
A
s the population ages, seizures following stroke will
increase in frequency and importance. Stroke is asso-
ciated with a 23- to 35-fold increase in seizure inci-
dence,1,2 and 5-13 percent of stroke patients will even-
tually experience a seizure.1-3 Stroke accounts for

approximately 11 percent of all adult epilepsies and nearly one-third
of those that occur in the elderly population.4-6 Despite their fre-
quency, there are no clear guidelines for therapy of post-stroke
seizures, and their occurrence presents several challenges for diagno-
sis and treatment.

Epidemiological studies of post-stroke seizures are limited by
inclusion of dissimilar clinical populations, differences in terminolo-

gy and definitions, and variable periods of follow-up.7 Relatively
few have prospective design, large cohorts and extended fol-

low-up. A number of recent observational studies, howev-
er, have demonstrated similar findings and form the

basis of our current understanding of post-stroke
seizures.

Between five and 13 percent of stroke patients
will experience a seizure within about two years fol-
lowing stroke. The risk of epilepsy (recurrent unpro-
voked seizures) ranges from 2.5 to four percent.1-3

Post-stroke seizure rates are highest in those with
intraparenchymal hemorrhage (10.6 percent) and
ischemic strokes (8.6 percent), especially those
involving large areas of the cortex, and lowest after

transient ischemic attacks and brainstem strokes.2,3

Post-stroke seizures are commonly classified according to
their temporal relationship to the onset of stroke. Early

seizures (occurring less than one week after stroke) and late
seizures (more than one week after stroke) have different patho-

physiology, risk factors, risk of recurrence and treatment. This article
will review what’s known about the approach to each.
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Early Seizures
Early post-stroke seizures are acute symptomatic seizures occur-
ring around the time of the stroke itself. Although variable time
periods (48 hours to four weeks, most commonly one to two
weeks after stroke) have been used to define early seizures, the
International League Against Epilepsy8 defines acute seizures as
occurring within one week after stroke. Early post-stroke seizures
are provoked seizures, caused by the acute metabolic and physio-
logic derangements associated with acute infarction. Patho-
physiological mechanisms are incompletely understood, but may
include changes in the blood-brain barrier, presence of parenchy-
mal hemorrhage, release of excitotoxins such as glutamate, free
radical damage, and alteration of energy metabolism.9

Acute symptomatic seizures are frequently viewed as epiphe-
nomena of the underlying brain disorder or markers for the sever-
ity of injury, with little independent impact on outcome from
injury.3,10 On the other hand, early seizures are a strong predictor
of late seizures and epilepsy following stroke, although this effect
is not clearly independent of the severity of injury. Many early
seizures may be subclinical, seen only on electroencephalogram.11

Approximately three to eight percent of patients experience
early seizures after a stroke.1-3,10,12-14 Nearly half of early seizures
occur in first 24 hours.2,15 Stroke type and location both play a
role, with cortical location, intracerebral (ICH) or subarachnoid
hemorrhage (SAH), stroke severity and anterior-hemisphere loca-
tion associated with higher risk for early seizures.2,3,10 Patients with
lobar hemorrhages are more likely to have early seizures than
those with deep ICH. Seizures are a common presenting symp-
tom of SAH, occurring in nearly 25 percent in one series.16 Early
seizures have been reported after carotid endarterectomy and an-
gioplasty,17 possibly related to hyperperfusion after relief of severe
stenosis, microemboli or ischemia. Early seizures were also seen in
three patients during administration of effective tPA therapy.18

Late Seizures
Late or remote symptomatic seizures follow a latent interval of
variable duration, usually weeks to months but sometimes years.2

Single unprovoked seizures occur more than one or two weeks
after stroke, depending on the study, peak at six to 12 months,
and usually occur within the first two years. When there is a long
interval between the stroke and first seizure, it is sometimes diffi-
cult to determine if the seizure clearly was due to the stroke or to
some other cause. Late seizures are thought to be the result of
epileptogenesis, or chronic changes in neural networks favoring
excitation and synchronization, such as cell death and apoptosis,
neurogenesis, axonal sprouting, and dendritic plasticity.19

Late seizures occur in two to four percent of stroke pa-
tients.1,3,14 Most seizures occur in the two years following injury.2

The risk of late seizures and epilepsy is correlated with the volume
of tissue affected,20 increased stroke severity,21 younger age22 and

cortical location.3 Preservation of cortical tissue within the
infarcted region is also a risk factor.23 Risk is not elevated with
brainstem and minimally increased with lacunar infarcts. Patients
with large (total MCA or ICA) infarcts have a very high risk, at
least 15 percent at five years.14 Although embolic strokes have
been reported to increase late epilepsy, this effect disappears when
stroke severity is controlled.3 

