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sults:  Of 128 patients, 22 discontinued the trial prematurely; 
thus a total of 106 patients (52 treated with LEV and 54 treat-
ed with CBZ) were included in the analysis. The results of the 
study were as follows: no significant difference in number of 
seizure-free patients between LEV and CBZ (p = 0.08); time 
to the first recurrence tended to be longer among patients 
on LEV; there was no correlation between the therapeutic 
effect and the EEG findings in either treatment group; LEV 
caused significantly fewer (p = 0.02) side effects than CBZ; 
attention deficit, frontal executive functions and functional 
scales (Activities of Daily Living and Instrumental Activities 
of Daily Living indices) were significantly worse in the CBZ 
group.  Conclusions:  This trial suggests that LEV may be a 
valid alternative to CBZ in poststroke seizures, particularly in 
terms of efficacy and safety. In addition, our results show 
that LEV has significant advantages over CBZ on cognitive 
functions. This trial also indicates that LEV in monotherapy is 
a safe and effective therapeutic option in elderly patients 
who have suffered epileptic seizures following a stroke. 

 Copyright © 2012 S. Karger AG, Basel 
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 Abstract 

  Background:  Strokes are the leading cause of epileptic sei-
zures in adults and account for 50% of seizures in those over 
the age of 65 years. The use of antiepileptic drugs to prevent 
recurrent poststroke seizures is recommended.  Methods:  
One hundred and twenty-eight patients with poststroke sei-
zures were randomly allocated to treatment with either leve-
tiracetam (LEV) or sustained-release carbamazepine (CBZ) in 
a multicenter randomized open-label study. After a titration 
study phase (2 weeks), the optimal individual dose of trial 
medication was determined and treatment was continued 
for another 52 weeks. The primary endpoint was defined as 
the proportion of seizure-free patients; the secondary end-
points were: evaluation of time recurrence to the first sei-
zure, EEG tracings, cognitive functions and side effects.  Re-
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 Introduction 

 Stroke is a frequent cause of epilepsy in adults  [1] . The 
frequency of poststroke seizures varies from 2.3%  [2]  to 
43%  [3] . Epileptic seizures are defined as early epileptic 
seizures when occurring within 14 days after stroke or 
late epileptic seizures when occurring more than 2 weeks 
after stroke. The risk of experiencing late epileptic sei-
zures is 3–5% in the first year after stroke and 1–2% there-
after  [4, 5] . Several studies report that the recurrence of 
seizures is more common among patients with late epi-
leptic seizures than among those with early epileptic sei-
zures  [6, 7] . The risk of epilepsy in some patients with a 
single seizure associated with stroke is high enough to 
justify the initiation of anticonvulsant therapy before the 
second crisis  [8] . The occurrence of late seizures is more 
common in patients who have already experienced early 
seizures (the risk is about 30%)  [9] . Moreover, develop-
ment of poststroke epilepsy (that is, recurrent seizures) is 
more common among patients who have experienced late 
seizures, with a risk of about 50%  [10] . Possible risk fac-
tors for poststroke seizures include: lower-age stroke sub-
type (especially subarachnoid hemorrhage), lesion local-
ization, stroke severity, a history of diabetes mellitus and 
the occurrence of poststroke bacterial infections  [5, 11] . 
Therefore, antiepileptic drugs (AEDs) are prescribed to 
most patients with late poststroke seizures  [12, 13] .

  Levetiracetam (LEV), an  (S)-  � -ethyl-2-oxo-pyrroi-
dine acetamide analog of piracetam, has been approved 
as adjunctive treatment for partial-onset epileptic sei-
zures in adults  [14] . LEV is entirely eliminated through 
renal excretion, and the potential for drug interactions is 
absent or negligible  [15] . Its pharmacokinetic profile in-
cludes minimal protein binding and a lack of hepatic me-
tabolism  [13] . The tolerability profile with respect to ef-
fects on memory and cognitive function is good as well 
 [16] .

