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ABSTRACT

Background: The relative effects of levetiracetam (LEV) and carbamazepine (CBZ) on cognitive
and neurophysiologic measures are uncertain.

Methods: The effects of LEV and CBZ were compared in healthy adults using a randomized,
double-blind, two-period crossover design. Outcome measures included 11 standard neuropsy-
chological tests and the score from a cognitive-neurophysiologic test of attention and memory.
Evaluations were conducted at screening, baseline pre-drug treatment, end of each maintenance
phase (4 weeks), and end of each washout period after drug treatment.

Results: A total of 28 adults (17 women) with mean age of 33 years (range 18 to 51) completed
the study. Mean maintenance doses (�SD) were CBZ � 564 mg/day (110) and LEV � 2,000
mg/day (0). CBZ was adjusted to mid-range therapeutic level. Mean serum levels (�SD) were
CBZ � 7.5 mcg/mL (1.5) and LEV � 32.2 mcg/mL (11.2). An overall composite score including all
measures revealed worse effects for CBZ compared to LEV (p � 0.001) in the primary analysis
and for CBZ (p � 0.001) and LEV (p � 0.05) compared to non-drug in secondary analyses. Across
the 34 individual variables, CBZ was worse than LEV on 44% (15/34); none favored CBZ. Com-
pared to the non-drug average, CBZ was worse for 76% (26/34), and LEV was worse for 12% (4
of 34). Sensitivity and specificity of standard neuropsychological tests and the cognitive-
neurophysiologic test were determined to direct future studies; detection was most accurate by
the cognitive-neurophysiologic test.

Conclusions: Levetiracetam produces fewer untoward neuropsychological and neurophysiologic
effects than carbamazepine in monotherapy at the dosages and timeframes employed in this
study. Neurology® 2007;69:2076–2084

GLOSSARY
ABL � anticonvulsant blood level; AED � antiepileptic drug; ANOVA � analysis of variance; CBZ � carbamazepine; ERP �
event-related potential; LDA � linear discriminant analysis; LEV � levetiracetam; POMS � Profile of Mood States; POz �
parieto-occipital site; SAM � Sustained Attention and Memory; SEALS � Side Effects and Life Satisfaction Scale;
QOLIE-89 � Quality of Life in Epilepsy-89; VSAT � Visual Serial Addition Test; WM � working memory.

Levetiracetam (LEV) is a new antiepileptic drug (AED) found to have good efficacy in
adjunctive therapy for partial seizures with and without secondary generalization.1,2 The
present study investigated the neuropsychological and cognitive-neurophysiologic effects
of LEV compared to carbamazepine (CBZ) in healthy subjects employing a double-blind,
two period crossover design. AEDs are known to affect EEG and event-related potentials
(ERPs).3-6 Further, several recent studies have established that inclusion of EEG or ERP
measures can provide more sensitive detection of the impact of pharmacologic interven-
tions and sleep deprivation on CNS activity than can be achieved with neuropsychologi-
cal or psychometric task performance measures alone.6-9 Thus, in addition to the
conventional neuropsychological tests, this study also employed a combined cognitive-
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neurophysiologic measure, the Sustained At-
tention andMemory (SAM) examination,6-19

to evaluate the effects of CBZ and LEV.
The primary analysis was a direct com-

parison of the two AEDs using an overall
component score that combined all the neu-
ropsychological test measures and the SAM
examination score into a single number. The
standard neuropsychological tests have been
used in several prior studies20-26 andwere also
analyzed separately here to allow direct com-
parison of these measures to the results of
prior studies. Although not the primary pur-
pose of the study, comparisons of each AED
to the nondrug condition were also made.
In addition, the sensitivity and specificity
of the standard neuropsychological mea-
sures and the cognitive-neurophysiologic
measures were assessed to help direct future
studies delineating AED effects and examin-
ing physiologic mechanisms of AED-induced
cognitive effects.

METHODS Subjects. The subjects were healthy paid
adult volunteers without history of neurologic or psychiatric
diseases including drug abuse. Informed consent was ob-
tained according to the Declaration of Helsinki. No subject
was on centrally active medications at the time of enroll-
ment, and all had negative urine drug screens. All subjects
remained free of centrally active prescription medications
throughout the study. They also did not use over-the-
counter medications or alcohol for 72 hours prior to each
cognitive testing session.

