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SUMMARY

Background. Due to progress in the treatment of patients who have suffered a stroke, the prevalence of post-stroke epilepsy
(PSE) has been increasing. The search for biomarkers that determine the prognosis of ischemic stroke (IS) complications
and PSE development along with creating a diagnostic protocol subsequently is useful for advancing tactics of PSE therapy.

Objective: to investigate the blood serum levels of neuron-specific enolase (NSE) and vascular endothelial growth factor (VEGF)
in PSE patients paralleled by assessing clinical and neuroimmunological correlations.

Material and methods. A total of 140 patients aged 28 to 84 years with the first IS was examined. Of these, 70 patients newly
developed late epileptic seizures (main group), 70 patients had IS without epileptic seizures (comparison group). The control
group consisted of 30 patients without IS or epilepsy. IS severity was assessed according to the National Institutes of Health
Stroke Scale (NIHSS), the degree of disability — according to the modified Rankin Scale (mRS), the level of patient’s basic
functional activity — according to the Barthel Index (BI). Prediction of post-IS onset of late seizures was performed according to
the SeLECT scale (SEverity of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle
cerebral artery). To assess severity of epilepsy, the K. Luhdorf et al. classification was used. The levels of NSE neurotrophic
factor and VEGF angiogenesis factor were measured in blood serum samples from all patients by using enzyme-linked
immunosorbent assay (ELISA).

Results. A significantly increased NSE and VEGF levels were noted in main group (by 4.72- and 1.59-fold, respectively) and in
comparison group (by 4.45- and 1.54-fold, respectively) compared to control group. In addition, NSE and VEGF levels in main
group significantly exceeded those in comparison group (by 1.06- and 1.03-fold, respectively). Both biomarkers also tended to
increase in patients with moderate and severe PSE. The level of NSE/VEGF correlation characterizing damage to the nervous
tissue and angiogenesis as well as degree of severity, disability, rehabilitation potential, patients’ everyday life activity, NSE and
VEGF prognostic significance in development and severity level of epilepsy in IS patients with epileptic seizures was determined.

Conclusion. NSE and VEGF hyperexpression is important in predicting development or progression (worsening) of epilepsy
after IS.
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PE3HOME

AKTyanbHocTs. B CBA3U C NPOrPECCOM B SIEYEHWUM MALMEHTOB, NEPEHECLUMX WHCYNbT, YBENNYMBAETCA PAaCnpOCTPAHEHHOCTb
nocTUHCYNbTHOW anunencumn (M3). Mouck 6uomapkepos, ONpesensaoLWUX NPOrHO3 0CIOKHEHUIA ULLIEMWNYECKOT0 UHCYbTA
() n passuTune MN3, ¢ pa3paboTKON NPOTOKOA ANATHOCTUKI NOJSIE3eH A1 COBEPLUEHCTBOBAHMA TakTUKKM Tepanuu MA3.

Lenp: vccnefoBanune ypoBHeil HeMpoOHCNeLMduyieckoi eHonasbl (anrn. neuron-specific enolase, NSE) n paktopa pocra aH-
pnotenus cocynos (aHr. vascular endothelial growth factor, VEGF) B cbiBOpoTKe KpoBM nauneHTos ¢ A3, nayyeHne KnnHu-
KO-HEMPOMMMYHOSIOrNYECKIX KOPPENaLui.

Martepuan n merogbl. 06¢nenosaHbl 140 nauneHToB B Bo3pacTe 0T 28 Ao 84 net ¢ nocneacteuamu nepsoro U, U3 Hux
y 70 60/bHbIX BNepBble Pa3BUINCL NO3LHUE 3NUNENTUYECKNE NPUCTYNbI (OCHOBHAA rpynna), y 70 nmen mecto U 6e3 anun-
NenTUYeCKUX NPUCTYNOB (rpynna cpaBHeHus). B KoHTponbHyto rpynny Bownu 30 naumenTos 6e3 VI n anunencuu. CteneHb
TXxecTn U oueHnBanu no wkane MHCynbTa HaumoHanbHbIX MHCTUTYTOB 3apaBooxpaHeHns CLUA (anrn. National Institutes
of Health Stroke Scale, NIHSS), cTeneHb nHBanuamsauum — no MoAMMULMPOBaHHOI Wkane PaHkuHa (aHrn. modified Rankin
Scale, mRS), ypoBeHb 623080 (DYHKLMOHANBHO aKTUBHOCTU NaLeHTa — no uHaekcy baprtena (aurn. Barthel Index, BI). Mpo-
rHO3WPOBaHUeE NOSBAEHUs NO3AHMX npucTynos nocne W ocywecTensanm no wkane SeLECT (anrn. SEverity of stroke, Large
artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery). [1ns oLeHKMN TSXECTN Teye-
HWA anuiencum ncnonb3osanu knaccuukauymio K. Lihdorf et al. YV Bcex nauneHToB npoBoAMIN UMMYHO(EPMEHTHbLIN aHa-
nu3 ypoBHA HelmpoTpodunyeckoro akTopa NSE u chakTopa aHrnorene3a VEGF B cbiIBOpPOTKE KPOBU.

