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ABSTRACT

Aim. To evaluate serum vascular endothelial growth factor (VEGF) levels in the dynamics of the acute period of
ischemic stroke in patients during clinical and functional recovery.

Material and methods. The study included 114 patients with ischemic stroke. Patient groups were the following:
Group 1 — mild stroke (n = 57 patients), Group 2 — moderate stroke (n = 25 patients), Group 3 — severe stroke
(n = 32 patients). Observation period was 14 days. Observation points included: I — the first 48—72 hours from
the onset of the disease; II — the 14" day. We used the following assessment scales: National Institute of Health
Stroke Scale (NIHSS) and the modified Rankin Scale (mRS). VEGF was determined in blood serum on a multiplex
analyzer. Statistical processing of the results was carried out using the Statistica 13.0 software package.

Results. Patients of groups 1 and 2 showed a statistically significant decrease in points on the NIHSS and mRs
scales (p < 0.001) in the dynamics of observation, in patients of group 3, no significant changes were found
(»=0.157 and p = 0.315, respectively). VEGF in the comparison group did not show reliable differences relative to
patients at points I (p, ,=0.73,p, ,=0.738, p, .= 0.129) and II of observation (p, , = 0.66, p, ,=0.817, p, ,=0.276).
Analysis of the dynamics of the marker revealed an increase in VEGF between points I and II of observation in
group 3 (p =0.021), AVEGF positively correlated with a higher score on the NIHSS scale at point I (r=0.691; p =
0.027). No relationships were found in group 1 (p, ;= 0.078, 7, . viniss 1= —0-294; P vorninss + = 0-237) and group
2 patients (pI—II =0.285, TaveGr-ninss 1~ —0.305; PaveGrnimss 1= 0.392)

Conclusion. Heterogeneity of ischemic stroke pathogenesis reduces the prognostic value of VEGF as an isolated
biomarker. A comprehensive analysis of the temporal patterns of VEGF regulation and other angiogenic factors is

needed to understand the dynamics of vascular remodeling and predict the outcomes of ischemic stroke.
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FeTteporeHHocTb aAnHamukn VEGF B octpom nepuopge nwemmnyeckoro
MHCYNbTa: B3aMOCBA3b C TAXKECTbIO 3a001eBaHNA N KPAaTKOCPOUHbIMI
ncxogamm

Kyueposa K.C.', Koponésa E.C.', Anu¢uposa B.M.", bonko A.C.2,
bpasoBckasa H.I'.", UBaHoBa C.A.?
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PE3IOME

Hens: omeHKa AMHAMUKH CHIBOPOTOYHOTO YpOBHS (hakTopa pocta sumorenust cocynos (VEGF) y namuenros B
OCTPOM TIEPHO/Ie HIIEMUIECKOTO HHCYIbTa B KOHTEKCTE KIMHUIECKOTO U (PyHKIIHOHAIFHOTO BOCCTAHOBIICHUS, C
AKIIEHTOM Ha Pa3JIMIHs MeX/y aTOTeHeTHIECKUMH OATHIIAMH U TSHKECTHIO 3a00JICBaHMS.

Matepuasl 1 MeToabl. Vccnenyemas BeiOopka coctaBuia 114 manueHToB ¢ UIIEMHYECKUM HHCYIBTOM T'OJIOB-
HOro Mo3ra. ['pynmnsl nanneHToB: 1-s rpymmna — JeTKuil uHCYIbT (7 = 57 malueHToB), 2-s1 TpyNIa — CpeaHel cTe-
MIEHH TsDKeCTH (n = 25 manuenToB), 3-51 rpymnmna — TSDKeNbId HHCYIbT (7 = 32 nmauuenta). [leprox HaOmoaeHus:
14 cyt. Touku HaOmonenus: I — mepBeie 48—72 u ot Havana 3aboneBanus; 1l — 14-e cyT. OLEHOUHBIE IIKAJIBL:
mKana uHCynbTa HarmpmonansHoro nactutyTa 310poBbs (NIHSS), monnduunpoBannas mkana Pankuaa (mRS).
VYposens VEGF onpenensinu B CBIBOPOTKE KPOBH Ha MYJIBTHIUIEKCHOM aHanu3aTope. CraTiuctiuueckas 00paboTka
Pe3yABTATOB MPOBOIMIIACH C HCIOIB30BAaHUEM MAKeTa NPUKIAIHBIX porpaMM Statistica 13.0.

