Received November 5, 2013
Accepted December 3, 2013

Corresponding author: Sung-Pa Park
Department of Neurology, Kyungpook
National University School of
Medicine, 680 Gukchaebosang-ro,
Jung-gu, Daegu 700-842, Korea

Tel. +82-53-420-5769

Fax. +82-53-422-4265

E-mail; sppark@mail knu.ac.kr

Introduction

Zonisamide Decreases Current-Source Density of High Beta
Frequency of Electroencephalogram

Oh-Young Kwon', Sung-Pa Park’
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Jinju; ZDepartmem of Neurology, Kyungpook National University School of Medicine, Daegu, Korea

Background and Purpose: The purpose of this study was to investigate changes in brain current-source
density (CSD) of the high frequency band (22-30 Hz) induced by zonisamide (ZNS) in patients with
newly diagnosed epilepsy and to correlate with the cognitive performances.

Methods: We conducted a 24-week, open-labeled, prospective study in 19 patients. Eelectroencephalography
(EEG) and neuropsychological tests (NPs) were conducted at baseline and 24 weeks after starting the
medication. Six patients were excluded due to artifacts in EEG. One patient did not attend follow-up
studies. Twelve patients who completed follow-up EEG and NPs were included. We used low-resolution
brain electromagnetic tomography to determine CSD, and we obtained statistical nonparametric maps
for the high beta frequency band (22-30 Hz) between pretreatment EEGs and post-treatment EEGs.
Results: The CSD in the 22-30 Hz band decreased in the superior frontal, middle frontal, anterior cingulate,
precentral, postcentral, and inferior parietal gyri of the left hemisphere, and the middle frontal, inferior
frontal and anterior cingulate gyri of the right hemisphere. Among the NPs items, the performance of
verbal fluency was significantly impaired after the 24-week ZNS ftrial.

Conclusions: The CSD changes suggest ZNS may diminish the activity of cerebral networks related to
verbal fluency. (2013;3:63-69)
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usually related to dose and titration.' The incidence of serious
CAEs associated with early discontinuation of ZNS was 5.8% in a

Patients with epilepsy often experience cognitive dysfunction, and
antiepileptic drugs (AEDs) can also adversely affect cognitive
function. In general, these effects on cognition are less severe with
modern AEDs than with classic AEDs, with the exception of top-
iramate and zonisamide (ZNS)." ZNS is an AED approved for adjunct
treatment of partial seizures in adults.” It may also be effective for
treating idiopathic and symptomatic generalized epilepsies.” ZNS is a
tolerable antiepileptic drug for long-term use. Previous long-term
studies have reported that 50-60% of patients will continue to take
ZNS for more than 1 year.” Although the adverse effects of ZNS are
generally mild to moderate, cognitive adverse events (CAEs) such as
cognitive slowing, memory deficit, and language dysfunction are dis-
turbing to patients."”® The association between ZNS and CAEs has
been confirmed by neuropsychological testing studies."® The
incidence of CAEs is 2-11%.%"° Slow titration according to careful
dosing schedules may be helpful to reduce CAEs because they are

case-control study.'' The most common CAEs were language impair-
ment and cognitive slowing. Word-finding difficulty and dysfluent
speech were the most common manifestations among language
problems in the study."

Electroencephalography (EEG) analyses may be helpful in in-
vestigating the cognitive function of patients with epilepsy and the
effects of AEDs. However, visual inspection of multichannel EEG data
is insufficient to determine the brain current source associated with
cognitive processes, as many combinations of current sources with
various locations and strengths in the brain may generate the same
signal in scalp electrodes. Current-source analysis (CSA) using digital
EEG data is used to directly measure the current source produced by
neuronal activity. CSA uses mathematical methods to analyze the
electrical potentials at scalp electrodes and to determine the location
of current sources.' Low-resolution brain electromagnetic tomog-
raphy (LORETA) is a CSA method that utilizes a distributed current-
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source model. By assuming that the smoothest of all possible inverse
solutions is the most plausible and that neighboring neurons are ac-
tive simultaneously and synchronously, this technique localizes the
cerebral activity current-source distribution (CSD) by current-density
reconstruction and makes it possible to obtain three-dimensional
functional images.”

