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Highlights 

• Occult cerebrovascular disease is an important cause of late-onset seizures and late-onset 
epilepsy 

• LOS/LOE are associated with a three-fold increased risk of stroke 
• ‘Late-onset’ should probably be regarded as being from the fourth decade of life onwards 
• There may be a disproportionately increased risk of ICH after LOS/LOE 
• There is a bidirectional relationship between LOE/LOS and cognitive impairment/dementia 
• There is a pressing need for further research in this field, including epidemiological, natural 

history and mechanistic studies 
 

Abstract 

There is an important bidirectional relationship between seizures and cerebrovascular disease. 
Occult cerebrovascular disease (CVD) is an important cause of late-onset seizures (LOS) and late-
onset epilepsy (LOE). LOS/LOE are associated with a three-fold increased risk of subsequent clinical 
stroke. This relationship exists not only in later life, but with ‘late-onset’ seizures or epilepsy 
occurring from the fourth decade of life onwards. There is an increasing evidence for the importance 
of hypertension and cerebral small vessel disease in epileptogenesis, but there is a considerable 
need for further work to elucidate underlying mechanisms. There may be a disproportionately 
increased risk of intracerebral haemorrhage after LOS/LOE; this too requires further study. There is 
also a bidirectional relationship between LOS/LOE and cognitive impairment/dementia: it is likely 
that there are important interactions between vascular and neurodegenerative pathological 
processes mediating LOE, stroke and dementia. There is a pressing need for better epidemiological 
and natural history data as well as elucidation of epileptogenic mechanisms, in order to progress our 
understanding and to better inform clinical practice.  
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1. Background 

Seizures can complicate clinically overt stroke. These can occur as early (acute symptomatic) post-

stroke seizures, or as late post-stroke seizures, the latter constituting post-stroke epilepsy (PSE) on 

account of the probability of further seizures being at least 60% over the subsequent 10 years [1], 

and therefore fulfilling the criteria for epilepsy [2]. Tacit consensus has effectively now been reached 

that seizures occurring within one week of stroke are defined as acute symptomatic seizures, and 

those occurring after one week are regarded as late post-stroke seizures [3]. However, seizures can 

also arise as a result of otherwise occult cerebrovascular disease (CVD) and can be associated with a 

significantly increased stroke risk. ‘Occult’ in this context is used to refer to CVD that has not 

otherwise expressed itself in the conventional manner as transient ischaemic attack, stroke, or other 

recognisable presentations of CVD. 

There is therefore a complex interface between CVD and epilepsy. There is, in effect, a bidirectional 

relationship between the two conditions, with clinical stroke being known to predispose to epilepsy, 

as well as seizures in the absence of prior clinical stroke being associated with significantly elevated 

stroke risk. It should however be borne in mind that the concept of ‘vascular precursor epilepsy’ is 

not new, and dates back perhaps even as far as Hippocrates, who reportedly recognised that 

seizures “in old people lead to death, or to paralysis, … because, the vessels are exhausted, and the 

blood diminished or diluted” [4].  

Late-onset epilepsy (LOE) is often defined in more recent literature from the past one or two 

decades as having its onset after 60 years of age. It is worth noting that the older literature, in fact 

dating back more than a century, has drawn attention to the need to consider vascular causes for 

new onset epilepsy from 30 years of age onwards. This point has also been eloquently made by 

Trinka and colleagues, who summarised the relevant historical literature [4]. CVD is certainly now 

widely believed to be an important cause of late-onset seizures (LOS)/LOE. LOS and LOE confer an 

increased risk of subsequent stroke. The annual incidence of epilepsy rises from 86 per 100,000 

people aged 65-69 to 135 per 100,000 people aged over 80 [5]. Despite the growing disease burden 

of LOE and problems associated with it, the perceived importance of LOE appears relatively low, 

perhaps because seizures in older adults are often controllable with AEDs more easily than in 

younger adults [6]. 

Notwithstanding the existing epidemiological data, the true incidence and prevalence of LOS/LOE 

are difficult to establish reliably. Difficulties include the numerous diagnostic issues. 

Seizures/epilepsy are the commonest alternative diagnosis among patients initially suspected to 

have stroke or TIA, and seizures account for 20% of non-stroke (or non-TIA) diagnoses among 



patients initially suspected to have stroke or TIA [7]. Clinical presentations of seizures in later life are 

very varied, and can include falls, confusional states, amnesia and focal neurological symptoms [8]. 

