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ABSTRACT
More than 50 million people worldwide suffer from epilepsy. In approximately 50% cases of
newly diagnosed patients over 60 years of age seizures are related to stroke. Post-stroke lesions in
brain tissue may result in 7 fold increase risk of seizures compared to the general population. The most
significant risk factors for post-stroke seizures (PSS) and post-stroke epilepsy (PSE) include stroke
severity, intracerebral or subarachnoid hemorrhage and cortical involvement. Increased incidence of
PSS was also observed in younger patients especially with previous early PSS occurrence. Statins
(HMG-CoA reductase inhibitors) are a class of lipid-lowering medications characterized by
neuroprotective and antiepileptic effects. The main result of the performed studies was significantly
reduced risk of developing PSS associated with a post-stroke, but not pre-stroke statin use. Moderate
to high doses of statin and early administration in acute phase of stroke potentiated the beneficial
effects of the treatment. The evidences for the association between PSS prevention and statin
treatment become more significant, however the most recent AHA/ASA recommendations do not
include any medications in the PSS prophylaxis. This article summarizes the current knowledge about
the prediction and prevention of PSS and PSE.
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1. INTRODUCTION
Epilepsy is one of the most common neurological disorders. The recurrent seizures,
multiple comorbidities and the side effects of anti-seizure medications aggravate the social
stigma and discrimination of patients who develop epilepsy [1]. In meta-analysis of 222
studies published in 2017 the lifetime prevalence of epilepsy was 7.60 per 1,000 persons [2].
According to above statistics more than 50 million people worldwide suffer from epilepsy.
The post-stroke lesions in brain tissue play a crucial role in epileptogenesis and are
responsible for approximately 50% of newly diagnosed epilepsy among patients over 60 years
of age [3]. The overall incidence of seizures within a decade after an ischemic stroke was
estimated at almost 10% which implies approximately 7-fold higher risk of seizures than
in the general population [4].

2. POST-STROKE EPILEPSY
2. 1. Definition
Epilepsy is a disorder of the brain characterized by an enduring predisposition
to generate epileptic seizures. Following the most recent recommendations of The
International League Against Epilepsy (ILAE) epilepsy is defined by one of the conditions
below [5]:
1. at least two unprovoked (or reflex) seizures occurring >24 h apart,
2. one unprovoked (or reflex) seizure and a probability of further seizures similar
to the general recurrence risk (at least 60%) after two unprovoked seizures
occurring over the next 10 years,
3. diagnosis of an epilepsy syndrome.
Consequently, in accordance with the second point of the above definition even a single
seizure occurring in late post-stroke period has to be qualified as epilepsy as a result of the
high probability (up to 65–90%) of further seizures development [5].
Post-stroke seizures (PSS) occurrence is characterized by two peaks – within the
24 hours after a stroke and between six to twelve months [6]. It should be noticed that
the nomenclature of seizures having regard to the time of occurrence used in publications
is unclear. Early seizures are defined as occurring within 24 hours up to 30 days, and late
seizures are usually defined as occurring after the early seizure period [7]. Following the
recommendations of ILAE for a definition of symptomatic seizure, acute symptomatic
seizures occur within 1 week of stroke [8].
The most recent classification of seizure types are presented on figure 1. A focal aware
seizure corresponds to the prior term simple partial seizure in previous classification. A focal
impaired awareness seizure corresponds to the prior term complex partial seizure [9].
Unfortunately, there is a lack of evidence which type of seizure occurs the most common after
stroke.
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Figure 1. The expanded ILAE 2017 operational classification of seizure types [9].