Complex cognitive tasks such as language processing are asso-
ciated with neuronal beta and lower gamma frequency oscillations.
The increase in high-frequency synchronization may indicate a gen-
eral mechanism enabling transient associations between neuronal
assemblies. EEG beta activity is the dominant frequency during active
wakefulness and reflects functional excitation and intense mental
activity. Among beta frequency activity subtypes, the high beta bands
(beta-2 and beta-3), in particular, are positively correlated with
mental activity.” Functional coupling of EEG activity and brain
metabolic activity increases with increasing EEG frequency.'® Analysis
of the high beta frequency band (beta 3, 22-30 Hz) may be useful to
investigate neurocognitive functions under various situations. The
combination of EEG neuroimaging and neuropsychological tests
(NPs) is useful to elucidate the mechanism of ZNS-induced cognitive
dysfunction. The objectives of this study were to investigate changes
in the brain high beta frequency band (22-30 Hz) CSD induced by
ZNS monotherapy in patients with epilepsy and to compare the CSD
changes with the NP results.

Subjects and Methods

Subjects

Patients with newly diagnosed partial or generalized epilepsy, aged
16-40 years, were recruited from the epilepsy clinic at Kyungpook
National University Hospital. All enrolled patients had had at least
two epileptic seizures during the preceding 2 years or one seizure in
addition to unequivocal supporting evidence of epilepsy, such as
epileptiform discharges on EEG and positive findings on brain
imaging. We included only right-handed patients to exclude the
effects of handedness on cerebral CSD. Patients with progressive
neurological disorders, head injury, mental retardation (Korean
Wechsler Adult Intelligence Scale 1Q<70)," alcohol or drug abuse,
ongoing use of any centrally acting medications, severe psychiatric
problems, or other severe medical disorders that required frequent
changes in medication or dosage were excluded.
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Study design

This was a 24-week, open-label, prospective study and was
approved by the institutional review board of Kyungpook National
University Hospital. All subjects gave written informed consent at
enrollment. We acquired demographic and epilepsy-related char-
acteristics through an epilepsy questionnaire and patient diaries.
ZNS was titrated over a 4-week interval: 50 mg twice daily during the
first 2 weeks and 100 mg twice daily during weeks 3 and 4.
Thereafter, the dose regimens were adjusted individually based on
the investigator's clinical judgment according to the patient’s clinical
response and tolerability. The ZNS dosage was titrated up to 200 mg
twice daily if attacks did not subside. Patients who took >400
mg/day or experienced intolerable adverse events were withdrawn
from the study.

Each patient was interviewed by a trained epileptologist (S.P),
who also reviewed the medical charts to collect demographic and
dlinical information for entry into a computerized database. Information
collected included seizure type and frequency, age at onset, epilepsy
duration, history of febrile convulsions, and magnetic resonance
imaging (MRI) abnormalities. The scalp EEG and NPs were conducted
on the same subjects at baseline and at 24 weeks after starting
ZNS. EEG recordings and NPs were conducted on the same day. We
observed ZNS-induced CSD changes in the high beta frequency band
and correlated them with the NP results.

EEG recording

EEGs were recorded for at least 30 min in each patient using a
32-channel digital EEG machine (Telefactor Aurora® EEG machine,
Grass-Telefactor, Melbourne, Australia). The patients were lying dur-
ing the recording, with eye closing, relaxed resting state with usual
provocation methods (eye opening-closure, hyperventilation and
photic stimulation). During the procedure the patients were well
cooperated. All EEGs were recorded at 200 Hz using 19 channels
based on the international 10-20 system (Fps, Fpy, F3, Fa, G5, Ca, P3,
P4, 01, 0, F7, Fs, T3, Ta, Ts, T, Fz, Cz, and P7) with reference to the Pz.

