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Introduction: Benign epilepsy with centrotemporal spikes (BECTS) is a common epileptic syndrome in childhood,
characterized by brief and infrequent partial motor seizures, with or without generalization and mostly recurring
during sleep. Because of its favorable efficacy, tolerability, and safety profile, levetiracetam (LEV) monotherapy is
often administered in these patients. Long-term effects of LEV therapy and its influence on cognitive functions
remain controversial.

Purpose: This evaluated the changes in the cognitive profile of children with BECTS treated with LEV monother-
apy for 2 years, compared with a control group of children with specific learning disabilities.

Method: Our patient cohort included 20 children aged 8-14 years diagnosed as having BECTS and administered
LEV monotherapy and 10 age/sex-matched controls with specific learning disabilities. All participants underwent
a standardized test for assessing cognitive profile (Wechsler Intelligence Scale for Children - Fourth Edition
[WISC-1V]) before drug therapy and after 2 years of treatment. Average LEV blood level and electroencephalo-
graphic (EEG) recordings were periodically monitored. Several factors such as age, sex, response to therapy,
and EEG pattern changes were considered. Statistical analysis was performed using Student's t-test for paired
and independent samples. p < 0.05 was considered statistically significant.

Results: Children administered LEV for 24 months showed a mild but statistically significant improvement in
overall cognitive abilities. Verbal skills, visual-perceptual reasoning, working memory, and processing speed
showed slight but significant improvement. In the control group, cognitive profile remained substantially un-
changed at 2-year follow-up.

Conclusions: Not only do our data suggest a nonworsening of the cognitive profile in BECTS with LEV but, on the

contrary, cognitive scores also improved over time, unlike the control group.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Benign epilepsy with centrotemporal spikes (BECTS) is a neurologi-
cal disorder that affects about 1-2% of school-age and preschool chil-
dren [1], with an incidence of 6.2-21 out of 100,000 children under
15 years old [2]. Benign epilepsy with centrotemporal spikes is charac-
terized by short-term focal onset aware seizures, which usually begin
between 3 and 13 years of age and nearly always disappear by age
15-17. Most seizures occur from sleep, and some of them may evolve

Abbreviations: ASD, antiseizure drug; BECTS, benign epilepsy with centrotemporal
spikes; CTS, centrotemporal spikes; LEV, levetiracetam; PRI, Perceptual Reasoning Index;
PSI, Processing Speed Index; SLD, specific learning disorders; TIQ, Total Intelligence
Quotient; VUI, Verbal Understanding Index; WISC-1V, Wechsler Intelligence Scale for
Children - Fourth Edition; WMI, Work Memory Index.
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into generalized tonic-clonic seizures [3]. The electroencephalography
(EEG) typically displays “blunt high-voltage centrotemporal spikes
(CTS), often followed by slow waves that are activated by sleep and
tend to spread or shift from side to side” [3]. Traditionally, it is believed
that this condition has a relatively benign course, regardless of the fre-
quency of seizures [4]. Nevertheless, an ever-increasing literature has
shown that children with BECTS perform worse than their peers in
some cognitive and behavioral tasks [5], especially in some specific cog-
nitive domains such as language and verbal memory [6,7]. It is still un-
clear whether these changes are originally part of the syndrome or a
consequence of the seizures or EEG abnormalities [5].

The appropriate time at which drug therapy should be initiated in
patients with BECTS is still under debate. An international consensus
has not yet been reached; henceforth, this decision still depends on
the clinician's judgment. The introduction of antiepileptic medication
(antiseizure drug [ASD]) is generally necessary in the case of frequent,
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intense seizures that occur in wakefulness or are a source of concern for
patients and their parents [8,9]. Furthermore, if the above-mentioned
cognitive difficulties are caused by CTS and/or seizures, there is poten-
tial for intervention with antiepileptic medications [5]. However, some
ASDs may worsen cognitive problems; certain drugs such as topiramate
and valproic acid, especially in polytherapy, have been associated with
cognitive and behavioral adverse effects [10]. Given its favorable phar-
macokinetic profile [11,12] and good tolerability and safety [13-17], le-
vetiracetam (LEV) was considered a viable alternative in monotherapy
in pediatric patients with epilepsy [18].

