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Cerebrovascular disease, craniocerebral trauma, 
intracranial infection and metabolic abnormality 

are common causes of seizures and epilepsy in adults
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“Stroke is the most common cause of epilepsy in older age. 

      Subclinical cerebrovascular disease is believed to underlie some of the 30-50%         

      of late-onset epilepsy without a known cause.”

         Li et al. Epilepsia. 1997; 38:1216. 

               Cleary et al. Lancet. 2004; 363:1184.



Betjemann, John P et al. The Lancet Neurology. 2015; 14(6): 615 – 624.

❖ Known (Symptomatic)
• Acute

 stroke, intoxication, encephalitis etc.

• Remote
 posttraumatic, postencephalitic, poststroke etc.

• Progressive
 brain tumor, dementia, genetic epilepsy etc.

• SE in defined electroclinical syndrome

❖ Unknown (cryptogenic)

❖ AEDs withdrawal in epilepsy patient

Eugen Trinka et al. Epilepsia. 2015; 56(10):1515–1523.

Etiologies of Status Epilepticus



Importance of Seizure Control for Prognosis 

• From population-based study, Neurology 1996 - in the first year after stroke, 

    the risk of epilepsy is about 23 times higher than that in the general population

• The analysis further indicated that people experiencing early seizures, regardless of whether 

     the stroke was ischemic or hemorrhagic, faced an increased risk of death 

• Both early and late seizures were linked to poorer functional outcomes across stroke subtypes 

• Data on seizure frequency and their association with mortality or functional outcomes were

    unavailable 

Ren Z et al. Clinical Neurology and Neurosurgery. 2022;220:107362.
Shubham Misra et al. JAMA Neurology. 2023;80;(11):1155-1165.



Poststroke seizures significantly 

increase the risk of death (odds ratio [OR], 2.1; 95% CI, 1.8 to 2.4)
 

poor functional outcome (OR, 2.2; 95% CI, 1.8 to 2.8)

disability (standardized mean difference, 0.6; 95% CI, 0.4 to 0.7) 

dementia (OR, 3.1; 95% CI, 1.3 to 7.7) in stroke survivors

Shubham Misra et al. Outcomes in Patients With Poststroke Seizures: A Systematic Review and Meta-Analysis. 

JAMA Neurology. 2023;80;(11):1155-1165.

These findings highlight the importance of prioritizing poststroke seizure management as 
a critical clinical and research priority to improve prognosis



• In 106,455 patients, PSE was detected in 7.3%, with lower

   cumulative incidence after ischemic stroke (6.4%) than after

    intracerebral haemorrhage (12.4%) 

• Stroke severity, intracerebral haemorrhage and young age

    were associated with a risk of PSE 

• The risk of death was increased in patients with PSE 

     (hazard ratio: 1.68, 95% confidence interval: 1.25–1.53)

• Also, with adjustments for age, comorbidities and stroke

     severity, an increased risk of death associated with PSE

    remained



Compared to stroke survivors without Poststroke epilepsy, 

patients with PSE had a significantly increased risk of all-cause death
 

(odds ratio [OR]: 1.68, 95% confidence interval: 1.51–1.87, p < 0.001; I2 = 80%)

Ren Z et. al. Post-stroke epilepsy and risk of all-cause mortality: A systematic review and meta-analysis of cohort studies. 
Clinical Neurology and Neurosurgery. 2022;220:107362.



Stroke
 definition

Diagnosis of stroke = Acute focal injury of CNS + Vascular cause + Acute/sudden or awakening onset  

Cerebral infarction Intracerebral hemorrhage Subarachnoid hemorrhage

Brain

Spinal cord

Retinal cell

SAH



Epileptogenesis
Electrical signal

Neurons synchronously active

Sudden excitatory signals 
over and over paroxysmal

Excitation Inhibition

Pathophysiology of seizure



Definition of seizure and epilepsy

• An epileptic seizure is a transient occurrence of signs and/or symptoms

   due to abnormal excessive or synchronous neuronal activity in the brain

• Epilepsy is a disorder of the brain characterized by an enduring

   predisposition to generate epileptic seizures

✓At least 2 unprovoked (or reflex) seizures occurring > 24 hours apart

✓One unprovoked (or reflex) seizure and a probability of further seizures > 60%

    occurring over the next 10 years

✓Diagnosis of epilepsy syndrome

Fisher, R. S., et al. Epilepsia. 2005; 46(4), 470–472.



