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Abstract

Background and Objective Status epilepticus in poststroke epilepsy is a challenging condition because of multiple vascular
comorbidities and the advanced age of patients. Data on third-generation antiseizure medication (ASM) in this condition
are limited. The aim of this study was to evaluate the efficacy of third-generation ASMs in the second- or third-line therapy
of benzodiazepine-refractory status epilepticus in poststroke epilepsy following acute ischemic stroke.

Methods Data on the effectiveness of third-generation ASMs in patients with status epilepticus in poststroke epilepsy were
gathered from two German Stroke Registries and the Mainz Epilepsy Registry. We included only cases with epilepsy remote
to the ischemic event. No patients with acute symptomatic seizures were included. The following third-generation ASMs
were included: brivaracetam, lacosamide, eslicarbazepine, perampanel, topiramate, and zonisamide. The assessment of
effectiveness was based on seizure freedom within 48 h since the start of therapy with the respective ASM. Seizure freedom
was evaluated both clinically (clinical evaluation at least three times per day) and by daily electroencephalogram records.
Results Of the 138 patients aged 70.8 + 8.1 years with benzodiazepine-refractory status epilepticus in ischemic poststroke
epilepsy, 33 (23.9%) were treated with lacosamide, 24 (17.4%) with brivaracetam, 23 (16.7%) with eslicarbazepine, 21
(15.2%) with perampanel, 20 (14.5%) with topiramate, and 17 (12.3%) with zonisamide. Seizure freedom within 48 h was
achieved in 66.7% of patients with lacosamide, 65.2% with eslicarbazepine, 38.1% with perampanel, 37.5% with brivar-
acetam, 35.0% with topiramate, and 35.3% with zonisamide (p < 0.05 for comparison of lacosamide or eslicarbazepine to
other ASMs).

Conclusions Based on these data, lacosamide and eslicarbazepine might be more favorable in the treatment of refractory
status epilepticus in poststroke epilepsy, when administered as second- or third-line ASMs before anesthesia. Because of
the fact that these ASMs share the same mechanism of action (slow inactivation of sodium channels), our findings could
motivate further research on the role that this pharmaceutical mechanism of action has in the treatment of poststroke epilepsy.
Clinical Trial Registration This study was registered at ClinicalTrials.gov (NCT05267405).

1 Introduction incidence rate for post-stroke seizures was about 7% and

post-stroke epilepsy (PSE) was 5% [5]. In persons above

Owing to advances in stroke treatment, the mortality rate
for patients with strokes has decreased substantially and the
number of survivors after a stroke has increased worldwide
[1]. However, they often survive with neurological sequelae
[2]. Stroke is one of the most common causes of epilepsy
in the elderly [3, 4]. In a pooled analysis of 34 longitudi-
nal cohort studies, involving over 100,000 patients, the
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65 years of age, 30—49% of all new-onset epileptic seizures
are due to PSE [6, 7]. In addition, PSE is associated with
increased mortality in patients following a stroke [8]. The
recurrence rate of epileptic seizures, that occur later than
7 days after stroke (“late seizures”) is up to 71.5% [9, 10].
The diagnosis of PSE is therefore already made after the first
late seizure and antiseizure medication (ASM) is indicated
[11,12].

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-023-01039-y&domain=pdf
http://orcid.org/0000-0001-9854-4038

930

Y. Winter et al.

Status epilepticus in poststroke epilepsy is challeng-
ing because of multiple vascular comorbidities and the
advanced age of patients.

Lacosamide and eslicarbazepine might be more favora-
ble in the treatment of refractory status epilepticus in
poststroke epilepsy than brivaracetam, perampanel,
topiramate, or zonisamide.

Slow inactivation of sodium channels is a mechanism of
action that might be especially beneficial in the treat-
ment of benzodiazepine-refractory status epilepticus in
poststroke epilepsy.

