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Introduction. The high prevalence and significant disability of patients with Alzheimer’s disease (AD) necessitate the search for new mark-
ers of disease progression and novel treatment approaches. Recent evidence is increasingly attracting the research attention to the value of 
electroencephalography (EEG) in detecting epileptiform activity in this patient population.
Objective. Detection of the frequency of epileptiform activity in patients with AD and evaluation of its clinical and diagnostic significance.
Discussion. EEG, in particular, prolonged sleep-deprived EEG, is capable of detecting subclinical epileptiform activity, which is associated 
with more severe cognitive impairments and contributes to disease progression. This review examines research data on the prevalence and 
clinical significance of subclinical epileptiform activity in AD patients without an epilepsy diagnosis. It also highlights key pathophysiological 
mechanisms linking epileptiform activity to the progression of cognitive decline in AD. Furthermore, it addresses the rationale for prescribing 
specific antiepileptic therapy upon detection of subclinical epileptiform activity.
Conclusions. The high clinical significance of performing electroencephalography and detecting epileptiform activity in patients with Al-
zheimer’s disease,  due to its potential negative impact on the progression of cognitive impairments and increased risks of developing epileptic 
seizures, has been demonstrated. 
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Введение. Высокая распространенность и значительная инвалидизация пациентов с болезнью Альцгеймера (БА) требуют поиска 
новых маркеров прогрессирования этого заболевания, а также новых подходов к его лечению. В последнее время накапливается 
все больше сведений о значимости применения электроэнцефалографии у пациентов с БА с целью выявления эпилептиформной 
активности у данной категории.
Цель. Определение частоты встречаемости эпилептиформной активности у пациентов с БА и оценка ее клинической и диагности-
ческой значимости.
Обсуждение. Установлено, что проведение ЭЭГ, особенно продолженной, с включением сна, позволяет выявить субклиническую 
эпилептиформную активность, которая ассоциирована с более выраженными когнитивными нарушениями и способствует про-
грессированию заболевания. В обзоре рассмотрены данные исследований по распространенности и клинической значимости 
субклинической эпилептиформной активности у пациентов с БА без диагноза «эпилепсия». Также освещены основные патофизио-
логические механизмы взаимосвязи эпилептиформной активности и прогрессирования когнитивных нарушений в рамках БА. Кро-
ме того, рассматривается вопрос о целесообразности назначения специфической противоэпилептической терапии при выявлении 
субклинической эпилептиформной активности.
Выводы. Показана высокая клиническая значимость проведения электроэнцефалографии и выявления эпилептиформной актив-
ности у пациентов с болезнью Альцгеймера вследствие ее потенциального негативного влияния на прогрессирование когнитивных 
нарушений и повышения рисков развития эпилептических приступов.

Ключевые слова: нейродегенеративное заболевание; болезнь Альцгеймера; электроэнцефалография; видео-ЭЭГ-мониторинг; 
субклиническая эпилептиформная активность; противоэпилептические препараты; эпилепсия
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INTRODUCTION

Alzheimer’s disease (AD) is the most common cause of 
dementia and one of the most prevalent diseases in the 
elderly, affecting 10–20 million people worldwide [1]. The 
disease is characterized by the formation of neurofibril-
lary tangles and amyloid plaques in the brain, manifest-
ing as progressive cognitive impairment. Annual direct 
and indirect costs associated with this disease amount 
to $100 billion, making the search for new diagnostic and 
therapeutic methods critically important. It is predicted 
that delaying disease progression by five years could re-
duce healthcare costs related to AD by half [2–5].

Despite significant advances in laboratory and ge-
netic diagnostics, as well as modern neuroimaging 
methods (magnetic resonance imaging (MRI) of the brain 
with morphometry, positron emission tomography), di-
agnosing dementia-related diseases remains challeng-
ing and, in many cases, inaccessible due to the cost of 
examinations. Currently, electroencephalography (EEG) 
is not part of the standard examination protocol for pa-
tients with dementia, including those with AD. However, 
numerous literature sources report that pathological 
brain activity (e.g., slowing of the background rhythm 
or epileptiform activity) may be recorded during EEG in 
AD patients, which could exacerbate the progression of 
cognitive impairments and increase the risk of epileptic 
seizures, further disadapting patients with AD [6, 7].

