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• Risk of subsequent stroke after seizure/epilepsy 
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• Clinical management



• Epilepsy: third most common neurological disorder in elderly after stroke, dementia 

• Incidence of epilepsy: bimodal distribution, with rate being highest in elderly 

• Given shifts in demographics, number of late-onset epilepsy(LOE) is set to rise 

• Standardised definition is NOT available                                                                           
[50-70 years]

The scale of the “problem”

Sen et al. Lancet 2020



Bidirectional relationship: Stroke & Epilepsy

stroke seizure

acute symptomatic seizure: 3.14%1

remote symptomatic seizure ∼ poststroke epilepsy: 6.7%1

Does late-onset epilepsy predict stroke? [pre-stroke seizure, heraldic seizure, vascular precursor epilepsy]

1. Lekoubou et al. Stroke 2020



Vascular precursor epilepsy - Old wine in new skins?

“[seizure] in old people lead to death  
or to paralysis, … because, the vessels  
are exhausted and the blood diminished  
or diluted”

Hippocrates, 
in Recherches sur les causes de l`epilepsie 1876

Trinka et al. Epilepsy Behav 2015



Vascular Precursor Epilepsy

G. Barolin (1929-2011)

Australian neurologist

Case series 1963-1972, published 1975

77 patients


Trinka et al. Epilepsy Behav 2015

stroke

seizure



To investigate patient admitted to hospital with a stroke for prevalence of epilepsy

Case-control study, age of <70 admitted to hospital with stroke

Dudley Road Hospital, Birmingham; 1983-1984

n=230 patients with stroke vs 230 controls

First stroke

(n=176)

Controls

(n=230) p-value

Epileptic 8 1

Non-epileptic 168 229

Prevalence of 
epilepsy 4.5% 0.6% <0.05

median duration of epilepsy 9.5y (2wk - 38y); median age at seizure onset 42y (11-62)

Shinton et al. Lancet 1987

Epilepsy can herald a stroke



Population-based cohort studies

Country Epilepsy patients without prior stroke Adjusted HR for stroke (95% CI)

Cleary, 2004 UK 4709 (age >60y)

(4709 controls) Stroke (all types) 2.89 (2.45-3.41)

Olesen, 2011 Denmark 21,315 (age ≥10y)

(4,481,132 controls) Ischemic stroke 2.22 (2.09-2.36)

Chang, 2014 Taiwan 3812 (age ≥20y)

(15,248 controls)

Stroke (all types) 2.92 (2.58-3.30) 
Ischemic stroke 2.85 (2.49-3.26)

Hemorrhagic stroke 3.30 (2.46-4.43)

Wannamaker, 
2015

South 
Carolina

21,035 (age ≥35y)

(16,638 controls) Stroke (type not specified) 1.60 (1.42-1.80)

Hsu, 2019 Taiwan 6746 (age ≥20y)

(26,984 controls)

Stroke (all types) 2.24 (2.02-2.49) 
Ischemic stroke 1.91 (1.62-2.26)

Hemorrhagic stroke 2.27 (1.80-2.85)

Brigo et al. Epilepsy Behav 2020



PWE are at higher risk of both ischemic & hemorrhagic stroke!

Population-based cohort studies

Brigo et al. Epilepsy Behav 2020
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Radiological CVD is more prevalent in LOE

Country Outcomes Epilepsy patients Controls p-value
Shorvon, 
1984 UK

CT scan

Ischemic lesions

74 (age >40y)

13 (18%)

74

2 (3%)

0.005

Roberts, 
1988 UK

CT scan

Silent cerebral infarcts

132 (age >40y)

15 (11%)

132

2 (1%)

0.003

Maxwell, 
2013

UK

CT or MRI scan

Radiological CVD 
Large vessel disease 
Small vessel disease

105 (age >60y)

69 (65%)

23 (22%)

52 (49%)

105

35 (33%)

2 (2%)


34 (32%)

<0.001 
<0.001 
<0.05

Evidence from radiological studies

1. Shorvon et al. J Neurol Neurosurg Psychiatry 1984; 2. Roberts et al. Epilepsia 1988; 3. Maxwell et al. Clin Neurol Neurosurg 2013



Late-onset ➝ Adult-onset Epilepsy

To investigate incidence & risk of stroke in PWE

Taiwan National Health Insurance claims data, 2000-2008

Age ≥18 years having epilepsy

Age group
Controls


(n=15,248)
Epilepsy

(n=3812) aHR (95% CI)

rate (per 1000 person-year)

20-39 0.98 8.71 8.88 (5.71-13.82)

40-59 4.09 20.38 4.89 (3.83-6.26)

≥60 22.77 54.99 2.32 (1.99-2.71)

↑ stroke risk even from 

the third or fourth decades of life!

Chang et al. Seizure 2014



What could mechanistically explain the relationship between 
seizures & subsequent stroke?



