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Abstract: Background: Epilepsy is the second most common disease caused by multiple factors 
and characterized by an excessive discharge of certain neurons in the nervous system. Cerebrovas-
cular disease, including stroke, is viewed as the most common cause of epilepsy in the elderly 
population, accounting for 30%-50% of the newly diagnosed cases of epilepsy cases in this age 
group. 

Methods: Data were collected from Web of Science, Medline, Pubmed, Scopus, through searching 
of these keywords: “Stroke” and “epilepsy”. 

Results: Depending on the underlying cerebrovascular disease, 3%-30% of patients after stroke 
may develop post-stroke epilepsy (PSE), which has a negative effect on stroke prognosis and the 
quality of life. 

Conclusion: In this review, we summarized new aspects emerging from research into PSE, includ-
ing definition, epidemiology, risk factors, mechanism, accessory examination and treatment strate-
gies for post-stroke epilepsy, which will enrich our knowledge of this disorder. 
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1. INTRODUCTION 

 Epilepsy is the second most common disease caused by 
multiple factors and characterized by an excessive discharge 
of certain neurons in the nervous system [1]. According to an 
epidemiological survey, epilepsy affects approximately 0.5% 
of the human population [2]. 

 Stroke is a serious global public health problem and a 
leading cause of death and disability [3]. Cerebrovascular 
diseases, including stroke, are viewed as the most common 
cause of epilepsy in the elderly population, accounting for 
30%-50% of the newly diagnosed cases of epilepsy cases in 
this age group [4-6]. A large number of epidemiological 
studies have suggested that large artery atherosclerosis 
(LAD), cardioembolism (CE), small vessel disease (SVD) 
[7-9] and others such as inflammatory disease [10], hyper  
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coagulable states [11], and arterial dissection [12] in adults 
may contribute to the development of stroke. In stroke, sei-
zures occur in the very acute state and years after the stroke 
in patients with large hematomas and infarcts, as well as 
subtle structural abnormalities of the brain [13, 14]. Several 
studies in experimental models and human have reported that 
the changes after stroke, including critically decreased re-
gional blood flow, a low regional cerebral metabolic rate for 
oxygen and increased blood-brain barrier permeability made 
the brain prone to seizures [15-17]. Seizures following stroke 
are usually divided into early or late onset according to an 
arbitrary cut point of 2 weeks after the presenting stroke. 
Approximately 5-10% of patients after stroke present early 
onset seizures with the first 2 weeks [18-20] and also mani-
fest late onset seizures with more than 2 weeks after the 
stroke [21, 22]. The occurrence of a late seizure is required 
for the diagnosis of post-stroke epilepsy (PSE). Depending 
on the underlying cerebrovascular disease, 3%-30% of pa-
tients after stroke may develop PSE, which has a negative 
effect on stroke prognosis and the quality of life [23-26]. In 
this review, we will describe new aspects emerging from 
research into PSE, including definition, epidemiology, risk 
factors, mechanism, accessory examination and treatment 
strategies for post-stroke epilepsy. 
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2. DEFINITION 

 Post-stroke seizures (PSS) have been classified as occur-
ring immediately before, immediately after (24 hours), or of 
early or late onset. Early-onset seizures are considered to be 
provoked seizures, which occurred within 1 week [27-29] or 
2 weeks [14, 18] after stroke and caused by the acute meta-
bolic and physiological derangement associated with acute 
infarction. Late-onset seizures after 2 weeks of stroke are 
considered to be unprovoked seizures that originate from the 
areas of partially injured brain where neuronal networks 
have undergone anatomical and physiological alterations, 
predisposing them to hyperexcitability and synchronization 
[30, 31]. PSE was defined as 2 or more unprovoked late-
onset epileptic seizures following stroke with confirmed di-
agnosis of epilepsy that occurred after the acute phase of the 
stroke and in the absence of other obvious causes or a history 
of prestroke epilepsy [14, 25, 32]. 

