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SUMMARY

Many studies have shown that patients with Alzheimer’s disease (AD) are at increased

risk for developing seizures and epilepsy. However, reported prevalence and incidence of

seizures and relationship of seizures to disease measures such as severity, outcome, and

progression vary widely between studies. We performed a literature review of the avail-

able clinical and epidemiological data on the topic of seizures in patients with AD. We re-

view seizure rates and types, risk factors for seizures, electroencephalogram (EEG) studies,

and treatment responses. Finally, we consider limitations and methodological issues. There

is considerable variability in the reported prevalence and incidence of seizures in patients

with AD– with reported lifetime prevalence rates of 1.5–64%. More recent, prospective, and

larger studies in general report lower rates. Some, but not all, studies have noted increased

seizure risk with increasing dementia severity or with younger age of AD onset. Generalized

convulsive seizures are the most commonly reported type, but often historical information

is the only basis used to determine seizure type and the manifestation of seizures may be

difficult to distinguish from other behaviors common in demented patients. EEG has infre-

quently been performed and reported. Data on treatment of seizures in AD are extremely

limited. Similarly, the relationship between seizures and cognitive impairment in AD is un-

clear. We conclude that the literature on seizures and epilepsy in AD, including diagnosis,

risk factors, and response to treatment suffers from methodological limitations and gaps.

Introduction

Both epilepsy and Alzheimer’s disease (AD) are relatively com-

mon neurological disorders whose incidence increases with age

[1,2]. There is growing evidence that there is an interaction be-

tween these two disorders. Patients with AD have an increased

risk of developing seizures and epilepsy, and thus AD may be

an important cause of epilepsy in the elderly. In older popu-

lation studies, neurodegenerative conditions, including but not

limited to AD, were the presumed etiology for ∼6% of all inci-

dent and ∼4% of all prevalent cases of epilepsy [3,4]. In patients

older than 65, neurodegenerative conditions accounted for ap-

proximately 10% of all presumed causes of new-onset epilepsy

[3]. There is emerging evidence from animal models of AD that

the disorder can lead to pathological excitability in neuronal cir-

cuits involved in temporal lobe epilepsy [5]. In this review, we will

discuss the links between AD, seizures, epilepsy, and epileptiform

electroencephalogram (EEG) abnormalities. We will review the

clinical studies as well as some recent findings from animal models

that suggest the possibility of a shared pathophysiology between

the two disorders. We will also discuss strategies to further ex-

plore the impact of epilepsy and abnormal excitatory brain activity

to the clinical manifestations of AD and on the progression of the

disease.

Risk of Seizures and Epilepsy
in Sporadic AD

It has been known for decades that a significant minority of pa-

tients with AD will develop clinical seizures during the course

of their illness [6]. In prospective and retrospective studies, sum-

marized in Table 1, the proportion of AD patients with at least

one unprovoked seizure was between 1.5–64% [7–19]. More

recent, larger, prospective studies generally suggest lower pro-

portions. In a study of all first unprovoked seizures in pa-

tients older than age 55 in Rochester, MN, between 1955 and

1984, Hesdorffer et al. [14] found that individuals with clini-

cally diagnosed AD were at higher risk for having a first seizure

than nondemented patients with an odds ratio of ∼6. In a ret-

rospective study of 83 pathologically confirmed cases of AD,
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Hauser et al. [8] found that 9.6% of patients had unprovoked

seizures after dementia onset with 6% having recurrent seizures,

that is, epilepsy. The incidence of convulsive seizures in this study

was estimated to be 10-fold higher in AD patients than expected in

the age-matched general population. Other autopsy series have re-

ported rates of seizures of 10–22% [12,20,21], with most patients

having single seizures, and fewer having epilepsy [12].