Co-existent cognitive impairment, coupled with the lack of a witness description when the patient 

lives alone, as well as numerous other factors, can all complicate the assessment. 

  

2. Evidence from clinical studies 

The first large-scale epidemiological evidence that LOS predict stroke came from a study based on 

the UK General Practice Research Database (UKGPRD) and published in 2004 [9]. The authors asked 

whether the onset of seizures after the age of 60 years with no history of overt stroke is associated 

with an increased risk of subsequent stroke. Using data on 4,709 individuals who had seizures 

beginning at or after the age of 60 years, and randomly selected matched controls, they found a 

highly significant difference in stroke-free survival between the two groups (p < 0.0001). The relative 

hazard of stroke at any point for people with seizures compared with the control group was 2.89 

(95% CI 2.45-3.41). 

We previously reviewed the available evidence from clinical studies supporting a relationship 

between LOE and occult CVD [10]. In summary, we found evidence for (1) a relationship between 

vascular risk factors and the risk of LOE, apart from the relationship that exists through clinically 

overt stroke, in patients older than 40 years, (2) an excess of clinically unsuspected, radiological CVD, 

particularly cortical infarction but apparently also excess small vessel disease (SVD) changes, and (3) 

an excess (almost threefold) risk of stroke in patients with LOS/LOE.  

More recently, several large population-based and/or registry-based studies of LOS and LOE 

conducted in Taiwan, the US and Sweden have been published. Using Taiwan National Health 

Insurance claims data, Chang et al. conducted a study of 3,812 patients newly diagnosed with 

epilepsy in 2000-2008 and 15,248 non-epilepsy comparisons, frequency matched according to sex, 

age and index year [11]. They compared subsequent stroke diagnoses in both cohorts until the end 

of 2009, with incidence rates and hazard ratios of stroke being estimated based on sex, age, the 

average defined daily doses (DDDs) of antiepileptic drugs (AEDs), and comorbidity. The stroke 

incidence of the epilepsy cohort was 3-fold higher than that of the comparison cohort. The age-

specific results indicated that in the epilepsy cohort and the comparison cohort, the risk was highest 

for the youngest group (20-39 years). Patients with epilepsy exhibited a higher incidence of stroke 

than did the general population, with the adjusted hazard ratio for stroke among patients with 

epilepsy being 2.92 (95% CIs 2.58 to 3.30), strikingly similar to the earlier UKGPRD study [9].  In 



addition, younger patients with epilepsy and patients who took high doses of AEDs exhibited a high 

risk of stroke.  

The risk of stroke in people developing epilepsy aged 60 or older has been well documented, as 

described above. Stroke incidence in people with epilepsy aged 35-60 was further investigated using 

South Carolina hospital discharge and emergency department (ED) data from 2000 to 2011 [12]. 

These investigators studied 21,035 cases with epilepsy and 16,638 controls. Stroke incidence was 

found to be 2.5 times higher following adult-onset epilepsy (6.3%) compared with controls (2.5%). 

After adjusting for comorbidities and other factors, cases with epilepsy showed a 60% higher risk of 

stroke (HR 1.6, 95% CIs 1.42 to 1.80) by comparison with controls. Nearly half of the strokes in cases 

with epilepsy occurred in those with their first diagnosis made between the ages of 35 and 55. These 

findings suggest that adult-onset epilepsy after age 35 warrants consideration of occult CVD as the 

epilepsy aetiology, which may also increase the risk of subsequent stroke. 

Using the Swedish stroke register (Riksstroke), Zelano et al. identified all patients over 60 years of 

age with first-ever stroke in 2005-2010 (n=92,596), and obtained cross-sectional data on those with 

a history of a first seizure or epilepsy diagnosis in the ten years preceding stroke [13]. 1,372 patients 

(1.48%) had a first seizure or epilepsy diagnosis registered less than 10 years prior to the index 

stroke. This study included an analysis of pathological stroke subtype, and the authors found a 

consistently higher proportion of intracerebral haemorrhage (ICH) among stroke cases preceded by 

seizures than infarction across the age strata, with the percentage of ICH versus infarction ranging 

from 2.99% vs 1.90% among those aged 60-69 to 0.99% vs 0.85% among those aged 90-99 at the 

time of stroke. The mean latency between seizure and stroke was 1,474 days (SD 1,209 days). 

