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INTRODUCTION 

The importance of seizures has been 

underestimated in patients suffering from 

cerebrovascular diseases [1,2]. However, they 

are responsible for nearly 50% of newly 

diagnosed epilepsy among patients over 60 

years of age [3].  

Repeated seizures or a status epilepticus worsen 

the neurological and mental condition of stroke 

patients [4,5]. All most used antiepileptic drugs 

also promote cognitive harm in the elderly [6]. 

EPIDEMIOLOGY 

In one study the total prevalence of epileptic 

seizures related to stroke is estimated 11.6% 

with a total annual risk of 4.6% [7]. Other 

studies   respectively show an incidence rate of 

6.93% [8] and 5% [9].  

Following a stroke 3-6% develops acute 

symptomatic seizures within the first 7 days. 

The rate is higher after cerebral haemorrhage 

compared to an infarct with in our study an 

incidence of 10.6% in the former and 8.6% in 

the latter [10]. Unprovoked seizures occur in 10-

12% of stroke patients after more than 7 days 

[11]. Seizures or epilepsy can precede strokes in 

less than 1.5% of patients of more than 60 years 

of age [12]. Although the stroke characteristics 

remain the most important risk factors, first-

degree relative with epilepsy also increases the 

risk in a multivariate analysis [13].  

A low incidence of seizures is observed in 

patients with lacunar strokes [14,15]. The 

seizure occurrence in patients with lacunar 

infarcts is not related to the severity of the 

stroke but rather to an underlying associated 

neurodegenerative process [16]. 

Seizures are not infrequent in patients with 

leukoaraiosis, who were previously 

asymptomatic [17]. Positron emission 

tomographic studies have shown that the seizures 

are the premonitory signs of a neurodegenerative 

encephalopathy in these patients, possibly 

leading to cognitive decline [18]. 

CLASSIFICATION AND AETIOLOGY 

The classification of stroke-related seizures is 

confusing. Generally they are subdivided in 

early-onset ones, occurring within 1 week after 

onset of a stroke, and late-onset ones occurring 
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more than 1 week after the cerebrovascular 

event. Early-onset seizures differ from the late-

onset ones by permanent structural changes in 

the brain [19]. Most of them occur within the 

first days [20].  

The first late-onset attack takes generally place 

between 3 months and 2 years after the stroke. 

However still 28% of the stroke patients develop 

their first late-onset seizure after more than 2 

years. They are frequently the expression of a 

mild recurrent infarction [21].  

Stroke-related seizures should best be classified 

as those of early-, late- and vey late-onset and 

those due to a recurrent stroke [22].  

In patients with seizures related to an ischemic 

event 29.7% is of cardiac embolic origin and 

70.3% due to thrombosis. This is not statistically 

different from the incidence in non-seizure 

patients [23]. Early-onset as well as late-onset 

seizures in spontaneous intracerebral haematomes 

mainly involve the frontal lobes [24]. 

Inhibitory seizures of short duration have to be 

distinguished from transient ischemic attacks. 

These types of seizures must be mainly 

suspected in patients presenting a short 

temporary speech disturbance and partial 

amnesia for the event [25] 

A rare cause of focal seizures is observed in the 

“reperfusion syndrome” after carotid 

endarterectomy or stenting for longstanding 

chronic severe carotid stenosis [26, 27]. In rare 

instances, it can also occur after administration 

of recombinant tissue plasminogen activator for 

acute ischemic stroke [28].  

The clinical presentation of the seizures can be 

subdivided, in simple partial and complex 

partial ones with or without secondary 

generalisation and in those to be considered as 

primary clonic-tonic spells. The rate of simple 

partial seizures represents 50%, while complex 

partial spells and primary generalized clonic-

tonic insults are observed in 25% each [29]. 

Status epilepticus occurs more frequently at the 

onset of a severe stroke [30,31]. It can be 

defined as a seizure lasting more than 30 

minutes or recurrent seizures without recovery 

of consciousness over a period of 30 minutes [32]. 

