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Summary: 48 

As populations age globally there will be challenges and opportunities to deliver optimal healthcare to senior 49 

citizens. Epilepsy, a condition characterised by spontaneous recurrent seizures, is common in older adults 50 

and yet has received comparatively little attention in this age group. Here, we evaluate the underlying 51 

aetiologies of epilepsy in older people; explore difficulties in establishing a diagnosis of epilepsy in this group; 52 

discuss appropriate anti-seizure medications for the elderly and evaluate potential surgical treatment 53 

options. Cognitive, psychological and psychosocial comorbidities as well as the impact that epilepsy may have 54 

on an older person’s broader social/care network in resource-rich and low to middle resource countries are 55 

considered. We emphasise the need for clinical trials to be more inclusive of older people with epilepsy to 56 

help inform therapeutic decision-making and discuss whether measures to improve vascular risk factors 57 

might be an important strategy to reduce the probability of developing epilepsy. 58 
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Introduction: 83 

Epilepsy is the third most common neurological disorder in the elderly, after stroke and dementia – 84 

conditions which themselves increase the risk of seizures.1 Given the shift in demographics towards an ageing 85 

population, the number of older adults who develop epilepsy is set to rise substantially across the world and 86 

in mature economies the incidence of epilepsy is already highest in those over 65.2 People who developed 87 

epilepsy at a young age are also living longer. These factors imply that the prevalence of epilepsy among 88 

older people will escalate significantly in high, as well as in low and middle resource, countries.3  89 

 90 

People with epilepsy have a high incidence of comorbidity,4,5 which is even greater in the older population. 91 

New developments in Alzheimer’s disease (AD) and late-onset epilepsy suggest there might be common 92 

pathological links mediated by vascular changes6,7 or tau pathology8–11, or both. There is also emerging 93 

evidence for common widespread brain network changes in epilepsy and dementia.12–14 Might treatments 94 

for epilepsy therefore improve cognition in people with dementia. Would aggressive targeting of vascular 95 

risk factors, which impact on the integrity of brain networks, help prevent seizures or, potentially, cognitive 96 

decline in older people with epilepsy? Here, we seek to tackle these and other emerging areas of epilepsy 97 

and seizures in geriatric practice. We also provide suggestions for optimal care for older people with epilepsy 98 

that we hope will shape best practice for general physicians and specialists worldwide. 99 

 100 

Epidemiology of epilepsy in the elderly 101 

 102 

Those over the age of 65 years represent the fastest growing segment of the population in most regions of 103 

the world. It is estimated that the population of individuals over the age of 65 in the US alone will increase 104 

from 43.1 million in 2012 to 83.7 million by 205015 and similarly there will be increasing numbers of the very 105 

old (>age of 90 years). Despite this, there are currently no agreed definitions of ‘epilepsy in the elderly’, 106 

leading to the use of varied age thresholds between studies ranging anywhere from 50 to 70 years old. 107 

Machine learning, applied to a prospective cohort database to examine various attributes associated with 108 

elderly onset epilepsy, recently identified a threshold of 65-70 years as likely to be the most optimal to define 109 

elderly onset epilepsy16, though further work is required to confirm these findings.  110 

  111 
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Incidence and prevalence of epilepsy in the elderly 112 

Even though a standardised definition of epilepsy in the elderly is lacking, studies have consistently shown 113 

that the incidence of epilepsy is highest in the youngest and oldest age groups, increasing steadily after age 114 

50 years,17 with the greatest incidence occurring in persons aged 75 as shown in Figure 1.17,18  This bimodal 115 

peak was also clearly shown in the 2016 Global Burden of Disease (GBD) report on epilepsy and figures, once 116 

age-standardised, show a similar picture in high and low resource countries19. In the Cardiovascular Health 117 

Study, the prevalence and incidence of epilepsy was measured in a cohort of almost 6,000, mostly white, 118 

older people.20 An incidence rate of around 2.5 per 1,000 person-years was observed.20 At the latest follow-119 

up, the prevalence of epilepsy was 5.7/1,000, much higher than what is typically reported for the overall 120 

lifetime prevalence of active epilepsy of around 0.76/1,000 in all age groups.20,21  Similarly, a prevalence of 121 

epilepsy of 5.4/1,000 in older populations was quoted in the GBD report. 19 As might be expected, the 122 

prevalence of epilepsy is even higher in nursing home residents, with a point prevalence of over 7.5% 123 

reported in some studies.22 There have also been administrative database studies, for example, using 124 

Medicare data, reporting incidence by race, sex and age.23,24 These confirm not only that the prevalence, but 125 

also the incidence of epilepsy, increases with age (Figure 2), and this is highest in African Americans and lower 126 

in Asians and Native Americans compared to whites. The reasons for these differences are uncertain. It is 127 

possible that the methodology applied led to some prevalent cases being misclassified as incident cases.24  128 

 129 

Aetiology and risk factors associated with epilepsy and seizures in the elderly 130 

As in younger people, there are numerous potential causes for new onset seizures in older adults.25 Acute 131 

symptomatic seizures, defined as those presenting in close temporal association with a brain insult can occur, 132 

within one week of a stroke or in association with metabolic disturbance.26 Such physiological disturbances 133 

are common in older people. For example, several medications commonly prescribed to older people are 134 

associated with hyponatraemia (e.g., anti-hypertensives; diuretics; anti-depressants) which increases the risk 135 

of seizures if sodium levels fall below 125mmol/l. Older individuals might also contract meningitis, use 136 

alcohol excessively, abuse recreational drugs and experience traumatic brain injury – which are all associated 137 

with acute symptomatic seizures and predispose to subsequent development of epilepsy. 25 Older adults are 138 

also more likely to develop epilepsy as result of brain tumours than younger adults. 27  139 

