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Performance accuracy on the fMRI WM tasks (2–dot-back,

2–n-back) was reported as a percentage.

Statistical analysis of clinical, demographic, and cognitive
measures. We used SPSS Statistics version 17.0 (SPSS, Chicago,

IL) for comparisons across all 4 groups (left/right TLE with/with-

out LEV) and Pearson x2 tests for dichotomous data, i.e., sex,

semiology, HS frequency. Kruskal-Wallis tests were employed for

all other data.

RESULTS Cognitive measures. Performances were
comparable for all groups (table 2).

fMRI findings. Main effects for task-related activation
and deactivation patterns are shown in figure e-2.

We isolated task- and syndrome-specific LEV
effects on deactivation patterns (figure 1). Patients
on LEV and 28 healthy controls from a previous
study2 showed similar patterns of deactivation.
Compared to patients without LEV, those on
LEV showed an augmentation of task-related deac-
tivation in the affected temporal lobe, i.e., left mid-
temporal gyrus in left TLE during the verbal and
right hippocampus in right TLE during the visual-
spatial task (figure 1B). The reverse contrast (on
LEV . no LEV) showed no effect for either WM
paradigm (not shown).

No LEV effect was observed in left TLE during
the visual-spatial and or right TLE during the verbal
WM task.

We conducted the same analysis in patients trea-
ted with CBZ (22 left, 20 right TLE) or LTG (18/
17) vs those without CBZ (31/34) or LTG (35/37).
No comparable effects were observed.

In a post hoc analysis, a significant dose-
dependent LEV effect was demonstrated (figure 1C)
in right TLE during the visual-spatial WM task: the
lower the LEV dose, the lesser the right hippocampal
deactivation. At a less stringent threshold (p , 0.05,
uncorrected for multiple comparisons), a similar dose
effect was observed in left TLE during the verbal task
(figure 1C).

DISCUSSION We demonstrate a dose-dependent,
task-specific effect of LEV on functional network
activations in TLE.

Progressive deactivation of mesial temporal struc-
tures during cognitive tasks has been associated with
improved performance in healthy controls and
patient cohorts.2,3,8 LEV’s dose-dependent facilitation
of the deactivation in this study suggests a beneficial
drug effect on cognitive networks in TLE. Since WM
performance was equal across groups, the observed
effect was not influenced by performance.

Underlying HS was more frequent in patients
with left TLE on LEV than in all other groups, but
HS distribution did not differ between patients with
right TLE on or without LEV (x2 5 0.352, p 5

0.352). We controlled for the effect of HS diagnosis,
which ensures that our findings are not driven by the
difference in HS frequencies.

Dose dependence was more apparent in the more
demanding nonverbal task. To ensure adequate per-
formance in the 2-back condition of the dot-back
task, a greater task-related deactivation may be
required. We did not find similar effects for CBZ
or LTG, suggesting our findings are LEV-specific.

Longitudinal data are lacking to determine
whether LEV led to seizure reduction or improve-
ment of cognitive functions. A further limitation is
the number of AED combinations, although distribu-
tion was equal for the most commonly prescribed
other AEDs.

Our findings in TLE are consistent with previous
findings in juvenile myoclonic epilepsy showing a val-
proate dose-dependent reduction of abnormal motor
system coactivation and enhanced WM activations.1

These effects were not associated with better perfor-
mance or seizure control, but suggest that AEDs
affect epileptogenic and cognitive networks differen-
tially. Our sample included only drug-resistant pa-
tients, thus it would be important to establish
whether the neural patterns observed here translate

Table 2 Kruskal-Wallis test of cognitive performance measures in patients

Cognitive measures

Left TLE Right TLE Analysis

On LEV, median (IQR) Without LEV, median (IQR) On LEV, median (IQR) Without LEV, median (IQR) x2 df p