Seizures or epilepsy preceded 1.48% of stroke in patients older than 60 years of age. Based on recent 

national incidence figures in Sweden, the authors determined that 5-20% of incident cases of 

seizures or epilepsy after 60 years of age could herald stroke, depending on age group. Clearly, these 

proportions are of a magnitude that merit further study on how to reduce the risk of stroke in 

patients with LOS/LOE. 

 

3. Management of stroke risk and the need for additional evidence 

Given the available clinical evidence, it has been argued that LOS should be regarded as a subclinical 

cerebrovascular disorder [14]. Some national clinical guidelines now recommend screening for, and 

treating, cerebrovascular disease risk factors in older people with new-onset seizures [15]. There is 

certainly clear evidence that CVD often underlies otherwise unexplained LOS. However, this is a 



comparatively recent view, and requires further research. There are a number of pressing issues 

relevant to clinical practice that are deserving of more attention. There is a lack of robust 

epidemiological data. It certainly seems reasonable to consider patients with a first-ever late-onset 

seizure and no previous clinically overt CVD to be at increased risk of stroke, and that they may 

benefit from a diagnostic work-up to identify modifiable vascular risk factors. But further studies are 

needed to elucidate the risk-benefit ratio of vascular prevention, for instance with regard to the use 

of anti-platelet agents in such patients, before widespread change in clinical practice. Randomised 

controlled trials, or failing this, large-scale prospective registry-based studies, are required to 

adequately inform clinical practice.  

The need to address vascular risk in LOS and LOE has been advocated for many years. The extent to 

which this is pursued in routine practice is not known. The findings by Wannamaker et al. [12] and 

others, including historic investigators [4], draw attention to the fact that ‘late-onset’ seizures 

accompanied by an apparently increased stroke risk should probably be defined be seizures arising 

from the fourth decade onwards (rather than ‘late-onset’ being defined as age 60 or older). There 

may therefore be potential opportunities for intervention (with regard to vascular risk) in a much 

larger population than previously recognised. This clearly also increases the need for additional 

evidence. For example, there is a signal from some of the larger population-based studies, as 

discussed above, that there may be a disproportionate burden of ICH among cases of stroke 

occurring after LOS/LOE. This needs to be confirmed in other studies, but in the meantime the risk-

benefit ratio of widespread long-term prescription of antiplatelet drugs, for example, in patients 

presenting with LOE is unclear. Anecdotally, individual clinicians may already have adopted this in 

their routine practice, but the need for further research is evident. 

There is also a need for further research into the propensity of anti-epileptic drugs (AEDs) to modify 

vascular risk. We have previously considered this issue [10]. In brief, it is important to note the 

potential deleterious effects of certain AEDs on vascular risk profile: this is probably most important 

for the enzyme inducing AEDs. Further study is needed, but we believe that in the context of LOE 

where occult CVD may be culpable (and perhaps in the wider epilepsy population), it may be 

preferable to consider the use of modern non-enzyme inducing AEDs to minimize the potential for 

exacerbation of vascular risk. 

 

4. Insights from imaging studies 



In a previous study using routine clinical brain imaging, we investigated the prevalence of 

radiological CVD in patients with LOE over 60 years of age [16]. We undertook a retrospective study 

of 105 patients with LOE and 105 matched controls. Radiological CVD was present in 65.7% cases 

and 33.3% controls (p < 0.0001), with evidence of radiological large artery disease in 21.9% cases 

and 1.9% controls (p < 0.001) and radiological small vessel disease (SVD) in 49.5% cases and 32.3% 

controls (p < 0.05). Using a semiquantitative visual rating scale, we found a trend towards a greater 

severity of SVD changes in cases with LOE. An excess of radiological CVD in LOE was therefore driven, 

at least in part, by SVD. 

The mechanisms of epileptogenesis due to otherwise occult CVD of course remain obscure. Whilst 

lesions involving the cortex (for example, silent cortical infarcts due to large artery disease) are 

assumed to be epileptogenic as a result of cortical irritability, clinically occult, largely subcortical CVD 

(including subcortical SVD) is more difficult to reconcile with epileptogenesis. It is assumed that 

there must be structural or functional disruption of cortico-cortical or subcortico-cortical circuits. 

Such lesions may of course not be identifiable on conventional imaging. These might include subtle 

structural lesions not seen on computed tomography (CT) owing to its lesser sensitivity than 

magnetic resonance imaging (MRI); although routine MRI sequences may miss some lesions (eg 

microhaemorrhages may not be identified in the absence of gradient-echo or susceptibility weighted 

sequences). Conventional clinical imaging sequences generally lack sensitivity to other potentially 

relevant structural and/or functional changes.  