Standard neuropsychological outcome measures. IQ
was assessed at enrollment by the Peabody Picture Vocabu-
lary Test.27 The neuropsychological battery to assess AED
effects consisted of 11 tests with a total of 33 variables,
which spanned five neurobehavioral domains. Many of the
tasks have been shown to be sensitive to AEDs and have been
employed in prior studies.20-26 The battery assessed the fol-
lowing: 1) Attention/vigilance: Digit Cancellation Test28

(timed detection task of a specific number from sheet of
numbers), Visual Serial Addition Test23 (VSAT is a visual
analog of the PASAT; VSAT requires the subject to repeti-
tively add the last two numbers given in a continuing series
of numbers); 2) Memory: MCG Paragraph Memory22 (im-
mediate recall of paragraphs I and II and delayed recall of
paragraph I; parallel forms used for different test days); 3)
Cognitive and motor speed: Lafayette Grooved Pegboard29

(test of coordinated motor speed), Choice Reaction Time:
initiation, movement, and total time30; 4) Other cognitive
tests: Stroop31 (timed tests of reading words, naming colors,
and combined word-color interference task), Symbol Digit
Modalities Test32 (timed graphomotor coding task); 5) Sub-
jective behavioral measures: A-B Neurotoxicity Scale33 (24-
item questionnaire to assess adverse symptoms associated
with AEDs), Profile of Mood States34 (POMS � adjective

checklist to assess mood; subscales include Tension/Anxiety,
Depression, Anger/Hostility, Vigor, Fatigue, and Confusion/
Bewilderment), Side Effects and Life Satisfaction Scale35

(SEALS � general quality of life scale with five scales: dys-
phoria, tiredness, cognition, anger/temper and worry), and
the three Cognitive Scales (i.e., attention, language, and
memory) from the Quality of Life in Epilepsy-8936 (QOLIE-
89; an 89-item quality of life scale for patients with epilepsy).

SAM examination. EEG, ERP, and cognitive perfor-
mance measures were collected in the context of a short
computerized cognitive task battery designed for concomi-
tant EEG recording during working memory (WM) and epi-
sodic memory tests. Working memory was assessed using a
spatial n-back WM task; we have used similar versions of
this task in basic cognitive neurophysiologic research14-16,19

and studies of drugs, sleep deprivation, and therapeutic
treatments.5-13,17,18 In the version employed here across 50 dif-
ferent blocks of 4-second trials, subjects compared the loca-
tion of a stimulus on the current trial with the location of the
stimulus presented on the prior trial (“1-back” or low WM
load task), or compared it with the location of the stimulus
presented two trials previously (“2-back” or high WM load
task), indicating decisions by key press responses. Episodic
memory was assessed using a delayed 24-word recognition
task, with 4-minute spatial working memory tasks inter-
posed as a distracter before delayed recognition.9,13,18 Neuro-
physiologic correlates of such word recognition tasks have
been well studied.9,13,37-41 The episodic memory task was re-
peated twice with the same 24-word recognition list and dif-
ferent non-target words. EEG was recorded continuously
during performance of this cognitive task battery from seven
scalp locations (F3, F4, FZ, CZ, P3, P4, and POz) referenced
to linked mastoids. In prior studies, these locations were
found to be most sensitive to effects of task difficulty, varia-
tions in alertness, and drug effects on the working memory
and episodic memory tasks.5,7,8,10-19 Potentials generated by
eye movements and blinks were recorded by electrodes posi-
tioned at the outer canthus and above the superior orbital
ridge of each eye. EEG signals were sampled at 128 Hz and
bandpass filtered from 0.1 to 35 Hz. Automated artifact de-
tection and artifact decontamination filters were used to
minimize contaminants induced by eye movements and
other sources. All data were then visually inspected, and data
segments containing possible residual artifacts were ex-
cluded from further analyses.

Procedure. The study employed a double-blind, random-
ized, two-period crossover design. There were 12 visits over
a 25-week time period (figure 1). Subjects were screened and
tested at the non-drug baseline, and then randomly assigned
to receive each AED for 8 weeks, which included a titration
period and a 1-month maintenance period. Each AED treat-
ment period was followed by a 4-day taper and a washout
period for the remainder of the 4 weeks. Then, subjects were
treated with the second AED for 8 weeks followed by a final
4-week washout period. Subjects were asked to have their
routine duration of sleep the night before testing and a rou-
tine breakfast on the day of testing.

