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Following stroke and dementia, epilepsy is the most common neurological disorder that carries a profound burden of morbidity,
mortality, and healthcare expenditure as well. Age-related risk factors such as stroke, neurodegenerative diseases, and traumatic
brain injuries make this public health challenge significantly more difficult to provide treatment for. Atypical presentations,
comorbidities, and cognitive impairment contribute to symptom overlaps, making diagnosing epilepsy in the elderly a lot more
challenging for clinicians. Additionally, polypharmacy, which is a substantial characteristic of this demographic, can mask or
mimic seizure activity, in turn delaying prompt diagnosis by a clinician. Traditional diagnostic tools, such as the EEG, MRI,
and CT scans have notable, specific limitations that result in reduced diagnostic sensitivity for geriatric cases of epilepsy when
compared to younger patients. However, recent advancements in these diagnostic technologies, such as artificial intelligence
scanning brain MRIs which reduce time while retaining image quality, along with advanced diagnosis methods improve patient
outcomes while reducing the chance of a misdiagnosis. This literature review aims to emphasize the specific limitations of routine
diagnostic methods for the diagnosis of epilepsy in the geriatric population of the United States. Additionally, this review stresses
the need to increase access and incorporate advanced diagnostic tools, such as video-EEG monitoring, epilepsy-protocol MRI,
single photon emission computed tomography (SPECT) and positron emission tomography (PET) scans, into routine geriatric
care.

Introduction tive sequence of events known as epileptogenesis>. The more
broad causes for epilepsy beyond structural lesions are highly
Close to 1 million U.S. adults aged 55 and older have active  diverse, and include various factors>. These span from genetic
epilepsy, according to an analysis of data from the 2010, 2013, mutations that alter sodium channel kinetics to developmental
and 2015 National Health Interview Surveys by S. Sapkota et malformities in the architectural structure of the cortex?>.
al!. Epilepsy is a common neurological disorder character-
ized by recurring, unprovoked seizures. When evaluating the
distribution of this condition across a lifespan, epilepsy ex-
hibits a distinct bimodal incidence curve; while rates are el-
evated in early childhood, they drop during adulthood before
rising to their absolute highest lifetime peak within the elderly
population?. Epilepsy is common in older adults because risk
factors such as traumatic brain injury, stroke, cerebrovascular
disease, and neurodegenerative disorders increase with age!.
The study also finds that epilepsy stakeholders should ensure
that older adults with epilepsy have access to age-appropriate
clinical preventative services and specialty care for any other
comorbidities !.

On a neurobiological level, a seizure is defined as an abnor-
mal, excessive, and hypersynchronous electrical discharge of a
neuronal group?. This is a state that only occurs when there is
a breakdown in the extremely fine balance between excitation
and inhibition?. Structural brain lesions act as focal triggers
for this disruption, cause localized cell death, and start a reac-

In older adults, epilepsy etiology includes strokes, tumors,
and brain injury, and it typically presents with subtle symp-
toms, such as focal impaired awareness, confusion, and mem-
ory lapses!. In many cases, the underlying etiology can-
not be identified definitively, particularly in elderly patients
despite thorough clinical evaluation, because standard neu-
roimaging frequently fails to detect subtle structural abnor-
malities, such as microvascular damage or microscopic scar-
ring from subclinical vascular events!. Furthermore, pre-
existing conditions like neurodegenerative dementias intro-
duce baseline brain structural alterations and irregular back-
ground electrical activity that masks distinct seizure focus®.
In the United States, the estimated incidence and prevalence
rates of epilepsy in individuals older than 60 years are 2.41 per
1,000 and 10.8 per 1,000, respectively>. New-onset epilepsy
in the elderly is difficult to diagnose due to various atypical
presentations, cognitive impairments, similarities with other
common disorders, and polypharmacy>°.

When the root cause remains unidentified, managing the
! Dougherty Valley High School, California, USA condition becomes highly complex; undocumented and un-
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treated epilepsy significantly elevates the risk of recurrent
falls, fractures, severe bone damage, and a rapid loss of func-
tional independence for patients over 651

Due to the high prevalence of existing comorbidities, such
as cardiovascular disease and cognitive impairments, elderly
individuals who present with epilepsy are significantly more
difficult to diagnose and treat’. Traditional diagnostic tools,
such as the EEG, MRI, and CT scans provide important clin-
ical applications and insights for epilepsy; their specific lim-
itations in being able to diagnose epilepsy within this demo-
graphic make treatment much more complicated for elderly
patients presenting with seizure symptoms. Along with the
imperative distinguishment from non-epileptic attacks, and
seizures being mainly infrequent events, the standard-of-care
tools face reduced diagnostic sensitivity and make the identi-
fication of epilepsy in older adults more complex.

However, with the understanding that epilepsy is charac-
terized by specific brainwave patterns, such as the Ictal and
Interictal as shown in Figure 1, experts at specialized epilepsy
centers have worked to improve the diagnostic sensitivity of
epileptic brainwave patterns in patients ages 65 and older®.

Even with epilepsy being a highly prevalent neurological
disorder in the United States, a significant gap remains in ex-
isting literature regarding geriatric-focused diagnostic tech-
niques. Though general literature reviews have addressed
epilepsy treatment, few have synthesized the specific lim-
itations of routine tools, and the emerging efficacy of ad-
vanced methods of diagnosis, such as Al-driven protocols.
Due to this lack of a consolidated, geriatric-focused diagnos-
tic framework, there is a critical need for a review that evalu-
ates whether current clinical protocols are ample or if a shift
toward specialized, advanced diagnostic care is necessary to
reduce the risks of unmanaged seizures in this population.

This review focuses on adults aged 55 or older that live in
the United States who present with suspected or confirmed
epilepsy, comorbid conditions, cognitive impairments, atyp-
ical presentation, or are currently under polypharmacy. The
clinical issue that was investigated, which asked why epilepsy
is much more difficult to diagnose and treat within this demo-
graphic involved the implementation of advanced diagnosis
into routine clinical geriatric care. These advanced diagnos-
tics include prolonged video EEG monitoring, high-resolution
epilepsy-protocol MRI, PET, SPECT, and a specific technique
called Al-assisted compression scanning. These modalities
were compared to the standard-of-care tools, such as the EEG,
conventional MRI, and CT scans, which often face signif-
icantly reduced diagnostic sensitivity for the elderly patient
population. Results were measured by quantitative diagnostic
yields, accurate initial identification of epileptiform activity,
and the long-term optimization and treatment of elderly pa-
tients presenting with epilepsy.