Risk factors for developing PSE include younger age,
acute symptomatic seizures, involvement of the cortex,
involvement of middle or anterior cerebral artery territory,
large lesions, severity of stroke, atherosclerotic etiology
of ischemia, and hemorrhagic stroke [13—15]. Post-stroke
epilepsy is an important clinical problem. About 33% of
patients with PSE taking ASMs experience seizure recur-
rence within 1 year [10] and about 20% of patients with PSE
develop benzodiazepine refractory seizures [16]. In particu-
lar, younger age at the time of stroke, type and severity of
stroke, the occurrence of status epilepticus (SE), and seizure
type have been identified as independent predictors for the
development of therapy refractory PSE [16]. Recurrent sei-
zures can lead to psychological stress, suppression of social
activities, and thus to a decrease in recovery and quality of
life for stroke survivors [17, 18].

However, the evidence for the treatment of PSE is lim-
ited. There are few studies to date investigating the efficacy
and tolerability of ASMs in patients with PSE. Side effects
and drug interactions must be taken into account, especially
in older patients. Therefore, treatment with newer ASMs
that do not induce enzymes may be beneficial [19]. Status
epilepticus occurs in about 19% of patients admitted for a
first-time seizure after a stroke [20]. It is an important and
life-threatening clinical condition and there is a need to iden-
tify ASMs that would provide the most effective treatment
of SE in PSE.

The second-line ASMs (i.e., after the failure of ben-
zodiazepines to terminate SE), according to the national
guidelines, are levetiracetam, valproate, and phenytoin/
fosphenytoin [21]. If interruption of SE with ASMs has
failed, anesthesia is the next step. However, in focal and
non-convulsive SE, anesthesia could be postponed in order
to reduce the risk of possible complications, and other ASMs
could be applied as the second- and third-line therapy [21].
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The aim of this study was to evaluate the efficacy of third-
generation ASMs, which are used in the second- or third-line
therapy of benzodiazepine-refractory SE in patients with
PSE following acute ischemic stroke.

2 Methods
2.1 Study Design and Clinical Evaluation

The data on the effectiveness of third-generation ASMs in
the second- and third-line ASM-therapy in patients with
benzodiazepine-refractory SE in ischemic PSE were gath-
ered from the Mainz Epilepsy Registry (MAINZ-EPIREG),
Mainz Stroke Register (MAINZ-STREG), and the Marburg
Stroke Register (MARSTREG). MARSTREG is a popula-
tion-based stroke register that recruits all patients with acute
ischemic stroke who are permanent residents in the district
Marburg-Biedenkopf (Hessia, Germany, reference popula-
tion 240,000 inhabitants). MAINZ-STREG is a stroke reg-
ister recruiting all patients with acute ischemic stroke who
are treated in the Department of Neurology of the Univer-
sity Medical Center Mainz, Germany. MAINZ-EPIREG is
a population-based register of patients with epilepsy who
are treated in the Mainz Comprehensive Epilepsy and Sleep
Medicine Center (reference area of 4 million inhabitants).
We included only cases with epilepsy remote to the ischemic
event. No patients with acute symptomatic seizures were
included.

The following third-generation ASMs were included: bri-
varacetam (SV2A selective agonist); lacosamide, and esli-
carbazepine (both slow inactivation of sodium channels),
perampanel (AMPA antagonist); topiramate (AMPA antag-
onist and carbonic anhydrase inhibitor); and zonisamide
(sodium and calcium channel inhibitor and carbonic anhy-
drase inhibitor). Other third-generation ASMs were excluded
because of the following reasons: 1. Levetiracetam is an
early administered ASM in benzodiazepine-refractory SE
and therefore it was not suitable for comparisons with ASMs
applied at the later stages of treatment. 2. Rufinamide, reti-
gabine, stiripentol, felbamate, vigabatrin, and fenfluramine
are approved for specific epilepsy syndromes, such as
Dravet, Lennox—Gastaut, or West syndromes, and therefore
are not appropriate for comparisons in PSE. 3. Lamotrigine
and cenobamate are not available for fast titration because of
the risk of serious allergic reactions. 4. Data on gabapentin,
pregabalin, tiagabine, and oxcarbazepine were not sufficient
for a statistical analysis because of the very small number of
patients (n < 5) in these groups.

