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SUMMARY

Speech and language dysfunction are a common devel-
opmental problem observed in children with epilepsy. These
patients need a complex assessment and chronic therapy,
conducted by neurologists, psychologists and speech thera-
pists, as well as other specialists. Abnormal cerebral activity
in epilepsy, and its treatment results in disturbances in a va-
riety of cognitive functions, and may also affect the develop-
ment of a child. However, it is still not known how epileptiform
discharges influence the speech and language skills. Pub-
lished studies concentrate mainly on a characteristics of
speech and language disorders, its potential underlying na-
ture or additional disabilities. In recent studies, performed
through the application of new techniques, researchers have
attempted to find genetic and neuromolecular explanations
for the origin of childhood speech and language disorders.
Nevertheless, research, concerning the area of speech and
language dysfunctions in children with epilepsy, is rare and
still requires detailed attention. The aim of the present study
is to review the available data in order to establish the factors
affecting chiefly the language and speech in children with

epilepsy.
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INTRODUCTION

There are a large number of children with epilepsy who are in need of special
services relating to cognitive functions and school achievements. Problems with
attention, memory and language have been reported in this group (Mefford 2014;
Melbourne 2014; Shinnar 2010). The type and frequency of seizures, the age of
onset, and the duration of epilepsy are reported to affect the severity of cognitive
symptoms (Jones et al. 2010). There is also the impact of antiepileptic drugs
used in therapy (their number and dose) on cognitive functions (Aldenkamp
2001; Mula 2012). There are not so many studies which deal with the prevalence
of speech and language disorders in children with epilepsy. The aim of the pres-
ent study is to review the available data in order to establish the factors affecting
chiefly the language and speech in children with epilepsy.

ANTIEPILEPTIC DRUGS

Among children, with no concomitant diseases, with epilepsy only, there are
some specific speech, language and neuropsychological difficulties, although
verbal intelligence and comprehension are usually not particularly affected. Chil-
dren with an early onset of epilepsy, and on more than one AED, appear to ex-
perience more difficulties (Helmstaedter and Witt 2008). There are some studies
reporting that antiepileptic drugs can induce clinically meaningful adverse cog-
nitive and behavioral side effects (Hirsch, Schmitz and Carreno 2003). In the
studies evaluating the cognitive effects of antiepileptic drugs it has been shown
that phenobarbital has a negative impact on short term memory (Calandre et al.
1990; MacLeod, Dekabian and Hunt 1978), but no special findings concerning
language and speech delay were observed. For phenytoine there are studies
available where cognitive impairment in the areas of attention, memory and men-
tal speed was observed (Meador et al. 1991). The most important cognitive side
effects with the biggest influence on speech and language contain topiramate
(Koo et al. 2013; Ojemann et al. 2001). It has been reported that topiramate has
a negative impact on verbal fluency, verbal memory span and verbal memory
(delayed recall and recognition) (Kockelmann, Elger and Helmstaedter 2004).
There is also some evidence which shows a similar cognitive “profile” for zon-
isamide when compared to topiramate. The use of most popular conventional
antiepileptic drugs carbamazepine and valproate, is connected with no impair-
ment for carbamazepine, and a mild to moderate impairment of psychomotor
and mental speed for valproate (Aldenkamp et al. 1993; Prevey et al. 1996).
Lamotrigine, levetiracetam and oxcarbazepine showed promising cognitive pro-
files with no particular effects on cognition (Aikia et al. 1992; Kim et al. 2014;
Koo et al. 2013; Marciani et al. 1998; Mazurkiewicz-Betdzirnska and Olszewska
2000; Wu et al. 2009). Based on the available data, clinicians should consider
the cognitive side effect profiles of antiepileptic medications, particularly in ex-
treme age groups, especially children. While no effective treatments are available
for cognitive and behavioral impairments in epilepsy, comprehensive pretreat-
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ment evaluation and the careful selection of antiepileptic drugs may minimize
these unwanted effects.

What is even more important, there are equally studies which emphasize the
language skills delay in children prenatally exposed to antiepileptic drugs (Nade-
baum et al. 2011). It has been shown that children born of mothers who were
taking valproic acid or taking polytherapy with valproic acid during pregnancy
are at risk of language impairment. In the cohort studied by Nadebaum et al.
(2011) 18,6% of studied children met the criteria for moderate or severe language
delay. This was significantly higher than the expected population rate of 6%.