This study acknowledges several other research limitations

within the existing literature that move past the clinical chal-
lenges of geriatric diagnostic precision for epilepsy. There is
a notable lack of data comparison with geriatric-specific diag-
nostic protocols compared to younger cohorts. This shortage
limits the ability to draw definitive conclusions when evaluat-
ing advanced diagnostic modalities for this demographic. Fur-
thermore, the wide range of etiologies in the geriatric patient
population is vast compared to younger cohorts, making uni-
form diagnosis, extraction of epileptiform abnormalities and
seizure variables difficult to capture. Despite the higher sen-
sitivity of advanced modalities, non-epileptic events such as
psychogenic attacks, syncope, stroke, or dementia frequently
mask true epileptiform activity and are a significant barrier
to achieving absolute diagnostic certainty within this demo-
graphic.

Epileptic Seizure EEG
\ i " \ ! ' ‘

YT TR
"J“\wﬂ"‘\\,ﬂl\;\/\“'\“w’\;' ,/l“i“\/} \A v‘ﬂ/"wﬁl‘['“ "M‘\“’“dl\ Ml‘w |\*“’1.‘ W
44 |

4 5 6
Normal EEG

| 1 {

L L L L s H
0 1 2 3 7 8 9 10

T

Amplitude [pV]

n

[ % =« & 2 E & & . = ]
/ v AN N AN
VM' \W\\/ . “/M el A \ "\

-50

3 6 7 8 9 10

Time [second]

Figure. 1 Comparison of normal and EEG brainwaves that are a
characteristic of epilepsy. Routine EEG in a typical brain shows
controlled, relatively regular low-amplitude background rhythms,
whereas EEG for an epileptic seizure exhibits transient, high ampli-
tude spikes and sharp waves that are irregular and repetitive®.

In the United States, much more investment can go into ad-
vancing the protocols that guide clinicians and research efforts
in treating epilepsy, such as those led by the National Associa-
tion of Epilepsy Centers (NAEC) !°. This review evaluates the
current diagnostic protocols for geriatric epilepsy, analyzing
the efficacy of advanced neuroimaging and prolonged video
EEG monitoring, as well as addressing the limitations that tra-
ditional diagnostic tools pose for diagnosing epilepsy in the
geriatric population of the United States. Ultimately, the most
important step that can be taken to improve geriatric epilepsy
patient outcomes in the United States is the implementation
of a systematic diagnostic protocol that prioritizes advanced
diagnostic techniques.

Methods

A comprehensive literature search was conducted between
August 17th-December 7th, 2025, using the following
databases: PubMed, Google Scholar, and ScienceDirect.
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These were chosen because they provide access to peer-
reviewed medical research. Search terms were combined us-
ing Boolean operators, and included “epilepsy” and “elderly”
or “older adults”, “diagnosis” or “diagnostic challenges”,
“United States” or “U.S.”, and “misdiagnosis” or “delayed di-
agnosis.”

Additional articles were identified by scanning the refer-
ence lists of relevant papers. Studies not published in English,
non-peer reviewed publications, duplicate articles, and con-
ference abstracts were excluded from the retrieved literature.
Three foundational clinical domains were prioritized in the
evaluation of the identified studies. First, the diagnostic sen-
sitivity and detection yields of routine modalities (EEG, MRI,
CT scan, etc.), second, comparative diagnostic yields of ad-
vanced modalities (video-EEG monitoring, epilepsy-protocol
MRI, etc.), and lastly, recent technological and algorithmic
advancements in electroencephalography and geriatric neu-
roimaging. The range of participants from studies that con-
tributed to each quantitative figure was 20 to 140.

Formal inclusion criteria for acquired publications was re-
stricted to primary, peer-reviewed studies evaluating adults
aged 55 or older with suspected or confirmed epilepsy, along
with diagnostic accuracy, misdiagnosis or delayed diagnosis.
Additionally, data that is emphasized in this review was either
collected from the United States or is directly applicable to the
US clinical practice. References are published in English be-
tween 1980-2025. The temporal boundary was chosen to cap-
ture and comprehensively track the technological evolution of
epilepsy diagnostics, from the introduction of the clinical MRI
in the 1980s to modern advancements in Al for neuroimaging.

Data concerning quantitative diagnostic yields, specifically
clear seizure activity detection rates across routine and ad-
vanced modalities were systematically extracted. This ex-
traction facilitated a comparative performance evaluation be-
tween advanced testing and routine diagnostics in identifying
epileptiform activity within the geriatric demographic. Conse-
quently, this study examines how advanced methods like pro-
longed video EEG and Al-assisted compression scanning are
being calibrated to distinguish these subtle, atypical presen-
tations from normal age-related slowing or cognitive decline.
These findings were used to provide a quantitative and qualita-
tive overview of the current evidence on diagnostic challenges
and the utility of advanced diagnostic techniques in elderly
patients with epilepsy.

Results

Multiple Factors Contribute to Worse Epilepsy Outcomes
for Patients 65 and Older

Among a U.S. cohort of elderly patients with new-onset
epilepsy treated within the Veterans Affairs (VA) health care

system, clinicians initially did not consider epilepsy in 26%
of cases!!. Alternative initial diagnoses were common, re-
flecting the difficulty of distinguishing seizures from age-
related or cognitive conditions. Specifically, patients were
initially diagnosed with altered mental status (41.8%), confu-
sion (37.5%), memory disturbance (17.2%), syncope (16.8%),
dizziness (10.3%), and dementia (6.9%) '2.

Atypical presentations in older adults, including memory
lapses, nonepileptic events, and inattention, make new-onset
epilepsy difficult to recognize®. The postictal state—the recov-
ery period following a seizure—is often especially long in el-
derly patients, with median recovery times being 2 hours (>65
years) vs. 0.7 hours (j65 years) respectively 1>. The prolonged
postictal state duration in elderly patients may cause confu-
sion, fatigue, disorientation, or temporary memory loss, which
can be mistaken for baseline cognitive decline, or other age-
related neurological conditions®.

