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Abstract
In the actual demographic and pandemic context, epilepsy in people over 65 years is a multidimensional issue and a
challenge to public health care. Systematic reviews and meta-analyses on the subject are scarce. A systematic and synthetic
analysis of the literature published in the last 10 years (2011 - 2020) was performed, using the “Preferred reporting items for
systematic reviews and meta-analyses” (PRISMA) paradigm. All identified papers were subjected to a standardized related
filtering endeavour, in five steps, using PRISMA inspired selection methodology. Ultimately, there were selected 56 eligible
articles; nonetheless, we enlarged our bibliographic base with additional resources related to the subject, freely discovered in
the literature. The paper emphasizes elements of descriptive epidemiology, clinical presentations, differential diagnosis, and
special issues in the treatment and prognosis of late-onset epilepsy in the elderly. The therapeutic decision in late-onset
epilepsy is considered in the holistic frame of the neurologic pathology, pharmacological and pharmacokinetic issues specific
for the old persons. The elderly is susceptible to drug-induced acute seizures because of the high prevalence of co-morbidities
or polypharmacy. Special considerations were focused on COVID-19 associated seizures. Management of elderly patients
with late-onset seizures/epilepsy requires special considerations concerning the positive and differential diagnosis, aetiology,
prognosis and treatment.

Rezumat
În contextul demografic și pandemic actual, epilepsia la persoanele peste 65 de ani este o problemă multidimensională și o
provocare pentru serviciile de sănătăte publică. Recenziile sistematice și meta-analizele pe acest subiect sunt rare. A fost
efectuată o analiză sistematică și sintetică a literaturii publicate în ultimii 10 ani (2011-2020), folosind paradigma de raportare
pentru revizuiri sistematice și meta-analize (PRISMA). Toate lucrările identificate au fost supuse unui efort de filtrare
standardizat, în cinci pași, folosind metodologia de selecție inspirată de PRISMA. În cele din urmă, au fost selectate 56 de
articole eligibile; cu toate acestea, s-a lărgit baza bibliografică cu resurse suplimentare legate de subiect, descoperite liber în
literatură. Lucrarea subliniază elemente de epidemiologie descriptivă, prezentare clinică, diagnostic diferențial și probleme
speciale în tratamentul și prognosticul epilepsiei cu debut tardiv la vârstnici. Decizia terapeutică în epilepsia cu debut tardiv
este considerată în cadrul holistic al patologiei neurologice, problematicii farmacologice și farmacocinetice specifice vârstnicilor.
Vârstnicii sunt susceptibili la convulsii acute induse de medicamente din cauza prevalenței mari a comorbidităților sau polipragmaziei. Considerații speciale s-au concentrat asupra convulsiilor asociate cu COVID-19. Managementul pacienților vârstnici
cu convulsii/epilepsie cu debut tardiv necesită considerații speciale privind diagnosticul pozitiv și diferențial, etiologia,
prognosticul și tratamentul.
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to rise from 87.5 million in 2010 to 152.6 million in
2060 [2].
Many neurological conditions, such as stroke,
Alzheimer's, or Parkinson's diseases are typically

Introduction
People over 65 years represent the fastest-growing
age group globally, estimated to rise up to 1.2 billion
in 2025 [1]. In the European Union, it is predicted
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year’s diagnosis, or late-onset (LOE/or new-onset)
seizures in the elderly. LOE means occurrence of first
time (de novo) seizures after the age of 65, in a person
with no previous epileptic history.
Typically, up to 70% of LOE have focal onset, with or
without secondary generalization [22, 28-30], triggered
by the local/regional structural cerebral modifications
and aetiology. Onset with tonic-clonic convulsions is
relatively rare [22, 31].
According to the Epilepsy Foundation, up to 10%
of people may have a lifelong seizure, while 1/26 of
subjects will develop epilepsy [32]. Establishing a
correct differential diagnosis between epilepsy and
other seizure disorders in the elderly has tremendous
importance [5].
LOE represents a unique challenge in an increasingly
prevalent population [33], due to the frailty of age,
the complexity of comorbid medical and neurological
disorders, and has become a worldwide public health
problem [13, 27, 34].

nomological entities attributed to the elderly; other
diseases, such as epilepsy or traumatic brain injury
have a second peak at old age [3-9]. During the last
40 years, the age-related incidence of epilepsy
significantly increased among old individuals (from
57 per 100,000 to 217 per 100,000) [10].
Global and regional variations in epileptogenesis are
recorded all over the world and depend on sociodemographic, respectively country-specific socioeconomic factors. Socio-economic and educational
status create disproportionate discrepancies between
high- vs. lower-middle-income economies, regarding
incidence, prevalence, mortality, disability, and the
quality of life of epileptics. In low-income populations,
the global burden of epilepsy is higher and access
to performant medication is limited [8, 9, 11-18].
Patients 70 - 80 years old have seizures twice or
three times more frequently than in childhood [4, 6].
The annual incidence of recurrent unprovoked epileptic
seizures is 90/100,000 in people 65 - 69 years old,
and estimated to be more than 150/100,000 for those
over 80 years [4].
The incidence, prevalence, and mortality of epilepsy
vary in well-defined populations, and across countries
with different economies [16, 17]. Disparity results
from methodological problems, possible seizure
remission and/or premature mortality, socioeconomic
factors, and social stigma [19].
Epilepsy is the third most prevalent neurological
condition affecting the elderly, after stroke and dementiarelated diseases [20]. The elderly is prone to multiple
comorbid diseases that may be risk factors for lateonset epileptic (LOE) seizures, such as stroke, neurodegenerative diseases, brain tumours, traumatic brain
injury, neuroinfections [12, 20-22].
According to the ILAE (International League Against
Epilepsy), seizures and epilepsy are not the same,
and the onset of a single seizure does not mean
epilepsy [23]. For example, heavy alcohol consumption
is associated with epilepsy, whereas alcohol withdrawal
can cause seizures, but not epilepsy [24, 25].
Seizure is a paroxysmal neurological event and epilepsy
is a “disease involving at least two unprovoked (or
reflex) recurrent seizures, occurring more than 24
hours apart or after one seizure, if risks of recurrence
are “high” (> 60%)” [23].
Seizures are short-term events, frequently occurring
in the absence of witnesses, so old persons living
alone might have seizures that can remain unknown
[4, 7, 26, 27] and in about half of the cases, no obvious
aetiology can be detected [7, 22, 23].
Both seizures and epilepsy manifest with paroxysmal
episodes, characterized by aberrant (excessive or hypersynchronous) bio-electrical cerebral activity, in the
form of sudden and recurrent stereotypical clinical
events [20, 23].
Epilepsy at old age has two main clinical and etiopathogenic aspects: a chronic illness from an early

