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ABSTRACT – Stroke is one of the commonest causes of seizures and
epilepsy, mainly among the elderly and adults. This seminar paper aims
to provide an updated overview of post-stroke seizures and post-stroke
epilepsy (PSE) and offers clinical guidance to anyone involved in the
treatment of patients with seizures and stroke. The distinction between
acute symptomatic seizures occurring within seven days from stroke (early
seizures) and unprovoked seizures occurring afterwards (late seizures) is
crucial regarding their different risks of recurrence. A single late post-stroke
seizure carries a risk of recurrence as high as 71.5% (95% confidence inter-
val: 59.7-81.9) at ten years and is diagnostic of PSE. Several clinical and stroke
characteristics are associated with increased risk of post-stroke seizures and
PSE. So far, there is no evidence supporting the administration of antiepilep-
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Neurologists frequently encounter
seizures related to stroke. Given
that post-stroke epilepsy (PSE) is
the most common form of acquired
epilepsy, it is quite surprising that
it has attracted little academic

interest and that, so far, only
scarce evidence is available to
guide clinical practice. The scenario
is, however, changing and both
basic science researchers and clin-
ical investigators have started to
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ddress highly relevant issues, including pathophysiol-
gy, prevalence and incidence, diagnosis, prevention,

reatment, and prognosis.
hen should PSE be diagnosed? When should treat-
ent start? Which is the most effective treatment?
hich antiepileptic drug (AED) should be preferred?
ot all seizures occurring after stroke are necessar-

ly stroke-related. So, when should PSE be diagnosed?
nly an adequate knowledge and correct diagnosis
ay spare patients the anxiety, stigma, and side effects

f unnecessary treatments.
n recent years, interesting developments in the field
f epileptogenesis also suggests that the risk of PSE
ay be modified through pharmacological interven-

ion. In addition, the association found between PSE
nd risk of vascular events highlights the importance
f secondary stroke prophylaxis.
his seminar paper aims to provide an updated
verview of PSE and offers clinical guidance to pro-

essionals involved in the treatment of patients with
ost-stroke seizures.

arly and late post-stroke seizures

efinition

distinction between early and late post-stroke
eizures is mandatory in the field of seizures and
troke since it underscores different pathophysiolog-
cal mechanisms. Early post-stroke seizures reflect an
cute, and perhaps reversible cerebral injury (i.e. acute
ymptomatic, provoked) whereas late seizures arise
rom long-lasting changes in the post-stroke brain (i.e.
emote symptomatic, unprovoked). In this article, we
ill use the terms “early and late post-stroke seizures”

hroughout. The distinction between early and late
eizures is closely linked to the theoretical concept
f epileptogenesis -the hereto incompletely character-

zed process by which the brain acquires an enduring
redisposition to seizures. Epileptogenesis does not
imply represent a process that starts at stroke onset
nd manifests with seizures at a later stage, but should
e considered within the frame of a threshold model

n which individual predisposition, stroke characteris-
ics, and subsequent reactions to the primary injury
onverge to PSE.
he temporal limit to consider a seizure as a “late-
eizure” ranges mostly between one and two weeks
pileptic Disord, Vol. 22, No. 3, June 2020

fter stroke, in analogy with the concept of early
nd late post-traumatic seizures. A pivotal study in
ochester, Minnesota demonstrated that a seizure
ithin seven days of a stroke carries a ten-year risk
f a subsequent unprovoked seizure of 33% (95%
onfidence interval [CI]: 20.7-49.9), whereas a seizure
ccurring seven days after a stroke carries a ten-year
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Post-stroke seizures and epilepsy

isk of 71.5% (95% CI: 59.7-81.9) (Hesdorffer et al.,
009). Based on such differences in patient progno-
is, seven days is currently the recommended cut-off
or considering a post-stroke seizure as early or late
Beghi et al., 2010). According to the most recent dia-
nostic criteria, epilepsy can be diagnosed after a
ingle seizure and with a recurrence risk >60% within
he next ten years (Fisher et al., 2014). As shown by the
ochester study, patients presenting with a single late
eizure after a stroke carry such a risk. Therefore, one
ate unprovoked post-stroke seizure can be diagnosed
s PSE.
owever, it is important to recognize the pitfalls of

he seven-day cut-off in order to distinguish between
arly and late seizures (see below under: “When and
ow to clinically diagnose post-stroke epilepsy”). The
isk of PSE is substantially higher in patients who have
resented with an early post-stroke seizure than in
atients who have not had any seizure. The occur-
ence of early seizures is, indeed, an independent
isk factor for PSE and weighs heavily in the SeLECT
core. The SeLECT score is a recently developed and
alidated clinical tool to predict late seizures/epilepsy
fter ischaemic stroke. In addition to the occurrence
f an early seizure, it takes into account the severity
f stroke, aetiology of stroke, and cortical and arte-
ial territory involved (Ferlazzo et al., 2016; Galovic et
l., 2018). An early seizure, not considered epilepsy,
hould therefore not convey the message that the
atient is at no risk of PSE. Clinical risk models and
iomarkers must be incorporated in the future to help

dentify the mechanisms of PSE and refine the diag-
osis of PSE in some patients with early seizures and
eassure those at low risk of recurrence.