These symptoms are easily mistaken for dementia, increas-
ing the likelihood of misdiagnosis®. Misdiagnosing these
atypical presentations delay proper treatment and increase the
risk of complications and poor health outcomes®!4. Cognitive
impairments can mask epilepsy, most commonly confused for
dementia and memory loss association, causing a ’symptom
overlap’ 4. Subtle epileptic events, such as brief confusion,
can also be mistaken for typical dementia symptoms, which
can delay seizure identification '*. Clinicians struggle to deter-
mine if the cognitive decline stems from underlying dementia,
epilepsy itself, effects of Anti-Epileptic-Drugs (AEDs), or a
combination of all three '*.

Patients with active seizures and cognitive impairments
have reduced baseline daily functioning and decline more
rapidly in overall health and mental abilities '>. Furthermore,
AEDs can further worsen cognitive performance, making it
harder to find effective seizure control without negatively af-
fecting mental function 13

Polypharmacy, taking multiple medications at once, in-
creases harmful drug interactions, complicates diagnostics
with overlapping side effects, and raises overall toxicity
due to age-related physiological changes'6. Newer Anti-
Seizure Medications (ASMs) such as levetiracetam (LEV),
gabapentin, lacosamide (LCM), and lamotrigine are pre-
scribed to control seizure activity in elderly patients as they
are generally better tolerated than older ASMs such as pheny-
toin, carbamazepine, and phenobarbital. Despite this relative
advantage, the use of new ASMs with existing polypharmacy
raises the probability of harmful drug interactions, increased
toxicity, adverse drug events, and drug-disease interactions in
a population already presenting with chronic conditions 713,
Therefore, it can be hard for doctors to determine if an older
adult’s change in cognition is the result of their epilepsy or
a response to ASMs!?. Altered drug metabolism is affected
as well; aging kidneys and livers process drugs more slowly,
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leading to increased toxicity and subsequently increasing the
risk of severe adverse events?%?!. These various factors all
interact to disadvantage elderly epileptic patients!”.

Current Clinical Approach To Diagnosing Epilepsy

In the United States, the current clinical approach to diag-
nosing epilepsy begins with a thorough medical history and
neurological examination to differentiate epilepsy from non-
epileptic attacks, such as syncope or psychogenic attacks !*-?2,
In younger adults, clinicians rely heavily on EEG to detect
abnormal brainwave activity 23

Diagnostics performed after a first unprovoked seizure de-
tect epileptiform abnormalities, such as spikes or sharp wave-
discharges, approximately 35% of the time?*. In a retro-
spective study of elderly patients referred for prolonged-video
EEG monitoring, VEEG changed the diagnosis or treatment
plan in 55% of cases (11/20) compared to the referring physi-
cian’s initial assesment?>.
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Figure. 2 Advanced neuroimaging techniques showing clear visible
epileptogenic lesions. (A) Hippocampal sclerosis, (B) Focal cortical
dysplasia, (C) Unspecified malformations of cortical development,
(D) Neuroplasms, (E) Vascular malformations, (F) Cerebrovascular
lesions. All images were taken from epilepsy-protocol MRI2°,

While EEG is the primary diagnostic tool for confirm-
ing epileptic activity, MRI with epilepsy-specific protocols—
specialized imaging techniques that are optimized to highlight
brain features associated with seizure-onset is the advanced
method for identifying structural lesions, such as cortical dys-
plasia, tumors, or hippocampal sclerosis, as displayed in Fig-
ure 22°. MRI with epilepsy protocols yields a 91% detec-
tion rate for subtle epileptogenic lesions, while standard MRI
yields about 50% 27 .

CT scans function to rule out acute causes, such as hem-
orrhage or trauma, as they are far less sensitive than MRI for
detecting the subtle lesions that are typically associated with
epilepsy2®. The sensitivity of CT scans is not higher than 30%
in patients with epilepsy, while a landmark literature review by

S.S. Spencer et al. demonstrated that quantitative MRI proto-
cols achieve a sensitivity rate of 71% in successfully localizing
and identifying these underlying epileptogenic foci?®2°. The
International League Against Epilepsy (ILAE) guidelines for
neuroimaging studies state that a CT scan can be the diagnos-
tic imaging of choice in patients with epilepsy if an MRI is
not available. In the U.S., an MRI is considered the standard
of care for patients with epilepsy, and CT has a reduced role
in the management of patients with epilepsy .

Once imaging data is collected, clinicians classify seizure
type and any identifiable or suspected underlying etiology to
determine proper treatment>. In the elderly population, cere-
brovascular disease, brain tumors, and neurological disorders
account for 30-50% of new onset cases, and seizures often ap-
pear as brief confusion and unresponsiveness rather than con-
vulsions 9.

Interpreting EEG reports for clinicians in older adults is
significantly more challenging; U.S. studies report that only
26-35% of older patients show clear seizure activity on rou-
tine EEGs, while about 78% of younger patients show clear
seizure activity on routine EEGs?*3!. Given the confounding
nature of comorbidities, cognitive decline, and polypharmacy,
many specialists in the U.S. recommend prolonged video EEG
monitoring and high-resolution epilepsy-protocol MRI to en-
sure proper diagnosis and rule out causes that mask clinical
signs of seizures and their electrical origins?32. Specialized
epilepsy centers across the U.S. use advanced EEG monitor-
ing and brain imaging to make diagnosing faster and reduce

€rrors 10 .

Treatment Plans and Potential Consequences

Many diseases, such as cardiovascular disease, dementia,
and diabetes mellitus, are present in elderly populations,
and thus many elderly patients take medications concomi-
tantly 1. Epilepsy in elderly patients is primarily treated by
anti-epileptic drugs (AEDs), now more commonly referred
to as anti-seizure medications (ASMs), which aim to achieve
seizure control and minimize drug-drug interactions and ad-
verse effects. The selection of appropriate ASMs in older
adults must account for age-related physiological changes, co-
morbidities, and concurrent medication use '°.