Materials and Methods
A systematic and synthetic analysis of the literature
published in the last 10 years (2011 - 2020) was
performed, using the “Preferred reporting items for
systematic reviews and meta-analyses” (PRISMA)
paradigm. The following medical databases were
interrogated: WoS, Elsevier, NCBI/PubMed, NCBI/
PMC, PEDro, using a series of keywords combinations/
syntaxes. All identified papers were subject to a
standardized related filtering endeavour, in five steps,
using PRISMA-inspired selection methodology.
Results and Discussion
Ultimately, there were selected 56 eligible articles;
nonetheless, we enlarged our bibliographic base with
additional resources related to the subject, freely
discovered in the literature.
Endogenous and exogenous risk factors for seizures
and epilepsy in the elderly. The predisposition to
further development of symptomatic convulsions and
epilepsy is miscellaneous: systemic and extracerebral
disorders (metabolic or electrolyte disturbances, toxic
factors, inappropriate administration or sudden
discontinuation of psychotropic drugs or within 48 h
of cessation of prolonged drinking, hypothyroidism,
pneumonia, urosepsis and hepatic failure) [4, 25,
32, 35].
Many old persons may have dysbiosis of gut microflora and inflammatory bowel disease. Dismicrobism
predisposes to dysregulation of the gut-brain interrelations and possible LOE [36].
Reactive psychological issues (depression, anxiety
and sleep deprivation) or long-term morpho-pathological
sequelae of brain injuries are the most common comorbidities and risk factors for recurrent seizures [7,
21, 29, 37]. Cerebrovascular diseases, including stroke,
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account for 30 - 50% of LOE in the old age population
[38].
Older people are more sensitive to the neurotoxicity
of specific drugs and susceptible to drug-induced
acute seizures, because of the high prevalence of
comorbidities and polypharmacy [29, 37].
A wide range of medications commonly used by the
elderly have proconvulsant side effects and precipitate

drug-induced symptomatic acute seizures: antibiotics
such as carbapenems (mero-/; erta-/; imipenem); highdoses of penicillin; antihistamines (desloratadine);
pain medication (tramadol or high-dose opiates);
initiation or withdrawal of antipsychotics or antidepressants (clomipramine, bupropion); theophylline,
Levodopa and even Ginkgo biloba herbal remedies
[32].

Figure 1.
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta‐Analyses) diagram of the literature search
Antihypertensive, diuretics, some antidepressants,
even anti-epileptic drugs (such as carbamazepine
(CBZ), or the newer one oxcarbazepine (OXC),
particularly when co-administered with diuretics) can
induce hyponatremia in the elderly, although this
might be asymptomatic [3, 4, 35]. Sodium concentrations
below 125 mmol/L are associated with an increased
seizure risk in the elderly [35].
Neurotrophic agents have no active role in epileptogenesis and may be used to treat patients who share
epilepsy as a co-morbidity (e.g., elderly epileptic
patients with stroke). Strict patient monitoring is
required to ensure appropriate choice and effective
doses of antiepileptic treatments [39].
Epilepsy can be caused by many conditions that affect
the brain. Acute symptomatic seizures in older patients
are common in close temporal association with brain
injuries [21, 26, 40-44]. About 1 - 2% of the geriatric
population has epilepsy secondary to cerebrovascular
diseases, which means a third of the identifiable causes
of seizures and epilepsy in older people [12, 22, 29, 31].