New onset genetic generalised epilepsy is much less common in the elderly although occasionally 140 

circumstances uncover a potentially lifelong tendency to generalised genetic epilepsy (see Case 1, 141 

supplementary materials). With increases in life expectancy, individuals with a history of a genetic 142 

generalised epilepsy, which may have long been in remission, may also present in old age with a relapse of 143 

their epilepsy. People who had severe, potentially genetically mediated epilepsy earlier in life, including 144 
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people with epileptic encephalopathies, are now more likely to live into older age. Epilepsy is also relatively 145 

common in people with dementia, including those with familial Alzheimer’s disease28,29, raising questions 146 

over what constitutes an ‘epilepsy gene’. It may also occur in the context of tumors30 or autoimmune diseases 147 

(see below).   148 

The most common aetiology of seizures and epilepsy in senior citizens, however, is cerebrovascular disease, 149 

accounting for up to a third of cases29–31 (Figure 3). A population-based US Veterans Administration study 150 

showed a clear association between epilepsy and stroke, as well as with dementia, brain tumour, traumatic 151 

brain injury and other central nervous system conditions.32 Similarly a recent large population-based study 152 

reported that cerebrovascular diseases alone increased the risk of seizures during the initial year post stroke 153 

up to 23 times compared to the general population.33  Factors associated with epilepsy in the older adults 154 

include older age; race (HR for blacks compared to white 4.04; 95% CI 1.99-8.17) and a history of stroke (HR 155 

= 3.49, 95% CI 1.37-8.88).20 Intriguingly, in this context, statin prescription, older age (>85) and 156 

hypercholesterolemia were associated with lower odds of developing epilepsy.32 157 

The possible associations between late-onset epilepsy and midlife risk factors were recently assessed in the 158 

Atherosclerosis Risk in Communities Study, in which over 10,000 participants were followed for more than a 159 

decade.34 Overall, the incidence of new-onset epilepsy was 3.33 per 1,000 person-years, with those who were 160 

black having a higher occurrence compared to white participants.34 Factors associated with late-onset 161 

epilepsy in the multivariable analysis included hypertension, diabetes, apoliprotein E 4 genotype, incidence 162 

stroke and incidence dementia. Conversely, the risk of epilepsy was lower in those with higher levels of 163 

physical activity and moderate alcohol consumption (Figure 4).34 This raises the interesting possibility that 164 

epileptogenesis itself could be modified through a holistic approach to reduce the impact of  vascular risk 165 

factors.  166 

 167 

Diagnosis of epilepsy in older people 168 

 169 

While it is agreed that the incidence and prevalence of epilepsy is highest in senior citizens, these figures 170 

might still be an underestimate. As in younger people, the diagnosis of epilepsy is a clinical decision, but in 171 

older individuals it can be even more challenging to make.35 Most epileptic seizures in this age group are focal 172 

in origin but often do not conform to the ‘typical’ presentation of focal seizures.36 In younger people there is 173 

a preponderance of temporal lobe seizures, but in the elderly, the majority of seizures are of extra-temporal 174 

onset, tend to be very diverse in semiology and convulsive seizures are relatively rare. 35,36 The atypical 175 

presentation of seizures and lack of awareness that an unusual episodic event in an older individual might be 176 

ictal in origin might also play a role in missed or delayed diagnoses. Additionally, particularly in high resource 177 
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economies, many older people live alone, so eyewitness accounts are often lacking or unreliable which may 178 

further compound the problem.37      179 

The most common differential diagnoses of a potential seizure in the older person include conditions which 180 

cause episodes of impairment of consciousness or alterations of mental state; unexplained falls and transient 181 

confusion.35 Differentiating syncope, fluctuating cognitive impairment, migrainous events, delirium or 182 

impairment of cerebral circulation from seizures can be difficult. Paroxysmal confusion or episodes of 183 

behavioural arrest in an older adult, should, however, always lead to a suspicion of seizures.  Likewise, non-184 

convulsive status epilepticus, a condition that can associate with high morbidity and mortality in older adults, 185 

should be suspected in an those who present with confusion, fluctuating levels of awareness and behavioural 186 

changes. 38 In such cases an EEG recording could be diagnostic. Persistent headache or disorientation after 187 

an episode of impairment of consciousness is suggestive of a seizure as are events being stereotypical in 188 

characteristics. Recurrent focal seizures are often misdiagnosed as transient cerebral ischaemia particularly 189 

if the stereotypical nature of the epileptic symptoms is not recognised.   190 

Multi-comorbidity 39 and polypharmacy 40 is the norm in this age group and these present further diagnostic 191 

challenges. Disorders which predispose to syncope, such as carotid sinus hypersensitivity micturition 192 

syncope, and postural hypotension, are common in the elderly. Focal jerking, termed limb shaking transient 193 

ischaemic attacks, may sometimes occur in severe carotid stenosis.41,42 The aging brain may also be more 194 

sensitive to a number of insults. Cardiac arrhythmias can present with seizures in this age group and 195 

conversely seizures may present with autonomic disturbance and cardiac dysrhythmia. Similarly, epilepsia 196 

partialis continua may be confused with an involuntary movement disorder,43 and the rare paroxysmal 197 

sensory epilepsy is often labelled as recurrent transient cerebral ischaemia.44 Further complexity can arise 198 

owing to post-seizure phenomenon. Post-ictal states in the senior citizen may be prolonged. Post-ictal paresis 199 

