+ group = 21%,
epilepsy comorbidity— group = 4%, and control group = 0%).

Limitations and areas for future research

Comorbidity subtypes: lumping versus splitting—Both essential comorbidities
examined here (ADHD, AP) reflected composite groupings. The major subtypes of both
ADHD (inattentive, hyperactive, combined) and AP (e.g., language-based, nonverbal)
should be independently investigated as there may be meaningful differences in baseline
cognition and developmental course among specific comorbidity subtypes. The fact that the
composite groupings used here were associated with major effects underscores their clinical
significance and suggests that investigation of more specific categories of ADHD and AP
will prove informative.

Case ascertainment and subject sample—Subject selection was not based on the
presence or absence of ADHD or AP comorbities. Case ascertainment was determined by
the onset of spontaneous unprovoked seizures, normal clinical imaging, attendance at
regular school, and a diagnosis of epilepsy—children characterized by Oostrom et al (2003)
as “epilepsy only”. Cohorts of this type provide the advantage of investigating cognition in
the absence of severe etiological insults, brain lesions, and other complicating factors
associated with other common but more severe childhood epilepsies that are known to affect
cognition and cognitive development. The relative contribution of these more severe
epilepsies and their underlying effects relative to the impact of the comorbidities examined
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here is an open question. It is entirely possible that neurobehavioral comorbidities may have
less independent influence compared to the fundamentals of epilepsy cause, course, and
treatment. In point of fact, the presence of even subtle MR abnormalities identified at the
onset of epilepsy (Doescher et al., 2006) have been found to be associated with baseline
cognitive abnormalities (Byars et al., 2007). In addition, the epilepsy centers represented
here are major catchment sites for specialty care. It is possible that community based
investigations may reveal lower rates of comorbidities in new onset epilepsy, but the
relationships between cognition and cognitive course should be comparable in similar
groups of children with idiopathic epilepsies. However, the children investigated here did
not suffer from severe epilepsy. In fact at baseline approximately 23% of children were not
treated with antiepilepsy medications, and only 5.7% (3 of 52) were found to have
intractable epilepsy over the prospective two year period as defined by a contemporary
rating system (Berg et al., 2001). Given the modest sample size of children with epilepsy we
restricted our analyses to broad syndromes of LRE and IGE. It would be of interest to
examine comparative cognitive developmental issues in discrete syndromes (JME, BECTS),
but that will require a larger sample size. Finally, the sample was quite broad in age range
(8-18). This provides the advantage of yielding a broad view of cognitive development, but
a more restricted age range might prove useful in yielding a finer characterization of
cognitive change in more defined developmental epochs.

Duration of follow-up—While very different prospective cognitive trajectories were
evident across the epilepsy comorbidity+/— groups and controls, the duration of the follow-
up period was modest (2 years). Longer follow-up would be of particular interest as a
dynamic pattern of cognitive maturation appears to be taking place in some areas of
cognition. The distinct pattern of change for executive function raises the question of
associated social and behavioral development given the importance of this cognitive domain
for those areas of maturation (Jurado and Rosselli 2007). In addition, longer follow up
would allow formal growth curve modeling, something heretofore not available in this
literature, and a determination of whether some epilepsy comorbidity+ children might
demonstrate later accelerated neurocognitive growth and eventually match controls in
cognitive performance as described by others in this literature (Shaw et al., 2007).

Linking cognitive and brain development—Significant changes are occurring in the
brain development of children within the age range represented in this investigation (8-18
years), with region-specific patterns of reduction in gray matter volume and increasing
volume/myelination of white matter (Gogtay et al., 2004; Sowell et al., 2003, 2004;
Thompson et al., 2000). Very little is known about patterns of brain maturation in children
with epilepsy and how they may differ from normal developmental trajectories. There
should be a degree of symmetry between patterns of neurocognitive and age-appropriate
brain development, and this area of research remains to be addressed in childhood epilepsy.