Relative risk of hemorrhagic stroke in late seizures is 11 to 13
percent in ICH and 18 percent in SAH.1,24 Some, but not all, of
the increased risk seen with hemorrhagic strokes disappears when
stroke severity is controlled.3 Cortical location is a risk factor for
late seizures after hemorrhage; 32 percent of patients with lobar
hemorrhage develop seizures, compared to only two percent of
those with putaminal, thalamic, or pontine hemorrhages.25 One
population-based study of epilepsy after SAH found that 25 per-
cent of survivors developed epilepsy, all within four years.26

Subdural hematoma and secondary cerebral infarct are predictors
of late seizures after SAH.27

Risk of Seizure Recurrence
Unfortunately, many studies look at the first seizure after stroke
as the primary endpoint, and only a small number of prospective
studies have addressed the issue of seizure recurrence. These have
variable rate of follow-up, ranging from six to 47 months. Many
early seizures are single seizures, often resolving after a correction
of a coexisting metabolic abnormality. About 60 percent of early
seizures are multiple.28 Early seizures are a risk factor for late
seizures.2,14 In one study, late seizures occurred in 32 percent of
those with early seizures and only 10 percent of those without.15

In this same study, late seizures occurred earlier in those who had
had early seizures than those without. Similarly, 70 percent of
those with early seizures after SAH developed epilepsy, compared
to only 12 percent of those without.26

In most epidemiologic studies, epilepsy was defined as two or
more (recurrent) unprovoked seizures. The ILAE recently pro-
posed that epilepsy is “a disorder of the brain characterized by an
enduring predisposition to generate epileptic seizures and by the
neurobiologic, cognitive, psychological, and social consequences
of this condition. The definition of epilepsy requires the occur-
rence of at least one epileptic seizure.”29 Because the risk of recur-
rent seizures following a late post-stroke seizure is high (50 to 80
percent),25 patients with late post-stroke seizures can be consid-
ered to have epilepsy. In one study of 135 patients with seizures
followed for average of 47 months, 50.3 percent of patients had
a seizure recurrence.30

Most of the recurrences were in the group with late seizures.
In the Paroxysmal Atrial Fibrillation and Patent Foramen Ovale
study, 11 out of 20 patients with seizures more than one week
after stroke had seizure recurrence during a follow-up period of
approximately 38 months. Risk for epilepsy was 0.7 percent at
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one year and 2.3 percent at three years.14 Hemorrhagic stroke has
a higher risk for recurrence after late seizures than ischemic stroke.
The incidence of epilepsy is higher in those with complete ante-
rior circulation stroke, hemorrhage, stroke severity, early seizures,
younger age, and cortical location.14,21

Status Epilepticus
Stroke accounts for 25 to 40 percent of status epilepticus (SE) in
adults and 60 percent in the elderly.31 SE can be either acute
symptomatic, at the time of stroke, or remote symptomatic. Risk
for development of early post-stroke SE is 0.14 to 1.4 percent,10,32

or about 25 percent of all early seizures. Early SE is often noncon-
vulsive, and may require EEG for diagnosis. Early SE is associat-
ed with high morbidity and mortality (35 percent),32 likely from
the synergistic effects of combined injuries from SE and
ischemia.31 SE does not necessarily predict subsequent late
seizures or epilepsy.32

Seizure Types and Differential Diagnosis
The diagnosis of seizures after stroke is not always straightfor-
ward. Patients may have cognitive or other neurological impair-
ments, especially early after stroke, and be unable to describe
paroxysmal events. Movements such as hemiballismus or changes
in level of consciousness from edema or worsening ischemia may
be confused with seizures. In comatose patients, decerebrate pos-
turing can sometimes be confused with seizures. Brainstem
strokes can cause abnormal movements such as fasciculation-like
shivering or intermittent shaking. Toxic and metabolic derange-
ments add to diagnostic confusion. One study showed poor inter-
rater agreement for diagnosis of seizures early after stroke.33

Late after stroke, negative motor signs from inhibitory seizures
may mimic transient ischemic attacks.34 Episodes of abnormal
limb movements or “limb shaking TIAs” may be seen with severe
carotid stenosis and hypoperfusion.35 Syncope is common in the
elderly and must be distinguished from first stroke. Symptoms of
seizures in the elderly population have very different clinical man-
ifestations than those in younger patients. Intermittent confusion
or memory complaints without clear automatisms or motor signs
are common. Because of the variable clinical manifestations, the
diagnosis of post-stroke seizures is often delayed, with an average
time to diagnosis of 1.7 years.36

Seizures are most often simple partial or partial with second-
ary generalization. Some generalized tonic-clonic seizures do not
have a clear focal onset and are classified without good localiza-
tion information. In almost half the cases, it is not possible to
determine the seizure type.

