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Abstract
A relationship between epilepsy and impairment of neuropsychological functioning has been observed in children 

with epilepsy. Interictal epileptiform discharges on electroencephalograms (EEGs) are regarded as a correlate of 
persistent pathological neuronal discharges. Paroxysmal abnormalities in the frontal area may be associated with 
neuropsychological impairments. Investigations of paroxysmal EEG abnormalities are also needed. Subclinical 
discharges contribute to the psychosocial problems of children with epilepsy. A combination of spike rate and extended 
periods of high-frequency paroxysmal EEG abnormalities may predict the atypical evolution of benign childhood 
epilepsy with centrotemporal spikes. In addition, children with epilepsy with continuous spike-waves during slow sleep 
have cognitive and behavioral disturbances that are correlated with frequent epileptiform discharges. On the other 
hand, several studies have suggested that EEG characteristics, especially the localization of paroxysmal discharges, 
might be important predictors for subsequent epilepsy. Patients with febrile seizure presenting with frontal paroxysmal 
EEG abnormalities may be at risk for epilepsy. In addition, the frontal paroxysms may indicate a higher risk of epilepsy 
in autism spectrum disorders. Moreover, the location of paroxysmal EEG abnormalities correlates with behavioral 
disturbances. Frontal EEG paroxysms may be associated with a higher risk of developing atypical clinical features such 
as seizure recurrence and cognitive/behavioral problems. Previous and current studies suggest that a combination of 
spike frequency, extended periods of high-frequency paroxysmal EEG abnormalities, and frontal EEG focus might 
predict atypical clinical manifestations, such as neuropsychological impairments, and ultimate neuropsychological 
outcome in children with epilepsy. To prevent these disturbances and problems in children with epilepsy, treatment 
to remit seizures and EEG abnormalities as soon as possible may be required to achieve the optimal prognosis for 
children with cognitive/behavioral problems.
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Introduction
A relationship between epilepsy and impairment of 

neuropsychological functioning in children has been observed. Many 
papers have discussed the impact of childhood epilepsies on cognitive 
and behavioral development. Many studies have been carried out with 
institutionalized children with epilepsy with frequent seizures and/or 
epilepsy syndromes associated with structural brain lesions [1]. On the 
other hand, epileptic seizures result from an excessive, synchronous 
discharge of cerebral neurons. Interictal epileptiform discharges on 
electroencephalogram (EEG) are regarded as a correlate of persistent 
pathological neuronal discharges [2]. Secondary bilateral synchrony 
(SBS), which is one of the interictal paroxysmal EEG abnormalities, 
appears to be associated with cognitive decline and behavioral 
problems. Indeed, many children with epilepsy with continuous 
spikes and waves during slow sleep (CSWS), which is a representative 
epileptic syndrome of SBS, develop severe cognitive and behavior 
deterioration that is unresponsive to medical treatment as the disease 
progresses [3]. In addition, children with atypical evolution of benign 
childhood epilepsy with centrotemporal spikes (BCECTS) may present 
with neuropsychological impairments related to atypical EEG features 
such as frequent spikes [4]. Moreover, children with attention deficit/
hyperactivity disorder (ADHD) showing rolandic spikes tend to exhibit 
more hyperactive-impulsive symptoms correlated to frontal lobe 
functions [5]. Thus, interictal EEG abnormalities may be associated 
with neuropsychological impairments.

The frontal lobes are critical for normal development because of 

their rich connections with other cerebral regions and their central 
role in efficient executive function [6]. Several current studies have 
shown that damage to the frontal regions during childhood may 
interrupt normal maturational processes and organization, resulting 
in impairments to neurobehavioral development [5,7,8]. Integrative 
executive functions may thus rely on the health of frontal lobe tissue 
and connectivity with the rest of the cortex [9]. These findings suggest 
that paroxysmal abnormalities in the frontal area may be associated 
with neuropsychological impairments. Thus, investigations focusing 
specifically on paroxysmal EEG abnormalities are also needed. 