Pesynbratel. OTMEYEHO 3HAYUTENbHOE YBeNnYeHne KoHueHTpauun NSE B ocHOBHOI rpynne (B 4,72 pa3a) v rpynne cpaBHeHms
(B 4,45 pasa), B OTNIN4NE OT KOHTPONBHOM rpynnbl. BbIBAEHO CTAaTUCTUYECKN 3HAYMMOE NOBbILEHNe noka3aTeneil VEGF B oc-
HoBHoOW rpynne (B 1,59 pasa) n rpynne cpasHeHus (B 1,54 pa3a) OTHOCUTENIbHO KOHTPOJIbHbIX 3HA4EHUIA. KpOMe TOro, ypoBHU
NSE n VEGF B 0CHOBHOIA rpynne CTaTUCTUYECKM 3HAYNMO NPeBbILLANK TaKoBbIe B rpynne cpaBHeHus (B 1,06 n 1,03 pasa co-
OTBETCTBEHHO). Takxe Habnohanacb TeHAEHLNSA K NOBbLILEHNI0 060X 6MOMAPKEPOB Y GOJIbHbIX CO CPEAHETAXKENbIM U TH-
xenbim TedeHnem MA3. OnpeaeneH ypoBeHb KOPPENALMOHHbIX B3aUMOCBSA3e MeXAY NoKa3aTensimu, KOTOpble XapakTepu-
3YIOT MOBPEXAEHNE HEPBHOW TKAHW 1 NPOLIECC AHTUOTEHe3a, U CTENEeHbI0 TAXECTU, UHBANMAN3ALNKN, PeabUINTALNOHHOMO
NOTeHUMana, akTUBHOCTY NaLEHTOB B MOBCEAHEBHOM XXIN3HN, @ TaKXKe NPOrHOCTNYeckomn 3Ha4nmoctu NSE n VEGF B pa3su-
TUN W YTSKENEHUN 3nunencum y 60nbHbIX ¢ nocneactsuamu A v anunentuieckumm npuctynamu.

3akntoyenne. Tnnepakcnpeccns NSE n VEGF umeeT 3HavyeHne B NpOrHO3MPOBAHMI PA3BUTUA UM NPOrPeccupoBaHns (yTa-
Xenenus) anunencun nocne V.

KNH4EBBIE CJIOBA

MocTuHcynbTHaa anunencus, M3, KNuHMYecKne WKanbl, HeMpoHcneynduyeckan eHonasa, NSE, haktop pocta aHaoTenus
cocynoB, VEGF, cbiBOpOTKa KpoBM.

Ins uutupoBaunus

PaxumbaesaI.C., Co6uposa [1.C. KnuHNKO-HENPOMMMYHOSIOrNYECKIE KOPPENALAM NPU NOCTUHCYNLTHON 3NUIIENCUK Ha Npu-
mMepe HeMpoHcneunduyYeckoi eHonasbl 1 hakTopa pocTa IHAOTENNS COCYA0B. Inuaencus u NnapokcU3MasabHble COCTOSHNS.
2024; 16 (4): 316-326 (Ha aurn. 23.). https://doi.org/10.17749/2077-8333/epi.par.con.2024.205.

INTRODUCTION / BBEIEHUE

Cerebrovascular diseases are a leading cause of epilep-
sy in older adults. Acute cerebrovascular accidents (ACVAS)
account for approximately 10% of all epilepsy cases and
55% of newly diagnosed seizures in the elderly. The majority
of strokes occur in individuals over the age of 45 years. Up to
90% of these strokes are ischemic (IS), while the remaining
10% are hemorrhagic [1, 2].

Post-stroke epilepsy (PSE), a form of acquired structur-
al epilepsy, can lead to complications that diminish quality

anunencus n NapokcnamMasibHble COCTOSAHUS

of life, increase mortality, and elevate healthcare costs [3].
Approximately 10% of individuals who have experienced a
stroke develop PSE. Given the substantial global stroke bur-
den, PSE represents a significant issue for stroke survivors
[2]. Furthermore, 40% of late-onset epilepsy cases are as-
sociated with cerebrovascular diseases, whereas late-onset
epilepsy is often accompanied by recurrent ACVAs, under-
scoring its importance both globally and nationally.

