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Abstract
Purpose—Thalamofrontal abnormalities have been identified in chronic primary generalized
epilepsy and specifically in juvenile myoclonic epilepsy (JME). These regions also underlie executive
functioning, although their relationship has yet to be examined in JME. This study examined the
relationship between thalamic and frontal volumes and executive function in recent onset JME as
compared to healthy control subjects and recent onset Benign Childhood Epilepsy with
Centrotemporal Spikes (BCECTS), a syndrome not typically associated with thalamocortical or
executive dysfunction.

Methods—20 children with recent onset JME were compared to 51 healthy controls and 12 children
with BCECTS using quantitative MRI and measures of executive abilities. Quantitative thalamic and
frontal volumes were obtained through semi-automated software. Subtests from the Delis-Kaplan
Executive Function System (D-KEFS) and the Behavior Rating Inventory of Executive Function
(BRIEF) were used to measure executive function.

Results—Executive functions were significantly impaired in JME subjects compared to control
and BCECTS subjects. Subjects with JME had significantly smaller thalamic volumes and more
frontal CSF than control and BCECTS subjects. Thalamic and frontal volumes were significantly
related to executive functioning in the JME group, but not in the other two groups.

Discussion—Children with JME have significant executive dysfunction associated with
significantly smaller thalami and more frontal CSF. Children with recent onset BCECTS do not
display the same pattern. Frontal and thalamic volumes appear to mediate the relationship between
executive functioning and brain structure in JME.
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Juvenile myoclonic epilepsy (JME) is a generalized epilepsy syndrome characterized by
myoclonic seizures, particularly early in the morning, with peak onset usually between 12 and
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18 years (Duncan, 1997; Jallon and Latour, 2005; Nordli, 2005). Electrophysiological and
functional neuroimaging (i.e., fMRI and proton magnetic resonance spectroscopy) studies
suggest that fronto-thalamo-frontal circuitry dysfunction underlies JME neuropathophysiology
(Moeller et al., 2007; Mory et al., 2003; Savic et al., 2004). The thalamus has been shown to
play a significant role in generalized seizure modulation and propagation, with cortical
structures providing the excitatory drive and the thalamus amplifying and synchronizing
seizure activity (Bertram et al., 2001; Gotman et al., 2005; Guye et al., 2006).

By definition, individuals with idiopathic generalized epilepsies (IGEs) do not have a visually
observable epileptogenic lesion on MRI. However, there is evidence of quantitative structural
and functional abnormalities of the frontal lobes (Tae et al., 2006; Woermann et al., 1999) and
thalamus in JME (Betting et al., 2006a; Kim et al., 2007). The anatomical connectivity between
the thalamus and prefrontal cortex make it ideally situated to influence executive functions
(Sandson et al., 1991; Carrera and Bogousslavsky, 2006; Maxwell et al., 2006; Van der Werf
et al., 2003; Van der Werf et al., 2000). Predominant dysfunction of the frontal network has
led some to conceptualize JME as a variant of frontal lobe epilepsy rather than a generalized
syndrome (Craiu et al., 2006; Koepp, 2005).

Executive functions encompass skills necessary for purposeful, goal-directed activity that
enable an individual to synthesize information, plan an appropriate strategy, and execute that
strategy (Anderson, 2001; Klenberg et al., 2001; Samagano-Sprouse, 2007). A number of
studies have provided evidence for executive dysfunction in JME. Specifically, impairments
in concept formation, abstract reasoning, mental flexibility, cognitive speed, and planning have
been reported (Devinsky et al., 1997; Pascalicchio et al., 2007; Piazzini et al., 2007; Sonmez
et al., 2004). Converging evidence from neuroimaging and neuropsychological studies provide
a strong basis to hypothesize that frontal lobe and thalamic dysfunction underlie executive
impairments in JME (Devinsky et al., 1997; Woermann et al., 1999). However, there has not
yet been a direct investigation of the structural brain correlates of executive dysfunction in
JME, and it is unknown to what extent the thalamus and/or frontal lobes contribute to the
reported executive deficits. Furthermore, most studies of thalamofrontal integrity or executive
functioning have examined adults with a relatively longstanding duration of epilepsy. The
timing or onset of these abnormalities and the neurodevelopemental course of JME remains
largely unknown as there is a marked paucity of investigation of the integrity of thalamofrontal
circuitry and its developmental trajectory in patients early in the course of their epilepsy.

