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Background and Purpose: The aim of this study was to evaluate the benefits and risks of oxcarbazepine 
(OXC) monotherapy in children with newly diagnosed, benign partial epilepsy based on clinico-electrical 
and neuropsychological evaluation over time.
Methods: The study was open label, prospective, multicenter based. A total of 39 children with BRE were 
involved in the study. They were randomized into two groups (T; treatment with OXC, NT; No treatment) 
to compare the effectiveness of OXC treatment. All children underwent EEGs with quantification and a 
comprehensive battery of neuropsychological tests at the first visit and follow up visit at 6 months.
Results: The subjects made a slight progress in general intelligence measures over time in both groups 
(95.4±10.5 to 97.6±7.5 for T, 107.6±17.3 to 111.4±18.6 for NT). Memory and frontal executive functions 
did not change over time in both groups in terms of the memory quotient (MQ) (106.7±27.5 to 103.4± 
19.3 for T, 105.8±13.2 to 104.9±17.2 for NT) and executive intelligence quotient (EIQ) (114.7±18.3 to 
108.9±12.5 for T, 100.6±25.1 to 101.2±13.9 for NT). However, when sub-domain scores were compared 
between the two groups, the treatment group got significantly worse over time in the verbal fluency test 
(11.5±3.8 to 8.0±1.4 for T, 10.3±3.9 to 11.5±2.1 for NT; p<0.05) and level 1 of Stroop test (9.3±3.0 to 
7.5±1.3 for T, 11.0±3.7 to 11.2±2.6 for NT; p<0.05). The subjects might have cognitive and behavioral 
difficulties in association with frontal lobe dysfunctions, but these difficulties did not seem to be 
dependent on the number of seizures, the abundance of subclinical epileptiform discharges, or the 
anti-epileptic treatment.
Conclusions: We think that OXC monotherapy is effective for children with BRE, but is to be given to the 
selected patients such as patients with prolonged or frequent seizures. However, further studies are 
needed to have a better understanding in this matter. (2013;3:1-6)
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Introduction

Benign childhood epilepsy with centrotemporal spikes (BECTS) or 

benign rolandic epilepsy (BRE) is the most common epilepsy syn-

drome in children and is age related and genetically determined. 

Children with BECTS usually exhibit normal development and normal 

intelligence. However, several recent studies have reported a higher 

risk of cognitive, behavioral and other difficulties in association with 

frontal lobe dysfunctions in these children,1-9 although the exact pro-

file of these difficulties are not yet clear. Furthermore, the amount of 

subclinical epileptiform discharges tends to increase during sleep. A 

meta-analysis by Nicolai and Aldenkamp examined the effects of 

subclinical localized epileptiform discharges during sleep in children 

with BCECTS on cognition and behavior. It remains to be shown 

whether antiepileptic drug (AED) treatment of nocturnal discharges 

in these children improves cognitive and behavioral problems.10

In this study, the benefits and risks of oxcarbazepine (OXC) mono-

therapy as a first-line AED in children with newly diagnosed BCECT 

were evaluated based on clinico-electrical and neuropsychological 

findings over time.
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Table 1. Neuropsychological Tests used in this study

Korean versions of Wechsler Intelligence Scale for Children III 

Frontal Executive Neuropsychological Test (K-FENT) 

Auditory Verbal Learning Test (AVLT)/Rey Complex Figure Test (RCFT) 

Wisconsin card Sorting Test (WCST) 

Attention Deficit Diagnostic Scale, Visual (K-ADS)

Child Behavior Checklist (K-CBCL)

Figure 1. Study design. The subjects were randomized into two groups 

(treatment with OXC, No treatment) to compare the effectiveness of OXC 

treatment. In the treatment group, OXC was given once a day or twice a 

day at the same dose. All children underwent sleep EEGs and comprehensive

neuropsychological tests at the first and 6 month follow up visits.

Materials and Methods

Subjects

Children aged 5-15 years of age were eligible for this study when 

they experienced two or more seizures over the past 6 months and 

had been diagnosed with BECTS by pediatric neurologists. All sub-

jects developed normally and their performance in school was within 

the normal range at the baseline. Exclusion criteria included primarily 

generalized seizures, partial epilepsies of a symptomatic etiology, 

neurodegenerative conditions, a history of psychiatric conditions and 

a history of taking antiepileptic drugs over the previous three 

months. They were recruited from four tertiary medical centers that 

function as major referral centers in four different regions of South 

Korea. 

Study design

The study was a multicenter based, randomized, open label, pro-

spective clinical trial of treatment/non-treatment comparison design. 