Risk of Seizures and Epilepsy
in Familial AD

Early-onset familial AD (EOFAD) is helpful in understanding the

pathophysiology of the AD. Like patients with sporadic AD, these

patients may develop seizures and epilepsy. Mutations in the

presenilin-1 (PSEN1) gene are the most common cause of famil-

ial EOFAD; seizures have been reported for individuals carrying

many, but not all, of the known mutations. For instance, seizures

have been described in 37–58% patients with the PSEN1 E280A

mutation [22]. Seizures do not appear to occur in all affected indi-

viduals and it is not clear if the incidence of seizures is any higher

in familial compared to sporadic cases after accounting for disease

duration and severity. Seizures have also been described in cases

of familial AD due to presenilin-2 mutations, occurring in 30% of

affected patients in one series [23]. Seizures are common in pa-

tients with amyloid precursor protein (APP) duplications, occur-

ring in 57% of affected individuals in one study of 5 families [24].

AD-associated epilepsy is common in adult patients with Down’s

syndrome (who by age 40–55 universally harbor AD-type neu-

ropathological changes and develop dementia), but there may be

other etiologies besides AD neurodegeneration. In one prospec-

tive study of 96 adults with Down’s syndrome, 51% developed

dementia and 84% of these patients developed seizures [25]. All

but 8% of these patients had their first seizure after dementia on-

set. In a cross-sectional study of 191 adults age 19–69 with Down’s

syndrome, 9.4% had epilepsy and the prevalence increased with

age; 46% of patients older than 50 had epilepsy [26]. These studies

suggest that genetic forms of AD marked by abnormal processing

and deposition of amyloid-β (Aβ), a common final pathway in all

of these familial causes of AD, may be particularly likely to be as-

sociated with seizures (see the section Mechanisms of seizures in AD

later).

Prognostic Factors for Seizures
and Epilepsy in AD

Seizures may relate to disease severity and/or duration of demen-

tia illness. In some studies, seizures noted after the onset of de-

mentia were more likely to occur in later stages of the disease

[9,10,21,27]. However, other population studies found that nei-

ther disease duration nor age of onset were significant risks for

seizures in AD patients [8,14]. One possible explanation is that

dementia severity, rather than disease duration, may be associated

with risk of seizures. In prospective studies of patients with prob-

able AD of mild severity, seizures occurred in 1.5–16% of patients

over 1–8.5 years of follow-up [10,15,18,27] whereas in studies of

institutionalized AD patients, most of whom had more severe de-

mentia, higher seizure frequencies of 9–64% have been reported

[7,9,11,13]. Dementia severity [15] or worse performance on tests

of orientation and information [11] have been reported to be asso-

ciated with an increased risk of seizures in AD patients. Some stud-

ies suggest that younger age of dementia onset is associated with

increased seizure risk [12,15,18]. However, some population stud-

ies demonstrate no effect of age of onset for seizure risk [8,14].

Seizure Types in AD Patients

Patients with AD have been reported to have either generalized

or complex partial seizures. Some studies only assessed gener-

alized seizures or seizures with motor manifestations [3,14]. In

studies that reported both convulsive and nonconvulsive seizures,

generalized tonic-clonic seizures were more frequent in most

[10–12,18], but not all studies [19].

Epileptiform EEG Activity and AD

There is only limited evidence for the presence of epileptiform sur-

face EEG abnormalities in AD patients, with or without seizures.