In contrast to JME, thalamofrontal circuitry is not believed to play a significant a role in most
localization related epilepsy (LRE) syndromes, with the exception of frontal lobe epilepsy
(Crespel et al., 1998; Tekin and Cummings, 2002). Although executive impairments have been
identified in temporal and frontal lobe epilepsies, there is presently no evidence to necessarily
implicate thalamofrontal involvement. Direct comparison of patients with JME to recent onset
LRE provides a basis to determine if thalamic, frontal lobe, or executive function abnormalities
are a common feature of recent onset epilepsy or if they are specific to JME. Benign Childhood
Epilepsy with Centrotemporal Spikes (BCECTS) is an idiopathic LRE syndrome where
abnormalities in thalamofrontal circuitry and executive function have not been reported.

The aims of the current study were threefold: (1) determine the presence of thalamic and frontal
lobe volumetric abnormalities in children with recent onset JME; (2) determine the relationship
between thalamofrontal structure and executive function in children with JME., and (3)
compare JME to LRE to determine if thalamofrontal and executive dysfunction are common
features in recent onset childhood epilepsy, or if these features are syndrome specific. The
examination of recent onset epilepsy in children provides an important time point of
investigation, as findings will be relevant to proposals concerning the timing of documented
brain structural and functional abnormalities in this group.
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Methods
Participants

Research participants included children with recent onset JME (n = 20), recent onset BCECTS
(n = 12), and healthy first-degree cousin controls (n = 51) ages 8-18 years. Individuals with
BCECTS were selected as a “control” epilepsy group to determine if thalamofrontal integrity
and executive function were compromised in a homogeneous group of LRE patients. Study
participants were recruited from pediatric neurology clinics at two large Midwestern medical
centers (University of Wisconsin-Madison and Marshfield Clinic). Selection criteria for
patients with epilepsy included: 1) diagnosis of epilepsy within past 12 months, 2)
chronological age between 8-18 years, 3) no other developmental disabilities (e.g., autism,
developmental delay), 4) no other neurological disorder, 5) normal clinical MRI (i.e., no
structural lesions), and 6) normal neurological examination. All cases underwent preliminary
review by the study coordinator to ensure that they met criteria for study inclusion. Epilepsy
diagnostic classification was determined by a pediatric epileptologist who reviewed all
available medical records, including EEGs and seizure semiology, and was blinded to results
from neuropsychological evaluation and MRI. Patients were determined to have JME if the
following criteria were present: 1) 4-6 Hz polyspike and slow-wave generalized discharges, 2)
history of myoclonic jerks, and 3) history of generalized tonic-clonic seizures (GTCS).
BCECTS was diagnosed by the presence of either simple partial seizures during the waking
hours or tonic clonic convulsive seizures at night associated with the presence of
centrotemporal spikes on EEG, occurring independently in the right and left centrotemporal
regions. Activation of spike wave charges with sleep was also considered a feature suggestive
of this syndrome.

Control participants were first-degree cousins with no history of: 1) any initial precipitating
event (e.g., simple or complex febrile seizures), 2) any seizure of seizure-like episode, 3)
diagnosed neurological disease, 4) loss of consciousness due to trauma greater than five
minutes, or 5) other family history of first-degree relative with epilepsy or febrile convulsions.
First degree cousins were used as controls rather than siblings for the following reasons: 1)
first degree cousins are more genetically distant from the participants with epilepsy and thus
less predisposed than siblings to shared genetic factors that may contribute to anomalies in
brain structure and cognition, 2) a greater number of first degree cousins are available than
siblings in the target age range, and 3) the family link was anticipated to facilitate participant
recruitment and retention over time.