  This multicenter open-label randomized study was 
designed (EpIc Project) to evaluate the proportion of sei-
zure-free patients among patients with late poststroke 
seizures, treated either with LEV or sustained-release 
carbamazepine (CBZ). Secondary outcome measures 
were: (1) to compare treatment retention treatment from 
the first intake in the two treatment groups (i.e. the rate 
of premature discontinuation for any reason), (2) to eval-
uate the differences in cognitive functions and quality of 
life in the two groups at the end of treatment, (3) to assess 
changes in the electroencephalogram (EEG) at the end of 
the treatment period versus baseline and (4) to evaluate 
treatment tolerability at the end of treatment.

  Materials and Methods 

 Study Design 
 We used the criteria of the Commission on Classification and 

Terminology of the International League against Epilepsy to dif-
ferentiate between simple partial, complex partial, and second-
arily generalized seizures. Patients with late poststroke seizures 
were randomized to either CBZ or LEV in a 1:   1 ratio and entered 
the open-label treatment phase. Randomization numbers were se-
quentially assigned across centers, and a computer-generated ran-
domization scheme was used to provide balanced blocks of pa-
tients for each treatment group within each center.

  The treatment phase was divided into periods, flexible titra-
tion (2 weeks) and maintenance (3–54 weeks). Clinical, electroen-
cephalographic and neuropsychological examinations were per-
formed at the baseline visit (V 0 ), after the titration phase (V 2 ) and 
at the end of the study (V 3 ; week 54). Seizure frequency was as-
sessed by ‘seizure diaries’ filled in by patients and/or family mem-
bers.

   LEV Treatment.  In the first and second week, LEV was given 
at a dose of 250 mg twice daily (500 mg/day). After the third week, 
it was given at a dose of 500 mg twice daily (1,000 mg/day). This 
daily dose range and the twice daily schedule were to be continued 
during the subsequent 52-week maintenance period. After 54 
weeks, LEV might be discontinued at the discretion of the inves-
tigator, with the same mode of initial titration. For patients who 
experienced other seizures, the dosage of LEV was increased 
gradually to a maximum of 3,000 mg/day. The investigator was 
free to decrease the dose if the patient had side effects. Patients 
exhibiting seizures at a daily LEV dose of 3,000 mg were consid-
ered nonresponders and were switched to another AED. In this 
case, the patient was excluded from the study. No concomitant 
AEDs were allowed.

   CBZ Treatment.  In the first week, CBZ was given at a dose of 
100 mg/day for 1–3 days; the dosage was subsequently increased 
to 200 mg/day (100 mg twice daily). In the second and third week, 
the dosage was gradually increased to 300 mg twice daily (600 mg/
day). This daily dose and the twice daily schedule were to be con-
tinued during the subsequent 52-week maintenance period. After 
54 weeks, CBZ might be discontinued at the discretion of the in-
vestigator, with the same mode of initial titration. For patients 
who experienced other seizures, the dosage of CBZ was increased 
gradually to a maximum of 1,600 mg/day. The investigator was 
free to decrease the dose if the patient had side effects. Patients 
exhibiting seizures at a daily CBZ dose of 1,600 mg were consid-
ered nonresponders and were switched to another AED. No con-
comitant AEDs were allowed.