Prior to the first AED treatment, subjects underwent a
physical examination, urine drug screen, and blood work
(hematology and chemistry panel). A pregnancy test was
conducted in women of childbearing potential prior to each
AED treatment. Blood for anticonvulsant levels was drawn
every 2 weeks during AED treatments (2 hours after morning
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dose). Hematology and liver function were re-assessed dur-
ing AED treatments and at the end of the final washout.
Neuropsychological testing was conducted at screening and
repeated at baseline prior to AED treatment, at the end of
each AED treatment phase, and at the end of each washout
phase after each drug treatment (4 weeks after the neuropsy-
chological assessments at the end of maintenance for each
AED treatment). Thus, subjects underwent neuropsycholog-
ical and cognitive-neurophysiologic testing on six occasions
(i.e., two AED conditions and four non-drug conditions)
over 25 weeks (figure 1). Cognitive tests were performed in a
fixed order at the same time of day (beginning approxi-
mately 2 hours after morning dose). The testing at screening
was conducted to train subjects on the cognitive-
neurophysiologic task battery and to familiarize them with
EEG recording procedures and the neuropsychological tests.
Results from the screening were not included in the analyses.

Matched capsules containing CBZ 200 mg or LEV 500
mg were used. During the AED treatment phase, subjects
received a constant number of capsules TID daily (active
drug plus placebo) in pillboxes containing a 2-week supply.
Active drug dosages were gradually increased to a mainte-
nance dose by replacing placebos with active capsules. CBZ
was given at 200 mg/day for the first week, 200 mg/day BID
for the second week, then adjusted to midrange anticonvul-
sant blood levels (ABLs) at TID dosages. LEV was begun at
500 mg/day for 2 weeks, then increased to 500 mg BID for 2
weeks, then increased to 1,000 mg BID. At the end of each
AED treatment phase, subjects were tapered off AED over 4
days by replacing the active drug capsules with placebos.
The remainder of a 4-week washout period occurred off
drug prior to initiating the next drug period or the final non-
drug washout testing. The subjects and all investigators in
direct contact with the subjects were blinded as to drug and
dosage.

Analyses. The primary analysis was a direct comparison of
the two AEDs. To limit the number of variables analyzed
and to control experiment-wise error rates, results from the
standard neuropsychological tests and the cognitive-
neurophysiologic test were combined together to form a sin-
gle composite overall outcome measure. Specifically, data

were first reduced to six domains (attention/vigilance, mem-
ory, cognitive/motor speed, other cognitive/executive func-
tion, subjective, and SAM examination) and then averaged
together (table 1). For each domain, all data were standard-
ized within subject across all drug and non-drug conditions
and then averaged together, weighted positively or nega-
tively according to whether a lower score represents a decre-
ment in subjective condition or task performance, or an
adverse neurophysiologic response. SAM examination task
performance was characterized by accuracy and reaction
time during the two-back working memory and word recog-
nition tasks.6-9,13,18-19 The systemic effect of the drugs on
mass brain electrical activity was characterized by EEG
power in the delta and theta band and peak alpha frequen-
cy.7,13,42 Event-related potential measures included latency
and amplitude and of the working memory task parietal
P300 and word recognition task frontal slow wave.6,7,13-16,18,19

To examine the main effects of CBZ vs LEV, the overall
variable was entered into a 2 � 2 repeated-measures analysis
of variance (ANOVA) with drug and drug order as factors.
Follow-up analyses comparing the two AEDs across individ-
ual variables were conducted using paired t tests. Additional
post hoc analyses of the neurophysiologic measures were
made to provide insight into the EEG/ERP effects.

To measure any changes attributable to repeated expo-
sure to the task battery, a separate ANOVA was conducted
that examined changes in the overall variable across the non-
drug states (e.g., baseline, first drug washout period, and
second drug washout period).

Although the primary aim of the study was to directly
compare the two AEDs, comparisons of the AEDs to the
non-drug conditions were made as secondary analyses. For
these analyses, the non-drug data were collapsed across the
non-drug states (e.g., baseline, first drug washout period,
and second drug washout period) to create an average non-
drug condition (non-drug). Paired samples t tests were used
to compare the overall score between the non-drug and each
AED. Follow-up analyses comparing the AEDs and non-
drug states across individual variables were conducted using
paired t tests.

Finally, sensitivity and specificity for detecting the effects
of LEV and CBZ was analyzed using stepwise linear dis-
criminant analysis (LDA) with a leave-out-one case jack-
knife cross-validation. In all cases, the LDA was restricted to
a maximum of four variables provided by the different as-
sessment instruments to avoid over-fitting the data.