Neuropsychological Evaluation
On the day of study participation, families and children gave informed consent or assent for
participation in comprehensive neuropsychological testing and completion of behaviorally-
oriented questionnaires by parents. Executive functioning was measured by the Delis-Kaplan
Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001) and Behavior Rating
Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000). For safety
reasons, the research assistants were aware of each participant's epilepsy status.

D-KEFS—Three subtests, the Sorting Test (Confirmed Correct Sort), Verbal Fluency Test
(Category Switching Accuracy), and the Color-Word Interference Test (Inhibition), were used
to examine executive function. Psychometric findings (e.g., test-retest reliability, internal
consistency, reliability) for the D-KEFS measures are considered to be very good (Delis et al.,
2004). The Sorting Test is a multi-condition task in which individuals are presented with six
mixed-up cards that display both stimulus words and perceptual features. Examinees are asked
to sort the cards into two groups in as many different categorizations as possible, while
simultaneously explaining their rationale. The second condition requires that the examiner sort
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the cards into two groups while the examinee identifies the categorization rule. The Verbal
Fluency task consists of multiple 60-second trials in which examinees are asked to generate
words that begin with a particular letter, generate words that belong to a designated semantic
category, or alternate between two different semantic categories. The Color-Word Interference
Test requires that examinees rapidly read words, read colors, or name the dissonant ink colors
in which alternate color words are printed. This task is highly similar to the well-known Stroop
Task.

BRIEF—The BRIEF is an 86-item parent questionnaire. Parents indicate the frequency which
they believe their children to exhibit certain behaviors (e.g., “Interrupts others,” “Is not a self-
starter,” “Has a messy closet”). Two core summary index scores, the Behavioral Regulation
Index (BRI) and Metacognition Index (MCI), were examined. Reliability studies show high
internal consistency and test-retest reliability. Convergent validity was established with other
measures of inattention, impulsivity, and learning skills in clinical ADHD populations (Gioia
et al., 2000). Table 1 provides a brief summary of the domains assessed by each of the D-KEFS
and BRIEF measures.

Rationale for measure selection—The D-KEFS and BRIEF were selected as measures
of executive function because of their psychometric soundness in detecting changes in
executive functioning. Several studies have demonstrated the sensitivity of the D-KEFS for
evaluating executive function in a variety of both adult and child clinical populations including
children with epilepsy (McDonald et al., 2005; Parrish et al., 2007). The BRIEF has been used
to assess executive function in several pediatric samples, including traumatic brain injury,
attention deficit hyperactivity disorder, and hydrocephalus (Jarratt et al., 2005; Mahone et al.,
2002; Mangeot et al., 2002). Both measures have demonstrated that children with recent onset
epilepsy show significant difficulties in executive functioning (Parrish et al., 2007).

MRI Procedures
Images were obtained on a 1.5 Tesla GE Signa MR scanner. Sequences acquired for each
participant included: 1) T1-weighted, three-dimensional SPGR acquired with the following
parameters: TE = 5, TR = 24, flip angle = 40, NEX = 2, FOV =26, slice thickness = 1.5 mm,
slice plane = coronal, matrix = 256×192; 2) Proton Density (PD), and 3) T2-weighted images
acquired with the following parameters: TE = 36 msec (for PD) or 96 msec (for T2), TR =
3000 msec, NEX = 1, FOV = 26, slice thickness = 3.0 mm, slice plane = coronal, matrix =
256×192, and an echo train length = 8.

MRIs were processed on Linux workstations using a semi-automated software package, Brain
Research: Analysis of Images, Networks, and Systems (BRAINS2) (Harris et al., 1999;
Magnotta et al., 2002). MR processing staff was blinded to all clinical and sociodemographic
characteristics of the participants. MR preprocessing has been described elsewhere (Oyegbile
et al., 2006; Seidenberg et al., 2005). Briefly, T1, T2, and PD images were realigned to a
standard orientation, coregistered, and resampled to 1 mm3 voxels. This process establishes
the horizontal axis of the brain to the anterior commissure-posterior commissure (ACPC) line
and allows for voxel by voxel correspondence between the three images. An automated tissue
classification algorithm (Harris et al., 1999) was employed to create a continuously segmented
image in which voxels were classified as gray matter, white matter, cerebrospinal fluid, or
blood. Brain images were then volume rendered using local utilities, producing tissue volumes
for regions of interest (ROIs) within the brain (i.e., thalamus and frontal lobes).

