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Abstract

Introduction. Cerebrovascular diseases are among the leading causes of acquired epilepsy in adults and the elderly. Despite
advances in acute stroke treatment and neuroimaging, reliably predicting the development of epilepsy after cerebrovascular
events remains challenging due to the multifactorial nature of epileptogenesis after stroke.

Objective: To summarize and critically analyze existing data on clinical and neuroimaging predictors of epilepsy
development after cerebrovascular diseases.

Methods: A narrative review with a systematic literature search was conducted in PubMed/MEDLINE, Scopus, Web of
Science, and ScienceDirect. Publications from 2000 to 2025 were analyzed, with a particular emphasis on studies from the past
10-15 years. Clinical risk factors, neuroimaging characteristics (CT and MRI), and electroencephalographic data associated
with epilepsy after stroke were assessed.

Results. The most frequently cited clinical predictors of post-stroke epilepsy were early symptomatic seizures, stroke
severity, and hemorrhagic stroke subtype. Neuroimaging features with the highest prognostic value included cortical damage,
large lesion volume, hemorrhagic transformation, cortical siderosis, and chronic structural changes such as gliosis and cortical
atrophy. EEG abnormalities, particularly epileptiform discharges and focal slowing, provided additional prognostic information
when combined with clinical and radiological data. Existing clinical risk assessment scales have demonstrated moderate
prognostic efficacy and limited generalizability.

Conclusions. Post-stroke epilepsy results from a complex interaction of clinical severity, structural brain damage, and
secondary reorganization of neural networks. A multimodal approach integrating clinical data, modern neuroimaging
techniques, and electrophysiological results may improve individual risk stratification and early identification of patients at
high risk of developing epilepsy.
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AHHOTanMs

Beezienne. LlepebpoBacKynsipHble 3a00eBaHs SIBASIOTCS OJHUMH W3 BeAYIIUX TPUUMH TPHOOPeTeHHOW SIUJIeNCHH Y
B3POC/IBIX U MOXKWIBIX MaljeHToB. HecMOTps Ha JOCTH)KeHUsI B JleUeHUH OCTPOr0 MHCY/bTa U HelpoBU3yalr3aliuy, HaleXkHoe
MIPOTHO3UPOBAaHWE PAa3BUTHS SIWJIETICUM T0C/e 11epeOpOBacKy/SIpHBIX COOBITMH OCTaeTcs CJIOKHOM 3ajjauedl  u3-3a
MHOTr0(haKTOPHOTO XapaKTepa 3MUeNnToreHe3a rnocje UHCY/IbTa.

Lenb. O60OUMTL ¥ KPUTHUECKU TPOAHATU3UPOBATh UMEIOIIUeCs: JaHHble 0 KIMHUYEeCKUX W HeHpOBU3yan3al[MOHHBIX
MIPeIMKTOpaxX pPa3BUTHSI SMUJIETICUM TIOCIe 1lepeOpOoBacKy/sIpHbIX 3ab0/1eBaHUT.

Metozel. Bbul TMpoBefieH HappaTWBHBIA 0030p € CUCTEMAaTUUYECKMM TIOMCKOM JIMTepaTypbl B 0a3ax [JaHHbBIX
PubMed/MEDLINE, Scopus, Web of Science u ScienceDirect. Boinu rpoananusupoBansl mybiukanyu ¢ 2000 o 2025 rog, ¢
0coOBIM aKLIEHTOM Ha WCCiefoBaHuss 3a mociegude 10-15 jeT. BuiiM  OlleHeHbl KAMHWYeCKWe (aKTOpbl PHCKa,
HelipoBu3yanu3auyoHHble Xxapakrepuctuku (KT u MPT) u anekrposHiedanorpaduueckue JaHHbIe, CBS3aHHBIE C JITUIETICHeN
T10CJIe VHCYJIBTA.