This drug acts through a peculiar mechanism of action —in compar-
ison with the other ASDs— as it binds to the SV2A synaptic vesicle pro-
tein, regulating the mechanisms of exocytosis necessary for
neurotransmitter release [19]. Levetiracetam showed good broad-
spectrum antiepileptic efficacy in both focal and generalized epilepsy
[15,16], with modest adverse effects. Among the main undesirable ef-
fects are drowsiness, asthenia, dizziness, irritability, nervousness, and
aggression [20,21]; behavioral effects appear to occur more frequently
in younger patients (under 4 years of age). They have usually early
onset, even during the titration phase, and in many cases, at low dosage
(<20 mg/kg/day); however, they are always reversible after discontinu-
ation of therapy [22]. Levetiracetam showed a good efficacy in reducing
the frequency of seizures and CTS in boys with BECTS [23-27]. More-
over, with regard to the cognitive profile, LEV alone has not been de-
scribed as having negative cognitive effects [28,29]; on the contrary, in
some cases, the use of this drug seems to be related to an improvement
of executive functions and verbal skills [30]. In literature, however,
there are still few studies that evaluate cognitive effects through stan-
dardized tests in children, and these studies often stop in the short
term [31]. The aim of our observational, retrospective, monocentric
study was to evaluate changes in the cognitive profile in boys and ado-
lescents with BECTS in monotherapy with LEV through a 24-month
monitoring.

2. Material and methods
2.1. Sample selection

Twenty patients aged between 8 and 14 with a diagnosis as having
BECTS were recruited retrospectively at the Child Neuropsychiatry
Unit of the University Hospital of Salerno. The diagnosis was established
on the basis of the typical clinical semiology of seizures and the EEG
findings of CTS.

All patients who met the following eligibility criteria were included
in the study: Total Intelligence Quotient (TIQ) in the normal range
(TIQ > 70) measured by the Wechsler Intelligence Scale for Children-
Fourth Edition (WISC-IV) [32], diagnosis of BECTS, LEV monotherapy
for 24 months, and good control (>75% reduction) of the seizures after
the introduction of drug therapy.

All patients presenting other forms of epilepsy were excluded from
the study, including atypical forms of BECTS, epileptic encephalopathy
with continuous spikes and waves during sleep, and Landau-Kleffner
syndrome. Even subjects with neurological (cerebral palsy, intellectual
disability, neurodegenerative diseases, or migraine), psychiatric, or
other relevant medical conditions (endocrinopathies, metabolic, he-
patic, cardiac, or renal disorders) were excluded from the study. All re-
cruited patients underwent LEV therapy, reaching the therapeutic dose
within 1-2 weeks. The dose has been established individually, aiming to
achieve good seizure control and good tolerability. Once the therapeutic
dose was reached, there were no further additions of LEV or other ASDs.
Serum levels of LEV and EEG have been periodically monitored, in the
context of the typical follow-up meetings. All participants were also ad-
ministered the WISC-IV standardized test by a single child neuropsychi-
atrist, so as to evaluate the cognitive profile at time 0 (before starting
the therapy with LEV) and at time 1 (after 2 years of treatment).

A control group was also recruited, including 10 patients who attend
the same hospital unit for specific learning disorders (SLD). Inclusion
criteria were the standard cognitive level (TIQ > 70 to WISC-IV) and
the diagnosis of SLD. Exclusion criteria were the presence of neurologi-
cal, psychiatric, or other general medical pathologies that could inter-
fere with the cognitive performances. In all patients of the control
group, the diagnosis of epilepsy was excluded, and all had a normal
EEG finding. Furthermore, the control group underwent the same stan-
dardized WISC-IV psychometric test at the time of diagnosis and after
2 years, as part of the normal diagnostic and follow-up evaluations. To
guarantee the homogeneity of the two groups, the variables age, sex, in-
tellectual level, and level of maternal education were taken into
consideration.

2.2. Wechsler Intelligence Scale for Children - Fourth Edition (WISC-1V)

To evaluate the intellectual profile of our patients, we chose to use
the WISC-IV battery, a standardized test for children and teenagers
from 6 to 16 years. It consists of 10 subscales through which it is possible
to calculate the following indices:

- Verbal Understanding Index (VUI): language and verbal skills.

Perceptual Reasoning Index (PRI): nonverbal and fluid reasoning.

