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DEFINITION



• Acute symptomatic seizures
• Late poststroke seizure
• Poststroke epilepsy



“Acute symptomatic seizure is defined as a clinical
seizure occurring at the time of a systemic insult or in
close temporal association with a documented brain
insult. Suggestions are made to define acute symptomatic
seizures as those events occurring within 1 week of
stroke, traumatic brain injury, anoxic encephalopathy, or
intracranial surgery”

Beghi E, et al. Epilepsia, 51(4):671–675, 2010



• Acute symptomatic seizures 
: seizures occur within one week after acute 
stroke
• Late poststroke seizure
: unprovoked seizure that occurs > 1 week 
after acute stroke
• Poststroke epilepsy





Its intent is to encompass circumstances for which some 
practitioners and expert epileptologists manage patients as if 
epilepsy is present after a single unprovoked seizure, because of 
a very high risk of recurrence. 
Such examples may include patients with a single seizure 
occurring at least a month after a stroke  or a child with a single 
seizure conjoined with a structural or remote symptomatic 
etiology and an epileptiform electroencephalography(EEG) study



Hesdorffer, DC, et al. Epilepsia, 50(5):1102–1108, 2009



• To compare mortality and subsequent unprovoked 
seizure risk in a population-based study of acute 
symptomatic seizure and first unprovoked seizure due to 
static brain lesions

• Subjects were residents of Rochester, Minnesota, 
identified through the Rochester Epidemiology Project’s 
records-linkage system between 1/1/55 and 12/31/84. 

• Information was collected on age, gender, seizure type, 
etiology, status epilepticus (SE), 30-day and 10-year 
mortality, and subsequent episodes of unprovoked 
seizure.

Hesdorffer, DC, et al. Epilepsia, 50(5):1102–1108, 2009



• 262 individuals experienced a first acute 
symptomatic seizure and 148 individuals 
experienced a first unprovoked seizure, all 
due to static brain lesions.



Hesdorffer, DC, et al. Epilepsia, 50(5):1102–1108, 2009



Risk of subsequent unprovoked seizure

Acute symptomatic
seizure

First unprovoked 
seizure

p

Stroke 33.0%

(95% CI = 20.7–49.9%)

71.5% 

(95% CI = 59.7–81.9%)

p = 0.001

Traumatic 

brain injury

13.4%

(95% CI = 7.0–24.8%)

46.6% 

(95% CI = 30.4–66.3%)

p < 0.001

CNS infection 16.6% 

(95% CI = 9.5–28.0%)

63.5% 

(95% CI = 21.2–98.6%)

p = 0.010

Hesdorffer, DC, et al. Epilepsia, 50(5):1102–1108, 2009



• Acute symptomatic seizures
• Late poststroke seizure

=?
• Poststroke epilepsy

“ The new definition is not uncontroversial, mostly due to 
conflicting data on the actual recurrence risk of seizures 
after a first late-poststroke seizure and whether a diagnosis
benefits patients”



POSTSTROKE
EPILEPTOGENESIS



Reddy DS, et al. J or Neurosci Res 2017;95:1000-16

Initial stroke injury
Epileptogenic event

Chronic period



Feyissa AM, et al. Eur J Neurol 2019, 26: 18–26, e1–e3



EPIDEMIOLOGY OF POSTSTROKE
EPILEPSY



• Major cause of epilepsy after middle age
• long-term overall cumulative risk of PSE 

after a cerebrovascular event varies 
between 3% and 13%



Cumulative risk of poststroke
epilepsy from different series

Cumulative risk at the 
end of the study 
(3-10 yrs)

Remarks

Overall risk 3.2 (7 yrs)
12.4% (10 yrs)

Include series with follow 
up>3 yrs

Ischemic stroke 2.3% (3 yrs)
4.4% (10 yrs)
8% (9 yrs)

Include prospective series 
with follow up > 3 yrs

ICH 18.2%(10 yrs)
23% (9 yrs)

Include only series with 
adequate no. of ICH with 
follow up > 3 yrs

SAH 12.5% (5 yrs)
21.7% (10 yrs)

Include only series with 
adequate no. of SAH with 
follow up > 3 yrs

Zelano J. Ther Adv Neurol Disord 2016; 9:424–35



• Predictors include 
– Stroke severity
– Cortical locations
– Hemorrhage
– Total anterior circulation infarcts
– Young age at stroke
– Early seizures