Frequency of Interictal Epileptiform Activity and 
Neuropsychological Impairments in Children with 
Epilepsy

It is increasingly recognized that transient cognitive impairment 
may accompany interictal spike discharges, especially when these 
are frequent [10]. Weglage et al. however, concluded that spike 
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frequency was not correlated with specific neuropsychological and 
language functions [11]. In contrast, several studies have shown that 
neuropsychological functioning improves with normalization of 
the EEG [12]. In addition, performances in the neuropsychological 
assessments were specifically weakened in individuals with active 
epilepsy with frequent spike-wave discharges on the waking EEG [13]. 
Current research has shown that EEG improvement, seen as spike rate 
reduction, with antiepileptic drug treatment showed a high correlation 
with behavioral improvements, as shown by ADHD-rating scale and 
global assessments of functioning scores [14]. These findings suggest 
that subclinical discharges contribute to the psychosocial problems in 
children with epilepsy [15]. 

BCECTS is characterized by an absence of neurological deficits, 
motor focal seizures, a typical EEG, and spontaneous recovery [16]. In 
general, BCECTS is associated with an excellent prognosis. However, 
some authors have recently suggested that some children with BCECTS 
can demonstrate intellectual impairment and behavioral disturbances 
such as impulsivity [13,17,18]. In a random population of children with 
BCECTS, the atypical EEG criteria defined by Massa et al. are rarely 
observed [19]. In recent volumetric studies, a longer active seizure 
period involving frequent spike-waves coupled with the occurrence of 
frequent seizures appeared to be associated with prefrontal lobe growth 
disturbance, which is related to neuropsychological problems [4,7]. 
Accordingly, clinical and EEG markers are being sought to predict 
atypical evolution of BCECTS. Current research has shown that spike 
rates were higher in the atypical evolution of BCECTS group than in 
the typical BCECTS group (Figure 1) [20]. Moreover, this study also 
showed that the high frequency of EEG abnormalities such as frequent 
paroxysmal discharges lasted for extended periods in the atypical group 
[20]. These findings and previous studies suggest that a combination 
of spike rate and extended periods of high-frequency paroxysmal EEG 
abnormalities might predict the atypical evolution of BCECTS [19,21]. 
Thus, some children with BCECTS may present with cognitive and 
behavioral disturbances that are correlated with frequent epileptiform 
discharges. 

On the other hand, CSWS is a rare epileptic syndrome occurring 
in children. CSWS is a functional disorder with the following features: 
severe paroxysmal EEG disturbance, occupying at least 85% of non-
REM sleep; seizures that may be severe but self-limited; behavioral 

deterioration, with or without premorbid developmental disturbances; 
and no demonstrable brain pathology sufficient to explain the behavioral 
deterioration [22]. Furthermore, one of the clinical manifestations of 
CSWS is stabilization or improvement of behavior once the epileptiform 
EEG abnormalities resolve [22]. These findings suggest that frequent 
spikes may be associated with cognitive and behavioral disturbances 
in CSWS. This hypothesis has been supported by other clinical studies, 
such as brain volumetric studies [23,24]. In addition, CSWS patients 
with an EEG response, such as spike rate reduction by levetiracetam 
(LEV), showed decreased behavioral problems, such as hyperactivity 
and impulsivity [25]. This finding also supports that hypothesis. 
Accordingly, children with CSWS have cognitive and behavioral 
disturbances that are correlated with frequent epileptiform discharges. 

Relationship between Frontal Spikes and 
Neuropsychological Impairments in Children with 
Epilepsy

Several studies have suggested that EEG characteristics, especially 
the localization of paroxysmal discharges, might be important predictors 
of subsequent epilepsy. The EEG is of limited value in the evaluation of 
children with febrile seizure (FS) [26,27]. An early postictal standard 
EEG would not be helpful, since EEG findings lack predictive value for 
the later occurrence of either further febrile or afebrile seizures [27]. 
However, current research has shown that FS patients with frontal EEG 
paroxysms had a significantly higher risk of developing epilepsy than 
those without an EEG abnormality and with paroxysms involving EEG 
foci in other regions (Table 1) [28]. This finding suggests that patients 
with FS presenting with frontal paroxysmal EEG abnormalities might 
be at risk for epilepsy. 