- Work Memory Index (WMI): auditory attention and working mem-
ory.

- Processing Speed Index (PSI): selective attention, speed of visual in-
formation processing.

- TIQ: general cognitive profile.

2.3. Statistical analysis

All clinical variables were subjected to statistical analysis. The raw
scores obtained from the WISC-IV were converted into weighted scores
to be compared to a standard reference population. The standard range

Table 1
Clinical characteristics of the levetiracetam group and the control group.
BECTS SLD p-Value
Mean age (years) 103 + 1.78 11+14 0.289
Sex 15/20 male 5/10 male 0.231
Maternal education level 15/20 high school 9/10 high school 0.633
5/20 university 1/10 university

Seizures' frequency 12/20 weekly - -

Therapeutic dosage of LEV

Response to therapy
Adverse effects
Total Intelligence Quotient (time 0)

8/20 monthly
Minimum = 500 mg/day
Maximum = 1750 mg/day
Mean = 1037.5 4 399.6 mg/day
20/20 seizures-free
1/20 dizziness; 2/20 headache; 1/20 irritability
102.30 + 7.87

101.50 + 9.58

0.809

BECTS, benign epilepsy with centrotemporal spikes; SLD, specific learning disorder.
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Fig. 1. Total Intelligence Quotient (TIQ) scores in the group with BECTS at time 0 and time
1.

of each scale includes weighted scores >70 (mean = 100 + 15). The re-
sults of the WISC-IV test were expressed as mean and standard devia-
tion. To assess the significant differences between the mean scores of
the two groups, the two-tailed Student's t-test for independent samples
was used. A two-tailed Spearman's correlation was used to evaluate the
correlation between WISC-IV scores, daily dose of LEV, and average
serum levels of LEV. The analysis of variance (ANOVA) test was used
to analyze the differences among the two groups regarding parameters
such as sex, age, and maternal education. The Statistical Package for So-
cial Science (SPSS) - version 23.0 (IBM Corp. 2015) program was used
for statistical analysis. A value of p < 0.05 was considered statistically
significant.

2.4. Ethics

All patients and their parents were provided a clear and detailed ex-
planation about the purposes of the study and the procedures involved.
Parents of patients provided their informed consent in written form.
The procedure was approved by the local ethics committee, according
to the rules of good clinical practice, in keeping with the Declaration
of Helsinki.

3. Results
3.1. Participants

Our patient cohort is composed of 20 children, aged 8-14 (mean =
10.3 £ 1.78) years diagnosed as having BECTS, and 10 controls aged 8-
14 (mean = 11 £ 1.4) years with a previous diagnosis of as having SLD.

Table 1 summarizes the clinical characteristics of the LEV group and
the control group.

Mean LEV serum levels measured after 8, 18, and 24 months were
9.6, 9.6, and 9.0 pug/mL, respectively. In 7 of 20 patients, an improvement
in the EEG trace was observed, while in the other ones, the EEG
remained substantially unchanged.
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Fig. 2. Comparison between the mean scores at time 1 versus time 0 in the group with
BECTS. TIQ = Total Intelligence Quotient. VUI = Verbal Understanding Index. PRI =
Perceptual Reasoning Index. WMI = Work Memory Index. PSI = Processing Speed Index.

Statistical analysis revealed no significant difference between the
two groups regarding age (p = 0.289), sex (p = 0.231), and level of ma-
ternal education (p = 0.633). No statistically significant difference was
found between the TIQ in the two groups measured at time 0 (p =
0.809).

3.2. Longitudinal comparison: time 1 vs time 0

At time O, all patients diagnosed as having BECTS had a cognitive
profile in the standard, with scores of TIQ > 70 (Fig. 1). Individual TIQ
scores were not related to seizure frequency (p = 0.693). Also, the
scores related to the other WISC-1V indices all fell into the norm.

From the comparison between the mean scores at time 1 versus time
0 in the study group - i.e., after 2 years of treatment as monotherapy
with LEV, a statistically significant improvement of the TIQ and of all
the other indexes emerged (Table 2, Fig. 2). The individual TIQ scores
were not related to the assumed LEV dose (p = 0.439) or to the average
LEV serum concentration (p = 0.348).

