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Abstract: Seizures and epilepsy are quite a common outcome of arterial ischemic stroke (AIS)
both in pediatric and adult patients, with distinctly higher occurrence in children. These poststroke
consequences affect patients’ lives, often causing disability. Poststroke seizure (PSS) may also
increase mortality in patients with AIS. Early PSS (EPSS) occurring up to 7 days after AIS,
late PSS (LPSS) occurring up to 2 years after the onset of AIS, as well as poststroke epilepsy
(PSE) can be distinguished. However, the exact definition and cutoff point for PSE should
be determined. A wide range of risk factors for seizures and epilepsy after AIS are still being
detected and analyzed. More accurate knowledge on risk factors for PSS and PSE as well as
possible prediction of epileptic seizures after the onset of AIS may have an impact on improv-
ing the prevention and treatment of PSE. The aim of the present review was to discuss current
perspectives on diagnosis and treatment of PSS and PSE, both in adult and paediatric patients.
Keywords: arterial ischemic stroke, early seizures, late seizures, antiepileptic treatment

Introduction

The role of cerebrovascular disorders is observed in the development of 11% of all
cases of epilepsy.' The nature of some of these diseases, including arterial ischemic
stroke (AIS), causes many primary and secondary changes that can initiate epilepto-
genesis. AIS as a quite frequent disorder in adulthood carries serious and devastating
neurological consequences that affect all aspects of patients’ lives, often preventing
them from leading an independent existence. In turn, ischemic stroke is a rare disease
in pediatric population. However, the consequences are equally serious and even
detrimental because the period of education and puberty is then strongly disturbed.
Seizures and epilepsy are one of the most common poststroke outcomes, both in adults
and children. However, seizures after stroke are reported more frequently in children
than in adults. It was observed that the relative risk of seizure occurring within 24
hours after stroke was 18 times higher in pediatric patients than in adults.

In patients >60 years of age, almost 50% of seizures occur for the first time in their
life as a consequence of ischemic stroke.? Poststroke seizure (PSS) increases mortality
in patients (both short term and long term), disability at discharge, as well as extended
hospital stay.* The mortality rate in patients with PSS was found to be at a higher level
than in all patients with ischemic stroke.” However, results from a study based on
Italian patients showed that early seizures were not related to increased mortality or
disability.® Similarly, in children with AIS from Taiwan, PSS did not affect mortality.’
Early poststroke seizure (EPSS) was demonstrated to be more common in the case of
cerebral hemorrhage than in the case of cerebral infarction.® Although data showing
opposite results are also available.’

submit your manuscript

Dove

http:

Ly@mo

Neuropsychiatric Disease and Treatment 2019:15 95-103 95
© 2019 Sarecka-Hujar and Kopyta. This work is published and licensed by Dove Medical Prss Limited. Th fullterms of this license are avaitable at hitps//www.dovepress.com/terms php
o NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/NDT.S169579
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:beatasarecka@poczta.onet.pl

Sarecka-Hujar and Kopyta

Dove

Thus, due to all these discrepancies, more accurate
knowledge on risk factors for PSS and epilepsy as well as the
possibility to predict the occurrence of epileptic seizures may
have an impact on improving the prevention and treatment
of poststroke epilepsy (PSE). Prophylaxis with antiepileptic
drugs (AEDs) for a defined period of time is in the field of
special interests.

The aim of the present review was to discuss current
perspectives on diagnosis and treatment of epilepsy that may
occur after AIS, both in adult and pediatric patients.

Prevalence of PSS and PSE in

children and adults

The length of the follow-up period of stroke patients can
be an indicator of the prevalence of PSE — the longer the
follow-up, the higher the frequency of epilepsy after stroke.
Despite that, the prevalence of PSS as well as PSE differs
between populations, both in adults and pediatric patients.
The prevalence of PSE in adult patients suffering from AIS
has been shown to range from 2% to 4%.'° The frequency
of PSS in adult patients is more or less at a similar level in
different populations (Table 1). In a French study, 6.9% of
patients with stroke had late poststroke seizure (LPSS), and
a similar prevalence of late seizures was found by Roivainen
et al in Finnish patients (6.1%).'"'2 EPSS was distributed as
follows: in French patients — 5.4%, in Finnish patients —3.5%,
and in Danish patients — 4.2%.''"1* Surprisingly, in patients
with stroke (ischemic and hemorrhagic strokes were analyzed
jointly) from Rajasthan, the frequency of EPSS and LPSS was
especially high (54% and 46%, respectively) when compared
to other data.' The prevalence of PSE ranges from 1.6% in