EEG with functional tests is a simple diagnostic meth-
od that allows assessment of the bioelectrical activity of 
the brain. Non-epileptiform pathological activity, such as 
theta or delta slowing (regional/diffuse) of bioelectrical 
brain activity, is a common finding in AD patients dur-
ing routine EEG [6]. There is evidence suggesting that 
increased relative power of theta oscillations may be an 
early sign preceding dementia, thus being an important 
biomarker of disease progression [8, 9].

The detection of epileptiform activity in AD patients 
holds a great significance. However, routine EEG is of-
ten insufficient for capturing epileptiform activity, since 
approximately 85% of standard EEG recordings fail to 
detect epileptiform activity even in AD patients with epi-
leptic seizures [10]. This highlights the need for more sen-
sitive methods, such as prolonged video-EEG monitor-
ing including sleep, magnetoencephalography (MEG), or 
invasive electrode placement through the foramen ovale 
to identify this pathological activity [10]. Some authors 
emphasize the higher prevalence of epileptiform activity 

in AD patients compared to the healthy population, as 
well as its significance in the progression of cognitive 
impairments in neurodegenerative disease. Thus, this 
pathological activity may represent a promising target 
for intervention in treating cognitive impairments in AD.

The aim of the study is to detect the frequency of epi-
leptiform activity in patients with AD and verify its clinical 
significance.

MATERIALS AND METHODS

The search for scientific literature was conducted in elec-
tronic bibliographic databases in the Russian (eLibrary, 
CyberLeninka) and English (PubMed, Google Scholar) 
languages. The search queries included the following 
keywords or their combinations: Alzheimer’s disease, 
electroencephalography, video-EEG monitoring, sub-
clinical epileptiform activity.

The inclusion criteria for publications were literature 
systematic reviews and meta-analyses with data on the 
prevalence of subclinical epileptiform activity in AD, the 
pathophysiology of its occurrence, and the relationship 
between the neurodegenerative process, epileptiform 
activity, and cognitive impairments. The exclusion crite-
ria were publications covering theoretical models, ab-
stracts, and conference materials. In total, 52 articles 
published from 1998 to 2024 were reviewed.

RESULTS AND DISCUSSION

Subclinical epileptiform activity (SEA) in patients 
with Alzheimer’s disease (AD)

Subclinical epileptiform activity (SEA) typically refers to 
epileptiform activity detected in EEG in patients without 
a history of epileptic seizures. According to scientific re-
search, data on the prevalence and diagnostic signifi-
cance of epileptiform activity in patients with AD are lim-
ited and contradictory. The reviewed publications show 
a significant variability (ranging from 2% to 54%) in the 
reported prevalence of SEA among patients diagnosed 
with AD, likely due to substantial methodological differ-
ences across the studies (Table) [11].

The presence of epileptiform activity may exacer-
bate the progression of cognitive impairments in AD 
patients. Moreover, its detection may serve as a mark-
er for the potential development of epileptic seizures. 
For example, Kang and Mendez et  al. observed the 
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development of epilepsy in approximately 10–22% of 
AD patients [7, 12].

When investigating the prevalence and significance 
of epileptiform discharges in patients with various types 
of dementia, Liedorp et al. [15] found that routine 30-
min EEG detected epileptiform activity (predominantly 
regional in the temporal areas) only in 2% of patients 
with AD, mild cognitive impairment (MCI) and in 1% of 
patients with other types of dementia. These rates are 
similar to those in the general population. Only in 10% 
of patients with dementia, whose EEG showed epilep-
tiform activity, developed seizures later in the course of 
the disease [15].