2. 2. Pathogenesis
Electrophysiological instability and neurotransmitter imbalance are major alterations
participating in early seizures occurrence. Acute phase of stroke results in cellular metabolic
and biochemical dysfunction [3]. Loss of neurovascular unit integrity, blood–brain barrier
disruption, ion channel dysfunction and increased release of neurotransmitters (glutamate and
others) are major factors contributing to early presence of PSS [10].
Pathogenesis of late PSS or PSE (post-stroke epilepsy) includes genetic factors,
neurovascular units disintegration, post-stroke gliocyte proliferation and neurodegenerative
processes [3]. The localization of stroke is also important as the presence of cortical lesion is
associated with higher risk of PSE [10].

3. PREDICTION OF SEIZURES AFTER STROKE
3. 1. Risk factors for post-stroke seizures
In accordance with the findings of various reports, the most significant risk factors for
PSS are neurological and include stroke severity, intracerebral or subarachnoid hemorrhage
and cortical involvement [4,11-13].
PSS occur more frequently in younger patients, however there is no one adopted age
threshold and the age of 65 or higher is usually considered [4,7,12,14]. Conversely, elderly
patients with PSE have a double mortality rate compared to younger patients. There is also
a synergistic effect between acute ischemic stroke and status epilepticus (SE) in increasing
fatality among elderly patients. It has to be noticed that SE alone does not modify long-term
mortality as opposed to SE of cerebrovascular etiology [15,16].
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The correlations between other risk factors and PSS occurrence have been studied,
however results remain unclear. Hypertension is usually described as a risk factor for PSE,
although in many reports the correlation was statistically insignificant [7,13,17-19]. In one
trial including 1073 patients describing lower risk of early seizures after stroke in patients
with hypertension on admission [14]. Similarly, most reports investigated statistically
insignificant or no correlations between post-stroke seizures and other stroke or
cardiovascular risk factors (serum total cholesterol, history of myocardial infarction,
peripheral vascular disease, atrial fibrillation, smoking, diabetes mellitus, nonwhite race)
[4,7,17-19]. PSS occurrence did not differ significantly even between the groups in TOAST
classification (Trial of ORG 10172 in Acute Stroke Treatment), which divide ischemic strokes
into etiological groups: large artery, cardio-embolism, lacunar, other determined, multiple
or undetermined [7,18].
3. 2. The SeLECT score
The most recent seizures prediction tool was published in 2018. The SeLECT scale
(acronym includes first letters of evaluated parameters – Severity of stroke, Large-artery
atherosclerosis, Early seizure, Cortical involvement, Territory of Middle cerebral artery)
summarize the impact of post-stroke epilepsy predictors in 5-section scale. To calculate the
probability of late seizures after ischemic stroke (defined as occurring > 7 days), the sum
of points assigned to predictors from table 1. has to be referred to the total risk score from
table 2 [20].
Table 1. The SeLECT score. Point’s valuation of each predictor of late (>7 days) seizures
after ischemic stroke [20].
Severity
of stroke

Large-artery
atherosclerosis

Early seizure
(≤7 days)

Cortical
involvement

Territory
of MCA

NIHSS ≤3

0

No

0

No

0

No

0

No

0

NIHSS 4–10

1

Yes

1

Yes

3

Yes

2

Yes

1

NIHSS ≥11

2

NIHSS – National Institutes of Health Stroke Scale, a scale used to quantify the post-stroke impairment, MCA –
Middle cerebral artery.

Table 2. The risk of late seizures according to SeLECT score [20].
Risk of seizures
after 1 year
SeLECT
total score
Risk of seizures
after 5 years