RESULTS Subjects. A total of 49 subjects were
enrolled (35 at MCG and 14 at GU). Five subjects
were screen failures, and two withdrew consent
for personal reasons prior to drug randomization.
Of the 42 subjects randomized, two withdrew for
personal reasons prior to receiving any drug (fig-
ure 2). Of those begun on AED, 12 subjects with-
drew from the study (5 on CBZ, 5 on LEV, and 2
off drug during the washout period between
AEDs). Reasons for the five subjects who with-
drew from CBZ included one for skin rash, one
for nausea, one for migraines, and three withdrew
consent for personal reasons (e.g., noncompli-
ance). Reasons for the five subjects who withdrew

Figure 1 Study design

Carbamazepine (CBZ) titration: 200 mg/day � 1 week, 200 mg BID � 1 week, then adjusted
to midrange blood levels with TID dosing. Levetiracetam (LEV) titration: 500 mg/day � 2
weeks, 500 mg BID � 2 weeks, then 1,000 mg BID. Neuropsychological testing denoted by
black triangles.
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Table 1 Means (SD) of neuropsychological measures for carbamazepine (CBZ) and levetiracetam (LEV) and
non-drug average

Variables CBZ LEV Non-drug

Overall composite score �0.40 (0.27) �0.02 (0.29)C 0.14 (0.10)C,L

SAM examination (cognitive-neurophysiologic
test score)

�0.53 (0.23) 0.10 (0.24)C 0.14 (0.09)C

Standard neuropsychological tests by domains

Attention/vigilance

Digit Cancellation 187 (37) 194 (40) 192 (32)

Trial 1 Visual Serial Addition Test 56 (4) 56 (7) 57 (4)

Trial 2 Visual Serial Addition Test 54 (7) 56 (7) 56 (5)C

Trial 3 Visual Serial Addition Test 53 (7) 54 (7) 55 (6)C

Trial 4 Visual Serial Addition Test 50 (9) 52 (8)C 53 (8)C

Total Visual Serial Addition Test 214 (25) 217 (27) 221 (22)C,L

Memory

MCG Paragraphs: Immediate Recall 1 30 (16) 32 (15) 33 (15)

MCG Paragraphs: Immediate Recall 2 48 (23) 49 (21) 50 (19)

MCG Paragraphs: Delay Recall 50 (24) 50 (24) 52 (21)

Cognitive/motor speed

Choice Reaction Time–Initiation* 437 (104) 421 (80) 407 (71)C

Choice Reaction Time–Movement* 197 (99) 213 (81) 212 (76)

Choice Reaction Time–Total* 635 (88) 635 (99) 625 (92)

Grooved Pegboard* 62 (10) 60 (12) 59 (8)C

Other cognitive

Stroop: Word 101 (18) 105 (15)C 106 (15)C

Stroop: Color 77 (14) 82 (11)C 83 (11)C

Stroop: Word/Color 48 (12) 50 (11) 51 (11)C

Symbol Digit Modalities Test 57 (13) 58 (12) 61 (13)C, L

Subjective measures

AB Neurotoxicity* 14 (11) 9 (11)C 5 (8)C, L

POMS–Tension* 7 (5) 6 (6) 5 (3)C

POMS–Depression* 6 (7) 3 (7) 3 (5)C

POMS–Anger* 6 (6) 4 (7) 3 (4)C

POMS–Vigor 15 (5) 19 (6)C 20 (5)C

POMS–Fatigue* 9 (6) 6 (6)C 4 (3)C

POMS–Confusion* 7 (4) 5 (5)C 4 (3)C

POMS–Total* 20 (26) 5 (31)C �2 (19)C

QOLIE–Attention/Concentration 80 (18) 87 (14)C 90 (12)C

QOLIE–Language 89 (11) 94 (12)C 94 (8)C

QOLIE–Memory 71 (24) 83 (17)C 85 (16)C

SEALS–Dysphoria* 4 (3) 2 (2)C 2 (2)C

SEALS–Tiredness* 4 (3) 3 (2)C 2 (1)C,L

SEALS–Temper* 2 (2) 2 (2) 2 (1)C

SEALS–Cognition* 9 (5) 6 (5)C 5 (4)C

SEALS–Worry* 3 (2) 3 (2) 3 (1)