Pe3yabTatsl. ¥V nauneHTtoB 1-i u 2-it rpynmn oOHapy»KeHO CTATUCTUYECKH 3HAYMMOE CHIDKEHHE KOIniecTBa Oaj-
noB 1o mkanam NIHSS u mRs (p < 0,001) B nuHamuke HaOIOCHNS, Y TAIIUEHTOB 3-if IPYIIIBI 3HAYMMBIX U3Me-
HeHuit He BbiBIeHO (p = 0,157 u p = 0,315 cootBercTBeHHO). YpoBeHs VEGF B rpyrmne cpaBHeHHs He Mmokasai
JOCTOBEPHBIX PA3IMYMA OTHOCUTENLHO nanuenToB B I (p, = 0,73; p, ,=0,738; p .= 0,129) u Bo II Touke Ha0J110-
nenus (p, = 0,66; p, ,= 0,817; p_,= 0,276). Ananu3 (MHAMUKU MapKepa BbIABMI yBenudeHue ypoBus VEGF
mexay I u Il Toukamu HaGmoaeHus y naruenTos 3-i rpymsl (p = 0,021), AVEGF nonoxurensHo Koppeanposaia
¢ 6onee BeicoknM Gayutom no mkane NIHSS B 1 touke (r = 0,691; p = 0,027). KoppensuoHHbIX B3aUMOCBsI3ei
B 1-ii rpynme (p, = 0,078, ¥ \VEGENIHSS 1 —0,294; PaveGE-Nmss 1 = 0,237) u 2-ii rpynne nauuentos (p, = 0,285;
rAVEGF-NIHSSfI = 70’305’ pAVEGF-NIHSSfI = 0’392) HE BBLIBJICHO.

3axino4eHne. I'eTeporeHHOCTh IATOreHe3a HMIIEMUYECKOr0 HMHCYJIbTA CHUXKACT IPOTHOCTUYECKYHO LEHHOCTh
VEGF xax u3onupoBanHoro 6nomapkepa. Heo6xoaum KOMIIIEKCHBIH aHaIH3 BPEMEHHBIX 3aKOHOMEPHOCTEH pe-
rymsimui VEGF u apyrux aHTHOTreHHBIX ()aKTOPOB JUTsl IIOHUMAaHUS ANHAMHUKH COCYIMCTOTO PEMOACINPOBAHHUS H

MIPOTHO3MPOBAHUA UCXOJ0B HIIEMHUYCCKOI'0 MHCYJIbTA I'OJIOBHOT'O MO3ra.

KiroueBblie ciioBa: (1)aKTOp POCTa SHAOTEIMUA COCYI0B, aHIT'MOI'CHE3, 6I/IOM3.pK6p, TIPOTrHO3, KIIMHUYECKOE BOCCTAHOB-
JICHUEC

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThH.

Hcrounuk ¢puHAHCHPOBAHUA. ABTOPHI 3asBIISIIOT 00 OTCYTCTBUH (DMHAHCUPOBAHUS IPH NMPOBEICHHU HUCCIEHO0-
BaHMUS.

CooTBeTcTBHE MPUHIOUNAM dTHKH. [l0 BKIIOUCHHS B HCCIEIOBAaHUE BCE CYOBEKTHI WM MX OJIDKAWIIHE POJI-
CTBEHHUKH OBUIA OCBEIIOMIJICHBI O XapaKTepe, IesX, BO3MOXKHBIX PHCKaX HUCCICIOBAHUS U AU JOOPOBOJIBHOE
MHPOPMUPOBAHHOE MUCEMEHHOE COTJIache Ha ydacThe. [IpOTOKOJI KITMHAYECKOTO HCCIIEOBaHUs pa3paboTaH B
COOTBETCTBHU ¢ TpeOoBaHmsMu HammonaneHoro crangapra PO 'OCT P52379-2005 «Hamrexamas KInHAYE-
ckast npaktuka» GCP (2005 r.) Good Clinical Practice n omo6peH stidueckum komureroM Cu6I'MY (3akimrouenue
Ne 8565/1 or 21.01.2021).