An 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; at first identification of subdural hematoma; at the presence of an active central nervous 
system (CNS) infection; or during an active phase of multiple sclerosis or other autoimmune diseases. 



Glossary terms

• Acute symptomatic seizure

• Late poststroke seizure =

• Poststroke Epilepsy (PSE)?



Definitions of terms

Tissue-based approach Time-based approach

Ideal 

Poststroke 
seizure 

Poststroke 
epilepsy 

(PSE)

Within 3-7 days
Termed as early seizure

After 7 days
Termed as late seizure



Log rank p<0.001

First unprovoked seizure

Acute symptomatic seizure

Acute symptomatic seizure First unprovoked seizure

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) 

Poststroke epilepsy

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



Early and Late Seizures 
Shifting From a Time-Based to a Tissue-Based Approach

Identifying epileptogenesis is crucial for selecting the most appropriate treatment strategy for PSE

Tomotaka et al. Neurology. 2024; 102:e209450.



Proposed Mechanisms of Acquisition of Epileptogenesis After Stroke

Tomotaka et al. Neurology. 2024; 102:e209450.



Epileptogenesis

Normal brain

Latent period

Epileptic brain

Insult

Although early and late seizures should ideally be distinguished based on pathophysiologic differences, 
not arbitrary time, a tissue-based diagnosis is currently unavailable due to the lack of a validated test or 
biomarker of epileptogenesis.



Blood and genetic biomarker

first 6 hr after stroke onset

higher neural cell adhesion molecule (NCAM) and lower tumour necrosis factor receptor 1 (TNF-R1) levels

TNF-R1 is a proinflammatory 
cytokine that may exhibit a 
proconvulsive effect.
Lower levels of TNF-R1 in the 
blood of patients with acute 
symptomatic seizures could point 
towards increased binding of 
these receptors to TNFα during 
stroke-induced 
neuroinflammation.

first 6 hr after stroke onset

The incidence of post-stroke 
epilepsy was 17% in cases with 
abnormalities in all three 
biomarkers, compared with less 
than 1% in those with no biomarker 
abnormalities.



  Exclusive lobar cerebral microbleeds and apolipoprotein E ε4 (APOE ε4) genotype are also 
associated with PSE risk. Furthermore, the presence of TRMP6 rs2274924, ALDH2 rs671, 
and CD40-1C/T genotype are associated with a greater risk of PSE, and AT1R rs12721273 

and rs55707609 are associated with a lower risk of PSE. 

Polygenic risk score models of PSE prediction may also help identify individuals with high 
risk of PSE, but the existing model needs validation.

Santiago Clocchiatti-Tuozzo et. Al. Stroke. 2024;55:2835–2843. 



Risk factors

Galovic et al. Drugs & Aging. 2021; 38:285–299. 

• Young age at stroke

• The subtypes of strokes 

• Cerebral infarction, hemorrhagic transformation, intracerebral hemorrhage, subarachnoid hemorrhage, or TIA

• Stroke severity (NIHSS >15)

• Locations of cortical lesions
 

• Frontal, Temporal, Parietal, or Occipital lobes (esp. Middle cerebral artery territory (MCA)) > Infratentorial area

• Lesion size in the major axis (categorized as <15, 15–30, or >30 mm) confirmed by brain imaging 

• Large stroke volume (lesion size scoring model is >10 ml; ≥ 70 ml increases the odds of seizures by fourfold)  

• History of early seizure

• Clinical signs and symptoms, EEG findings

• Blood and genetic biomarker

Arntz M Renate et.al. Stroke. 2015;46: 2309-2311.



Scoring Models for PSE



Scoring Models for PSE



for stratified prediction of LS risk

Scoring Models for PSE



(A) Calculation of SeLECT score (B) Risk of remote symptomatic seizures

(C) Risk of remote symptomatic seizures after 1 year (D) Risk of remote symptomatic seizures after 5 years

Of note, there are still limited data on the diagnostic and therapeutic effect of these 
models, and we are not yet using them in treatment decisions.