The low detection rate of epileptiform activity in pa-
tients with AD prompted researchers to use additional 
foramen ovale EEG electrodes for its identification. Thus, 
Lam et al. applied foramen ovale electrodes and showed 
that subclinical epileptiform activity, predominant during 
sleep (affecting memory consolidation), can be detected 
in the early stages of AD, in the absence of changes in 
the routine scalp EEG [21]. This highlights the need for 
larger EEG studies using additional techniques, includ-
ing foramen ovale recording, to determine the diagnostic 
value of EEG in clinical practice.

According to a number of studies, a significant prev-
alence of SEA has been detected in AD patients, which 
is likely associated with the use of prolonged video-EEG 
monitoring including during sleep. Recently, increasing 
attention has been paid to the presence of SEA in AD 
patients due to evidence of a more pronounced cogni-
tive decline and a faster disease progression in patients 
with SEA compared to those without it [16, 18, 22, 23].

Thus, Horvath et al. analyzed SEA in 52 AD patients 
and detected significantly more frequent subclini-
cal epileptiform discharges (54%) among this group 
compared to healthy elderly people of correspond-
ing age  (25%) [18]. SEA was detected predominantly 
in the temporal regions, mostly on the left side, with 
bitemporal and right-temporal epileptiform activity be-
ing less common. The vast majority of SEA episodes 
occurred during sleep, most frequently recorded dur-
ing stages 2 and 3 of sleep, while fewer spikes were 
detected in stage  1 sleep. Moreover, the presence 
of SEA was associated with more severe cognitive 
impairments. Horvath et al. showed that in patients 
with AD combined with SEA, cognitive decline over 
the observation period (3  years) occurred 1.5  times 
faster than in patients without epileptiform activity [18]. 
According to Vossel et al., epileptiform activity was de-
tected in 42.4% of patients with AD and only in 10.5% 
of individuals in the control group of corresponding 
age without cognitive impairments [16]. Patients with 
SEA showed a faster decline in executive functions 
and global cognition, as measured by the instrument 
of Mini-Mental State Examination (MMSE), averaging 
3.9  points/year compared to 1.6  points/year in pa-
tients without SEA [16]. 

Nous et al. studied patients with different stages of 
AD (preclinical, MCI, dementia) using such various meth-
ods as prolonged EEG, 50-min MEG, and high-density 
EEG [11]. The prevalence of SEA in these patients was 
31% compared to the control group (8%) without cog-
nitive dysfunction. The frequency was increasing along 
with the disease progressed, i.e., in 50% of cases with 
developed dementia, in 27% with MCI, and in 25% at 
the preclinical stage of AD. Although the use of MEG 
did not lead to a more frequent detection of SEA in AD 
compared to prolonged EEG and high-density EEG, 
MEG significantly outperformed other methods in terms 
of spike detection rate per 50 min (epileptiform activity 
representation index). Furthermore, in AD patients, the 
presence of SEA was associated with more pronounced 
impairments in visuospatial functions and attention, as 
well as with a relatively larger volume of the left frontal, 
left temporal, and entorhinal cortex compared to pa-
tients without epileptiform activity [7].

Pathophysiological mechanisms of the relationship 
between epileptiform activity, neurodegenerative 
process, and cognitive impairment in Alzheimer’s 
disease

A number of authors consider epileptiform activity to be 
part of the pathophysiological mechanisms leading to 
cognitive impairment in AD. The proposed mechanisms 
include compromised glutamatergic system, excitotox-
icity-induced neurodegeneration, accelerated amyloid 
and tau  protein deposition under the influence of epi-
leptiform discharges, remodeling due to increased excit-
ability leading to functional network disconnection, and 
sleep architecture changes [23].