Jsa nurupoBanus: Kyueposa K.C., Koponésa E.C., Anuduposa B.M., boiiko A.C., bpa3osckas H.I'., MiBano-
Ba C.A. I'ereporennocts nuHamuku VEGF B ocTpoM mepuoze MIIEMHYECKOrO MHCYJbTA: B3aUMOCBS3b C TSKE-
CTBIO 3a00JI€BaHMUS M KPATKOCPOUHBIMU HCX0aMu. Bioiemens cubupcrou meduyunst. 2026;26(1):77-85. https://
doi.org/10.20538/1682-0363-2026-1-77-85.
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INTRODUCTION

Strokes consistently represent a key medical
and social problem worldwide, accounting for
their high morbidity and mortality rates, leading
to temporary disability and eventual permanent
disability [1]. Scientific communities are continually
developing and improving diagnostic algorithms
and management strategies for patients with
cerebral ischemia. However, issues of predicting
the clinical and functional outcomes of the disease
remain unsolved to this day. A comprehensive
understanding of the neurobiological processes
underlying ischemic stroke is crucial to develop
early diagnostic, prognostic, and therapeutic
approaches. Recently, particular attention has been
paid to growth factors, which play a key role in
neovascularization mechanisms and brain tissue
recovery after acute ischemia [2, 3].

Vascular endothelial growth factor (VEGF) is
one of the main growth factors, which is regulated
by hypoxia-inducible factor (HIF) in response
to acute cerebral ischemia. In cerebral stroke,
VEGF is expressed on the surface of astrocytes,
neurons, and endothelial cells in the infarct core
and in the ischemic penumbra. Outside the central
nervous system, VEGF is derived from a variety
of cells, including macrophages and platelets [4].
Experimental studies on models of acute cerebral
ischemia in rodents have shown that VEGF has a
pleiotropic effect. On the one hand, its activation
triggers angiogenesis and has a neuroprotective
effect [5, 6]. On the other hand, VEGF promotes
the disruption of the blood — brain barrier (BBB)
and increased vascular permeability, leading to the
progression of cerebral edema [7].

Despite the fact that VEGF has been studied
as a prognostic marker for ischemic stroke since
the 1970s, and a significant body of scientific data
has been accumulated, a consensus on the role
of this vascular factor in clinical and functional
recovery has still not been reached. A 2013 study by
R. Matsuo et al. demonstrated a sustained increase in
plasma VEGF levels over a 90-day period following
ischemic stroke in 171 patients, regardless of the
stroke pathogenetic subtype, compared to a control
group [8]. In contrast, a 2021 meta-analysis by
A. Seidkhani-Nahal et al. showed that serum VEGF
levels on day 1 and day 7 of acute cerebral ischemia

were not statistically different between 769 patients
and 621 controls [9].

The research team of A. Bhasin et al. in 2019
conducted a clinical and laboratory examination of
250 patients with cerebral ischemic stroke using the
National Institutes of Health Stroke Scale (NIHSS)
and the Modified Rankin Scale (mRS). In their work,
the authors identified an association between VEGF
levels and disease outcomes on day 7 and day 90 of
cerebral ischemia [10].

Thus, the current clinical data on the role of VEGF
as a potential marker for outcomes of ischemic stroke
do not allow for definitive conclusions. The study of
VEGF - a key factor in angiogenesis and vascular
remodeling in the recovery processes of patients
with ischemic stroke — is of significant scientific
and practical interest. Such research is important
both to understand the pathogenetic mechanisms
of cerebral ischemia and to find new effective tools
for forecasting rehabilitation potential, aiming for a
future personalized treatment approach.