SPEECH AND LANGUAGE DISTURBANCES
IN SPECIFIC EPILEPSY SYNDROMES.
LANDAU-KLEFFNER SYNDROME

Landau-Kleffner syndrome (LKS), also known as acquired epileptic aphasia,
is a rare disorder appearing in children between 2 and 10 years of age (peak
age 5 — 7 years), twice more frequently in boys than in girls. It is characterized
by acquired aphasia and electroencephalographic (EEG) abnormalities in previ-
ously healthy and normal children. Focal epileptic seizures, generalised tonic-
clonic, atonic seizures or atypical absences may also be present, however 20 to
30% of patients never experience them. If seizures occur, they are usually easy
to treat, but the language and behavioral disturbances persist (Caraballo et al.
2014; Deonna and Roulet-Perez 2010; Duran et al. 2009; Smith and Spitz 2002).
Epileptiform activity is responsible for the deterioration of auditory processing
abilities. The loss of receptive language is followed by expressive aphasia, with
a marked reduction in spontaneous speech. In almost 90% of children a recep-
tive aphasia appears first, then subsequently a rapid and severe reduction in
spontaneous speech occurs, leading even to mutism. The type of aphasia is usu-
ally a verbal auditory agnosia, which is the failure to give a semantic significance
to the different sounds (Caraballo et al. 2014; Deonna and Roulet-Perez 2010;
Duran et al. 2009). The aphasia has a subacute onset and a progressive course,
with a fluctuating pattern of spontaneous improvements and exacerbations.
When auditory agnosia occurs, autistic-like symptoms may be identified. Never-
theless, the child with LKS never loses the ability to relate socially to others or
properly participate in social relations (Pgchalska et al 2012). Psychotic behavior
has been reported in a small number of patients. On neuropsychological exam-
ination, children with LKS have normal or minimally impaired nonverbal cognitive
functions. Starting from a few months to several years the aphasia stabilizes and
usually improves before adulthood (Pgchalska et al 2012). Other clinical findings
in children include cognitive impairment and global autistic behavioral regression
(Caraballo et al. 2014; Deonna and Roulet-Perez 2010; Duran et al. 2009; Smith
and Spitz 2002). The most frequently observed behavioral problems are attention
deficits, impulsivity, distractibility, and hyperactivity (Duran et al. 2009).
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Fig 1. EEG recording in patient with Landau-Kleffner syndrome — continuous generalized paro-
xysmal activity during sleep

An awake electroencephalogram (EEG) usually reveals normal background
activity and focal epileptiform discharges, mostly on the temporal lobes: bilateral
centrotemporal, posterior temporal, and parieto-occipital spikes and waves
(Caraballo et al. 2014; Duran et al. 2009). During sleep there is an activation
and diffusion of the epileptiform discharges, forming into the pattern of electrical
status epilepticus during sleep (ESES) or continuous spikes and waves during
slow sleep (CSWS) (Fig. 1) (Caraballo et al. 2014; Duran et al. 2009). EEG ab-
normalities in sleep correlate with the continuation of language impairment, and
if evident for a few (more than 3) years may be associated with long-term lan-
guage deficits (Caraballo et al. 2014).

A neuroimaging investigation in LKS is on the whole normal (Duran et al.
2009). However, there are also reports of LKS in patients with a congenital or
acquired brain lesion (Caraballo et al. 2014; Duran et al. 2009).

The prognosis in LKS is variable: seizures and epileptiform discharges usually
disappear with time, while language abnormalities tend to persist. Currently, LKS
is considered as a clinical variant or subtype of encephalopathy related to ESES
or CSWS, however, in the new diagnostic scheme of the ILAE (International
League against Epilepsy) they are considered as separate clinical states
(Pachalska et al 2012).
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Fig. 2. Interictal EEG in patient with BCECTS