Superscripts refer to statistical differences: C � significantly better than carbamazepine; L � significantly better than
levetiracetam.
*Variables for which lower mean values indicate better performance.
SAM � Sustained Attention and Memory; MCG � Medical College of Georgia; POMS � Profile of Mood States; QOLIE �

Quality of Life in Epilepsy-89; SEALS � Side Effects and Life Satisfaction Scale.
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from LEV included one for skin rash, one for irri-
tability, one for accidental aspirin overdose (no
sequelae), and two withdrew consent for personal
reasons. The two subjects who withdrew during
the washout (one post CBZ treatment and one
post LEV treatment) were both for personal rea-
sons (e.g., moved to new city or felt the study was
too much trouble). Thus, there were 28 subjects
who completed the entire study. Demographics
for this group were as follows: mean age � 33
years (range � 18 to 51); 17 women; 11 men.
Mean IQ of the subjects was 125.40

AEDs. The dose of LEV was 2,000 mg/day and
mean (�SD) ABL for LEV on the day of neuro-
psychological testing was 32.2 mcg/mL (11.2).
The mean (�SD) CBZ daily dose was 564 mg/day
(110), and the mean (�SD) ABL for CBZ on the
day of neuropsychological testing was 7.5
mcg/mL (1.5).

Primary analysis. The direct comparison of CBZ
vs LEV using the overall variable revealed a main
effect for drug [F(1,26) � 15.21, p � 0.001], but
no effect for order [F(1,26) � 0.53, NS] and no
interaction of drug � order [F(1,26) � 2.00, NS].
Follow-up analyses comparing the two AEDs
across individual variables revealed significantly
worse effects for CBZ on 44% (15 of 34) of the
variables (table 1 and table E-1 on the Neurolo-
gy® Web site at www.neurology.org).

Test–retest effects of non-drug states. Using a
linear-trend analysis of the overall score, subjects
were shown to improve across non-drug condi-
tions [F(1,26) � 15.04, p � 0.001]. This “prac-
tice” effect was driven by the five domains
comprising the standard neuropsychological tests
[F(1,27) � 19.79, (p � 0.001) and was not present
for the cognitive neurophysiologic test [F(1,26) �
3.04, NS]. It should be noted that this effect does
not present a significant confound for interpret-
ing the main effects of drug, given that drug order
was counterbalanced and there was no main ef-
fect of order or a drug � order interaction. We
therefore collapsed the non-drug data to create an
average non-drug condition (non-drug) to com-
pare to the AED states.

Comparing drug and non-drug states. Both CBZ
(p � 0.001) and LEV (p � 0.05) differed from
non-drug on the overall score. Follow-up analyses
comparing the two AEDs to non-drug across indi-
vidual variables revealed significantly worse ef-
fects on 76% (26 of 34) of the variables for CBZ
and 12% (4 of 34) for LEV compared to non-drug
(tables 1 and E-1).

Cognitive–neurophysiologic effects. Follow-up
analyses were conducted on the electrophysi-
ologic components of the SAM examination to
provide some details on these effects. The impact
of the AEDs on the EEG/ERP are shown in figure
3A. In comparison with the non-drug average and
LEV conditions, CBZ increased EEG power
across the spectrum for all task conditions, with
the largest increase in the 2–10 Hz band. Since
this effect was apparent at all electrode sites, it
was analyzed at the midline parieto-occipital site
(POz) for convenience. Power in the 2–10 Hz
band was larger for CBZ than for LEV or the
non-drug average (p � 0.001). There was no dif-
ference between LEV and the non-drug average.

The effect of the AEDs on the ERPs in the
working memory and word recognition tasks is
shown in figure 3B. In the working memory task,
the most prominent ERP peak, P300, was larger
for CBZ than for LEV or the non-drug average

Figure 2 Trial profile for randomization, first
treatment, washout, crossover to
second treatment, and final washout

CBZ � carbamazepine; LEV � levetiracetam.
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(p � 0.01) (figure 3B). P300 peak latency was later
for CBZ than for the non-drug average, by an av-
erage of 27 msec (p � 0.01). The frontal slow
wave ERP in the word recognition task condi-
tions was smaller for CBZ than for LEV and non-
drug conditions (p � 0.001; figure 3C). Relative
to the non-drug average, LEV had a larger frontal
slow wave (p � 0.001).