On the other hand, in patients with autism spectrum disorders 
(ASDs), EEG paroxysmal abnormalities are frequently recorded. Recent 
research has reported that the majority of paroxysmal abnormalities at 
the time of epilepsy onset appeared in the frontal area [29]. Similarly, 
current research has shown that the spike patterns in ASDs of epilepsy 
patients differ from those in patients without epilepsy [30]. This finding 
suggests that the incidence of later development of epilepsy in ASDs 
might depend on the location of the EEG paroxysmal abnormality 
(Table 1) [30], consistent with a previous report [31]. The authors 
concluded that the frontal paroxysms may indicate a higher risk for 
epilepsy in ASDs [30].

In another study, the duration of the frontal EEG focus was 
greater in participants in the atypical evolution of BCECTS group 
than in those in the rolandic epilepsy group [20]. Neuropsychological 
findings observed in atypical evolution of BCECTS patients suggested 
primary or secondary involvement of the frontal cortex, particularly 
of supplementary motor areas [32]. A previous morphological study 
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Figure 1: The relationship between seizure recurrence and spike rate. The 
frequency of paroxysmal abnormalities is higher in the atypical evolutions 
of BCECTS group than in the isolated seizure and typical BCECTS group.
Abbreviation: BCECTS, benign childhood epilepsy with centrotemporal 
spikes; Isolated, isolated seizure group of BCECTS; Atypical, atypical 
evolution of BCECTS; PA, paroxysmal abnormality.

Non-epilepsy Epilepsy P-value
FS (n)
Frontal 1 3 0.035
Rolandic 5 2 0.341
Occipital 5 0 0.875
ASD (n)
Frontal 1 5 <0.003
Centrotemporal 3 0
Multifocal 1 1

Table 1: The locations of EEG abnormalities with and without epilepsy.
Abbreviation: FS, febrile seizure; ASD, autism spectrum disorders.
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showed that prefrontal lobe volume showed no increase even after 
remission of seizure disorders in individuals with atypical evolution of 
BCECTS [4]. These findings may contribute to the result illustrating a 
correlation between extended periods of frontal EEG focus and atypical 
evolution of BCECTS. Moreover, current research has revealed that 
patients with a frontal paroxysmal abnormality showed a significantly 
higher correlation between paroxysmal abnormality frequency and 
improvement in behavioral disturbances in ADHD children [14]. 
However, this study also revealed that patients with rolandic paroxysmal 
abnormalities showed no correlation between paroxysmal abnormality 
frequency and improvement in behavioral problems. These findings 
suggested that the location of EEG paroxysmal abnormalities might 
correlate with behavioral disturbances. Frontal EEG paroxysms may 
be associated with a higher risk of developing atypical clinical features 
such as seizure recurrence and cognitive/behavioral problems.  

Pathological Mechanisms Underlying Cognitive and 
Behavioral Impairments in Children with Epilepsy

There is general agreement about the fact that the immature brain 
is more prone to generation of epileptic seizures than the mature brain. 
In contrast, there has been a long-lasting discussion on the possible 
consequences of seizures in the immature brain. More frequent and 
severe seizures have been associated with behavioral disturbances in 
previous studies [33,34]. The frequency of complex partial seizures in 
the previous year was the strongest predictor of behavioral disturbances 
[35]. In more recent research, seizure frequency and poor seizure 
control have been proposed as risk factors associated with attention 
difficulties and inability to inhibit impulsive responses, since these 
disturbances improved with adequate seizure control [36-38]. A recent 
magnetic resonance imaging volumetric study showed that damage 
to the frontal regions during childhood might interrupt normal 
maturational processes and organization, resulting in impairments 
to neurobehavioral development [8]. Moreover, in other reports with 
BCECTS and CSWS, an active seizure period involving frequent spike-
waves coupled with the occurrence of frequent seizures appeared to 
be associated with prefrontal lobe growth [4,7,23,24]. These findings 
may support possible explanations for the relationship between seizure 
activity and neurobehavioral impairments by Austin et al., that seizure 
activity per se disrupts behavior [36]. 