3. EPIDEMIOLOGY 

 The incidence of epilepsy after stroke in elderly varies 
widely, from 2% to 33% for early seizures [19, 20, 28, 33, 
34], 3% to 4.5% for late seizures [21, 22], and 2% to 4% for 
PSE [25, 35, 36]. Sazflarski et al. found that the overall inci-
dence of acute seizures within the first 24 hours of stroke 
was 3.1% [37]. Mohamed et al. reported that early seizures 
occurred in about 13% of patient with acute stroke, in whom 
hemorrhagic transformation is a predictive factor for early 
seizures [20]. Kammersfaard et al. reported that PSE oc-
curred in about 3% of all patients with stroke within 7 years 
after stroke [38]. One meta-analysis showed that seizures 
occurred in about 6.93% of people with stroke [39]. This 
variation in the incidence of early seizures, late seizures and 
PSE reflects the differences in the patient populations, defi-
nition of the term for PSE, study design, diagnostic criteria, 
and the duration of follow-up [25, 35, 40, 41]. Recently, 
higher figures for PSE have generally been found, but it is 
not possible to identify a clear temporal trend with any cer-
tainty, due to methodological differences. 

4. RISK FACTORS 

 It is very difficult to predict who is likely to develop epi-
lepsy after the stroke. However, many studies described dif-
ferent risk factors associated with a higher incidence of PSE 
such as stroke subtypes, cortical involvement, large infarc-
tion, stroke severity, acute confusional state and vascular risk 
factor [23, 26, 42-45]. The risk factors for acute symptomatic 
seizure and late post-stroke seizure in young ischaemic 
stroke were different to older ischemic stroke patients [46]. 
Strzelczyk et al. reported that post-stroke epilepsy risk scale 
(PoSERS) was a valuable tool to predict the risk for PSE 
within the first few days after stroke [47]. 

4.1. Stroke Subtypes 

 Stroke can be classified into two major categories: 
ischemic and hemorrhagic strokes [48]. PES occurred more 
commonly with hemorrhagic stroke than with ischemic 
stroke (IS), with about 10-20% of patients developing PSE 
after hemorrhagic stroke compared with 2-14% after 
ischemic stroke [23, 38, 41, 49]. Christopher F et al. reported 

that patients with hemorrhagic stroke were at a significantly 
greater risk of seizures with an almost 2-fold increase risk of 
seizure after stroke in 1897 patients with acute stroke [18]. 
Sazflarski et al. reported that the incidence of seizures in 
patients with ischemic stroke was 2.4% while the incidence 
of seizures in patients with hemorrhagic stroke was signifi-
cantly higher (8.4%) [37]. Krakow et al. analyzed 58,874 
patients with acute post-stroke (aPSS) seizures in Germany 
and found PSE occurred in 0.7% of patient with transient 
ischemic attack (TIA), in 2.2% of patients with ischemic 
stroke and in 5.1% of patients with intracerebral hemorrhage 
(ICH) [50]. 

4.2. Stroke Severity 

 Clinical stroke severity is a major factor in the develop-
ment of PSE [18, 24-26, 51]. Graham et al. reported that low 
Glasgow Coma Scale (GCS) score, incontinence, dysarthria 
or poor function on Barthel Index as a measure of stroke 
severity were associated with PSE, which are suggestive of 
an association of PSE with more severe stroke [25]. 

4.3. Lesion Locations 

 Extent of cortical involvement is a significant risk factor 
for early post-stroke seizures [18, 34, 52]. Post-stroke sei-
zures were more likely to develop in patients with larger 
lesions involving multiple lobes of the brain than in those 
with single lobar involvement [44]. Patients with recurrent 
post-stroke seizures were more likely to have a cortical le-
sion, especially in the frontal lobe [53, 54]. Zou et al. found 
that post-stroke seizures occurred more commonly after 
hemorrhagic stroke and when stroke occurred in the cortical 
region [39]. However, Szaflarski et al. found that localiza-
tion of the ischemic stroke did not influence the risk for sei-
zure development [37]. Some evidence suggests that post-
stroke epilepsy also varies depending on the affected cortical 
area. Involvement of the parieto-temporal cortex, supramar-
ginal gyrus, and superior temporal gyrus seems to be associ-
ated with post-stroke epileptogenesis [18, 55-57]. 