Sensitivity and specificity for detecting drug effects.
Stepwise LDA, using a leave-out-one case jack-
knife cross-validation, was used to characterize
the sensitivity and specificity with which the cen-

tral effects of LEV and CBZ could be detected
using the variables provided by the different as-
sessment instruments. LDAs were restricted to a
maximum of four variables to avoid over-fitting
the data. The results of these analyses are summa-
rized in table 2. In brief, an LDA using the five
domains compiled from the battery of conven-
tional neuropsychological tests and subjective
questionnaires discriminated CBZ from LEV
with a cross-validated sensitivity of 75% and
specificity of 75% (area under the ROC curve �

0.888; p � 0.001). In contrast, an LDA using vari-
ables comprising the SAM examination achieved
a cross-validated sensitivity of 96% and specific-
ity of 100% for discriminating CBZ from LEV
(area under the ROC curve � 1; p � 0.001).

Although the primary aim of the study was to
directly compare the two AEDs, this approach
was also effective at discriminating each AED
from the non-drug state. In particular, an LDA
using the conventional neuropsychological test
domains as variables discriminated CBZ from the
non-drug conditions, with a cross-validated sensi-
tivity of 89% and specificity of 96% (area under
the ROC curve � 0.997; p � 0.001). An LDA that
used variables comprising the SAM examination
achieved a cross-validated sensitivity of 100%
and specificity of 100% for discriminating CBZ
from the non-drug conditions (area under the
ROC curve � 1; p � 0.001). In contrast, discrim-
ination of LEV from the non-drug conditions had
lower sensitivities and specificities. An LDA dis-
criminating LEV from the non-drug conditions
using domains taken from the battery of conven-

Table 2 Sensitivity and specificity for discriminating carbamazepine (CBZ) from
levetiracetam (LEV), and each antiepileptic drug from the non-drug
average using domains computed from standard (Std.)
neuropsychological tests and variables from the Sustained Attention
and Memory (SAM) examination cognitive-neurophysiologic test

Sensitivity Specificity Goodness of fit

CBZ vs LEV

Std. neuropsychological tests 75 75 Area under curve � 0.888

SAM examination 96 100 Area under curve � 1

CBZ vs non-drug

Std. neuropsychological tests 89 96 Area under curve � 0.997

SAM examination 100 100 Area under curve � 1

LEV vs non-drug

Std. neuropsychological tests 46 82 Area under curve � 0.675;
p � 0.05

SAM examination 75 93 Area under curve � 0.858

For CBZ vs LEV comparisons, sensitivity refers to percent of CBZ data correctly classified,
and specificity refers to percentage of LEV data correctly classified. For antiepileptic drug vs
non-drug comparisons, sensitivity refers to percentage of on-drug data correctly classified,
and specificity to the percentage of non-drug data correctly classified. Unless otherwise
noted, all classifications are significant at p � 0.001.

Figure 3 Effects of carbamazepine (CBZ) and levetiracetam (LEV) on EEG power spectra, event-related
potentials (ERPs) in the working memory task, and ERPs in the word recognition task

Effects of CBZ and LEV on A) EEG power spectra, averaged across all tasks. Relative to LEV and non-drug, CBZ significantly
increased EEG power below 10 Hz; B) ERPs in the working memory task. Relative to LEV and non-drug, P300 amplitude and
latency were significantly increased by CBZ; C) ERPs in the word recognition task. CBZ significantly decreased the frontal
slow wave relative to LEV or the non-drug average. Relative to the non-drug average, LEV had a significantly larger frontal
slow wave.
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tional neuropsychological tests as variables had a
cross-validated sensitivity of 46% and specificity
of 82% (area under the ROC curve � 0.675; p �

0.05). Using the variables comprising the SAM ex-
amination, LEV vs non-drug sensitivity was 75%
with a specificity of 93% (area under the ROC
curve � 0.858; p � 0.001).