Current-source analysis by cross-spectral analysis
using LORETA
After recomputing the EEGs to the average referential montage,
five artifact-free segments of 6 sec were selected from the waking
state parts without epileptiform discharges during the recording of
each EEG (filtered from 1.6-70 Hz). We used the data review and
processing module in Brain Electrical Source Analysis software
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(v. 5.1, MEGIS, Grafelfing, Germany) to obtain the segments. Frequency-
domain analysis in the 22-30-Hz frequency band was applied to the
selected 6-sec segments (1,200 sample points). LORETA-KEY (KEY
Institute for Brain-Mind Research, Switzerland) was used to calculate
the intracerebral CSD in the frequency-domain analysis.

Our version of LORETA used a three-shell spherical head model
registered to the Talairach human brain atlas, and the data were
available as digitized magnetic resonance images from the Brain
Imaging Center of the Montreal Neurologic Institute.'® Registration
between the spherical and Talairach head geometries used the real-
istic EEG electrode coordinates reported by Towle et al."” The
LORETA solution space was restricted to the cortical gray matter and
hippocampus in the Talairach atlas, as defined by the corresponding
digitized probability atlas. In total, 2,394 voxels were produced at
7-mm spatial resolution under this neuroanatomical constraint. >

Neuropsychological testing

Neuropsychological tests were conducted in a sound-attenuated,
temperature-controlled room by a single examiner. According to the
literature and our own clinical experience, several cognitive measures
were selected as being particularly sensitive in patients with epilepsy.
The following parameters were assessed. Memory function was
measured using list learning, immediate and delayed word recall,
word recognition, and visual reproduction based on the Memory
Assessment Scale obtained from Psychological Assessment Resources.””
Attention deficit was tested using digit spans (forward and back-
ward) from the Wechsler Memory Scale-Revised.”” Attention, visuo-
motor tracking abilities, and mental flexibility were assessed with the
Trail Making Test, parts A and B (TMTA and TMTB, respectively)
from the Halstead-Reitan Battery.”® Verbal fluency was investigated
using semantic fluency tests from the Boston Diagnostic Aphasia
Examination, Third Edition.”* Testing sessions lasted 30-40 min. If a
seizure occurred during the NPs, that test was suspended, and the
data were not evaluated.

Statistical analysis

Five segments of 6-sec epochs were selected from a test EEG and a
retest EEG from each patient. Thus, 60 EEG data pairs (12 patients x
5 epochs, 2 conditions of test and retest) were obtained. Paired-
sample ttests for all 12 patients were computed for the log-trans-
formed LORETA power at each voxel in the 22-30 Hz frequency band
to evaluate differences between the two conditions. These vox-
el-by-voxel ~values were displayed as statistical nonparametric maps

(SnPMs).

Higher scores on the NPs indicated better performance for all cog-
nitive test items except the TMTA and TMTB, for which the required
time was defined as the dependent measure, and higher scores in-
dicated worse performance. Data for continuous variables are ex-
pressed as mean + SD, and those for categorical variables are ex-
pressed as frequencies (percentages). The Wilcoxon signed-rank test
was used to evaluate the test-retest changes in NPs scores induced
by ZNS monotherapy. Statistical analyses were conducted with
SPSS 15.0 (SPSS, Chicago, IL, USA), and results were considered
statistically significant at p<0.01.

Results

Patients

A cohort of 19 patients with newly diagnosed epilepsy was
enrolled. Six patients were excluded due to difficulty selecting arti-
fact-free EEG segments. One patient did not follow up with the EEG
and NPs. Twelve patients with newly diagnosed epilepsy who

Table 1. Demographic and clinical characteristics of subjects (n=12)

Characteristic

Age, yr, mean (SD) 24.6 (7.8)
Gender, % male 41.7
Education, yr, mean (SD) 12.8 (1.9)

Seizure type, no. (%)

Simple partial seizure plus GTCS

Complex partial seizure plus GTCS 16.7)
GTCS only 58.3)
Myoclonic seizure plus GTCS 6.7)
Age at onset, yr, mean (SD) 22. )
Duration of epilepsy, yr, mean (SD) 2 )

Previous history of febrile convulsion, no. (%)
MRI abnormality, no. (%)
ZNS dosage at last visit, mg/d, mean (SD) 237.