4.4. Vascular Risk Factors 

 A large study in the UK reported that vascular risk fac-
tors including history of myocardial infarction, peripheral 
vascular disease, hypertension, total serum cholesterol, and 
left ventricular hypertrophy, are associated with late-onset 
epilepsy [58], which are supported by a meta-analysis pub-
lished in 2014 [59]. Benbir G et al. found that Lacunar in-
farctions form about 11% of post-ischemic epilepsy, which 
are often discussed in the context of leukoaraiosis [60]. Gas-
parini et al. studied patients with epilepsy with leukoaraiosis 
frequently clinical and EEG signs suggestive of temporal 
lobe epilepsy, but patients with large vessel infarct had signs 
of frontal lobe epilepsy, corresponding with a cortical or 
central localization of the infarct [61]. Furthermore, patients 
with leukoaraiosis and lacunoarinfarct with impaired cogni-
tion had a greater risk for PSE than patients with cognitive 
impairment [62]. Conrad et al. reported that epileptic sei-
zures occurred in particular after major strokes and in sinus 
thrombosis [63]. Interestingly, conventional vascular risk 
factors including transient ischemic attack (TIA), different 
types of bleeding and intracranial venous thrombosis (IVT) 
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were not associated with the occurrence of post-stroke sei-
zures [63]. 

4.5. Genetic Factors 

 About 30% of all epilepsy syndromes are believed to  
be of genetic origin and more than 500 loci are associated 
with epilepsy in human beings and mice [64]. Yang et al. 
reported that the ALDH2 (aldehyde dehydrogenase 2) rs671 
polymorphism was associated with PSE and increased the 
plasma concentration of ALDH2 substrate, 4-hydrozynonenal 
(4-HNE) levels [65]. Zhang et al. reported that a CD40-1C/T 
polymorphism was associated with PSE susceptibility 
through raising plasma concentrations of sCD40L, which is 
involved in the inflammatory response [66, 67]. Transcrip-
tomic profiling showed that a functional connectivity seemed 
to exist between many of the genes that modulate post-
ischemic stroke outcomes [45]. Now no studies showed that 
a given polymorphism could increase the association of PSE 
with a specific comorbidity. 

4.6. Others 

 Wallace et al. reported that both age specific incidence 
and prevalence of epilepsy are higher in older people [58, 
68] and also found that the prevalence of epilepsy is as high 
as nearly 1% in people 85 years and over [68]. In Chade-
humbe’s large population-based cohort, seizures occurred 
within 24 hours of the stroke in 58% of children. The authors 
found that seizures were 18 times more likely in children 
than adults within 24 hours of noted stroke symptoms within 
the acute setting of children stroke being common [69]. 
Moreover, Suppiej et al. investigated the risk of pediatric 
epilepsy following neonatal seizures symptomatic of stroke 
and found that neonatal seizures symptomatic of perinatal 
arterial ischemic stroke had lower risk and later onset of 
post-neonatal epilepsy compared to seizures described in the 
setting of other perinatal brain insults [70]. In addition, Hau-
ser et al. found that the risk of the seizure at older ages was 
higher for men as compared to women [71]. 

5. MECHANISM 

5.1. The Epilepsy after Ischemic Stroke 

 Various patho-physiological mechanisms underlying 
early seizures, late seizures and PSE with a predominance of 
acute cellular biochemical disturbances have been proposed. 
Neurotransmitter amino acids play an important role in the 
pathogenesis and development of epilepsy [72]. Increased 
concentration of the excitatory neurotransmitter glutamate 
(Glu), the disturbance of electrolyte balance, the destruction 
of phospholipid membranes, and the secretion of free fatty 
acids have been documented in the penumbral areas in the 
acute post-ischemic stroke phase [73-76]. Sun et al. found 
that glutamate injury produced a permanent epileptiform 
phenotype after stroke in a novel in vitro model [75]. Two 
studies reported that the inhibitory networks in the perile-
sional cortex with photo thrombotic infarcts, including 
changes in the staining intensity of neuropeptide Y neurons 
and GABA receptor subunits, remain certain for the contri-
bution to post-stroke epileptogenesis [77, 78]. Interestingly, 
hyper-susceptibility to pentylenetetrazole (PTZ, a GABA 