(Todd’s paresis) can persist for days and is often misinterpreted as a new stroke. 44 Similarly post-ictal 200 

confusion with disorientation, hyperactivity, wandering and incontinence may also continue for up to one 201 

week, occasionally longer.44 It should also be recognised that dissociative seizures may similarly present de 202 

novo in later life, although ‘non-epileptic’ attacks are more likely to have a physiological than a psychological 203 

basis in older people. 45 204 

 205 

Investigation of suspected seizures in older people  206 

Thorough investigation of potential seizures in the elderly is often required, particularly if witness 207 

descriptions are lacking. Basic blood work (full blood count, urea, creatinine, electrolytes, liver function tests, 208 

glucose) is perhaps more indicated than in the healthy young person. At the time of acute presentation, 209 

consideration should be given to CT brain imaging (alternatively MRI brain if available) and cerebrospinal 210 
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fluid analysis in appropriate cases (for example those in whom an infective, haemorrhagic, malignant or 211 

inflammatory cause is suspected). 46 Older people with ‘explosive’ onset epilepsy (sudden emergence of very 212 

frequent seizures, up to several times per day, with no background history of a seizure disorder), particularly 213 

if associated with significant cognitive and psychological comorbidity, should be screened for auto-214 

antibodies, particularly leucine-rich glioma inactivated 1 (LGI1); contactin associated protein like 2 (CASPR2); 215 

and paraneoplastic antibodies, in serum and cerebrospinal fluid.  216 

In the outpatient setting, MRI brain is important to further exclude tumours and other lesional pathology. In 217 

resource limited settings, CT brain imaging with contrast offers a pragmatic alternative. To determine if 218 

paroxysmal events may or may not be seizures, prolonged EEG and ECG recording in the hope of capturing 219 

an episode can be diagnostic and, in addition to clinical acumen, is perhaps the most helpful tool to securing 220 

a diagnosis.35  For a multitude of reasons, though, EEG, and especially prolonged monitoring, may be difficult 221 

to conduct. Reviewing video clips of events may also be helpful. Carers, partners, family member or others 222 

directly involved with the person, should, within the limits of safety, attempt to record events. Such an 223 

approach is increasingly applicable in low income societies where mobile phone usage is high47 and smart-224 

phones are becoming increasingly commonplace. Diagnostic uncertainty may, though, persist in a 225 

considerable proportion of senior citizens despite multiple and repeated investigations.48  226 

 227 

Management of seizures in the older population  228 

The mainstay of management for older people with epilepsy remains medication and a list of commonly 229 

available anti-seizure medications (ASMs) is listed in Table 1, highlighting specific considerations as applied 230 

to the older population. 25,49,50 Overall, older people are more likely to benefit from ASMs in term of seizures 231 

freedom as they are less likely to have drug resistant epilepsy than younger people. 27   For all medications, 232 

it is recommended that the initial dose and titration rate in the older population be half that used in younger 233 

adults to minimise potential side effects. The treatment dose required may also be half that for those under 234 

the age of 65 years. 235 

 236 

It has been argued that even a single unprovoked seizure in people over the age of 65 might warrant initiation 237 

of an ASM owing to the enduring propensity of the likely underlying pathology (stroke, dementia) to generate 238 

further seizures.35 This would seem reasonable, particularly as the potential risk from seizures in the elderly 239 

can be greater. For example, older people may be more prone to fractures or to bruising and haemorrhage, 240 

especially if anticoagulated.  The relative social isolation often occurring in older life means that seizures may 241 

be unwitnessed and thereby associate with a higher possibility of sudden unexpected death in epilepsy 242 

(SUDEP; see below).  The choice of an appropriate ASM in the elderly is, however, much more limited than 243 

for younger people predominantly owing to potential side effects and interactions with concomitantly taken 244 
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medication. For example, older ASMs such as carbamazepine and phenytoin, should be avoided owing to 245 

their more severe impact on bone health, lipid metabolism and balance as well as their propensity to enzyme 246 

induction (Table 1).  247 

 248 

ASMs can adversely impact the cognitive profile of older people with epilepsy.  It has been reported that 249 

older people taking ASM polytherapy had, on average, more cognitive deficits than those on monotherapy; 250 

while those on monotherapy performed similarly to people  with mild cognitive impairment (a likely 251 

precursor of dementia).51 Multiple regression analyses have also shown that polytherapy contributed 252 

significantly to cognitive impairment; whereas age, education, duration of epilepsy, age at epilepsy onset, 253 

seizure frequency and aetiology did not.52  ASM polytherapy might exacerbate cognitive deficits, but, to date, 254 

it is not clearly delineated whether this is due to ASMs themselves or the epilepsy. People with more resistant 255 

epilepsy are those most likely to be taking more medications to control seizures and older people may also 256 

be more susceptible to the neurotoxicity of certain drugs.53  257 

 258 

A recent systematic review and meta-analysis was published evaluating the medical treatment of epilepsy 259 

in older adults (Lezaic et al, 2019). Eighteen studies were included, evaluating 12 ASMs. Lamotrigine was 260 

reported to be better tolerated than carbamazepine. Lamotrigine has a favourable cognitive profile in older 261 

individuals suffering from age-associated memory impairment and offers a possible mood-stabilising 262 

effect.57,64 On the other hand the systematic review found that lamotrigine was associated with a lower 263 