Thalamus Guidelines
A BRAINS2 automated neural network and additional guidelines established at the University
of Iowa were used to guide the thalamus trace (Ooteman & Crestinger, 2006). Images were
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traced in the coronal plane using a color-enhanced T1 with reference to the segmented image
and unenhanced T1. The thalamus was traced rostral to caudal with the most anterior portion
of the thalamus determined by the neural net and using the presence of the anterior commissure.
The genu and posterior limb of the internal capsule served as the lateral border and
cerebrospinal fluid (CSF) of the third ventricle served as the medial border. Both the left and
right portions of the thalamus were traced separately, excluding the massa intermedia when
present. The superior border was determined by the lateral ventricles throughout, and the fornix
in more posterior slices. The traces extended caudally and included both the lateral and medial
geniculate bodies. The thalamus protruded posteriorly until coming into contact with either the
atrium of the lateral ventricle, the tail of the hippocampus, or both structures. Volumes were
obtained by an automated process that sums the total amount of voxels included within the
region of interest. An inter-rater reliability of .98 for tracing the thalamus in our lab has already
been achieved.

Frontal Guidelines
Frontal lobe volumes (grey matter, white matter,, and CSF) were obtained through an
automated process whereby BRAINS2 uses anatomical Talairach-based landmarks to partition
the cortex into lobes. Anatomical boundaries of the frontal lobe included the central sulcus as
the posterior boundary, the temporal lobes as the lateral boundary, and the mesial border as
the corpus callosum. CSF volumes largely consisted of surface CSF (i.e., surrounding the
brain), although a small portion of the anterior horn of the lateral ventricles was included in
this measurement for some subjects. Figure 1 shows axial, coronal, and sagittal views of
thalamic and frontal lobe regions of interest.

Statistical Analyses
In order to adjust for head size volumetric differences, all thalamic volumes were adjusted for
intracranial volume (ICV), which was calculated by summing total brain tissue volume and
CSF. The three groups' ICVs did not significantly differ [F (2, 83) = 2.07, p = .13]. Additionally,
to account for any age-related volume influences, analyses were also corrected for age.
Correlations between age and volume for each group were first examined. What was found?
A multiple analysis of covariance (MANCOVA), with ICV and age as covariates, was
conducted to compare volumes between groups.

Age-corrected standardized scores on the D-KEFS and BRIEF were used (i.e., scaled scores
with a mean of 10 and standard deviation of three or T scores with a mean of 50 and standard
deviation of 10 were derived Thus, scores were rendered comparable across differing ages,
and as such are intrinsically age-corrected. A multiple analysis of variance (MANOVA) was
used to inspect group differences on executive function measures. Bonferroni corrections were
used to correct for multiple comparisons in follow-up one-way ANCOVA comparisons.

Simultaneous regression was used to predict cognitive measures from brain volumes for each
group. Cohen's d was used to report effect sizes. According to standard convention, small effect
sizes are d < .50, medium effect sizes are d = .50-.79, and large effect sizes are d > .80 (Cohen,
1992). For the sake of consistency, negative effect sizes indicate greater impairment in the
epilepsy group compared to the control group. Negative effect sizes in comparisons between
the two epilepsy groups indicate greater impairment in the JME group.

Results
Demographic and Clinical Seizure Variables

Table 2 displays demographic, IQ, and clinical seizure information for all groups. The three
groups differed significantly in age [F (2, 83) = 12.86, p < .001]. The JME group was
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significantly older than both the control and BCECTS groups, as would expected given the
typical ages of onset of these seizure syndromes. Controls were also significantly older than
the BCECTS group. Because education level was strongly correlated with age (r = .98, p < .
001 for the combined group), the same pattern of group differences seen for age was also
observed for education level [F (2, 83) = 13.88, p < .001]. As both epilepsy groups had epilepsy
onset within one year of evaluation, the two groups did not differ on duration of epilepsy [t
(30) = -1.23, p = .23]. The three groups did not differ from one another in gender makeup
[χ2 (2) = .997, p = .61]. IQ scores did not differ between groups and were in the average range
for all groups [F (6, 156) = .55, p = .77].