Table | Prevalence of PSS and PSE in adult patients with AIS

Taiwan population'® to 8.2% in German population.'¢ How-
ever, only the study by Kammersgaard and Olsen'’ gave the
exact definition of PSE, whereas in the study by Jungelhuls-
ing et al,'® the patients were diagnosed as epileptic when they
had at least one late poststroke epileptic seizure <2 years
after initial stroke.

Table 2 shows the frequency of epileptic seizures
appearing after ischemic stroke and PSE in pediatric popu-
lations. Compared to adult patients, the frequency of both
seizures and epilepsy is higher in children. Available data on
children stroke revealed that the lowest frequency of PSS,
both early (17%) and late (9%), was observed in the study
analyzing children hospitalized at a university medical center
in southern Poland.!” A similar prevalence of acute symp-
tomatic seizure appearing =7 days after stroke and remote
symptomatic seizures was demonstrated in the study by
Billinghurst et al, who retrospectively analyzed 105 patients
with childhood stroke hospitalized at Children’s Hospital of
Philadelphia, USA." However, surprisingly in this study, the
percentages of patients with childhood AIS and PSE were
almost twice lower than in the study by Kopyta et al (7%
vs 13%, respectively).'” On the other hand, another study
conducted in Poland, but in northern part, showed that the
prevalence of cases with epilepsy was similar (14.6%) to the
one reported in the study by Kopyta et al and defined early
seizures as those occurring during the first 24 hours after
stroke. However, it did not demonstrate the frequency of
LPSS." Almost the same frequency of PSE was also observed
in Iranian children (16%).2° A greater prevalence of PSS was
in turn observed in the group of patients from the Netherlands
and Korea (26% and 32.3%, respectively), and particularly

Study Population Frequency of PSS Frequency of PSE
Cordonnier et al'! Patients hospitalized in Lille University Early seizures — 5.4% NA
Hospital (France); median age 75 years Late seizures — 6.9%
Roivainen et al'? Patients from Finland with their first Early seizures — 3.5% NA
ischemic stroke; aged 1549 years Late seizures — 6.1% at | year,
9.5% at 5 years, and 11.5% at 10 years
Kammersgaard Patients from Denmark Early seizures — 4.2% 3.2%
and Olsen'? Late seizures — NA
Kamble et al'* Department of Neurology in Early seizures — 54% NA
Kota (Rajasthan); mean age 57.6x15 years Late seizures — 46%*
Chen et al"® Adults from Taiwan; mean age of patients NA 1.6%
with AIS 64.8+10.6 years
Jungehulsing et al'® Patients hospitalized in Center for NA 8.2%
Stroke Research Berlin (Germany);
age ranged from 65 to 85 years

Note: *Ischemic stroke was analyzed jointly with hemorrhagic stroke.

Abbreviations: AlS, arterial ischemic stroke; NA, not available; PSE, poststroke epilepsy; PSS, poststroke seizure.
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Table 2 Prevalence of PSS and PSE in pediatric patients with AIS

Study Population Frequency of PSS Frequency
of PSE

Kopyta et al'7 Polish children (southern Poland); Early seizures — 17% 13%
age range: | month to 18 years Late seizures — 9%

Billinghurst et al'® Children hospitalized at the Children’s Acute symptomatic seizures occurring =7 days after 7%
Hospital of Philadelphia (USA) stroke — 7%, remote symptomatic seizures — [0%

Pilarska and Lemka'? | Polish children (northern Poland); Early seizures — 7.3% 14.6%
aged 2—16 years

Nasiri et al® Children from Iran; mean age at first NA 16%
stroke was 5.2 years

Lee et al’! Korean children; age range: | month 32.3% 20%
to 17 years

De Schryver et al Children from the Netherlands; 26% NA
aged <16 years

Morais et al® Brazilian children; aged <18 years 64.6%, including early seizures — 53.8%, late 29.2%

seizures — 10.8%

Breitweg et al** Children and adolescents from Germany; Early seizures — 20.5%* 27%
aged up to 18 years

Fox et al® Children with stroke enrolled in the Remote seizures — 49% NA
Northern California Kaiser Permanente (USA)

Note: *Ischemic stroke was analyzed jointly with hemorrhagic stroke.