Stroke (mainly ischemic) is a common cause of adult
and elderly-onset epilepsy [12, 13, 21, 38, 41, 42, 45,
46], and incidence of early post-stoke seizures (PSS)
varies from 2% to 33% [47]. Focal-onset seizures in
the elderly occurred most commonly (84%) after
stroke [13].
Approximately 45% of the de novo seizures over the
age of 60s are attributed to ischemic or haemorrhagic
strokes [12]. There are two peaks in occurrence:
during the first days (24 - 48 hours) or during the
first 7 [12, 48], up to 14 days [13]. Early-onset PSS
could be a presenting feature and common cause of
emergency hospitalization, or a complication that
occurred within the first 14 days after the cerebral
accident, and are reported in about 4.2% of patients
[12].
Intracerebral and/or subarachnoid hemorrhage and
hyponatremia are risk factors for early PSS [38].
The second pick of incidence occurs remotely at 6 12 months after stroke [12, 42, 48]. Epileptogenesis
in the aforementioned clinical situations has different
morpho-pathological substrates [42].
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A previous history of ischemic stroke is the leading
putative cause (22.6%) for seizures recurrence and
LOE [12, 13, 21, 42] in more than 72 - 80% of cases
[21].
Epidemiological evidence suggests a bidirectional
relationship between epilepsy and stroke; in the
elderly who develop LOE, the risk for a possible
subsequent stroke is 3 times higher [21, 49]
although this pathophysiological relationship remains
unclear [50].
Post-stroke seizures/epilepsy can be managed using
long-term anti-seizure medications (AEDs), associated
with good seizure outcomes [13].
Most issues (40%) were controlled with monotherapy
(i.e., sodium valproate VPA) [13, 14, 21], initiated
promptly after the first seizure [13, 21], although it
is more cautious to avoid VPA in elder patients due
to its adverse effects.
Seizure recurrence induces neurobiological insults
in the central nervous system, respectively cognitive,
psychological and social consequences. Prophylaxis
with AEDs should be administered in post-stroke late
epileptic attacks, because recurrence is double (54%)
in patients without AEDs treatment, during the firstyear post-stroke [48].
Although AEDs failed to prevent recurrence and
freedom of crises in all persons at risk [13, 14, 21],
overall effectiveness was satisfactory in 80.5% of
patients, who achieved significant seizure reduction
at the two-year follow-up evaluation [13].
New-generation AEDs levetiracetam (LEV) and
lamotrigine (LTG) – where available [13] – have
the best tolerance and are appropriate for managing
post-stroke seizures [42, 47].
Gabapentin (GBP) and LTG were approved and are
considered to be more effective than CBZ because
they do not interact with anticoagulants and antiplatelet
drugs, prescribed in the elderly with post‐stroke
epilepsy [45].
A large study comparing over 3,000 Taiwanese
patients with late-onset post-stroke epilepsy revealed
that in those treated with VPA or new AEDs (OXC,
vigabatrin, tiagabine, LTG, LEV, topiramate, GBP and
pregabalin) used as a first-line therapeutic option,
exacerbation of seizures and hospitalizations were
lower compared to patients treated with phenytoin
(PHT) or CBZ [51].
Post-critical partial or complete motor deficit (Todd`s
paralysis) is a temporary neurological condition
experienced after a seizure and must be differentiated
from stroke recurrence [52].
Dementia and late-onset epilepsy (LOE)
Primary neurodegenerative disorders associated with
cognitive impairment (especially Alzheimer's disease
and vascular dementia) are at significantly higher risk
of developing epileptic seizures than in the general
elderly population [53-56].

Approximately 10 - 22% of older people with
Alzheimer's dementia have at least one unprovoked
seizure that occurs in later stages (usually after 6
years of disease) [57]. A cohort study of over 3
thousand patients with mild to moderate Alzheimer’s
evaluated the risk for new-onset seizures, and estimated
an incidence rate of 484 per 100,000 persons [56].
Neurodegenerative processes expose the elderly with
Alzheimer`s disease to a 5 - 10-fold higher risk of
developing epilepsy, than their non-Alzheimer's
counterparts [20, 58, 59].
LOE in older adults with Down syndrome and
dementia, carriers for APOEε4 alleles was associated
with a 7 - 10-fold increased risk for mortality [60].
Seizures can be an early clinical presentation of
autosomal dominant Alzheimer's familial disease [61],
particularly if there are gene mutations in presenilin
(PSEN1, PSEN2) or amyloid precursor protein (APP)
genes [57]. Evidence suggests common morphopathological connections between Alzheimer’s disease
and LOE, possibly mediated by the underlying vascular
changes and/or tau pathology [53, 55, 62-64]. Loss of
GABA interneurons in the hippocampus (selectively
vulnerable to apoE4-mediated neurotoxicity) leads to
deficiency of inhibitory neural networks and cognitive
decline. Damage to GABA interneurons induces
aberrant network hyperexcitability and hypersynchrony
in the hippocampus and cortex, respectively seizures
[58, 59].
Dementia-associated epilepsy is a two-way relationship and the prevalence of cognitive decline in epilepsy
ranges from 8.1% to 17.5% [13, 63, 64].
Oestrogens and serotonergic neuromodulator drugs
targeting 5-HT1A and 5-HT3 receptors have potentially
neuroprotector proprieties, and might ameliorate seizureinduced neurodegeneration and the recurrent, aberrant
hyper- synchronous neuronal activity [65].
Pre-existing dementia does not exempt the clinician
from ruling out other causes of symptomatic seizures
[54].
Meningitis and cerebral abscesses can affect vulnerable
old persons and can have a fulminant evolution with
lethargy, nausea, vomiting, nuchal rigidity, new-onset
seizures, possible focal neurologic deficits and death
[52].
Sometimes seizures have no obvious clinical causes,
so diagnosing, respectively managing elderly-onset
epilepsy could be challenging [8, 66].
Complex focal brain pathology induces mainly complex
partial seizures (47.1% cases) than simple focal ones
[28]. It's possible to have just one type of seizure, or
more than one type [32] without secondary generalization
(47.1%), mainly in patients with temporal lobe epilepsy
[38]. New-onset complex partial seizures may have
misleading clinical presentations, with atypical features
(episodes of paroxysmal confusion, periods of inattention and memory lapses) mimicking transient
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ischemic attacks, syncope, or transient global amnesia
[7, 26, 28, 38, 67].
Postictal altered state of consciousness, confusion
and memory lapses are particularly prolonged in the
elderly after an epileptic seizure [13].
Status epilepticus (SE), especially refractory SE,
represents a medical emergency, and life‐threatening
condition, with a high mortality rate [68, 69].
It is defined as any clinical and/or electrophysiological
epileptic activity that lasts for more than 5 minutes,
or recurrence of at least two seizures within a 5minute period, without remission to the normal level
of consciousness, between these acute episodes [13,
47, 68].
Its annual incidence is 27.1 per 100,000 elderly people,
approximately 4 - 5 times higher than in nongeriatric
adults, due to specific aetiologies and structural brain
issues [44, 70]. Stroke, neurodegenerative diseases,
brain tumours (typically gliomas, meningiomas, and
brain metastases), traumatic and/or post-surgical brain
lesions/sequelae, encephalitis are leading putative
causes of LOE and SE [7, 13, 22, 70, 71].
About 30% of LOE (new-onset acute) seizures in old
persons will present as new-onset refractory SE, with
a mortality rate approaching 40% [44, 68, 69]. In the
prehospital settings, anti-seizure management consists
of rectal administration of diazepam, or midazolam
(intranasal or buccal) [8]. Experts recommend IM
injectable midazolam, as the drug of choice for outof-hospital, as well as an emergent alternative for
hospitalized patients with SE [71].
Non-convulsive status epilepticus (NCSE) may be
evoked by an acute (prolonged) episode of confusion,
fluctuating awareness, and/or behavioural changes
[5, 70, 72-74], certified by continuous bioelectrical
monitoring and video recordings [13].
The electroencephalogram (EEG) is the most useful
diagnostic method in epilepsy. Standard EEG findings
are fairly typical, and if EEG shows clear epileptiform
discharges, the risk for seizure recurrence is considerably
high [73].
On the other hand, EEG patterns can be highly
variable and sometimes difficult to distinguish an
NCSE (frequently encountered in the elderly) from
a metabolic or infectious encephalopathy [73].
In many cases, EEG is usually recorded late after the
ictal episode, and the absence of epileptic discharges
does not exclude epilepsy [8, 73].
Intensely abnormal EEG grafo-elements could predict
mortality in severe ICU or palliative care patients
[73, 74].
Prolonged or continuous and automated quantitative
EEG monitoring, teleneuro-electrodiagnosis could
detect ictal and/or interictal bioelectrical abnormalities,
useful in the differential diagnosis of NCSE from other
non-convulsive seizures (complex partial seizures
but they are not routinely available [8, 42, 70].