Brivaracetam and lacosamide were administered intra-
venously. Eslicarbazepine, perampanel, topiramate, and
zonisamide were administered via a nasogastric tube. We
administered half of the maximal approved dose to initiate
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the treatment with the corresponding ASM and doubled the
dose on the next day, if SE was not interrupted. The initial
dose and the maximal dose for different ASMs were as fol-
lows: brivaracetam (100 mg/day and 200 mg/day), eslicar-
bazepine (800 mg/day and 1600 mg/day), lacosamide (200
mg/day and 400mg/day), perampanel (6 mg/day and 12 mg/
day), topiramate (250 mg/day and 500 mg/day), and zon-
isamide (250 mg/day and 500 mg/day).

Data collection was performed from 1 March, 2012 to
31 December, 2021. Once patients with benzodiazepine-
refractory SE due to PSE had not responded to the next
administered ASM, they were treated with the second- and
third-line ASMs, under daily electroencephalogram controls
and clinical evaluation. We would like to stress that we refer
to a benzodiazepine-refractory SE, when we talk about sec-
ond- or third-line therapy in the context of this paper. No
co-administration of ASMs with the same mechanism of
action took place in order to interrupt SE, for example, bri-
varacetam was not combined with levetiracetam, or lacosa-
mide with phenytoin. If refractory SE could not be inter-
rupted by the last administered second- or third-line ASM,
intravenous anesthesia was given. In all included cases, the
evaluated drugs were administered as the last ASM prior to
cessation of SE or prior to initiation of anesthesia.

The assessment of effectiveness was based on seizure
freedom achieved within 48 h since the start of therapy
with the respective ASM. Seizure freedom was evaluated
both clinically (clinical evaluation at least three times per
day) and by daily electroencephalogram records. The clini-
cal parameters included demographics, SE severity score,
ASM, duration of SE, electroencephalogram data, and
comorbidities.

This study was approved by the local ethics committee
(State Medical Association Rheinland-Pfalz) and all patients
signed an informed consent for participation in this study.
This study has been registered at ClinicalTrials.gov with the
registration number NCT05267405.

2.2 Statistics

The statistical analysis was performed using IBM SPSS Sta-
tistics Version 23.0 (IBM Corp., Armonk, NY, USA). The
data are presented as mean and standard deviation (SD) or
median and range. A #-test was applied for comparisons of
normally distributed variables. If data were not normally
distributed, the Mann—Whitney U-test (two independent
groups) was used. The Kruskal-Wallis test (numerical vari-
ables) and Fisher’s exact test (categorical variables) were
applied for group comparisons between different ASMs in
Table 2. The post hoc test results (Dunn’s test for numerical
variables and pairwise Fisher's exact test with Benjamini-
Hochberg correction for categorical variables) are also

presented in Table 2. Statistical significance was assumed
at a p-value of <0.05.

Logistic regression analysis with forward selection (p <
0.1) was performed to identify independent factors affecting
control of SE. These data are presented as odds ratios and
95% confidence intervals.

3 Results

A total of 138 patients with SE in PSE were included. Of
these, 67 patients (48.6%) were female, 33 (23.9%) were
treated with lacosamide, 21 (15.2%) with perampanel, 24
(17.4%) with brivaracetam, 23 (16.7%) with eslicarbaze-
pine, 20 (14.5%) with topiramate, and 17 (12.3%) with zon-
isamide. Our study enrolled approximately 80% of patients
treated because of SE in PSE in recruiting centers. The
remaining 20% did not receive third-generation ASMs to
interrupt SE.

Data on demographics and clinical parameters are shown
in Table 1. The average age of patients was 70.8 + 8.1 years.
The average time span between stroke and the onset of epi-
lepsy was 5.1 + 2.9 years. The largest proportion of patients
with PSE were initially treated with levetiracetam (39.1%),
followed by lamotrigine (28.3%) and valproic acid (14.5%).
Status epilepticus occurred a mean of 2.7 + 1.6 years after
the diagnosis of epilepsy. Focal motor presentation of SE
was observed in 81 patients (58.7%). Non-convulsive SE
was diagnosed in 57 patients (41.3%). On average, 2 days
had elapsed since the onset of SE until the administration
of one of the above-mentioned ASMs. In terms of common
co-morbidities, 101 patients (73.2%) had arterial hyperten-
sion, 86 (62.3%) had hyperlipidemia, and 39 (28.3%) had
diabetes mellitus. In addition, 33 (23.9%) were smokers and
62 (44.9%) had atrial fibrillation as a cardiovascular risk fac-
tor. The stroke occurred in the right hemisphere of the brain
in half of the patients and in the left hemisphere in the other
half of the patients.