One hypothesis describes a vicious cycle where mo-
lecular changes in AD promote neuronal hyperexcitabil-
ity [24], which in turn exacerbates the neurodegenerative 
process in AD [25]. It was reported that in AD, soluble 
oligomeric Aβ (amyloid-beta), rather than Aβ plaques, 
is the primary cause of neuronal hyperexcitability [24]. 
For instance, Aβ1-42 (the most toxic form of soluble Aβ 
peptides) was to increase neuronal excitability through 
selective inhibition of K+ currents [26]. It was described 
that under the influence of Aβ, AD patients experience 
impaired neuronal and glial glutamate reuptake, leading 
to excitotoxicity. Similarly, glutamate excitotoxicity is also 
exacerbated by the effect of Aβ on the function of the 
N-methyl-D-aspartate receptor (NMDA-R) [27]. It was 
suggested that activation of cholinergic receptors and 
Ca2+ channels under the influence of Aβ may cause early 
subclinical epileptic activity preceding the development 
of clinical Alzheimer’s disease [28]. Furthermore, it was 
shown that beta-secretase 1 (BACE1 is a key protein in-
volved in Aβ formation) cleaves the β2 and β4 subunits of 
the voltage-gated Na+ channel [24]. Cleavage of β2 alters 
transcription and receptor expression on the cell surface 
[21]; cleavage of β4 significantly increases intracellular 
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Table. Prevalence of subclinical epileptiform activity in patients with Alzheimer’s disease 

No
Literature 
reference

Cognitive 
impair-
ment 

severity

People 
amount

SEA 
prevalence, 

%

Epileptiform 
Activity 

Index (EAI)
SEA localization EEG type

1 Brunetti et 
al. [13]

AD
MCI
CG

50
50
50

AD – 6.38; 
MCI – 11.63; 
CG – 4.43

0.015–0.025/
hour

No data available LTVEM + 
PSG + 
MEG

2 Vossel et 
al. [14]

AD + MCI 113 6 No data 
available

No data available routine 
EEG

3 Liedorp et 
al. [15]

AD
MCI
other 

dementias

510
225
193

2 AD;
2 MCI;
1 other 

dementia

No data 
available

No data available 30-min 
EEG

4 Vossel et 
al. [16]

AD
CG

33
19

42.4 AD; 
10.5 CG

0.03–5.18/
hour

9.9% wakefulness; 
25.7% N1, 64.4% N2-N3;

43% left temple; 
29% left central area; 
14% right frontal area; 
14% bifrontotemporally

Nighttime 
PSG + 
MEG

5 Horvath et 
al. [17]

AD 42 28 No data 
available

No data available 24-h EEG

6 Horvath et 
al. [18]

AD
CG

52
20

54 AD; 
25 CG

0.29–6.68/
hour

8% wakefulness; 
23% N1, 21% N2, 34% N3; 

4% REM;
52% left temple;

22% right temple; 
26% bitemporally; 

3% biparietal;
3% right frontal area;

9% bifrontal

24-h EEG

7 Lam et al. 
[19]

AD
CG

41
43

22 AD; 
4.7 CG

1.5–3/day 20% N1, 80% N2;
85.7% left temporal 

region; 
28.6% bifrontal

24-h EEG

8 Babiloni et 
al. [20]

AD с MCI;
MCI with-

out AD

56
32

No data  
available  

AD + MCI;
41 MCI  

without AD

No data 
available

No data available routine 
EEG

9 Nous et al. 
[11]

AD+  
dementia;
AD + MCI;
AD preclini-

cal stage

49 31 among all 
patients with 

AD;
50 in 

dementia; 
27 in MCI;

25 on clinical 
stage

Number of 
spikes per 

50 min:
Prolonged 

EEG: 0,19 spi-
kes/min;

50-min MEG: 
64.5 spikes/
min; High-

Density EEG: 
3 spikes/min

Fronto-temporal regions 
(more often on the left).
Single cases: central 

region, bifrontotemporal, 
bitemporal, right parietal, 

right temporal, right frontal 
regions.

More often, stages 1 and 
2 of sleep

Prolonged 
EEG and/
or 50-min 
MEG and/
or 50-min 

High-
Density 

EEG

Table compiled by the authors based on data from sources [11, 13–20]

Note: MCI — mild cognitive impairment; CG — healthy control group; SEA — subclinical epileptiform activity; EEG — electroencephalography; 
LTVEM — long-term video-EEG monitoring, MEG — magnetoencephalography; PSG — polysomnography; N1 — sleep stage 1; N2 — sleep 
stage 2; N3 — sleep stage 3; REM — rapid eye movement sleep.
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Na+ levels [26]. Both processes contribute to overall neu-
ronal hyperexcitability, which may promote the develop-
ment of epileptic seizures.