Further validation and examination of the clinical roles of these models are warranted.

Galovic et al. Drugs & Aging. 2021; 38:285–299. 







EEG findings of PSE

The detection rate are based on a previous study including the first routine EEG during acute hospitalization for late seizures after stroke. 

The functional decline at 6 months after discharge is defined as an increase in the modified Rankin Scale score compared with baseline.  

The definitions of EEG findings are based on the American Clinical Neurophysiology Society Standardized Critical Care EEG Terminology.

PSE: post-stroke epilepsy, CI : confidence interval Tomotaka et al. Neurology. 2024; 102:e209450.





Galovic et al. Drugs & Aging. 2021; 38:285–299. 

Treatment

• When to start ASM

• First-line antiepileptic drugs
• Choices for elderly: tolerability & interactions

• Co-morbidities & co-medications in stroke survivors

• Duration of treatment

• Discontinuation considerations



Mechanism of Antiepileptic drugs

by Wannisa Wongpipathpong, MD.



When to start Anti-seizure medications 

• Primary prophylaxis
• to prevent the occurrence of the first seizure after stroke

• Secondary prophylaxis
• Antiseizure medications (ASMs) are often given as a secondary prophylactic 

measure to prevent subsequent seizures after stroke

Primary outcome: seizure recurrence 
Secondary outcomes: cognitive impairment, adverse events, drug discontinuation 
rate or mortality in patients with epilepsy



Primary Prophylaxis

• Primary Prophylaxis Antiepileptogenesis trials are challenging to conduct, and 
evidence from randomized controlled trials (RCTs) for primary prevention is 
lacking

• Due to sparse reliable evidence, the European Stroke Organization guidelines 
suggest against general primary antiseizure medication (ASM) prophylaxis 
administration

• Valproic acid, diazepam, and levetiracetam have been tested for primary 
prevention in RCTs but failed to show efficacy or safety

• Statin use appears to prevent PSE (OR, 0.60; 95% CI, 0.42 to 0.84) and early 
seizures (OR, 0.36; 95% CI, 0.42 to 0.84) probably due to its anti-inflammatory 
and other pleiotropic effects, though this has not been confirmed

Chang RS et. al. Cochrane Database Syst Rev. 2022;2:CD005398.
Peter-Derex L et. al. PEACH trial phase III. Lancet Neurol. 2022;21(9):781-791. 

Holtkamp M et. al. ESO guidelines for the management of post-stroke seizures and epilepsy. Eur Stroke J. 2017;2(2):103-115. 



Strategies for Secondary Prophylaxis

1. patient-related factors : age, sex, comorbidities, history of drug allergy
2. seizure-related factors : focal onset, generalized onset, unknown onset
3. anti-seizure medication (ASM)-related factors : pharmacodynamics, 

pharmacokinetics

A pragmatic approach is to ‘start slow and aim low’.
Many patients with post-stroke epilepsy respond well to even low dose treatment. 

Monotherapy is usually preferred to polytherapy.



Galovic et al. Drugs & Aging. 2021; 38:285–299. 
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A network meta-analysis of 15 studies, including 18,676 participants with poststroke seizures, 

compared 13 ASMs: levetiracetam, carbamazepine, phenytoin, valproic acid, lamotrigine, lacosamide,

phenobarbital, oxcarbazepine, zonisamide, eslicarbazepine, brivaracetam, perampanel, and topiramate.

This suggested that lamotrigine and levetiracetam may be safe and tolerable options in this population.



Network Diagram of Treatment Comparisons for (A) Seizure Recurrence, (B) Adverse Events, (C) Drug Discontinuation, and (D) Mortality





Although first-generation ASMs (eg, phenytoin, valproate, and carbamazepine) 
are the most widely prescribed, newer-generation ASMs have better efficacy 
and adverse effect profiles. Despite their potential effectiveness, some of the 
newest agents (eg, perampanel and eslicarbazepine) have not been extensively 
validated or evaluated. 