The risk of developing epilepsy increases in individuals ex-
periencing long-term IS sequelae [4, 5]. According to M.Y. Xu
(2018), early epileptic seizures occur within the first 2 days
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following stroke, while late seizures may manifest between
the 6-month and 1-year post-stroke [6]. Initial seizures, typi-
cally occurring within the first 7 days of the acute stroke pe-
riod, late seizures (from day 8 to day 21 of the acute stroke
stage), and prodromal seizures (preceding stroke) are clas-
sified according to G.S. Barolin’s classification (1962) [7].
According to A. Pezzini et al. (2024) [1] as well as H. Stefan
and G. Michelson (2024) [4], the frequency of early epileptic
seizures in post-stroke patients ranges from 2-33% to 50—
78%, while late post-stroke seizures are found in 3-4.5% to
67% of cases. However, their role in developing PSE remains
understudied. The mechanisms of PSE formation, key predic-
tors of post-stroke epileptic seizures, and the role for various
biomarkers in underlying pathogenesis along with an impact
on disease outcomes remain unclear.

Various measurable biomarkers may indicate the develop-
ment of post-ACVA epilepsy. During the biological process of
neuroinflammation, inflammatory mediators such as prosta-
glandins, chemokines, cytokines, complement components,
growth factors, and damage-associated molecular patterns
(DAMPs) are released [8—10]. Prolonged neuroinflammation
leads to increased excitability, changes in synaptic transmis-
sion, gliosis, disruption of the blood-brain barrier (BBB), and
abnormal neurogenesis [11-14]. Alterations in blood bio-
marker concentrations may indicate the presence or progres-
sion of disease [15, 16], and some of such biomarkers exhibit
neuroprotective properties [16, 17]. Therefore, investigating
such issues is of considerable relevance.

The study of neuron-specific enolase (NSE) has emerged
as a promising avenue in neuroimmunology for diagnosing
various neurodegenerative disorders of the central nervous
system (CNS), including epilepsy. In the study by G.S. Ra-
khimbayeva and N.S. Rashidova (2011), the serum NSE lev-
els in patients with post-traumatic epilepsy were found to
be higher than those in patients with vascular epilepsy [18].
Moreover, NSE level peaked in patients with more frequent
seizures, which is particularly evident in younger individu-
als, as reported by X. Bai et al. (2022) [19] and H. Eriksson
et al. (2021) [20].

Vascular endothelial growth factor (VEGF) is another mol-
ecule linked to the blood-brain barrier (BBB) dysfunction
[16, 21-23]. Angiogenesis, a de novo blood vessel forma-
tion, can occur under both physiological (e.g., during devel-
opment) and pathological conditions [24]. The local VEGF
overexpression underlies the formation and progression of
vascular malformations [25-27]. V. Rigau et al. (2007) dem-
onstrated that hippocampal vascular density in patients with
epilepsy is approximately twice as high as in non-epileptic
control groups [22]. However, how VEGF-induced BBB dys-
function contributes to developing epilepsy and epileptic sei-
zures remains unclear.

Thus, due to the advanced treatment strategies for pa-
tients who have experienced a stroke, the PSE prevalence
has been increasing. Maintaining vigilance regarding the
onset of PSE, as well as its prevention and early diagnostics,
is of considerable practical importance. The identification of
biomarkers that predict IS complications and PSE emergence
accompanied by developing a diagnostic protocol, holds both
scientific and practical interest.

https://epilepsia.su

Objective: to investigate the blood serum NSE and VEGF
levels in PSE patients paralleled by assessing clinical and
neuroimmunological correlations.

MATERIALAND METHODS / MATEPHAJI
N METO/JbI

Between 2020 and 2024, a total of 170 patients aged 28 to
84 years took part in the study conducted at the multidisci-
plinary clinic of the Tashkent Medical Academy and the City
Clinical Hospital No. 7 in Tashkent (Uzbekistan).

Inclusion and exclusion criteria / Kpurepun
BKJIIOYEHH S U HCKJIIOYEHU S

When compiling the study cohort, the following inclusion
criteria were taken into account:

—age over 18 years;

— late recovery and residual phases following IS (for IS
groups).

Exclusion criteria:

- childhood and adolescence;

— hyperacute and acute periods of IS;

— hemorrhagic stroke;

— hypertensive crises and transient ischemic attacks;

— epilepsy preceding the stroke;

— tumors, traumatic brain injuries;

—toxic lesions;

— clinical death;

— brain inflammatory diseases (meningitis, meningoen-
cephalitis, encephalitis, leptomeningitis, leukodystrophies,
neurosyphilis, Guillain—Barré syndrome);

— brain demyelinating diseases (multiple sclerosis, acute
disseminated encephalomyelitis, myasthenia, polyneuropa-
thies);

— mental disorders.

Patient groups / I'pyIIIIbl IAaITHEHTOB

Patients who had experienced IS were divided into two
groups based on the presence or absence of epilepsy.

Main group (Group 1) included 70 patients (42 (60%)
males and 28 (40%) females) who had late epileptic seizures
following first IS, with mean age 62.95+9.98 years (ranging
from 28 to 79 years, median 63 years).

Comparison group (Group 2) consisted of 70 patients (51
(72.86%) males and 19 (27.14%) females) with IS sequelae
but no epileptic seizures, with mean age 62.24+11.55 years
(ranging from 30 to 84 years, median 62 years).