The therapeutic paradigm in (refractory) SE aims at
burst pattern suppression and reducing coma duration,
using intravenously AEDs administration [70]. LCM
(lacosamide) might be a first-choice drug against poststroke NCSE in the elderly [47].
De novo seizures in older patients infected with SARSCoV-2. The coronavirus disease 2019 (COVID-19)
represents a global public health issue. The virus
exhibits neurotropic properties and can invade the
central nervous system (CNS).
Infected patients may develop various clinical
manifestations, including headache, dizziness and
severe CNS related manifestations (such as impaired
consciousness, encephalopathy, encephalitis, seizures
and acute cerebrovascular events), and peripheral
nervous system issues (such as hyposmia/anosmia,
hypogeusia/ageusia, muscle pain and Guillain-Barre
syndrome) [18, 72, 75].
De novo seizures in confirmed COVID-19 may occur
in patients without a history of epilepsy, in both
sexes and of all ages. Yet, the prevalence of newonset seizures associated with COVID-19 is 0.08%
[76] (less than the prevalence rate of epilepsy in the
general population, reported to be 0.7 - 1.0%) [77].
When compared to the mild forms, severe infections
are more likely to induce neurological complications
(30% versus 45.5%) [75].
Critically ill patients are at high risk for encephalopathy, delirium and possible de novo symptomatic
seizures/status epilepticus. The pathological mechanisms
of these complications are multifactorial. Epileptogenesis
might be the consequence of hypoxic respiratory
distress, metabolic derangements and multi-organ
failure, sepsis with dysregulated immunomodulation
(the “cytokine storm”) and autoimmunity against
neuroglia, or a direct SARS-CoV-2 neuronal damage,
chronic cerebral issues (associating pre-existing lowgrade chronic inflammation and downregulated ACE-2
levels), but it can also be induced by the side effects
of medications [72, 75, 76, 78-80, 94].
Acute symptomatic seizures in critically ill infected
with COVID-19 could be the first viral manifestation
or a severe neurologic event during hospitalization,
being associated with hypoxemia, fever and other
risk factors triggering convulsions [76, 78, 81].
Previous chronic (multiple) comorbidities (obstructive
pulmonary disease, diabetes, obesity, dysmetabolic
causes, hypertension, coronary heart disease, liver
or kidney diseases, pre-existing neurological issues,
including stroke, and/or cognitive decline and cancer)
are risk factors that make older individuals – who’s
characteristic bio-pathological status is multi-morbidity –
highly vulnerable for developing severe COVID-19
infections, complicated with multiple organ failure,
and a greater mortality rate.
The neurovirulence and neuroinvasive potential of
SARS-CoV-2 can affect the cardio-respiratory regulatory
nuclei of the brainstem and merge the deadly
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pathological vicious cycle, explaining the very high
mortality rate (80%) among patients with seizures
[76].
Some reports suggest that COVID-19 might increase
the risk of sudden unexpected death in epilepsy
(SUDEP) [75].
Detailed clinical, neurological, imaging and electrophysiological investigations are mandatory in SARSCoV-2 positive old patients with pre-existing cognitive
decline, who present altered mental status, convulsive
status epilepticus, or refractory non-convulsive status
epilepticus with generalized periodic discharges.
Najjar S et al. reported a 71-year-old female SARSCoV-2 positive [72], who presented with altered mental
status and new-onset convulsive seizures, then
aggravated to non-convulsive SE, despite sedation
with propofol and intubation for respiratory difficulty.
The refractory non-convulsive SE with altered EEG
pattern (persistent generalized periodic discharges)
was treated with several AEDs and was associated
with a severe, rapid rise in serum CRP. MRI-DWI
imaging revealed numerous minuscule foci of cerebral
ischemia, distributed bilaterally in the cerebral subcortical white matter.
Although there is no panacea, some drugs were tested
for the treatment SARS‐CoV‐2 infection: atazanavir
(ATV); chloroquine (CLQ); hydroxychloroquine (HCLQ);
favipiravir (FAVI); lopinavir/ritonavir (LPV/r); ribavirin
(RBV); remdesivir (RMD); tocilizumab (TCZ) and
interferon β-1a (IFN-β-1a).
Common anti-seizure medications might have potential
pharmacological interactions with medications tested
against SARS‐CoV‐2. Some anti-virals (such as RBV
and LPV) can have cytochrome-based interactions
with AEDs [82]. Interactions between drug combinations
may be assessed by clinical studies, or predicted based
on their metabolic profiles [83].
The following clinical situations could be expected:
the AEDs – anti-COVID drugs should not be coadministered (due to potentially high toxic levels of
COVID drugs and/or of AEDs); potential clinically
significant interaction, that is likely to require additional
monitoring, alteration of drug dosage or timing of
administration; potential interactions, likely to be of
weak intensity. Additional action/monitoring or dosage
adjustment is unlikely to be required; no clinically
significant interactions expected.
Some AEDs might potentially decrease the exposure
to COVID drugs. This pharmacological effect is provoked
by anti-seizure drugs with hepatic enzyme inducing
effects – such as phenytoin (PHT), carbamazepine
(CBZ), phenobarbital (PB) – metabolized by cytochrome P450s in the liver). They might decrease
remdesivir (RMD) antiviral efficacy [83].
Cytochromes P450, a superfamily of hepatic enzymes
(CYP3A4, CYP2C19, CYP2C9 and CYP1A2) are
involved in the metabolism of drugs (including the
aforementioned AEDs). On the other hand, in COVID