MRI Volumes
Linear and nonlinear correlational models were tested to determine the relationship between
age and volumes (i.e., grey matter, white matter, and CSF). No statistically significant linear
or nonlinear relationships were found between MR volume and age in either of the epilepsy
groups (all p's > .05). However, significant correlations between age and CSF (r = .43, p = .
002), grey matter (r = -.74, p < .001), and white matter (r = .60, p < .001) were found in the
control group. Therefore, age remained as a covariate in all analyses. Thalamic volumes were
not correlated with age in any group or as a combined group (all p's > .05).

MANCOVA (ICV and age as covariates) indicated a trend for an overall between-group
significant difference in the linear combination of volumetric variables [F (10, 148) = 1.68, p
= .09]. Examination of between-subjects effects for the specific volumes revealed significant
group differences for frontal CSF (p = .003) and the right thalamus (p = .04). Follow-up one-
way ANCOVAs indicated that the JME group had significantly smaller right thalami [F (1,
78) = 6.10, p = .02] and more frontal CSF [F (1, 78) = 11.58, p = .001] than the controls, with
moderate to large effect sizes (d's = .66-.91). The JME group also had significantly more frontal
CSF than the BCECTS group [F (1, 78] = 7.56, p = .007], also with a large effect size (d =
1.08). None of the groups significantly differed on left thalamic, frontal white matter, or frontal
grey matter volumes, although the JME group had less volume than the other two groups in
each of these instances. All other lobes' grey matter, white matter, and CSF were also tested
for group differences to determine if frontal findings were region specific or more generalized
[F (18, 140) = 1.64, p = .06). Although a trend towards significance was found for the linear
combination of lobular volumes, no group differences were found for tissue type or CSF in
any other lobe (all p's > .05). Table 3 shows mean frontal and thalamic volumes and effect
sizes adjusted for age and ICV.

Executive Function Performance
As expected, age was not correlated with any of the standardized scores (all p's > .05) in the
combined or three groups and was subsequently not further accounted for. MANOVA with
age-adjusted standardized scores showed significant group differences in overall executive
functioning performance [F (10,152) = 2.18, p = .02]. One-way post-hoc ANOVAs indicated
that the JME group had significantly poorer performance than the control group on D-KEFS
Inhibition (p = .01), and the Behavioral Regulation (p = .03) and Metacognition (p = .006)
indexes from the BRIEF, with moderate to large effect sizes. Post-hoc comparisons showed
no significant differences between the BCECTS and control groups or between BCECTS and
JME groups on any executive function measures (all p's > .05). Table 4 shows mean scores
and effect sizes for all three groups.

Volume and Cognition Relationships
Standard simultaneous regression indicated that frontal tissue and thalamic volumes were the
strongest and only statistically significant predictors of performance on D-KEFS measures.
Age and ICV were entered in the first block to control for their effects on frontal and thalamic
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volumes. For the JME group, bilateral thalamic volumes significantly predicted Confirmed
Correct Card Sorts (p's < .03), while frontal grey and white matter each individually predicted
Category Switching Accuracy (p's ≤ .001) and frontal grey matter predicted performance on
Inhibition (p = .05). Frontal white matter significantly predicted Confirmed Correct Card Sorts
(p = .02) for the control group. No volumes were significant predictors in the BCECTS group,
nor were volumes significant predictors of BRIEF ratings in any group (all p's < .05). Results
of only the significant regression analyses are shown in Table 5. Effect sizes were calculated
using t-values and degrees of freedom.

Discussion
The present study provides evidence for structural abnormalities of the thalamus, and to a lesser
extent, the frontal lobes, early in the course of recent onset JME. These findings were not
observed in a sample of children with recent onset BCECTS. Our results also show that
executive dysfunction, as measured by both cognitive and behavioral measures, is seen early
in the course of JME, compared to healthy controls and the BCECTS. Finally, both thalamic
and frontal volumes were significant predictors of cognitive performance only in the JME
group. These findings demonstrate clinically significant disruption of thalamofrontal circuitry
in JME related to dysregulated executive functioning.