athophysiology

uch of the pathophysiology underlying seizures after
troke remains elusive. Experimental stroke studies
ave mapped a number of reactions following brain

njury, which are common to other models of acquired
pilepsy and include inflammatory response, changes

n the expression of proteins involved in neuronal sig-
alling, and remodelling of cytoskeleton, but causal

inks have not been clearly established. Increased
lood-brain barrier permeability could also play a
athogenic role (Pitkänen et al., 2016).
arly post-stroke seizures should be regarded as a
eaction of the neuronal cells to the acute cerebrovas-
253

ular injury. They reflect transient cellular biochemical
ysfunctions, including -among others- the increased
elease of excitatory neurotransmitter glutamate, ionic
mbalance, breakdown of membrane phospholipids,
nd release of free fatty acids with oxidative stress
Tanaka and Ihara, 2017). Homeostatic or systemic dis-
urbances, such as electrolyte imbalance, acid-base
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isturbances and hyperglycaemia, may also play a
ole in the development of early post-stroke seizures
Tanaka and Ihara, 2017). Conversely, late post-stroke
eizures reflect a structural change of neuronal net-
orks following the cerebrovascular injury to the brain

Trinka and Brigo, 2014). They are usually attributed to
pileptogenic gliotic scarring with changes in mem-
rane properties, neuronal deafferentation, selective
euronal loss or collateral sprouting (Tanaka and Ihara,
017). Late post-stroke seizures after a primary cerebral
aemorrhage or secondary haemorrhagic transforma-

ion of an ischemic stroke are thought to be the
onsequence of haemosiderin deposits leading to
ncreased neuronal excitability. During post-stroke
pileptogenesis, the brain undergoes molecular and
ellular alterations, which increase its excitability and
ventually lead to the occurrence of recurrent sponta-
eous seizures. These progressive neuronal changes

nclude selective neuronal cell death and apoptosis,
hanges in membrane properties, mitochondrial and
eceptor changes (e.g. loss of GABAergic receptors),
eafferentation, and collateral sprouting (Pitkänen
t al., 2016). Disruption of the brain-blood barrier
ollowing endothelial damage causes extravasation
f albumin which in turns activates astrocytes and
icroglial cells; this leads to changes in the extracel-

ular milieu with increased glutamate levels, release of
nflammatory cytokines, and further increase in brain-
lood barrier permeability (Tanaka and Ihara, 2017).
hrombin, a major component of the coagulation cas-
ade, and its protease-activated receptor 1 (PAR1), may
urther contribute to maladaptive plasticity leading to
ermanent structural changes in the brain with altered
euronal firing and circuit dysfunctions (Altman et
l., 2019). This complex cascade of events directly
nhances neuronal excitability and could explain
pileptogenesis after a stroke. Alterations in gene
xpression after a stroke can also play a role in epilep-
ogenesis, as they can be associated with impaired
europrotection, aberrant synaptic plasticity, upreg-
lation of neuronal excitability, and enhanced gliotic
carring formation (Pitkänen et al., 2016). Of note, these
athophysiological mechanisms interact with each
ther and eventually lead to structural and functional
lterations of neuronal networks, leading to recurrent
pontaneous seizures (Tanaka and Ihara, 2017).
emarkably, the current pathophysiological perspec-

ive of acquired epilepsy favours a threshold model,
hich also involves individual predisposition. For
54

nstance, individuals with a first-degree relative suf-
ering with epilepsy are at higher risk of developing
SE (hazard ratio: 1.18; 95% CI: 1.09-1.28) although this
as associated with a small effect size (Eriksson et al.,

019). Lesion characteristics may be more important
n most cases such as size of the lesion, corti-
al involvement and presence of intralesional blood

i
c
A
s
s
v
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roducts (see below under “Neuroimaging of post-
troke seizures: pitfalls and differential diagnosis”).
ntil now, the early treatment of stroke patients with
EDs during the acute phase has not been effective in

educing the risk of developing PSE (Gilad et al., 2011;
heth et al., 2015). On the other hand, statins appear
o be the only medication to decrease the risk of PSE
Etminan et al., 2010), and to a greater extent in patients
ho present with early seizures and are considered a
igh-risk group (Guo et al., 2015). However, causality
nd mechanisms of the effect of statins are not yet well-
stablished.

pidemiology and risk factors

he rates of early post-stroke seizures and PSE vary
cross stroke populations. For ischaemic stroke, the
revalence of early seizures is generally 3-6% (Beghi
t al., 2011; Labovitz et al., 2001; Guo et al., 2015;
erafini et al., 2015) but can be up to 15% in selected
ohorts (Labovitz et al., 2001; Lamy et al., 2003; Bentes
t al., 2017). There is no converging evidence about
he risk of early seizures in patients treated with reper-
usion therapies, either intravenous thrombolysis or
ndovascular thrombectomy (Belcastro et al., 2020;
rigo et al., 2020a; Feher et al., 2019). The risk of intrac-
rebral haemorrhage is somewhat higher (Qian et al.,
014), with early seizures occurring in approximately
0-16% of patients (Naess et al., 2004; Beghi et al., 2011;
rocaccianti et al., 2012). However, the methodology
dopted to ascertain and diagnose early post-stroke
eizures can greatly affect the results. For instance,
study using video-EEG recording performed in the
rst 72 hours following an acute anterior circula-