infected patients CYPs are downregulated by elevation
of IL-6 (as well as other cytokines). By reducing
hepatic metabolism (CYP-mediated), and RMD may
augment the plasmatic concentration of co-administered
medication.
Tocilizumab (TCZ) is an IL-6 receptor monoclonal
antibody, with no inhibitory or inducing effects on
CYPs. Inhibition of IL-6 signalling may restore
CYP450 activities to higher levels, leading to increased
metabolism of drugs that are CYP450 substrates, and
subsequently reducing plasmatic concentrations of
other previous co-treatments [83].
Levetiracetam (LEV), gabapentin (GBP) and pregabalin
(PGL) do not cause interactions with any drugs,
including medications tested in SARS‐CoV‐2 infection.
Possible interactions between AEDs with some potentially
antiviral agents are summarized in Table I.
Clinically relevant pharmacokinetic drug interactions
might occur between AEDs and second-generation
antidepressants (fluoxetine, paroxetine, fluvoxamine,
which undergo extensive hepatic degradation mediated
by CYP450 isoenzymes, and metabolically compete
with some AEDs). Taking into account a 0.1% risk of
de novo-seizures induced by the new antidepressants,
it is recommended to avoid the aforementioned
associations [71].
Positive diagnosis in LOE may be challenging because
the elderly already presents a variety of concomitant
complex medical issues (cerebrovascular disease,
cognitive impairment and frailty [29, 33].
Pharmacotherapeutic strategies for LOE and underlying mechanisms
The structural and functional physiological changes
in geriatric patients are characterized by two main
biological hallmarks: reduced serum albumin synthesis
and renal clearance. Age-related physiological decline
affects drug pharmacokinetics and pharmacodynamics
of AEDs [22, 84].
AEDs with high protein binding rates (i.e., CBZ, PHT
and VPA) may have higher serum levels of antiseizure medication. Renally excreted ones (i.e., GBP,
TPM and LEV) have also increased blood concentrations,
due to reduced glomerular filtration rate [38].
Treatment for symptomatic seizures should address
the root cause, using monotherapy (ideally new AEDs
as front-line drugs), whenever possible [7, 28, 29, 38,
68, 85].
The elderly usually responds to first-line anti-seizure
medication (96.3%), require fewer AEDs [28, 38],
and have better tolerability for conventional anticonvulsant medication. Most seizures are controlled
with monotherapy in small, gradually titrated/ increased
doses [10, 13, 21, 38, 42, 43, 86, 87].
LTG, GBP, and CBZ are indicated in patients with
partial seizures, secondary to brain insults [38]. A slowrelease AEDs (carbamazepine retard or sodium valproate
chrono) at the lowest possible dosage could be indicated,
and their blood levels should be monitored.
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Table I
Regular antiepileptic drugs (AEDs) used in seizures / LOE in elderly [8, 29, 73, 92, 95, 96]
Drug