Galovic M, et al. Lancet Neurol 2018; 17: 143–52
Strzelczyk A, et al. J Neurol 2010; 257: 1322–6
Haapaniemi E, et al. Stroke 2014; 45: 1971–6



TREATMENT DECISION IN 
POSTSTROKE EPILEPSY



Acute symptomatic seizures 

• There is no evidence to date that treatment 
with AEDs prevents the development of PSE 
and the risk of seizure after stroke is 
relatively low, so primary prevention is usually 
not appropriate

• Short-term treatment is often initiated if 
multiple early seizures occur or after a single 
seizure in cases of ICH or hemorrhagic 
transformation



AEDS SELECTION IN POST 
STROKE EPILEPSY



Consideration for using AEDs in 
post stroke epilepsy

• Efficacy
• Side effects 
• Drug interaction



AEDs in the elderly



Objective: To compare the effectiveness of controlled-released carbamazepine 
(CRCBZ) to levetiracetam (LEV) and to lamotrigine (LTG) in elderly patients with 
newly diagnosed focal epilepsy

Methods: Randomized, double-blind, parallel-group trial conducted between January
2007 and August 2011, in 47 ambulatory or hospital sites in Germany, Austria, or 
Switzerland. Eligible participants were aged ≥60, had new-onset epilepsy, had no 
acute illness as the cause of their seizures, and had no contraindication to the drugs 
in the trial

361 randomized patients, 359 were included (CR-CBZ n = 121, LTG
n = 117, LEV n = 122) in the modified intent-to-treat population (mean age [range]
71.4 [60–95] years). 

Epilepsia 2015, 56:450–459



At week 58, the retention rate for LEV was significantly higher
than for CR-CBZ (61.5% vs. 45.8%, p = 0.02), and similar to LTG (55.6%). 
Seizure freedom rates at weeks 30 and 58 were not different across the groups.

Time to discontinuation

Epilepsia 2015, 56:450–459



Time to first related AE

Epilepsia 2015, 56:450–459



Results: 
Only 2 RCTs were included, one comparing levetiracetam (LEV) with CR-CBZ 
and the other comparing lamotrigine (LTG) with CR-CBZ. 
• No significant difference was found in seizure freedom between either LEV or
LTG and CR-CBZ. 
• Occurrence of AEs were lower for LEV and LTG than for CR-CBZ. 
• Indirect comparisons showed:

• No difference between LEV and LTG for seizure freedom 
(OR 0.86; 95%CI: 0.15–4.89). 

• Occurrence of AEs was higher for LEV than for LTG 
(OR 6.87; 95%CI: 1.15–41.1). 

Brigo F, et al. Seizure 2018;61: 57–62



Conclusions: 
• Direct and indirect comparisons did not find a difference in seizure freedom between 

the various AEDs, probably because of the small number of patients included. 
• LEV and LTG appears better tolerated than CR-CBZ 
• LEV seems associated with more AEs than LTG. 
• Further studies are required to provide robust evidence on efficacy and tolerability of 

AEDs for treating poststroke epilepsy

Brigo F, et al. Seizure 2018;61: 57–62



Consideration for using AEDs in 
post stroke epilepsy

• Efficacy
• Side effects 
• Drug interaction



IV AEDs for established SE

Shorvon S. Curr Opin Neurol 2011;24:165–170

Route of administration Adult dose

Phenytoin IV (<50 mg/min) 15-20 mg/kg

Fosphenytoin IV (<100 mg PE/min) 15-20 mg PE/kg

Phenobarbital IV (<100 mg/min) 10-20 mg/kg

Valproate IV (50-100 mg/min) 20-30 mg/kg

Levetiracetam IV (100 mg/min) 2000-4000 mg

Lacosamide IV (30-60 min/ up to 15 
min)

200-400 mg



Caution of SE of AEDs in elderly

AEDs Special precautions

Phenobarbital Drowsiness, cognitive dysfunction
May reduce effects of other drugs (enzyme inducer)

Phenytoin Reduced metabolism and clearance
Reduced protein binding à increased free fraction
Increase incidence of adverse effects
PHT level may be increased by amiodarone, cimetidine, 
isoniazid, trazodone
May reduce effects of other drugs (enzyme inducer)

Carbamazepine Increase incidence of adverse effects
May reduce effects of other drugs (enzyme inducer)
Hyponatremia

Sodium valproate Drowsiness, parkinsonism
Thrombocytopenia

Oxcarbazepine Increase incidence of adverse effects
Hyponatremia

Topiramate Cognitive side effects at higher dosage (can be avoided by 
slow titration)



Objective: To determine the incidence of hyperlipidemia after first anticonvulsant
treatment for seizures, using a large US administrative claims database.
Results: Of 11,374 subjects, 8778 (77%) were prescribed noninducers and 2596
(23%) were prescribed inducers. 