Seizure frequency, /3 months, mean (SD)

Baseline .5

At 24 weeks 7
Epileptiform discharges on EEG, no. (%)

Baseline 6 (50.0)

At 24 weeks 1(8.3)
Seizure freedom at 24 weeks, no. (%) 9 (75.0)

SD, standard deviation; GTCS, generalized tonic-clonic seizure;
MRI, magnetic resonance imaging; ZNS, zonisamide; EEG,
electroencephalography.

"Wilcoxon Signed Ranks Test, p<0.01.
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completed follow-up EEG and NPs were finally included. The demo-
graphic and dlinical characteristics of the 12 enrolled patients are
summarized in Table 1. The patients included seven females and five
males, and the mean age was 24.6 years. One of the 12 had simple
partial plus generalized tonic-clonic seizures (GTCSs), two had com-
plex partial seizures plus GTCSs, seven had GTCSs only, and two had
myoclonic seizures plus GTCSs. The mean daily ZNS dosage was
237.5 mg (range, 200-400 mg). After 24 weeks of treatment, the
seizure frequency decreased significantly (p<0.01). Seizures were re-

duced in 11 patients (91.7%), and seizure freedom occurred in nine
patients (75%). Brain MRIs were normal in all patients.

Current-source analysis

The CSD in the 22-30 Hz band of EEG background activity de-
creased in the various areas of the both cerebral hemispheres (p
<0.01, Fig. 1). The decrement of CSD was observed in the superior
frontal, middle frontal, anterior cingulate, precentral, postcentral,
and inferior parietal gyri of the left hemisphere. In the right hemi-

2sE8) EsTi)
5 [} shem [®] & 1]
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Figure 1. Statistical nonparametric maps (SnPMs) of 22-30 Hz frequency band of electroencephalogram background activities in a zonisamide (ZNS)

monotherapy trial of patients (n=12). The current-source density (CSD) of the frequency band after 24 weeks of ZNS compared with that at baseline

decreased in the various areas of the both cerebral hemispheres (p<0.01). The decrement of CSD was observed in the superior frontal, middle frontal,

anterior cingulate, precentral, postcentral, and inferior parietal gyri of the left hemisphere. In the right hemisphere, that was observed in the middle frontal,

inferior frontal and anterior cingulate gyri.
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Table 2. Neuropsychological outcomes (n =12)

Baseline At 24 weeks .
Battery p-value

mean (SD) mean (SD)
List learning 59.3 (7.5) 58.3 (12.7) 0.608
Immediate word recall 10.8 (1.3) 10.4 (1.7) 0.336
Delayed word recall 10.7 (1.6) 10.4 (2.0 0.546
Word recognition 12.0 (0.0 12.0 (0.0 1.000
Visual reproduction 8.4 (2.2) 7.4 (2.7) 0.215
Digit Span, forward 9.3 (2.1) 82 (3.1) 0.166
Digit Span, backward 77 2.2) 6.3 (2.0 0.080
Trail Making Test, part A, time (sec) 34.6 (16.7) 35.3 (23.3) 0.538
Trail Making Test, part B, time (sec) 67.7 (26.9) 88.6 (55.0) 0.054
Verbal fluency 17.4 (3.0 13.7 (4.7) 0.012

Higher scores indicate better performance on all cognitive tests, except for the Trail Making Tests.
* Wilcoxon Signed Ranks Test for comparison between baseline and at 24 weeks of ZNS trial.

sphere, that was observed in the middle frontal, inferior frontal and
anterior cingulate gyri.

Neuropsychological tests

The results of NPs before and after the ZNS intake are summarized
in Table 2. Verbal fluency performance decreased significantly after
the 24-week ZNS trial (p<0.05). Although not statistically significant,
atendency for decreased scores on the backward digit span (=0.08)
and for increased TMTB scores (p=0.054) was observed.