ion ischaemic stroke revealed early seizures in 14.6%
nd non-convulsive status epilepticus (SE) in 2.6% of
atients; of note, almost a quarter (22.7%) of early
eizures were exclusively electrographic (Bentes et al.,
017).
ata on PSE prevalence also depend on the study
opulation and methodology used to collect data.
ased on nationwide registers in Sweden, the cumu-

ative incidence of PSE was 6.4% following ischaemic
troke and 12.4% following haemorrhagic stroke after
follow-up of almost five years (Zelano et al., 2016);

he latter finding has been replicated in a population-
ased investigation in a Finnish region (Lahti et al.,
017). In a video-EEG study, 15.2% of patients suffer-
Epileptic Disord, Vol. 22, No. 3, June 2020

ng with an anterior ischemic stroke met the diagnostic
riteria for epilepsy at 12 months (Bentes et al., 2017).
diagnosis of PSE (after ischaemic and haemorrhagic

troke) increases the risk of mortality after adjusting for
troke severity (Zelano et al., 2016) and, unsurprisingly,
ascular disease is the major cause of death. These
ndings call for concerted efforts to prioritise and
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ptimize secondary vascular prophylaxis (Hansen et
l., 2017), and AEDs that do not interfere with conco-
itant medications, such as anti-hypertensives and

nticoagulants, should be preferentially chosen.
he main risk factors for early post-ischaemic stroke
eizures are cortical involvement, severe stroke, haem-
rrhagic transformation, age younger than 65 years, a

arge lesion and atrial fibrillation (Feher et al., 2019). The
ain risk factors for PSE following ischaemic stroke are

ortical involvement, haemorrhage, and early seizures
Ferlazzo et al., 2016).

hen and how to clinically diagnose
ost-stroke epilepsy

he concept of early and late seizures and PSE is
traightforward to apply in clinical practice in most
ases. If a patient has a seizure within a week of
troke, it is an early seizure and considered acute
ymptomatic. Although such a seizure carries a risk
f subsequent epilepsy, this risk does not warrant the
iagnosis of PSE. In contrast, a seizure occurring more

han one week after stroke is considered an unpro-
oked late seizure. This infers a >60% risk of seizure
ecurrence and the patient meets the diagnostic crite-
ia for epilepsy.
n some circumstances, the distinction between early
nd late seizures may not be unequivocal. The clini-
al situation may have been unstable, and the exact
ime of the latest cerebral insult may not be clear. As
er the definition of epilepsy recommended by the

nternational League Against Epilepsy, the diagnosis
equires a risk of seizure recurrence exceeding 60%,
owever, the exact risk in each case is hard to estimate
ith precision. If there is doubt whether a seizure has
ccurred within the acute symptomatic phase, then

here is no clear evidence of a >60% recurrence risk. In
his scenario, the diagnosis of PSE should not be made.

similar approach can be suggested if there is doubt
hether a paroxysmal post-stroke event is actually a

eizure. In the presence of uncertainty, it is probably
etter not to diagnose a late seizure/PSE, but rather
dopt a wait-and-watch approach. It is important to
mphasize, however, that whether a patient is or is
ot diagnosed with PSE, the decision to initiate treat-
ent with AEDs will depend on clinical characteristics

f individual patients.
pileptic Disord, Vol. 22, No. 3, June 2020

he role of the electroencephalogram
n the diagnosis and prediction of
ost-stroke seizures

n the early phase following an ischaemic or haem-
rrhagic stroke, electroencephalogram (EEG) is an

s
5
a
p
n
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Post-stroke seizures and epilepsy

ssential diagnostic tool that aims to detect purely
lectrographic seizures. It can also detect specific pat-
erns, such as lateralized periodic discharges (LPDs),
hat are independently associated with early seizures
Mecarelli et al., 2011).
nterestingly, brain single-photon emission computed
omography (SPECT) imaging can reveal focal hyper-

etabolism with increased cerebral blood flow in
ssociation with LPDs in patients with post-stroke
eizures; such findings support the view that - at least
n some patients - this EEG pattern may correspond to
n ictal phenomenon (Ergün et al., 2006; Hughes, 2010).
he lack of a systematic electrophysiological assess-
ent with video-EEG can lead to an underestimation

f seizures, particularly in the case of focal unaware or
on-convulsive seizures (Belcastro et al., 2014; Bentes
t al., 2017; Brigo et al., 2020a, 2020b). Neurologists
nd health personnel working in stroke units should
romptly request an EEG recording for patients with
udden onset of unexplained behavioural changes
r impairment of consciousness. A continuous EEG

asting ≥24 hours should be recorded as soon as
ossible in patients with acute supratentorial brain