Only some of the observational studies of seizures in AD reported

the results of EEG tests and often they were not performed in

all patients [15,18,19,28]. In these studies, epileptiform discharges

were seen in a minority of patients with seizures and in some pa-

tients without seizures. Few studies have systematically examined

the incidence of epileptiform discharges in patients with AD or de-

mentia. Liedorp et al. [29] reviewed routine EEGs performed on

1674 patients in a memory disorders clinic. They found epilepti-

form discharges (spikes or sharp waves) in 3%, 26% of whom had

a known diagnosis of epilepsy. Most of the discharges were focal

and temporal. Twenty-five percent of the patients with discharges

had no clinical evidence of epilepsy. Two patients (17%) in this

small group were reported to have had a subsequent seizure in

follow-up. Another study examined EEG abnormalities in severe

AD patients, nonaffected first-degree relatives, and normal elderly

and middle-aged subjects; this study found increased theta and

delta activity, and sharp waves, in AD subjects and ApoE4-positive

relatives [30]. However, the frequency and localization of epilep-

tiform abnormalities were not described and the authors did not

show examples of the observed abnormalities. The infrequent oc-

currence of epileptiform discharges in the AD and memory clinic

population even in those with seizures may be reflective of a ten-

dency for the elderly to be generally less likely to have interictal

discharges on routine interictal EEGs [31,32]. In one study of the

elderly, such discharges were found in only 36% of patients with

new onset epilepsy [33].

Seizure Treatment in AD

Few studies have examined the treatment of seizures and epilepsy

in AD. Rao et al. [17] noted that 79% of the patients in their cohort

with epilepsy had an “excellent” response to treatment (>95%

reduction in seizure frequency). In other studies, the frequency

of seizures in AD patients with epilepsy was low; for instance,

McAreavey et al. [11] reported an annual seizure frequency of
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2.4 per year. Other studies reported the use of antiepileptic drugs

but did not mention the response to treatment [10–12,18]. The

limited data available suggest that seizures due to AD are usually

responsive to treatment [17,34]. Studies comparing drugs in AD

have not been performed, but a large multicenter trial in the el-

derly population has been performed comparing the effectiveness

of two newer antiepileptic drugs, lamotrigine and gabapentin, and

the older drug, carbamazepine in new-onset seizures; all drugs re-

duced seizures at similar rates but the newer drugs were better

tolerated [33]. Side-effect profile is likely the most important con-

sideration in choosing an antiepileptic drug in an elderly patient

with seizures and AD.

Seizures and AD Course

Seizures do not appear to impact disease duration or mortality

in early-onset AD patients [35]. While some studies suggest that

seizures are correlated with more severe dementia [11,15], it is not

clear if this is a causal relationship or that seizures are a marker of

more severe or aggressive disease. In a study of inpatients with

AD, Volicer et al. [13] found that the five patients (7%) of their

AD cohort who developed seizures following hospitalization had a

more significant decline in language function compared to AD pa-

tients without seizures matched for age and disease duration prior

to seizure onset. However, four of the five patients were treated

with phenytoin, which may have negative impact on cognitive

function in the elderly [36]. No studies have directly examined

if treating epilepsy with antiepileptics changes cognitive function

in patients with AD. Several small randomized studies examined

the use of valproate for behavioral problems in patients with AD

and found no effect on either behavior or cognitive status [37–39].

It is likely that if any of the patients in this study had unrecog-

nized seizures, these would have been effectively treated with the

moderate doses of valproate or its derivatives used in these studies

(750–1500 mg/day) since seizures in patients with AD are almost

always well controlled with monotherapy [17,34].

Seizures and AD Treatment

There is some theoretical risk that the symptomatic treatment of

AD may place patients at risk for seizures. For instance, cholin-

ergic activation with pilocarpine is a common laboratory tech-

nique to provoke seizures in animal models [40]. While acetyl-

cholinesterase inhibitors have been reported to rarely provoke

seizures in some drug registries [41], a small randomized trial of

donepezil in patients with epilepsy and memory complaints con-

ducted by our group was not associated with increased seizure fre-

quency [42]. Memantine, a noncompetitive N-methyl-D-aspartate

(NMDA) receptor antagonist, has demonstrated both pro- and an-

ticonvulsant effects in animal models [43] that are of unknown

clinical relevance. Neuroleptics and antidepressants, often used to

treat behavioral manifestations of dementia, have been associated

with a 0.1–9% rate of seizures in larger series [44]; the most fre-

quent seizures occurred with high doses of clozapine and chlor-

promazine, two drugs seldom used in patients with AD. Exclud-

ing these two drugs, the seizure rate is less than 0.6% and the

seizure rates in AD studies, including those which controlled for

neuroleptic use [18], were above that which could be attributed

to psychotropic drug use.