Overall, in 67 of 138 patients (48.6%), the SE was inter-
rupted within 48 h of the initiation of the third-generation
second- or third-line ASM. This was achieved in 66.7% with
eslicarbazepine therapy, in 65.2% with eslicarbazepine, in
38.1% with perampanel, in 37.5% with brivaracetam, 35.3%
with zonisamide, and in 35.0% with topiramate (p < 0.05 for
the comparison of lacosamide or eslicarbazepine to other
ASMs, Table 2).

No serious adverse side effects were observed during the
hospital stay. Among last received ASM, both ASMs acting
via the slow inactivation of sodium channels (eslicarbaze-
pine and lacosamide) were identified as independent predic-
tive factors of status control in a logistic regression analysis
(Table 3). Brivaracetam and perampanel showed a trend but
did not reach the level of statistical significance because
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Table1 Data on demographics and clinical parameters of patients
with PSE and SE

Patients with PSE
and SE (N = 138)

Age, years

Mean (+SD) 70.8 (+8.1)
Sex, n (%)

Male 71 (51.4)

Female 67 (48.6)
Days of SE prior to last ASM?

Mean (+SD) 2.1 (x0.8)
Duration of SE (days)

Mean (+SD) 44 (=14
Number of previous ASMs

Mean (+SD) 2.2 (x0.7)
STESS

Mean (+SD) 2.5 (x0.9)
Control of SE, n (%)

Yes 67 (48.6)

No 71 (51.4)
Risk factors, n (%)

Arterial hypertension 101 (73.2)

Hyperlipidemia 86 (62.3)

Diabetes mellitus 39 (28.3)

Smoking 33 (23.9)

Atrial fibrillation 62 (44.9)
Affected hemisphere, n (%)

Right 68 (49.3)

Left 70 (50.7)

ASM antiseizure medication, PSE poststroke epilepsy, SD standard
deviation, SE status epilepticus, STESS status epilepticus severity
score

#Number of days in SE prior to administration of the last ASM, which
either interrupted SE or after which anesthesia was initiated

their ORs included 1. The other independent predictors of
status control were the days of SE before the start of the new
ASM, the number of previous ASMs, and the absence of two
cardiovascular risk factors (smoking and atrial fibrillation).
The other variables, such as age, sex, SE severity score, and
other risk factors were not among the independent predictors
of SE termination (Table 3).

4 Discussion

Until now, only a few studies have focused on the treatment
of PSE; therefore, the evidence for the treatment of SE in
PSE is limited. This study demonstrated that in 48.6% of
patients with PSE, the benzodiazepine-refractory SE was
successfully interrupted within 48 h by administration of
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one of the third-generation ASMs as the second- or third-
line therapy.

Our findings show advantages of lacosamide and esli-
carbazepine in the treatment of SE in PSE. One can specu-
late that the common mechanism of action of lacosamide
and eslicarbazepine, in the form of enhancement of slow
inactivation of voltage-gated sodium channels, could be an
explanation for the benefits. The more prominent influence
on seizure frequency in PSE compared with other mecha-
nisms of action was already shown for ASMs acting via slow
inactivation of sodium channels in our recent study [22].

Differences in pharmacokinetics between investigated
ASMs is an important issue in the treatment of SE. Bri-
varacetam and lacosamide are administered intravenously
and have a half-life of 7-13 h [23, 24]. Eslicarbazepine,
topiramate, perampanel, and zonisamide are only available
for oral administration and have longer half-lives of 20-24
h, 19-25 h, 85-105 h, and 63-69 h, respectively [25-29].
Because of the fact that the steady state of ASMs with a
longer half-life is achieved several days after the treatment
initiation (expected time of steady state is approximately
five times longer than the half-life), loading doses of cor-
responding ASMs are necessary [25]. The administration of
half of the maximal approved dose to start the treatment and
its doubling on the following day appeared to be an effective
approach for SE interruption.