Galovic et al. Drugs & Aging. 2021; 38:285–299. 
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Atherosclerotic risk and cardiovascular disease 
in stroke survivor

https://doi.org/10.1080/14740338.2022.2023128





Drug-drug interaction (DDI)

Enzyme inducers
 *Older generation ASMs : PHT, PB, CBZ

• Decrease level of CCB 
• nondihydropyridine type : nifedipine and nimodipine
• dihydropyridine type : diltiazem and verapamil
     (verapamil and diltiazem inhibits carbamazepine metabolism) 

• Decrease level of beta-blocker
• Decrease level of warfarin and NOACs
• Phenytoin → decrease amiodarone level (CYP induction)
         digoxin level (upregulation of P-gp)

 * Second- and third-generation ASMs 
• Perampanel same as first-generation ASM (potent CYP3A4 inducer) 
• LEV and LTG are preferred ASMs with minimal DDIs, but DDIs exist





No relevant drug-drug interaction anticipated

Contraindicated due to reduced DOAC plasma 
levels

Caution required. Especially in case of 
polypharmacy or in the presence of ≥ light blue 
interactions due to reduced DOAC plasma levels





• There is no evidence for levetiracetam to cause P-gp mediated drug–drug interaction

    with NOACs in humans. 

• In reply, the guidance authors argued that caution needs to be applied in order to 

    have effective NOAC therapy.

Therapeutic drug monitoring for levetiracetam and NOAC levels should be sufficient to indicate 
if subtherapeutic NOAC therapy might increase risk for recurrent stroke of embolic cardiac etiology.



Galovic et al. Drugs & Aging. 2021; 38:285–299. 
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Cautions of adverse effects of ASM in elderly 

ASM Special precaution

Benzodiazepines Somnolence, aggression, irritability, cognitive dysfunction, tolerance, dependence

Phenobarbital Somnolence, dizziness, nausea, cognitive dysfunction
Enzyme inducer

Phenytoin Hypotension, nausea, dizziness, ataxia, nystagmus, osteoporosis
Enzyme inducer

Carbamazepine Hyponatremia, dizziness, blurred vision
Enzyme inducer

Valproate Nausea, dizziness, tremor, somnolence, thrombocytopenia

Topiramate Cognitive dysfunction at higher doses, dizziness



Common and adverse effects of 
commonly used newer antiseizure medication



Galovic et al. Drugs & Aging. 2021; 38:285–299. 
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Withdrawal of Antiseizure Medication

• Withdrawal after at least 2 years of seizure freedom may reduce 

    the risk of relapses compared with earlier withdrawal 

• Given that more than two-thirds of individuals with post-stroke epilepsy achieve

  seizure freedom with one ASM, which is similar to other epilepsy etiologies, 

    some of these individuals may benefit from medication withdrawal

Silverman et al. 2002; Bryndziar et al. 2015.





Prevention from stroke-related epilepsy



We studied the role of modifiable vascular risk factors in predicting subsequent 
epilepsy among participants ages 45 or older in the Framingham Heart Study 
(FHS), a longitudinal, community-based study.

Stefanidou M, Himali JJ, Devinsky O, Romero JR, Ikram MA, Beiser AS, et al.
Vascular risk factors as predictors of epilepsy in older age: The Framingham Heart Study. Epilepsia. 2022; 63: 237–243.



Finally, in a secondary analysis looking at 

blood pressure as a continuous, rather than

 dichotomized, variable 

we found that for every 10 mmHg change 

in systolic blood pressure there is a 17% increased 

hazard of subsequent epilepsy after adjusting for 

 age and sex (HR: 1.17, 95%CI: 1.02-1.33, p = 0.02)





Comparative summary of study BIA 2093-213 and 
other antiepileptic studies of ASMs following stroke





Take home messages
• No validated biomarkers or proven drugs for primary prevention of epilepsy 

   (ie, those that block epileptogenic pathways) are available

• Long-term prognosis is of utmost importance, especially in young patients 

    who usually still have a life expectancy of decades ahead

• The choice of an ideal antiseizure medication should not only rely on efficacy 

   but also consider adverse effects, altered pharmacodynamics in older adults, 

   and the influence on the underlying vascular co-morbidity

• Drug–drug interactions, particularly those between antiseizure medications and 

   anticoagulants or antiplatelets, also influence treatment decisions



E-mail: wannisa.won@mahidol.ac.th

Thank you for your attention
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