probability of seizure freedom compared to levetiracetam and with similar tolerability. Levetiracetam and 264 

carbamazepine were equally efficacious and tolerated (Lezaic et al, 2019). Levetiracetam seems to be a 265 

favourable drug given its pharmacological profile with rapid and complete oral absorption, linear 266 

pharmacokinetics and low potential for clinically significant drug interactions.62 However, levetiracetam can 267 

be associated with difficulty concentrating, drowsiness, depression and altered behaviour such as agitation 268 

and irritability.61,63 Single studies demonstrated that brivaracetam, gabapentin, lacosamide, perampanel 269 

and topiramate may be efficacious and/or tolerated. More recent data also suggest that eslicarbazepine 270 

and zonisamide may be of value in the older person with epilepsy. 49,50) 271 

 272 

More trials are needed to compared newer ASMs to older ones. Future trials should aim to include, rather 273 

than actively exclude, people over the age of 65. Similarly, the magnitude of risk of a second event in an 274 

older person who has had a seizure needs clarification. For example, what burden of small vessel disease 275 

on MRI or what degree of focal slowing on an EEG might indicate that an ASM is warranted? Notably, in all 276 

people with epilepsy in whom vascular changes are detected on brain imaging, modification of vascular risk 277 

factors should be advocated.66 278 

 279 
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Epilepsy surgery in the elderly 280 

It is now recognised that epilepsy surgery is better than medical management in appropriately selected 281 

people with drug resistant epilepsy – defined as people whose seizures have not been controlled with 282 

adequate trials of two or more ASMs.67–69 In optimal candidates, surgery not only improves seizure 283 

outcomes, but is also associated with a decrease in healthcare costs.70 Older people with drug-resistant 284 

epilepsy are less likely to undergo surgery which may reflect individual choice, physician choice or both.71  285 

Data relating to epilepsy surgery in the older population are limited. Only a few studies have focused on 286 

those aged 60 years or older, or stratified the results such that outcomes could be examined in older age 287 

groups.72–76  The results and conclusions appear dichotomous. For example, in earlier studies,  surgery in 288 

older people was associated with reduced likelihood of seizure freedom and increased rate of 289 

complications.77,78 Other centres have, however, reported similar rates of post-operative seizure control 290 

and complications in people over 50 versus their younger counterparts79, with one study reporting good 291 

results in people over 70 years  who underwent anterior temporal lobectomy albeit in small numbers.75 292 

Notwithstanding that there might be bias towards publication of positive results, overall, studies 293 

demonstrate that resective epilepsy surgery can be effective and usually safe in carefully selected older 294 

individuals with rates of seizure freedom ranging between 57% to 80%.72–76  295 

As in younger people, potential post-operative risks to cognition also exist. In one study, when older people 296 

aged 50-69 (N=55) were compared to individuals aged less than 50, seizure freedom rates at one year were 297 

reported to be similar.80 However, the rate of post-operative cognitive impairment was substantially higher 298 

in the older group, particularly those undergoing left temporal lobectomy.80 Older people undergoing 299 

epilepsy surgery had lower pre-operative memory performance than younger surgical candidates. Any 300 

reduction in cognitive function in individuals with poor cognitive reserve could precipitate significant 301 

difficulties in daily life. By contrast, other centres reported no differences in post-operative cognitive 302 

outcomes, specifically memory decline77,81 and it may be that the underlying pathology is important. For 303 

example, when people with hippocampal sclerosis were examined at a single centre, operated on by the 304 

same surgeon utilising the same operative technique, no difference in post-resection outcome in terms of 305 

either seizure control or cognitive impairment was found between people older than 50 (N=21) compared 306 

to those under 50 (N=109).82 307 

A single study analysed seizure outcome after vagal nerve stimulation (VNS) in older adults and found that 308 

the outcomes were similar to those in younger people83 while another recent publication assessed the 309 

benefits of laser interstitial therapy compared to anterior mesial temporal resection, finding it to be equally 310 

effective and without higher complication rates in those 50 years and older.84 Laser hippocampectomy may 311 

offer further promise in older cohorts owing to the lower morbidity in the immediate post-operative period 312 
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and the shorter post-operative hospital stay.85  Similarly, neuromodulation approaches (e.g. responsive 313 

neurostimulation, deep brain stimulation) should also likely be better tolerated than resective surgery in 314 

older populations. It is apparent that more high-quality studies are needed to understand epilepsy surgery 315 

outcomes in the elderly and to inform appropriate referrals for epilepsy surgery in this group. As the 316 

population ages, distinctions will need to be made between biological and chronological age when 317 

determining appropriateness for, and evaluating the risk of, epilepsy surgical interventions.  318 

 319 

Specific epilepsy syndromes in the elderly 320 
 321 
It is now recognized that some epilepsy syndromes are more frequent in older individuals. 322 

1. Dementia-associated epilepsy 323 

Dementia of all types, but especially Alzheimer’s disease (AD), is a common cause of seizures in older age.86 324 

The period prevalence of epilepsy in persons with dementia is ~5% while the  prevalence of dementia in 325 

epilepsy ranges from 8.1 to 17.5%.87 People with familial early onset AD may have an 87 fold increase in the 326 

risk of seizures compared to age matched controls28. Cognitively asymptomatic individuals who harbour 327 

pathogenic autosomal dominant AD mutations88 are also more likely to have seizures. In people over 65, 328 

those with AD are up to ten times more likely to have seizures than those without dementia.89,90 In fronto-329 

temporal dementia, 2.2% of patients are reported to have seizures91 while people with vascular dementia 330 

might have similar risk to AD.92  Recent work using prolonged or invasive monitoring reveals that people with 331 

dementia are also likely having subclinical or even clinical seizures that are not being detected.93–95 332 