The appearance of volumetric abnormalities within 12 months of seizure presentation in JME
is noteworthy. Subjects with JME had a mean duration of epilepsy of less than nine months
since diagnosis. As reported earlier, all studies to date examining brain morphology in JME
have been conducted in adults, while studies of cognitive functioning have examined children
or adults with chronic and well established JME (Betting et al., 2006a; Devinsky et al., 1997;
Koepp, 2005; Pascalicchio et al., 2007; Woermann et al., 1999). The precise onset of the
observed abnormalities remains to be determined. The assessment of children with JME at the
time of diagnosis and prior to administration of AEDs would provide further information
regarding the early developmental origin of these findings. JME is known to have a strong
genetic inheritance, with a family history in as many as 50% of cases (Zupanc, 1996). We
cannot rule out the possibility that genetic vulnerability may underlie, at least in part, the
observed macrostructural abnormalities in the thalamus and frontal lobes or their related
functioning and may be present at the time of, or even prior, to the first recognized seizure.
Nevertheless, our findings suggest that these abnormalities are not simply the result of factors
associated with chronic duration of seizures. It also has been suggested that thalamic
dysfunction in IGE may be progressive (Bernasconi et al., 2003), although this remains to be
determined because few studies have assessed individuals longitudinally. Prospective
longitudinal study is needed to chart the course of thalamic and frontal development over the
course of JME.

Comparisons between the BCECTS and JME groups also help distinguish between the shared
effects of early onset epilepsy versus the unique effects associated with specific epilepsy
syndromes. The greatest frontal and thalamic effects were seen for the JME group, with the
BCECTS group evidencing only small effect sizes in comparison to the control group. In
contrast to JME, thalamofrontal circuitry is not believed to play a significant a role in children
with BCECTS, and MRI volumetric abnormalities of these regions have not been reported in
this syndrome (Boxerman et al., 2007). Mild executive dysfunction in BCECTS is rare and has
only been reported in individuals with focal spikes localized in central frontal regions, although
the thalamus has not been implicated in this instance or in individuals without frontally
localized spikes (Croona et al., 1999; Wolff et al., 2005). Contributions of the thalamus and
frontal lobe in BCECTS appear minimal and suggest syndrome specific structural
abnormalities in JME. The lack of group differences in the other lobes also indicates that
reported thalamic volume loss is not a reflection of whole brain volume loss.
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Structural neuroimaging studies in JME and other IGEs have shown that anterior and medial
nuclei of the thalami demonstrate the greatest volumetric and density abnormalities (Betting
et al., 2006a; Chan et al., 2006; Ciumas and Savic, 2006). The anterior and medial thalamus
project to the dorsolateral prefrontal cortex via the anterior thalamic radiation (Masterman and
Cummings, 1997; Radanovic et al., 2003), supporting other research that thalamofrontal
dysfunction is a major mechanism in JME. The dorsolateral prefrontal circuit is most frequently
associated with executive functions. The anterior thalami's connections to the frontal cortex
are also implicated in the pathway underlying executive functions (Sandson et al., 1991;
Carrera and Bogousslavsky, 2006; Maxwell et al., 2006; Van der Werf et al., 2003; Van der
Werf et al., 2000). This circuit originates on the lateral surface of the anterior frontal lobes and
projects to the dorsolateral head of the caudate nucleus, which then project to the mediodorsal
globus pallidus interna and rostrolateral substantia nigra pars reticula. Fibers from the globus
pallidus project to the parvocelluar portions of the ventral anterior and mediodorsal thalamus,
projecting fibers back to the dorsolateral frontal cortex to complete the circuit (Tekin &
Cummings, 2002). Gloor (1979) first suggested that an abnormal cortical response to
thalamocortical afferents may disrupt normal mental activity in generalized epilepsy. To assess
if the thalamofrontal circuit was related to the observed pattern of executive functioning, a
series of regression analyses were conducted.