Abbreviations: AlS, arterial ischemic stroke; NA, not available; PSE, poststroke epilepsy; PSS, poststroke seizure.

high frequencies of PSS and epilepsy were found in Brazilian
children with AIS (64.6% and 29.2%, respectively).' > In
a Brazilian study, over half of the stroke children had early
seizures and seizures evolved into epilepsy in almost 30%
of pediatric patients. In the study by Breitweg et al,** early
seizures were present in >20% of children with stroke and
PSE in 27% of patients. Moreover, in the study by Fox et al,?*
almost half of the children with AIS had remote seizures.

Clinical presentation of PSS

Cordonnier et al'! observed in adult patients that EPSS was
simple partial (in five patients), generalized tonic—clonic
without signs of focal onset (in three patients), and one patient
had secondary generalized seizures. The same presentations
were also found in the case of LPSS. Conrad et al** showed
that in almost 41% of patients, seizures were classified as
partial (most of them were simple partial), and 57% patients
had generalized seizures. However, there are also patients
in whom the type of seizure cannot be determined.'!?
The frequency of status epilepticus differs between popula-
tions and was found to be present in 16.7% of cases as well
as in only 9% of patients.??’

In the case of PSE in children, Kopyta et al demon-
strated that all of the analyzed pediatric patients with PSS
(n=20) had seizures, which were focal in nature. However,
in 40% of them, seizures were secondary generalized.!”

In the study by Pilarska and Lemka, 7% of analyzed children
with AIS had EPSS, which were generalized tonic—clonic and
were observed within the first 24 hours after stroke.' In turn, in
the group with neonatal AIS from Philadelphia, most patients
had either subtle or multifocal clonic seizures, whereas in
the group with childhood stroke, almost all children with
epilepsy had seizures focal in nature with or without secondary
generalization, except one child who had infantile spasms.'®

Diagnosis of PSS and PSE

The definitions and classifications of seizures and epilepsy
have a long history. However, the seizure classification,
which was updated in 1981 by introducing the following
terms: “complex partial”, “simple partial”, “generalized”,
and “unclassifiable”, was also maintained in the discussion
of'the International League Against Epilepsy (ILAE)in 2010
with only minor changes.?* According to the definition, which
was updated in 2005 and maintained in 2014, an epileptic
seizure is “a transient occurrence of signs and/or symptoms
due to abnormal excessive or synchronous neuronal activity
in the brain”.%

In turn, epilepsy is diagnosed in an individual who
has at least two unprovoked or reflex seizures or one
unprovoked or reflex seizure and =60% likelihood of having
subsequent seizures over the next 10 years or an epilepsy
syndrome.’® The patient’s brain after the first epileptic

Neuropsychiatric Disease and Treatment 2019:15

submit your manuscript 97

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Sarecka-Hujar and Kopyta

Dove

seizure demonstrates a pathological and enduring tendency
for recurrent seizures.*

The current definition of epilepsy as well as the division
of epileptic seizures recommended by ILAE have been used
since 2014, so the studies published before that time are based
on previous recommendations.

Ischemia causes reversible or irreversible damage in
the brain, eg, sudden disorganized electrical activity, which
can cause subsequent seizures. Two types of seizures after
ischemic stroke can be distinguished: EPSS, which occurs
up to 7 days after AIS and late remote seizures, which appear
between the seventh day and the second year after AIS onset.’!
The EPSS and LPSSs have different pathophysiology. The
early one may be a consequence of ischemia, which increases
the extracellular concentration of glutamic acid. Glutamate as
a dominant neurotransmitter stimulates the adult brain, and its
elevated level contributes to excitotoxic brain damage.*> On
the other hand, late remote PSS appears as a consequence of
damage caused by ischemia and exposure to the subsequent
increased level of glutamate, which may be related to second-
ary neuronal injury.>* LPSSs are also suggested to result from
gliosis and the development of a meningocerebral cicatrix.’
Previously, in rats, it was also observed that hyperglycemia
at the time of brain ischemia may influence epileptogenesis.**