Diagnostic Testing
Patients presenting with post-stroke seizures should have testing
to exclude other acute causes, including complete blood count,

liver function tests, urinalysis, glucose, electrolytes, calcium, mag-
nesium, toxicology screening, and oxygen saturation or arterial
blood gas. Head CT or MRI of the brain is usually performed to
exclude a recurrent stroke. MRI is more sensitive, but head CT is
quicker in emergency settings. When early CT is normal, repeat
imaging with CT or MRI may better delineate the lesion. MRI is
superior in detecting acute ischemic lesions, small infarcts, corti-
cal involvement in subcortical strokes, multiple brain infarcts,
and hemorrhagic transformation.37 Diffusion-weighted and per-
fusion MRI may be particularly helpful in distinguishing between
an acute stroke and postictal paresis.38 In late seizures, MRI can
show previously unsuspected strokes. In the VA Cooperative
study #428, only 18 percent of patients with epilepsy had normal
findings on brain imaging.36 Lesions consistent with old strokes
were seen in 42.6 percent and small vessel disease in 40.9 percent.

EEG is generally not considered to be a reliable predictor of
the risk of early or late post-stroke seizures,39 and prophylactic
AEDs should not be administered to patients with stroke who
have epileptiform discharges on EEG but have not had a clinical
seizure. When early post-stroke seizures occur, EEG can be help-
ful in excluding concurrent encephalopathy and nonconvulsive
status epilepticus. Although some findings (e.g., focal or diffuse
slowing) are nonspecific, periodic lateralized epileptiform dis-
charges have a high association (80 to 90 percent) with clinical
and/or electrographic seizures. 

Detection of electrographic seizures in patients with altered
mental status may require continuous EEG monitoring for 24 to
48 hours. Repetitive focal sharp waves, repetitive focal spikes,
periodic lateralized epileptic discharges (PLED) or electrographic
seizures were recorded in 17 percent of 100 patients who under-
went continuous EEG for a mean of 17 hours following stroke.40

Epileptiform abnormalities were associated with more severe
stroke. In patients with cerebral territorial infarcts, a normal EEG
early after stroke was associated with a less than one percent risk
of developing late seizures,41 while the presence of frontal inter-
mittent rhythmic delta activity or diffuse slowing was associated
with a higher risk of developing late seizures.

EEG has low sensitivity and specificity for late post-stroke
seizures. Patients with strokes and extratemporal seizures are less
likely to have epileptiform abnormalities detectable by scalp
EEG. In the VA Cooperative Study #428, interictal epileptiform
activity was seen in 31 percent of routine EEGs in elderly
patients, as compared to 50 percent in younger patients.36

Ambulatory or long-term video-EEG monitoring increased the
yield of EEG by 50 percent and may be required when the diag-
nosis remains unclear after routine or sleep-deprived EEG. 

Some patients with stroke have EEG abnormalities without
seizures. In a prospective study with mean follow up of 15.9
months, no specific EEG pattern was found in those who later
developed epilepsy.28

48 Practical Neurology April 2007

Post-stroke Seizures



Treatment Challenges
There are no randomized controlled trials to guide treatment of
post-stroke seizures. The decision about whether or not to begin
AED therapy depends on analysis of several factors; (1) risk of
seizure recurrence; (2) potential implications of a recurrent seizure
for injury or adverse outcome; (3) adverse effects of AEDs.

Seizures and AEDs may adversely impact recovery after stroke.
Seizures may increase metabolic demand, release excitotoxic neu-
rotransmitters or worsen ischemia in the penumbral regions.
Whether seizures have an independent impact on neurological
outcome is not clear. In ICH, early electrographic seizures were
associated with increased edema and midline shift on head CT.11

While some AEDs have neuroprotective properties in animal
models,42 clinical studies have not shown
similar protection in humans. In fact, sever-
al older AEDs (phenytoin, benzodiazepines)
show adverse effects in brain injury, delaying
functional recovery in both animal models
and humans.27,43

Prophylactic AED Treatment
In general, patients with stroke are not treat-
ed with AEDs until a seizure occurs.
Extrapolating from traumatic brain injury
(TBI) studies, phenytoin and valproate
decreased the rate of early seizures (from 20
to four percent), but had no effect on the
development of late seizures or epilepsy.44

Most patients with stroke have a much
lower risk of early seizures (three to eight
percent) than patients with TBI, and the
risk of AED therapy often outweighs the
risk of early seizure occurrence. 