Control group included 30 patients (9 (42.9%) males and
12 (57.1%) females) with astheno-neurotic syndrome and dor-
sopathy, without history of IS, epilepsy, or other severe somat-
ic or neurological diseases, with mean age 55.18+10.48 years
(ranging from 45 to 59 years, median 55 years).

Diagnostics / JHarHoCcTUKa

All patients underwent neuroimaging (brain magnetic res-
onance imaging (MRI) and computed tomography (CT)), neu-
rophysiological examination (electroencephalography (EEG)),
as well as clinical and neurological evaluations at the time of
primary examination, followed by 6—12 month-observation.

Epilepsy and Paroxysmal Conditions
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MRI scans were performed using a Phillips American G
machine (1.5 T magnetic field strength) with T1, T2, FLAIR,
FSE-axial, FSE-coronal, T2*/SWI, and DWI sequences. Non-
contrast CT and CT perfusion studies were conducted with
a Revolution 128-slice multislice CT scanner (Philips, Neth-
erlands) using an anterior-posterior scanning method with
a slice thickness of 2.5 mm, and carried out at the private
clinic “Medion” in Tashkent. All patients underwent EEG
recording using a 19-channel Neuron-Spectrum-3 system
(Neurosoft, Russia).

The diagnosis of IS and its sequelae was made in accor-
dance with the International Classification of Diseases, Tenth
Revision (ICD-10) (code 169.3 for IS sequelae), as well as
widely accepted the European Stroke Organization (ESO)
[28] and the International League Against Epilepsy (ILAE)
[29, 30] guidelines.

The classification of epileptic seizures and epilepsy was
based on the ILAE’s 2017 operational classification of seizure
types and the definition of epilepsy [29, 30]. In addition, ICD-10
was used to confirm the diagnosis of epilepsy (code: G40.

MeToasl oneHkH / Assessment methods

The severity of IS was assessed by using the National In-
stitutes of Health Stroke Scale (NIHSS), the degree of dis-
ability — by the modified Rankin Scale (mRS), and the effec-
tiveness of care and basic patient functional activity — by the
Barthel Index (BI).

To predict late seizures following IS, the SeLECT score
(SEverity of stroke, Large artery atherosclerosis, Early sei-
zure, Gortical involvement, Territory of the middle cerebral
artery) was employed [31], which can aid in preventing post-
stroke late epileptic seizures. It takes into account early sei-
zures, stroke severity (by NIHSS score of 11 or higher), as
well as cortical and arterial territory involvement, includ-
ing the cerebral cortex, middle cerebral artery territory, and
large-artery atherosclerotic lesions to predict likelihood for
seizure onset in post-stroke patients within 5 years. An early
seizure, which is not classified as epilepsy, does not indicate
PSE. Although there is an association between early seizures
and an increased risk of developing epilepsy in the future,
this does not justify a PSE diagnosis [31]. The studies by
E. Beghi et al. (2011) [32] and M. Holtkamp et al. (2017) [33]
demonstrated that a seizure occurring more than one week
post-stroke is classified as late and unprovoked, markedly in-
creasing the probability of recurrence. Such a seizure raises
the risk of recurrent seizures by more than 60%.

To evaluate the severity of epilepsy, the classification pro-
posed by K. Lihdorf et al. (1986) was used: mild severity —
3 or fewer epileptic seizures per year; moderate severity —
12 or fewer seizures per year; and severe severity — 13 or
more seizures per year [34].

Enzyme-linked immunosorbent assay /
HNMMYyHO(dEPMEHTHBIN AHAIU3

In addition to standard tests, serum NSE and VEGF lev-
els were measured by enzyme-linked immunosorbent assay
(ELISA) in all patients from main and comparison groups
who had experienced IS more than 6 months before, as well
as in control group. NSE levels were assessed by using the

anunencus n NapokcnamMasibHble COCTOSAHUS

“NSE-IFA” reagent kit (Hema LLC, Russia), and VEGF levels —
by using the “VEGF-IFA-BEST” reagent kit (Vector-Best JSC,
Russia), in accordance with the manufacturers’ instructions.

Statistical analysis / CraTuCTHYE€CKHH aHAIN3

Baseline data were recorded on patient registration cards
to be transferred into an electronic database using Excel
2010 (Microsoft, USA). Traditional methods of descriptive
and inferential statistics were employed. Results are pre-
sented as mean * standard deviation (M+SD). After verify-
ing the normality of distribution, quantitative variables were
assessed using the Student’s t-test, whereas qualitative vari-
ables were assessed by applying the ¥ test. Pearson’s corre-
lation coefficient (r) was calculated to analyze a relationship
between two sample sets. The differences were considered
statistically significant at significance level of at least 95%
(p<0.05).