New hyperlipidemia diagnoses were seen in 14.6% of the patients started on 
EIAEDs and 10.7% of the patients started on NEIAEDs (P < .001). 
After accounting for covariates, EIAED was still associated with 23% higher odds of a
subsequent diagnosis of hyperlipidemia (OR = 1.225, 95% confidence interval
= 1.066-1.408, P 0.004).

Mintzer S, et al. Epilepsia. 2020;61:259–66.



Unadjusted results among patients treated with inducing or noninducing AEDs

Fully adjusted analysis results for association of incident 
hyperlipidemia diagnoses in patients newly prescribed AEDs



Consideration for using AEDs in 
post stroke epilepsy

• Efficacy
• Side effects 
• Drug interaction



Interaction with cardiac drugs
• Phenytoin à ê amiodarone level (CYP induction)

ê digoxin level (upreg. P-gp)
• Enzyme inducers 

à ê calcium channel blocker level
ê beta blocker level

• Verapamil and diltiazem inhibits carbamazepine 
metabolism

• Potential interaction of EIAEDs with drug used in 
secondary prophylaxis



Drug interaction with warfarin
• Metabolites through CYP3A4, 2C9
• Phenytoin, phenobarbital and 

carbamazepine reduce the concentration 
of warfarin by up to 50-65%

• Phenobarbital and carbamazepine also 
reduce the anticoagulation effects of 
warfarin metabolites

• Newer AEDs do not have significant 
interaction with anticoagulant 



Interaction between AEDs and 
NOACs



• Intestinal absorption and renal elimination of 

NOACs are dependent on the intestinal and 

renal permeability glycoprotein (P-gp) efflux 

transporter protein system 

• Some NOACs are substrates of the hepatic 

CYP3A4 enzymes 

• Induction of P-gp or CYP3A4 might decrease 

serum NOAC levels, reduce anticoagulant 

effects and lead to an increase in embolic risk. 



Absorption and metabolism of the different new 
anticoagulant drugs

No CYP

4% Cyp3A4

DE-RA



P-glycoprotein
• Permeability glycoprotein
• Also known as multidrug 

resistance protein 1 (MDR1) 
or ATP-binding cassette sub-
family B member 1 (ABCB1) 
or cluster of differentiation 
243 (CD 243)

• Important protein of the cell 
membrane that pumps foreign 
substances out of cells

• ATP-dependent efflux pump 
with broad substrate specificity

• Encoded by the ABCB1 gene 



P glycoprotein expression
• Intestinal epithelium: pumps xenobiotics (eg.

toxins or drugs) back into the intestinal lumen 
• Liver cells: pumps xenobiotics into bile ducts
• Cells of the proximal tubules of the kidney: 

pumps xenobiotics into urinary filtrate (in the 
proximal tubule)

• Capillary endothelial cells composing the blood 
brain barrier and blood testis barrier: pumps 
back into the capillaries



P-gp transports various substrates across the cell membrane

• Drugs such as colchicine, desloratadine, tacrolimus and quinidine.
• Chemotherapeutic agents such as topoisomerase inhibitors 

(i.e. etoposide, doxorubicin), microtubule-targeted drugs 
(i.e. vinblastine), and tyrosine kinase inhibitors (i.e. gefitinib, sunitinib)

• Lipids
• Steroids
• Peptides
• Bilirubin
• Cardiac glycosides like digoxin
• Immunosuppressive agents
• Glucocorticoids like dexamethasone
• HIV-type 1 antiretroviral therapy agents like protease 

inhibitors and nonnucleoside reverse transcriptase inhibitors



Europace (2015) 17, 1467–1507





European Heart Journal 2018;39:1330–1393



SmPC= Summary of product characteristics



SmPC= Summary of product characteristics



Epilepsy Research 2011;94:18—25



Epilepsy Research 2016;126:98–101



Antiepileptic drugs and evidence of their effects on the activity of P-
glycoprotein and CYP 3A4