Recommendations for treatment of ICH
discuss AED prophylaxis as an option.45

Patients with SAH and unclipped aneurysms may rebleed during
a seizure, so short-term AED prophylaxis is more commonly used
in this situation. There are no recommendations for treatment
after ischemic stroke; guidelines state that “there is no evidence
that prophylactic anticonvulsant treatment is beneficial.”46

Overall, prophylactic AED therapy can be considered in
patients at high risk for early seizures (e.g., those with SAH, lobar
ICH), if the occurrence of a single seizure could be life-threaten-
ing. Phenytoin is the most commonly used AED for prophylax-
is, and valproate was also effective for prophylaxis in TBI.
Although levetiracetam is now available in an intravenous formu-
lation, there is no data on its efficacy in preventing early seizures.
Because of their potential for negative effects on cognitive and
neurological recovery,43 AEDs should be discontinued one to two
weeks after stroke unless additional seizures occur. 

Treatment of Early Seizures
Treatment of early seizures will prevent new seizures in the short-
term, but will not prevent the occurrence of late seizures or
epilepsy.44 After a single early seizure, patients should be evaluat-
ed for other causes or precipitants of seizures as discussed above
in differential diagnosis. Most neurologists begin AED therapy
only after a second early seizure, a prolonged early seizure, or sta-
tus epilepticus, while others advocate treatment after a first seizure
to prevent adverse effects of recurrent seizures. Patients with
PLEDs on EEG after a first seizure are at high risk for subsequent
early seizures and should likely be started on AEDs. Lorazepam
can be given acutely for prolonged seizures, followed by intra-
venous phenytoin or fosphenytoin.  Intravenous valproate44 or

levetiracetam47 are also options. Sedating
AEDs should be avoided if possible. Status
epilepticus should be treated aggressively.
AEDs should be discontinued when the
acute illness has resolved, usually two to
four weeks after stroke, unless further
seizures have occurred.45

Treatment of Late Seizures
The risk of seizure recurrence after a first
late post-stroke seizure is high (50 to 80
percent) and it is reasonable to begin AEDs
after a first late seizure. AED therapy deci-
sions should be individualized, based on
seizure type, risk of recurrence, implica-
tions of recurrent seizure (e.g., injury), and
patient preference. Older and neurological-
ly-impaired subjects are more susceptible to
AED adverse effects, so AEDs should be
started at low doses and titrated slowly to
clinical efficacy. Decline in hepatic and
renal function decreases drug clearance,

and elderly patients typically require lower doses of AEDs than
younger patients. Serum AED levels may help to optimize dos-
ing. Post-stroke seizures and epilepsy are often easy to control;48

more than 80 percent of patients can be managed with AED
monotherapy.49 AEDs should generally be continued until the
patient is seizure free for two years, although no definitive guide-
lines are available. Focal neurological deficits and symptomatic
etiology are associated with a higher risk of seizure recurrence
after AED withdrawal. 

There is little data on which AED is optimal for treatment of
patients with post-stroke seizures, and recommendations are
extrapolated from treatment guidelines for new onset epilepsy,
particularly in the elderly. Phenytoin and benzodiazepines may
impair neurological recovery. Older AEDs have complex pharma-
cokinetics and are less well tolerated in the elderly than some of
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the newer AEDs. Drugs which affect the P450 hepatic enzyme
system may interact with comedications, such as anticoagulant
and antiplatelet drugs.50 Patients on many comedications may
therefore benefit from use of a newer AED with fewer drug inter-
actions. Phenytoin, carbamazepine, and valproate may have
adverse effects on bone health in elderly patients.

Several AEDs have been specifically evaluated in elderly
patients. A randomized study of carbamazepine vs. lamotrigine in
150 elderly patients with newly diagnosed epilepsy showed that
the drugs were equally effiacious, but that lamotrigine was better
tolerated.51 Thirty-five percent of subjects had post-stroke epilep-
sy, but no specific analysis of this group was performed. A similar
study of lamotrigine 150mg/day, gabapentin 1800mg/day, and
carbamazepine 600mg/day showed equivalent seizure control
among groups, but better tolerabiity for lamotrigine and
gabapentin.52 Both of these studies used immediate release carba-
mazepine, rather than a slow release formulation which might
have been better tolerated. In a single uncontrolled study of

gabapentin for post-stroke seizures, 81 percent of patients were
seizure free at a median follow-up of 30 months.49 Oxcarbazepine
and levetiracetam share many of the advantages of lamotrigine
and gabapentin, but have not yet been specifically assessed in eld-
erly or stroke patients.

Epilepsy surgery is less often considered for elderly patients,53

although younger stroke patients with refractory seizures may
benefit from surgery. Post-stroke seizures commonly arise from
extratemporal regions near eloquent cortex, and therefore the
likelihood of seizure freedom is lower and risk of postoperative
neurological deficit higher. Older age and comorbidities may ele-
vate risk of anesthesia. The vagus nerve stimulator is effective in
patients over age 50, and may be an option if seizures are refrac-
tory to medication and surgery is not an option.53,54  PN
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