njury presenting with altered mental status or with
linical paroxysmal events suspected to be seizures.
n addition, in comatose patients, patients with peri-
dic discharges, or patients who are pharmacologically
edated, a more prolonged EEG (≥48 hours) may lead
o the detection of non-convulsive seizures (Herman
t al., 2015). The main indications for continuous EEG in
atients with acute stroke, to identify non-convulsive
eizures and non-convulsive status epilepticus, are
resented in table 1.
EG recordings may also have implications in the
rediction of functional outcome, mortality and post-
troke cognitive decline, with different levels of
vidence (Doerrfuss et al., 2020).
nly few studies have, so far, assessed EEG as a

redictive tool for post-stroke seizures and epilepsy.
bnormalities on EEG can predict the development
f epilepsy in the first year after stroke, indepen-
ently of clinical and imaging-based infarct severity.
retrospective study of 110 patients with ischaemic

troke-related seizures found LPDs in 5.8% of patients,
hereas the 275 stroke patients who did not suffer

n early and/or a late seizure did not present with
PDs (De Reuck et al., 2006). Diffuse EEG slowing
nd frontal intermittent rhythmic delta activities also
ccurred more frequently among patients with post-
255

troke seizures compared to controls (21.7% versus
.1% and 24.6% versus 1.1%, respectively) (De Reuck et
l., 2006). A prospective video-EEG study enrolled 151
atients with anterior circulation ischaemic stroke and
o previous seizures. Asymmetric background activ-

ty and interictal epileptiform activity detected on EEG
erformed during the first 72 hours after stroke were
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Table 1. Main indications for continuous EEG
monitoring in patients with acute stroke to identify

non-convulsive seizures and non-convulsive
status epilepticus.

Continuous EEG monitoring is recommended in
critically acute stroke patients with:
• Persistently abnormal mental status following
generalized convulsive status epilepticus or other
clinically-diagnosed seizures.
• Altered or fluctuating mental status or unexplained
alteration of mental status.///Generalized periodic
discharges, lateralized periodic discharges, or bilateral
independent periodic discharges on routine or
emergent EEG.
• Clinical paroxysmal events suspected to be seizures,
to determine if they are ictal or non-ictal.

Concurrent video recording is strongly recommended as
supplementary to neurologic examination to evaluate
clinical behavior and assess whether electrographic
seizures are associated with clinical changes.

Continuous EEG should be initiated as soon as possible
when non-convulsive seizures are suspected.
Recording for at least 24 hours is recommended, but
shorter or longer periods of recording may be
required. In patients who are comatose, have periodic
discharges, or are pharmacologically sedated,
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routinely used in clinical settings. It is fast (acquisition
prolonged monitoring (48 hours or more) may be
advised as non-convulsive seizures can occur later.

dapted from: Herman et al. (2015).

ndependent predictors of PSE during the first year
ollowing the index event (Bentes et al., 2018).
hese findings suggest how EEG recorded in the acute
troke phase may not only detect subclinical seizures,
ut also may provide useful information to predict the
evelopment of PSE. Further studies are warranted to
ssess whether the inclusion of EEG findings with exist-
ng scores (e.g. SeLECT [Galovic et al., 2018]) could
mprove their predictive accuracy (Doerrfuss et al.,
020).
ost studies available in the literature refer to the use

f EEG in the acute phase as a predictor of unpro-
oked late post-stroke seizures. In patients with PSE,
EG usually shows multifocal or focal slowing, typically
ith a normal background alpha rhythm (Mecarelli

nd Vicenzini, 2019). Epileptiform abnormalities can
56

e detected, usually as sharp waves, sometimes with
quasiperiodic pattern of recurrence, particularly

n PSE associated with large cortical cerebrovascu-
ar lesions (Brigo and Mecarelli, 2019; Mecarelli and
icenzini, 2019).

r
s
a
s
a

euroimaging of post-stroke seizures:
itfalls and differential diagnosis

eizures are an expression of sudden depolarization of
eurons that transiently disrupts ionic and metabolic
omeostasis. There are different proposed pathophys-

ological mechanisms for early and late seizures, which
nclude critically reduced local blood flow, abnormal
elease of neurotransmitters, metabolic dysfunction,
resence of gliotic scarring and aberrant synaptic con-
ectivity (Pitkänen et al., 2016). Of note, only a minority
f stroke patients will develop seizures and there is still
carce understanding of magnetic resonance imag-
ng (MRI) signatures that can identify the patients at
igher risk. Some studies have identified the following
RI predictors: watershed infarctions, middle cerebral

rterial territory strokes, cortical involvement, haem-
rrhagic strokes and haemorrhagic transformation of

schaemic stroke (Ferlazzo et al., 2016; Galovic et al.,
018).
aution is, however, necessary in considering a
ost-stroke seizure as stroke related. In such cases,
euroimaging is fundamental in providing a differen-

ial diagnosis.
n acute settings, cranial computed tomography (CCT)
s the gold standard to rapidly image patients present-
ng with seizures. It also represents the only available
euroimaging tool in patients who cannot undergo
RI. Besides standard CCT, perfusion CT (PCT) can

e helpful in differentiating between stroke, stroke
imics and status epilepticus (Strambo et al., 2018).
ngoing seizure activity or SE are characterized by