0,7%

1%

2%

4%

6%

11%

18%

28%

44%

63%

0

1

2

3

4

5

6

7

8

9

1,3%

2%

4%

6%

11%

18%

29%

45%

65%

83%
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3. 3. The impact of thrombolytic treatment on PSS
Thrombolysis is the lysis of blood clots with the use of recombinant tissue plasminogen
activators (rtPA) and is a treatment of choice in many cases of acute ischemic stroke.
In thrombolysis-treated patients seizures are uncommon and in most cases predict poor
recovery [21]. It should be noticed that thrombolysis has a potential neurotoxic effect. The
correlation between rtPA administration and early PSS occurrence was found in a study
of 2,327 patients with acute ischemic strokes (OR 4.6, p = 0.01) and cannot be explained by
recanalization and symptomatic or radiological hemorrhagic transformation of stroke
in authors opinion. PSS was associated with worse outcome at 3 months without any
difference in NIHSS scale (a tool used to quantify the post-stroke impairment) on patients
hospital admission. Despite lack of seizure reported as a possible rtPA side-effect in the
randomized studies, authors concluded that use of others non-epileptogenic thrombolytic
agents different from rtPA should be profitable [22]. In another study, early seizures
in thrombolytic patient independently predict mortality and unfavorable outcome (2.2-fold
risk for death, 1.6-fold risk for unfavorable outcome). Authors noticed that there is a need for
trials for prophylactic anticonvulsive treatment in patients receiving endovascular therapy for
acute stroke [23].
Conversely, the early-onset PSS may be related to the severity of the stroke rather than
the rtPA or other applied treatment. This statement was supported by the comparison
of anticoagulants or antithrombotics with the rtPA treatment of acute cardiac- or thromboembolic stroke. The rtPA administration, through a better reperfusion of the ischemic brain
regions may result in partial prevention of the late-onset PSS occurrence [24].
The frequency of acute PSS as a complication of the thrombolytic therapy evaluated
in two minor studies was not significantly different between rtPA treated and non-treated
patients and was comparable with rates from pre-thrombolysis decades. In some cases
of patients very early seizures may even reflect the success of thrombolytic treatment and
favorable outcome [25,26].
The relationship between rt-PA and PSS occurrence remains unclear, although the
impact of post-trombolysis seizure on poor recovery is well documented. Major disability,
unfavorable ordinal shift of scales used for measuring the degree of disability or dependence
in the daily activities and even death are independently predicted by early PSS occurrence
following thrombolysis therapy [21-23,25,26].