The study consisted of screening, randomization and a 30 week 

treatment phase. Each center was given a separate and independent 

randomization protocol using a random code assignment. The sub-

jects were randomized into two groups (T; treatment with OXC, NT; 

No treatment) to compare the effectiveness of OXC treatment. In the 

treatment group, OXC was initially given once a day or twice a day at 

a dose of 5-10 mg/kg/day and titrated to 10-20 mg/kg/day over a 

week. This regiment allowed one to increase the dose to a ther-

apeutic range if the subjects had increased frequency or severity of 

seizures in comparison with those of the baseline. All children under-

went EEGs with quantification and a comprehensive batter of neuro-

psychological tests at the first and 6 month follow up visits (Fig. 1).

Outcome measures, statistical methods and others

The primary outcome parameter was changes in cognition, atten-

tion, and behavior in the neuropsychological tests due to medical 

treatment over time. The secondary parameter included seizure con-

trol rate, normalization or improvement of EEG and comparative effi-

cacy of OXC daily or twice a day treatments during the study period. 

The EEGs were read by two or more experienced specialists. The loca-

tion and frequency of spikes were quantified for each subject. The 

spike index was calculated by dividing the total number of spikes by 

the total time the subject was evaluated.

The subjects went through a comprehensive battery of neuro-

psychological tests to evaluate various aspects of mental function, in-

cluding cognition, attention, memory, executive function, behavior 

and emotion, etc. The tests are shown in Table 1. 

The data were statistically analyzed using PASW Statistics 18.0.0 

(IBM Corporation, NY, USA). Statistical analysis of the test results 

was performed using means and their corresponding standard devia-

tions (SD). Significant correlations among independent scores re-

garding the effects of medical treatment were evaluated using a stu-

dent t-test or two way repeated measures ANOVA. Statistical sig-

nificance was regarded at p-value <0.05. 

The study was formally approved by the Institutional Review Board 

(74005-1379).

Results

Out of 39 children with BECTS, 29 (13 for T and 16 for NT) com-

pleted the study. Ten children were dropped due to the failure of fol-

low-up evaluation (3 for T) and loss of follow-up (7 for NT). The mean 

ages of the subjects were 8.2±2.3 years for the treatment group and 

8.5±2.3 years for the non-treatment group. At the time of baseline, 
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Table 3. Clinical and neuropsychological findings of the subjects over time (n=29)

Treatment (n=13) Non-treatment (n=16)
p-value

Baseline  6 mon Baseline 6 mon

Seizure frequency 0.8±0.7 0.5±0.8 0.9±1.0 0.5±2.0 NS

Seizure freedom 7 (54%) 8 (50%) NS

Reduction > 50%       3 (23%) 3 (19%) NS

Spike index

  Left 17.4±19.8 26.2±18.0 13.9±22.5 11.8±20.0 NS

  Right 15.5±17.6 19.1±18.4 7.2±16.2 3.8±7.9 NS

EEG (-)*   2 (15%) 3 (19%)      NS

FIQ 95.4±10.5 97.6±7.5 107.6±17.3 111.4±18.6 NS

VIQ 100.5±11.1 91.9±8.8 109.6±16.3 110.4±18.3 NS

PIQ 95.3±11.6 103.9±6.3 103.4±17.1 110.4±17.9 NS

P-values based on two way repeated measures, ANOVA.
Seizure frequency, Average seizure frequency/month; Spike index, frequency/minute; FIQ, Full-scale intelligence quotient; VIQ, Verbal intelligence 
quotient; PIQ, Performance intelligence quotient; NS, Not significant statistically.
*EEG (-), normalization of sleep EEG.

Table 4. Results of frontal executive functions and memory over time (n=29)

Treatment (n=13) Non-treatment (n=16)
p-value

Baseline  6 mon Baseline 6 mon

EIQ 114.7±18.3 108.9±12.5 100.6±25.1 101.2±13.9 NS

MQ 106.7±27.5 103.4±19.3 105.8±13.3 104.9±17.2 NS

WCST 50.8±11.0   62.3±14.2* 60.3±14.3 67.8±22.3 p<0.05

p-values based on two way repeated measures, ANOVA.
EIQ, Executive Intelligence quotient; MQ, Memory quotient; WCST, Wisconsin card sorting test.
*p<0.05.

Table 2. Demographic and clinical features of the subjects (n=29)

Treatment
(n=13)

Non-treatment
(n=16)

Male/Female 6/7 11/8

Age (yr) 8.2±2.3 8.5±2.3

Average monthly seizure frequency 0.8±0.7 0.9±1.0

Spike index (frequency/min)   

  Left 17.4±19.8 13.9±22.5

  Right 15.5±17.6 7.2±16.2

the average monthly seizure frequencies of the subjects were 0.8± 

0.7 for the treatment group and 0.9±1.0 for the non-treatment 

group. The average spike index (frequency/min) was 17.4±19.8 on 

the left side and 15.5±17.6 on the right in the treatment group and 

13.9±22.5 on the left side and 7.2±16.2 on the right of the non- 

treatment group (Table 2).