Pe3syneratel. Hanbosee yacTo yroMuHaeMbIMU KIIMHUYECKUMU TIPEJUKTOPAMU STU/IENICHU TI0C/Ie UHCY/IbTa OB paHHUe
CUMIITOMaTUYeCKHe CylOpOTH, TSDKeCTh WHCYlIbTa U TeMopparnueckuil nofTurnt uHcynabra. K HelipoBH3yanu3aliOHHBIM
MpU3HAKaM C HauOOJIbllel MPOTHOCTUYECKON I[eHHOCThI) OTHOCW/IMCH KOPTHUKAJbHOE TOopaxkeHwe, 00sbliol o6beM ouara
TIOpa’keHUs, TeMopparuyueckasi TpaHC(hopMalivsi, KOPTHKaIbHBIA CHIEPO3 U XPOHUUYEeCKHe CTPYKTYPHbIe M3MeHEeHMUs], TaKre Kak
[7IM03 W KOpTHKajbHas arpodus. AHomammu DI, 0cobeHHO sSmuienTUGOPMHBIE paspsA[bl W 0YaroBoe 3ame[jieHue,
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TIPeIOCTABIISIA [IOTIO/THUTE/IbHYIO TIPOTHOCTHUECKYI0 MH()OPMAIMI0 B COUETAHWM C KIMHUUECKAMU W PaJMOIOTHUeCKUMU
pJaHHbiMU.  CyljecTByOIMe KIMHAYeCKHe LIKajabl OLeHKHM DHCKA TIPOJEeMOHCTPHUPOBATM YMEPEeHHYI0 TPOTHOCTHYECKYIO
3¢ PeKTUBHOCTD ¥ OrpaHUUYEHHYI0 0000111aeMOCTb.

BbIBOZIBIL. DMUIENCHS TIOC/IE MHCY/IBTA SIBSETCS Pe3y/IbTaTOM CJIOKHOTO B3aUMOJEHCTBHUS MeXXY KIMHUUECKOH TSXKeCThIO,
CTPYKTYPHBIM TIOBPEXX/IEHHEM TOJIOBHOTO MO3ra W BTOPUYHOM peopraHu3alviedl HeMpOHHBIX ceTeil. MynbTUMOJA/bHbIN
TOZIX0/l, MHTETPUDPYIOIINI K/IMHUUECKHE [aHHble, TepPefoBble METOAbl HEeWPOBH3ya/lHM3alMd U 3eKTPOPU3N0I0TUUECKHe
JAHHbIE, MOXKET Y/IYUIINTh WHIUBUAYATbHYIO CTPAaTU(UKAI[MI0 PUCKA U PAHHEe BbISB/IEHUE TAllMeHTOB C BBICOKUM DHCKOM
Pa3BUTHS SMUIETICHH.

KnroueBble /10Ba: TMOCTHHCY/IbTHAsE SITAIEINCHsI, 1[epeOpoBacKy/isipHble 3ab0/eBaHus, KIMHUUECKHE [PeJUKTOPBI,
HelpoBu3yanu3auys, GakTopbl pyCKa.

BBepenue

Cerebrovascular diseases (CVD) remain a leading cause of disability and mortality worldwide and a significant factor in
the development of symptomatic epilepsy in adults and elderly patients. According to epidemiological studies, up to 30-40%
of cases of newly diagnosed epilepsy in the elderly are associated with cerebrovascular lesions, primarily ischemic stroke and
intracerebral hemorrhage [1], [2]. The development of epilepsy against a background of cerebrovascular pathology
significantly worsens functional outcome, increases the risk of rehospitalization, and reduces the quality of life of patients.

Post-vascular epilepsy is a heterogeneous and multifactorial condition that develops as a result of the interaction between
clinical characteristics, structural brain damage, and neurophysiological changes [3], [4]. Despite substantial advances in
neuroimaging technologies and modern stroke management, reliable criteria allowing accurate prediction of epilepsy
development in individual patients remain insufficiently established. This limitation complicates early risk stratification and
delays identification of patients requiring close neurological monitoring.