Until around 10 years ago, it was perhaps thought that seizures were likely epiphenomena, simply a 333 

consequence of neuronal loss in degenerating hippocampi. It now seems, however,  that epilepsy itself might 334 

contribute to the pathogenesis of dementia itself.13,96  The exact mechanisms through which this occurs 335 

remain uncertain, but several molecular commonalities exist between the cascades that are important in 336 

synaptic function and those implicated in neurodegeneration.9,97–99 This bidirectional link between AD and 337 

epilepsy is of increasing interest as it offers exciting new therapeutic opportunities. Reduction of tau in an 338 

animal model of Dravet syndrome (a severe epileptic encephalopathy) ameliorates seizures100 while, perhaps 339 

more immediately applicable to clinical practice, treatment of transgenic murine models of AD with the ASM 340 

levetiracetam helps restore cognitive function.99 Open questions remain: namely how aggressively to 341 

investigate the possible presence of subclinical seizures and interictal epileptiform discharges in older people, 342 

and how to assess the long-term impact of increasing ASM dose on cognition if such phenomena are 343 

identified. Similarly, studies are now recruiting people with AD that have not experienced seizures to 344 

determine if ASMs might actually improve cognition and, possibly, prevent the development of epilepsy (for 345 
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example: the Investigation of Levetiracetam in Alzheimer’s Disease (ILiAD study; clincaltrials.gov identifier 346 

NCT03489044) and Levetiracetam for Alzheimer’s disease associated network hyperexcitability (LEV-AD; 347 

clinicaltrials.gov identifier NTC02002819)).  348 

 349 

2. Transient epileptic amnesia 350 

Transient epileptic amnesia is an episode of amnesia, associated with a seizure that frequently lasts less than 351 

an hour. It appears to have specific characteristics including events being more frequent on awakening, 352 

repetitive questioning and a residual incomplete amnesia of the event itself (“able to remember not being 353 

able to remember”).101 Around 40% of people with transient epileptic amnesia have olfactory hallucinations. 354 

The condition is most easily distinguished from transient global amnesia owing to the recurrent nature of 355 

stereotypical events. Transient epileptic amnesia is predominantly observed in people, men more than 356 

women, over the age of 65. Overt seizures in this condition are often responsive to medication, being 357 

controlled by low doses of first line ASMs. As well as the ictal amnesia, however, individuals are also affected 358 

by interictal memory difficulties, notably loss of autobiographical memory and accelerated long term 359 

forgetting.102 Long term follow up does not, though, indicate a risk of supervening dementia.102 360 

3. Antibody-mediated epilepsy  361 

Autoimmune conditions, such as systemic lupus erythematosus are known to associate with epilepsy but the 362 

concept of antibodies contributing directly to seizure generation is recent.103  It has now been accepted that 363 

specific antibodies, particularly neuronal surface antibodies, may be causal to seizures.104 The main 364 

antibodies implicated are against the neuronal surface antigens leucine-rich glioma inactivated 1 (LGI1); 365 

contactin associated protein like 2 (CASPR2); N-methyl-D-Aspartate receptors (NMDAr), alpha-amino-3-366 

hydroxy-5-methly-4-isoxazolepropioninic receptors (AMPAr); gamma aminobutyric A/B receptors (GABA-367 

A/Br); glycine receptors as well as antibodies against intracellular glutamic acid decarboxylase.105,106 Of these, 368 

anti-GABA-Br, anti AMPAr and especially anti LGI1/CASPR 2 antibodies tend to be seen in middle aged to 369 

older adults.106 370 

The clinical manifestations associated with antibody-mediated disease are becoming progressively more 371 

pleomorphic, although people with autoimmune epilepsy tend to present with a combination of seizures 372 

coupled with cognitive and behavioural change.105 Certain well-defined phenotypic features have also 373 

emerged. Anti-LGI1 antibodies can associate with characteristic facio-brachio-dystonic seizures (FBDS; see 374 

video for example of seizure type; supplementary material)107 while delayed onset dyskinesias are seen in 375 

anti-NMDAr syndromes108 and myoclonus in anti-glycine receptor antibody disease.109 People who develop, 376 

for example, anti-LGI1/CASPR2 antibodies tend to have a specific underlying HLA type110 and an ‘initial 377 

precipitating injury’ may then trigger a cascade leading to an autoimmune encephalitis. These neuronal 378 
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surface antibody conditions do not always associate with malignancy, but, especially in older people, detailed 379 

investigation to determine if there is a neoplasm is mandatory.  380 

One of the reasons that autoimmune epilepsies have attracted such attention is that they are poorly 381 

responsive to conventional ASMs and instead should be treated with immunosuppression.105 The earlier the 382 

immunosuppressive agents are administered, the better the likely outcome. For example, if FBDS are 383 

recognised early then immunosuppression can prevent development of the autoimmune encephalitis and 384 

subsequent cognitive decline that typically associates with anti-LGI1 autoimmune epilepsy.107,111 Treatment 385 

should also include removal and appropriate adjunctive therapy of any associated tumour.  386 