With respect to pharmacokinetic parameters—which mea-
sure how a drug is absorbed, distributed, metabolized, and
eliminated by the body—many newer ASMs are often less ef-
ficient in elderly patients than in younger individuals due to
age-related physiological changes that alter drug absorption,
metabolism, and increase susceptibility to drug-drug interac-
tions %20, Hepatic metabolism refers to a mechanism that
converts drugs and other compounds into products that are
more easily excreted, a process that declines with age and can
lead to drug accumulation and increased toxicity>3. Intesti-
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nal transit times, the speed at which substances move through
the gastrointestinal tract, are likely to be slower in elderly pa-
tients compared to younger patients, which could alter the ab-
sorption of some ASMs, resulting in delayed or inconsistent
medication levels in the bloodstream!°. Furthermore, hep-
atic and renal clearance are also reduced with aging, and the
glomerular filtration rate (GFR), a measure of how efficiently
the kidney filters blood, declines by "1 mL/min/meter squared
per year after the 3rd decade of life. This collectively results
in a 40-50% reduction in kidney filtration capacity after age
702034 Collectively, age-related pharmacokinetic changes
narrow the therapeutic window in elderly patients. This in-
creases the risk of adverse effects from ASMs, particularly in
older women who experience more pronounced changes, re-
sulting in side effects such as drowsiness, dizziness, and im-
paired cognitive function %%,

Age-related physiological changes, such as aging’s effect
on the gastrointestinal system, and its sensitivity to drugs,
must be considered in the treatment process'®. The aim of
pharmacologic therapy in older adults with epilepsy is seizure
freedom with minimal drug-related AEs (adverse events) 19

Because pharmacokinetic and pharmacodynamic parame-
ters are variable, ASMs are often started at lower doses in
older adults to avoid the occurrence of AEs!”. Although age-
related physiological changes can reduce ASM absorption and
efficiency, individualized dosing and cautious titration allow
many older adults to achieve strong therapeutic responses,
with approximately 80% of older adults with epilepsy attain-
ing seizure freedom with this medication regimen !°.

One preferred ASM is Levetiracetam (LEV), which is avail-
able as an injectable solution '°. LEV has no effect on CYP450
or UG enzymes, which means that it minimizes drug-drug in-
teractions and toxicity in blood. In most cases, LEV for older
patients is administered at 25-75% of the normal dosage, mak-
ing it a promising candidate for treatment of older adults with
hepatic impairment '>2!. Another kind of ASM is Lacosamide
(LCM), which is a valuable option for elderly patients present-
ing with epilepsy '°. However, it shares dose-dependent AEs
with other sodium channel blockers, which includes dizziness
and drowsiness. LCM presents lower risks of DDIs compared
to older anti-seizure medications, such as carbamazepine or
phenytoin, and can significantly reduce seizure frequency in
older adults 1°.

Despite these pharmacokinetic challenges, newer ASMs, if
individually dosed and titrated upwards, confer fewer side ef-
fects that older, more traditional ASMs are associated with,
such as cognitive impairment, decreased bone density, and
slower liver metabolism . Newer ASMs, such as LEV and
LCM, offer more benefits for the elderly population because
they have predictable pharmacokinetics, fewer drug-drug in-
teractions, and a lower risk of side effects, which is especially
important in age-related changes in drug metabolism and sen-

sitivity 120, With appropriate treatment, many older adults

achieve favorable outcomes, and comparative studies in older
adults support improved tolerability with newer ASMs com-
pared to older medications.

Limitations of Traditional Diagnostic Methods in Older
Adults

Relying solely on traditional diagnostic tools in order to effec-
tively diagnose epilepsy in the elderly population can result
in misdiagnosis”->*. Epileptic seizures are often not recog-
nized in elderly patients and are instead misdiagnosed as men-
tal changes of uncertain origin, confusion, syncope, memory
disorders, or vertigo>. Premonitory sensations, which are lo-
calized bodily sensations, are present in about 50% of young
adults, but are rare in the elderly 35 The lack of an aura makes
epileptic seizures more difficult to recognize and to classify in
geriatric cases>. In addition, postictal confusion in an elderly
patient can last considerably longer than in younger patients,
often lasting hours or days>>. This prolonged postictal state in
the geriatric population can lead to the erroneous diagnosis of
dementia or stroke3. It is known that the frequency of alpha
waves— the brain waves seen when an individual is relaxed
and calm—decreases with age, while theta waves—waves that
present when an individual is lightly sleeping—increase with

age®.

Alpha
Reflective, restful
0.0 0.2 0.4 0.6 0.8 1.0
Theta Wf
Drowsiness |
0.0 0.2 0.4 0.6 0.8 1.0

Figure. 3 EEG waveforms characterizing normal alpha and theta-
wave rhythmic patterns. The horizontal x-axis represents time in sec-
onds (0.0 to 1.0), while the vertical y-axis denotes electrical voltage
amplitude, illustrating the visual difference between rapid, synchro-
nized alpha frequencies and slower, low-frequency theta rhythms 3.

This visual distinction is crucial for understanding geriatric
diagnostics, as it highlights the age-related baseline slowing
that can easily mask true epileptiform abnormalities or be mis-
interpreted as pathological seizure activity.

While magnetic resonance imaging (MRI) scans are the
standard method for diagnosing epilepsy, they have diagnostic
limitations?®. These limitations include the inability to de-
tect subtle epileptogenic lesions, the absence of an identifi-
able structural cause—brain tumors or scar tissue, for example—
on conventional scans, and, specifically for the elderly pop-
ulation, age-related brain changes that obscure subtle find-
ings?837. This can limit the diagnostic yield of a standard-

© The National High School Journal of Science 2026

NHSJS Reports | 5



MR, as age-related brain changes may obscure subtle findings
that would be more apparent in a younger patient”®. Addition-
ally, with the absence of a structural cause, further neuroradi-
ological investigations, including nuclear medicine, such as
the ictal-interictal SPECT, Iomazenil (IMZ) SPECT, and PET
scans, may be needed to clearly identify and treat elderly in-
dividuals living with epilepsy38-°.

