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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. Lühdorf 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.

KEYWORDS 

Post-stroke epilepsy, PSE, clinical scales, neuron-specific enolase, NSE, vascular endothelial growth factor, VEGF, blood serum. 

For citation 
Rakhimbaeva G.S., Sobirova D.S. Сlinical and neuroimmunological correlations in post-stroke epilepsy illustrated by analyzing 
serum neuron-specific enolase and vascular endothelial growth factor. Epilepsia i paroksizmal'nye sostoania / Epilepsy and 
Paroxysmal Conditions. 2024; 16 (4): 316–326. https://doi.org/10.17749/2077-8333/epi.par.con.2024.205.

Да
нн
ая

 и
нт
ер
не
т-
ве
рс
ия

 с
та
ть
и 
бы

ла
 с
ка
ча
на

 с
 с
ай
та

 h
ttp

://
w

w
w

.e
pi

le
ps

ia
.s

u.
 Н
е 
пр
ед
на
зн
ач
ен
о 
дл
я 
ис
по
ль
зо
ва
ни
я 
в 
ко
м
м
ер
че
ск
их

 ц
ел
ях

. 
И
нф

ор
м
ац
ию

 о
 р
еп
ри
нт
ах

 м
ож

но
 п
ол
уч
ит
ь 
в 
ре
да
кц
ии

. Т
ел

.: 
+7

 (4
95

) 6
49

-5
4-

95
; э
л.

 п
оч
та

: i
nf

o@
irb

is
-1

.ru
. 

https://crossmark.crossref.org/dialog/?doi=10.17749/2077-8333/epi.par.con.2024.209


Оригинальные статьи / Original articles

317Эпилепсия и пароксизмальные состояния	 https://epilepsia.su
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нейронспецифической енолазы и фактора роста эндотелия сосудов
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РЕЗЮМЕ 

Актуальность. В связи с прогрессом в лечении пациентов, перенесших инсульт, увеличивается распространенность 
постинсультной эпилепсии (ПИЭ). Поиск биомаркеров, определяющих прогноз осложнений ишемического инсульта 
(ИИ) и развитие ПИЭ, с разработкой протокола диагностики полезен для совершенствования тактики терапии ПИЭ. 

Цель: исследование уровней нейронспецифической енолазы (англ. neuron-specific enolase, NSE) и фактора роста эн-
дотелия сосудов (англ. vascular endothelial growth factor, VEGF) в сыворотке крови пациентов с ПИЭ, изучение клини-
ко-нейроиммунологических корреляций. 

Материал и методы. Обследованы 140 пациентов в возрасте от 28 до 84 лет с последствиями первого ИИ. Из них 
у 70 больных впервые развились поздние эпилептические приступы (основная группа), у 70 имел место ИИ без эпи-
лептических приступов (группа сравнения). В контрольную группу вошли 30 пациентов без ИИ и эпилепсии. Степень 
тяжести ИИ оценивали по шкале инсульта Национальных институтов здравоохранения США (англ. National Institutes 
of Health Stroke Scale, NIHSS), степень инвалидизации – по модифицированной шкале Рэнкина (англ. modified Rankin 
Scale, mRS), уровень базовой функциональной активности пациента – по индексу Бартела (англ. Barthel Index, BI). Про-
гнозирование появления поздних приступов после ИИ осуществляли по шкале SeLECT (англ. SEverity of stroke, Large 
artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery). Для оценки тяжести тече-
ния эпилепсии использовали классификацию K. Lühdorf et al. У всех пациентов проводили иммуноферментный ана-
лиз уровня нейротрофического фактора NSE и фактора ангиогенеза VEGF в сыворотке крови.

Результаты. Отмечено значительное увеличение концентрации NSE в основной группе (в 4,72 раза) и группе сравнения 
(в 4,45 раза), в отличие от контрольной группы. Выявлено статистически значимое повышение показателей VEGF в ос-
новной группе (в 1,59 раза) и группе сравнения (в 1,54 раза) относительно контрольных значений. Кроме того, уровни 
NSE и VEGF в основной группе статистически значимо превышали таковые в группе сравнения (в 1,06 и 1,03 раза со-
ответственно). Также наблюдалась тенденция к повышению обоих биомаркеров у больных со среднетяжелым и тя-
желым течением ПИЭ. Определен уровень корреляционных взаимосвязей между показателями, которые характери-
зуют повреждение нервной ткани и процесс ангиогенеза, и степенью тяжести, инвалидизации, реабилитационного 
потенциала, активности пациентов в повседневной жизни, а также прогностической значимости NSE и VEGF в разви-
тии и утяжелении эпилепсии у больных с последствиями ИИ и эпилептическими приступами.