  Written informed consent was obtained from all patients. The 
design and conduct of this trial were approved by ethics commit-
tees. One hundred and twenty-eight patients aged  6 18 years with 
poststroke initially late epileptic seizures, seen in the Cerebrovas-
cular Unit between September 2008 and March 2009 were pro-
spectively studied. Because of the small number of recruited pa-
tients, the random procedure was extended until January 2011 in 
the Vibo Valentia and Crotone Neurology Centers. We included 
patients with seizures occurring from 2 weeks to 3 years after 
their stroke. The type of stroke was divided into hemorrhagic or 
ischemic, and the etiologic subtypes of ischemic stroke were clas-
sified according to the Trial of ORG 10172 in Acute Stroke Treat-
ment (TOAST) criteria  [17] . Patients who had seizures only in spe-
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cific circumstances, such as electrolyte imbalance and other met-
abolic conditions, and those diagnosed with epilepsy before the 
stroke were not included in this study. Other exclusion criteria 
were: pregnancy, history of status epilepticus, neoplastic disease, 
severe stroke (Rankin scale  1 3), Mini Mental Scale Examination 
(MMSE)  ! 24, known allergy or contraindications to the use of 
LEV and/or CBZ, life expectancy  ! 1 year, the onset of the first 
seizure could not be determined or occurred more than 2 weeks 
after the visit, myoclonic seizures, dysphagia, poor compliance, 
brain injury, impairment of consciousness. No previous AED 
treatments were allowed except for emergency treatments of sei-
zures during a maximum period of 4 weeks prior to trial entry, 
nor were drugs allowed during the 30 days prior to randomization 
that could interfere with the study drugs.

  In the two groups we evaluated: the frequency of seizures dur-
ing the treatment period, the retention of treatment from the first 
intake, the differences in cognitive functions and quality of life at 
the end of treatment, the changes in the EEG at the end of the 
treatment period versus baseline and the tolerability at the end of 
treatment. Assessments were made by an observer blinded to the 
treatment arm to which patients were assigned.

  Cognitive Measures 
 An extensive neuropsychological testing battery assessing 

mainly memory and executive functions was administered to all 
subjects. The neurologists who administered the tests were com-
pletely unaware of the treatment carried out. The neuropsycho-
logical testing battery included: the MMSE to evaluate global cog-
nitive functioning  [18] ; Logical Memory from the Wechsler Mem-
ory Scale-Revised  [19] . Visual Memory was assessed with the 
Benton visual memory test  [20] , the Digital Span Test, which ex-
plores attention and some executive functions  [21] , the Stroop 
Test to investigate the inhibition process  [22] ; Raven’s Coloured 
Progressive Matrices Test for nonverbal reasoning  [23]  and the 
Corsi span and supraspan learning test  [24] . In addition, the 
scores for physical activities of daily living were estimated using 
the Activities of Daily Living (ADL) index and the Instrumental-
ADL (IADL)  [25] ; depression was assessed with the Geriatric De-
pression Scale  [26] .

  EEG Assessment 
 EEG examinations were performed at the beginning of the tri-

al (V 0 ) and at the end of each maintenance period (V 2  and V 3 ). 
EEG assessment included the following patterns: (1) normal EEG; 
(2) focal slowing; (3) diffuse slowing; (4) sharp waves; (5) spikes; 
(6) focal seizure patterns and (7) diffuse seizure patterns.

  EEG assessment was carried out centrally and the examiner 
was unaware of the treatment allocation.

  Statistical Analysis 
 Both median and mean values were used for estimation of the 

location parameters. Standard deviation was used as an index of 
dispersion. Efficacy analyses were performed on an intention-
to-treat basis, including all patients who received at least one 
dose of study drug. Categorical variables were compared be-
tween groups using the  �  2  test. Differences between CBZ and 
LEV on the primary study endpoint were expressed by the odds 
ratio as an estimate of the relative risk. Relative risk is presented 
with 95% confidence intervals. The t test for independent sam-
ples was used to compare continuous variables according to 

treatment. The time of the first recurrence of a seizure after 
baseline was called an ‘event’ and assessed with the Kaplan-Mei-
er method; the time of the seizure was calculated as the differ-
ence in weeks between the date of the visit in which the crisis was 
established and the date of the baseline visit (V 0 ). Seizure-free 
patients were defined as ‘censored’ at the last observation time 
(study end or last date available). The difference between treat-
ments was assessed with the log-rank test. The primary efficacy 
variable was the proportion of seizure-free patients who had had 
at least one seizure assessment during the maintenance period. 
The original sample size (630 patients) was calculated to detect 
a difference in seizure recurrence from 30 to 20% with  �  = 0.05 
and  �  = 0.2. The sample size was chosen to detect a significant 
difference at the 5% level (two-sided) with a power of 69%. As-
suming seizure freedom rates of 30 and 20% for LEV and CBZ, 
respectively, 106 patients in the maintenance period would be 
needed for the primary analysis. All comparisons were per-
formed using the SAS 9.2 statistical package. Differences or 
changes were considered to be statistically significant if p values 
were  ̂  5%.