Others have noted the importance of SVD in LOE. Gasparini et al. compared patients with epilepsy 

associated with leukoaraiosis only (EAL) and patients with epilepsy with a well defined vascular 

lesion, ie post-stroke epilepsy (PSE) [17]. They included 117 subjects, 58 with PSE and 59 with EAL. 

On univariate analysis, an abnormal EEG and frontal localisation were associated with a lower EAL 

probability (odds ratio [OR] 0.36, 95% CIs 0.15 to 0.87, p = 0.02 and OR 0.12, 95% CIs 0.04 to 0.37, p 

< 0.001, respectively), while temporal localisation was associated with a higher EAL probability (OR 

4.0, 95% CIs 1.8 to 9.0, p < 0.001). Multivariate analysis confirmed these associations. Therefore, 

these authors found that in EAL, temporal lobe epilepsy predominates. The findings show that the 

causal relationship between overt vascular lesions and epilepsy is not straightforward and that there 

is a need to consider the role of adjunctive factors. 

 

5. Mechanisms of epileptogenesis 



CVD may cause a number of changes potentially responsible for epileptogenesis. The neurovascular 

unit (NVU) comprises endothelial cells, associated blood–brain barrier (BBB) tight junctions, basal 

lamina, pericytes, and parenchymal cells, including astrocytes and neurons, and in health is 

associated with normal cell to cell signalling and regulation of BBB function, normal neurovascular 

coupling and neurotransmitter release-reuptake [18]. CVD involves the loss of regulation of 

processes such as the normal coupling of neural activity and cerebral blood flow, or transport across 

the BBB – ie, there may be a disruption of normal NVU function. There may be alterations in cerebral 

haemodynamics and metabolism. The abnormal cerebral microvasculature and BBB breakdown may 

promote seizures. Inflammation is also deemed likely to contribute to epileptogenesis [19] and may 

well also be relevant in the context of CVD and epileptogenesis, although this requires further study.   

We previously proposed the hypothesis that occult CVD may cause LOE as a consequence of the loss 

of NVU integrity [20]. We depicted established and possible pathways linking hypertension (as a key 

cause of cerebral small vessel disease) to epileptogenesis. The role of hypertension-related small 

vessel disease in adult-onset epilepsy has been highlighted by others in a separate recently 

published review of current experimental and clinical evidence on both direct and indirect role of 

hypertension in epileptogenesis [21]. Hypertension of course promotes diffuse cerebral 

microangiopathy, impairment of cerebral perfusion and endothelial dysfunction/BBB dysfunction 

and leakage. Downstream consequences of these changes, such as neurovascular uncoupling, 

excitotoxicity, extravasation of serum proteins and inflammation, may then potentially all contribute 

to epileptogenesis. We, and others, have subsequently studied various aspects included in this 

proposed model. 

5.1. Diffuse cerebral microangiopathy  

As an example of a study in which SVD progression was effectively probed for its relationship with 

epileptogenesis, Izutsu et al. investigated focal hyperintensities on peri-ictal diffusion weighted 

imaging (DWI) MRI [22]. They conducted a retrospective review of consecutive patients with seizure 

who completed peri-ictal DWI within 24 hours of seizure onset. Patients were grouped according to 

the presence or absence of diffusion hyperintense lesions (DHLs) in the region of the perforating 

arteries. Among 677 patients, 23 patients (3.4%) had DHLs. Analyses of apparent diffusion coefficient 

values and fluid attenuated inversion recovery images suggested that DHLs were acute or subacute 

ischemic lesions that had appeared prior to seizure onset. Patients with DHLs were more likely to be 

older in age, have atrial fibrillation, and coronary artery disease, and have more severe deep white 

matter hyperintensity or leukoaraiosis compared to patients without DHLs. DHLs detected on peri-



ictal DWI may represent incidental acute cerebral microinfarcts in the aging brain, especially in 

patients with small vessel disease. 

5.2. Structural and physiological changes 

We investigated structural and physiological MRI correlates of occult CVD in patients with LOE 

(without prior history of transient ischaemic attack or stroke), by comparison with controls [23]. 