 387 

4. Status epilepticus and SUDEP in the elderly 388 

In the Greater Richmond Metropolitan Area study, people older than 60 years had an incidence of status 389 

epilepticus (SE) of 86/100,000, higher than in any other age groups, except for those <1 year old. 112  The 390 

higher incidence of SE in the elderly compared to younger adults has been confirmed in several studies 391 

including in prospective studies in Italy, Germany and in the US with estimates being up to 5 times higher in 392 

the elderly compared to young adults.112,113 Not only is the incidence of SE high in the elderly, associated 393 

mortality increases with age, with the highest mortality occurring in those 85 years and older.112,114 In one 394 

study, age was the only independent predictor of death after adjustment.29 SUDEP is another important 395 

cause of mortality in those with epilepsy, and was recently found to have been underestimated in the elderly, 396 

regardless of sex.115 This would support ensuring that older people with epilepsy are informed about the 397 

potential risks of epilepsy including SUDEP and underscores that epilepsy in the elderly cannot be considered 398 

benign.  399 

 400 

Comorbidities in older persons with epilepsy 401 

There is a complex interplay between comorbidities in older people with epilepsy owing to the underlying 402 

substrate for the epilepsy, polypharmacy and social situation. Cognitive and psychological difficulties that 403 

can associate with epilepsy across the lifespan also play a role (Figure 4)  404 

 405 

Cognitive function in older people with epilepsy 406 

 407 

People with epilepsy are prone to cognitive and psychological comorbidity as well as psychosocial difficulties. 408 

All three of these aspects are exacerbated in older individuals with epilepsy. Remarkably, though, there is 409 

only one detailed report on cognitive function in people who first develop epilepsy aged >65.116 This study 410 

examined over 250 older people (mean age: 71.5 years) with new-onset focal epilepsy before initiation of an 411 
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ASM. Cognition was assessed using measures of only executive function.117 Just over a third of cases had 412 

suffered a cerebral infarct while another third had cerebrovascular disease. More than 80% had focal seizures 413 

with impaired awareness and just over half suffered bilateral tonic-clonic seizures. A key finding was that 414 

almost half had markedly impaired executive function, even before initiation of ASMs.116 A possible 415 

mechanistic explanation comes from data that showed people with late onset epilepsy without a clear cause 416 

were more likely to have abnormal Aβ1-42 in their cerebrospinal fluid and progression to AD dementia 417 

compared with healthy controls.118  These results underline the importance of cognitive screening at baseline 418 

so that any subsequent assessments can be evaluated in context to determine whether there has been any 419 

true decline in cognitive function, or whether ASM treatment has made any impact (Case 2).  420 

 421 

There are some investigations that have examined cognitive function in older people with epilepsy who first 422 

developed seizures when they were younger than 65.51,52,119–121 Most of these reports are cross-sectional in 423 

nature, with small sample sizes (details in 66). Taken together, however, these studies show impairments 424 

across cognitive domains in this population compared to healthy older people, particularly with respect to 425 

attention, visual and verbal short and long-term memory, executive functions and processing speed 426 

(reviewed in 66). Several investigations also report that there can be progression of cognitive deficits over 427 

time in epilepsy but, again, most of these studies are in people younger than 65 (reviewed in 122,123). One 428 

study followed older individuals (mean age: 64 years) for 2-3 years.120 Overall cognitive deficits did not 429 

worsen over this period in this small sample, but performance remained below that of matched healthy older 430 

adults. Two areas of cognitive function, however, did show significant decline: memory and executive 431 

function. 432 

 433 

Whether any progression of cognitive deficits in people with epilepsy, regardless of age, represents 434 

accelerated aging over time 122,124 has been the subject of considerable debate.125,126 Some argue that this 435 

might occur because of chronic accrual of pathology leading to epilepsy (e.g., vascular), the effects of 436 

epilepsy itself (overt seizures or, sub-clinical, abnormal cortical activity) or both.122 Others propose instead 437 

that an initial insult to the brain, e.g. stroke or traumatic brain injury, leads to cognitive function simply 438 

running below and parallel to the expected normal trajectory of cognitive change with aging.127  As these 439 

individuals start from a lower point, they reach thresholds for significant cognitive and functional 440 

impairment – dementia – far earlier than those without seizures. Still others have argued that while an 441 

initial insult such as a stroke might be a ‘first hit’, subsequent development of epilepsy is effectively a 442 

‘second hit’, leading to even further deviation from normal cognitive decline with aging (Figure 5).125  443 

 444 

Overall, therefore, people with epilepsy aged 50-75 appear to have a higher risk of being diagnosed with 445 

dementia over the subsequent 8 years.128 Conversely, those with AD and vascular dementia are also more 446 
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likely to develop epilepsy as has been demonstrated in UK and Chinese populations.82,129–131 These findings 447 

suggest bidirectional relationship between epilepsy and dementia, such that epilepsy and associated risk 448 

factors increase the risk of dementia, and dementia concurrently increases the risk of epilepsy.121 As such it 449 

can be argued that epilepsy might best be considered a symptom rather than a condition121. In other words, 450 

epilepsy is simply one manifestation of the underlying pathological process that might contribute to seizures, 451 

cognitive decline, psychological problems, systemic illness and, perhaps indirectly, psychosocial 452 

difficulties.4,122  453 

 454 

Two important candidate pathologies in older individuals with epilepsy have been implicated in dementia: 455 

small vessel cerebrovascular disease and tau or amyloid deposition, both of which impact on large-scale brain 456 

networks that subserve cognition (reviewed in 66). Several sets of findings point to potential convergence of 457 

mechanisms such that these pathologies increase the risk of epilepsy, and, in turn, epilepsy itself increases 458 