CT scans have significant limitations for diagnosing
epilepsy in elderly patients because they have lower resolu-
tion than MRI, miss small lesions during image generation,
and have a low sensitivity for detecting many common causes
of epilepsy, like mesial temporal sclerosis?®. The traditional
diagnostic tools will continue to be useful for younger pa-
tients because their brainwave activity is less likely to skew
EEG readings. Yet due to the existing cognitive impairments,
comorbidities, and concomitant diseases that manifest in el-
derly populations, further diagnostic testing is required, as the
traditional tools face more challenges in distinguishing pre-
existing diseases and impairments from epilepsy. A 2014 re-
port by S. Ghosh and L. E. Jehi stated that nearly 25% of
new-onset seizure cases occur after age 65, the incidence of
epilepsy in this group is twice that compared to children, and
in people over age 80, it is triple??. Another study of older
adults with epilepsy found that 37% of individuals admitted
to the epilepsy monitoring unit (EMU) were correctly diag-
nosed at initial evaluation, as well as identifying an average
diagnostic delay greater than 2 years from symptom onset*,
This goes to show that for elderly individuals presenting with
seizures and other symptoms of epilepsy, proper, comprehen-
sive treatment is ideally achieved at specialized epilepsy cen-

ters 10,

Advances in Diagnostic Technology & the Role of Special-
ized Epilepsy Centers

Epilepsy centers provide a comprehensive team approach
to the diagnosis and treatment of seizures and epilepsy '°.
Epilepsy centers are especially effective in diagnosing
epilepsy for the elderly because of their advanced diagnostic
methods, such as prolonged video EEG monitoring, high res-
olution 3T MRI with epilepsy protocols, PET and SPECT for
identifying hidden epileptic foci, and their multidisciplinary
team approach 10-32:38.39,

Prolonged video EEG monitoring is a diagnostic procedure
used for patients experiencing seizures and unexplained neu-
rological symptoms. Unlike the standard EEG, this service
captures continuous brain wave data along with video record-
ings of patient behavior over several days32. This method al-
lows for accurate diagnosis that standard EEGs might miss
due to the combination of EEG patterns with visible symp-
toms on video32. With this long-term video feature, prolonged
EEG monitoring captures neurological events that standard

EEGs often miss due to their limited duration3?. Although
prolonged monitoring requires patients to stay in a specialized
unit for several days, the extended duration is necessary be-
cause seizures in elderly patients are infrequent, and capturing
one in a safe, monitored, and controlled environment improves
the chance of an accurate diagnosis>2.

Advanced MRI scans at specialized centers help identify the
etiology of seizures?®. An epilepsy protocol MRI is different
from the standard brain MRI because it uses specific imaging
sequences, which are different imaging protocols used to high-
light specific brain structures or abnormalities, acquires thin-
ner imaging slices, and incorporates targeted viewing angles
that are designed to better visualize brain regions commonly
involved in seizure origin3’.

Al has become an increasingly prominent focus of medi-
cal research in recent years. Studies on Deep Learning (DL)
and Machine Learning (ML), the core of Al, have been ap-
plied and tested in epilepsy imaging. The primary focus was
on lesion detection and localization of epileptogenic areas*!.
Currently, in the U.S., many Al-driven approaches are being
researched across different neuroimaging modalities, the ul-
timate goal being to integrate these approaches into clinical
practice for the diagnosis and treatment of epilepsy. As com-
puting power continues to advance, the clinical implementa-
tions of Al are expected to accelerate*!.

A study performed by W. Gu, C. Yang, et al. aimed to as-
sess the feasibility of using artificial intelligence-assisted com-
pressed sensing (ACS) to reduce brain MRI scan time while
maintaining image quality and diagnostic accuracy*?. The
study emphasized that conventional brain MRI protocols are
time consuming which can lead to patient discomfort and in-
efficiency in clinical settings. Seventy patients from the de-
partment of neurology underwent brain MRI scans using both
conventional and ACS protocols, and they concluded that the
ACS technique reduces brain MRI scan time by 29.2% while
achieving higher image quality and equivalent diagnostic ac-
curacy compared to the conventional protocol *2.

Positron emission tomography (PET), is a method that in-
volves monitoring the chemical changes to produce detailed
images of the brain, where a radioactive tracer is used to
visualize brain activity in order to pinpoint the location of
seizures. Single-photon emission computerized tomogra-
phy (SPECT) scans work to use a radioactive substance along
with a special camera to create 3D images with the primary
purpose of analyzing how the patient’s organs are function-
ing by mapping blood flow3?. PET and SPECT scans help
diagnose epilepsy in the elderly population by showing how
the brain functions in response to radioactive tracers, allow-
ing analysts to pinpoint seizure origins that structural imaging,
such as MRI, might miss>%3°. When standard MRI, PET, and
SPECT were compared in a study for localizing epileptogenic
foci, PET and SPECT show higher localization rates, PET de-
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tected lesions in 77.7% of patients, and ictal SPECT in 70.3%,
whereas MRI localized only 59.8% of lesions*’.

Both scans analyze the brain’s response to radioactive ma-
terial, and pinpoint seizure origin, serving as an effective tool
to accurately diagnose epilepsy for elderly patients. This
technological prowess is complemented by the coordinated
care overseen by neurologists, neuropsychologists, radiolo-
gists, and geriatric specialists at specialized epilepsy centers.
For this reason, these centers are associated with higher de-
tection rates when diagnosing epilepsy in elderly patients than
standard hospitals or general neurology clinics 383,

A meta-analysis by M. W Lowerison, et al., show that pa-
tients treated at comprehensive epilepsy programs have a sig-
nificantly lower standardized morality rate, 2.8% compared
to 9.4% in nonspecialist care, suggesting more accurate di-
agnosis and effective management of epilepsy and associated
medical emergencies44. The traditional, standard diagnostic
tools will prove useful for younger patients, but the advanced
technology that specialized epilepsy centers offer, along with
a team approach of various, unique specialists, offer the most
promising avenue for accurate epilepsy diagnoses in elderly
patients '°. Figure 4 accounts for the overall process of diag-
nosing epilepsy, as well as taking into account the limitations
of traditional diagnostic tools that play a factor in generating
inconclusive results. Advanced testing is a secondary mea-
sure for elderly patients that typically yields more conclusive
results. If etiology remains unclear, clinicians are able to con-
sider an alternative diagnosis for the elderly patient through
additional testing and coordination of care.