Results of the regression analyses indicated that segmented frontal tissue and thalamic volumes
were significant predictors of D-KEFS performance only for the JME group, which was an
entirely different pattern than was observed in normal controls, while frontal white matter was
the only significant predictor in the control group. The Card Sorting Test of the D-KEFS
involves multiple executive function components, such as problem solving and cognitive
flexibility. It is possible that different aspects of executive functions (e.g., problem solving,
working memory) underlie the relationships in each group. The varying underlying
components that comprise these tasks could also explain the absence of group differences on
Category Switching Accuracy and Correct Card Sorts from the D-KEFS. All three D-KEFS
measures examined were significantly predicted by frontal tissue or thalamic volumes in the
JME group, and none of the volumes significantly predicted performance in the BCECTS
group. Notably absent from the results is the lack of significant predictors for the BRIEF in
any group. A stronger relationship was found between volumes and cognitive measures than
with parent report measures. Although the BRIEF is believed to be a valid measure of executive
functions in pediatric samples (Jarratt et al., 2005; Mahone et al., 2002; Mangeot et al.,
2002), there remains some debate as to the consistency of relationships between cognitive and
behavioral measures of executive functioning. Small but significant correlations (r = .28 - .33)
between D-KEFS subscales and the BRIEF's Metacognition Index have been reported in
childhood epilepsy, while no significant D-KEFS-BRI correlations have been found (Parrish
et al., 2007). It is possible that each measure is assessing different aspects of the multifaceted
domain of executive functions. Table 1 demonstrates that the constructs that comprise the
subscales of both measures share a number of similarities and differences.

It is not clear if the observed volumetric abnormalities soon after seizure onset are specific to
JME or if they are applicable to other IGEs. Thalamocortical circuitry is known to be a primary
pathological factor in multiple IGE syndromes (Moeller et al., 2007), although the extent to
which this circuit is involved or structurally affected may depend upon syndrome and seizure
types. For example, individuals with chronic childhood absence epilepsy (mean duration of 11
years) showed increased thalamic grey matter volume loss relative to marginal white matter
loss in the basal frontal lobe and cingulate compared to healthy controls (Chan et al., 2006).
Similarly, we found greater volume loss in the thalamus than in the frontal lobes. It is possible
that this is a typical pattern seen in IGEs in which the developmental trajectories of these
structures differ slightly. A heterogenous IGE sample showed increased gray matter content
in the anterior thalamus in patients with absence epilepsy (Betting et al., 2006a; Betting et al.,
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2006b). However, the effect of various combinations of seizure types is unknown. This may
be an important factor, as myoclonic, absence, and generalized tonic-clonic seizure types are
frequently seen in JME (Duncan, 1997; Zupanc, 1996).

A number of limitations of this study should be noted. The most apparent limitation was the
lack of age-matched groups. The JME group was five years older than BCECTS and two years
older than healthy controls. However, we do not feel that theses age differences significantly
contributed to our findings for a number of reasons. Executive function standardized scores
were derived from age-based normative data, thus rendering the scores directly comparable
between age groups. Transformation to these standardized scores removed variance associated
with age in all subjects. Furthermore, no significant correlations between age and standardized
scores were found for the combined group or for any of the groups separately. To further be
certain of the lack of influence of age on the executive measure scores, analyses were re-
conducted using age as a covariate. The pattern of findings was exactly the same.

Volumes were also statistically corrected (i.e., covaried) for age in each analysis. Age was not
significantly correlated with thalamic volumes, which was the only significant tissue difference
found between groups. Similarly, there was no relationship between age and frontal CSF in
the two epilepsy groups. The significant correlation between frontal CSF and age in the control
suggests that caution should be used in interpreting these findings. However, tissue or CSF
differences were not seen in any of the other lobes, suggesting that our findings are region-
specific and do not merely reflect global atrophy or age-associated effects.