In previous studies, there is already some evidence that
the treatment of PSE with third-generation ASMs may be
beneficial. Both better efficacy and better tolerability than
with previous generations of ASMs were shown [30]. For
example, monotherapy with lamotrigine showed signifi-
cantly lower mortality compared with carbamazepine, and
levetiracetam was shown to have a reduced risk of cardiovas-
cular death compared with carbamazepine [19]. So far, there
are very few explicit studies on the treatment of PSE with
lacosamide. One recent study investigated the efficacy and
tolerability of therapy with lacosamide compared to therapy
with carbamazepine in 61 patients with cerebrovascular epi-
lepsy [31]. Treatment with lacosamide resulted in a higher
seizure-free rate than with carbamazepine. After 3 months,
monotherapy with lacosamide showed a response in 80% of
patients and an absence of seizures in 56%. In addition, a
lower side-effect profile was observed, especially with unaf-
fected lipid concentrations. In our recent study, lacosamide
was favorable in the treatment of PSE compared with ASMs
having other mechanisms of action [22].

There are already several studies on the treatment of SE
with lacosamide, which report control of SE in 50-82.4%
of patients within 12-48 h [32-35]. Some studies on the
treatment of SE with lacosamide were also able to show
that an earlier start of therapy involved a higher efficacy
[36, 37]. In the present study, the increased number of days
before starting the new ASM and the amount of ASMs
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Table 2 Clinical parameters of patients with poststroke epilepsy and SE analyzed based on ASMs

Brivaracetam (n  Lacosamide (n Perampanel (n Eslicarbazepine  Topiramate (n Zonisamide (n p-value
=24) =33) =21) (n=23) =20) =17)
Age, years, mean 71.0 (£8.1) 71.6 (+9.0) 70.7 (£7.5) 69.5 (+9.1) 70.3 (£7.8) 71.2 (+6.4) 0.948
(+SD)
Sex, n (%)
Male 13 (54.2) 17 (51.5) 11(52.4) 10 (43.5) 11 (55.0) 9(52.9) 0.979
Female 11 (45.8) 16 (48.5) 10 (47.6) 13 (56.5) 9 (45.0) 8 (47.1)
Days of SE before 2.0 (+0.8) 1.9 (+0.9) 24 (x0.7) 2.0(x0.8) 2.1(x0.8) 2.5(x0.7) 0.302
start of new
ASM, mean
(£SD)
Control of SE, 9 (37.5)* 22 (66.7)0e4 8 (38.1)°f 15 (65.2)>eh 7 (35.0) ¢ 6 (35.3) 4P 0.031
n (%)
Number of 1.3 (£ 0.6) 1.0 (£ 0.8) 14 (£ 0.7) 1.4 (£0.7) 1.3(x0.7) 14 (£ 0.5) 0.244
previous ASMs,
mean (+ SD)
STESS, mean (+ 2.4 (x+0.9) 2.6 (x0.8) 2.7(x0.8) 23 (x1.0) 24 (x0.9) 2.5(x0.6) 0.739

SD)

ASM antiseizure medication, SD standard deviation, SE status epilepticus, STESS status epilepticus severity score

Statistically significant difference at p < 0.05 between lacosamide and brivaracetam

bStatistically significant difference at p < 0.05 between lacosamide and perampanel

“Statistically significant difference at p < 0.05 between lacosamide and topiramate

dStatistically significant difference at p < 0.05 between lacosamide and zonisamide

“Statistically significant difference at p < 0.05 between eslicarbazepine and brivaracetam

fStatistically significant difference at p < 0.05 between eslicarbazepine and perampanel

EStatistically significant difference at p < 0.05 between eslicarbazepine and topiramate

hStatistically significant difference at p < 0.05 between eslicarbazepine and zonisamide

Table 3 Logistic regression analysis of the control of SE in patients
with poststroke epilepsy