  Results 

 Randomization included enrollment of 630 patients 
but was stopped prematurely due to financial reasons. Be-
tween September 2008 and March 2009, a total of 128 
patients with poststroke seizures were randomized: 62 to 
LEV and 66 to CBZ. Of 128 patients, 22 discontinued the 
trial prematurely (10 allocated to LEV and 12 to CBZ): 8 
due to poor compliance (4 allocated LEV and 4 to CBZ) 
and 7 due to severe adverse events (SAEs) (3 allocated to 
LEV and 4 to CBZ), and 7 due to unknown causes (3 al-
located to LEV and 4 to CBZ). Thus a total of 106 patients 
(52 treated with LEV and 54 treated with CBZ) were in-
cluded in the analysis ( fig. 1 ).

   Table 1  summarizes the demographic characteristics 
of the patient population. There were no significant dif-
ferences between treatment groups with respect to age 
and sex. Patients had partial seizures with or without sec-
ondary generalization, without differences between the 
two treatment groups. Twenty-seven patients displayed 
tonic-clonic seizures with partial onset. Concomitant 
diseases were present in 66 (72%) patients, 30 (28%) allo-
cated to the LEV group and 36 (34%) to the CBZ group. 
Twenty-eight patients (18 in the LEV group and 10 in the 
CBZ group) had past and 66 had current pathologies (25 
in the LEV group and 41 in the CBZ group). Among the 
past pathologies, stroke or the consequences of stroke 
prevailed (9 in the LEV group and 3 in the CBZ group). 
During the 1-year follow-up, another 13 patients (10%), 7 
in the LEV group and 6 in the CBZ group, reported dis-
ease recurrence (5 with transient ischemic attacks and 8 
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with a second stroke). Nevertheless, all patients complet-
ed the study; among the current pathologies, hyperten-
sion prevailed (11 in the LEV group and 13 in the CBZ 
group), followed by diabetes (5 in the LEV group and 3 in 
the CBZ group). Type of stroke and pathogenic subtypes 
of ischemic stroke were equally represented in both 
groups.

  At the baseline visit before randomization, 84 (79%) 
patients, of whom 42 (80%) patients in the LEV group and 
42 (87%) in the CBZ group, had experienced 1–3 seizures, 
for a total of 90 seizures (46 in the LEV group and 44 in 
the CBZ group). After initiation of the treatment, 49 
(94%) patients taking LEV and 46 (85%) taking CBZ were 
seizure free during the maintenance period ( table 2 ). Re-
currence of seizures was reported in 3 patients of the LEV 
group (1 seizure in 1 patient, 3 seizures in 1 patient and 
11 seizures in the 1 patient) and 8 patients of the CBZ 
group (1 seizure in 4 patients, 3 seizures in 2 patients and 
5 seizures in 1 patient).

  The primary efficacy variable (seizure free) analyzed 
by the log-rank test was favorable for LEV though not 
reaching statistical significance (p = 0.08). The Kaplan-
Meier survival curves of time to recurrence after the first 
seizure during the maintenance period in both treatment 
groups are shown in  figure 2 . The LEV/CBZ seizure free-
dom odds ratio calculated by relative risk indicates that 
LEV-treated patients had a 2.36 times (95% confidence 
interval 0.39–14.15) lower risk to experience a recurrent 
seizure than patients treated with CBZ.

Ineligible patients
n = 0

Eligible patients
n = 128

Completed study
n = 52

Treatment phase (open label)

CBZ
n = 66

LEV
n = 62

Completed study
n = 54

n = 128 patients

Drop-out
n = 10 

Drop-out
n = 12

  Fig. 1.  Discontinuation/completion sum-
mary (all treated patients). 