Second, our sample sizes in this study were relatively small, particularly for the BCECTS
group. As a result, our study may have been underpowered to detect subtle volume loss or
neuropsychological performance in this group. Greater caution should be used in the
interpretation of results related to syndrome specific findings. However, we demonstrated
moderate and even large effects sizes on volumetric and cognitive differences between the
JME group and healthy controls. The present results must be replicated with a larger group of
epilepsy subjects to confirm the findings. Also related to our sample is the issue of the use of
patients' cousins as controls may have underestimated the current findings, as they obviously
share genetic similarities (i.e., 1/8 of their genes).

Third, this study used only quantitative volumetric analyses of the whole thalamus which
precluded the ability to determine which area or nuclei of the thalamus are primarily affected.
It would be of benefit to determine if the anterior and medial nuclei, those with prefrontal
projections, account for the volume loss.

Last, we were unable to determine the contribution of medications to brain volumes and
cognitive functioning. All JME subjects in this study were on monotherapy (divalproex sodium
or oxcarbazepine). Two recent studies reported that the use of oxcarabazepine and
carbamazepine did not result in cognitive (including executive) decline from baseline (pre-
AED) to six months in children with partial seizures (Donati et al., 2006; Donati et al., 2007).
Divalproex sodium (the primary AED in the JME group) has been shown to have the fewest
cognitive side effects compared to other first-line AEDs (e.g., phenytoin, carbamazepine), with
one study indicating improved memory in children on valproate compared to the other AEDs
(Hirsch, Schmitz, & Carreno, 2003; Forsythe, Butler, Berg, McGuire, 1991). Thus, the
literature suggests that the medications used in this study do not adversely affect cognitive
functioning. We report that intelligence was found to well within the average range for all three
groups, with no significant group differences. Thus, epilepsy subjects in this study did not
exhibit global cognitive deficits, further supporting the notion that AED effects did not
significantly contribute to group differences in executive functions. However, further research
pertaining to the effects of specific AEDs on executive functions is needed. An examination
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of patients prior to the introduction of AEDs, particularly divalproex sodium, would most
effectively rule out potential treatment contributions to the volumetric and neuropsychological
effects. There are also no known reports of the effects of these specific AEDs on brain volume
in children.

In summary, the current study results point to a specific frontal-thalamic brain volume
abnormality with important cognitive implications in recent onset pediatric JME. Longitudinal
study is needed to determine the course of this relationship and its implications for
neuropsychological functioning.
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Figure 1.
Axial, coronal, and sagittal views of thalamic and frontal lobe regions of interest.
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Table 1
Overview of cognitive measures

Measures Domains Assessed

D-KEFS

Card Sorting (Confirmed Correct Sorts) Concept formation, ability to initiate problem solving, cognitive flexibility, and perseveration

Verbal Fluency (Category Switching Accuracy) Verbal set-shifting, phonemic and semantic fluency

Color-Word Interference (Inhibition) Inhibition of a prepotent response

BRIEF

Behavioral Regulation Inhibition, shifting, and emotional control

Metacognition Initiation, working memory, planning and organizing, and self-monitoring
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Table 2
Demographic and clinical seizure characteristics.1

Groups

Controls
(n = 51)

BCECTS
(n = 12)

JME
(n = 20)

Chronological age (years) 13.24 (3.14) 10.15 (1.48) 15.48 (2.84)

Gender (M/F) 22/29 7/5 10/10

Education (years) 7.10 (.05) 4.00 (1.35) 9.45 (2.93)

Full Scale IQ2 107.08 (12.97) 108.42 (13.91) 104.05 (13.52)

 Verbal IQ 106.57 (14.16) 107.08 (10.74) 102.85 (13.00)

 Performance IQ 105.90 (12.65) 108.17 (16.48) 103.15 (13.97)

Age of epilepsy onset (years) __ 9.24 (1.55) 14.48 (3.03)

Duration of epilepsy (months) __ 7.00 (5.01) 8.90 (3.73)

Antiepileptic Drugs (frequency) __ 4* 20

 Carbamazepine __ 2 __

 Oxcarbazepine __ 2 4

 Divalproex sodium __ __ 16

1
All information is Mean (Standard Deviation)

2
As measured by the Wechsler Adult Intelligence Scale – Third Edition (WAIS-III)

*
8 patients were not on AEDs
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