The aim of the study was to assess the changes
in serum VEGF levels in patients during the acute
phase of ischemic stroke in the context of clinical
and functional recovery, with a focus on differences
between pathogenetic subtypes of stroke and disease
severity.

MATERIALS AND METHODS

This study was conducted at the Neurology and
Neurosurgery Division of the Siberian State Medical
University (SibSMU) in collaboration with the
Laboratory of Molecular Genetics and Biochemistry
at the Mental Health Research Institute, Tomsk
National Research Medical Center. The study included
114 patients (51 women, 63 men) with ischemic
stroke, hospitalized at the Regional Vascular Center
of Tomsk Regional Hospital within 48—72 hours after
the onset of focal neurological symptoms.

The median patient age was 65 (59; 70) years.
The diagnosis of stroke was verified according
to the WHO clinical criteria and confirmed by
neuroimaging data. The nosological form of
the disease was established in accordance with
the International Classification of Diseases, 10%
Revision (ICD-10). An informed consent was
obtained from the patients or their immediate family
members prior to inclusion in the study. Exclusion
criteria were as follows: transient ischemic attack,
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hemorrhagic stroke, history of stroke, nervous
system damage of other etiology (traumatic,
autoimmune, neurodegenerative, neoplastic, or
epilepsy), and extracranial pathology (connective
tissue diseases, musculoskeletal system diseases,
hereditary disorders, or neoplasms).The patient
population was divided into three groups based on
the severity of neurological deficit assessed using
the NIHSS scale (Goldstein et al., 2011): group 1 —
mild stroke (NIHSS score 1-6, n = 57); group 2 —

moderate stroke (NIHSS score 7-13, n = 25); group
3 — severe stroke (NIHSS score 14-42, n = 32)
[11]. The clinical and demographic characteristics
of the patient cohort are presented in Table 1. The
comparison group consisted of 13 volunteers with
a median age of 64 (58; 71) years, with no history
of cerebrovascular or other organic lesions of the
central nervous system, comparable to the study
population in terms of sex, age, and cardiovascular
risk factors.

Table 1
Clinical and Demographic Characteristics of the Study Population
Characteristic Group 1, n =57 Group 2, n =25 Group 3, n =32
Gender, n (%)
—men 34 (59.6%) 12 (48%) 17 (53.1%)
— women 23 (40.4%) 13 (52%) 15 (46.9%)
Age, years Me [0 ;0] 65 [59; 69] 66 [59; 68] 69 [62; 74]
Body mass index, kg/m?, Me [0,;0,] 28.26 [25.95; 30.85] 28.13 [25,25;35.14] 27.99 [23.15; 31.22]
Arterial hypertension, n (%) 57 (100%) 25 (100%) 32 (100%)
Atherosclerosis of the aorta and heart valves, n (%) 45 (78.9%) 15 (60%) 20 (62.5%)
Diabetes mellitus, n (%) 12 (21.1 %) 6 (24%) 8 (25%)
Coronary heart disease, n (%) 15 (26.3%) 7 (28%) 14 (43.8%)
Myocardial infarction, n (%) 6 (10.5%) 3 (12%) 5 (15.6%)
Stenting and artificial heart valves, n (%) 2 (3.5%) 1 (4%) 2 (6.3%)
Atrial fibrillation, n (%) 13 (22.8%) 3 (12%) 13 (40.6%)
Dyslipidemia, n (%) 48 (84.2%) 19 (76%) 18 (56.25%)
Smoking, n (%) 15 (26.3%) 5 (20%) 2 (6.3%)
Affected cerebral hemisphere
—right, n (%) 29 (50.9%) 15 (60%) 16 (50%)
— left, i (%) 28 (49.1%) 9 (40%) 16 (50%)
Stroke subtype according to TOAST criteria:
— atherothrombotic, n (%) 8 (14%) 8 (32%) 10 (31.3%)
— cardioembolic, n (%) 13 (22.8%) 3 (12%) 13 (40.6%)
— lacunar, n (%) 3 (5.3%) 1 (4%) 0
— other established etiology, n (%) 0 0 0
—unknown etiology, n (%) 33 (57.9%) 13 (52%) 9 (28.1%)