Among the most consistently reported predictors of epilepsy following cerebrovascular events are stroke type, cortical
localization of the lesion, lesion volume, presence of hemorrhagic components, early symptomatic seizures, and severity of
chronic structural brain alterations [6]. Modern MRI techniques, including FLAIR, susceptibility-weighted imaging (SWI), and
diffusion-weighted imaging (DWI), allow detection not only of acute ischemic or hemorrhagic changes but also of subclinical
markers of secondary epileptogenesis, such as cortical gliosis, cerebral microbleeds, cortical siderosis, and disturbances of
structural connectivity [6], [7], [8]. Therefore, systematic evaluation of clinical and radiological predictors of epilepsy in
patients with cerebrovascular disease remains highly relevant.

Objective. To analyze and summarize current data on clinical and neuroimaging predictors of epilepsy development in
patients with cerebrovascular disease.

Materials and Methods

This study was conducted as a narrative review with a structured literature search focusing on clinical and radiological
predictors of epilepsy following cerebrovascular disease.

A comprehensive search of international electronic databases, including PubMed/MEDLINE, Scopus, Web of Science, and
ScienceDirect, was performed. Publications from January 2000 through December 2025 were included, with particular
emphasis on studies published during the last 10-15 years to reflect contemporary diagnostic approaches and advances in
neuroimaging.

The following keywords and their combinations were used: post-stroke epilepsy, vascular epilepsy, cerebrovascular
disease, clinical predictors, neuroimaging predictors, MRI biomarkers, hemorrhagic transformation, early seizures,
electroencephalography, machine learning, artificial intelligence, and radiomics. Additionally, reference lists of key review
articles and original studies were manually screened to identify relevant publications not retrieved during the primary search.

The review included:

- observational cohort studies (retrospective and prospective);

- systematic reviews and meta-analyses;

- studies involving adult patients (>18 years);

- investigations focusing on epilepsy associated with ischemic stroke,

- intracerebral hemorrhage, or chronic cerebrovascular disease;

- studies analyzing clinical predictors, neuroimaging findings, and electroencephalographic characteristics related to
epilepsy development.

Exclusion criteria were:

- case reports and small case series (<10 patients);

- studies limited to pediatric populations;

- investigations addressing seizures caused exclusively by metabolic or toxic disturbances;

- studies lacking clear differentiation between early symptomatic seizures and late post-stroke epilepsy;

- articles without adequate methodological description or unavailable full text.

Data Extraction and Synthesis

From the included studies, data were extracted and qualitatively synthesized regarding study design, sample size, type of
cerebrovascular pathology, timing of seizure occurrence, clinical predictors (age, stroke severity, neurological status, early
seizures), neuroimaging characteristics (lesion location, size, cortical involvement, hemorrhagic components, chronic structural
changes), electroencephalographic findings when available, and statistical or machine learning approaches used for epilepsy
risk prediction.
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Predictors were categorized into clinical, radiological, and combined multimodal groups. Factors associated with early
symptomatic seizures were analyzed separately from those related to late post-stroke epilepsy. Due to heterogeneity in study
design, outcome definitions, and reporting methods, quantitative meta-analysis was not performed.

Additional clinical risk factors included a more severe course of stroke, pronounced neurological deficit in the acute
period, impaired consciousness, and a relatively younger age of patients, which is especially characteristic of the development
of late post-vascular epilepsy (Fig. 2).

Clinical and Radiological Predictors of Post-Stroke Epilepsy

Relative Risk of Late Epilepsy

Figure 1 - Risk of epilepsy development according to the type of cerebrovascular event
DOI: https://doi.org/10.62993/CMED.2026.9.2.1
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Figure 2 - Clinical predictors associated with an increased risk of post-stroke epilepsy
DOI: https://doi.org/10.62993/CMED.2026.9.2.2
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Cortical Neuroimaging Predictors of Post-Stroke Epilepsy

Insular cortex involvement

Frontal lobe involvement

Temporal lobe involvement
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Figure 3 - Neuroimaging predictors of post-stroke epilepsy
DOI: https://doi.org/10.62993/CMED.2026.9.2.3

Main results

As shown in figure 3, neuroimaging characteristics of the lesion focus were among the most reproducible predictors of
epilepsy development. All analyzed studies emphasized the key role of the cortical location of the stroke. Damage to the
frontal, parietal, and temporal lobes, as well as involvement of the insular cortex, significantly increased the risk of developing
an epileptogenic focus: an acute injury — structural damage — network reorganization — epileptogenesis.