antagonist) induced seizure following brain hypoxia/ 
ischemia was mediated by the interaction of opioidergic, and 
iNOS/NO (nitric oxide) pathways [79]. Seizures may exac-
erbate secondary injury by inducing glutamate excitotoxicity 
and/or enhancing the mismatch between energy supply and 
demand under ischemic conditions, leading to breakdown of 
ion gradients, mitochondrial damage, and eventually an irre-
versible state of injury [23]. Repeated seizure-like activity in 
the setting of cerebral ischemia significantly increases infarct 
size and can impair functional recovery, an effect that can be 
ameliorate with the administration of certain neuro-
protective agents [80]. Calcium ion accumulation in hippo-
campal neurons has been known as a major contributor to the 
etiology of epilepsy. TRPV1 is a calcium-permeable channel 
and mediator of epilepsy in the hippocampus and its activa-
tion induced epileptic effects, which may possibly be a novel 
target for the prevention of epileptic seizures [81]. In addi-
tion, the accumulation of intracellular calcium and sodium 
resulted in depolarization of the transmembrane potential 
and activation of Ca2+ downstream signaling pathways, as 
well as shifts in ionic potential, which could be blocked by 
Ca2+ channel blocker through lowering the seizure threshold 
[82, 83]. 

5.2. The Epilepsy after Hemorrhagic Stroke 

 The factors provoking seizures following intracerebral 
hemorrhage are related to hemorrhage volume, hemorrhage 
location within the cerebrum, cortical involvement and the 
severity of neurological deficits [22, 84, 85]. Systemic ad-
ministration of sodium salicylate (NaSal) leads to hemor-
rhage, cell death and proliferation of microglia in rats with 
Kainic acid (KA)-induced seizures. Importantly, the hemor-
rhage was restricted to the areas of the brain where KA is 
known to elicit seizure activity, which suggests that the in-
duction of seizure is a necessary requirement for NaSal to 
cause hemorrhage [86]. In addition, Jo et al. developed an 
animal model of chronic epilepsy using nanoscale iron injec-
tion into the adult mouse cortex, which mimics some aspects 
of microhemorrhagic brain injury, were correlated with the 
degree of reduction in the number of GABAergic interneu-
rons [87]. In fact, epilepsy after hemorrhagic stroke is 
thought to be attributable to irritation casued by products of 
blood metabolism. The exact pathophysiology is unclear, but 
an associated ischemic area secondary to hemorrhage may 
play a part in the epilepsy after hemorrhagic stroke. 

6. ACCESSORY EXAMINATION 

 Electroencephalogram (EEG) is the most frequent neuro-
diagnostic method for detecting epileptic activity, especially 
in patients with non-convulsive post-stroke epileptic activity 
[13]. Patients who had EEG showing periodic lateralized and 
bilateral independent periodic lateralized epileptiform dis-
charges were prone to a higher risk of post-stroke seizures 
development. EEG may help to detect specific patterns, such 
as Periodic Lateralized Epileptiform Discharges (PLEDs) 
that are closely related to early seizures [88-90]. But the sen-
sitivity and specificity of epileptiform changes in EEG were 
poor and showed little value to predict the progression to 
status epileptics. To further determine stroke types, all pa-
tients underwent brain imaging with computed tomography 
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(CT), magnetic resonance imaging (MRI) or both. When 
cerebral perfusion-CT (PCT) abnormalities occurred in 
atypical vascular distributions and the CT Angiography 
(CTA) showed no corresponding large vessel occlusions, 
which could be as a diagnostic possibility prior to giving 
acute stroke therapy [91]. Koome et al. reported that Com-
puted Tomography Perfusion (CTP) might improve sensitiv-
ity and specificity of cortical involvement for post-stroke 
seizure compared to non-contrast CT (NCCT) [92]. An in-
crease in lesion size on CT in patients with delayed seizures 
and epilepsy after ischemic stroke showed a trend of more 
severe disability [93]. In addition, SPECT-DTPA was a tool 
for evaluating the disruption of blood-brain barrier to predict 
developing seizures in patients with cortical stroke [94]. Re-
cently, Arterial spin-labeling (ASL), a non-contrast-enhanced 
sequence of magnetic resonance imaging (MRI) has been 
reported as useful in early seizure [95] and in the differentia-
tion of late seizure [96] due to simultaneous evaluation of 
changes to both cerebral perfusion and the primary stroke 
lesion. 