A crucial dimension of evaluating advanced diagnostics
involves analyzing their institutional cost implications, ac-
cessibility barriers, risks of false-positive categorization, and
whether highly accurate spatial localization actively translates
into improved long-term patient clinical outcomes. While the
initial financial costs of advanced protocols, such as 24 hour
prolonged video-EEG (VEEG) or high-resolution epilepsy
protocol MRI are higher than routine EEG and standard
MRI (brief 20-30 minute studies), head-to-head clinical data
demonstrates that advanced methods are highly cost-effective
due to a drastic reduction in subsequent healthcare utilization.
Furthermore, long-term monitoring mitigates a key safety con-
cern in geriatric care: the risk of false positives.

In a comparative cohort study by H. Zhou, evaluating 140
post-stroke patients, prolonged 24 hour VEEG demonstrated
a superior accuracy in correctly distinguishing true epileptic
events from non-epileptic mimics (95.71% accuracy) com-
pared to routine short-duration EEG protocols (68.57% accu-
racy), significantly minimizing the risk of a diagnostic false
positive®. In the same cohort, advanced VEEG achieved
a successful focus localization rate of 80.00% compared to
the 40.00% localization success rate of standard EEG proto-
cols. Rather than remaining a theoretical benefit, this pre-
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*  Subtle interictal
epileptiform discharges

harder to detect
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Figure. 4 Flowchart summarizing the steps taken, and key factors
contributing to the difficulty of diagnosing epilepsy in older adults.
The diagram highlights non-specific symptoms that can contribute
to inconclusive results, and alternative diagnoses such as syncope or
psychogenic attacks. The diagram also emphasizes the importance of
advanced diagnostics in improving detection and guiding appropriate
clinical care. Flowchart produced by Aaron Mishra.

cise structural and electrophysiological localization directly
altered active clinical practice, leading to targeted treatment
adjustment rates that were higher in the advanced monitor-
ing group (57.14%) compared to the standard protocol group
(30.00%). These adjustments allowed clinicians to tailor ther-
apy immediately, accelerating the time from symptom onset to
definitive therapeutic control (21.15 hours vs 25.24 hours). By
preventing costly, unnecessary long-term treatments for non-
epileptic conditions and reducing overall hospital length of
stay, this improved clinical pathway directly translates into en-
hanced economic efficiency for institutional healthcare funds.

Across multiple U.S. studies, routine EEG has consistently
demonstrated limited capability in detecting seizure activity
for geriatric patients. This is shown through clear abnormal-
ities in 26-35% of older adults compared to 78% in younger
populations>*3!. This limitation is likely due to brief moni-
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toring windows that frequently fail to capture ictal or interic-
tal events. Additionally, this diagnostic limitation is worsened
by normal aging, which alters EEG baseline characteristics
through increased theta wave activity. This increase in theta
wave activity, coupled by a decrease in alpha wave activity,
causes the background to appear slower and more irregular,
possibly obscuring true epileptiform markers or mimicking
pathological findings.

Dementia-associated increases in occipital spectral power
and variability closely resemble epileptic features, creating
a highly complex clinical interpretation. Clinical data from
one tracking cohort reveals a 37% correct initial diagno-
sis rate and an average diagnostic delay extending over two
years*?. Structural neuroimaging also exhibits inherent lim-
itations within this demographic. Conventional MRI often
misses subtle epileptogenic lesions due to age-related brain
changes, and CT scans have an even lower diagnostic sensi-
tivity than is needed to capture small abnormalities or mesial
temporal sclerosis?’.

Conversely, advanced diagnostic modalities offer definitive
quantitative advantages. This is shown through how video-
EEG monitoring changed the diagnosis or treatment plan in
55% of elderly patients in one retrospective series, along with
high resolution epilepsy-protocol MRI achieves a 91% detec-
tion rate 7. Functional imaging modalities, such as SPECT
and PET complement this diagnostic precision, with localiza-
tion rates of epileptogenic foci being 77.0% and 70.3% re-
spectively, compared to the standard MRI at 59.8%*3. Mod-
ern integrations like Al-assisted compression scanning (ACS)
reduce overall brain MRI acquisition time by 29.2% while de-
livering higher structural image quality compared to conven-
tional protocols*2.

Discussion

This review reaffirms that in the U.S., epilepsy is substantially
more difficult to diagnose in elderly patients compared to non-
elderly patients due to age-related neurological changes, co-
morbid neurodegenerative diseases, and limitations of routine
diagnostic tools. Routine EEG demonstrated significantly re-
duced detection rates in older adults, with only 26-35% of
recordings showing clear seizure activity compared to 78%
in younger patients>*3!. Age-related changes increase theta-
wave activity in elderly individuals, contribute to background
slowing on the EEG baseline, and could play a role in higher
rates of misdiagnosis within this demographic“®. Conven-
tional structural imaging, such as the standard MRI and CT,
often failed to identify subtle epileptogenic lesions, reducing
the ability of routine imaging alone to detect epilepsy-related
abnormalities.

The shift from alpha to theta waves causes the EEG base-
line in older adults to appear abnormal, even without epileptic

activity because it can saturate an EEG with lower frequency
waves, as shown in Figure 3. EEG reads these waves slowly,
effectively visualizing abnormalities in readouts, making true
epileptic activity harder to detect in the elderly compared to a
young, epileptic individual *7-23.

Aging also constitutes a significant risk factor for neurode-
generative diseases, and patients with dementia exhibit abnor-
malities in EEG readings, due to higher spectral power (S)
and standard deviation (SD) values in the occipital region '+13.
S measures the intensity of brainwave activity in slower fre-
quency bands, while SD reflects the variability of that activity
over time . The occipital region is where the brain’s elec-
trical activity is more irregular and less stable over space and
time, suggesting disrupted neural organization and thus mak-
ing EEG patterns harder to interpret in elderly patients com-
pared to healthy individuals 4.