Given the impact of behavioral disturbances and their seemingly 
high prevalence, there is a need for studies of the etiology of seizure-
associated behavioral disturbances. Frontal localization of an epileptic 
focus correlates with executive dysfunction [39]. Several hypotheses 
have been presented: (a) the high prevalence of similar psychiatric 
changes among patients with primary frontal and primary temporal 
epileptogenic zones has been related to the intimate connection of the 
frontal and temporal limbic system [40]; (b) cognitive and behavioral 
problems can be the result of epilepsy-related factors, including the 
age of onset of seizures, the number of seizures, the occurrence of 
secondary generalized seizures, and the location and extension of the 
epileptic focus [41]; (c) the association between psychosis or ictal fear 
and frontal lobe epilepsy has been related to the reciprocal connections 
between the amygdala, orbitofrontal, and anterior cingulate regions and 
between the frontal and temporal lobes through the uncinate fasciculus 
and the superior longitudinal fasciculus [42]; (d) aggressive behavior 
has been related to activation of limbic activity [38]; and (e) spreading 
of discharges from primary foci to other frontal, temporal, or limbic 
structures may be another explanation [43]. 

How should we Treat Children with Epilepsy Presenting 
with Cognitive/Behavioral Problems?

As described above, neuronal damage and behavioral impairments/
cognitive decline have long been recognized as sequelae of intractable 
epilepsy in children. Thus, early seizure control is crucial for 
physiological and social reasons. Several studies, including prospective 
brain volumetric studies, have shown that an active seizure period 
involving frequent spike-waves coupled with the occurrence of frequent 
seizures may be associated with prefrontal lobe growth disturbance, 
which correlates with neuropsychological impairments [4,7,23,24]. In 
considering outcomes for children with epilepsy, control of seizures 
must be weighed against the incidence of neurological impairments. 

In epilepsy, localization has been identified as a risk factor for 
therapy resistance [44]. In particular, seizures originating from the 
frontal lobe may often be difficult to control. A recent report showed 
that only half of these patients was controlled on anti-epileptic drug 
(AED) treatment [45]. Few AEDs may control intractable epilepsy 
involving the frontal lobe, such as atypical evolution of BCECTS, CSWS, 
and FLE, but none of them proved to be efficient in a randomized study. 
A new broad-spectrum AED for childhood epilepsy should be effective 
in both partial and generalized seizures [46]. Levetiracetam (LEV) is 
a new AED approved as adjunctive treatment for partial epilepsy [47-
49]. Recent research has shown that LEV could be a useful option, with 
efficacy and safety in children with refractory epilepsy [50]. Moreover, 
LEV may be an alternative therapy in refractory childhood epilepsy 
with SBS [25]. This add-on study showed the usefulness of LEV in 
reducing both SBS on EEG and seizure frequency, and also showed 
decreased hyperactivity and impulsivity in these patients [25]. These 
findings suggest that frontal epileptic origin seizures might obtain the 
greatest benefit from LEV. LEV may represent an important addition 
to the treatments available for refractory childhood epilepsies with 
neuropsychological impairments.  

In conclusion, a combination of spike frequency, extended periods of 
high-frequency paroxysmal EEG abnormalities, and frontal EEG focus 
may predict atypical clinical manifestations, such as neuropsychological 
impairments, and ultimate neuropsychological outcome in children 
with epilepsy. To prevent these disturbances and problems in children 
with epilepsy, early treatment to remit seizures and EEG abnormalities 
may be required to achieve the optimal prognosis for children with 
cognitive/behavioral problems.
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