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Abstract

Late-onset epilepsy is increasingly recognized as a major and growing neurological condition in older adults, driven by population
aging and rising incidence rates, yet approximately one-third of cases remain unexplained (late-onset unexplained epilepsy, LoUE).
LoUE is diagnostically challenging, as seizures are often subtle and nonconvulsive, routine EEG has limited sensitivity. Converging
evidence from animal models and clinical studies suggests that aging-related reductions in seizure threshold, vascular dysfunction,
neurodegenerative processes, and immune dysregulation (“inflammaging”) all contribute to epileptogenesis, often through inter-
acting and cumulative pathways. Clinically, while many patients respond to antiseizure medications, a subset experience refrac-
tory disease. Importantly, LoUE should not be viewed as a single entity but rather as a heterogeneous syndrome arising within
diverse biological contexts shaped by lifetime exposures, comorbidities, and underlying pathology. Advancing the field will require
prospective, multimodal studies integrating neuroimaging, fluid biomarkers, and detailed phenotyping to define mechanistic sub-
types and enable a transition toward precision medicine approaches aimed at reducing the burden of seizures and their down-
stream consequences in older adults.
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to 1 per 1000 in the 1970s,° which is projected to continue
growing rapidly with time.

The increasing rates of epilepsy in older adults stand in con-
trast to other neurologic diseases. Despite an aging population,

The Silver Epilepsy Tsunami

The public perception of epilepsy as a disease of childhood has
been refuted for several decades. Epidemiologic studies from

the United States, Iceland, and Sweden (among others) demon-
strate a classic bimodal distribution of incident epilepsy by age,
with rates rising in the older adult years after a period of low
incidence in middle age.'™ Combined with the well-described
aging of the populations in the United States and Western
Europe, the number of older adults diagnosed with epilepsy is
rapidly increasing.

Strikingly, the incidence of epilepsy has risen not just with
age, but over time as well. Population studies show that over
the past decades, the rate of epilepsy in older adults is increasing
(along with the overall population numbers of older adults).*
The incidence of epilepsy cases in adults 65 and older in the
United States in 2019 was 3.9 per 1000,° a growth from 0.6

the rates of incident stroke in the United States fell between
1990 and 2020,” buoyed by improving screening, public
health campaigns for healthier lifestyles, and treatment of vas-
cular disease. Similarly, age-adjusted dementia rates have
declined in the past 25 years overall, helped by increasing edu-
cation, and treatment of vascular risk factors.® Stroke and
dementia are 2 of the top causes of incident epilepsy in older
adults.’ As these rates decline but overall epilepsy increases,
the question of what other factors contribute to epilepsy in
this age group is of increasing importance. The increased 2-
to 3-fold risks of subsequent stroke and subsequent dementia
following late-onset epilepsy'®~'? make this topic even more
critical.
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The Diagnostic Odyssey

Seizures in older adults are usually nonconvulsive, often non-
motor, and may be subtle, going unrecognized and undiagnosed
for several years." Initial misdiagnosis as stroke, transient ische-
mic attack, cardiac arrhythmia, transient global amnesia, or
syncope is common.'?

When present, identification of an epileptogenic lesion (eg,
tumor, cortical stroke, or prior trauma) on brain imaging helps
with diagnosis in up to 2/3 of cases.'* Other MRI findings asso-
ciated with seizures in older adults are often nonspecific and
indicative of vascular risk factors, providing no aid in distin-
guishing epilepsy from its mimics.'>'® The limited sensitivity
of routine EEG may further delay diagnosis: in one study, a
standard routine (20-min) EEG detected epileptiform activity
in only ~ 7% of patients with suspected seizures, a yield that
increased 4-fold with prolonged (>3 h) monitoring."”

Even after a diagnosis of epilepsy and thorough history and
investigation for structural and other etiologies is carried out,
the cause remains unknown in about 30% of cases (late-onset
unexplained epilepsy, LoUE).”'®

Surveying the Unknown and ldentifying
Suspects

Why does epilepsy risk increase with age? Animal models provide
insight as to why aging increases seizure susceptibility. Aged
animal models exhibit increased spontaneous epileptiform activity
and heightened susceptibility to chemoconvulsant-induced status
epilepticus and neuronal injury.'®?° These findings suggest that
aging lowers the seizure threshold while simultaneously impairing
resilience to excitotoxic injury. Vascular dysfunction also appears
to contribute, as hypertensive rat models show increased suscepti-
bility to epilepsy, which can be mitigated by antihypertensive treat-
ment.?'** Transgenic amyloid and tau models of Alzheimer’s
disease (AD) similarly demonstrate spontaneous epileptiform dis-
charges, recurrent seizures, and progressive network hyperexcit-
ability. Notably, neuronal hyperexcitability can further promote
the release and propagation of amyloid and tau, creating a feed-
forward cycle that amplifies network dysfunction.”>** Proposed
mechanisms include excitatory—inhibitory imbalance, interneuron
dysfunction, and synaptic and metabolic alterations.?