 Table 1. Clinical and demographic baseline data of all random-
ized patients

LEV 
(n = 52)

CBZ
(n = 54)

p

Mean age 8 SD, years 74.1811.3 69.7813.2 0.21
Sex, female/male 23/29 25/29 0.09
PS, n 35 (67%) 39 (72%) 0.32
GTCS, n 17 (33%) 15 (28%) 0.21
Type of stroke, n

Ischemic
Hemorrhagic

38 (73%)
14 (27%)

41 (76%)
13 (24%)

0.47
0.92

Etiology of ischemic stroke, n
Atherothrombotic
Cardioembolic
Other

29 (76%)
6 (15.7%)
3 (7.8%)

30 (75%)
7 (17%)
3 (7.5%)

0.12
0.93
0.23

Concomitant diseases, n
Total pathologies
Past
Current

43
18
25

51
10
41

0.54
0.62
0.06

Past pathologies, n
Stroke or outcomes of stroke
Hypertension
Diabetes mellitus

9
11

5

3
13

3

0.05
0.39
0.34

P S = Partial seizures with or without secondarily generalized 
seizures; GTCS = generalized tonic-clonic seizures without par-
tial onset.
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  The EEG data are shown in  table 2 . At baseline, focal 
epileptiform abnormalities were recorded in 47 (90%) 
LEV- and in 47 (88%) CBZ-treated patients. Of the 47 
LEV-treated patients, 28 had ‘focal slowing’, 13 had ‘sharp 

waves’ and 6 had ‘spikes’; in the CBZ group, 30 patients 
had ‘focal slowing’, 14 had ‘sharp waves’ and 3 had ‘spikes’. 
Four patients with abnormal EEGs (sharp waves) at base-
line had normal EEGs at the end of treatment (2 patients 
in the LEV group and 2 patients in the CBZ group). Drug 
dose reduction was reported in 4 cases in the LEV group 
and in 2 patients in the CBZ group. In the remaining pa-
tients, the EEG pattern was unmodified versus baseline.
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  Fig. 2.  Kaplan-Meier curves estimate of 
the percentage of seizure-free patients re-
ceiving sustained-release CBZ or LEV. 
Time was calculated as the difference in 
weeks between the visit at which the crisis 
was diagnosed and the baseline visit (V 0 ). 
Seizure-free patients were defined as ‘cen-
sored’ at the last observation time. 
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Table 2.  Number and percentage of seizure-free patients and ab-
normal EEG at V0 and V3

Variable LEV (n = 52) CBZ (n = 54) p

Seizure-free, n
Baseline (V0)
Maintenance period (V3)

10/52 (19%)
49/52 (94%)

12/54 (22%)
46/54 (85%)

0.2
0.08

EEG abnormalities, n
Total abnormalities

Baseline (V0)
End of the study (V3)

Focal slowing
Baseline (V0)
End of the study (V3)

Sharp waves
Baseline (V0)
End of the study (V3)

Spikes
Baseline (V0)
End of the study (V3)

47/52 (90%)
45/50 (90%)b

28/52 (54%)
26/50 (52%)b

13/52 (25%)
11/50 (22%)

6/52 (11%)
6/50 (12%)b

47/53 (88)a

45/50 (90%)c

28/53 (53%)a

26/52 (50%)c

14/53 (26%)
12/50 (24%)

3/53 (5.6%)
3/50 (6%)

0.3
0.36

0.13
0.21

0.2
0.16

0.06
0.05

a  The EEG was not performed in 1 patient.
b The EEG was not performed in 2 patients. 
c The EEG was not performed in 3 patients.