Hanby et al. Neuroimage Clin 2015

To determine whether physiological imaging markers of occult CVD were more common in LOE

Multimodal MRI (arterial spin labeling, FAIR, dynamic contrast enhanced sequence, blood oxygenation level-dependent signal, assessment of 
cerebrovascular reactivity)

16 late-onset (>50 years) epilepsy, and no clinical CVD vs Controls (n=14)

LOE

(n=16)

Controls

(n=15) p-value

Cortical GM 
volume (% of 

ICV)
33.8 ± 3.8 38.0 ± 5.5 0.02

WMH volume 
(mm3) 1340 ± 1408 514 ± 481 0.047

Baseline AAT 
(ms) 1539 ± 129 1363 ± 167 0.005

AAT, arterial arrival time; WMH, white matter hyperintensities; GM, grey matter

Cortical atrophy related to small vessel disease

Prolonged arrival time for blood to reach tissue



To investigate relation between vascular determinants and epilepsy in elderly

Cross-sectional, community-based, case-control study

Rotterdam Study, Netherlands

n=4944, age ≥ 55 years, 65 had epilepsy (39 late-onset epilepsy)

adjusted for age/sex  
and previous stroke are excluded

Li et al. Epilepsia 1997

Some vascular risk factors are more frequent in late-onset epilepsy



To identify midlife vascular  & lifestyle risk factors for LOE (age >60 years)

ARIC, recruited ages 45-64 years between 1987-1989 from 4 US communities

n=10,420 with 596 LOE

Johnson et al. JAMA Neurol 2018

Modifiable risk factors in midlife are associated with risk of LOE



Pathophysiology

• Small vessel disease (SVO) 

➡ Disruption of cortico-subcortical circuits ➝ altered balance between exitability & 
inhibitory pathways 

➡ Neurovascular unit dysfunction ➝ disruption of cerebral metabolism and/or perfusion 

• Vascular comorbidity & Epilepsy may share a common basis

Gibson et al. Cardiovasc Psychiatry Neurol 2011



Effects of ASMs on vascular risk markers

Total cholesterol Lipoprotein(a) CRP Homocysteine cIMT
Enzyme-inducing

Carbamazepine ⬆ ⬆ ⬆ ⬆/⇔ ⬆

Phenytoin ⬆ ⇔ ⬆ ⬆ ⬆

Phenobarbital ⬆ ⬆ ? ⬆ ?

Enzyme-inhibiting

Valproic acid ⬇ ⬆/⬇ ⬆ ⬆/⬇ ⬆

CRP, C-reactive protein; cIMT, carotid intima-media thickness



To quantify hazard of cardiovascular disease secondary to enzyme-
inducing ASM use

National Health Service hospitals in England, 1990-2019

Age ≥18 years having epilepsy

31,479 patients

HR 1.21 (1.06-1.39), p 0.003

↑ incident cardiovascular disease following 
repeated enzyme-inducing ASMs

Josephson et al.  JAMA Neurol 2021

eiASM, enzyme-inducing antiseizure medication



Association between ASM & Risk of Stroke

HR for stroke

Non-ASM treated without previous stroke 1.58 (1.47-1.70)

ASM treated epilepsy without previous 
stroke 2.22 (2.09-2.36)

Individual ASM

Carbamazepine

Valproate

Oxcarbazepine

Phenobarbital

Lamotrigine

Phenytoin


reference

0.86 (0.76-0.96)     ↓ 
1.21 (1.10-1.34)     ↑ 
1.07 (0.97-1.19)     =

0.88 (0.76-1.03)     =

0.96 (0.84-1.10)     =

4,614,807 individuals aged ≥10 years, Danish population 
54,693 (1.2%) diagnosed with epilepsy, 46.6% used ASM

Insufficient & conflicting evidence

4,614,807 individuals aged ≥18 years,  
Population-based cohort 
UK Clinical Practice Research Datalink (CPRD) 
870 epilepsy vs 8115 controls developed stroke

Inducing ASM

Inhibiting ASM

Inducing ASM
1.05 (0.78-1.41)

Inhibiting ASM
1.12 (0.83-1.52)

1. Olesen et al. Pharmacoepidemiol Drug Saf 2011; 2. Renoux et al. BMJ Open 2015



To investigate incidence & risk of stroke in PWE

Taiwan National Health Insurance claims data, 2000-2008

Age ≥18 years having epilepsy

3812 newly diagnosed epilepsy vs Controls 15,248

Taking high doses of ASMs exhibited a high risk of stroke

Chang et al. Seizure 2014

lower 

higher 
dose



Relationships between pre-, clinical stroke, and post-stroke seizures

Emsley & Parkes. Epilepsy Behav  2020



Clinical Management

• Occult CVD often underlies LOE, relationship between vascular risks & risk of LOE 

- Older with new-onset seizures: “assessment for the presence of cerebrovascular 
risk factors with an appropriate treatment thereafter”1 

- Further studies are needed to elucidate risk-benefit ratio of vascular prevention 

• Aspirin for primary prevention of stroke in LOE???  

- AHA/ASA 2014, reasonable if 10-year cardiovascular(including but not specific to 
stroke) risk >10% (Class IIa, level of evidence A), is NOT useful in low-risk 
individuals (Class III, level of evidence A) 

- Cleary 2004, risk of stroke in LOE is 10% in 6 years

1. Scottish Intercollegiate Guidelines Network (SIGN) 2019



Is aspirin for primary prevention justified?

↓ Colorectal cancer 
(7-23 fewer per 1000)

disproportionate 
burden of ICH

↓ Total mortality  
(2 fewer per 1000)

↓ MI 
(5-23 fewer per 1000)

↓ Stroke 
(1-5 fewer per 1000)

↑ extracranial bleed 
(5-23 more per 1000)

↑ hemorrhagic stroke 
(7 more per 10,000)

1. Vandvik et al.Chest  2012; 2. Whitlock et al. Ann Intern Med 2016



Conclusions

• Occult CVD often underlies unexplained late-onset seizure/epilepsy(LOE) 

• LOE represent population with high risk of stroke [OR 3.88 (2.76-5.46)1] 

• LOE: effective identification & management of modifiable vascular risks 

• Pathophysiology: subcortical small vessel disease & neurovascular unit 
dysfunction 

• ASMs exert different effects on vascular risk markers

1. Wall et al. Epilepsy behav 2021
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