To deeply evaluate these findings, it must be recognized
that reduced diagnostic yields are heavily driven by the dis-
tribution of specific seizure types in geriatric patients. Unlike
younger populations, who frequently present with generalized
overt tonic-clonic convulsions, older adults primarily mani-
fest focal impaired awareness seizures characterized by subtle,
non-specific symptoms like brief confusion, memory lapses,
and unresponsiveness. These subtle clinical presentations do
not consistently generate high-amplitude surface EEG spikes
during short routine windows.

Furthermore, age-related physiological changes slow down
hepatic and renal clearance, narrowing the therapeutic window
and driving medication toxicities. When elderly patients un-
dergo routine testing while taking multiple concomitant med-
ications or adjusting to newly-titrated ASMs, these drug inter-
actions introduce confounding background electrical changes.
This medication-induced baseline disruption can cause promi-
nent background slowing that directly mimics or hides an ac-
tive seizure focus, making clinical interpretation much more
difficult.

A rigorous methodological critique of the primary litera-
ture reveals significant selection biases and variations in de-
sign that limit direct cross-study comparisons. For example,
the landmark data revealing that clinicians failed to consider
epilepsy in 26% of initial cases is drawn from a specialized co-
hort within the Veterans Affair (VA) healthcare system. This
introduces a distinct demographic bias, skewing heavily male
and older with a high density of chronic systemic comorbidi-
ties.

Similarly, the finding that only 37% of elderly individuals
are correctly diagnosed at initial evaluation stems from a se-
lective group of patients referred to a Tertiary Epilepsy Moni-
toring Unit (EMU). Because EMUs naturally attract medically
refractory, ambiguous, or complex cases, this 63% misdiagno-
sis rate may overstate the diagnostic gap found among general
community-dwelling older adults.

8 | NHSJS Reports

© The National High School Journal of Science 2026



The data that cites a 91% detection rate for epilepsy-
protocol MRI versus 50% for standard MRI is evaluating
structural lesion identification. This framework is method-
ologically distinct from trials that evaluate Al-assisted com-
pression scanning (ACS), as it used a sample size with 70
neurology patients to test scan time reduction and speed acqui-
sitions, which was found to be a 29.2% reduction. They also
tested for image quality, and the overall goal of both studies
was very different, as ACS evaluates time and image quality,
while the comparison to epilepsy-protocol MRI to standard
MRI focuses on diagnostic sensitivity for lesion identification.
Along with these two different methodologies, tracking data
across an expansive time period (1980-2025) creates a tempo-
ral bias. Comparing more recent developments such as PET
(77.7% capture) and ictal SPET (70.3%) against historically
lower-resolution conventional imaging protocols can be seen
as an inaccurate representation of the capabilities of advanced
diagnostics. Rather, comparing these advanced modalities
to modern, high-field structural baselines would have been a
stronger comparison. Likewise, the 55% data point describing
the impact of prolonged video EEG monitoring is drawn from
a single, retrospective study of only 20 elderly patients, and
does not evaluate epileptiform detection yields. This figure
instead highlights that video EEG monitoring altered a prior
diagnosis or treatment plan, limiting its comparability to the
detection-rate statistics cited elsewhere in this review.

These results are significant because they highlight a crit-
ical diagnostic gap in geriatric epilepsy care, reinforcing ex-
isting concerns that while routine EEG and standard imaging
are fundamental, they may lack the necessary sensitivity to
capture subtle epileptogenic activity in the geriatric popula-
tion. In the United States, advanced diagnostic technology,
such as prolonged video-EEG monitoring and high-resolution
epilepsy protocol MRI, has been shown to be essential in the
accurate diagnosis of epilepsy in elderly patients. Conse-
quently, this review supports a shift toward more specialized
and comprehensive diagnostic approaches in clinical care for
elderly populations.

Clinical studies performed by I. Drury, & A. Beydoun, &
M. E. Lancman, et al. suggest that epilepsy is harder to diag-
nose in older adults with pre-existing cognitive impairments,
shown by low detection rates of epileptiform activity in stan-
dard EEG yield 35%. However, prolonged video EEG moni-
toring changed the diagnosis or treatment plan in 55% of el-
derly patients evaluated while adjusting for the overlapping
symptoms from non-epileptic conditions that complicate clin-
ical interpretation>*?3. Another study showed that only 37%
of elderly adults were correctly diagnosed initially, indicating
a misdiagnosis rate above 60% within this study. These re-
sults highlight that numerous potential barriers exist that may
affect clinicians ability to formulate an appropriate differen-
tial diagnosis, such as a detailed history or inadequate moni-

toring*°. The findings consistently support the hypothesis that
these factors significantly increase the likelihood of misdiag-
nosis or delayed diagnosis in elderly populations when com-
pared with non-elderly populations in the United States.

Integrating advanced diagnostic technology into routine
clinical practice for geriatric epilepsy is crucial to reducing
the disadvantages epileptic elderly patients experience. Pro-
longed video EEG monitoring addresses the diagnostic lim-
itations of the routine EEG by allowing for more time to
capture ictal or interictal activity. Additionally, it shows a
correlation between electrical abnormalities along with clin-
ical behavior, which are especially valuable in the distinction
of epileptic seizures from non-epileptic events, or other age-
related issues. The study that was performed by W. Gu, C.
Yang, et al. supported the idea that advanced diagnostic pro-
tocols, such as ACS should be incorporated in routine clinical
use in MRI as it is a more efficient process that retains higher
image quality while reducing scan time*?. Functional imaging
techniques, such as PET or SPECT, further improve diagnos-
tic accuracy by identifying regions of seizure activity, through
the precise visualization of cerebral glucose metabolism and
localized brain tissue blood flow. Together, these advanced
modalities significantly reduce diagnostic uncertainty and pro-
vide complementary structural, functional and electrophysio-
logical information.

A highly efficient and justified allocation of medical re-
sources is the expansion of federal and private insurance reim-
bursements. Targeted Medicare funding through the Centers
for Medicare and Medicaid Services (CMS) in collaboration
with the National Association of Epilepsy Centers (NAEC),
represents a strong economic model. The compounding eco-
nomic burden of geriatric epilepsy misdiagnosis frequently
manifests as expensive emergency department admissions for
fall-related trauma, prolonged hospitalizations, and unneces-
sary polypharmacy. Financially prioritizing advanced diag-
nostics reduces this burden.