Table 3.  Number of patients with AEs who received either LEV or 
CBZ

Variable LEV (n = 52) CBZ (n = 54) p

Patients with AEs 17/52 21/54 0.02
Number of AEs 27 34 0.02

AEs
Syncope 1 0
Allergy 5 16
Visual disturbance 0 1
Ataxia 1 2
Drowsiness 6 5
Abdominal pain 3 0
Diarrhea 0 2
Leukopenia 0 1
Increased liver parameters 0 1
Fatigue 7 1
Vertigo 2 0
Headache 2 1
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  Side effects were recorded at every visit and classified 
by the investigator as mild, moderate or severe. Any side 
effect classified as severe led to immediate discontinua-
tion of the treatment. Moderate side effects led to reduc-
tion of the dose while side effects classified as mild were 
only recorded.  Table 3  reports SAEs and adverse events 
(AEs) in the two groups. Of all randomized patients, 7 
discontinued the trial prematurely because of SAEs: 3 in 
the LEV group and 4 in the CBZ group).

  Of the 3 SAEs in the LEV group, 2 (continuous epi-
sodes of severe drowsiness) were certainly correlated to 
the treatment and 1 was a syncopal episode, which re-
quired hospitalization. SAEs leading to drug withdrawal 
in the CBZ group were: allergic reactions (2 patients), vi-
sual loss (1 patient) and drowsiness (1 patient). For the 
primary tolerability analysis, the long-rank test on time 
to premature discontinuation due to AEs showed no dif-
ferences between the treatment groups (p = 0.3). Of the 
106 patients (52 treated with LEV and 54 treated with 
CBZ) who completed the study, 14 patients in the LEV 
group had at least 1 AE, for a total of 24 AEs, while 17 
patients in the CBZ group presented at least 1 AE, for a 
total of 31 AEs (p = 0.02).

  Neuropsychological findings are summarized in  ta-
ble 4 . Attention deficit on digit span at the end of follow-
up was greater in the CBZ group (p = 0.03). In addition, 
frontal executive functions, as indicated by the word 

reading of the Stroop test, were significantly worse in the 
CBZ group than in the LEV group (p = 0.02). MMSE, 
Wechsler Memory Scale-Revised, Verbal Semantic, Ver-
bal Fluency, Raven’s Coloured Progressive Matrices, Cor-
si test and the Geriatric Depression Scale did not differ 
significantly between the two groups. On the functional 
scales of ADL and IADL, impairment of the activities of 
daily living was greater in the CBZ than in the LEV treat-
ment (p = 0.05).

  Discussion 

 This small trial suggests that LEV may be better toler-
ated than CBZ and have similar efficacy in patients with 
poststroke partial seizures or generalized tonic-clonic 
seizures. European guidelines recommend the use of 
AEDs to prevent recurrent poststroke seizures, but pro-
phylactic administration to patients who have not sus-
tained a seizure is not recommended  [27, 28] . Three ran-
domized controlled trials compared a number of differ-
ent AEDs in poststroke seizures. One study was performed 
in patients  1 60 years of age with various diagnoses in-
cluding stroke  [29] ; another study was performed in chil-
dren and adolescents with diagnoses including stroke 
 [30]  and the last study was performed in stroke patients 
only  [31] . The findings from these studies suggest that la-

Table 4.  Neuropsychological findings with daily activities at baseline (V0) and end (V3) of the study in the two groups