RESULTS AND DISCUSSION / PE3YJIBTATDI
N OBCYKIEHHUE

Assessment by scales / OnieHKa Mo mKajIam

The results of applying the assessment scales in both IS
patient groups are presented in Table 1.

Stroke severity

In main group, the NIHSS score was 20.1+4.0 points,
which was 1.04-fold higher than in comparison group, where
the total score was 19.37+4.46 (p=0.3) (Table 2). In Group 1,
22.86% of patients were diagnosed with mild IS (mean NI-
HSS score 9.69+2.9), 35.71% with moderate-to-severe IS
(mean score 18.36+1.65), and 41.43% with severe IS (mean
score 27.46+5.93). In Group 2, 27.14% of patients had mild
IS (mean score 12.00+2.93), 45.72% had moderate-to-severe
IS (mean score 19.0+1.3), and 27.14% had severe IS (mean
score 24.68+4.07). Thus, severe IS was more frequently ob-
served in patients with PSE (p<0.05).

Degree of disability

Using the mRS, patients with IS and PSE demonstrat-
ed higher disability levels compared to those without PSE
(3.00+1.00 vs. 2.27+0.96 points, respectively; p<0.001) (see
Table 1). Patients with vs. without PSE have a significantly
higher mRS score. Patients without PSE require no external
assistance (<3 points on the mRS), whereas patients with
PSE do require it (>3 points on the mRS). Thus, it may be
assumed that epilepsy may worsen the condition of patients
with stroke.

Daily life activity

The Bl scores for daily living activities averaged
65.0+12.65 points in Group 1 and 65.6+9.32 points in Group
2 (see Table 1), suggesting about a moderate level of external
dependency for daily activities. No significant inter-group dif-
ferences assessing this criterion were found (p=0.7).

Risk of developing late seizures

Before treatment, the mean SeLECT score in Group 1 and
Group 2 was 3.41+1.30 and 2.94+1.30 (p=0.03), respectively

https://epilepsia.su
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Table 1. Results of patient assessments according to various scales in the study groups, score

Ta6m/ma 1. PﬁByIIbT?lTbI OCHKHU COCTOAHMSA MAMMCHTOB IO PA3JIUYHBIM ITKAJIAM B I'PYIIIIAX UCCICTOBAHNA, OasuIBl

Scale//lLixana Main group /(r?:_;l;)suan rpynna Comparison grot(ll[L/_ll['][;ynna CpaBHEHus D
NIHSS 20,10+4,00 19,37+4,46 0,300
mRS 3,00+1,00 2,27+0,96 <0,001
Bl 65,00+12,65 65,60+9,32 0,700
SeLECT 3,41+1,30 2,94+1,30 0,030

Note. NIHSS — National Institutes of Health Stroke Scale; mRS — modified Rankin Scale; BI — Barthel Index; SeLECT (SEverity of stroke,
Large artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery) — a scale for predicting late
epilepsy associated with ischemic stroke.
ITpumeuanue. NIHSS (arnen. National Institutes of Health Stroke Scale) — wixane oyenxu maxcecmu uncyavma HayuonassHolx
urncmumymos 30pasooxparenus CLLA; mRS (arza. modified Rankin Scale) — moougduyuposarnasn ukana PonKurdy;
BI (amen. Barthel Index) — unoexc bapmena; SeLECT (anen. SEverity of siroke, Large artery atherosclerosis, Early seizure, Cortical
involvement, Territory of the middle cerebral artery) — wxania 0ns npoHOSUPOBAUS NOZOHEL INUNeNCUL, CBA3ANHOLL C ULLeMULECKUM
UHCYIBMOM (YHUMBLEACTI. MANCCCINb UHCYALINA, AIMEPOCKACPO3 KPYIHbIX apmeputl, parnHue npucmynst, nopaicerue Kopot 20108HO20
M032a, 0021ACMb CPEOHELE MO3208011 apmepuit).

Table 2. Distribution of patients according to stroke severity level based on the National Institutes of Health Stroke Scale (NIHSS)

Ta6auia 2. PactipesiesieHue GONbHbBIX B 3aBUCUMOCTHU OT CTETIEHH TSDKECTH MHCYIIBTA TI0 MKAJIE HHCYIBTa HAITMOHATBHBIX
HMHCTUTYTOB 3ipaBooxpanenus CHIA (anmr. National Institutes of Health Stroke Scale, NIHSS)

Main group / OcHoBHas rpynna Comparison group / pynna cpaBHeHus
Stroke severity / Ctenenb (n=70) (n=70) "
TAXKECTHU MHCYNbTA n (%) Mean score / n (%) Mean score /
. CpenHuii 6ann 8 Cpeauuii 6ann
Mild / Nerkuin 16 (22,86) 9,69+2,90 19 (27,14) 12,00+£2,93 0,001
Moderate / CpeiHeTsKENbII 25 (35,71) 18,36+1,65 32 (45,72) 19,00+1,30 >0,050
Severe / Tskenblin 29 (41,43) 27,46+5,93 19 (27,14) 24,68+4,07 <0,050
Total / Utoro 70 (100,00) 20,10+4,00 70 (100,00) 19,37+4,46 0,300

(see Table 1). The two groups differed significantly by a fac-
tor of 1.16, which may suggest a higher risk of developing late
seizures in IS patients who meet the above-mentioned criteria.