The strength of this economic model is reinforced by re-
cent comparative cohort data from H. Zhou, which demon-
strates that 24-hour prolonged video-EEG protocols drasti-
cally optimize clinical management—proving that this higher
diagnostic accuracy represents a highly cost-effective utiliza-
tion of hospital funds by preventing costly, incorrect long-term
treatments- by correctly distinguishing true epileptic events
from non-epileptic mimics (95.71% accuracy vs 68.57% ac-
curacy in routine protocols). Furthermore, the fact that pre-
cise localization metrics (80.00% vs 40.00%) directly trans-
lated into nearly a doubling of active medication adjustments
(57.14% vs 30.00%) shows that specialized diagnostics yield
immediate, tangible improvements in patient care workflows
rather than serving as minor observational improvements.

However, despite these definitive clinical benefits, systemic
accessibility remains a primary barrier. Advanced diagnos-
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tic systems remain heavily concentrated within specialized
tertiary epilepsy networks, severely limiting access for older
adults situated in rural or community-hospital environments.
This geographic isolation is compounded by stark wealth-
based disparities; national cohort data indicates that while
wealthier, privately insured patients consistently secure access
to specialized epilepsy centers, lower-income, uninsured, and
publicly insured (Medicaid/Medicare) individuals experience
deep systemic barriers when attempting to access advanced di-
agnostic tools like video-EEG monitoring. Bridging this care
gap requires targeted insurance restructuring and resource re-
distribution, ensuring that inconclusive routine screening trig-
gers an immediate, mandatory transfer to advanced diagnostic
testing.

Consequently, clinical protocols for geriatric epilepsy must
be restructured so that an initial negative or inconclusive result
from routine diagnostics triggers the immediate, mandatory
escalation to advanced diagnostic testing rather than delaying
care. Clinicians should not interpret routine EEGs or standard
neuroimaging as a ruling-out of epilepsy in older patients with
highly suspicious clinical symptoms.

U.S. Healthcare structure matters here because its multi-
payer, fragmented design directly undermines clinical effi-
ciency and equity in chronic disease management. Accord-
ing to an international comparison published in the BMJ, the
United States healthcare system consistently ranks last among
industrialized nations on core performance metrics including
quality, efficiency, equity, and overall access to care*’. On a
global scale, diagnostic disparities are heavily divided by na-
tional wealth and infrastructure, as highlighted by C.R. New-
ton et al. In low-income and socioeconomically deprived re-
gions, the international diagnostic divide manifests as a mas-
sive epilepsy treatment gap exceeding 60%*®. In these im-
poverished settings, disparities are driven by a lack of ac-
cess to standard biomedical diagnosis, severe social stigma
that bars patients from seeking care, and an erratic supply of
AEDs. This lack of diagnostic framework results in a substan-
tially higher mortality rate internationally, with most deaths
directly tied to untreated epilepsy communications, such as
status epilepticus or traumatic injuries from falls. This global
context underscores that while low-income nations face ba-
sic resource and biomedical access deficits, the United States
presents a highly uniquely complex paradox where highly ad-
vanced technology exists but is restricted by corporate and
public insurance design.

The barrier to accessing advanced diagnostics within the
United States is explicitly tied to outdated public reimburse-
ment policies that fail to keep pace with medical innovations.
As outlined by L. Reilly et al., the foundational architecture of
the modern U.S. Medicare program was established in 1965,
long before the emergence of advanced digital diagnostic tools
or sophisticated neuroimaging protocols*’. Because these

rigid public coverage frameworks are slow to adapt, the con-
temporary healthcare system lacks consistent billing and cod-
ing pathways for newer clinical technologies to be put into use,
directly restricting wider patient access to sophisticated diag-
nostics. This institutional restriction is further compounded
by pre-Medicare commercial market boundaries, where high
out-of-pocket costs and intensive prior authorization hurdles
frequently cause near-elderly individuals to defer expensive
testing.

To bridge the critical diagnostic gaps identified in this re-
view, future research must prioritize three key areas. First,
there is an urgent need to develop and validate geriatric-
specific diagnostic algorithms that mandate the escalation
from inconclusive routine diagnostic protocols to advanced
modalities like video-EEG and epilepsy-protocol MRI. Sec-
ond, large-scale prospective clinical trials are required to
directly compare the long-term clinical outcomes, cost-
effectiveness, and healthcare resource utilization of standard-
of-care routine protocols against early advanced neuroimag-
ing and electrophysiological diagnostics in older cohorts. Fi-
nally, the neurophysiological community, led by organiza-
tions such as the American Clinical Neurophysiology So-
ciety (ACNS), must establish standardized EEG interpreta-
tion criteria tailored specifically to aging populations. These
standards are essential to help clinicians navigate the com-
plex background electrical activity introduced by pre-existing
cognitive and neurodegenerative comorbidities, which fre-
quently mask or mimic distinct seizure foci or mimic epilep-
tic features. Additionally, standardized criteria would provide
clearer benchmarks to ensure that normal age-related baseline
changes—such as the potential shift from alpha to theta rhyth-
mic frequencies—are not misinterpreted as pathological, inter-
ictal epileptiform activity.

Conclusion

In traditional clinical protocols for geriatric epilepsy, older pa-
tients are frequently treated identically to younger cohorts,
failing to account for the diagnostic complexity, along with
the unique neurophysiological and pharmacological complex-
ities of the aging population. This standard approach, which
relies heavily on routine screenings, performs significantly
worse compared to more advanced modalities. This is due
to age-related baseline slowing, comorbid neurodegenerative
diseases, and polypharmacy, which all frequently mask or
mimic active seizure markers. In order to reduce high rates
of misdiagnosis, minimize diagnostic delays, and optimize
long-term geriatric patient outcomes, clinical practice must
make a shift. Incorporating advanced diagnostic modalities,
such as the prolonged video-EEG, specialized high resolution
epilepsy protocol MRI, functional brain imaging, and ACS
into geriatric care is critical. Even though these technolo-
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gies have a higher initial investment, the superior diagnos-
tic sensitivity and precision outweigh the associated costs, as
healthcare efficiency is ultimately enhanced. This would dras-
tically reduce the clinical and financial burdens of unmanaged
epilepsy in the United States.
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