the risk of developing these pathologies. For example, some investigators have reported that cognitive 459 

decline may start several years earlier in people with MCI and AD who develop seizures compared to those 460 

who do not.83,123,124 At post mortem, there is a higher incidence of cerebrovascular disease in older individuals 461 

with chronic epilepsy, with a significant correlation between cerebrovascular disease and prevalence of AD 462 

pathology125 while immunohistochemical analysis of tissue from older people with epilepsy secondary to 463 

focal cortical dysplasia has demonstrated aggregation of tau, similar to that in AD.9  It remains to be 464 

established, however, whether these effects are due simply to epilepsy and dementia sharing common 465 

predispositions (e.g. cardiovascular) or  whether there is a true bidirectional relationship between them and, 466 

in either event, whether the processes underpinning epileptogenesis can be modified through of vascular 467 

risk factors.  468 

 469 

Psychiatric comorbidity in the elderly with epilepsy 470 

 471 

Studies of psychiatric comorbidities in the elderly are scarce. A US-wide population-based study reported 472 

that pre-existing psychiatric conditions, including substance abuse, psychosis, bipolar disorder, schizophrenia 473 

and depression, associate with new-onset epilepsy. 137 Likewise, the Treatment in Geriatric Epilepsy Research 474 

(TIGER) study of over 800,000 veterans over age 66 reported a three-fold increase in odds of psychiatric 475 

admissions in those with new-onset epilepsy. Alcohol dependence was the strongest factor associated with 476 

psychiatric admissions in the first year after epilepsy onset. 138 Furthermore, while only 1% of Veterans 477 

without epilepsy had a psychiatric hospitalization during the study period, 6% of those with epilepsy required 478 

admission. 138  In the prospective longitudinal Einstein Aging Study, 18% of elderly with epilepsy had 479 

depression compared to none of the controls. 139 Anxiety scores were also higher. 139  More recently, a 480 

prospective Brazilian study of older people admitted with new seizures found that psychiatric disorders, 481 
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sepsis and cardiac arrhythmias were associated with higher odds of early seizure recurrence. 140  Perhaps 482 

most intriguingly, however, a Canadian case-control study showed that older people with epilepsy had 2.9 483 

times the odds of having a psychiatric comorbidity compared to younger counterparts. 27 These reports 484 

demonstrate that psychiatric comorbidity is common in older people with epilepsy and can associate with 485 

poor outcomes. As such psychological aspects warrant specific attention in this population, in terms of 486 

evaluation and treatment.  487 

 488 

Systemic comorbidity in the older person with epilepsy 489 

 490 

People with epilepsy are more likely to have additional systemic comorbidities4 and this is exaggerated in 491 

older people who, whether they have seizures or not, are more prone to multi-modal health difficulties.39 As 492 

illustrated not only might these comorbidities predispose to epilepsy, they also compound treatment 493 

options. In particular older enzyme inducing medications (for example carbamazepine and phenytoin) can 494 

prove problematic owing to drug-drug interactions, a propensity to affect sodium and lipid metabolism126 495 

and their effect on balance (Table 1). Drug-induced balance difficulties can increase falls which, especially in 496 

the elderly, may associate with fractures and hospital admission. Most ASMs can have an adverse impact on 497 

bone health (see Table 1). It has been proposed that all people with epilepsy should be maintained on vitamin 498 

D supplementation127; this is perhaps even more indicated in older people with epilepsy who may additionally 499 

benefit from regular bone densitometry scans.  500 

 501 

 502 

Psychosocial impact of epilepsy in the elderly 503 

 504 

Studies on the psychosocial impact of epilepsy in the elderly are again limited and have focused mostly on 505 

quality-of-life (QOL) and stigma. Existing epilepsy-related QOL measures were, however, exclusively 506 

developed or validated in those younger than 65, which is, again, a major gap in research. Nonetheless, one 507 

of the first studies on QOL in the elderly compared outcomes in women older than 60 and men older than 508 

65 years with younger subjects, stratifying by whether the epilepsy was diagnosed before or after the above 509 

respective age cut-off. In general, the older and younger age groups did not appear to differ significantly with 510 

respect to QOL, but the younger age group reported more stigmatisation.128 Other reports have provided 511 

different perspectives. One multicentre study compared older people with late onset epilepsy to older 512 

people whose epilepsy had started earlier in life and to younger people with epilepsy. The results showed 513 

that younger people had better QOL while older people who had chronic epilepsy were most likely to fear 514 

stigmatisation.129 New onset epilepsy in the elderly has also been shown to associate with poorer physical 515 

and mental health in the past year.130 516 
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 517 

To explore stigmatisation in older people further, one study interviewed over 50 elderly with epilepsy and 518 

found that more than 70% of them had felt some form of stigma, less commonly enacted stigma (8.7%).131  519 

The findings were concerning, with participants describing that their family members were distancing 520 

themselves from them due to their epilepsy; that they were no longer accepted by their family or that they 521 

were refused admission into, for example, a public gym facility due to their history of epilepsy131. By corollary, 522 

the impact of epilepsy in older people can also be profound on families and caregivers. A UK-based study 523 

that evaluated the impact of epilepsy on heterosexual marriage in a predominantly older, Caucasian 524 

population, reported that onset of epilepsy within marriage correlated to increased perceived stigmatisation 525 

and low mood.147  There were also significant differences in the approach to the person with epilepsy 526 

depending on whether the spouse was male or female.147  527 

In exploring the causes of adverse psychosocial outcome, an early investigation of older people with epilepsy  528 

found that not being able to drive was the most frequently cited concern (affecting 64% of the sample) and 529 

the greatest concern for over a third of respondents. 148 A similar adverse impact of not being able to drive, 530 

was also shown in a recent study with the impact on males being significantly greater than on females. 147 531 