EPILEPSY WITH CENTROTEMPORAL-SPIKES

Accounting for 24% of all children with epilepsy between the age 5 and 14
childhood Rolandic epilepsy (benign partial epilepsy with centrotemporal spikes
BCECTS) is the most common idiopathic partial epilepsy. Rolandic epilepsy is
regarded as the classic example of benign focal epilepsy. However, neuropsy-
chological deficits have been noted in affected children. As Rolandic discharges
are mainly distributed over the centrotemporal region, specific interference with
language function might be suspected. Studies which specifically investigated
language/speech performance in children with Rolandic epilepsy found atypical
hemispheric specialization, impairments in phonological production and verbal
fluency (Northcott et al. 2005; Northcott et al. 2006; Northcott et al. 2007; Riva
et al. 2007). In one study patients with Rolandic epilepsy failed five of the twelve
standardized language tests significantly more often than the normative popula-
tion and consequently showed impairment of the following functions: reading,
spelling, auditory verbal learning, auditory discrimination with background noise
and expressive grammar (Volkl-Kernstock et al. 2009). Language dysfunction
was closely associated with learning difficulties at school (Northcott et al. 2007;
Volkl-Kernstock et al. 2009).
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Although the prognosis of seizure outcome is excellent, evidence indicates
that BCECTS is not always a benign condition (de Saint-Martin et al. 2000). Stud-
ies over the last few years period have reported a large range of often conflicting
findings of specific cognitive deficits. Most of the studies found language delay
connected with the presence of interictal epileptic discharges (Baglietto et al.
2001; Fonseca, Tedrus, and Pacheco 2007) (Fig. 2), whereas other studies did
not find such a correlation (Monjauze et al. 2005). In some studies there was a
remarkable improvement in the language skills after remission (Berroya et al.
2004; Lindgren et al. 2004) others reported the persistence of significant impair-
ment (Northcott et al. 2005). The nature of the deficits reported in patients with
BCECTS has been inconsistent. Verbal (Baglietto et al. 2001; Massa et al. 2001),
visuomotor (D’Alessandro et al. 1990), nonverbal (Baglietto et al. 2001; Massa et
al. 2001) language (Staden et al. 1998), executive functioning (D’Alessandro et al.
1990) and memory deficits (Massa et al. 2001) have been described. The varied
nature of these results is likely an artefact of the heterogeneity of the populations
studied and the methods used. Recent studies with appropriate design, direct com-
parison to healthy controls and careful EEG analysis, show that children with
BCECTS have a normal level of intelligence, but there is a specific pattern of diffi-
culties in memory and phonologic awareness despite having an IQ within the nor-
mal range (Lopes et al. 2014; Metz-Lutz et al. 1999; Volkl-Kernstock et al. 2009).

In the literature the beneficial effect of behavioral methods to improve cognitive
deficits and changes in the EEG have been reported (Mirski et al. 2014). In another
study the authors draw attention to the usefulness of neurofeedback training
(RBNT) in patients with Rolandic epilepsy. The rolandic spikes decreased after the
sessions of RBNT and cognitive function improved (Pachalska et al. 2012).

There is an agreement that patients with Rolandic epilepsy should be inves-
tigated in the areas of pre-reading, reading, spelling, mathematics, and memory,
and receive input from the teacher (Mefford 2014; Northcott et al. 2007; Volkl-
Kernstock et al. 2009; Pachalska et al. 2012). Children with Rolandic epilepsy
should be followed up, as the impact of any difficulties may not be apparent early
in the child’s education (Pgchalska et al. 2012).

GENETIC FACTORS

It has been recently shown that about 20 % of cases of Landau-Kleffner syn-
drome, CSWS and atypical Rolandic epilepsy, often associated with speech im-
pairment, can have a genetic origin sustained by de novo or inherited mutations
in the GRIN2A gene (encoding the N-methyl-D-separate) (NMDA) glutamate re-
ceptor a2 subunit, GIuN2A) (Dimassi et al. 2014; Lesca et al. 2013). GRIN2A is
now considered a crucial genetic link between different epileptic and speech dis-
orders of the same continuum (Lesca et al. 2013) from atypical Rolandic epilepsy
to CSWS and Landau-Kleffner Syndrome. This is of prime importance because
of the possible treatment options involving the NMDA-receptors mediated mech-
anisms in order to prevent seizures, and what is equally important - the language
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and other neuropsychological deficits (Pachalska et al. 2012). It has been stated
by Lesca et al, 2013 (Lesca et al. 2013) that the identification of GRIN2A as a
major gene for particular epileptic encephalopathies connected with speech dis-
orders provides the crucial insights into the mechanisms underlying these syn-
dromes and their relationship.

SYMPTOMATIC TEMPORAL LOBE EPILEPSY

It has been found that in patients with symptomatic temporal lobe epilepsy,
not only do the factors which were mentioned at the beginning of this review
— the age of onset, localization of brain injury, but also the epileptic activity (ictal
and interictal) by itself has a great impact on speech and language reorganiza-
tion. It has been proved that not only structural elements, but also functional fac-
tors may have an effect on the language organization of the brain.