Regarding the control group, at time 0, the TIQ values (Fig. 3) and all
the subindices of the WISC-IV were within the standard range. Two
years later (time 1), the average TIQ remained substantially unchanged.
From the comparison of the average scores of the other indexes, no sta-
tistically significant difference emerged (Table 2, Fig. 4).

4. Discussion and conclusions

The aim of our study was to monitor cognitive functions in children
and adolescents diagnosed as having BECTS who were assuming LEV for
2 years and compare them with a group of children with SLD.

The data analysis revealed a significant improvement in the overall
cognitive profile (Total Intelligence), as well as in the verbal under-
standing, perceptual reasoning, work memory, and processing speed
in patients whose seizures are treated with LEV, while in the control
group, all these remains substantially unchanged. The presence of the

Table 2
p-Value of comparison between the mean scores at time 1 versus time 0 in both groups.
BECTS SLD
Time O Time 1 p-Value Time O Time 1 p-Value
TIQ 102.30 + 7.87 104.70 + 7.86 0.0001 101.50 + 9.58 99.50 + 5.97 0.5586
VCI 100.85 + 8.59 102.50 + 8.28 0.0358 109.20 + 15.89 108.40 + 11.54 0.7937
PRI 103.90 + 8.57 105.20 + 8.67 0.0469 109.20 + 8.31 107.80 + 12.86 0.7362
WMI 101.95 + 7.86 103.45 + 6.69 0.0467 89.80 + 8.27 86.50 + 12.02 0.4146
PSI 101.50 + 7.94 102.85 + 7.25 0.0351 86.50 + 7.78 88.40 + 7.97 0.4892

TIQ, full-scale Total Intelligence Quotient; VCI, Verbal Comprehension Index; PRI, Perceptual Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index.

p-values > 0.05 are in bold.
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Fig. 3. Total Intelligence Quotient (TIQ) scores in the control group at time 0 and time 1.
SLD = specific learning disorder.

control group allows us to exclude the influence of certain demographic
and sociocultural factors on the results (age, sex, sociocultural level).

These results are consistent with a previous study [33,34]: a ran-
domized, controlled study by Levisohn and colleagues, in 2009, showed
that after 12 weeks of follow-up, there were no significant differences in
cognitive parameters measured by the Leiter-R test in children with
focal epilepsy who had taken LEV as add-ons (46 cases) or a placebo
(27 cases) [35]. More recently, an open-label add-on study showed a
stable cognitive profile in 103 children between 4 and 16 years who
had been administered LEV for 48 weeks [36].

A more detailed analysis of the individual subindexes of the WISC-IV
also revealed that verbal skills — expressed through the VUI index -
were improved in our sample. These results are in agreement with
those of a study by Piazzini et al., in 2007 [37]. The authors pointed to
an improvement in verbal fluency skills in patients taking LEV, assum-
ing a potential role of piracetam derivatives on the metabolism of corti-
cal areas responsible for attention and language. Furthermore,
performances involving the executive functions (working memory, se-
lective attention, and processing speed), expressed by the WMI and
PSI indexes, were improved in our patients. These results confirm and
enrich those results that have already been highlighted in previous
studies on adult populations [38,39].

A 2012 study by Cho et al. showed that the improvement of the cog-
nitive profile following the introduction of LEV was related to the EEG
changes typically induced by the drug (reduction of delta and theta
bands, increase of the bands A2 and B2) in some specific cortical regions
[40]. However, these data cannot be confirmed in our study because a
spectral analysis of the EEG was not performed.
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Fig. 4. Comparison between the mean scores at time 1 versus time 0 in the control group.
TIQ = Total Intelligence Quotient. VUI = Verbal Understanding Index. PRI = Perceptual
Reasoning Index. WMI = Work Memory Index. PSI = Processing Speed Index. SLD =
specific learning disorder.

None of the recruited patients had significant adverse reactions over
the 2 years of follow-up, with the exception of dizziness (1/20), head-
aches (2/20), and irritability (1/20), which are among the most com-
mon adverse effects of LEV [41] and have not requested, in any case,
the suspension of treatment. This confirms the good tolerability profile
of the drug.

Limitations of our study are the low sample size and the lack of a
control group of subjects with BECTS treated with other ASDs or not
pharmacologically treated. However, the 24-month follow-up is an im-
portant strength because there are no studies in the scientific literature
that evaluate the cognitive profile through standardized tests in such for
such a duration.