Severity of epilepsy

Among the patients, 32 (45.71%) had mild severity PSE,
12 (17.14%) — moderate severity (p<0.001), and 26 (37.15%) —
severe severity (p<0.05) (Fig. 1). Taking into account that the
classification by K. Lihdorf et al. is solely based on the fre-
quency but not on the form of epileptic seizures (simple par-
tial, complex partial, generalized or secondary generalized),
a more severe course of PSE was certainly observed in pa-
tients with a high frequency, primary generalized forms of
seizures and epileptic status. Thus, in this PSE patient cohort,
mild and severe PSE were most often recorded, depending
on the frequency and form of epileptic seizures.

Enzyme-linked immunosorbent assay /
HMMyHO(MEpPMEHTHBIH AaHATH3

NSE levels

Next, NSE serum levels were analyzed. During the studied
IS period, an increase in NSE concentration was observed.
The average NSE levels in main and comparison groups were
18.42+3.0 ng/mL and 17.34+3.37 ng/ml, respectively com-

https://epilepsia.su

pared to 3.9+1.3 ng/ml in control group, representing 4.72-
and 4.45-fold higher levels, respectively (p<0.001) (Table 3).

At the same time, the NSE level in Group 1 exceeded that
in Group 2 by a factor of 1.06 (p=0.04) (Fig. 2). The highest
NSE values were observed in patients with moderate-to-se-
vere and severe IS in both groups (p<0.05) suggesting that it
may serve as a predictor of neurological deficits and devel-
opment of epilepsy following IS.

Mild / INerkasi

45.71% Moderate / Cpeansis

B Severe / Tsxenas

17,14%

Figure 1. Distribution of patients with post-stroke epilepsy
stratified by epilepsy severity level

Pucynoxk 1. Pactipesenenne 60IbHBIX C TOCTUHCYJIBTHOIN
SMMUJIETICUEN IO CTENEHU TAKECTH TEYECHNS SIMUIIETICUI
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Table 3. Levels of patient serum neuron-specific enolase (NSE) and vascular endothelial growth factor (VEGF)

Ta6auua 3. YpoBHU HEMPOHCIENU(PUUECKOI €HOJIa3bl (aHIIL neuron-specific enolase, NSE) u (pakropa pocTa 3HAOTENHS COCYI0B

(anrin. vascular endothelial growth factor, VEGF) B CbIBOPOTKE KDOBH ITAL[UEHTOB

Main group / Comparison group /
Biomarker / buomapkep OcHoBHas rpynna Ipynna cpaBHeHuUs Contro(ln/_légl)ﬁponb p
(n=70) (n=70) =
NSE, ng/ml // NSE, Hr/mn 18,42+3,00 17,34+3,37 3,9+1,3 <0,001
VEGF, pg/ml // VEGF, nr/mn 286,75+17,40 278,20+12,08 180,1+12,1 <0,001

30

- N N
[$] o [$)]

NSE, ng/ml // NSE, Hr/mn

_
o

5 =

I Main group / OcHoBHasi rpynna
B Comparison group / Mpynna cpasHeHus

B Control / Kontponb
Figure 2. Levels of patient serum neuron-specific enolase (NSE)

PuCyHOK 2. YPOBHU HEUPOHCIIENU(PUIECKOI €HONA3DI (AHIL
neuron-specific enolase, NSE) B CbLIBOPOTKE KPOBU NALIUEHTOB

Conducting a correlation analysis between NSE levels and
assessment scale scores in patients with PSE allowed to
identify a strong positive correlation between NSE levels and
NIHSS scores (r=0.71) (Fig. 3a) suggesting that an increase
in NSE levels serves as a marker of severe IS and unfavorable
prognosis in patients with PSE.

In patients with PSE, a moderate positive correlation
was observed between NSE concentration and mRS scores
(r=0.50) (Fig. 3b), suggesting that elevated NSE levels may
negatively affect the rehabilitation period.

A weak correlation was found between NSE levels and Bl
scores (r=0.31) (Fig. 3c). The Bl value mirrors a patient’s ac-
tivity and external dependency in daily life activities. Thus,
high NSE levels may indirectly affect activity of PSE patients
by exacerbating neurological deficits. These results in line
with those reported elsewhere [18, 35].