Discussion

Zonisamide is a well-tolerated AED, as 50-60% of patients taking
ZNS have continued to take the drug for more than 1 year in previous
long-term studies.® However CAEs have been associated with the
use of ZNS."**”** The incidence of CAEs is 2-11%,*'® and they in-
clude cognitive slowing, memory deficits, and language dysfunction."*®
In a previous study, 5.8% of patients discontinued taking ZNS due
to CAEs."' Language impairments such as word-finding difficulty,
nonfluent speech, and cognitive slowing were most common among
the CAEs in the study."" In two Korean studies, ZNS monotherapy for
a minimum of 6 months induced memory loss (35%) and attention
deficit (25%) as CAEs, and poor performance on NPs may be related
to the high dosage, particularly dosages >300 mg/day.' We also
demonstrated that verbal fluency decreased significantly, and
backward digit span and TMTB tended to impair after taking ZNS,
although we could not measure the impact of ZNS dosage on
cognitive performances due to the small number of subjects.

Functional neuroimaging, such as positron emission tomography
(PET) and functional magnetic resonance imaging (fMRI), do not di-
rectly evaluate neuronal activity but measure regional cerebral blood
flow and blood oxygenation changes in the brain. This shortcoming
of PET and fMRI may be overcome by CSA of EEG, which measures
neuronal activity. A distributed CSA model such as LORETA localizes
cerebral activity using CSD reconstruction and makes it possible to
obtain functional neuroimages. However, little attention has been
paid to applying this technique in studies testing cognitive function
or cognitive effects of AEDs in patients with epilepsy. In our previous
study, the CSD of the high beta frequency band increased in the
bilateral anterior cingulate gyri, left parahippocampal gyrus, and a
small area of the right anterior parahippocampal gyrus after a
24-week levetiracetam (LEV) trial in patients with refractory partial
epilepsy. In the previous study, verbal memory and executive function
improved.”® In contrast, the CSD of the high beta frequency band
decreased in the superior frontal, middle frontal, anterior cingulate,
precentral, postcentral, and inferior parietal gyri of the left hemi-
sphere, and the middle frontal, inferior frontal and anterior cingulate
gyri of the right hemisphere after the 24-week ZNS trial in the pres-
ent study. Verbal fluency decreased significantly after the trial. The
changes in CSD caused by LEV and ZNS agreed well with the direc-
tion of their effects on cognitive function. Gamma-aminobutyric acid
(GABA)ergic dysfunction in the prefrontal cortex or an adverse effect
of the sulfa moiety has been proposed as mechanisms for ZNS-in-
duced language impairment."*” The CSD changes in the present
study may reflect GABA dysfunction in specific brain areas.

A study using fMRI and EEG simultaneously showed that cognitive

www.kes.or.kr
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operations during conscious rest may be associated with the beta-3
frequency band.”® In another study, which tested verbal fluency using
a blocked-design fMRI paradigm, the middle frontal, inferior frontal,
anterior cingulate gyri, and medial prefrontal cortex of the left cere-
bral hemisphere were significantly activated during the experimental
condition.”” In our results, the CSD in the high beta frequency band
decreased in the anatomical structures relevant to cognitive decline.
Based on the fMRI results, the decrease in the high beta frequency
band CSD in the anterior cingulate and middle frontal gyri of the left
cerebral hemisphere may be an explanation for the decreased verbal
fluency observed in this study.

The present study had some limitations. We used fewer than the
32 available channels, which could have resulted in some localization
errors, particularly in the basal aspects of the brain.” The localization
accuracy of LORETA increases when using 25-89 electrodes and
plateaus thereafter > However, fewer electrodes may be sufficient to
localize activity changes using the LORETA SnPM method.*** It has
also been observed that current-source estimations using LORETA in
a three-shell head model are similar when using 19-46 scalp elec-
trodes when the electrodes are evenly distributed.””

It was also difficult to observe CSD changes according to ZNS dos-
age because the number of patients was small. There were also limi-
tations with regard to the NPs. First, as the number of patients was
small, we cannot exclude individual susceptibility to AEDs. Any AED
can elicit cognitive dysfunction in patients with susceptibility, and
ZNS may not be a harmful drug in the majority of patients. Second,
the impact of ZNS on mood should be considered when evaluating
cognitive performance. The deleterious effects of depression on cog-
nition have been demonstrated in patients with temporal lobe
epilepsy.* However, as we did not measure mood changes, we do
not know whether the impaired cognition was the direct effect
of ZNS or an indirect effect of ZNS mediated by mood changes.
Therefore, larger-sized studies measuring cognition and mood
simultaneously are necessary to elucidate the effects of ZNS on
cognition.