In conclusion, this study suggests that LEV does not negatively affect
the cognitive profile of pediatric patients with BECTS, even in the me-
dium to long term. Some cognitive skills could even improve, although
these data need further verification. Therefore, considering that cogni-
tive and executive functions are strictly related to school performance
and adaptive and social skills, it may be useful to consider these factors
when choosing ASD in order to improve quality of life, especially in the
pediatric age group.

Acknowledgments

We would like to thank the patients' families for giving us permis-
sion to report their children's medical history.

Funding

This research did not receive any specific grant form funding agen-
cies in the public, commercial or not-for-profit sectors.

Declaration of competing interest

The authors have no conflicts of interest relevant to this article to
disclose.

References

[1] Felix L, Hunter S. Pediatric aspects of epilepsy. In: Donders ], Hunter S, editors. Prin-
ciples and practice of lifespan developmental neuropsychology. Cambridge: Cam-
bridge University Press; 2010. p. 359-70. https://doi.org/10.1017/
CB09780511674815.028.

[2] Wirrell EC. Benign epilepsy of childhood with centrotemporal spikes. Epilepsia
1998;39(Suppl. 4):532-41.

[3] Commission on Classification and Terminology of the International League Against
Epilepsy. Proposal for revised classification of epilepsies and epileptic syndromes.
Epilepsia 1989:389-99.

[4] DallaBernardina B, Sgro V, Fejerman N. Epilepsy with centro-temporal spikes and re-
lated syndromes. In: Roger J, Bureau M, Dravet C, Genton P, Tossinari CA, et al, edi-
tors. Epileptic syndromes in infancy, childhood and adolescence. London: John
Libbey; 1995. p. 203-26.

[5] Vannest ], Tenney JR, Gelineau-Morel R, Maloney T, Glauser TA. Cognitive and behav-
ioral outcomes in benign childhood epilepsy with centrotemporal spikes. Epilepsy
Behav 2015;45:85-91.

[6] Overvliet GM, Besseling RM, van der Kruijs SJ, Vles ]S, Backes WH, Hendriksen ]G,
et al. Clinical evaluation of language fundamentals in rolandic epilepsy, an assess-
ment with CELF-4. Eur ] Paediatr Neurol 2013;17:390-6.

[7] Teixeira ], Santos ME. Language skills in children with benign childhood epilepsy
with centrotemporal spikes: a systematic review. Epilepsy Behav 2018;84:15-21.

[8] Oguni H. Treatment of benign focal epilepsies in children: when and how should be
treated? Brain Dev 2011;33:207-12.

[9] Hamada Y, Okuno T, Hattori H, Mikawa H. Indication for antiepileptic drug treat-
ment of benign childhood epilepsy with centro-temporal spikes. Brain Dev 1994;
16:159-61.

[10] Witt JA, Elger CE, Helmstaedter C. Adverse cognitive effects of antiepileptic pharma-
cotherapy: each additional drug matters. Eur Neuropsychopharmacol 2015;25:
1954-9.

[11] Pellock JM, Glauser TA, Bebin EM, Fountain NB, Ritter FJ, Coupez RM, et al. Pharma-
cokinetic study of levetiracetam in children. Epilepsia 2001;42:1574-9.

[12] Patsalos PN. Pharmacokinetic profile of levetiracetam: toward ideal characteristics.
Pharmacol Ther 2000;85:77-85.

[13] Campos MS, Ayres LR, Morelo MR, Marques FA, Pereira LR. Efficacy and tolerability of
antiepileptic drugs in patients with focal epilepsy: systematic review and network
meta-analyses. Pharmacotherapy 2016 Dec;36:1255-71. https://doi.org/10.1002/
phar.1855.


https://doi.org/10.1017/CBO9780511674815.028
https://doi.org/10.1017/CBO9780511674815.028
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0010
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0010
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0015
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0015
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0015
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0020
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0020
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0020
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0020
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0025
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0025
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0025
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0030
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0030
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0030
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0035
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0035
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0040
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0040
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0045
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0045
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0045
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0050
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0050
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0050
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0055
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0055
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0060
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0060
https://doi.org/10.1002/phar.1855
https://doi.org/10.1002/phar.1855

FF. Operto et al. / Epilepsy & Behavior 97 (2019) 187-191 191

[14] Verrotti A, D'Adamo E, Parisi P, Chiarelli F, Curatolo P. Levetiracetam in childhood ep-
ilepsy. Paediatr Drugs 2010;12:177-86.