However, the time of the onset of early and late seizures
is unequivocal. In the study by Breitweg et al,>* PSS was
classified as the early one when it occurred during the first
48 hours after the onset of stroke symptoms and the authors
recognized patients as epileptic when they experienced two
or more seizures beyond the time limit of early seizures. On
the other hand, in a group of almost 500 patients with AIS
from the Czech Republic, seizures, which occurred up to
2 weeks after stroke, were considered to be early.>* Similarly,
Strzelczyk et al*® attributed seizures to the early period if they
occurred up to 14 days after stroke. In the case of PSE, it
can be identified in a patient who had at least two recurrent
seizures, which were not provoked by any factor (metabolic,
toxic, or any other) and occurred after the acute phase of
stroke.**7 But again, a problem regarding the time of sei-
zure occurrence after ischemic stroke, which clearly allows
for the diagnosis of PSE, needs to be resolved. According
to Hesdorffer et al,’® acute symptomatic seizures cannot
be recognized as epilepsy since they carry a lower risk of
subsequent unprovoked seizures. We found one study giv-
ing the cutoff point for PSE, but the study was conducted in
2005 so much earlier before the current recommendations.'
According to its authors, PSE can be diagnosed if a patient
had two or more seizures after stroke and was subsequently

treated with AEDs to achieve seizure control within the
follow-up period of mean 7 years.”® Furthermore, in one
study, we found a definition of very late seizures, instead
of epilepsy, which referred to patients who had their first
seizure >2 years after stroke.®

Predictors and genetic risk factors
for PSS and PSE

Different sets of risk factors for PSS and PSE can be
distinguished in patients with stroke. In adults, the most
often demonstrated predictors are the stroke subtype, infarct
size, location, and severity of ischemia. However, due to
the different criteria of recruitment, the length of follow-up,
as well as differences in the time of establishing EPSS and
LPSS, inconsistent and even contradictory results are given
on the topic.

In adults, Jungehulsing et al'® observed that hypertension
and stroke severity were significant predictors for PSE.
In turn, in the study based on German patients, no relations
between some metabolic factors and development of seizures
were found.? Surprisingly, according to the data of Devuyst
et al,’? an elevated level of cholesterol may play a protective
role in seizures and ischemic stroke. Moreover, Roivainen
et al observed that cigarette smoking, heavy drinking, as well
as infections preceding stroke were more frequent in patients
having LPSS compared to patients with acute symptomatic
seizures (up to 7 days after stroke onset).!? Univariate analysis
performed by Conrad et al demonstrated that younger age
of patients was associated with the occurrence of seizures.?
Similar findings were reported by other authors.*’ In contrast,
earlier data showed that patients aged >84 years had a higher
risk of PSS.#! This may result from decreased excitability of
the cortex due to the aging process of brain tissue.

Other factors that increase the risk of PSE include the
volume of infarcts (the larger the stroke, the greater the
probability of having PSE), stroke severity, and location of
infarcts (cortical location carries a greater risk of PSE).#>#
In the study by Misirli et al, the most important risk factor for
the development of seizures was cortical involvement with
the OR equal to 4.25.% In turn, Conrad et al observed that
cortical involvement is associated with late seizures.? Some
discrepancies may be noted in the context of correlations
between the cortical location of stroke and the development
of EPSS; some authors found such a relation while others did
not.*# No significant difference in the location of stroke was
also found between patients with and without PSS.** Very
interesting results were reported by Cordonnier et al, who
demonstrated that preexisting dementia was independently
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related to the appearance of late seizures (OR=4.66), but not
to early seizures.!! This finding may be explained by some
dysfunction of glutamate pathways in people with dementia.