7. TREATMENT 

7.1. Drugs 

 Due to different mechanisms of PSE, there are different 
treatments and outcomes between early seizures and late 
seizures. At one extreme, status epileptics required urgent 
intravenous therapy and at the other an isolated short-lived 
seizure in the early phase may require no specific therapy 
[23]. De Reuck’s study while specifically analyzing the risk 
factors for developing epilepsy found that early seizures did 
not require long-term anti epileptic therapy to prevent recur-
rence, in contrast to late-onset seizures [97]. Although stroke 
is a major cause of epilepsy, no published guidelines specifi-
cally address the treatment of PSE [98]. Currently, numerous 
antiepileptic drugs (AEDs) are approved for controlling epi-
lepsy with different etiologies, but studies on managing post-
stroke epilepsy have offered conflicting results. Expert opin-
ion in adults in the USA published by Karceski et al. rated 
lamotrigine (LTG) as the treatment of choice in either medi-
cally stable or ill elderly patients [99]. A large nationwide, 
population-based study demonstrated that late-onset PSE 
patients using valproic acid (VPA) and new AEDs have bet-
ter seizure control than those using phenytoin (PHT) as 
demonstrated by lower risks of emergency room visits and 
hospitalization [100]. A pilot study suggested that intrave-
nously administered lacosamide (LCM) exhibited safety and 
efficacy profiles, which make it an optimal candidate as a 
first-choice drug against post-stroke non-convulsive status 
epilepticus (NCSE) in elderly patients [101]. Shetty et al. 
reported that levetiracetam (LEV) treatment had promise for 
restraining status epilepticus and stroke-induced chronic epi-
lepsy [102]. In vitro and in vivo studies showed that gap 
junctions are clusters of intercellular channels allowing the 
bidirectional pass of ions directly into the cytoplasm of adja-
cent cells and were blocked by compounds with anticonvul-
sant effects to modify the behavioral parameters related to 
seizures, which could provide a promising avenue for the 
treatment of epilepsy [103]. However, a study by Neshige 
and colleagues showed that AEDs therapy had poor associa-

tion with preventing the recurrence of post-stroke seizures 
[84]. 

 Oxidative stress is believed to directly participate in 
many pathways leading to an enduring predisposition to gen-
erate epileptic seizures, which serves as the most important 
propagating factor for declining the epileptic condition. 
Various antioxidants showed numerous beneficial effects on 
oxidative stress markers and neuroprotective effects in ani-
mal seizure models. However, till now only a few antioxi-
dants have been further applied to patients with epilepsy as 
an add-on therapy [104]. 

7.2. Invasive Interventions 

 Surgical intervention for the management of the epilepsy 
in patients after strokes could improve the quality and expec-
tancy of life. Laser ablation is an effective treatment strategy 
for medically refractory post-stroke epilepsy [105]. In chil-
dren, periinsular hemispherotomy was considered an alterna-
tive in the therapeutic approach to stroke-induced pediatric 
refractory epilepsy [106]. Moreover, Ghatan et al. reported 
that epilepsy surgery was effective in controlling medically 
intractable seizures after perinatal vascular insults with sig-
nificant improvements in independence, quality of life, cog-
nitive development, and motor skills [107]. 

 Overall, the general principles of management used for 
epilepsy are applied to the management of post-stroke sei-
zures and post-stroke epilepsy. The treatment for post-stroke 
epilepsy elicited and controlled seizures by drugs or surgical 
treatment in order to improve quality of life, cognitive de-
velopment, and motor skills. However, the main limitations 
for all AEDs revolved around an associated sedation and the 
possibility of drug interaction increased the chance of toxic 
effects in older population. Surgical treatments of intractable 
epilepsy had been considered a valuable means of control-
ling seizures, but less considered as potential therapeutic 
intervention. 

CONCLUSION 

 In 2014, the Working Group of the International League 
against Epilepsy revised the terminology related to the term 
epileptogenesis. The task force proposed that epilepsy is 
considered to be a disease of the brain defined by any of the 
following conditions: (1) At least two unprovoked (or reflex) 
seizures occurring >24 hours apart; (2) one unprovoked (or 
reflex) seizure and a probability of further seizures similar to 
the general recurrence risk (at least 60%) after two unpro-
voked seizures, occurring over the next 10 years; (3) diagno-
sis of an epilepsy syndrome. The new definition takes into 
account evidence from preclinical studies showing that epi-
leptogenic neurobiological processes can continue even after 
the appearance of spontaneous recurrent seizures. Although 
more focus has been laid on PSE, our understanding about 
etiology, possible risk factors, mechanism and clinical treat-
ment, remains to be further explored. According the new 
definition of PSE, the epidemiology will have a great 
change. However, closed-loop, ontogenetic technologies will 
shed more light on our researches about the diagnosis and 
treatment of PSE. 
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