Advantages

Disadvantages

neurotoxicity
CBZ “gold
standard” for
partial
hyponatremia
seizures
allergic reactions
low cost

Potential
Potential
Specific
Cognitive AEs effect on mood AEs in
elderly
more marked in mood stabilizer greater
elderly
risk for
osteopor
osis

dizziness -reduces levels of
can lead Ca++ channel blockers
to falls

studied in
elderly

PHT management
of generalized
tonic-clonic
and complex
partial
seizures

Common
Drug-Drug
interactions
-enzyme induction:
high propensity for
drug-drug
interactions

-enzyme induction:
extensive drug-drug
interactions
- impairs efficacy of:
•
apixaban
dizziness
corticosteroids,
can result •
Ca++channel
low cost
in falls
blockers,
negative effects
•
tricycle
once daily
on lipid
antidepressants
metabolism and
- levels raised by:
cardiac markers
•
H2 antagonists,
•
fluoxetine,
•
VPA
thrombocytopenia, can affect
mood stabilizer tremor at few interactions
VPA “gold
standard” for
cognition
higher
generalized weight gain,
doses
-increases levels of:
seizures
hyperammonaemia
•
LTG,
encephalopathy
•
diazepam,
relatively
•
tricycle
cheap
antidepressants
(amitryptiline)

PB

broad
spectrum

sedation

can be associated (sometimes)
with adverse
adverse effects
allergic reactions effects on
on mood
cognition
narrow
therapeutic
window

sedation

cognitive
impairment

behavioural
problems

great risk
for
osteoporo
sis

-increases levels of
acetaminophen,
(paracetamol)

once daily
-reduces levels of
Ca++ channel blockers

the cheapest

-impairs efficacy of:
•
apixaban,
•
warfarin

190

AEDs – anti
COVID drugs
interactions
a) should not be coadministered with
ATV; RDV; CLQ;
HCLQ (marked
decrease in antiviral
efficacy)
b) no effect on
FAVI, RBV
c) no significant
effect on IFN-β-1a
(potential interaction,
requiring dose
adjustment/ close
monitoring)
a) should not be coadministered with
ATV RDV; CLQ;
HCLQ
(marked decrease in
antiviral efficacy)
b) no effect on
FAVI, RBV
c) no significant
effect on IFN-β-1a
(potential interaction,
requiring dose
adjustment/ close
monitoring)
a) + ATV
- no significant
interactions
- no significant effect
on COVID drug
b) + LPV/r
-potential interaction
(may require VPA
dose adjustment, or
close monitoring).
- Potential very high
exposure of COVID
drug
c) IFN-β-1a
- potential
interaction, requiring
VPA dose adjustment/
close monitoring)
- no significant effect
of COVID drug
a) should not be coadministered with
ATV; RDV; CLQ;
HCLQ (marked
decrease in antiviral
efficacy)
b) no effect on
FAVI, RBV
c) no significant
effect on IFN-β-1a
(potential interaction,
requiring dose
adjustment/ close
monitoring)
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Drug

Advantages

LTG broad
spectrum
good
tolerability
studied in
elderly

Disadvantages

dose related rash
(1: 30)

LVT few allergic
reactions

PGL* no allergic
reactions
frequently
used in
chronic pain

few data in LOE

GBP* no allergic
reactions
studied in
elderly
OXC good
tolerability

sedation

weight gain
ankle oedema

weight gain
neurotoxicity
hyponatremia
allergic reactions
(rush)

LCS

electrocardiogram
check
prolongation of
PR interval (all
patients)

TPM broad
spectrum

slow titration
nephrolithiasis
weight loss

nephrolithiasis
ZNS better
tolerated than
TPM
broad
spectrum

Potential
Potential
Specific
Cognitive AEs effect on mood AEs in
elderly
usually cognitive mood stabilizer insomnia,
neutral
vivid
dreams,
nightmares
possible
tremor
usually, cognitive can have
behaviou
neutral
adverse effects ral
on mood
problems
(irritability,
anxiety, low
mood)
usually, cognitive anxiolytic
dizziness
neutral
and benefit
mood
increased
risk of
falls in
elderly
dizziness
could
result in
falls
confusion
probably no
apathy
substantial
lethargy
adverse effect dizziness,
on mood
risk of
falls
usually, cognitive (occasionally) possibility
neutral
adverse effects of
benign
on mood
palpitatio
psychological
ns; rarely
profile
atrial
fibrillation
and atrial
flutter
cognitive
(could have)
few data
impairment
adverse effects on
(world-finding
on mood
elderly
difficulty, in
particular)

cognitive
impairment
(world-finding
difficulty, in
particular)

Common
Drug-Drug
interactions
few interactions

AEDs – anti
COVID drugs
interactions

-may enhance the
depressant effect of
sublingual zolpidem

no interactions

no interactions

no significant
interaction
(RDV; FAV; CLQ;
HCLQ; RBV; TCZ;
IFN-β-1a)

no interactions

no significant
interaction (RDV;
FAV; CLQ; HCLQ;
RBV; TCZ; IFN-β-1a)

-enzyme induction

-may decrease the
serum level of
•
digoxin
•
glibenclamide
-may enhance
toxicity of
•
carbonic
anhydrase
inhibitors (i.e.,
acetazolamide)
•
metformin
(could have)
few data no interactions
adverse effects on
on mood
elderly