There are a lot of challenges with speech and language delay in children with
epilepsy, awareness of them can lead to a better outcome through the imple-
mentation of therapeutic methods. Therefore the role of speech and language
therapists is very important (Pachalska 2011; Pachalska et al. 2012).

REFERENCES

Aikia, M., Kalviainen R., Sivenius J., et al.: Cognitive effects of oxcarbazepine and phenytoin
monotherapy in newly diagnosed epilepsy: one year follow-up. Epilepsy Res, 1992; 11(3): 199-
203.

Aldenkamp, A.P., Effects of antiepileptic drugs on cognition. Epilepsia, 2001; Suppl. 46-51.

Aldenkamp, A. R., Aipherts, W. C. L., Blennow, G., Elmqvist, D., Heifbel, J., Nilsson, H. L., SandstedtR.,
Tonnby. B., Wahlander L., Wosse, E.: Withdrawal of antiepileptic medication in children-effects on
cognitive function: The Multicenter Holmfrid Study. Neurology, 1993; 43(1): 41-50.

Baglietto, M.G., Battaglia F. M., Nobili L., et al.: Neuropsychological disorders related to interictal
epileptic discharges during sleep in benign epilepsy of childhood with centrotemporal or
Rolandic spikes. Dev Med Child Neurol, 2001; 43(6): 407-12.

Berroya, A.G., Mclintyre J., Webster R., Lah S., Sabaz M., Lawson J., Bleasel A. f., Bye A. M.: Speech
and language deterioration in benign rolandic epilepsy. J Child Neurol 2004; 19(1): 53-8.
Calandre, E.P., Dominguez-Granados R., Gomez-Rubio M., et al.: Cognitive effects of long-term
treatment with phenobarbital and valproic acid in school children. Acta Neurol Scand 1990;

81(6): 504-6.

Caraballo R.H., Cejas N., Chamorro N., Kaltenmeier M.C., Fortini S., Soprano A.M., Landau—KI-
effner syndrome: A study of 29 patients. Seizure. 2014;23(2). 98-104.

D’Alessandro, P., Piccirilli M., Tiacci C., et al.: Neuropsychological features of benign partial
epilepsy in children. Ital J Neurol Sci 1990; 11(3): 265-9.

de Saint-Martin, A., et al., Benign childhood epilepsy with centrotemporal spikes: is it always be-
nign? Neurology, 2000. 55(8). 1241-2.

Ong H. T., Wyllie E.: Benign childhood epilepsy with centrotemporal spikes: is it always benign?
Neurology. 2000; 54(5): 1182-1185.

Deonna, T., Roulet-Perez E.: Early-onset acquired epileptic aphasia (Landau-Kleffner syndrome,
LKS) and regressive autistic disorders with epileptic EEG abnormalities: the continuing debate.
Brain Dev 2010; 32(9): 746-52.

Dimassi S., Labalme A., Lesca G., Rudolf G., Bruneau N., Hirsch E., Arzimanoglou A., Motte J.,
de Saint Martin A., Boutry-Kryza N., Cloarec R., Benitto A., Ameil A., Edery P., Ryvlin R., De
Bellescize J., Szepetowski P., Sanlaville D.: A subset of genomie alterations detected in rolandic

87



Mazurkiewicz-Betdzinska, Children with epilepsy

epilepsies contains candidate or known epi-lepsy genes including GRIN2A and PRRT2. Epilep-
sia 2014; 55: 370-378.

Duran M. H., Guimaraes C. A., Medeiros L.L., Guerreiroi M. M.: Landau-Kleffner syndroine: fol-
low-up. Brain Dev 2009; 31(1):58 63.

Fonseca L.C., Tedrus G.M., Pacheco E.M.: Epileptiform EEG discharges in benign childhood
epilepsy with centrotemporal spikes: reactivity and transitory cognitive impairment. Epilepsy
Behav 2007; 11(1): 65-70.

Helmstaedter C., Witt J.A.: The effects of levetiracetam on cognition: a non-interventional surveil-
lance study. Epilepsy Behav 2008; 13(4): 642-9.

Hirsch E., Schmitz B., Carreno M.: Epilepsy, antiepileptic drugs (AEDs) and cognition. Acta Neurol
Scand 2003; Suppl 180: 23-32.