In conclusion, the CSD in the high beta frequency band decreased
in the superior frontal, middle frontal, anterior cingulate, precentral,
postcentral, and inferior parietal gyri of the left hemisphere, and the
middle frontal, inferior frontal and anterior cingulate gyri of the right
hemisphere after the 24-week ZNS trial. We also demonstrated that
verbal fluency impaired after taking ZNS. We suggest that ZNS may
decrease the activities of the neuronal networks in various areas in-
cluding the frontal lobes and the anterior cingulate gyri of both hemi-

Copyright (©) 2013 Korean Epilepsy Society

spheres, adversely affecting cognitive function. Decreased activity in
the anterior cingulate gyrus and middle frontal lobe of the left cere-
bral hemisphere may be associated with impairment of verbal
fluency.”?

Acknowledgments

The authors thank Geum-Ye Bae, a neuropsychologist, for con-
ducting the neuropsychological tests, and Seokwon Jung, an EEG
technician, for processing the EEG data.

References

1. Park SP Hwang YH, Lee HW, Suh CK, Kwon SH, Lee BI. Long-term
cognitive and mood effects of zonisamide monotherapy in epilepsy
patients. £pileosy Behav 2008;12:102-8.

2. Park SP, Kwon SH. Cognitive effects of antiepileptic drugs. / Ciin Meuro/
2008;4:99-106.

3. Park SP, Kim SY, Hwang YH, Lee HW, Suh CK, Kwon SH. Long-term
efficacy and safety of zonisamide monotherapy in epilepsy patients. /
Clin Neurol 2007;3:175-80.

4. Faught E, Ayala R, Montouris GG, Leppik IE. Randomized controlled
trial of zonisamide for the treatment of refractory partial-onset seizures.
Neurology 2001;57:1774-79.

5. Seki T, Kumagai N, Maezawa M. Effects of zonisamide monotherapy
in children with epilepsy. Seizure 2004;13 Suppl 1:526-32; discussion
$33.

6. Zaccara G, Specchio LM. Long-term safety and effectiveness of zoni-
samide in the treatment of epilepsy: a review of the literature. Newro-
psychiatr Dis Treat 2009;5:249-59.

7. Arif H, Buchsbaum R, Weintraub D, Pierro J, Resor SR, Jr, Hirsch L.
Patient-reported cognitive side effects of antiepileptic drugs: pre-
dictors and comparison of all commonly used antiepileptic drugs.
Epilepsy Behav 2009;14:202-9.

8. Berent S, Sackellares JC, Giordani B, Wagner JG, Donofrio PD,
Abou-Khalil B. Zonisamide (CI-912) and cognition: results from pre-
liminary study. £pileosia 1987;28:61-7.

9. Leppik IE. Practical prescribing and long-term efficacy and safety of
zonisamide. £pileosy Res 2006;68 Suppl 2:S17-4.

10. Newmark ME, Dubinsky S. Zonisamide monotherapy in a multi-group
dlinic. Seizure 2004;13:223-5.

11. White JR, Walczak TS, Marino SE, Beniak TE, Leppik IE, Birnbaum
AK. Zonisamide discontinuation due to psychiatric and cognitive ad-
verse events: a case-control study. Aewrology 2010;75:513-8.

12. Koles Z). Trends in EEG source localization. Fectroencephalogr Clin
Neurophysiol 1998;106:127-37.

13. Pascual-Marqui RD, Michel CM, Lehmann D. Low resolution electro-
magnetic tomography: a new method for localizing electrical activity
in the brain. /nt J Psychophysiol 1994;18:49-65.



20.

21.

22.

23.

24,

25.

26.

Oh-Young Kwon, et al. Zonisamide and EEG Current Source of High Beta 69

Pulvermuller F, Eulitz C, Pantev C, et al. High-frequency cortical re-
sponses reflect lexical processing: an MEG study. Fectroencephalogr
Clin Neurophysiol 1996;98:76-85.