Legend: AEs = adverse-effects; CAEs = cognitive adverse-effects. The drugs with cognitive adverse effects are described in the grey, shaded
area of the table. CBZ = carbamazepine, PHT = phenytoin; VPA = valproate; PB = phenobarbital; LTG = lamotrigine, LVT = levetiracetam;
PGL = pregabalina; GBP = gabapentin; OXC = oxcarbazepine; LCS = Lacosamide; TPM= topiramate; ZNS = zonisamide; (*) = adjunctive
therapy associated with another AED drug; * Antiviral agents against SARS‐CoV‐2: ATV = atazanavir; CLQ = chloroquine; HCLQ = hydroxychloroquine; FAVI = favipiravir; LPV/r = lopinavir/ritonavir; RBV = ribavirin; RDV = remdesivir; TCZ = tocilizumab (anti-IL6R);
IFN-β-1a = interferon β-1a

Some AEDs have potential cognitive adverse effects
that may worsen dementia and exacerbate the difficulties
in daily life activities of patients with Alzheimer's
disease [88, 89]. The cognitive tolerability of the

currently available AEDs is one of the main
therapeutic objectives. Cognitive-behavioural evaluation/
screening in elderly patients with de novo seizures is
mandatory before treatment [37]. AEDs with fewer
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adverse effects including cognitive ones, and less
significant pharmacokinetic drug interactions are
indicated [5, 7, 29, 54].
There are two main groups of AEDs, with and without
(or minimal) cognitive known adverse effects [88,
90, 91].
LEV has no significant affinity to GABAergic and
glutamatergic receptors, regulates calcium‐dependent
neurotransmitter release, exerts neuroprotective effects,
has fewer adverse events than other AEDs [25, 85, 88],
and is better tolerated than CBZ in patients with late
poststroke seizures [13, 48]. LEV was found superior
to controlled-release CBZ [87]. Due to its broadspectrum, safe profile with a lack of drug-drug
interactions, high tolerability and advantageous
pharmacokinetics, LEV is preferred in most cases
of LOE in the elderly [7, 25, 38, 85, 89, 92]. By
reducing neuronal hyperexcitability, LEV manifests
a favourable neuropsychological profile and improves
cognitive performances, specifically attention level
and oral fluency [25, 93]. Given its unique cellular
site of action, favourable pharmacological profiles and
low potential for drug interactions, LEV has advantages
for seizures control in older people with associated
medical complications [22, 38].
LEV was the most prescribed AED among the overall
population, while valproate was most frequently used
in children [93, 94]. SANAD study in the UK indicated
LEV as first-choice AED in monotherapy for focal
epilepsy, while in many other countries CBZ is the
initial monotherapy indicated for LOE [22, 71].
Comparing the effectiveness of monotherapy
(levetiracetam, valproate and carbamazepine) in elderly
with newly diagnosed seizures, the AEDs performed
similarly, but LEV had fewer adverse effects and a
lower withdrawal rate compared to CBZ [22].
A systematic review and meta-analysis (including
five randomized trials with 1425 patients) evaluated
the efficacy and safety of AEDs in monotherapy for
LOE (new-onset epilepsy at old age). VPA had the
highest probability of being the best-tolerated option
versus CBZ-IR (immediate-release), CBZ-CR (controlledrelease), and GBP. The highest rank of probability to
achieving seizure freedom was quoted for lacosamide
(LCM), LEV and lamotrigine (LTG) [85].
LTG is a mood stabilizer that could relieve depression
and has a favourable cognitive profile, besides controlling
the number and severity of seizures. Although it
could have caused some difficulty in finding words,
LTG improved several areas of knowledge. Recently
published meta-analyses have demonstrated that LTG
was better tolerated than CBZ, but was associated
with a lower probability of seizure freedom compared
to LEV [5, 22, 86].
LEV and LTG have a disease-modifying effect and
are considered good choices for treating LOE in
patients with Alzheimer [63, 92]. Featuring a broad
antiepileptic spectrum, monotherapy with LTG or