egions of hyperperfusion that usually involve atypical
ascular territories, whereas strokes typically corre-
pond to hypoperfused areas in a precise arterial
erritory (Payabvash et al., 2015). PCT can also be help-
ul to differentiate postictal versus stroke related focal
eurological deficits: the former are characterized by

ransient iso- to hyperperfusion and the latter by areas
f hypoperfusion in a vascular territory (Brigo and
attanzi, 2020). Notably, PCT must be performed within
strict interval from seizure onset (< three hours) to

mprove its sensitivity (Payabvash et al., 2015).
RI remains the most sensitive non-invasive dia-

nostic tool to image the brain, and conventional
R sequences suffice in most cases of suspected

ost-stroke seizures. The most common conventional
equences are listed in table 2. Diffusion-weighted
maging (DWI) is an informative sequence and is now
Epileptic Disord, Vol. 22, No. 3, June 2020

equires less than a minute) and demonstrates high
ensitivity for areas of water restriction, making it

very commonly used sequence to differentiate
troke from stroke mimics. Nonetheless, timing of
cquisition is extremely important to avoid pitfalls.
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Table 2. Seizure-related abnormalities on conventional and advanced Magnetic Resonance Imaging.

MRI techniques Seizure related signal
change

Mechanism

T1-weighted Iso- to hypointense Oedema + increased cortical thickness

T2-weighted Hyperintense Oedema + increased cortical thickness

Fluid attenuated inversion recovery
(FLAIR)

Hyperintense Oedema + increased cortical thickness

Gradient-echo (GRE or T2*) Iso- to hypointense Presence of blood products

Gadolinium-enhanced T1-weighted
or Arterial Spin Labelling (ASL)

None to increased
enhancement

Reperfusion injury or blood-brain
barrier loss or increased collateral flow

Diffusion weighted imaging (DWI) Hyperintense or
isointense

Cytotoxic versus vasogenic edema in a
non vascular territory

Perfusion weighted imaging (PWI) Hyperperfusion
(during symptom
onset) or
hypoperfusion
(delayed imaging)

Blood flow is directly proportional to
neuronal depolarization activity

Magnetic resonance spectroscopy
(MRS)

N-acetylaspartate Normal to decreased Presence of ischemic tissue

Lactate Normal to increased Anaerobic glycolysis

Glutamate/
glutamine (Glx)

Normal to increased Imbalance of excitotoxic and inhibitory
neurons
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Susceptibility weighted imaging
(SWI)

Iso

esions can be falsely positive (those containing a
ery high water content, also known as “T2 shine-
hrough” artefact) or falsely negatively (MRI scans
cquired too late after symptom onset) (Agarwal et
l., 2017; Shono et al., 2017). Restricted signal on DWI
ue to seizure activity is mostly reversible (figure 1),
hereas it may last three to four days in stroke,
nless cerebral tissue has been reperfused earlier.
ther lesions that may present with DWI positive

ignal include subacute haematomas, hypercellular
umours and abscesses (figure 2). Recently, Koksel et
l. proposed the acronym “CRUMPLED” as a helpful
pileptic Disord, Vol. 22, No. 3, June 2020

ay to remember the most important DWI-restricted
esions that are cortically based and have an atypi-
al vascular distribution. The acronym stands for C =
reutzfeldt-Jakob disease; R = reversible cerebral vaso-
onstriction syndrome; U = urea cycle disorders and
raemia; M = mitochondrial disorders; P = prolonged
eizures and posterior reversible encephalopathy

a
P
t
fl
m
r
i

to increased Damage to cell membranes

ypointense Dilation and/or recruitment of venous
vessels in areas of hypoperfusion

yndrome (PRES); L = laminar necrosis (hypoxic-
schaemic encephalopathy) and liver-related (acute
epatic or hyperammonaemic encephalopathy);
=encephalitis (infectious meningoencephalitis) and

= diabetes mellitus (hypoglycaemia) (Koksel et al.,
018) (figure 2).
ntravenous gadolinium-based imaging can be par-
icularly useful to: a) identify areas of disrupted
lood-brain barrier; b) provide evidence of reperfu-
ion or presence of collateral flow; and c) identify
troke mimics.
dvanced imaging can provide additional and more
257

ccurate information for the differential diagnosis.
erfusion weighted imaging (PWI) can reliably identify
issue at risk of infarct, defined as an area with a blood
ow of less than 50 mL per 100 mL of brain tissue per
inute (Jahng et al., 2014). Signal changes in PWI are

elated to electrographic ictal activity: hyperperfusion
s likely to be seen in pre-ictal and ictal phases, whereas
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Figure 1. MRI findings in a 73-year-old man with status epilepticus, two years after a left middle cerebral artery ischaemic stroke
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nderlying pathophysiological mechanisms, including
etabolic dysfunction and abnormal release of neuro-
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mixed pattern of perfusion as they are more related
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he abnormally increased depolarization of neurons
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anagement of acute-symptomatic
ost-stroke seizures

ue to the rather low risk of early, acute-symptomatic
ost-stroke seizures, ranging from 3-6% in cases
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f cerebral ischaemia to 16% in primary cerebral
aemorrhage (Labovitz et al., 2001; Naess et al., 2004;
eghi et al., 2011; Procaccianti et al., 2012; Guo et
l., 2015; Serafini et al., 2015), primary prophylaxis
ith an AED is not recommended. This is also true

or those patients who have cerebral haemorrhage
nvolving cortical structures and a risk of early post-
troke seizures of around 35%. If physicians decide
o introduce primary AED prophylaxis despite the
vidence-based recommendations, an AED that can be
itrated very quickly, administered intravenously, and
hich lacks significant drug-drug interactions should
e preferred. One of the most commonly prescribed
EDs that meets these characteristics is levetiracetam