The observation period was 14 days. Assessment
time points were as follows: I — the acute stroke
period (first 48—72 hours), II — the subacute period
(day 14 of the disease). Neurological deficit was
assessed using the NIHSS, and functional disability
was evaluated with the mRS scale. Patient serum
was used as the biological material for analysis.
VEGF concentration was measured using the
MAGPIX multiplex analyzer (Luminex, USA) and
the HNDG3MAG-36K panel from MILLIPLEX
MAP (Merck, Darmstadt, Germany). The results
were expressed in pg/mL. Statistical analysis
was performed using the Statistica 13.0 software
package. The critical significance level for testing

statistical hypotheses was set at 0.05 (p is the
obtained significance level). Categorical variables
were presented as absolute numbers and relative
frequencies 7 (%). Quantitative and ordinal variables
were presented as median and interquartile range,
Me[Q, Q)]

The Kruskal-Wallis test was used to compare
multiple independent groups, with the Mann—
Whitney U test and Bonferroni correction used
for pairwise comparisons. Changes between the
two time points were assessed using the Wilcoxon
signed-rank test. Correlation analysis between
variables was performed using non-parametric
methods.
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Table 2
Dynamics of Clinical and Laboratory Parameters in Acute Ischemic Stroke across Observation Groups
Patient Groups Comparison
Criteria . 5 3 Evaluation (;)f dynamics, p, | Intergrpup
(n=57) (n=25) (n=32) roups comparison,
1 2 3 Piss
mRs I 31[2;3] 414; 5] 51[5;5] <0.001*
<0.001* | <0.001* 0.157
mRs I 2[1;2] 41[3;4] 51[5;5] <0.001*
NIHSS I 413; 5] 10 [2; 3] 18 [16;21] <0.001*
= <0.001* | <0.001* 0.315
NIHSS 1T 31[2;3] 7[5; 8] 20 [12;23] <0.001*
VEGF I pg/mL 83.0[35.3; 113.6] | 70.2[47.6; 88.1] 53.5[25.4;90.6] 0.377
- 0.078 0.285 0.021*
VEGF_Il pg/mL | 90.3 [47.6; 150.2] | 100.1 [64.8; 113.6] | 110.9 [61.8;228.2] 0.724
A VEGF pg/mL 18 [-5; 53] 13 [5; 17] 68 [38; 105] 0.065
*p<0.05.
RESULTS A comparative analysis at observation point

During the study, patients at point I demonstrated
significant differences in the severity of neurological
deficit according to the NIHSS and functional
impairment according to the mRS across all
groups.

In patients of groups 1 (mild stroke) and 2
(moderate stroke), a statistically significant decrease
in NIHSS and mRS scores was found (p < 0.001),
indicating a regression of neurological deficit and
functional recovery by day 14 of the disease (Table 2).
Moderate positive correlations between ANIHSS and
AmRS further confirmed the clinical improvement
and functional independence of patients in groups
1 and 2 at the second observation point (r, = 0.645,
p, <0,001 and »,=0.507, p,=0.001, respectively).

In group 3 patients with severe stroke, no
significant quantitative changes in the studied scores
were found at the observation points (Table 2). At
the same time, ANTHSS significantly correlated with
mRs_II, reflecting the degree of disability in patients
with severe stroke in the absence of recorded clinical
improvement on day 14 of the disease (r, = 0.418,
p,=0.019).

The serum VEGF concentration in the comparison
group was 70.2 [47.6; 138.6] pg/mL and did not
statistically significantly differ in the patient groups,
either within the first 48—72 hours of ischemic stroke
(p,, =073, p,,= 0738, p,, = 0.129) or on day
14 of stroke (p, = 0.66, p,, = 0.817, p_, = 0.276).
No significant differences in the marker levels in the
peripheral blood of patients with varying severity of
ischemic stroke were found either (Table 2).

