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Objective: Topiramate (TPM) is well recognized for its negative effects on language in healthy volunteers and
patients with epilepsy. The aim of this study was to investigate the brain activation and deactivation patterns
in TPM-treated patients with epilepsywith language impairment and their dynamic alteration during TPMwith-
drawal using functional magnetic resonance imaging (fMRI) with the verb generation task (VGT).
Methods: Twelve patientswith epilepsy experiencing subjective language disfluency after TPM add-on treatment
(TPM-on) and thirty sex- and age-matched healthy controls (HCs)were recruited. All subjects received a battery
of neuropsychological tests and an fMRI scan with the VGT. Withdrawal of TPM was attempted in all patients.
Only six patients reached complete withdrawal without seizure relapses (TPM-off), and these patients
underwent a reassessment of neuropsychological and neuroimaging tests.
Result: The neuropsychological tests demonstrated objective language impairments in TPM-on patients.
Compared with the HCs, the bilateral medial prefrontal cortex and the posterior midline and lateral parts of
the default mode network (DMN) (including the bilateral posterior cingulate cortex (PCC), the right medial pre-
frontal cortex, the right angular gyrus, the right inferior temporal gyrus, and the bilateral supramarginal gyrus) in
TPM-on patients failed to deactivate during the VGT. Their task-induced activation patterns were largely similar
to those of the HCs. After TPM withdrawal, partial improvement of both task-induced deactivation of the DMN
(the left parahippocampal gyrus and the bilateral PCC) and task-related activation of the language network
(the right middle frontal gyrus and the left superior occipital gyrus) was identified along with partial improve-
ment of neuropsychological tests.
Conclusion: Task-induced deactivation is a more sensitive neuroimaging biomarker for the impaired language per-
formance in patients administered TPM than task-induced activation. Disruption and reorganization of the balance
between the DMN and the cortical language networks are found along with reversible TPM-related language im-
pairment. These results may suggest an underlying brain mechanism by which TPM affects cognitive function.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Topiramate (TPM) is an efficient antiepileptic drug (AED) for drug-
resistant epilepsy and has been shown to be associated with central
nervous system-related dysfunction [1–3]. The cognitive adverse effects
of TPM are generally related to higher dosages, rapid titration, and
polytherapy [4,5]. This is a clinically important issue in themanagement
of patients suffering from drug-resistant epilepsy, not only for its early
detection but also for the problems encountered when discontinuing
the drug, given that TPM has a favorable effect on seizure control [5].
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The lack of insight into the underlying mechanism of TPM-induced
language impairment is hindering its optimal clinical application.

With the advantage of being noninvasive, functional magnetic reso-
nance imaging (fMRI) has been extensively applied to investigate the
pathophysiology of patients with epilepsy, as well as patients with
cognitive disorders [6–8]. However, few studies have used fMRI to de-
tect cerebral activity related to TPM-induced language impairment in
patientswith epilepsy. Jansen et al. observed significantly less activation
in language-mediating brain regions in patients with epilepsy adminis-
tered TPM [9]. Another fMRI study revealed that TPM is associated with
impaired verbal fluency and disruption of task-related deactivation of
the default mode network (DMN) [10]. Thus, investigating task-
related activation and deactivation patterns may provide more
information regarding the language impairment resulting from TPM.

Previous studies have demonstrated approximately completely recov-
ered language performance in TPM-treated patients after TPMwithdraw-
al [11–13]. However, whether the effects of TPM on cerebral activities are
reversible remains unknown, and no studies using fMRI to investigate the
effect of TPM withdrawal have been published to date. Using fMRI to di-
rectly compare the brain activation/deactivation patterns of patients be-
fore and after TPM withdrawal may lead to a better understanding of
the brain mechanisms by which TPM affects language function.

Consequently, we designed a longitudinal withdrawal study to
examine the changes in cerebral activities in TPM-treated patients
with epilepsy with speech disturbances by using fMRI with the verb
generation task (VGT). In the present study, we sought to test the
following hypotheses: 1) TPM-treated patients with epilepsy with
speech disturbances exhibit a distinct cerebral activation/deactivation
pattern compared with healthy controls (HCs) during the VGT and
2) the cerebral activation/deactivation patterns of patients with
TPM-treated epilepsy are reorganized with improvements in language
performance when TPM is withdrawn.