Table 3 presents results on the clinical and neuropsychological as-

sessment of the subjects over time. 54% of OXC treatment group re-

mained seizure free and 23% showed an average monthly reduction 

in seizure frequency of more than 50% during the first 6 month as 

did 50% and 19% of the non-treatment group. Statistically there 

was no significant difference between the two groups. The sleep 

EEGs became normalized in 15% of the treatment group and 19% of 

the non-treatment group after six months of treatment. As for the 

spike index, it increased by 20-50% in the treatment group after 6 

months of treatment and fell by 20-90% in the non-treatment group 

over the same time period (p>0.05). Furthermore, the spike index of 

the right hemisphere decreased more in the non-treatment group 

than in the treatment group; however this different was not statisti-

cally significant (7.2±16.2 to 3.8±7.9 in NT vs. 15.5±17.6 to 19.1± 

18.4 in T). The subjects made slight progress in general intelligence 

measures over time in both groups. Surprisingly, the treatment group 

had a higher performance intelligence quotient (PIQ), which was not 

significant (95.3±11.6 to 103.9±6.3 in T vs. 103.4±17.1 to 110.4±17.9 

in NT). 

As summarized in Table 4, overall memory and frontal executive 

functions did not change over time in both groups in terms of the 
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Table 5. Comparison between OXC treatment once daily and twice daily over time (n=13)

Once daily (n=4) Twice daily (n=9)
p-value

Baseline  6 mon Baseline 6 mon

Seizure frequency 0.4±0.4 0.4±0.6 1.0±0.8 0.8±0.7    NS

Seizure freedom 2 (50%) 5 (56%)    NS

Reduction > 50%       1 (25%) 1 (11%)* p>0.05

Spike index

  Left 27.6±26.5 33.0±19.2 12.8±15.8 22.8±18.1* p>0.05

  Right 21.0±27.1 24.7±24.0 13.0±13.0 16.3±16.8 NS

EEG (-)†   0 (0%) 1 (11%)      NS

FIQ 94.8±10.8 98.0±10.0 95.8±11.0 97.4±9.1 NS

VIQ 105.3±12.5 92.0±7.1 98.1±10.4 91.8±10.1 NS

PIQ 92.5±14.7 104.5±9.2 96.8±10.6 103.6±6.1 NS

Aggression‡ 38.0±11.5 31.0±11.3 46.4±11.6 50.8±15.58* p>0.05

p values based on two way repeated measures, ANOVA.
FIQ, Full-scale intelligence quotient; VIQ, Verbal intelligence quotient; PIQ, Performance intelligence quotient; NS, Not significant statistically.
*p<0.05. †EEG (-), normalization of sleep EEG. ‡Aggression, aggression on K-CBCL.

Figure 2. Verbal fluency and Stroop tests between treatment and non- 

treatment groups. The scores for the word and verbal fluency and level 1 

Stroop tests for the treatment group got significantly got worse over time 

when compared with the non-treatment group.

memory quotient (MQ) (106.7±27.5 to 103.4±19.3 in T vs 105.8± 

13.2 to 104.9±17.2 in NT) and executive intelligence quotient (EIQ) 

(114.7±18.3 to 108.9±12.5 in T vs. 100.6±25.1 to 101.2±13.9 in NT). 

However, when sub-domain scores were compared between 

the two groups, the treatment group got significantly worse over 

time in the verbal fluency test (11.5±3.8 to 8.0±1.4 in T vs. 10.3±3.9 

to 11.5±2.1 in NT; p<0.05) and level 1 of Stroop test (9.3±3.0 to 

7.5±1.3 in T vs. 11.0±3.7 to 11.2±2.6 in NT; p<0.05) (Fig. 2). In 

contrast, the treatment group had better "frontal" lobe functions 

in the Wisconsin card sorting test (WCST) over time than the 

non-treatment group (50.8±11.0 to 62.3±14.2 in T vs. 60.3±14.3 

to 67.8±22.3 in NT; p<0.05). Otherwise, no significant differences 

were observed in the sub-domains of the Auditory Verbal Learning 

Test (AVLT)/Rey Complex Figure Test (RCFT) and Frontal Executive 

Neuropsychological Test (K-FENT) between the two groups.

In the computerized attention measurements (Attention Deficit 

Diagnostic Scale, Visual; K-ADS), which is vision based, the non- 

treatment group appeared more inattentive and impulsive and the 

treatment group scored higher on the sub-domains; however, this 

difference was not statistically significant (54.0±8.2 to 62.3±14.2 

in T vs. 60.3±14.3 to 67.8±22.3 in NT for inattentiveness and 50.8± 

11.0 to 62.3±14.2 in T vs. 60.3±14.3 to 67.8±22.3 in NT for im-

pulsivity, p>0.05). In addition, there were no significant differences 

in the sub-items of Child Behavior Checklist (K-CBCL) overtime in 

both groups. As shown in Table 5, no differences in seizures and neu-

rocognitive functions were observed for the group receiving OXC 

treatment twice a day, but rather this treatment appeared to ag-

gravate behavior, especially aggression on K-CBCL (38.0±11.5 to 

31.0±11.3 in once daily treatment group and 46.4±11.6 to 

50.8±15.58, p<0.05).