Driving remains the main means of transport for the elderly and 68% of UK households with one person over 532 

the age of 70 have a car. 149 Not being able to drive can therefore be very limiting, potentially compounded 533 

by frailty and difficulties in using, or inaccessibility of, public transport.  534 

Not all older people with epilepsy feel stigmatised. Some describe positive outcomes as a result of their new 535 

epilepsy diagnosis and, unsurprisingly, psychosocial outcomes and lived experiences can vary substantially 536 

between elders with epilepsy. 146 More studies are needed to help us understand factors associated with 537 

psychosocial outcomes in this growing population of individuals with epilepsy and what the best 538 

interventions are to improve these outcomes. They will need to be specifically tailored, be different for those 539 

who have recently been diagnosed with epilepsy compared to people with chronic seizures and will need to 540 

be gender and culturally appropriate. In resource-poor settings where stigmatisation of epilepsy can be 541 

marked, thoughtful handling of older people who develop epilepsy may help to disentangle epilepsy for 542 

entire communities since, in these societies, it is often elders who have most influence. 543 

 544 

Strategic healthcare implications  545 

 546 

With the incidence of epilepsy being highest in the elderly and the global population aging, older people with 547 

epilepsy will present a significant burden on all healthcare and social care systems due to admission to 548 

hospitals with seizures or resulting injuries; need for long-term medication(s); limitations on driving and the 549 
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stigma associated with the condition.  These factors, and others, may have an adverse impact on older people 550 

with epilepsy, as might comorbidities4,126 and cognitive impairment. It is therefore essential that healthcare 551 

providers prioritise epilepsy in the elderly and view the condition holistically.  Early diagnosis with prompt, 552 

appropriate individual management may prevent unnecessary hospitalisation and reduce the impact of co-553 

morbidities while closer integration between primary and secondary care would afford improvements in the 554 

care of older people with epilepsy. A possible pathway for older people with seizures is provided in Figure 7. 555 

Formal practice guidelines to optimise care for older people with epilepsy would be of great benefit in 556 

resource rich and resource poor nations. Culturally appropriate online tools to help in the management and 557 

empowerment of senior citizens with epilepsy and those who care for them who also be helpful.   558 

 559 

At a broader, more strategic, level, modifications of shared risk factors for stroke and dementia133 – 560 

hypertension, diabetes, alcohol consumption, smoking and low exercise4,134 – appear to also represent a clear 561 

global health opportunity to reduce the risk of developing seizures in later life. Importantly, many of these 562 

modifications can be made at an individual level with minimal cost (or potentially being cost saving, for 563 

example stopping smoking) or at a population level using established drugs many of which are affordable 564 

and widely available across the world.  565 

 566 

Conclusions and future directions 567 

Even though epilepsy in older adults is a common condition and can have enormous impact on the person 568 

affected and their family/care partners, it is a relatively under-appreciated and under-researched area of 569 

medicine. We have explored several aspects including appropriate treatment options – ASMs and surgical 570 

options; specific epilepsy syndromes observed in the elderly and relevant co-morbidities. The links between 571 

dementia, cerebrovascular disease and epilepsy have been highlighted, emphasising that modifiable vascular 572 

risk factors may have a positive impact on reducing the future risk of developing epilepsy.  We have also 573 

highlighted how there is a lack of research in older people with epilepsy compared to younger populations. 574 

Drug trials, the role of epilepsy surgery, psychosocial evaluations and assessment of relevant comorbidities 575 

all require much deeper assessment in people with epilepsy over 65 years so that there are informed choices 576 

of how to optimise the care of this group, the largest cohort of people with epilepsy in resource rich and, 577 

increasingly, resource poor societies.  578 

Contributions: 579 

The concept of the manuscript was devised by AS who also performed the overall literature searches with 580 
NJ and created initial drafts of figures. Sections on epidemiology, epilepsy surgery, 581 
psychological/psychiatric aspects, SUDEP and status epilepticus were initially drafted by NJ. Cognitive 582 
difficulties in older people was initially written by MH. JWS wrote sections on diagnosis, investigation and 583 
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medical management. All authors reviewed and extensively revised the manuscript prior to approving the 584 
final version of the work 585 

Search Strategy and selection criteria: 586 

Several PubMed searches were run on 1 September 2019 using the search terms “epilepsy or seizure or 587 
status epilepticus or sudep” AND “elderly or older”. These were then combined with search terms related 588 
to, for example, (1) epilepsy surgery or (2) incidence or prevalence or epidemiology or mortality or (3) 589 
psychosocial or quality of life or stigma. Separate searches were run to include studies that, for example, 590 
explored cognitive difficulties in people with epilepsy. Reference lists of identified articles were hand 591 
searched to retrieve additional studies. Publications were selected mainly from the past five years. By 592 
necessity, preference was given to the most major and relevant works although we were also keen to 593 
illustrate the breadth of the topic hence selecting some more minor publications that highlighted particular 594 
areas of interest. Review articles were selected and are highlighted in the text to direct potential readers to 595 
source materials. We are conscious that there are many publications on epilepsy and the elderly now 596 
emerging, but hope that we have provided a comprehensive review of the topic and a platform from which 597 
to seed further research.  598 
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