Who are the usual suspects in LOUE? Despite the absence of
an obvious epileptogenic lesion, brain MRI may still provide
some clues. LoUE has frequently been attributed to cerebral
small vessel disease (CSVD), though the mechanisms by
which CSVD lowers seizure threshold remain incompletely
understood. Higher white matter hyperintensity burden has
been associated with increased epilepsy risk,”® and emerging
data suggest that juxtacortical and cortical-subcortical interface
lesions can be particularly epileptogenic.?” Hemorrhagic CSVD
markers, such as superficial siderosis, have also been linked to
seizures.”® Regional atrophy patterns may suggest an underly-
ing neurodegenerative process, with seizures representing an
early manifestation. T2/FLAIR images, when combined with
clinical tools such as the Antibody Prevalence in Epilepsy
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and Encephalopathy score, facilitate early identification of
antibody-mediated epilepsy, where prompt immunotherapy
improves outcomes.

Cognitive testing, in conjunction with MRI and clinical
history, may raise suspicion for underlying neurodegeneration
and guide biomarker testing. Neurophysiologic testing with
EEG, while useful for confirming the diagnosis and characterizing
seizure type, is less informative regarding etiology.
Polysomnography may identify comorbid obstructive sleep
apnea (OSA), which can further lower seizure threshold.*® The
concept of “inflammaging” has also gained increasing attention
in the context of late-life epileptogenesis. Age-related shifts in
both central and peripheral immune function contribute to
seizure susceptibility and modulate the downstream consequences
of seizures.>'** At present, clinical assessment of immune status
is limited to antibody panels and nonspecific markers, with more
detailed phenotyping remaining primarily a research tool. Finally,
identified pathologies may not represent a single causal mecha-
nism but rather an additional “hit” within a multifactorial epilep-
togenic cascade. For example, prior insults such as central nervous
system infections, or head injury may only culminate in seizures
when aging-related processes further lower seizure threshold.

Diagnosis and initial testing do not end the odyssey.
Increasing evidence from large-scale studies finds that many
(but not most) individuals with LoUE embark on a course of
accelerated cognitive decline even if cognitively normal at the
time of the first seizure.'®*> As a result, serial cognitive screen-
ing, optimizing vascular risk factors, and individualizing prog-
nosis are ongoing efforts.

Charting the Management Landscape

The management of LoUE should not only prioritize seizure
control but also include assessment of cognition and cerebro-
vascular risk. While there are well-tolerated antiseizure medica-
tions (ASMs) (lamotrigine, levetiracetam), enzyme-inducing
drugs should be avoided due to negative vascular outcomes.
Slow titration is key, given older adults’ sensitivity to psycho-
tropic agents, especially in those who are frail.>* Most patients
respond to ASMs, but a subset remain medically refractory and
face higher risks of cognitive decline and mortality. In selected
cases, surgical intervention may be curative, although potential
benefits must be weighed against the risk of postoperative cog-
nitive decline, to which older adults are particularly vulnera-
ble.>> When resective or ablative approaches are not feasible,
neuromodulation therapies provide meaningful benefit by
reducing seizure frequency and severity, even if not curative.*®

Comorbidities such as depression are common and should be
routinely screened for, as they can affect quality of life and med-
ication tolerability. Older adults are more likely to present with
somatic and vegetative symptoms compared to their younger
counterparts.®’ Driving restrictions further exacerbate mood
symptoms and social isolation; therefore, providing appropriate
social support is essential. Substance use should also be assessed;
alcohol, in particular, lowers the seizure threshold and can serve as
a trigger, with older adults more vulnerable to its effects. Clinical
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history, collateral information, and screening questionnaires can
help identify individuals who would benefit from polysomnogra-
phy to evaluate for OSA, which is common in this age group and
can trigger or exacerbate seizures and cognitive impairment.
Polysomnography can also identify other disturbances, such as
periodic limb movements, that further disrupt sleep.