Both epilepsy and Alzheimer’s disease involve neu-
roinflammation induced by Aβ, characterized by the in-
duction of an immune response in the central nervous 
system (CNS) in reaction to the pathological process 
[29]. Inflammation in the CNS is primarily mediated by 
microglia, astrocytes, and oligodendrocytes [30]. Aβ-
induced glial activation leads to the release of numerous 
pro-inflammatory cytokines (e.g., TNF-α, IL-6, or IL-1β), 
triggering generalized neuroinflammation. This process, 
in turn, promotes neurotoxic effects that ultimately result 
in neuronal hyperexcitability, exacerbating the neurode-
generative process [24]. It was also described that pro-
inflammatory cytokines, such as IL-1β, increase neuronal 
hyperexcitability either by enhancing glutamate release 
from astrocytes and reducing its reuptake [31], or by up-
regulating NMDA-R, which increases intracellular Ca2+ 
influx [32].

Tau protein plays a distinct role in epileptogenesis 
during AD, given that this protein is one of the key me-
diators of Aβ-induced epileptogenic mechanisms [33]. 

Tau protein contributes to neuronal excitotoxicity by in-
creasing extracellular glutamate and causing NMDA-R 
dysfunction [34]. Tau protein is also associated with ab-
normal neuronal migration in the hippocampus—a brain 
structure closely linked to the development of epilepsy 
[35, 36]. Furthermore, animal models of epileptogenesis 
confirmed reduced activity of phosphatase 2A, leading 
to increased p-tau in epileptogenic brain regions [37].

The neurosteroid allopregnanolone was also linked 
to the development of Alzheimer’s disease [38]. Some 
authors reported decreased levels of allopregnanolone 
in the plasma and brain, particularly in the prefrontal 
cortex, of patients with AD. Reduced allopregnanolone 
levels lead to diminished neuroprotection, activation of 
astrocytes and microglia, which in turn promotes the 
production of neurotoxic cytokines, chemokines, and 
reactive oxygen and nitrogen species. These mecha-
nisms contribute to the progression of neurodegenera-
tive disease and neuronal hyperexcitability [38].

The key components of the pathogenetic relationship 
between epileptiform activity and the neurodegenerative 
process are presented in the Figure below. Increased 
activity of the glutamatergic system in AD leads to 

Figure prepared by the authors based on data from [23], CC BY license

Fig. Vicious cycle of glutamate-mediated hyperexcitability and accumulation of pathological proteins in cognitive 
impairment in Alzheimer’s disease
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elevated expression of AMPA receptors and mobiliza-
tion of intracellular calcium. The rise in intracellular cal-
cium levels results in the release of amyloid oligomers 
into the extracellular space and enhanced phosphoryla-
tion of tau oligomers (red arrows). Increased neuronal 
excitation, manifested as epileptic discharges, is also a 
consequence of glutamate-mediated hyperexcitability. 
On the other hand, the accumulation of amyloid plaques 
and tau neurofibrils alters the expression of glutamate 
receptors and triggers excessive glutamate release from 
microglial cells and astrocytes (green arrows). This bidi-
rectional pathological interaction can lead to progressive 
neurodegeneration (black arrows), which is typically ac-
companied by cognitive impairment [23].

Pathological remodeling of hippocampo-cortical 
connections is also considered to play a major role in 
the presence of epileptiform activity. As a result of epi-
leptiform activity, local intrahippocampal connections 
are strengthened, while the strength and number of 
long-range connections are reduced. This remodeling 
of neural networks leads to relative isolation of the hip-
pocampus from the cortex, impairing the functioning of 
hippocampo-cortical circuits [23].