The correlation coefficient between NSE levels and SeLECT
scores was r=0.88, indicating a strong positive relationship
(Fig. 3d). Considering that the lowest SeLECT score predicts
a risk of late seizures within 1 year post-stroke at 0.7% and
within 5 years at 1.3%, while the highest score (9 points)
predicts a risk of late seizures at 63% within 1 year and 83%
within 5 years [31], as well as the direct relationship between
higher SeLECT scores and elevated NSE levels, it can be as-
serted that both the SeLECT score and NSE are valid predic-
tors of late epileptic seizure risk after IS.

anunencus n NapokcnamMasibHble COCTOSAHUS

NSE is a CNS intracellular enzyme and enolase isoform,
which is essential for glycolysis. This marker is used to as-
sess CNS differentiation and is one of the most specific in-
dicators of neuronal damage. Beginning at synaptogenesis,
around at gestational age of week 22, NSE becomes apparent
in later stages of neuronal differentiation. This unique serum
marker can also be used to detect neural tissue tumors and
neuroendocrine neoplasms [35]. Increased serum NSE levels
are observed in ischemic injury, brain trauma, epilepsy, and
subarachnoid hemorrhage [36, 37].

Thus, patients with stroke sequelae and epileptic seizures
show a 1.06-fold higher serum NSE concentration compared
to IS patients without epilepsy and a 4.72-fold higher level
compared to control group indicating a more profound neu-
ronal damage in patients with PSE. Consequently, the use of
NSE as a marker of brain damage may strengthen the diag-
nosis and prognosis of PSE outcomes.

VEGF levels

ELISA-based analysis revealed that serum VEGF concen-
trations in main and comparison groups were significantly
increased by 1.59-fold (286.75+17.40 pg/ml) and 1.54-fold
(278.20+12.08 pg/ml), respectively compared to control
group (180.1£2.1 pg/ml) (p<0.001) (see Table 3).

Moreover, VEGF levels in Group 1 were significantly higher
than those in Group 2 by a factor of 1.03 (p<0.001) (Fig. 4). It
was also demonstrated that VEGF hyperexpression is more
common in patients with epilepsy and encephalopathy sug-
gesting that VEGF is involved not only in angiogenesis (de no
blood vessel formation) but also in epileptogenesis. “Vascu-
lar epilepsy” is associated with VEGF hyperexpression. Oth-
er studies have also highlighted VEGF role in epilepsy patho-
genesis [21, 22].

Correlation analysis revealed a weak positive relationship
(r=0.47) between VEGF levels and NIHSS scores (Fig. 5a), in-
dicating a limited association between VEGF hyperexpres-
sion and IS severity. The dual role of VEGF in the pathogen-
esis of IS has also been reported in studies suggesting that
VEGF hyperexpression plays a compensatory role during the
acute phase of the disease by promoting outgrowth of new
blood vessels [16, 24].

A weak positive correlation was identified between mRS
scores and VEGF levels in patients with PSE (r=0.44) (Fig. 5b)
implying that VEGF levels are weakly associated with the de-
gree of disability and rehabilitation potential in PSE patients.

Similarly, weak correlations were observed between VEGF
levels and Bl scores (r=0.33) (Fig. 5¢) and SeLECT scores
(r=0.40) (Fig. 5d). These findings indicate that elevated VEGF

https://epilepsia.su

321



'>))>-\A

EPILEPSY ¢Y£%,
2024 T 16 No 4 and Paroxysmal g my
oM - Conditions ‘%)ANNWERSARV
r=0,71 r=0,50
30 6
° ) )
25 ° 0o 7® 5 o o000 o @
o 00 29" o
20 $o7 ° o
:,o 4 ® o o0 ._g.ob
% PS4 o.: "
= 15 @ c 3 000000 00
= ’ E
10 ° 2 o eoeeee o
5 1 °
0 0
0 10 20 30 0 10 20 30
NSE, ng/ml // NSE, Hr/mn NSE, ng/ml // NSE, Hr/mn
a b
r=0,31 r=0,88
90 7
80 (YYryYyyl 6
) LI ) |
70 ° 000 0000
000s 00000 5 (XYY Y)
60 0. 000 00 ©
50 ee o 5 4 cece
@ e o o
40 o o » 3 esvoe
30 oo o
2 o o000
20
10 1 e oo
0 0
0 5 10 15 20 25 30 0 10 20 30
NSE, ng/ml // NSE, Hr/mn NSE, ng/ml // NSE, ur/mn
C d

322

Figure 3. Correlations between neuron-specific enolase (NSE) levels in post-stroke epilepsy and assessment scale scores:
a — National Institutes of Health Stroke Scale (NIHSS); b — modified Rankin Scale (mRS); ¢ — Barthel Index (BI); d — SeLECT (SEverity
of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery) score

PucyHok 3. KoppeisiMOHHbIE B3AUMOCBA3M MEX/TY YPOBHEM HEHPOHCIIEIIM(UYECKON EHOMA3bI (AHIL. neuron-specific enolase,
NSE) nnpu NOCTUHCYJIBTHO SMUJIENICUU 1 02JUIAMU 110 OLIEHOYHBIM HIKATIAM:

a — IIKaJIa OLIEHKH TsKECTU UHCY/IbTAa HalTMOHANIBHBIX MHCTUTYTOB 3/1paBooxpanenus CIIA (anmt. National Institutes of Health
Stroke Scale, NIHSS); b — mogudunrposannas nkana Pankuna (annt. modified Rankin Scale, mRS); ¢ — unyexc Baprena

(anr. Barthel Index, BI); d — mxasa SeLECT (anri. SEverity of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement,

Territory of the middle cerebral artery)

levels are not strongly associated with the development of
late epilepsy after IS or with patients’ daily living activities.
Moreover, VEGF levels have no significant impact on pre-
dicting the development or worsening of epilepsy during the
studied post-stroke period.