LEV). One randomized controlled trial compared val-
roate to placebo in 36 patients, both of which were
dministered directly after intracerebral haemorrhage
Gilad et al., 2011). The groups did not differ with
espect to prevention of early post-stroke seizures
defined in that study as occurring within the first 14
pileptic Disord, Vol. 22, No. 3, June 2020

ays), but the trial was underpowered, and prevention
f early seizures was not the primary endpoint.
fter the occurrence of one early post-stroke seizure,

he risk of developing a second acute symptomatic
eizure within the acute phase is only 10-20% (De
erdt et al., 2011; Leung et al., 2017). Due to the low

isk of recurrence, guidelines generally do not rec-

(
8
a
o
(
i
o

ign of true water restriction, which could be due to cytotoxic
acterial abscess) lesions. Hyperintensity on both ADC and trace
nic oedema or gliosis (unless it is a T2 shine-through artefact).
may not be enhanced on gadolinium-enhanced images. This
clinical history, patient symptoms and EEG findings. There are

ith the neuroradiologist is warranted.

mmend secondary AED prophylaxis after an early
ost-stroke seizure (Holtkamp et al., 2017). However,
any clinicians prefer to administer an AED to reduce

he likelihood of clinical worsening in the acute setting.
onceptually, this approach likely relies on pathophys-

ological considerations including increased neuronal
xcitotoxicity, peri-infarct depolarisations, and inflam-
atory responses in the first hours and days after

troke (Dirnagl et al., 1999), all of which can be risk
actors for acute recurrence of epileptic seizures.
he criteria used to choose the AED for acute sec-
ndary prophylaxis are similar to those for primary
rophylaxis.

f patients without or after an early post-stroke
eizure have been administered an AED, physicians
re encouraged to withdraw it after the acute phase
at best, at discharge from the stroke unit - as the

ast majority of these patients will not experience any
uture seizures (Holtkamp et al., 2017). The risk of a
rst unprovoked post-stroke seizure within eight years
259

which would define epilepsy) after cerebral infarct is
% and 15% after cerebral haemorrhage (Merkler et
l., 2018), and the risk of an unprovoked seizure after
ne early post-stroke seizure with 10 years is 30 to 35%

Hesdorffer et al., 2009; Galovic et al., 2018). Two stud-
es developed scores to estimate the long-term risk
f unprovoked seizures after acute cerebrovascular
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vents. The CAVE score indicates a five-year seizure
isk of 46.2% in patients after intracerebral haemor-
hage based on the following four variables: early
ost-stroke seizure(s), cortical involvement, bleeding
olume of more than 10 mL, and age of less than
5 years (Haapaniemi et al., 2014). The SeLECT score
ndicates a five-year seizure risk of more than 50% in
atients after ischaemic stroke based on the follow-

ng four or five criteria: early post-stroke seizure(s),
evere stroke (NIHSS ≥11), cortical involvement, and
arge-artery atherosclerosis and/or involvement of the

iddle cerebral artery territory (Galovic et al., 2018).
n these individual risk constellations, long-term sec-
ndary AED prophylaxis may be indicated.

anagement of post-stroke epilepsy

ED treatment is advised based on guidelines when
SE is diagnosed (Holtkamp et al., 2017). As always,
here may be individual reasons not to start treat-

ent -for instance, in cases with very mild semiology.
egarding the selection of drugs, two underpowered
andomized, open-label studies compared controlled-
elease carbamazepine (CBZ-CR) to lamotrigine (LTG)
Gilad et al., 2007) and LEV (Consoli et al., 2012). The
2-month seizure freedom rates were 44% and 85%
or CBZ-CR and 72% and 94% for LTG and LEV, with-
ut significant differences. LTG and LEV were better

olerated than CBZ-CR. A network meta-analysis of
hese trials showed no difference between LEV and LTG
or seizure freedom (OR: 0.86; 95% CI: 0.15-4.89), but
emonstrated greater occurrence of adverse events

or LEV than LTG (OR: 6.87; 95% CI: 1.15-41.1) (Brigo
t al., 2018). A randomized double-blinded trial on
EDs in epileptic patients, aged 60 years and older

two thirds had cerebrovascular aetiology), demon-
trated higher one-year retention rates for LEV (62%)
ompared to CBZ-CR (46%; p=0.02), while LTG (56%)
as intermediate (Werhahn et al., 2015). The SANAD

rial, a non-blinded randomized controlled study com-
aring five standard and new AEDs in focal epilepsy,