Test V0 V 3

LEV CBZ p LE V CBZ p

MMSE 26.183.5 27.482.3 0.08 25.983.2 26.384.3 0.39
Attention

Digit span: forward
Digit span: backward

3.281.4
1.880.9

3.481.8
280.7

0.12
0.13

3.481.3
1.880.9

4.181.5
2.381.1

0.03
0.03

Frontal-executive function
Stroop: word reading
Stroop: colour reading

92.8832
48.6824

94.6832
45.4826

0.039
0.05

88.2824.7
40.3824.6

85.8831
38.9823

0.02
0.02

Verbal semantic 1488.1 14.8810 0.21 15.689.1 15.289.8 0.13
Verbal fluency 481.2 3.881.1 0.22 4.281.3 3.981.2 0.24
Wechsler memory scale 8.584.2 8.385.1 0.12 582.4 4.882.1 0.14
Raven’s matrices 25.589.9 25.386.9 0.14 26.586.4 2685.8 0.11
Corsi span and supraspan 5.680.9 5.880.7 0.13 4.481.2 4.881.2 0.12
Progressive matrices 2681.4 2682.8 0.11 2482.8 24.683.4 0.23
Geriatric depression scale 15.886.1 15.589.1 0.34 18.888.1 18.9810.1 0.13
ADL 15.883.6 16.583.1 0.06 16.284.1 18.584.6 0.05
IADL 13.281.6 1483.1 0.08 15.282.1 16.584.6 0.05

Val ues are expressed as mean 8 SD unless otherwise indicated. 
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motrigine treatment for poststroke seizures is as effective 
as CBZ and relatively better tolerated  [31] . Alvarez-Sabin 
et al.  [32]  also studied the tolerability and efficacy of ga-
papentin in patients with late-onset poststroke seizures. 
Among the 71 patients evaluated, seizures recurred in 
18%; side effects were recorded in 38%, and required dis-
continuation of the drug in only 2 cases. The authors sug-
gested that gabepentin monotherapy is useful and safe for 
late poststroke seizures In some countries, such as the 
UK, sodium valproate remains a very popular AED for 
the treatment of poststroke seizures  [33]  although there 
is no evidence supporting this practice  [29] . The efficacy 
and tolerability of LEV in patients aged  6 60 with post-
stroke seizures have been recently investigated by Gulni-
hal et al.  [34] , who reported that 82.4% of patients were 
seizure free and 20.6% had side effects.

  To our knowledge, this is the first investigation that 
evaluated the efficacy and tolerability of LEV versus sus-
tained-release CBZ in patients with late poststroke sei-
zures (EpIc Project). In our study, the seizure-free ratio 
between the two treatment groups tended to favor LEV, 
but the differences did not reach statistical significance 
(p = 0.08). Nevertheless, the Kaplan-Meier survival curves 
of the time to recurrence following the first seizure indi-
cate that LEV-treated patients had a 2.36 times lower risk 
of experiencing seizure recurrences than patients treated 
with CBZ. Besides, LEV was better tolerated, as indicated 
by the overall lower incidence of side effects as compared 
to sustained-release CBZ. These side effects were mainly 
mild and did not require suspension of treatment. Of the 
3 SAEs leading to study discontinuation, only 2 were def-
initely related to the treatment. Another relevant result of 
this trial was the effect of AEDs on cognitive perfor-
mance. New AEDs might have less influence on cognitive 
functions, but this feature has not been systematically 

studied. AEDs have both negative and positive effects on 
cognition and behavior  [35] . To our knowledge, only one 
study evaluated the cognitive outcome in patients treated 
with LEV or CBZ monotherapy as primary treatment or 
as replacement of previous therapies. Helmstaedter and 
Witt  [36]  suggested a mild but definitely higher cognitive 
outcome with LEV than with CBZ treatment. Our data 
confirm the superiority of LEV compared with CBZ in 
many cognitive domains. This study has some limita-
tions: it is primarily an open-label study; several factors 
(i.e. extent and/or location of the poststroke lesion) that 
may contribute to common poststroke cognitive outcome 
measures were not assessed, and this may affect the final 
evaluation. Another limitation is the small sample size 
because the power of the study is equal to 69% for a sig-
nificant difference at the 5% level. Initially, the power was 
calculated on a sample of 128 patients, but as we had no 
information about the efficacy and tolerability in 22 pa-
tients who discontinued the study prematurely, we had to 
reassess the power of the study on 106 patients.

  In conclusion, the results of this trial indicate that LEV 
and CBZ were equally efficacious in adults with post-
stroke partial and generalized tonic-clonic seizures, and 
suggest that LEV may have advantages in terms of toler-
ability and effects on cognitive functions. Further studies 
on larger samples of patients are required to confirm the 
efficacy and/or tolerability of LEV in the treatment of 
poststroke seizures.
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