Заключение. Гиперэкспрессия NSE и VEGF имеет значение в прогнозировании развития или прогрессирования (утя-
желения) эпилепсии после ИИ.

КЛЮЧЕВЫЕ СЛОВА 

Постинсультная эпилепсия, ПИЭ, клинические шкалы, нейронспецифическая енолаза, NSE, фактор роста эндотелия 
сосудов, VEGF, сыворотка крови. 

Для цитирования 
Рахимбаева Г.С., Собирова Д.С. Клинико-нейроиммунологические корреляции при постинсультной эпилепсии на при-
мере нейронспецифической енолазы и фактора роста эндотелия сосудов. Эпилепсия и пароксизмальные состояния. 
2024; 16 (4): 316–326 (на англ. яз.). https://doi.org/10.17749/2077-8333/epi.par.con.2024.205. 

INTRODUCTION / ВВЕДЕНИЕ

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 

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.

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

MATERIAL AND METHODS / МАТЕРИАЛ 
И МЕТОДЫ

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 / Критерии 
включения и исключения

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:
– сhildhood 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 / Группы пациентов

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 / Диагностика

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.
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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 I69.3 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.

Методы оценки / 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, Cortical 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. Lühdorf 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 / 
Иммуноферментный анализ

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 

“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 / Статистический анализ

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 χ2 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 / РЕЗУЛЬТАТЫ 
И ОБСУЖДЕНИЕ

Assessment by scales / Оценка по шкалам

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). Рatients 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 BI 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 
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(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. Lühdorf 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 / 
Иммуноферментный анализ

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-

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.

Table 1. Results of patient assessments according to various scales in the study groups, score

Таблица 1. Результаты оценки состояния пациентов по различным шкалам в группах исследования, баллы

Scale / Шкала Main group / Основная группа
(n=70)

Comparison group / Группа сравнения
(n=70) р

NIHSS 20,10±4,00 19,37±4,46 0,300

mRS 3,00±1,00 2,27±0,96 <0,001

BI 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.

Примечание. NIHSS (англ. National Institutes of Health Stroke Scale) – шкале оценки тяжести инсульта Национальных 
институтов здравоохранения США; mRS (англ. modified Rankin Scale) – модифицированная шкала Рэнкина;  
BI (англ. Barthel Index) – индекс Бартела; SeLECT (англ. SEverity of stroke, Large artery atherosclerosis, Early seizure, Cortical 
involvement, Territory of the middle cerebral artery) – шкала для прогнозирования поздней эпилепсии, связанной с ишемическим 
инсультом (учитывает тяжесть инсульта, атеросклероз крупных артерий, ранние приступы, поражение коры головного 
мозга, область средней мозговой артерии).

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

Таблица 2. Распределение больных в зависимости от степени тяжести инсульта по шкале инсульта Национальных 
институтов здравоохранения США (англ. National Institutes of Health Stroke Scale, NIHSS)

Stroke severity / Степень 
тяжести инсульта

Main group / Основная группа
(n=70)

Comparison group / Группа сравнения
(n=70)

p
n (%) Mean score / 

Средний балл n (%) Mean score / 
Средний балл

Mild / Легкий 16 (22,86) 9,69±2,90 19 (27,14) 12,00±2,93 0,001

Moderate / Среднетяжелый 25 (35,71) 18,36±1,65 32 (45,72) 19,00±1,30 >0,050

Severe / Тяжелый 29 (41,43) 27,46±5,93 19 (27,14) 24,68±4,07 <0,050

Total / Итого 70 (100,00) 20,10±4,00 70 (100,00) 19,37±4,46 0,300

Mild / Легкая

Moderate / Средняя

Severe / Тяжелая

17,14%

45,71%

37,15%

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

Рисунок 1. Распределение больных с постинсультной 
эпилепсией по степени тяжести течения эпилепсии
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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 BI 
scores (r=0.31) (Fig. 3c). The BI 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.