ound LTG to have the best retention rate as compared
o carbamazepine (CBZ), gabapentin, oxcarbazepine,
nd topiramate (Marson et al., 2007). Although data
ere not stratified according to the underlying aeti-
logy, the findings can likely be extrapolated to PSE.
he non-blinded, randomized, 52-week KOMET study
ompared the effectiveness of LEV as monotherapy to
60

xtended-release sodium valproate (VPA-ER) or CBZ-
R after the physician had decided which of the two
EDs best suited the individual patient (Trinka et al.,
013). In a post-hoc subgroup analysis of patients aged
60 years with newly diagnosed epilepsy (most of
hich were likely to have cerebrovascular aetiology),

he 12-month retention rates in the VPA-ER stratum

r
r
e
d
a
E
a

ere 90% in the LEV group and 77% in the VPA-ER
roup; the corresponding rates in the CBZ-CR stratum
ere 75% and 53% in the LEV and CBZ-CR treatment

rms, respectively (Pohlmann-Eden et al., 2016). In sum-
ary, the findings from clinical studies argue in favour

f the newer AEDs for PSE due to their better tolerabil-
ty profiles.
n focal epilepsy, the underlying aetiology does not
sually determine the choice of AED. The decision
egarding the most suitable compound has to be
ndividualized according to the patient’s age, sex,
omorbidities and comedications. Patients with PSE
ikely carry some burden of cardiovascular risk fac-
ors. Accordingly, AEDs such as CBZ, phenytoin,
henobarbital and primidone, which can increase bio-
hemical markers of vascular disease, including total
holesterol, lipoprotein, C-reactive protein and homo-
ysteine (Mintzer et al., 2009), should be avoided. Being
trong enzyme-inducers, these AEDs may also increase
he metabolism, and thus decrease serum concentra-
ions, of drugs that are concomitantly administered
or stroke management, such as warfarin. Post-stroke
epression is common, and the detrimental effects of
EV on behaviour (Josephson et al., 2019) may further
uel psychiatric comorbidity, rendering this AED less
ppropriate in patients with post-stroke depression.
he question to withdrawal the antiepileptic treat-
ent at some time point after the onset of PSE is

ifficult to address. The overall risk of seizure recur-
ence within five years after AED tapering is roughly
0%. A meta-analysis on seizure recurrence rate after
ED withdrawal, based on 10 retrospective, prospec-

ive and randomized-controlled trials involving more
han 1,700 patients, allowed the development of a pre-
iction tool for seizure relapse (Lamberink et al., 2017).
his tool can be accessed online (Epilepsy Prediction
nd Tool., 2019) and can assist physicians, but the deci-
ion to withdraw the treatment needs to be tailored to
ach patient individually.

uture perspectives

everal issues of PSE remain open to further research
nd investigation. Studies are warranted to eluci-
ate the mechanisms of epileptogenesis after stroke
nd identify reliable biomarkers associated with the
evelopment of PSE. The role of EEG in predicting

he occurrence of post-stroke seizures and epilepsy
Epileptic Disord, Vol. 22, No. 3, June 2020

equires additional evaluation. The duration of EEG
ecording should be further evaluated in order to
stablish whether prolonged video-EEG monitoring
uring the first 72 hours after stroke is cost-effective
nd can offer advantages over routine, short-lasting
EG to identify post-stroke seizures (Grillo, 2015). The
ssociation of systemic thrombolysis and mechanical
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evascularization procedures with the development
f early and late post-stroke seizures is still a matter
f debate (Bentes et al., 2020). Similarly, there remain
ncertainties about the most efficacious and safe AED

o manage PSE.
ong-term, prospective, multicentric, high-quality
tudies with large cohorts of patients and stroke reg-
stries are needed to elaborate a practice guideline on
iagnosis and treatment of PSE. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.

isclosures.
r. Brigo received travel support from Eisai; acted as consultant

or Eisai, LivaNova, and UCB Pharma; and was one of the orga-
izers of the “Seizures & Stroke” Congress, held in Gothenburg

rom 20th to 22nd February 2019.
r Zelano has received consultancy fees from the Swedish
edial Product agency; speaker honoraria from UCB, was one

f the organizers of the “Seizures & Stroke” Congress, held in
othenburg from 20th to 22nd February 2019; and as an employee
f Sahlgrenska university hospital (no personal compensation) is,
nd has been, an investigator in clinical trials sponsored by GW
harma, SK life science, UCB, and Bial.
r. Holtkamp received speaker’s honoraria and/or consultancy

ees from Bial, Desitin, Eisai, GW Pharmaceuticals, LivaNova,
ovartis, and UCB (within the last three years).
r. Trinka received speaker honoraria from Eisai, UCB Pharma,

ivaNova, Sandoz, Novartis, Biogen, Everpharma, BIAL-Portela
C, Newbridge, GL Pharma, Boehringer; grants from Biogen,
CB Pharma, Bayer, Novarti, Eisai, Merck, and Red Bull; grants

rom the European Union, FWF Österreichischer Fond zur Wis-
enschaftsforderung, Bundesministerium für Wissenschaft und
orschung, and Jubiläumsfond der Österreichischen Nation-
lbank outside the submitted work; and is a member of
he following ILAE Task forces: Medical Therapies, Nosol-
gy, Terminology, Congresses, Driving, Regulatory affairs, and
elemedicine.
r. Agarwal and Dr. Lattanzi have no conflicts of interest to dis-

lose.