Discussion

 Recent studies have demonstrated that BECTS may present with 

cognitive, behavioral and other difficulties in association with frontal 

lobe dysfunctions1-9,11,12 and subclinical localized epileptiform dis-

charges during sleep may affect or worsen their cognition and 

behaviors.10 However, whether or not children with BECTS need anti-
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epileptic drug treatment is still controversial. Furthermore, there have 

been few prospective trials in children with BECTS regarding the ef-

fects of antiepileptic drugs on cognition and behavior. In this study, 

the benefits and risks of oxcarbazepine (OXC) monotherapy in these 

children were evaluated based on clinico-electrical and neuro-

psychological changes over time.

Unlike previous studies,13-15 this trial failed to demonstrate OXC 

efficacy in the seizure control. There were no significant differences 

between treatment and non-treatment groups even though 54% of 

OXC treated patients were seizure free at the end of the first 6 

months. However, these results likely occurred because of the small 

sample size, relatively short period of follow-up and wide spectrum of 

conditions examined.16

 Based on the results of this study, only 15% of the treatment 

group and 19% of the non-treatment group showed normalization 

of EEG after six months. In addition, the spike rate increased in the 

treatment group and decreased in the non-treatment group after 6 

months; however, this difference was not statistically significant. 

These findings are not in agreement with previous studies.17,18 Again, 

this likely occurred because of the small sample size and low dose of 

OXC used during the study period. Despite these findings, the gen-

eral intelligence measures for both groups slightly improved over 

time. Furthermore, the intelligence quotient (PIQ) slightly increased 

in the treatment group; however, this increment was not statistically 

significant. These results indicate that treatment with OXC might al-

so have a positive effect on cognition, which has been observed in 

other studies.8

To the best of our knowledge, few previous studies have evaluated 

the frontal lobe functions in children with BCECTS in relation to med-

ical treatment.15 This pilot study demonstrated that overall memory 

and frontal executive functions did not change over time regardless 

of treatment. When sub-domain scores were compared between two 

groups, the scores for the verbal fluency (p<0.05) and level 1 stroop 

tests (p<0.05) got worse over time for the treatment group. In con-

trast, the treatment group showed better frontal lobe functions in the 

WCST over time than the non-treatment group (p<0.05). These find-

ings were troublesome because they indicate that administration of 

OXC may interfere with language development in children. However, 

further studies are needed to conclusively demonstrate that this was 

the case.

A few studies have demonstrated a significant correlation be-

tween treatment and positive effects on behavioral difficulties.10,19-21 

In this study, the non-treatment group appeared more inattentive 

and impulsive, whereas OXC treatment appeared to produce neg-

ative effects in the vision based, computerized attention measures; 

however, this difference was not statistically significant when com-

pared with the other group. In addition, both groups did not show 

any significant behavioral changes overtime on K-CBCL. Thus, it is 

still not clear whether drug treatment can improve or worsen atten-

tion and behavior. 

Since seizures mostly occur at night in children with BCECTS, we 

tried to assess the effect of single daily dose, especially in the late 

evening or before going to bed. As expected, treatment with OXC 

twice a day did not produce a better outcome in controlling seizures 

and cognitive functions, but rather seemed to aggravate behavior, es-

pecially aggression. Based on these findings, it might be better to ad-

minister OXC treatment in a single dose once a day in the evening or 

prior to sleep. Moreover, these results partly support the effects of 

treating nocturnal EEG discharges on cognition and behavior re-

ported in previous studies.8

This study is limited due to its small sample size, the heterogeneity 

of subjects, and the lack of information about the potential effects of 

epileptiform discharges during the neuropsychological assessment. 

In addition, some neuropsychological tests, such as ADS, could not 

be measured reliably in preschool children due to their immature 

grapho-motor skills. Large scaled, more objective studies are needed 

to elucidate these effects in children with BCECTS. 

In conclusion, this study revealed that children with BCECTS have 

a higher chance of having cognitive and behavioral difficulties as well 

as frontal lobe dysfunctions, but these difficulties did not seem to be 

dependent on the number of seizures, the abundance of subclinical 

epileptiform discharges, or the anti-epileptic treatment. We therefore 

believe that OXC monotherapy is an effective measure for children 

with BRE, but should be tried to selected patients who have pro-

longed or frequent seizures. However, further studies are needed to 

elucidate this matter.
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