Methodological Issues in Studies
of Seizures in AD

While there is sufficient evidence to suggest that AD increases the

risk of seizures and epilepsy, methodological problems in the epi-

demiological and observational studies have limited the ability to

more accurately estimate that risk. Those studies in which there

was pathological confirmation of AD, have small numbers of sub-

jects, with a spectrum of disease durations and severities. In most

prospective and retrospective studies, the diagnosis of AD was

made clinically, usually based on National Institute of Neurologi-

cal and Communicative Disorders and Stroke-Alzheimer’s Disease

and Related Disorders Association (NINCDS-ADRDA) criteria [45].

While these clinical criteria are generally 80–90% accurate for AD

diagnosis, using pathology as the gold standard [46], samples may

have admixed cases with non-AD dementia, such as vascular de-

mentia or Dementia with Lewy bodies [11,17], or may have in-

cluded some patients with only mild cognitive impairment [17].

Some studies were performed prior the routine use of brain MRIs

and included patients with other symptomatic causes of epilepsy

such as stroke or hemorrhage. In a study from the Mayo Clinic

[17], 36% of dementia patients with seizures had MRI evidence of

prior stroke, and other pathological studies show about one-third

of AD patients have infarcts [47]. In addition, some studies have

not controlled for medications such as neuroleptics, antidepres-

sants, acetylcholinesterase inhibitors, or stimulants [11] that are

often prescribed to patients with dementia and may reduce seizure

threshold. These factors as well as selection bias, such as the inclu-

sion of more severely affected patients in hospital-based cohorts,

may explain the wide range of reported frequencies for seizures in

AD patients, and the variable associations with risk factors.

Seizure diagnosis in most studies was made by review of clin-

ical records. In some studies, there was insufficient information

to confirm the diagnosis of epilepsy or seizures, and it is possi-

ble that convulsive syncope was sometimes labeled seizure. Of-

ten diagnosis was based on caregiver or primary physician report.

Many studies did not specify criteria for making a seizure diag-

nosis. Whether a paroxysmal event is a seizure can be difficult to

determine based on history and often limited clinical information.

In most studies, the ultimate diagnosis of whether a patient had a

seizure was made by the study clinicians who often did not have

specialty training in epilepsy or by a single epileptologist [8,14,17].

In a study in which two epileptologists made the assessments in-

dependently, there was moderate, but not perfect, agreement on

whether an event was a seizure (kappa = 0.67) [18] suggesting

that determining the nature of a spell in this population may be

difficult. Finally, many studies did not make explicit distinctions

between unprovoked seizures versus provoked seizures, such as

those due to alcohol intoxication or withdrawal. The latter would

not fulfill the diagnostic criteria for epilepsy though studies explic-

itly examining unprovoked seizures would not be affected by this

limitation [14,15,18]

In many of the reviewed studies, EEG was either not

done, or when reported showed epileptiform changes or other
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significant electroencephalographic abnormalities in only a minor-

ity of patients. A partial explanation may be that the yield of a

single typical 30-minute routine EEG for revealing definite epilep-

tiform discharges is only between 29% and 55% in all patients re-

ferred to epilepsy centers [48]. Multiple routine EEGs or prolonged

recording to include sleep significantly increases the yield. Fur-

thermore, for many patients, interictal discharges, especially if re-

stricted to the basal or medial temporal lobes never are evident on

scalp EEG [49]. Over 10 cm2 of gyral surface must be involved in a

discharge to generate a potential recorded at the scalp [50]. Activ-

ity in deep areas, distant from the scalp, may not be seen on scalp

recordings.