Sixteen patients with LOE (mean age ± SD: 67.6 ± 6.5 years) and 15 age-matched control subjects 

(65.1 ± 3.9 years) were included in the analysis. Patients with LOE had significantly lower cortical 

volume than control subjects (p = 0.02) (localised primarily to the temporal lobes on voxel based 

analysis [VBA]) and significantly higher white matter hyperintensity (WMH) volume (p = 0.047). 

Baseline whole brain arterial arrival time (AAT), the time taken for endogenously labelled blood to 

reach the tissue on arterial spin labelling (ASL) MRI, was significantly prolonged in patients with LOE 

by comparison with controls (p = 0.005) (predominantly frontal and temporal lobes on VBA). The 

observed AAT prolongation may arise as a result of disordered cerebral microvasculature. The 

findings provide some further insight into the role of occult CVD in the pathophysiology of LOE. 

5.3. BBB dysfunction and leakage.  

We have also undertaken a dynamic contrast-enhanced MRI (DCE-MRI) protocol to compare BBB 

parameters (gadolinium transfer constant Ktrans and plasma volume Vp) between patients with LOE, 

controls with established CVD and healthy controls (unpublished data). We observed evidence for 

increased Ktrans in patients with LOE and CVD by comparison with the healthy control group. We are 

undertaking further analysis of these data. 

 

6. Cognitive impairment and dementia risk: recent findings  

With an ageing population, there will be a substantial rise in the number of older adults with 

epilepsy. In developed countries, the highest incidence of epilepsy is already in people over 65. 

Recent studies show that older people with epilepsy are more likely to suffer from cognitive 

dysfunction and that there might also be an important bidirectional relationship between epilepsy 

and dementia [24]. Older adults with epilepsy, whether they developed the condition at a younger 

age or de novo later in life, exhibit poorer performance across a range of cognitive measures 

compared to healthy controls and have an increased risk of developing dementia. There has been 

surprisingly little investigation of cognitive function in late-onset epilepsy. 



There are likely to be important inter-relationships between Alzheimer’s disease, epilepsy and CVD. 

It would appear that several overlapping pathologies can contribute to the development of LOE as 

well as to the development of dementia. In particular, vascular risk factors are common in people 

with epilepsy and may represent modifiable risk factors for both the development of dementia and 

of epileptogenesis. At the current time we do not know whether the more aggressive management 

of vascular risk factors might improve the control of seizures and/or provide protection against 

cognitive decline in people with epilepsy. There are many other unanswered questions in this area, 

also highlighted by Sen et al., such as the extent to which pathological burden (vascular, traumatic, 

tau or amyloid) in people with epilepsy might interact synergistically with ongoing seizure activity, 

and how this might lead to progressive worsening of cognitive function [24]. There can be little 

doubt that there is a pressing need for large-scale patient registries with harmonized systems of 

cognitive assessment. 

 

 

 

7. Conclusions 

Occult cerebrovascular disease is responsible for a significant proportion of LOS and LOE. The 

definition of ‘late-onset’ however, is something of a moot point. In most contemporary literature, 

‘late-onset’ has effectively been used to mean ‘in later life’. The historic literature in this field, taken 

together with findings from more recent work, suggests that occult CVD should be regarded as a 

potential underlying cause of seizures or epilepsy arising from the fourth decade onwards, thus 

suggesting the definition of ‘late-onset’ needs to be revised ‘downwards’. There is an increasingly 

compelling case surrounding the importance of hypertension and SVD in epileptogenesis, but there 

is a considerable need for further work to elucidate underlying mechanisms. There may be a 

disproportionately increased risk of intracerebral haemorrhage as opposed to ischaemic stroke 

among patients developing stroke after LOS/LOE, but again, further research is required. It also 

seems apparent that cognitive impairment and dementia are more frequent after LOS/LOE than may 

have been appreciated previously, and it appears likely that there are important interactions 

between vascular and neurodegenerative pathological processes mediating LOE, stroke and 

dementia. There is a pressing need for better epidemiological and natural history data as well as 

improved understanding of mechanisms. There is a pressing need for progress in this field in order to 

better inform clinical practice. This might be best achieved through the establishment of longitudinal 



or prospective registry-based studies to characterise natural history, mechanisms and management 

approaches, including the role of vascular ‘secondary’ prevention.  
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Figure legend 

Figure 1. This schematic depicts the temporal relationships between ‘pre-stroke seizures’, clinical 
stroke and ‘post-stroke seizures’ and the underlying growing burden of cerebrovascular disease over 
time. 
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