eferences

garwal N, Tekes A, Poretti A, Meoded A, Huisman T.
itfalls in diffusion-weighted and diffusion tensor imag-

ng of the pediatric brain. Neuropediatrics 2017; 48(05):
40-9.

ltman K, Shavit-Stein E, Maggio N. Post stroke seizures and
pileptic Disord, Vol. 22, No. 3, June 2020

pilepsy: from proteases to maladaptive plasticity. Front Cell
eurosci 2019; 13: 397.

eghi E, Carpio A, Forsgren L, et al. Recommendation
or a definition of acute symptomatic seizure. Epilepsia
010; 51: 671-5.

eghi E, D’Alessandro R, Beretta S, et al. Incidence and pre-
ictors of acute symptomatic seizures after stroke. Neurology
011; 77: 1785-93.

D
t
i

E
s

E
i
A

Post-stroke seizures and epilepsy

elcastro V, Vidale S, Gorgone G, et al. Non-convulsive sta-
us epilepticus after ischemic stroke: a hospital-based stroke
ohort study. J Neurol 2014; 261: 2136-42.

elcastro V, Brigo F, Ferlazzo E, et al. Incidence of early post-
troke seizures during reperfusion therapies in patients with
cute ischemic stroke: an observational prospective study:
TESI study: “Trombolisi/Trombectomia e crisi Epilettiche pre-
oci nello Stroke Ischemico”). Epilepsy Behav 2020; 104(Pt
): 106476.

entes C, Martins H, Peralta AR, et al. Post-stroke seizures are
linically underestimated. J Neurol 2017; 264: 1978-85.

entes C, Martins H, Peralta AR, et al. Early EEG predicts post-
troke epilepsy. Epilepsia Open 2018; 3: 203-12.

entes C, Brigo F, Zelano J, Ferro JM. Reperfusion ther-
pies and poststroke seizures. Epilepsy Behav 2020; 104(Pt
): 106524.

rigo F, Lattanzi S. Poststroke seizures as stroke mim-
cs: Clinical assessment and management. Epilepsy Behav
020; 104: 106297.

rigo F, Mecarelli O. Aging and degenerative disorders.
n: Mecarelli O. Clinical Electroencephalography. Springer
ature Switzerland AG, 2019.

rigo F, Lattanzi S, Zelano J, et al. Randomized controlled tri-
ls of antiepileptic drugs for the treatment of post-stroke
eizures: a systematic review with network meta-analysis.
eizure 2018; 61: 57-62.

rigo F, Schneider M, Wagenpfeil G, et al. Intravenous throm-
olysis with tPA and cortical involvement increase the risk
f early poststroke seizures: results of a case-control study.
pilepsy Behav 2020a; 104(Pt B): 106312.

rigo F, Schneider M, Wagenpfeil G, et al. Early poststroke
eizures following thrombolysis and/or thrombectomy for
cute stroke: clinical and stroke characteristics. Epilepsy
ehav 2020b; 104(Pt B): 106353.

onsoli D, Bosco D, Postorino P, et al. Levetiracetam versus
arbamazepine in patients with late poststroke seizures: a
ulticenter prospective randomized open-label study (EpIC

roject). Cerebrovasc Dis 2012; 34: 282-9.

e Herdt V, Dumont F, Henon H, et al. Early seizures in
ntracerebral hemorrhage: incidence, associated factors, and
utcome. Neurology 2011; 77: 1794-800.

e Reuck J, Goethals M, Claeys I, et al. EEG findings after a
erebral territorial infarct in patients who develop early- and
ate-onset seizures. Eur Neurol 2006; 55: 209-13.

irnagl U, Iadecola C, Moskowitz MA. Pathobiology of
schaemic stroke: an integrated view. Trends Neurosci
999; 22: 391-7.

oerrfuss JI, Kilic T, Ahmadi M, et al. Quantitative and quali-
ative EEG as a prediction tool for outcome and complications
261

n acute stroke patients. Clin EEG Neurosci 2020; 51(2): 121-9.

pilepsy Prediction Tool. 2019. Available at: http: //epilep-
ypredictiontools.info/aedwithdrawal
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A. by definition, are epileptic seizures occurring more than seven days from the acute cerebrovascular accident
B. carry a high risk of seizure recurrence over the next 10 years
C. should be considered as post-stroke epilepsy
D. All of the above

(2) The use of antiepileptic drugs as primary prevention:
A. is always required in order to reduce the very high risk of post-stroke seizures
B. is not supported by the available evidence
C. is indicated only for ischaemic strokes involving large cortical areas
D. is indicated only after haemorrhagic strokes

(3) For the treatment of post-stroke epilepsy:
A. enzyme-inducing drugs are the best therapeutic option
B. pharmacological interactions should be considered
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C. drugs should be started at high dosage and increased
D. only levetiracetam, lamotrigine and controlled-release

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
263

very rapidly, particularly in elderly patients
carbamazepine should be used

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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