Baumgartner T. Newral correlates of higher cognitive and emotional
functions of the human brain. Zurich: University of Zurich, 2005.
Oakes TR, Pizzagalli DA, Hendrick AM, et al. Functional coupling of
simultaneous electrical and metabolic activity in the human brain.
Hum Brain Mapp 2004;21:257-70.

Kim ZS, Lee YS, Lee MS. Two- and four-subset short forms of the
Korean-Wechsler Adult Intelligence Scale. Seou/ J Psychiatry 1994;19.
Talairach J, Tournoux P. Co-planar sterotaxic atlas of the human brain:
3-dimensional proportional system-an approach to cerebral imaging.
New York: Thieme Medical Publisher, 1988.

Towle VL, Bolanos J, Suarez D, et al. The spatial location of EEG
electrodes: locating the best-fitting sphere relative to cortical anatomy.
Electroencephalogr Clin Neurophysiol 1993;86:1-6.

Pascual-Marqui RD. Review of methods for solving the EEG inverse
problem. /nterantional Journal of Bioelectromagnetism 1999;1:75-86.
Williams IM. Memory Assessment Scales profesional manual. Odessa,
FL: Psychological Assessment Resources, 1991.

Wechsler D. Wechsler Memory Scale-Revised manual, San Antonio,
TX: Psychological Corp. 1987.

Reitan RM, Wolfson D. 7he Halstead-Retan Neuropsychological Test
Battery: theory and dinical interpretation. 2nd ed. Tucson, AZ:
Neuropsychology Press, 1993;1993.

Goodglass H, Kaplan E, Barresi B. Boston Diagnostic Aphasia Examination-
Third Edlition (BDAE-3). San Antonio, TX: Psychhological Corp., 2000.
Ohtahara S, Yamatogi Y. Erratum to "Safety of zonisamide therapy:
prospective follow-up survey." Seizure 2007;16:87-93.

Park SP. Kwon OY. Increased EEG current-source density in the high

27.

28.

29.

30.

31.

32.

33

34.

Beta frequency band induced by levetiracetam adjunctive therapy in
refractory partial epilepsy. / Clin Neuro/ 2009;5:178-85.

Ojemann LM, Ojemann GA, Dodrill CB, Crawford CA, Holmes MD,
Dudley DL. Language Disturbances as Side Effects of Topiramate and
Zonisamide Therapy. £pileosy Behav 2001;2:579-84.

Laufs H, Krakow K, Sterzer P, et al. Electroencephalographic sig-
natures of attentional and cognitive default modes in spontaneous
brain activity fluctuations at rest. Proc Nat/ Acad Sa USA 2003;100:
11053-8.

Abrahams S, Goldstein LH, Simmons A, et al. Functional magnetic
resonance imaging of verbal fluency and confrontation naming using
compressed image acquisition to permit overt responses. AHum Brain
Mapp 2003;20:29-40.

Krings T, Chiappa KH, Cuffin BN, Cochius JI, Connolly S, Cosgrove
GR. Accuracy of EEG dipole source localization using implanted sour-
ces in the human brain. (lin Neurophysiol 1999;110:106-14.

Michel CM, Murray MM, Lantz G, Gonzalez S, Spinelli L, Grave de
Peralta R. EEG source imaging. (/in Neurgphysiol 2004;115:2195-222.
Zumsteg D, Friedman A, Wennberg RA, Wieser HG. Source local-
ization of mesial temporal interictal epileptiform discharges: correla-
tion with intracranial foramen ovale electrode recordings. Ciin Neuro-
physiol 2005;116:2810-8.

Zumsteg D, Friedman A, Wieser HG, Wennberg RA. Propagation of
interictal discharges in temporal lobe epilepsy: correlation of spatio-
temporal mapping with intracranial foramen ovale electrode recordings.
Clin Neuraphysiol 2006;117:2615-26.

Paradiso S, Hermann BP, Blumer D, Davies K, Robinson RG. Impact of
depressed mood on neuropsychological status in temporal lobe
epilepsy. ./ Neurol Neurosurg Psychiatry 2001;70:180-5.

www.kes.or.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