Stroke and dementia risk reduction requires prioritizing
control of vascular risk factors such as hypertension, hyperlipid-
emia, and diabetes, given their links to seizures, cognitive
decline, and stroke. Keeping in mind that up to 45% of dementia
cases are preventable or delayable,®® targeting modifiable risk
factors which may be overlooked is also essential. Lifestyle
factors such as physical activity, stress reduction, and social
engagement are associated with better brain health and can
enhance resilience to the cognitive and neurological consequences
of seizures. Tools such as the Brain Care Score may help identify
modifiable risk factors and guide interventions.*”

Finally, when a specific etiology is identified, management
should be tailored accordingly. In cases of autoimmune epi-
lepsy, early initiation of immunomodulatory therapy is critical.
For neurodegenerative conditions such as AD, antiamyloid
therapies may be considered in carefully selected patients.

Embracing Heterogeneity in LOUE Research
and Navigating With Precision

As described above, LoUE is a highly heterogeneous entity that
encompasses multiple epileptogenic mechanisms occurring
across a wide range of biological contexts. These contexts are
shaped by genetics, developmental factors, sociodemographic
influences, lifestyle habits, medical problems and their treat-
ments (eg, chemotherapy, immunotherapy), as well as untreated
conditions (eg, OSA). The physiologic consequences of some
factors may accumulate over decades, while others may have
emerged more proximally to epilepsy onset. Identifying critical
aspects of this “biological milieu” that contribute to LoUE, or
that interact with epilepsy to increase dementia or stroke risk,
is an urgent priority. Prospective studies that capture the biolog-
ical contexts in which LoUE arises, together with associated
clinical trajectories, will be essential for characterizing this het-
erogeneity with sufficient granularity to inform clinical care.
Addressing this heterogeneity will also require greater rigor
in defining study populations and outcomes. In particular, LoOUE
should not be conflated with general “late-onset epilepsy.” The
latter includes many epilepsy etiologies such as stroke, neoplastic,
or neurodegenerative disease, which are often associated with
structural brain pathology that has produced physical or cognitive
impairment even before the development of epilepsy. In contrast,
patients with LoUE typically have nonlesional brain MRI find-
ings, without an obvious structural basis for physical or cognitive
impairment. Grouping these distinct entities under the single cat-
egory of “late-onset epilepsy” based solely on age of seizure onset
obscures this critical heterogeneity. Historically, this lack of gran-
ularity was a necessary compromise for studies that leveraged
large population-based cohorts to examine outcomes in older

adults with epilepsy. Because these cohorts were not designed
specifically to study epilepsy, they lacked detailed information
on epilepsy etiology, severity, and treatment. However, as find-
ings from those studies now motivate targeted prospective
studies focused on epilepsy in older adults, it is essential to
capture these etiologic details to avoid unnecessary heterogeneity
and to move toward a precision medicine framework. In this
context, “late-onset epilepsy” may be better contextualized as a
group of distinct syndromes defined by the underlying cause of
epilepsy (eg, poststroke, tumor-related, or epilepsy associated
with a specific neurodegenerative disease).

Greater rigor is also needed in describing cognitive out-
comes in LoUE. Foremost, the terms “dementia” and “AD”
should not be used interchangeably. Dementia refers to a pro-
gressive decline in cognitive function that is severe enough to
impair daily functioning and can arise from many underlying
causes. AD is the leading cause of dementia, but is just one
of multiple etiologies. Although epidemiologic studies have
demonstrated bidirectional associations between epilepsy and
dementia,'*'"*%4! these studies have not established whether
the dementia observed in this context is specifically due to
AD. Moreover, while many studies have shown that individuals
with AD have a higher risk of developing epilepsy compared to
cognitively normal older adults, this association is not unique to
AD:; other neurodegenerative diseases including frontotemporal
dementia, dementia with Lewy bodies, and vascular dementia
are also associated with an increased risk of epilepsy.** ¢

The future of LoUE research will depend on large-scale,
multimodal biomarker studies capable of defining distinct
disease subtypes, identifying the pathologic mechanisms that
link epilepsy to dementia and stroke, and guiding targeted strat-
egies to reduce these risks. Because noninvasive biomarkers are
not yet available for many neurodegenerative diseases, it is crit-
ical to bank plasma samples for future biomarker discovery, as
well as to establish brain banks. Notably, most pathological
studies in epilepsy have relied on surgical brain tissue obtained
from younger patients with refractory epilepsy. While these
studies have made important contributions to the field,*’~°
their relevance to older adults with well-controlled epilepsy
who later develop dementia is uncertain. Compared to the
fields of aging and neurodegenerative disease, epilepsy research
has lagged in defining the associated pathology related to
dementia and developing biomarkers to study this pathology
in vivo. Building the infrastructure needed to close this gap—
including prospective biomarker cohorts and brain banks—
will be essential for advancing the field, and transforming the
“unexplained” to “explained.”
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