Hesdorffer et al observed that the risk of subsequent
unprovoked seizures is higher in the case of the occurrence
of LPSS than in the case of early symptomatic seizures.*
The results of a Korean study indicated that some factors
determining the high risk of the second seizure after the first
one may emerge; the patients who are mostly endangered by
the second seizure after the first one in follow-up are charac-
terized by male gender, age below 65 years, large ischemic
lesions, and focal seizures in clinical presentation.*’ This may
be helpful in making individual decisions about treatment
administration after the first seizure.

The latest data also show that intravenous tissue plas-
minogen activator therapy, which is approved for acute stroke
treatment, may be a risk factor for subsequent PSE* since
it is suggested to cause some neurotoxicity. Likewise, using
antidepressants was a significant risk factor for LPSS in the
Finnish population, whereas using antipsychotic or anxiolytic
medications characterized patients with both acute seizure
and LPSS." One of the suggested risk factors for PSE is also
hemorrhagic transformation.®!? In our opinion, a family his-
tory of epilepsy should also be taken into account as a risk
factor for PSE since genes contribute to epileptogenesis.

The most often indicated predictors for PSS and epi-
lepsy in pediatric population are, among others, age at the
time of stroke, focal cerebral arteriopathy of childhood, and
the number of infarct foci.'” In this study, all patients who
experienced late remote PSS were diagnosed as epileptic.!”
Similar findings were reported by Lee et al, who also observed
that epilepsy was diagnosed in 100% of children with late
seizures.” Fox et al®® also demonstrated that younger age may
be a predictor for poststroke remote seizures. Additionally,
according to the authors, children presenting acute seizures
at the time of stroke also had an increased risk of remote
seizures, compared to children with no seizure at the time of
stroke (HR=4.1), as well as an increased risk of developing
active epilepsy (HR=4.2).2 An American study on children
with AIS demonstrated that younger children were more
likely to present with seizures at stroke ictus.'® Acute symp-
tomatic seizures were also predictors for late remote seizures
and epilepsy in this study.'® Breitweg et al also reported young
age, cortical involvement, and early seizures as predictors for
PSE in the group of pediatric patients from Epilepsy Center
for Children and Adolescents in Vogtareuth (Germany).>*

Searching for genetic risk factors for PSS and epilepsy is
not common yet important. Recently, a few studies regarding

the role of polymorphic genetic variants in PSE in adult
and pediatric patients have been published.* Yang et al*
analyzed the ALDH?2 rs671 polymorphism in 732 individu-
als who were divided into three subgroups: PSE patients,
ischemic stroke patients, and healthy controls. Mitochondrial
ALDH2 is an enzyme expressed in many tissues of the body,
including the brain, which metabolizes reactive aldehydes to
acetic acid and also detoxifies aldehyde adducts generated by
reactive oxygen species. The rs671 polymorphism decreases
ALDH?2 activity by 90%. The authors found a significant
difference in the prevalence of genotypes and alleles of the
rs671 polymorphism between patients with PSE and patients
with ischemic stroke. Patients with the A allele of the rs671
polymorphism had also significantly higher levels of plasma
4-hydroxynonenal (4-HNE), which is an ALDH?2 substrate,
and its elevated level is involved in cerebral ischemia.* In
turn, Zhang et al*® found a significant role of the T allele of
the CD40 —1 C/T polymorphism in PSE susceptibility in adult
patients. The T allele was observed in 50.5% of patients with
PSE in comparison with 38.5% patients with ischemic stroke.
The authors classified patients into the group of PSE based on
clinical symptoms and positive electroencephalogram (EEG)
performance. Patients with PSE also showed a higher level
of plasma sCD40L and increased expression of CD40, both
of which are reflected in prothrombotic conditions as well
as oxidative stress.*