Jones J. E., Siddarth P., Gurbani S., Shields W. D., Caplan R.: Cognition, academic achievement,
language, and psychopathology in pediatrie chroni¢ epilepsy: Short-term outeomes. Epilepsy
Behav 2010; 18: 211-7.

Kaczmarek B., Pachalska M., Leon Kaczmarek’s theory of speech and its significance for con-
temporary neuropsychology. Acta Neuropsychologica 2014; 12(2): 127-142.

KimD., Seo J. H., Joo E. Y., Lee H. W., Shin W. C., Hong S. B.: Cognitive and psychosocial effects
of oxcarbazepine monotherapy in newly diagnosed partial epilepsy. Clin Neuropharmacol 2014;
37(4): 100-7.

Kockelmann E., Elger C.E., Helmstaedter C.: Cognitive profile of topiramate as compared with
lamotrigine in epilepsy patients on antiepileptic drug polytherapy: relationships to blood serum
levels and comedication. Epilepsy Behav 2004;5(5): 716-21.

Koo D.L., Hwang K. J., Kim D., Kim Y. J., Kim J. Y., Shin W., Kim M. R., Joo E. Y., Lee J. M., Hong
S. B.,: Effects of levetiracetam monotherapy on the cognitive function of epilepsy patients. Eur
Neurol 2013; 70(1-2): 88-94.

Lesca, G., Lesca G., Rudolf G., Bruneau N., et al., GRIN2A mutations in acquired epileptic aphasia
and related childhood focal epilepsies and encephalopathies with speech and language dys-
function. Nat Genet 2013; 45(9): 1061-6.

Lindgren, S., Kihigren M., Melin L., Croona C., Lundberg S., Eeg-Olofsson O.:Development of
cognitive functions in children with rolandic epilepsy. Epilepsy Behav 2004; 5(6): 903-10.
Lopes, A.F., Monteiro J. P., Fonseca M. J., Robalo C., Simdes M. S.: Memory functioning in children
with epilepsy: frontal lobe epilepsy, childhood absence epilepsy, and benign epilepsy with cen-

trotemporal spikes. Behav Neurol 2014, 21863-7.

MacLeod, C.M., A.S. Dekabian, and E. Hunt, Memory impairment in epileptic patients: selective
effects of phenobarbital concentration. Science, 1978. 202(4372). 1102-4.

Marciani, M.G., Stanzione P., Mattia D., Spanedda F., Bassetti M. A., Maschio M., Bernardi G.:
Lamotrigine add-on therapy in focal epilepsy: electroencephalographic and neuropsychological
evaluation. Clin Neuropharmacol 1998; 21(1):41-7.

Massa, R., de Saint-Martin A., Carcangiu R., Rudolf G., Seegmuller C., Kleitz C., Metz-Lutz M.
N., Hirsch E., Marescaux C.: EEG criteria predictive of complicated evolution in idiopathic
rolandic epilepsy. Neurology 2001; 57(6): 1071-9.

Mazurkiewicz-Betdzinska M., Olszewska A.: Wptyw karbamazepiny, fenytiony i okskarbazepiny
na funkcje poznawcze u dzieci z padaczka. Epileptologia 2000; 8: 35-46.

Meador, K.J., Loring D.W., Allen M. E., Zamrini E. Y., Moore E. E., Abney O. L., King D. W..Com-
parative cognitive effects of carbamazepine and phenytoin in healthy adults. Neurology 1991;
41(10): 1537-40.

Mefford, H.C., Thinking about cognition and epilepsy. Epilepsy Behav. 2014; 41:276.

Melbourne Chambers, R., Morrison-Levy N., Chang S., Tapper J., Walker S., Tulloch-Reid M.:
Cognition, academic achievement, and epilepsy in school-age children: a case-control study
in a developing country. Epilepsy Behav 2014;33: 39-44.

Metz-Lutz, M.N., Kleitz C., de Saint Martin A., Massa R., Hirsch E., Marescaux C.:Cognitive de-
velopment in benign focal epilepsies of childhood. Dev Neurosci 1999; 21(3-5): 182-90.

88



Mazurkiewicz-Betdzinska, Children with epilepsy

Mirski,A., Pachalska M., Mirska N., Niworowska O.J., Gryglicka K., Kropotov Y.: An evaluation of
personalized neurofeedback training for Rolandic epilepsy: a case study. Acta Neuropsycho-
logica 2014; 12(3): 271-287.