LEV represents front-line drugs in elderly with newonset focal epilepsy [38].
The rate of AEDs indicated in neuropathic pain
gabapentin (GBP) and pregabalin (PGL) has increased
more than 10-fold in the elderly, with four times the
higher prevalence among older patients, compared
to the younger ones [13, 104]. GBP and PGL do not
interact with any anti-seizure medications, and are
indicated as adjunctive therapy associated with another
AED, in partial seizures with or without secondary
generalization [45]. Therapeutic guidelines recommend
new-AEDs (LEV, LTG, GBP) for the elderly group.
Topiramate (TPM) and zonisamide (ZNS), used as
monotherapy and/or adjuvant therapy in the treatment
of partial seizures with or without secondary generalization,
have cognitive adverse effects. Although non-inferiority
of ZNS compared to controlled-release CBZ has been
shown for newly diagnosed partial epilepsy, cognitive
impairments and mood adverse effects limited ZNS
use in LOE.
Some of the new AEDs – such as topiramate (TPM),
perampanel (PER), levetiracetam (LEV), can induce
unpredictable psychiatric behavioural adverse reactions
(drowsiness, agitation, irritability, aggressivity and
depression) in some elderly patients, mainly in those
with mental health disorders [38, 84, 89].
Lacosamide (LCS) is usually cognitively neutral and
has a benign psychological profile, but can induce
severe cardiac side-effects and should be used with
caution in the elderly.
Phenobarbital (PB) is a common and inexpensive
AED, but can cause persistent cognitive adverse effects
in patients with dementia and epilepsy.
The pros and cons of the most appropriate AEDs
indicated in the treatment of LOE, the potential drugdrug interactions and their risks for cognitive and
mood side effects are summarized in Table I.
Management of seizures in COVID-infected elderly
In the actual pandemic recrudescence, tailoring
pharmacological management of seizures in elderly
infected with SARS-CoV-2 should take into consideration
potential pharmacokinetic and pharmacodynamic
interactions of AEDs with medication used in SARSCoV-2 (summarized in Table I) [95, 96].
Certain associations are not recommended or require
supplementary attention to prevent severe adverse
effects. LEV may be of interest due to its particularity
of not interacting with any other AED and/or COVID
medication [97]. Most seizures can be therapeutically
controlled with appropriate AEDs, tailored to the
underlying pathophysiological mechanisms [98].
The long-term prognosis of LOE in people aged ≥
60 years is favourable when using appropriate AED
treatment [29], and approximately one-half of patients
achieve prolonged seizure remission [98, 99], but up
to a third of patients suffer from recurrent seizures
despite therapeutic advances (including modern AEDs,
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surgery, neuromodulation and genomic advances)
[100, 101].
Seizures in old persons are possible life-threatening
issues, mainly because of the falling risk, and a high
potential for severe injuries [103]. Epilepsy-related
high rate of premature mortality is linked to accidents,
burns, falls and is favoured by the elderly`s frailty,
presbyopia, impairment in the domains of psychomotor speed, decreased muscle mass, impaired peripheral
nerves and cognitive impairment [12, 21, 102, 103].
Comorbidities, generalized tonic-clonic, nocturnal
seizures and drug refractory epilepsy may predispose
to a high rate of sudden and unexplained epilepsyrelated mortality (SUDEP), in the vulnerable elderly
heterogeneous groups, mainly with comorbid psychiatric
illness and low socioeconomic status [21, 99, 102].
Although SUDEP is responsible for less than half
of all epilepsy-related deaths, it comes immediately
after stroke, as the second leading cause of total
neurologic deaths. AEDs can significantly reduce
seizure frequency and SUDEP risk [102].
Advances in the treatment of pharmacoresistant
epilepsy using new antiseizure medications over the
past 30 years were quite disappointing, regarding
seizure freedom (the most important determinant
biological and psychosocial aspect of the quality of
life), albeit some of the newer-generation AEDs (e.g.,
LTG and LEV) showed superior tolerability [29, 105].
New technological methods including neurostimulation
techniques, callosotomy and palliative surgical resections
to remove the epileptogenic lesion did not provide
superior efficacy in achieving seizure freedom [71,
105, 106]. Temporal lobe epilepsy surgery in older
patients was followed by a post-operative decline of
cognitive parameters (verbal memory, naming, and
subjective ratings) [30]. It was estimated at a maximum
of 2% of patients who might benefit from surgical
techniques [71].
There are actually no randomized data informing
the timing of the AEDs withdrawal in LOE at old
age, as well as in adult’s epilepsy [107]. There are
gaps in our knowledge concerning the safe, gradual
withdrawal of anti-seizure medications.
Recommendation’s state: “Antiepileptic treatment
might be discontinued after a period of minimum 2
years of seizure freedom; shorter seizure-free period
should be discouraged because of a higher risk of
relapse.” [108].
The association of two or more clinical factors (i.e.,
older age at the onset of the disease, abnormal
neurological examination, partial seizures) and bioelectrical abnormalities (epileptiform EEG grafoelements) are arguments that argue for continued
treatment with AEDs [8, 13, 42, 70, 73, 74, 108].
The clinician's experience, a careful follow-up of the
evolutionary cruise and observation of AEDs’ adverse
effects are essential in making the decision of revoking
therapy in older patients with LOE [22, 107].

Conclusions
Unique metabolic, pharmacokinetics and pharmacodynamics changes occur by ageing. The development
of epilepsy is common in the elderly, and late-onset
epilepsy (LOE) has become a worldwide public health
problem, with negative repercussions on the elderly`s
quality of life.
Structural epilepsy is prevalent in epileptogenesis at
old age, ischemic stroke being the leading cause. An
aetiology-based approach is the major therapeutic
desideratum in LOE. In half of the situations, there is
no obvious reason why an older person starts having
seizures. LOE management is challenging owing to
its atypical presentation, frequent occurrence of complex
medical issues (cognitive impairment, cardio-cerebrovascular diseases or other comorbidities) and polytherapy.
For patient`s safety, it is important to avoid polypharmacy with AEDs, antipsychotic and/or antidepressant
drugs, due to the potential risks of drug-drug interactions
and toxicity.
Treatment for symptomatic seizures should address
the root cause, using monotherapy (ideally new AEDs
as front-line drugs − whenever possible). The choice
of AEDs should be focused on cognitively safe drugs,
with fewer side effects and fewer drug-drug interactions.
In cognitively impaired elderly epileptic patients, the
first-line AEDs choices are LEV or LTG.
The pharmacological approach of seizures in the
elderly infected with COVID is challenging and
requires multidisciplinary management and coordination
between primary care physicians and specialists. AEDs
for LOE must be carefully chosen and closely monitored
by a multi-/interdisciplinary team, including the general
practitioner, internist, and neurologist [109].
The goals of anticonvulsant treatment should be the
psychosocial benefits of seizure absence and the
quality of life. Socio-economic support for the patient
and caregiver is essential for a good outcome.
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