Lesion volume also had prognostic significance: large infarcts and extensive intracerebral hemorrhages were associated
with a higher incidence of late-onset epileptic seizures. The presence of a hemorrhagic component, including hemorrhagic
transformation of ischemic stroke, was an independent risk factor, particularly with the detection of cortical siderosis and
microbleeds in SWI modes. Chronic structural changes in brain tissue, such as post-stroke gliosis, cortical atrophy, and
pronounced leukoaraiosis, also contributed to the development of epileptic activity, reflecting secondary epileptogenesis and
neural network disruption. Several studies have emphasized the additional prognostic value of electroencephalography. The
detection of epileptiform activity, periodic discharges, or pronounced focal slowing in the area of vascular lesion correlated
with an increased risk of developing late-onset epilepsy. However, the sensitivity of EEG in the acute period of stroke
remained limited, which emphasizes the need for its interpretation in combination with clinical and radiological data (Table 1).

Table 1 - Multimodal predictors of late post-stroke epilepsy based on structural neuroimaging and electrophysiological findings

DOI: https://doi.org/10.62993/CMED.2026.9.2.4

Domain Predictive Factors Imaging / Dl.a gnostic Prognostic Significance
Modality

Large ischemic infarcts CT/MRI nghe.r mcllden.c e of late

. epileptic seizures

Lesion volume and type — -
Extensive intracerebral Increased risk of post-
CT/MRI .
hemorrhage stroke epilepsy
Hemorrhagic .

transformation of CT/MRI Ind(;gfrlliin; rillsg iactor

ischemic stroke priepsy
Hemorrhagic components Cortical siderosis MRI (SWI) Strong' association with

epileptogenesis

Cerebral microbleeds MRI (SWI) Marker of increas ‘.Ed
seizure susceptibility

. . Post-stroke gliosis MRI (T2/FLAIR) Substrate for secondary

Chronic structural brain epileptogenesis
changes . MRI (volumetric / visual | Network disruption and

Cortical atrophy . .
assessment) seizure generation
Electrophysmloglcal Severe leukoaraiosis MRI (FLAIR) Irppalred conn.ectl\./lty. and
findings increased epileptic risk
Epileptiform discharges EEG Strong predictor of late
epilepsy
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Domain

Predictive Factors

Imaging / Diagnostic

Prognostic Significance

Modality
Periodic lateralized EEG Associated with higher
discharges seizure recurrence
Focal slowing in lesion Reflects cortical
8 EEG dysfunction and

drea

epileptogenicity

Integrated assessment

Combined clinical,
radiological and EEG

Multimodal approach

Improved risk
stratification and

markers

prediction accuracy

Discussion

The findings of this narrative review indicate that epilepsy developing after cerebrovascular disease is the result of a
multifaceted interaction between the severity of acute vascular injury, structural brain alterations, and secondary processes of
network reorganization. Across the analyzed literature, the most stable and reproducible predictors included cortical
involvement, the presence of hemorrhagic components within the lesion, and the occurrence of early symptomatic seizures,
which is consistent with contemporary concepts of post-stroke epileptogenesis [6], [7], [8].

Cortical localization of cerebrovascular damage was identified as the most powerful predictor of epilepsy development.
The cerebral cortex serves as the principal substrate for epileptic activity, and vascular injury to cortical structures initiates a
cascade of pathological changes including neuronal loss, synaptic remodeling, disruption of excitatory—inhibitory balance, and
activation of inflammatory signaling pathways [11], [12]. Lesions affecting frontal, temporal, parietal, and insular regions were
consistently associated with elevated epilepsy risk, whereas purely subcortical or lacunar infarctions demonstrated
substantially lower epileptogenic potential [6], [9].