Verbal IQ 93 (17) 94 (23.5) 93 (19) 99 (21.5) 2.552 3 0.466

Letter fluency 12.5 (6.25) 11.5 (9) 14 (8) 15 (11) 3.680 3 0.298

Category fluency 19 (10) 18 (7) 19 (8) 18 (8) 0.490 3 0.921

Digit span backwards 4 (1) 4 (1) 4 (2) 3.5 (1.75) 0.351 3 0.950

WCST categories 6 (1) 6 (1) 6 (1) 6 (3) 1.404 3 0.705

2-db, % correct 52 (31) 61 (33) 54 (33) 65 (40) 1.983 3 0.576

2-nb, % correct 93.5 (23.75) 98 (14) 97 (15.75) 97 (14) 1.573 3 0.665

Abbreviations: db 5 dot-back; LEV 5 levetiracetam; nb 5 n-back; TLE 5 temporal lobe epilepsy; WCST 5 Wisconsin Card-Sorting Test.
Level of significance: p , 0.05.
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레베티라세탐은 측두엽뇌전증에서 비정상 네트워크
활성화를 감소시킨다

Levetiracetam reduces abnormal network activations in temporal lobe 
epilepsy

목적: 약물저항측두엽뇌전증(temporal lobe epilepsy, TLE) 환자에서 인지네트워크 활성화에 레베티라세탐(levetiracetam, LEV)

이 미치는 영향을 기능적 MRI (functional MRI, fMRI)와 좌측에 지배적인 언어와 우측에 지배적인 시공간 작업기억(working 

memory,

WM) 패러다임을 이용하여 조사하였다.

방법: 이 연구는 후향적 연구로, 과제와 연관된 fMRI 활성과 비활성을 53명의 좌측 TLE와 54명의 우측 TLE 환자에서 LEV 치

료를 하는 것(59명)과 하지 않는 것(48명)으로 비교하였다. LEV 치료군에서 활성화 패턴은 일일 LEV 용량과 관계가 있었다.

결과: 과제와 증후군의 특정 효과를 분리하였다. LEV를 복용하는 환자는 우측 지배적인 시공간 과제를 하는 동안 우측 TLE에

서 우측 측두엽과 언어작업을 하는 동안 좌측 TLE에서 좌측 측두엽의 기능적 네트워크 비활성화가 정상화되었다. 사후분석에

서, 유의한 용량 의존적 효과가 우측 TLE에서 시공간 WM 과제 수행 중 확인되었다: 낮은 LEV 용량에서, 우측 해마의 비정상

적 활성도가 더 크게 나타났다. 보다 덜 엄격한 역치에서(P‹0.05, 다중비교 무보정), 유사한 용량 효과가 좌측 TLE에서 언어 

과제를 수행할 때 관찰되었다: 양측 해마는 낮은 용량에서 더 비정상적 활성도를 보였지만 좌측에서 더 우세하였다.

결론: 이러한 결과는 LEV가 정상 활성도 패턴을 복구하는 것과 관계가 있다는 것을 시사한다. 신경 패턴이 약물 반응으로 전

환되는지 확인하기 위해서는 종적인 연구가 필요하다.

근거의 분류: 이 연구는 약물 불응성 TLE에서 LEV가 내측 측두엽 구조의 불활성화(deactivation)를 용량 의존적으로 촉진한다

는데 대한 Class III의 근거를 제시한다.
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Figure 1 Group comparisons between patients with and without levetiracetam during the 2 working memory
functional MRI paradigms

Group maps of areas of task-related deactivation networks in controls and all patients during the left- and right-lateralizing
task are demonstrated. Whereas healthy controls and patients on levetiracetam (LEV) show similar patterns of deactivation,
patients without LEV show less deactivation in the medial temporal lobe areas than both controls and patients on LEV in
either lateralizing task (A). During the verbal working memory (WM) task, patients with left temporal lobe epilepsy (LTLE)
without LEV significantly fail to deactivate the left midtemporal gyrus (B; LTLE without LEV . LTLE with LEV, p ,

0.001, 20-voxel threshold extent). During the right-lateralizing visual-spatial task, patients with right TLE (RTLE) who
are not treated with LEV fail to deactivate the right hippocampus (B; RTLE without LEV . RTLE with LEV, p , 0.001,
20-voxel threshold extent). A post hoc analysis in patients treated with LEV demonstrated a dose-dependent effect of
mesial temporal lobe deactivation through LEV. The lower the LEV dose, the lesser the right hippocampus is deactivated
during the visual-spatial WM task (C; p , 0.001, 20-voxel threshold extent). A similar dose effect is observed in patients
with LTLE during the verbal WM task at a lower level of significance (C; p, 0.05, uncorrected). The left. right hippocampus
becomes less strongly deactivated with lower LEV dose (C). Inclusively masked for task-related deactivation networks (p ,

0.05). CTR 5 healthy controls.
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