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 BI scores (r=0.33) (Fig. 5c) and SeLECT scores 
(r=0.40) (Fig. 5d). These findings indicate that elevated VEGF 

Table 3. Levels of patient serum neuron-specific enolase (NSE) and vascular endothelial growth factor (VEGF)

Таблица 3. Уровни нейронспецифической енолазы (англ. neuron-specific enolase, NSE) и фактора роста эндотелия сосудов 
(англ. vascular endothelial growth factor, VEGF) в сыворотке крови пациентов

Biomarker / Биомаркер
Main group /  

Основная группа
(n=70)

Comparison group /
Группа сравнения

(n=70)

Control / Контроль
(n=30) р

NSE, ng/ml // NSE, нг/мл 18,42±3,00 17,34±3,37 3,9±1,3 <0,001

VEGF, pg/ml // VEGF, пг/мл 286,75±17,40 278,20±12,08 180,1±12,1 <0,001

Figure 2. Levels of patient serum neuron-specific enolase (NSE)

Рисунок 2. Уровни нейронспецифической енолазы (англ. 
neuron-specific enolase, NSE) в сыворотке крови пациентов
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EPILEPSY 
and paroxysmal 

conditions 

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.

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 ZO-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 ZO-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-

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); c – Barthel Index (BI); d – SeLECT (SEverity 
of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery) score

Рисунок 3. Корреляционные взаимосвязи между уровнем нейронспецифической енолазы (англ. neuron-specific enolase, 
NSE) при постинсультной эпилепсии и баллами по оценочным шкалам: 
а – шкала оценки тяжести инсульта Национальных институтов здравоохранения США (англ. National Institutes of Health 
Stroke Scale, NIHSS); b – модифицированная шкала Рэнкина (англ. modified Rankin Scale, mRS); с – индекс Бартела  
(англ. Barthel Index, BI); d – шкала SeLECT (англ. SEverity of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, 
Territory of the middle cerebral artery)
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Figure 4. Levels of patient serum vascular endothelial growth 
factor (VEGF)

Рисунок 4. Уровни фактора роста эндотелия сосудов  
(англ. vascular endothelial growth factor, VEGF) в сыворотке 
крови пациентов
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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); c –Barthel Index (BI); d – SeLECT (SEverity 
of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, Territory of the middle cerebral artery) score

Рисунок 5. Корреляционные взаимосвязи между уровнем фактора роста эндотелия сосудов (англ. vascular endothelial 
growth factor, VEGF) при постинсультной эпилепсии и баллами по оценочным шкалам: 
а – шкала оценки тяжести инсульта Национальных институтов здравоохранения США (англ. National Institutes of Health 
Stroke Scale, NIHSS); b – модифицированная шкала Рэнкина (англ. modified Rankin Scale, mRS); с – индекс Бартела  
(англ. Barthel Index, BI); d – шкала SeLECT (англ. SEverity of stroke, Large artery atherosclerosis, Early seizure, Cortical involvement, 
Territory of the middle cerebral artery)

Да
нн
ая

 и
нт
ер
не
т-
ве
рс
ия

 с
та
ть
и 
бы

ла
 с
ка
ча
на

 с
 с
ай
та

 h
ttp

://
w

w
w

.e
pi

le
ps

ia
.s

u.
 Н
е 
пр
ед
на
зн
ач
ен
о 
дл
я 
ис
по
ль
зо
ва
ни
я 
в 
ко
м
м
ер
че
ск
их

 ц
ел
ях

. 
И
нф

ор
м
ац
ию

 о
 р
еп
ри
нт
ах

 м
ож

но
 п
ол
уч
ит
ь 
в 
ре
да
кц
ии

. Т
ел

.: 
+7

 (4
95

) 6
49

-5
4-

95
; э
л.

 п
оч
та

: i
nf

o@
irb

is
-1

.ru
. 



324

 2024 Том 16 № 4

https://epilepsia.su	 Epilepsy and Paroxysmal Conditions

0 10 20 30

r=0,38

VE
GF

, p
g/

m
l /

/ 
VE

GF
, п

г/
м

л

NSE, ng/ml // NSE, нг/мл

350

300

250

200

150

100

50

0

Figure 6. Correlations between neuron-specific enolase 
(NSE) and vascular endothelial growth factor (VEGF) levels 
in post-stroke epilepsy

Рисунок 6. Корреляционные взаимосвязи между 
уровнями нейронспецифической енолазы (англ.  
neuron-specific enolase, NSE) и фактора роста эндотелия 
сосудов (англ. vascular endothelial growth factor, VEGF)  
при постинсультной эпилепсии
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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 / ЗАКЛЮЧЕНИЕ

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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