4. PREVENTION OF POST-STROKE EPILEPSY
4. 1. The Code Stroke System
Rapid access to diagnostic and treatment tools plays crucial role in the restriction
of post-stroke complications. In the most recent study published in 2018, the American
Academy of Neurology underscored the importance of the Code Stroke System (CSS) in the
prevention of PSE development. CSS provide a set of procedures used in the management
of acute stroke cases: rapid assessment, revascularization, and harmonization
of hemodynamic and metabolic disturbances. The authors of the most recent report published
in 2018 indicated that the implementation of CSS recommendations in clinical practice was
associated with decreased incidence of PSE (OR, odds ratio = 0.36, 95% CI, confidence
interval 0.14–0.87, p = 0.024). Similarly, the hazard rates for post-stroke epilepsy within
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5 years after stroke were lower in patients managed under the code stroke system (HR, hazard
ratio = 0.60, 95% CI 0.47–0.79, p<0.001). For the above benefits CSS has been adopted by
major stroke centers worldwide [27].
4. 2. Statin treatment and the risk of post-stroke seizure
Statins (HMG-CoA reductase inhibitors) are a class of lipid-lowering medications
widely used in patients after stroke. The relationship between statin therapy and improved
general outcome or reduced fatality after ischemic stroke was confirmed in one of the largest
meta-analysis of mostly observational studies [28].
The results of studies with animal models of seizures provided evidence that statins are
characterized by neuroprotective and antiepileptic effects besides cholesterol-lowering
properties. The molecular activity of statins is responsible for increased gabaergic activity,
decreased glutamatergic activity and other effects mediated by nitric oxide (NO) release
which result in increased seizure threshold and significant anticonvulsant effect [29-32]. The
reduction of brain inflammation, infarction volume and the permeability of the blood–brain
barrier may participate in observed beneficial effect of statin therapy after ischemic stroke
[33].
The clinical studies confirm above correlations. The largest study was published
recently in 2018. 20 858 ischemic stroke patients were divided into 3 groups: pre-stroke users
of statins, post-stroke users of statins and non-users. Medications used in the study were either
lipophilic (atorvastatin, fluvastatin, lovastatin, pitavastatin, simvastatin) and hydrophilic
(pravastatin, rosuvastatin). The main result of the study was significantly reduced risk
of developing PSE associated with a post-stroke, but not pre-stroke statin use (aHR, adjusted
HR 0.55; p<0.001). Authors described also a dose-response correlation between higher poststroke statin cumulative defined daily doses (cDDD) and lower PSE hazards. CDDD were
measured as the sum of average daily doses used in the monthly treatment. The aHRs for
increasing 4 quartiles of cDDD (the lowest, second, third, and highest) equal to 0.84, 0.67,
0.53, and 0.50. The lipophilicity characteristics was without significance – either lipophilic
or hydrophilic statins reduced the risk of PSE [34]. The most effective doses of statins in PSS
prevention were from moderate to high and this association was confirmed by the other
studies on various types of seizures [34-36].
The results of minor studies are comparable. Statin use in the acute phase of ischemic
stroke was found to reduce the risk of early-onset PSS (OR 0.35, p<0.001) in the study
involving 1,832 patients. Above correlation was even more relevant in patients who used
statins only in the acute phase of stroke (OR 0.36, p<0.001). The impact on PSE diagnosis
varied significantly depending on early-onset seizures occurrence: if patient had experienced
early PSS, statin use prevented further seizures defined as PSE (OR 0.34, p = 0.026), however
if seizure had not occurred, PSE incidence was independent on statin treatment during a mean
follow-up period of 2.5 years [37].
Moreover, similar correlation was observed between statins treatment and the presence
of status epilepticus (SE). The significant association of SE with general lower patients
mortality might be a result of a possible anti-epileptogenic role of statins [38]. The limited
evidences of statin effectiveness were also obtained in the studies on the preventing of special
types of epilepsy: the geriatric epilepsy and the epilepsy after radiation [39,40]. Interestingly,
other lipid-lowering medications do not significantly modify the risk of seizures [35,36,40].
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Table 3. Clinical studies on the association between statin treatment and the risk seizures after
ischemic stroke.
No

20
858

1 832

Time

Intervention

Result

1 year
before
and
3 years
after
first
index
date

Pre- and post-stroke statin
use in patients with newonset
stroke.
Statins
divided into two categories: lipophilic (atorvastatin, fluvastatin, lovastatin,
pitavastatin simvastatin)
and hydrophilic (pravastatin, rosuvastatin).

2,5
years

Atorvastatin, simvastatin
or rosuvastatin administered in the acute phase
or/and before stroke or no
use of statin. Patients with
a first-ever ischemic stroke
and no history of epilepsy.

Ref

Only post-stroke statin use significantly
reduced risk of developing PSE (aHR
0.55; p<0.001). No positive effect
observed in cases of pre-stroke statin use.
A dose-response correlation between PSE
risk reduction and quartiles of the statin [34]
cDDD was observed (HR 0.84, 0.67,
0.53, and 0.50 for the lowest, second,
third, and highest quartiles of cDDD,
respectively). The lipophilicity characteristics was without significance.
Statin use reduced the risk of early PSS
(OR 0.35, p<0.001), mainly in patients
received statin only in the acute phase of
stroke (OR 0.36, p<0.001). No significant
association was found between statin use [37]
and PSE without previous early PSS (OR
0.81, p=0.349). Statin use in patients with
early PSS reduced risk of PSE (OR 0.34,
p=0.026).

No – number of patients, Time – the mean duration of the study, PSS – post-stroke seizures, PSE – post-stroke
epilepsy, OR – odds ratio, aHR – adjusted hazard ratio, cDDD – cumulative defined daily dose.