Furthermore, the presence of epileptiform activity 
disrupts physiological sleep patterns and impairs the 
memory consolidation process. Thalamic sleep spindles 
at a frequency of 12–16 Hz are crucial for memory for-
mation, synchronizing hippocampal activity with cortical 
neurons. Slow waves associated with cortical sleep pro-
vide the highest degree of synchronization, promoting 
the activation of hippocampal activity and thalamic sleep 
spindles. Epileptiform activity contributes to:
•	 transformation of hippocampal activity;
•	 disorganization of sleep spindle architecture;
•	 reduction of cortical slow waves due to cortical hy-

perpolarization.
In combination, these changes reduce the efficiency 

of memory consolidation [23].

Treatment of subclinical epileptiform activity as an 
alternative approach to AD therapy

Given the existing concept of SEA potentiating the 
pathophysiological mechanisms that contribute to the 
progression of cognitive impairment in AD, some au-
thors propose therapeutic approaches for treating AD 
patients with SEA, such as prescribing antiseizure medi-
cation (ASM). There is a wide range of ASMs available; 
however, due to the negative effects of most of them on 
cognitive functions and memory, the choice of ASM in 
such patients is limited.

According to numerous studies on the effects of 
ASMs on cognitive functions in patients with epilepsy, 
some drugs exhibit a so-called “pro-cognitive” effect. 
Levetiracetam is one example of such drugs. Due to the 

potentially beneficial effects of levetiracetam on cogni-
tive functions, most studies aimed at treating SEA and 
epilepsy in AD patients focus on this particular medi-
cation [14, 39–44]. Experiments showed that levetirace-
tam modulates neuronal hyperexcitability, reduces the 
number of amyloid plaques, and regulates neurotrophic 
factors [39, 45]. It is known that in AD patients with epi-
leptiform activity, cognitive functions deteriorate faster 
than in those without such activity. For instance, Vossel 
et al. studied the effects of levetiracetam on various do-
mains of cognitive function in a group of 34 participants 
with AD. The analysis showed that in the group of pa-
tients with seizures or SEA, the use of levetiracetam led 
to positive dynamics in tests of executive function and 
visuospatial memory [46]. 

Lamotrigine, which has no negative effect on cogni-
tive functions, may also be considered for use in patients 
with AD and SEA [12, 45, 47–50]. Lamotrigine prevents 
the accumulation of extracellular β-amyloid, suppresses 
glutamate excitotoxicity, thereby exerting neuroprotec-
tive properties [51, 52]. A study by Tekin et al. of AD 
patients without epilepsy showed that the use of la-
motrigine at a dose of 300 mg/day for eight weeks had 
a positive effect on cognitive indicators (in performing 
tasks on recognition and naming of objects and match-
ing names with objects) and mood [52]. However, there 
are currently no clear clinical guidelines for prescribing 
antiseizure therapy to AD patients with SEA having no 
seizures, which requires further study.

CONCLUSION

The conducted review indicates the high clinical signifi-
cance of performing electroencephalography and de-
tecting epileptiform activity in patients with Alzheimer’s 
disease due to its potential negative impact on the pro-
gression of cognitive impairment and increased risk of 
epileptic seizures in such patients. The frequency of 
SEA in AD patients can vary (2–54%) depending on 
the duration of EEG recording, sleep inclusion, and 
the use of additional techniques (MEG, foramen ovale 
electrodes). Most literature data emphasize a higher in-
cidence of SEA in AD patients compared to those with 
other types of dementia or healthy individuals of the 
corresponding age. Pathophysiological mechanisms 
highlight common etiopathogenetic links in the pro-
gression of AD and the formation of neuronal hyperex-
citability, which is associated with the appearance of 
epileptiform activity on EEG. The use of ASM for SEA 
therapy may become a new treatment strategy for AD 
patients, not only as a means of preventing epileptic 
seizures but also in the treatment of cognitive impair-
ment. However, the advisability of treating subclinical 
epileptiform activity in Alzheimer’s disease patients re-
mains a subject for further investigation.
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