DISCUSSION The present study demonstrates that
LEV produces fewer untoward neuropsychological
and neurophysiologic side effects than CBZ in
monotherapy at the dosages, titrations, and time-
frames employed in this study. Performance on LEV
was better across a broad spectrum of measures in-
cluding attention/vigilance, memory, language, cog-
nitive/motor speed, graphomotor coding, reading/
naming speed, subjective behavioral, and the
cognitive-neurophysiologic tests. These results are
comparable to studies with similar design and neu-
ropsychological variables comparing gabapentin
and lamotrigine to CBZ.4,24-25

Levetiracetam has a favorable safety profile,
but adverse behavioral side effects have been re-
ported including irritability, agitation, and ag-
gressive behavior.43 These adverse effects appear
to be more likely to occur in patients with learn-
ing disability or those with prior psychiatric his-
tory.43 In contrast, a systematic review
demonstrated that LEV was well tolerated in four
large, well studied cohorts with a relatively low
incidence of behavioral adverse events.44 In the
present study, there was one dropout in the LEV
group due to irritability. However, no differences
were present between the two AEDs for tension,
depression, or anger on the POMS or for temper
on the SEALS. Overall across the POMS, SEALS,
and QOLIE variables, 10/15 were significantly
better for LEV over CBZ, 14/15 for non-drug over
CBZ, and 1/15 for non-drug over LEV. Thus,
there is little evidence from these data to support
greater behavioral effects of LEV although results
in this healthy adult population may not apply to
other populations.

Neurophysiologic changes were present during
CBZ treatment, most prominently increased low
frequency EEG power. Such EEG changes can be
associated with reduced alertness. Ratings on the
POMS and SEALS subjective scales indicated that
CBZ was associated with reduced subjective alert-
ness.However, other neurophysiologic indicators of
reduced alertness, such as a decrease in resting state,
eyes closed alpha power, or an increase in slow roll-
ing eye movements, were not present in the data,
making it unlikely that the general increase in EEG
power below 10 Hz that occurred following treat-

ment with CBZ is due solely to decreased alertness.
This increase is similar to that which has been de-
scribed in previous reports of the steady-state effects
of CBZ, as well as those of gabapentin, oxcarbaz-
epine, phenytoin, and topiramate.3-4,6,22,45 Increased
low frequency EEG activity has been described as
characteristic of encephalopathies arising frommet-
abolic disorders, disease processes, drug effects, or
exposure to neurotoxins.46,47

In the present study, discriminant analysis de-
tected the central effects of LEV and CBZ in most
individual participants in cross-validated analy-
ses. Sensitivity and specificity for detecting CBZ
relative to the non-drug condition was higher
than LEV to non-drug. Although highly accurate
detection of CBZ could be obtained with vari-
ables from conventional neuropsychological
tests, discriminant analyses including EEG vari-
ables were able to detect treatment with CBZ
with perfect sensitivity and specificity. This result
is consistent with other recent reports indicating
that inclusion of EEG measures can improve the
ability to detect the central effects of drugs over
and above that which can be obtained by behav-
ioral measures alone.6-7,9-13,18 The improved speci-
ficity and sensitivity, or rather, experimental
power, afforded by inclusion of EEG measures in
such assessments, could, for example, decrease
the sample size needed for detecting significant
effects in future clinical trials aimed at character-
izing the central effects of pharmacologic inter-
ventions. Further, combined cognitive and EEG
measures may help delineate the mechanisms un-
derlying the cognitive effects of drugs.

The negative cognitive effects of AEDs are es-
pecially important to those who require maximal
cognitive efficiency for their job, school, or other
daily activities. This study indicates that LEV has
fewer cognitive side effects than CBZ in mono-
therapy at the dosages, titrations, and timeframes
employed in this study. The dosages of CBZ and
LEV in the present study are commonly used in
clinical settings; however, equivalent dosages for
CBZ and LEV are uncertain. The magnitude of
differences for some individuals in the present
study, the reduction in performance measures
with higher blood levels, and the fact that differ-
ential treatment effects could be accurately de-
tected at the level of the individual subject in all
participants suggest that the differences are clini-
cally significant. Nevertheless, negative cognitive
and behavioral side effects of an AED are not the
only consideration in the choice of AED. Efficacy,
systemic side effects, dosage forms, and cost may
also affect AED choice. The physician’s goal for
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the individual patient is to balance these various
considerations in order to obtain seizure freedom,
minimize side effects, and maximize the patient’s
quality of life. The present study provides infor-
mation on the relative cognitive and behavioral
effects of LEV and CBZ that could assist physi-
cians and their patients in making treatment
decisions.
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New Guideline Recommends When to Use CT Scans
in ED for Seizures

A guideline developed by the American Academy of Neurology recommends immediate brain
CT scans to screen certain emergency department patients with seizures. Evidence shows such
scans can help doctors select the right treatment option. The guideline—a reassessment of the
AAN’s 1996 guideline—was published in the October 30, 2007, issue of Neurology®. Visit
www.aan.com to read the full guideline.
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