Table 4. The examples of clinical studies on association between statin treatment and the risk
of seizures in the course of certain conditions different from ischemic stroke.
No

Time

1 025
222

U

43
438

6,2
years

7 435

17,6
months

Intervention

Result

Ref

Statin and other lipidStatin prescription reduced the risk
lowering drugs administraof geriatric epilepsy. No significant effect [40]
tion to geriatric veterans
off other lipid-lowering drugs.
with and without epilepsy.
No significant beneficial or deleterious
Statin use and epilepsy
effect of statin use on risk of being
risk in a general popudiagnosed with epilepsy. Clinicians [41]
lation and in a healthy
should not withhold statins, whenever
population.
indicated, in patients with epilepsy.
Reduced risk of PSE if statins
Statin use before and after
administered post-stroke, but not pre- [36]
intracranial hemorrhage.
stroke (aHR 0.62, p = 0.01). A significant
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2 387

2,7
years

532

28,1
months

413

U

PSE risk reduction was correlated with
a higher cumulative statin dose.
Lower risk for epilepsy was found among
Statin therapy of patients
current statin users (aHR 0.65) and past
suffered from cardiovascuusers of statins (aHR 0.72). No benefit [35]
lar diseases after revasamong non-statin cholesterol-lowering
cularization procedure.
drugs users.
Statin administration to
Early statin use significantly reduced the
patients with nasopharynrisk of epilepsy after radiation (HR = [39]
geal carcinoma and a his0.36, p = 0.015).
tory of radiotherapy.
Statin use in patients with Statin therapy correlated significantly
the incident of status with lower mortality after the episodes of [38]
epilepticus*.
status epilepticus (RR 0.38, p = 0.046).

No – number of patients, Time – the mean duration of the study, U – undefined, PSS – post-stroke seizures,
HR – hazard ratio, aHR – adjusted hazard ratio, OR – odds ratio, RR – relative risk ratio. *Status epilepticus
was defined as continuous epileptic seizures or recurrent seizures without recovery of consciousness for >30 min
(until 2008) and >5 min (since 2008).

Not all studies confirmed the significant effect of statins on epilepsy development. The
authors of study in which statins were administrate to healthy persons emphasized that these
medications should not be prescribed when there are no lipid-lowering indications in patients
with epilepsy [41]. Hovewer, as confirmed in animal model of generalized tonic-clonic
seizures, co-administration of statins and some antiepileptic drugs (most notably
carbamazepine, diazepam, felbamate, lamotrigine, topiramate and valproate) has an additive
anticonvulsant effect as a result of positive pharmacological interactions [42]. The use
of statins in other than post-stroke groups of seizures are presented in Table 4.

5. ANTIEPILEPTIC THERAPY OF PSS
Despite the fact early PSS are a risk factor for PSE, the antiepileptic therapy of early
PSS may not modulate post-stroke epileptogenesis [43]. In 2018, the American Heart
Association/American Stroke Association (AHA/ASA) has published the updated guidelines
for the early management of patients with acute ischemic stroke. Following the
recommendations prophylactic use of anticonvulsants should not be applied routinely.
The treatment of recurrent seizures after stroke should not vary considerably from the therapy
of seizures occurring in the course of other neurological conditions and the antiepileptic
medication should be selected by specific patient characteristics [44].

6. CONCLUSIONS
Based on the results of numerous studies, the identification of patients vulnerable
to PSS occurrence is easier. Unfortunately, there are no medications approved to use in
seizure prophylaxis in patients with no history of any seizure despite being at high risk of PSS
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development. In conclusion, there is growing evidence that post-stroke administration of
moderate to high doses of statin may reduce the risk of PSE incidence through
neuroprotective and antiepileptic effects. The co-administration of statins and antiepileptic
medications results in a potential additive anticonvulsant effect. To date, evidence for the
association between PSS prevention and statin treatment become more significant but is still
lacking. Further research is needed to issue an unambiguous recommendation.
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