OR 95% CI

Age 0.921 0.839; 1.010
Female sex 5.189 0.984; 27.352
Days of SE prior to last ASM 0.017 0.002; 0.117
Number of previous ASMs 0.067 0.012; 0.374
Vascular risk factors

Diabetes mellitus 0.307 0.048; 1.956

Smoking 0.180 0.024; 0.987

Atrial fibrillation 0.156 0.016; 0.948
ASM

BRV 5.137 0.883;29.898

ESL 6.749 1.074; 15.393

LCM 8.107 2.014; 21.808

PER 5.320 0.795; 35.581

ASM antiseizure medication, BRV brivaracetam, CI confidence inter-
val, ESL eslicarbazepine, LCM lacosamide, OR odds ratio, PER per-
ampanel, SE status epilepticus

Only variables that fulfilled the criterion of p < 0.01 in terms of for-
ward selection were included in this model

previously used were also identified as negative independ-
ent predictors of SE control. There is only one previous
study on the treatment of non-convulsive SE in PSE with
lacosamide [38]. In this study, intravenous treatment
with lacosamide resulted in the termination or significant
reduction of epileptic activity after 45-60 min in 50% of
patients (8 of 16). No side effects were observed.

To our knowledge, no studies have been performed on
the treatment of SE in PSE with eslicarbazepine. The evi-
dence for the treatment of PSE with eslicarbazepine is
currently limited. However, the recent evidence shows its
advantages in the treatment of PSE [22]. In one study, as in
the present study, a significantly higher response rate and
the absence of seizures were shown in patients with PSE
than in patients with other types of epilepsy when treated
with eslicarbazepine [39]. Inhibition of epileptogenesis
and attenuated neuronal loss were shown for the treat-
ment of SE with eslicarbazepine in animal models [40,
41]. However, this needs to be further investigated in sub-
sequent studies.

Another interesting finding of our study is that smok-
ing and the presence of atrial fibrillation were identified as
independent negative predictors regarding the control of SE.
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Atrial fibrillation is often associated with a worse neurologi-
cal outcome [42], as well as a larger volume of infarction
and cortex involvement, which in turn are all risk factors for
PSE [13] and the development of SE. For smokers with epi-
lepsy, some studies have already shown an increased risk of
seizures compared with non-smokers with epilepsy [43, 44].
An increased risk of refractory epilepsy has not been shown
[44]. However, smoking could be related to the severity of
epilepsy [44]. One possible cause could be the direct effect
of nicotine on glutamate secretion [43]. Another possible
cause could be the proinflammatory effect of smoking. It
has already been shown that inflammatory mechanisms play
a major role both after a stroke and in epileptogenesis [45].
These processes are possibly further intensified by smok-
ing. However, additional prospective studies are needed to
investigate this association.

Among the limitations of this study were its observational
design, implying that the evidence could not be provided at
the level of randomized controlled trials. Status epilepticus
is a challenging condition complicating the recruitment of
patients. Nevertheless, 138 patients could be enrolled, which
makes the present study very large in comparison to research
efforts undertaken for this indication so far. Unfortunately, a
subgroup analysis of concomitant medication could not be
performed because of the small numbers of patients in these
subgroups. Additionally, residual confounding by unmeas-
ured variables could not be excluded in a logistic regression
analysis. Such variables include neurological status in the
last weeks prior to SE, interictal epileptiform discharges
prior to SE, and compliance to ASM. We do not expect bias
in the results because of the absence of these variables in
our analysis but there could be other factors determining the
probability of SE control.

5 Conclusions

We provide the data showing that lacosamide and eslicar-
bazepine might be more favorable than other third-gen-
eration ASMs in the treatment of benzodiazepine-refrac-
tory SE in PSE, when they are administered as second- or
third-line ASMs before anesthesia. The slow inactivation
of sodium channels is the mechanism of action of lacosa-
mide and eslicarbazepine may have beneficial effects in
the treatment of this etiological entity of SE. Our data
should motivate further studies, specifically randomized
controlled trials, investigating third-generation ASM in
this relevant clinical condition.
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