It is possible that many of the observational and population

studies underestimate the true incidence of seizures and distri-

bution of seizure types. Complex partial seizures are more com-

mon in elderly patients with epilepsy than primary or secondar-

ily generalized seizures [32,51]. In a prospective treatment trial of

new onset epilepsy in the elderly, Rowan et al. [33] found that

only 25% of the patients had generalized tonic-clonic seizures.

Complex partial seizures may be more difficult to ascertain in

retrospective studies or studies based on questionnaires or care-

giver reporting [52]. Manifestations of complex partial seizures

or the postictal state such as inattentiveness, wandering, aggres-

sion, delirium, language, or memory disturbance might be con-

fused with symptoms of dementia. However, these symptoms are

commonly seen in dementia and generally are not ictal in na-

ture. Clinical features typically associated with complex partial

seizures such as aura and oral or manual automatisms are less

common in the elderly [33]. Therefore, the increased propor-

tion of convulsive seizures in the previous literature on seizures

and AD may be due to the fact that these are more obvious

and unequivocal to observers. However, even apparent convul-

sive activity can be mistakenly attributed to seizures. Other move-

ments such as myoclonus, tremor, or convulsive syncope can be

reported as seizure activity by untrained observers. Experienced

epileptologists can still have difficulty determining if a patient’s

paroxysmal spells are seizures, and make use of ictal video-EEG

monitoring for definitive diagnosis. In a retrospective review of

94 patients older than 60 admitted to an epilepsy monitoring

unit, McBride et al. [51] found that 49% had seizures. Four-

teen percent had other physiological causes for their paroxysmal

events including transient ischemic attack, syncope, cataplexy,

and nocturnal confusion. Therefore, without videoelectrographic

recording of the spell in question, ascertainment of the true in-

cidence of epilepsy in AD may be difficult even in prospective

studies.

Mechanisms of Seizures in AD

Both in AD and temporal lobe epilepsy, pathological changes in

mesial temporal structures including the CA1, subiculum, and

entorhinal cortex are present [53,54]. Models of temporal lobe

epilepsy suggest cell loss and reorganization of neuronal cir-

cuitry in these regions leads to pathological hyperexcitability [55].

Prominent cell loss and gliosis in CA1 is also occasionally seen in

patients with AD and other forms of dementia [56]. There is evi-

dence from some animal models of AD that deposition of Aβ, the

constituent of plaques, can lead to hippocampal hyperexcitabil-

ity and seizures in certain cases. Amyloid-β can affect synaptic

transmission via actions on multiple signaling cascades. It has been

shown to modulate NMDA receptors, α7 nicotinic ACh receptors,

immediate early genes, and calbindin pathways [5]. Del Vecchio

et al. [57] found that transgenic mice expressing double-mutant

human APP had reduced seizure thresholds compared to wild-type

littermates when given an exogenous convulsant. This difference

could be seen prior to the evidence of plaque formation. Other

authors [58,59] have shown increased susceptibility to chemo-

convulsants in other APP mutant mouse strains. Palop et al. [57]

also found that these mice had changes in GABAergic hippocam-

pal circuits such as interneuron sprouting, increased neuropeptide

Y expression, and increased inhibitory synaptic activity compati-

ble with compensatory changes in response to chronic excitabil-

ity. They also recorded prolonged video-EEG in a subset of mutant

mice and found frequent epileptiform discharges and intermit-

tent nonconvulsive seizures. Minkeviciene et al. [59] examined

the EEG of mice expressing two human APP mutations, APPswe

and PS1dE9, and also found frequent epileptiform discharges and

seizures in 65% of 4.5-month-old mice of this construct, with

many mice having convulsive seizures and one dying of status

epilepticus. Using patch clamp recording, the authors found hy-

perexcitability in superficial neocortical pyramidal cells suggesting

that epileptogenic potential may not be limited to mesial temporal

structures in AD. The relationship between epileptiform activity

and seizures, and cognitive dysfunction and disease progression,

is uncertain in these transgenic mice. Frequent interictal activity

may itself cause impaired cognition that improves when discharges

are suppressed [60]. There is evidence from rodent models of tem-

poral lobe epilepsy that even single interictal discharges can tran-

siently disrupt performance on cognitive tasks [61]. It is also pos-

sible that increased inhibition in hippocampal circuits in response

to epileptiform activity can impair cognition in APP mutant mice

[5].