A particular type of non-convulsive or 

inhibitory seizures has been observed on 

electroencephalograms (EEG) in the absence of 

focal or general convulsions in patients with a 

severe acute stroke [33]. It is the cause of a 

transient worsening of the neurological signs in 

more than 22% of patients with a previous 

stroke [34]. 

RISK FACTORS 

Diabetes, arterial hypertension, current smoking, 

low-dose alcohol use, gender and race/ethnicity 

are not considered as risk factors for the 

occurrence of early-onset seizures after stroke 

[35]. Alcohol abuse, on the other hand, is 

associated with a significantly greater 

probability of early-onset seizures [36]. In our 

study chronic obstructive pulmonary disease is 

found to be a risk factor for stroke-related 

seizures, mainly in those of late-onset [37]. One 

study considers that the magnitude of seizure 

risk and major risk factors are similar between 

young ischemic stroke patients and old ones 

[38]. On the other hand younger age is 

considered as a predictor of recurrence after 

early- and late- onset seizures [39]. Another 

study considers a cardio-embolic origin as a 

more severe risk factor for non-convulsive 

status epilepticus after stroke [40]. The presence 

of laminar necrosis and haemosiderin deposition 

on neuroimaging is also been considered as 

predictive for the occurrence of post-stroke 

seizures [41]. 

Patients with a partial anterior circulation 

syndrome have a higher risk to develop late-

onset seizures than those with a total anterior 

circulation syndrome, due to shorter life 

expectancy and more sharply demarcated large 

infarcts in the later group [42,43]. Cortical 

infarcts with irregular borders in the parietal and 

the temporal lobes are the main risk factors to 

develop late-onset seizures. However, primary 

generalized tonic-clonic seizures occur mainly 

in case of infarction of the deep territory of the 

middle cerebral artery [44]. In one study, 

cortical watershed infarctions are found to be a 

higher risk to cause early-onset seizures [45]. 

DIAGNOSTIC PROCEDURES 

In every elderly patient who develop for the first 

time a focal or generalized seizure it should be 

suspected that it could be the first clinical 

presentation of an acute stroke or be related to a 

previous non-detected cerebrovascular event. 

Also every patient with a previous history of a 

stroke who develops a seizure must be 

investigated for the possibility of a new 

cerebrovascular accident [46].  

An electroencephalogram (EEG) should be 

performed as early as possible. 
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The most typical EEG findings are periodic 

lateralized epileptic discharges (PLEDs). They 

are observed in 6% of patients with simple 

early-onset seizures, but their incidence 

increases up to 71.4% in case of status 

epilepticus [47]. 17% of these patients develop 

seizures on follow-up [48].    Other frequent 

EEG findings in early and late-onset seizures are 

the occurrence in 24.6% of frontal intermittent 

rhythmic delta activities. PLEDs are observed in 

25% of patients with early- and only in 1% of 

the late-onset [49]. However, the most common 

EEG findings are localized slowing 

corresponding to the infarct side [50]. 

Neuroimaging should be performed as early as 

possible. Computed tomography (CT) scan can 

be useful to demonstrate a recurrent infarct. 

Also the capricious distribution of the 

cerebrovascular lesion can lead to the suspicion 

of stroke-related seizures. Cortical hyper 

perfusion in the acute stage followed by hypo 

perfusion patterns, crossing the normal 

anatomical vascular territories boundaries allow 

the distinction between seizure-related perfusion 

patterns from ischemic hypo perfusion [51,52]. 

Magnetic resonance imaging (MRI) is of course 

more sensitive to detect the location and the 

extension of the infarct but also the occurrence 

of a very recent infarct, not yet detectable on 

CT. The diffusion weighted imaging also allows 

the demonstration of the secondary damage 

caused by the epileptic spells [53,54]. 

Similar as in new stroke patients, those 

presenting with late-onset seizures should have 

extensive cardiovascular examination with a 24h 

electroencephalogram and transthoracic 

echography or eventual transoesophagial doppler 

examination, in order to detect a possible cardio- 

embolic source. Ultrasound examination of the 

extracranial carotid arteries has to be performed, 

eventually followed by an MRI or a 

conventional angiography [55].  