II revealed a significant increase in serum VEGF
concentrations during the dynamics of the acute
period in group 3 patients with severe stroke
(p,, = 0.021). Here, AVEGF was 68 [38; 105] pg/
mL and positively correlated with a higher NIHSS 1
score (r=0.691; p =0.027).

Within the study, patients were also divided
into stroke subtypes according to the TOAST
(Trial of ORG 10172 in Acute Stroke Treatment)
classification [12]. This resulted in the following
groups: atherothrombotic stroke (n = 26), cardio-
embolic stroke (n = 29), and a combined group
including patients with lacunar stroke and stroke of
unspecified etiology (n = 59), due to the insufficient
number of patients in the first category. No cases
of stroke of other established etiologies were
registered in the cohort.

The results of the comparative analysis showed
that in the group of patients with the cardioembolic
subtype of stroke, VEGF levels in the first 48—72
hours of the disease were significantly lower
compared to the control group (p = 0.039).

Correlation  analysis  revealed significant
relationships between clinical and laboratory
parameters exclusively in the group of patients
with atherothrombotic stroke, where AVEGF
was 10 [-22; 63] pg/mL and positively correlated
with the NIHSS score at both observation points
I (r =0.754; p = 0.012) and II (» = 0.695; p =
0.026). A similar correlation was found between
AVEGF and mRs_II (r = 0.695; p = 0.026). The
obtained results indicate the presence of a reliable
relationship between the changes in VEGF
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growth, the severity of neurological deficit, and the
degree of functional impairment by the end of the
14-day observation period.

DISCUSSION

In acute ischemic brain injury, VEGF is one of
the main regulators of angiogenesis and neuronal
survival, determining the clinical outcome of stroke
[13]. Immunohistochemical studies conducted on
experimental models of middle cerebral artery
occlusion in rats showed that VEGF expression in
astrocytes in the ischemic core increased after 2
hours and then gradually decreased over 6 hours.
Increased VEGF immunoreactivity in hypertrophied
astrocytes and endothelial cells was also detected in
the ischemic penumbra zone 24 hours after the onset
of ischemia and persisted for 14 days [14].

The results of the present study showed that serum
VEGF concentrations in patients during the first
4872 hours of ischemic stroke remained at a level
comparable to those in the comparison group. It is
likely that the neuroprotein content in the peripheral
blood does not reflect the level of expression in the
ischemic focus. VEGF produced locally in brain
tissue in response to ischemic injury does not reach
the systemic circulation in equal concentrations
during the first 48—72 hours, accumulating within the
infarct zone. Furthermore, the neuroinflammatory
process that develops during acute cerebral ischemia
can modulate VEGF expression, counteracting its
predicted increase [15]. Clinical studies presented
in the international literature demonstrate a negative
correlation between leukocyte levels and C-reactive
protein compared to angiogenic growth factors,
including VEGF, supporting the hypothesis of a
negative impact of neuroinflammatory responses on
angiogenesis [16].

Of particular interest are the differences in VEGF
changes depending on the subtype of ischemic
stroke. In cardioembolic stroke, hypoxia develops
rapidly, which can lead to suppression of VEGF
expression due to severe energy deficit in neurons
and glial cells. In contrast to atherothrombotic
stroke, in which occlusion develops gradually, the
sudden cessation of blood flow in cardioembolism
limits the activation time of HIF-la, a key
regulator of VEGF synthesis. As a result, in the
first 48—72 hours of cardioembolic stroke, VEGF-
dependent pathways likely remain functionally

inactive [17]. An additional pathogenetic factor
affecting VEGF expression in cardioembolic
stroke is the concomitant systemic inflammatory
response and hypercoagulability characteristic
of atrial fibrillation and other cardiac sources of
embolism. Elevated levels of proinflammatory
cytokines (in particular, interleukin-6 and tumor
necrosis factor-a) in combination with markers of
coagulation cascade activation (such as D-dimer)
create a microenvironment that suppresses
angiogenic processes, which further inhibits VEGF
production [18, 19]. In contrast, atherothrombotic
stroke, which develops against the background of
progressive stenosis of large cerebral arteries, is
characterized by chronic hypoxia, which induces
persistent compensatory VEGF expression. In
lacunar stroke, caused by damage to small arteries,
the ischemic response is minimal, which explains
the absence of significant changes in VEGF levels
[20, 21].