To further investigate a relationship between VEGF and
NSE levels in PSE, a correlation analysis was performed, re-
vealing a weak positive correlation (r=0.38) (Fig. 6).

Formation and progression of vascular anomalies such
as arteriovenous malformations (AVMs) [25] is coupled to
VEGF hyperexpression detected in astrocytes, neurons, and
endothelial cells. Consequently, these cell types may se-
crete VEGF to support angiogenesis and AVM formation [21,
25], although direct evidence corroborating this hypothesis
is lacking.

https://epilepsia.su

Angiogenesis in the brain of epilepsy patients correlates
with BBB dysfunction associated with VEGF [21]. VEGF and
its receptor 2 (vascular endothelial growth factor recep-
tor 2, VEGFR2) mRNA expression levels were upregulated,
whereas that of Z0-1, a tight junction-associated protein,
was downregulated in kainic acid-treated slice cultures [26].
Treatment with anti-VEGF antibodies mitigated the increase
in vessel density, the number of vascular branches, and the
reduction in Z0-1 expression. It has also been found that
VEGF/VEGFR2 signaling likely induces angiogenesis and
BBB dysfunction via the proto-oncogene tyrosine kinase
Src pathway [21, 26].

Endothelial cells express VEGFR, and several authors sug-
gest that matrix metalloproteinase activates the VEGF/VEGFR
signaling pathway in angiogenesis under pathological condi-
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Figure 5. Correlations between vascular endothelial growth factor (VEGF) levels in post-stroke epilepsy and assessment scale scores:
a — National Institutes of Health Stroke Scale (NIHSS); b — modified Rankin Scale (mRS); ¢ —Barthel Index (BI); d — SeLECT (SEverity
of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery) score

PucyHOK 5. KoppenainoHHble B3aUMOCBA3U MEX/Y YPOBHEM (DAKTOPA POCTA SHJOTENNA COCYI0B (aHIIL vascular endothelial

growth factor, VEGF) npu noCTUHCYIBTHOHN SIWJIETICUU U 62JJIAMU 10 OIIEHOYHBIM IIKAJIaM:

a — IIKaJId OLEHKU TSLKECTU MHCYJIbTA HallMOHAIbHBIX MHCTUTYTOB 3/;paBooxpanenus CIIA (anri. National Institutes of Health

Stroke Scale, NIHSS); b — mogudunposanHas mkana PaukuHa (anmL. modified Rankin Scale, mRS); ¢ — unzexc Baprena
(anrs. Barthel Index, BI); d — mxana SeLECT (anrs. SEverity of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement,
Territory of the middle cerebral artery)
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tions [21, 26, 27]. However, whether and how these cascades
contribute to angiogenesis in the brain of epilepsy patients
remains to be further explored.

CONCLUSION / 3AK/JIIOYEHHME

Here, we demonstrated that NSE hyperexpression, a mark-
er of brain damage, is crucial in diagnosing and predicting
PSE outcomes. VEGF hyperexpression plays a dual role in
PSE pathogenesis attributed to the IS phase and the pres-
ence of epilepsy. VEGF exhibits a compensatory function
during the acute phase of IS but serves as an unfavorable
indicator during the chronic phase, particularly in case of
vascular and structural epilepsy, suggesting its involvement
in epileptogenesis.

The correlation between markers indicative of neuronal
damage and angiogenesis and the severity of disease, dis-
ability, rehabilitation potential, and daily life activity of pa-
tients was established. Additionally, the prognostic signifi-
cance for NSE and VEGF hyperexpression in development and
progression of epilepsy in patients with seizures and stroke
sequelae was confirmed, which may be used to predict de-
velopment or worsening of post-stroke epilepsy.
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Figure 6. Correlations between neuron-specific enolase
(NSE) and vascular endothelial growth factor (VEGF) levels
in post-stroke epilepsy

PucyHOK 6. KOppemsiHOHHbIE B3AMMOCBI3U MEK/TY
YPOBHSIMHU HEHPOHCIIELU(PUIECKON €HOMA3bI (AHIL
neuron-specific enolase, NSE) u (pakropa pocta sHAOTENNA
cocynos (aHrL vascular endothelial growth factor, VEGF)
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