2. Materials and methods

2.1. Subjects

Twelve patients with epilepsy experiencing subjective language
disfluency after TPM add-on treatment (TPM-on) were recruited at
the Department of Neurology, West China Hospital of Sichuan
University (see details in Tables 1 and S1). Seizure and syndrome classi-
fications were based on the International League Against Epilepsy

(ILAE) criteria [14]. All patients underwent a thorough history taking,
physical and neurological examinations, and scalp electroencephalogra-
phy. The exclusion criteria included 1) visible conventional MRI lesions,
2) other serious systemic diseases or psychological diseases, 3) being
pregnant and nursing, and 4) experiencing seizures within 15 days
prior to the fMRI scan. TPM was withdrawn for clinical purposes as de-
termined by the patients’ personal physicians. Based on the instructions
and previous experience [15], TPM was reduced in 100-mg/day decre-
ments at weekly intervals for safety. The absence of seizure relapses
during the entire tapering andwithdrawal periodwas termed a success-
ful withdrawal (TPM-off). Topiramate also had to be completely with-
drawn for at least three days before the reassessment for this period
was assumed to be sufficient for complete plasma elimination. Thirty
sex- and age-matched HCs were recruited from the local area using a
poster advertisement. All subjects were native Chinese speakers and
right-handed, as assessed by the Edinburgh Inventory handedness test.

This study was approved by the local ethics committee at West
China Hospital of Sichuan University. All subjects provided written
informed consent for their participation.

2.2. Neuropsychological assessment

According to a literature review and our own clinical experience,
tests that were particularly sensitive to TPM-induced language impair-
ment were chosen, including the verbal fluency test (VFT) and Boston
naming test (BNT) [9–11,16]. The performance of these two tests was
measured using the total number of correct responses. Verbal fluency
test and BNT were conducted in HCs, and in the patients during both
the TPM-on and TPM-off periods. Then, two-sample t-tests were per-
formed to examine the differences for each language assessment be-
tween the TPM-on patients and the HCs, with p b 0.05 considered
significant. A paired t-test was performed between the TPM-on and
the TPM-off groups, with p b 0.05 considered significant.

2.3. Image acquisition

Functional images were obtained fromHCs and patients during both
the TPM-on and the TPM-off periods using a 3-T MRI scanner (Excite;
General Electric, Milwaukee, Wisconsin). The task-related stimuli
were backprojected onto a screen at the foot of the scanning table that
patients could see via a mirror mounted on the head coil. Subjects

Fig. 1. Values of the neuropsychological tests before and after TPM withdrawal. *p b 0.05.

Table 1
Demographics and language performances of the patients with epilepsy with TPM add-on
treatment and the healthy controls.

Characteristics
TPM-on
patients

Healthy
controls

p-Value

Number of patients 12 30
Male/female 7/5 8/22 p = 0.41⁎

Age (years) 27.50 ± 11.77 26.19 ± 10.01 p = 0.71
Disease duration (years) 8.58 ± 6.16 N/A
Seizure frequency (month−1) 0.93 ± 1.15 N/A
Type of epilepsy
(CPS:GTCS:CPS–GTCS)

3:5:4 N/A

Seizure focus
Temporal 4
Extratemporal 2
Unknown 6

Duration of TPM treatment
(months)

9.42 ± 5.33

TPM dosage (mg/day) 95.83 ± 46.26
Boston naming test 19.58 ± 3.73 26.1 ± 2.13 p b 0.0001⁎⁎

Verbal fluency test 23.67 ± 8.71 54 ± 9.8 p b 0.0001⁎⁎

Data are provided as the mean ± standard deviation unless otherwise indicated. TPM:
topiramate, CPS: complex partial seizure, GTCS: generalized tonic–clonic seizure, N/A:
not available.
⁎⁎ p b 0.01.
⁎ p b 0.05.
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