[15] Tekgiil H, Gencpinar P, Cavusoglu D, Diindar NO. The efficacy, tolerability and safety
of levetiracetam therapy in a pediatric population. Seizure 2016;36:16-21.

[16] Muramatsu K, Sawaura N, Ogata T, Makioka N, Tomita K, Motojima T, et al. Efficacy and
tolerability of levetiracetam for pediatric refractory epilepsy. Brain Dev 2017;39:231-5.

[17] Egunsola O, Choonara I, Sammons HM. Safety of levetiracetam in paediatrics: a sys-
tematic review. PLoS One 2016;11:e0149686.

[18] Zhang L, Wang C, Li W. A meta-analysis of randomized controlled trials on levetirac-
etam in the treatment of pediatric patients with epilepsy. Neuropsychiatr Dis Treat
2018;14:769-79.

[19] Lynch BA, Lambeng N, Nocka K, Kensel-Hammes P, Bajjalieh SM, Matagne A, et al.
The synaptic vesicle protein SV2A is the binding site for the antiepileptic drug leve-
tiracetam. Proc Natl Acad Sci U S A 2004;101:9861-6.

[20] Chen D, Bian H, Zhang L. A meta-analysis of levetiracetam for randomized placebo-
controlled trials in patients with refractory epilepsy. Neuropsychiatr Dis Treat 2019;
15:905-17.

[21] Verrotti A, Prezioso G, Di Sabatino F, Franco V, Chiarelli F, Zaccara G. The adverse
event profile of levetiracetam: a meta-analysis on children and adults. Seizure
2015;31:49-55.

[22] Verrotti A, D'Adamo E, Parisi P, Chiarelli F, Curatolo P. Levetiracetam in childhood ep-
ilepsy. Paediatr Drugs 2010;12:177-86.

[23] Xiao F, An D, Deng H, Chen S, Ren J, Zhou D. Evaluation of levetiracetam and valproic
acid as low-dose monotherapies for children with typical benign childhood epilepsy
with centrotemporal spikes (BECTS). Seizure 2014;23:756-61.

[24] Liu MJ, Su X], Md XS, Wu GF, Zhang YQ, Gao L, et al. Clinical features of benign epi-
lepsy of childhood with centrotemporal spikes in Chinese children. Medicine (Balti-
more) 2017;96:e5623.

[25] Coppola G, Franzoni E, Verrotti A, Garone C, Sarajlija J, Operto FF, et al. Levetiracetam
or oxcarbazepine as monotherapy in newly diagnosed benign epilepsy of childhood
with centrotemporal spikes (BECTS): an open-label, parallel group trial. Brain Dev
2007;29:281-4.

[26] Verrotti A, Coppola G, Manco R, Ciambra G, lannetti P, Grosso S, et al. Levetiracetam
monotherapy for children and adolescents with benign rolandic seizures. Seizure
2007;16:271-5.

[27] Tacke M, Borggraefe I, Gerstl L, Heinen F, Vill K, Bonfert M, et al. Effects of levetirac-
etam and sulthiame on EEG in benign epilepsy with centrotemporal spikes: a ran-
domized controlled trial. Seizure 2018;56:115-20.

[28] Tacke M, Gerstl L, Heinen F, Heukaeufer I, Bonfert M, Bast T, et al. Effect of anticon-
vulsive treatment on neuropsychological performance in children with BECTS. Eur |
Paediatr Neurol 2016;20:874-9.

[29] Wu T, Chen CC, Chen TC, Tseng YF, Chiang CB, Hung CC, et al. Clinical efficacy and
cognitive and neuropsychological effects of levetiracetam in epilepsy: an open-
label multicenter study. Epilepsy Behav 2009;16:468-74.

[30] Kossoff EH, Los ]G, Boatman DF. A pilot study transitioning children onto levetirace-
tam monotherapy to improve language dysfunction associated with benign rolandic
epilepsy. Epilepsy Behav 2007;11:514-7.