Comorbidities, transition to adulthood, and long term implications—As inferred
previously, investigations of this type may inform the long term psychosocial outcome
literature. A related consideration, not examined here, is the effect of important moderating
factors, such as those that have been shown to be related to family integrity. Family mastery
(Austin et al., 2004; Fastenau et al., 2004) and family related impact and reactions to
epilepsy (so-called contextual variables) (Oostrom et al., 2005) have been shown influence,
moderate or “buffer” cognitive performance in both cross-sectional and longitudinal
epilepsy investigations. The effects of these factors on longer term transitions to adulthood
remain to be determined.
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The umbrella effect of comorbid conditions—A tendency in the epilepsy literature
has been to examine cognitive, social, psychological and other complications in isolation. It
is possible, and indeed probable, that some comorbidities may subsume a number of these
problems under one “diagnosis”. This is of course best demonstrated in ADHD with this
diagnosis encompassing symptoms of cognition, parent and teacher ratings of behavior,
other psychiatric comorbidities, and social function. These relationships suggest that specific
comorbidities may provide an organizing influence through which diverse neurobehavioral
symptoms might be investigated.

Conclusion

The presence or absence of two essential comorbidities, readily identifiable early in the
course of childhood epilepsy, have a very significant relationship with immediate and
prospective (2-year) cognitive maturation. The ways in which this information may be used
to improve long term psychosocial outcomes of childhood onset epilepsy needs to be
explored.
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Raw Verbal 1Q scores. The top (a) panel provides a traditional comparison of control versus
epilepsy groups. The middle (b) panel presents the results of the main analyses where
children categorized by comorbidity+/— are contrasted to controls. The bottom (c) panel
presents the results with the epilepsy comorbidity+ group subdivided into the ADHD and

AP groups.
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Raw CPT omission errors. The top (a) panel shows a traditional comparison of control
versus epilepsy groups. The middle (b) panel presents the results of the main analyses where
children categorized by comorbidity+/— are contrasted to controls. The bottom (c) panel
presents the results with the epilepsy comorbidity+ group subdivided into the ADHD and
AP groups.
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Neuropsychological Test Battery

Table 1

Domain Ability Tests
Verbal Wechsler Abbreviated Scale of Intelligence (Verbal 1Q)
(Wechsler 1999) 1
Intelligence
Nonverbal Wechsler Abbreviated Scale of Intelligence (Performance 1Q)
(Wechsler 1999) 1
Letter/word recognition | wide Range Achievement Test-3 (Reading) (Wilkinson 1993) 1
Academic

achievement

Name and letter writing

Wide Range Achievement Test-3 (Spelling) (Wilkinson 1993) 1

Basic arithmetic

Wide Range Achievement Test-3 (Arithmetic) (Wilkinson 1993) 1

Confrontation naming

Boston Naming Test (Kaplan et al. 2001) 2

Expressive naming

Expressive Vocabulary Test (Williams 1997) 1

Language . . 1
Receptive language Peabody Picture Vocabulary Test-111 (Dunn & Dunn 1997)
. . Delis-Kaplan Executive Function System (Letter Fluency) (Delis
Generative naming 3
etal. 2001)
Children's Memory Scale (Word Lists Learning) (Cohen 1997) 3
Memory Verbal memory

Children's Memory Scale (Word Lists Delayed) (Cohen 1997) 3

Executive function

Problem solving

Delis-Kaplan Executive Function System (Confirmed Correct
Sorts) (Delis et al. 2001) 3

Response inhibition

Delis-Kaplan Executive Function System (Color-Word
Interference Test-Inhibition) (Delis et al. 2001) 3

Divided attention

Delis-Kaplan Executive Function System (Category Switching
Accuracy) (Delis et al. 2001) 3

Inattentiveness

Connors' Continuous Performance Test-11 (Omission and
Commission errors) (Conners 1995) 4

Motor function

Speeded fine motor
dexterity

Grooved Peghoard (Trites 1977) 3

Psychomotor speed

Wechsler Intelligence Scale for Children-II1 (Digit Symbol-
Coding) (Wechsler 1991) 3

1
standard scores.
2
raw scores.
3
scaled scores.
4
T-scores.

5
seconds.
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Table 2

Demographic Characteristics (baseline)

Controls  Comorbidity— Comorbidity+

(n=38) (n=24) (n=28)
mean (SD) mean (SD) mean (SD)
Age (years) 12.7 (3.0) 12.7 (2.8) 12.3(3.4)
Gender (M/F) 17/21 12/12 17/11
Grade 6.6 (3.0) 6.7 (3.1) 6.2 (3.5)
Age on onset (years) - 11.8(2.9) 10.9 (3.8)
Time since diagnosis (months) - 8.0(4.4) 9.3(4.4)
Localization-related epilepsies - 11 19
Generalized epilepsies - 13 9
Number of AEDs
0 - 7 5
1 - 17 22
2 - 0 1
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