Epilepsy Research 2016;126:98–101



Antiepileptic drugs and reports about interaction with 
NOACs

Epilepsy Research 2016;126:98–101



Epilepsy Research 2001;46: 93–99



• Two-way crossover design
• Double-blind, placebo-controlled study 
• Seven men and four women (19–48 years old)
• Each received digoxin 0.25 mg once daily (0.5 mg 

on day 1) during the 1-week run-in period, 
followed by two 1-week periods of digoxin with 
levetiracetam (2000 mg/day) or placebo

• The pharmacokinetics of digoxin and 
levetiracetam were assessed by analysis of blood 
samples

Epilepsy Research 2001;46: 93–99



Evolution over time of serum concentrations (mean
values; n=11) of digoxin at steady state in three conditions

Epilepsy Research 2001;46: 93–99

At the doses administered,
there was no pharmacokinetic interaction 
and no evidence of a pharmacodynamic interaction 
between digoxin and levetiracetam.



European Heart Journal 2019. 40: 3800–01



We are concerned about the expert advice given, classifying 
levetiracetam as contraindicated due to concerns over potentially
reduced plasma levels of NOACs. We are arguing against such advice
for the following reasons:

(1) The rate of post-stroke epilepsy (PSE) is expected in 8% of stroke
patients after 5 years. Predictors include severity of stroke, cortical
involvement, and territory of middle cerebral artery involvement,
indicating a high proportion of patients with AF as stroke aetiology
and the need of life-long oral anticoagulant and antiepileptic
therapy.
(2) So far, there are no clinically relevant drug–drug interactions known
with levetiracetam. Additional characteristics such as linear 
pharmacokinetics, renal clearance, and little risk for cognitive 
impairment are particular useful features for AED treatment with 
levetiracetam in the elderly with multimorbidity and 
polypharmacotherapy.

European Heart Journal 2019. 40: 3800–01



(3) Levetiracetam was shown to be superior to extended release
carbamazepine in a randomized controlled trial in the elderly, mostly
suffering from PSE. Superiority in AED trials is rarely reached, so
this result is highly respected.
(4) PSE is a serious condition with increased mortality and reduced
functional outcome. Withholding or switching a well-established
therapy with levetiracetam according to the advice given in the guidance,
puts patients on significant risk of break through seizures and
status epilepticus including an additional risk for injuries including
intracranial haemorrhage underNOAC therapy.

European Heart Journal 2019. 40: 3800–01



Steffel J, et al. Europace 2021; 0:1-65





• Colour coding is based on the respective NOAC SmPC 
(Summary of Product Characteristics), drug interaction 
databases, or expert opinion.

• The hatched colour coding indicates no clinical or PK data 
available.

• Some of the colour codes will likely require adaptation as 
more data become available over time.

• White: No relevant drug–drug interaction anticipated.

• Blue (dark): Contraindicated due to reduced NOAC plasma 
levels.

• Blue (light): Caution required, especially in case of 
polypharmacy or in the presence of >_2 light blue interactions 
due to reduced NOAC plasma levels.

Steffel J, et al. Europace 2021; 0:1-65



POSTSTROKE EPILEPSY 
PREVENTION



Guo J, et al. Neurology 2015;85:701-7



Early use of statin appeared to reduce the risk of early poststroke seizure

Guo J, et al. Neurology 2015;85:701-7



PROGNOSIS



• PSE is often described as an easily 
manageable form of epilepsy, where 
monotherapy suffices to control seizures

• However, only reports from small case 
series existed with varying results

Silverman et al.  2002, Bryndziar et al.  2015, Zelano et al.  2015



• Compared with the information on the risk of 
developing PSE, there is less information on 
morbidity or mortality associated with the 
condition.

• In a prospective cohort of 631 patients with a  
transient ischemic attack or ischemic stroke, aged 
18-50 years, poststroke epilepsy was associated 
with increased 30 day mortality (HR 4.8; 95% CI, 
1.7–14.0) and long term mortality (HR 1.8; 95% 
CI, 1.2–2.9) 

Arntz R, et al. Stroke 2015;46:2309-11 



Frequency and Mortality of SE 

Neligan A. Arch Neurol 2010;67:931-40



CONCLUSION



• PSE is a major cause of epilepsy after 
middle age

• Consideration for treatment with AEDs in 
post stroke epilepsy
– Efficacy
– Side effects 
– Drug interaction



• Over the last decade, there have been 
remarkable improvements in the 
management of acute stroke.

• Advances in the knowledge of mechanism,  
management and prevention of poststroke
seizures is still the subject that need 
further studies.