In children suffering from ischemic stroke, an asso-
ciation between the G allele carrier-state in the —174G>C
polymorphism in /L6 gene and PSE was demonstrated.’!
The CC homozygotes were not found in children with stroke
and subsequent epilepsy, whereas the CC genotype was
observed in about 25% of children without PSE. A number
of proinflammatory molecules can be released due to some
brain injury (probably also as a result of ischemia) or procon-
vulsant events, which can activate microglia and astrocytes.>
These proinflammatory mediators may cause changes in
neuronal excitability and then neuronal communications.
Other interesting pilot data showed that the AA genotype of
the 1298 A>C polymorphism within the MTHFR gene may
have a protective role in the development of seizures after
stroke in pediatric patients (AA genotype was observed in
almost 19% of children with seizures and in 43% of children
without seizures).” The 1298A>C polymorphism results
in a decreased activity of MTHFR, but to a lesser extent
than in the case of the MTHFR677C>T polymorphism.
The decreased activity of the enzyme results in the elevated
homocysteine level, which was suggested to cause neuronal
excitotoxicity through overstimulation of the receptors of
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N-methyl-D-aspartate.”> Another study demonstrated that
TT homozygotes of the rs2516839 polymorphism within
the USF-1 gene, which is involved in lipid metabolism, were
more frequent in AIS children with PSE.** Previously, the
results of an experimental study by Sirito et al*® showed the
role of USF in normal brain function since the USF-deficient
mice experienced spontaneous epileptic seizures.

Current and future treatment of
PSS and PSE

In developed countries at least one out of ten stroke survi-
vors will suffer from epilepsy.! However, even if the risk
of seizures and epilepsy after stroke is high, the American
Heart Association does not recommend the prophylaxis using
AEDs in stroke survivors.’” The role of some new generation
AEDs is being postulated in epileptogenesis prevention. In a
rat model of epilepsy, levetiracetam (LEV) reduced gliosis
in hippocampus and piriform cortex.*® Then perampanel, a
novel selective, noncompetitive AMPA glutamate receptor
antagonist, was suggested as a potential epilepetogenesis
blocker by reducing glutamate excitotoxicity.” Also aspirin
and rapamycin, due to their anti-inflammatory action, are con-
sidered in the prevention of poststroke epileptogenesis.®*¢!

Finally statins, commonly used in patients with cardiovas-
cular disorders, show anticonvulsant and anti-inflammatory
action, with reduction of the brain—blood barrier destruction
in the acute phase of ischemic stroke. According to available
data, statin administration not only reduces the develop-
ment of PSE but also leads to a reduction in the number of
hospitalizations due to epilepsy in patients with stroke.5¢3

Even though the probability of subsequent unprovoked
seizures after the first PSS is quite high in poststroke patients,
the prophylaxis of the recurrent seizures with AEDs is not
commonly practised.”’ According to Tanaka et al, in Japan
33% of hospitals prescribe AEDs after the first late seizure
compared to 88% prescribing AEDs after the second one.®
The exception would be the patients after status epilepticus
as the first epilepsy manifestation.®> Although the early AED
administration in poststroke patients does not modify the
pathogenesis of the disease and prognosis, it may prevent
the second seizure occurrence, especially that the risk of
recurrent seizures after the first late-onset PSS is high and
estimated at about one-third of patients.”*¢ In turn, in the
study by Ahangar et al,’ phenobarbital (PB) or phenytoin
(PHT) was prescribed very early, ie, to each patient who had
early- and late-onset PSS. The authors explain the later lower
frequency of recurrent seizures with this early inclusion of
anticonvulsant treatment.

According to some data, antiepileptic treatment should
be administered after the first late-onset PSS.%7 One of the
proposed drugs to treat adult patients after the first late-onset
seizure is gabapentin (GBP) at a daily dose of 900—1,800 mg;
following the patients within 30 months, the authors observed
recurrence of seizures in about 18% of the examined group.
The side effects requiring drug withdrawal were observed
in <3% of patients.®” Oros et al demonstrated that repeated
epileptic attacks concerned 27% of patients with AIS taking
anticonvulsants during 1 year after the first PSS and almost
54% of patients taking no antiepileptic treatment.®®

PSE in most patients is successfully treated with
monotherapy.®® As the seizures in PSE are naturally focal,
carbamazepine (CBZ) and GBP administration is the first-
line drug treatment in adults in Europe, whereas in the
United States, the drugs of first choice in these patients are
PHT and GBP.%7%7 Still, in Japanese patients with PSE,
administration of valproic acid (VPA) as the first-line drug
is more common because the second-generation AEDs are
not officially approved in this country.’