The presence of hemorrhagic components, such as primary intracerebral hemorrhage or hemorrhagic transformation of
ischemic infarction, was another significant predictor of late epilepsy [10], [13]. Pathophysiological mechanisms include iron
accumulation, persistent cortical irritation caused by blood breakdown products, and disturbances in ionic homeostasis.
Neuroimaging markers including cortical siderosis and cerebral microbleeds, particularly detected using susceptibility-
weighted imaging, reflect these processes and have been repeatedly associated with increased seizure susceptibility [8], [14].

Early symptomatic seizures occurring during the acute phase of stroke were among the strongest predictors of later
epilepsy development [6], [7]. These seizures likely represent not only an acute reaction to structural injury but also an
indicator of already initiated epileptogenic mechanisms within vulnerable neuronal networks. Their presence suggests
irreversible alterations in cortical excitability that predispose to recurrent unprovoked seizures.

Chronic structural changes also play an essential role in epileptogenesis. Post-stroke gliosis, progressive cortical atrophy,
and severe leukoaraiosis have been consistently linked to increased epilepsy risk [11], [14]. These changes reflect long-term
disruption of neural connectivity, maladaptive neuroplasticity, and a gradual reduction of seizure threshold, which explains the
delayed onset of epilepsy months or years after the primary vascular event.

Electroencephalography provides additional prognostic information when interpreted together with clinical and imaging
data. Epileptiform discharges, periodic lateralized discharges, and pronounced focal slowing in regions corresponding to
vascular lesions have been associated with an increased probability of epilepsy development [5], [8]. However, EEG sensitivity
during the acute stroke period remains limited, emphasizing the need for multimodal assessment combining neurophysiological
and structural data.

Existing clinical prediction models, such as the SeLECT and CAVE scores, represent important steps toward standardized
risk estimation of post-stroke epilepsy [9], [10]. Nevertheless, their predictive accuracy remains moderate, and they do not
fully account for the complexity of structural and electrophysiological factors contributing to epileptogenesis. In particular,
these models insufficiently incorporate chronic brain changes and advanced neuroimaging biomarkers.

Traditional statistical approaches have significantly contributed to identifying epilepsy predictors after stroke but remain
limited in capturing the heterogeneity of cerebrovascular lesions and individual disease trajectories [6], [11]. This highlights
the need for integrated clinical evaluation combining neurological examination, imaging findings, and electrophysiological
assessment in routine practice.

Clinical Implications

From a clinical standpoint, early recognition of patients at high risk for epilepsy following cerebrovascular disease is of
considerable importance. Individuals with cortical involvement, hemorrhagic components, and early symptomatic seizures
require closer neurological follow-up, repeated EEG evaluation, and careful monitoring for seizure recurrence. Comprehensive
interpretation of MRI findings, including markers of chronic brain injury, may further enhance individualized risk stratification
and improve patient counseling strategies [7], [8].

Limitations

Several limitations of this review should be acknowledged. First, substantial heterogeneity in study designs, outcome
definitions, and follow-up durations prevented the performance of a quantitative meta-analysis. Second, most included studies
were observational, which restricts causal inference. Third, differences in neuroimaging protocols and EEG timing across
studies may have influenced the reported predictive value of certain markers. Finally, publication bias cannot be excluded, as
studies reporting significant associations are more likely to be published.
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Conclusion

Epilepsy developing after cerebrovascular disease arises from a complex interplay between acute vascular injury, chronic
structural brain alterations, and progressive network reorganization processes [9], [11]. The most consistent predictors
identified across studies include cortical localization of lesions, the presence of hemorrhagic components, and early
symptomatic seizures [6], [10].

Early identification of high-risk patients using an integrated approach that combines clinical assessment, neuroimaging
findings, and electrophysiological data may improve monitoring strategies, support preventive interventions, and facilitate
individualized patient counseling [7], [8].
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