Monjauze, C., Tuller L., Hommet C., Barthez M. A., Khomsi A.:Language in benign childhood
epilepsy with centro-temporal spikes abbreviated form: rolandic epilepsy and language. Brain
Lang 2005; 92(3). 300-8.

Mula, M., Recent and future antiepileptic drugs and their impact on cognition: what can we expect?
Expert Rev Neurother 2012; 12(6): 667-71.

Nadebaum, C., Anderson V. A., Vajda F., Reutens D. C., Barton S., Wood A. G.: Language skills of
school-aged children prenatally exposed to antiepileptic drugs. Neurology 2011; 76(8): 719-26.

Northcott, E., Connolly A. M., Berroya A., Sabaz M., Mcintyre J., Christie J., Taylor A., Batchelor
J., Bleasel A. F., Lawson J. A., Bye A. M.: The neuropsychological and language profile of chil-
dren with benign rolandic epilepsy. 2005; Epilepsia 46(6): 924-30.

Northcott, E., Connolly A. M., Mclintyre J., Christie J., Berroya A., Taylor A., Batchelor J., Aaron
G., Soe S, Bleasel A. F., Lawson J. A., Bye A. M.:Longitudinal assessment of neuropsychologic
and language function in children with benign rolandic epilepsy. J Child Neurol 2006; 21(6):
518-22.

Northcott, E., Connolly A. M., Berroya A., Mcintyre J., Christie J., Taylor A., Bleasel A. F., Lawson
J. A, Bye A. M.:Memory and phonological awareness in children with Benign Rolandic Epilepsy
compared to a matched control group. Epilepsy Res 2007; 75(1): 57-62.

Ojemann, L.M., Ojemann G. A., Dodrill C. B., Crawford C. A., Holmes M. D., Dudley D. L.: Lan-
guage Disturbances as Side Effects of Topiramate and Zonisamide Therapy. Epilepsy Behav
2001;2(6): 579-584.

Pachalska M. Afazjologia. Warszawa: Wydawnictwo Naukowe PWN, 2011.

Pachalska M., Kropotov I.D., Manko G., Lipowska M., Rasmus A., tukaszewska B., Bogdanowicz
M., Mirski A.: Evaluation of a neurotherapy program for a child with ADHD with Benign Partial
Epilepsy with Rolandic Spikes (BPERS) using event-related potentials. Medical Science Mon-
itor. 2012;18(11) CS: 94-104.

Prevey, M.L., Delaney R. C., Cramer J. A., Cattanach L., Collins J. F., Mattson R. H.: Effect of val-
proate on cognitive functioning. Comparison with carbamazepine. The Department of Veterans
Affairs Epilepsy Cooperative Study 264 Group. Arch Neurol 1996; 53(10): 1008-16.

Riva, D., Vago C., Franceschetti S., Pantaleoni C., D’Arrigo S., Granata T., Bulgheroni S.: Intel-
lectual and language findings and their relationship to EEG characteristics in benign childhood
epilepsy with centrotemporal spikes. Epilepsy Behav 2007;10(2): 278-85.

Shinnar, S., Cognition in childhood-onset epilepsy. J Pediatr (Rio J). 2010; 86(5). 349-50.

Smith M.C., Spitz M.C.: Treatment strategies in Landau-Kleffner syndrome and paraictal psychiatric
and cognitive disturbances. Epilepsy Behav 2002;3(5S): 24-29.

Staden, U., Isaacs E., Boyd S. G., Brandl U., Neville B. G.: Language dysfunction in children with
Rolandic epilepsy. Neuropediatrics 1998;29(5): 242-8.

Volkl-Kernstock, S., Bauch-Prater S., Ponocny-Seliger E., Feucht M.: Speech and school perform-
ance in children with benign partial epilepsy with centro-temporal spikes (BCECTS). Seizure
2009;18(5): 320-6.

Wu, T., Chen C.C., Chen T. C., Tseng Y. F., Chiang C. B., Hung C. C., Liou H. H.: Clinical efficacy
and cognitive and neuropsychological effects of levetiracetam in epilepsy: an open-label mul-
ticenter study. Epilepsy Behav 2009;16(3): 468-74.

Adress for correspondence:

Maria Mazurkiewicz-Betdzinska

Klinika Neurologii Rozwojowej, Katedra Neurologii
Gdanski Uniwersytet Medyczny

ul. Debinki 7, 80-952 Gdansk

e-mail mmazur@gumed.edu.pl

89




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