Of particular note is the observation that patients
with mild to moderate stroke demonstrated better
short-term outcomes of ischemic stroke on day 14 of
disease without a significant increase in VEGF over
time. This finding may indicate the activation of
alternative signaling pathways regulating neuronal
recovery and clinical outcomes that do not require
vascular remodeling and a significant increase in
VEGF expression. Recent research data support
the hypothesis that activation of neuronal plasticity
mechanisms, and in particular brain-derived
neurotrophic factor (BDNF), plays a key role in
the motor recovery of patients with ischemic stroke
during the first 14 days [22].

In patients with severe ischemic stroke, a
significant increase in VEGF in the absence of
significant clinical and functional recovery was
observed on the 14" day of disease. This increase
is likely due to the need for continuous VEGF
expression during the acute period to stimulate
angiogenesis and neurogenesis [23]. However,
angiogenesis may have limited efficacy in restoring
lost functions in the short term. In severe stroke,
accompanied by deeper damage to the conduction
pathways located below the ischemic focus, the
need for angiogenesis to restore impaired functions
is presumably higher compared to mild or moderate
strokes. Activation of angiogenic pathways in
response to neuronal damage during acute brain
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tissue ischemia likely requires a certain amount of
time, which explains the absence of a significant
increase in VEGF concentration in the peripheral
blood, indicating a delayed activation of vascular
remodeling reactions [24, 25]. Thus, VEGF may be
a potential marker of functional outcomes in more
remote periods of ischemic stroke (end of acute and
early recovery).

The identified relationship between increased
serum VEGF levels and worsening clinical and
functional outcomes in atherothrombotic stroke can
be explained by a complex of pathophysiological
mechanisms characteristic of this subtype of stroke.
The chronic nature of atherosclerotic vascular lesions
creates conditions for prolonged hypoxia, which leads
to sustained activation of HIF-la and continuous
expression of VEGF. This leads to the development
of vascular preconditioning manifested by increased
expression of VEGF-R2 receptors and changes in
their sensitivity, which, in combination with the
activation of matrix metalloproteinase-9 releasing
matrix-bound VEGF creates the preconditions for
increased vascular permeability [26, 27].

These changes contribute to the development
of vasogenic edema due to destabilization of
endothelial tight junctions and lead to extravasation
of proinflammatory cytokines, which increases the
risk of hemorrhagic transformation. It is important to
note that atherothrombotic lesions are accompanied
by pathological angiogenesis, producing functionally
immature vessels, which exacerbates ischemic
damage. Chronic hypoxia maintains constant
activation of VEGF-dependent signaling pathways,
which contributes to prolonged damage to the BBB
and more pronounced neurological deficits [20, 28].
Increased VEGF expression in patients with the
atherothrombotic subtype of ischemic stroke may
serve as a marker of persistent pathophysiological
processes, including a progressive increase in the
volume of the ischemic lesion [29]. This explains
the association we identified between increased
VEGF and worse clinical and functional outcomes
in this pathogenetic subtype of stroke.

CONCLUSION

The heterogeneity of the pathogenetic mecha-
nisms of ischemic stroke limits the prognostic value
of VEGF expression levels as a standalone biomarker
during the acute phase of the disease. The prognostic

value of VEGF is limited by the variability of the
response depending on the severity and pathogenetic
subtype of stroke. This study highlights the need to
investigate the temporal changes in VEGF regulation
and other angiogenic factors to understand the
mechanisms of vascular remodeling and functional
recovery after cerebral ischemia. Comprehensive
analysis of VEGF in combination with other neuron-
specific proteins may facilitate a more accurate
assessment of compensatory processes in ischemic
stroke and will become a valuable tool for predicting
disease outcomes.
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