[31] Ulate-Campos A, Fernandez IS. Cognitive and behavioral comorbidities: an un-
wanted effect of antiepileptic drugs in children. Semin Pediatr Neurol 2017;24:
320-30.

[32] Wechsler D. WISC-IV. Wechsler Intelligence Scale for Children. Administration and
scoring manual. Fourth UK ed. London, UK: Harcourt Assessment; 2003 [Italian ver-
sion.: WISC-IV. Wechsler Intelligence Scale for Children - Quarta Edizione. Manuale
di somministrazione e scoring. Giunti OS, Firenze, 2012].

[33] Moavero R, Santarone ME, Galasso C, Curatolo P. Cognitive and behavioral effects of
new antiepileptic drugs in pediatric epilepsy. Brain Dev 2017;39:464-9.

[34] Posar A, Salerno GG, Monti M, Santucci M, Scaduto MC, Parmeggiani A. Neuropsy-
chological implications of adjunctive levetiracetam in childhood epilepsy. ] Pediatr
Neurosci 2014;9:115-20.

[35] Levisohn PM, Mintz M, Hunter SJ, Yang H, Jones ], NO1103 Levetiracetam Study
Group. Neurocognitive effects of adjunctive levetiracetam in children with partial-
onset seizures: a randomized, double-blind, placebo-controlled, noninferiority
trial. Epilepsia 2009;50:2377-89.

[36] Schiemann-Delgado J, Yang H, Loge Cde L, Stalvey TJ, Jones ], Legoff D, et al. A long-
term open-label extension study assessing cognition and behavior, tolerability,
safety, and efficacy of adjunctive levetiracetam in children aged 4 to 16 years with
partial-onset seizures. ] Child Neurol 2012;27:80-9.

[37] Piazzini A, Chifari R, Canevini MP, Turner K, Fontana SP, Canger R. Levetiracetam: an
improvement of attention and of oral fluency in patients with partial epilepsy. Epi-
lepsy Res 2006;68:181-8.

[38] Helmstaedter C, Witt JA. The effects of levetiracetam on cognition: a non-
interventional surveillance study. Epilepsy Behav 2008;13:642-9.

[39] Helmstaedter C, Witt JA. Cognitive outcome of antiepileptic treatment with leveti-
racetam versus carbamazepine monotherapy: a non-interventional surveillance
trial. Epilepsy Behav 2010;18:74-80.

[40] Cho JR, Koo DL, Joo EY, Yoon SM, Ju E, Lee ], et al. Effect of levetiracetam monother-
apy on background EEG activity and cognition in drug-naive epilepsy patients. Clin
Neurophysiol 2012;123:883-91.

[41] Yi ZM, Wen C, Cai T, Xu L, Zhong XL, Zhan SY, et al. Levetiracetam for epilepsy: an
evidence map of efficacy, safety and economic profiles. Neuropsychiatr Dis Treat
2018;15:1-19.


http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0070
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0070
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0075
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0075
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0080
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0080
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0085
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0085
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0090
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0090
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0090
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0095
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0095
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0095
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0100
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0100
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0100
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0105
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0105
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0105
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0110
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0110
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0115
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0115
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0115
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0120
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0120
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0120
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0125
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0125
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0125
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0125
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0130
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0130
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0130
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0135
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0135
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0135
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0140
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0140
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0140
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0145
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0145
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0145
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0150
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0150
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0150
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0155
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0155
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0155
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0160
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0160
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0160
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0160
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0165
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0165
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0170
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0170
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0170
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0175
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0175
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0175
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0175
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0180
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0180
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0180
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0180
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0185
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0185
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0185
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0190
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0190
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0195
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0195
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0195
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0200
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0200
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0200
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0205
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0205
http://refhub.elsevier.com/S1525-5050(19)30397-X/rf0205

	Cognitive profile in BECTS treated with levetiracetam: A 2-�year follow-�up
	1. Introduction
	2. Material and methods
	2.1. Sample selection
	2.2. Wechsler Intelligence Scale for Children – Fourth Edition (WISC-IV)
	2.3. Statistical analysis
	2.4. Ethics

	3. Results
	3.1. Participants
	3.2. Longitudinal comparison: time 1 vs time 0

	4. Discussion and conclusions
	Acknowledgments
	Funding
	Declaration of competing interest
	References