In the randomized noncontrolled study by Gilard et al
comparing the efficacy and side effects of lamotrigine (LTG)
vs CBZ, the first one was more effective and the patients
treated with LTG reported fewer side effects.” The efficacy
comparison between LEV and CBZ did not reveal any sig-
nificant advantage of one of the drugs, but LEV was better
tolerated.” Taiwanese authors compared the action of VPA,
PHT, CBZ, and new AEDs (oxcarbazepine [OXC], vigaba-
trin, tiagabine, LTG, TPM, GBP, LEV, and pregabaline)
in patients with PSE. In >3,000 patients treated with these
AEDs, the number of hospitalizations for seizure exacerba-
tion was lower in the individuals treated with VPA and new
AEDs than in those treated with PHT.”

According to Billinghurst et al, acute seizures in AIS
children were most commonly treated with LEV, PB, OXC,
and PHT (62%, 46%, 8%, and 8%, respectively). Nearly
one-fourth of the patients needed more than one of the
AEDs at discharge.'®

The prognosis in adult onset PSE seems rather favorable.
Stephen et al followed a group of patients with PSE during
the period of 2 years; most of the patients required only one
AED and at the end of the second year of observation, up to
67% of the patients were seizure free.”’

Contrary to adult patients suffering from PSE, no
research comparing different AEDs in pediatric population
was found by the authors. Data from the study by Fox et al*
showed that all children with remote seizures were treated
with AEDs and most of them took at least two AEDs.
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However, despite this, the last follow-up showed that
>30% of children with active PSE had recent seizures.?
In pediatric patients meeting the criteria of drug-resistant
epilepsy, the operative procedure, mainly peri-insular
hemispherotomy, should be taken into consideration
without hesitance not only for its favorable antiepilep-
tic action but also for better social and behavioral outcome.”™

However, too early antiepileptic treatment, especially in
children suffering from stroke and having early seizures after
ischemia, may have an adverse effect on their motor func-
tion and the whole process of recovery. Such data based on
animal models were previously published in regard to PHT,
PB, and diazepam.”®' On the other hand, the hypothesis of
attenuation of ischemic brain injury by anticonvulsants is
also analyzed. Markowitz et al*> observed that a lower dose
of PB may be more protective against the consequences
of ischemia in immature CD1 mice with induced ischemia
compared to a higher dose. The lower dose of PB reduced
acute seizures and chronic brain injury and restored normal
weight gain and exploratory behavior.*

Conclusion
The pathogenesis of PSE is still not fully understood, but
ischemic stroke is undoubtedly one of the most common
reasons for epilepsy in adults. For effective prevention of
PSS and epilepsy, risk factors should be reliable and easily
measured or detected in patients. Different risk factors as
well as interactions between them are probably related to the
development of PSE in a particular patient. At the moment,
it is difficult to predict which patients suffering from isch-
emic stroke will have seizures. Recent data demonstrate that
attempts to personalize the approach for assessing the risk of
LPSS in AIS patients are being made.®> Galovic et al devel-
oped a multivariate model named “SeLECT”, based on five
risk factors, ie, severity of stroke, large-artery atherosclerotic
aetiology, early seizures, cortical involvement, and territory
of middle cerebral artery involvement, to evaluate the risk of
late seizures within the first year after stroke.*® The study was
performed in a cohort of 1,200 patients with AIS, and accord-
ing to the authors, the results are promising since the SeLECT
model can predict the late seizures and can be smartphone
operated.®* On the other hand, some doubts regarding the
assumptions of this model have also been commented on.%
In presuming the occurrence of PSS, the role of EEG
is also analyzed. The latest data show that the first EEG
asymmetry can independently predict unprovoked seizures
or epilepsy in the year following anterior circulation ischemic
stroke.* On the other hand, from a practical point of view,

the asymmetry of EEG track in poststroke patients is just the
result of ischemic brain injury and should be considered a
potential PSE risk factor coexisting with others.

All this shows the complexity of the causes of PSE
and its prediction. Thus, the more knowledge on PSE, the
more advanced, precise, or even individualized therapies will
have the chance to be implemented. However, in the light of
the reviewed data, the authors believe that the definition of
PSE itself needs to be first refined and standardized, other-
wise knowing the risk factors or the actual frequency of the
disease will still be a problem.
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