In addition to evidence for the proepileptogenic role of abnor-

mal Aβ deposition in this mouse model, other factors may con-

tribute to the increased seizure risk in AD. The ApoE4 allele is a

risk factor for the development of sporadic AD [62], and there is

some evidence that ApoE4 also predisposes nondemented carriers

for epileptogenesis. In one study, patients with the ApoE4 allele

and moderate-severe traumatic brain injury had a 2-fold increased

risk of epilepsy compared to patients without the allele [63]. Re-

cent experimental studies suggest that inflammatory cytokines,

specifically interleukin 1β, may promote seizures and epileptoge-

nesis [64]. Amyloid plaques are associated with local inflamma-

tory reactions and cytokine production [65] and it is possible that

these cytokines facilitate the development of epilepsy in AD pa-

tients. Further work elucidating the role of neuroinflammation in

seizures in AD may yield new therapeutic targets.

Future Directions

Evidence from population and observational studies shows that

AD is associated with an increased risk for seizures and epilepsy.

The true incidence of epilepsy in AD is not known and might

be underestimated or overestimated, as discussed earlier, due to
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methodological problems and the inherent difficulties in mak-

ing the diagnosis of epilepsy in this population. Further studies

should require rigid standards for seizure diagnosis including care-

ful seizure-focused history taking, and possibly use of video-EEG

monitoring to characterize suspicious spells. Epilepsy risk and the

potential role of interictal epileptiform discharges in cognitive dys-

function in AD could be better assessed by supplementary methods

to scalp electrophysiological recordings. Some electrophysiologi-

cal, pathological, and experimental evidence suggests that mesial

temporal structures may be the likely epileptic focus in AD pa-

tients with seizures. However, epileptiform activity restricted to

this region may not be evident on scalp EEG. Use of subtempo-

ral surface electrodes can increase the ability to detect discharges

that are mesial temporal by 50% [66]. The detection performance

of these additional scalp electrodes is comparable to more inva-

sive sphenoidal electrodes [67]. Prolonged or multiple recordings

could further increase the ability to detect epileptiform discharges.

Foramen ovale electrodes placed in the ambient cistern near the

mesial temporal structures under fluoroscopic guidance [68] can

detect discharges isolated to mesial temporal structures such as the

hippocampus and amygdala almost as well as more invasive in-

traparenchymal electrodes [69]. However, these electrodes can be

associated with serious complications, mostly intracranial hemor-

rhage, at a rate of 1.8% [69].

Careful investigations of patients with spells suspicious for com-

plex partial seizures may also help determine the true incidence

of seizures and epilepsy in AD. For instance, patients with fluctu-

ations in cognition or responsiveness could undergo several days

of inpatient video-EEG monitoring to determine if these events

are epileptic. However, removing demented patients from a fa-

miliar environment and constraining them with electrode leads

may cause confusion and agitation. This could increase patient

and family distress and might require use of sedating medications

(with possible confounding effects in clinical interpretations). One

possible alternative could be ambulatory EEG systems, which al-

low video-EEG monitoring to be performed in a familiar home

environment, although such monitoring also might not be well

tolerated. If clinical studies confirm a high rate of epileptiform ab-

normalities in patients with AD, more long-term studies will be

needed to determine the contribution of this activity to AD pro-

gression and cognitive dysfunction. Abnormal excitatory activity

might be another therapeutic target for treating AD symptoms and

potentially modifying disease progression [5].
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