Our positron emission tomography (PET) 

studies, performed with oxygen-15, show that in 

infarcts associated to late-onset seizures the 

oxygen extraction rate in the infarct area is 

increased, while the blood flow and the oxygen 

metabolism are decreased compared to those 

without spells, indicating still active metabolic 

changes [56,57]. An increase of the cobalt-55 

tracer on PET is observed in the border zones of 

old cerebral infarcts of patients with late-onset 

seizures compared to those without.  This 

indicates the occurrence additional recent 

ischemic damage due to the seizure [58]. 

PROGNOSIS  

Patients with early-onset seizures have a worse 

outcome and a trend of more status epilepticus 

[59]. On the other hand seizure recurrence is 

less frequent [43]. However, they have a high 

risk of death within 3 years [60]. Acute or 

remote symptomatic stroke causes 

approximately 60% of status epilepticus in the 

elderly [61]. 

Patients with late-onset seizures have a 

recurrence rate of more than 50% [62, 63]. 

Repeated seizures following an ischemic stroke 

promote vascular cognitive impairment [5). 

They can even leads to the occurrence of post-

stroke dementia [64]. A single seizure, on the 

other hand, does not affect the disability and the 

mental status to a significant degree [4, 5]. 

Very late-onset seizures occur in patients with 

minor ischemic strokes with good recovery and 

benign disease course [22]. 

TREATMENT 

There are currently no established guidelines for 

the prophylactic use of anti-epileptic drugs [65]. 

Only levetiracetam has been proposed as 

prophylactic treatment following an 

intracerebral hemorrhage [66]. 

The treatment options for post-stroke seizures 

include phenytoin, carbamazepine, valproate 

acid and the new antiepileptic drugs, that can 

decrease drug interaction and some adverse 

effects [67]. No single drug was found to be 

more effective over others, though the newer 

ones are associated with fewer side effects [68]. 

Early-onset seizures have higher incidence of 

status epilepticus and more stroke-related risk 

factors, but on the other hand require less 

continuous use of antiepileptic drugs [69]. 

Treatment with intravenous administration of 

benzodiazepines should be started as early as 

possible. If not effective levetiracetam, 

phenytoin or valproate can be used [70]. As the 

recurrence and the appearance of late-onset 

seizures is rather low in patients with seizures 

and status epilepticus at stroke onset, maintained 

antiepileptic drug treatment is not mandatory on 

discharge from the hospital after the stroke. 

Only when late-onset seizures eventually 

appear, one has to start with a sustained 

treatment [71]. Early intravenous treatment with 

recombinant tissue plasminogen activator 

prevents partly the occurrence of late-onset 

seizures, probably due to a better reperfusion of 

the ischemic brain regions [72].  
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Overall patients with stroke-related seizures 

have a good prognosis and are well controlled 

by antiepileptic drugs. However, up to 25% 

become drug resistant [73].  

As the first late-onset seizure does not seem to 

impair cognition, anti-epileptic drugs should 

only be started in patients with seizure 

recurrence, similar to the guidelines in traumatic 

brain disease [74]. 

Phenytoin should be avoided because of its 

well-recognized interaction with warfarin and 

the difficulty of maintaining consisting 

therapeutically levels of both drugs [75]. Of the 

old generation of antiepileptic drugs our first-

line option is the use of carbamazepine as 

monotherapy [76]. A more recent study 

suggested that the best results are obtained with 

valproic acid and the new antiepileptic drugs 

[77]. The therapeutically results are similar 

between carbamazepine and the new generation 

gabapentin [78, 79].  Lamotrigine can also be used 

and is better tolerated than carbamazepine [80].   

In some small studies levetiracetam as 

monotherapy is shown to be effective and well 

tolerated in elderly patients with post-stroke 

seizures [81-83]. Also, levetiracetam has 

significant advantages over carbamazepine on 

cognitive functions [84]. 

However, low-dose extended release 

carbamazepine remains a reasonable and low-

cost treatment to be advocated in particular in 

developing countries [85]. 
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