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Llenb: oLeHKa TPOMBOTreHHOCTH COCYAUCTOrO SHAOTENNA HA OCHOBAHUM aHaM3a 1abopPaTOPHbIX MAPAMETPOB Y NALMEHTOB C ULIEMUYECKUM UHCYb-
ToM (UMW) B OCTPOM NEproe B 3aBUCMMOCTH OT noaTuna UN.

Martepuan n metoapl: 06cnesoBaH 51 nauueHT ¢ Bnepseble AnarHocTMpoBaHHbiM UK, noateepxaéHHbim metogom MCKT/MPT ronosHoro mosra,
B CPOKM MeHee 24 4 oT Havana 3abonesaHusa 1 20 NPaKTUYECKM 3[0POBbIX MWL, (rpynna KOHTPoAA). 1A OLEHKM TPOMBOTreHHOCTH COCYAUCTOTO 3H-
[oTenvs onpeaenannc nabopatopHble napametpsbl: A-aAumep, akTMBHOCTL GakTopa ¢poH BunnebparHaa (PPB), dnbpuHoreH, C-peakTUBHbIN 6e/10K
(CPB), nokasaTtenu IMNUAHOTO cnekTpa (06LLMiA XoNecTepPHH, IMNONPOTENHbI HU3KOW NAOTHOCTM (J/IMHTT), AMnonpoTenHbl BbICOKOW naoTHocTH (J1INBN),
MH/EKC aTepOreHHOCTH, TPUIIMLEPULbI, IMNONPOTENHbI 04EHb HU3KOM NAoTHOCTH (J/IMOHM), cooTHoLweHue obLwero xonectepuHa K JINBIM). KnuHuye-
ckoe TeyeHne UW oueHnBanoch no wkanam NIHSS, Pusepmusa n PaHKuHa.

Pe3ynbTatbl: 3HaUMMble HapyLLeHUs TPOMBOreHHOCTH COCYAMCTOrO SHAOTENUA KOHCTaTUPOBaHbI Y 60bLWKNHCTBA 60/bHBIX MW, NpenmyLLecTBeHHO y
NaLMeHTOB C aTepOTPOMBOTUYECKMM 1 KapAynoImMBoIMYecKum NoATMNamm, no ypoBHio [-avmepa, akTusHocTu GOB, napameTpam IMNMAHOTO Chek-
Tpa, KOTOPble CTAaTUCTUYECKM 3HAUMMO KOPPENMPOBA/IU C BO3PACTOM, MHAEKCOM macchl Tena (UMT), apTepuasbHbIM AaBAeHUEM, KIMHUYECKUMMU LLIKa-
NIaMK TAXKECTU HEBPOJIOTMYECKOTO NMOBPEXAEHUSA, @ MO pe3y/ibTaTamM GpakTOPHOTO U PETPECCMOHHOTO aHaNM3a UMEIOT MPOrHOCTUYECKOe 3HAYEHMeE.
3ak/lo4eHne: OTK/IOHeHUs TPOMBOreHHOCTM COCYAMCTOrO 3HAOTEeNMS Ha GOHe BOCMANUTENbHBIX MU3MEHEHUI CTEHKM COCyAa B OCTpom nepuoge MU
BCTpeyatoTcA y 60NbWNHCTBA NaLMeHToB ¢ MW, MMEoT NPOrHOCTUYECKOE 3HAYEHWE.
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Objective: To assess the thrombogenicity of the vascular endothelium based on laboratory parameters in patients in the acute phase of the ischemic
stroke (IS), depending on the subtype of IS.

Methods: The study involved 51 patients with the first diagnosed IS confirmed by CT/MRI of the brain within 24 hours from the onset of the disease
and 20 healthy individuals (control group). D-dimer, von Willebrand factor (VWF) activity, fibrinogen, C-reactive protein (CRP), lipid profile (total
cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), atherogenic index, triglycerides, very-low-density lipoproteins (VLDL), and
the total cholesterol to HDL ratio) were measured to evaluate the thrombogenicity of the vascular endothelium. The clinical course of IS was assessed
using the NIHSS, Rivermead, and Rankin scales.

Results: Significant changes in the thrombogenicity of the vascular endothelium were observed in most IS patients, particularly in those with
atherothrombotic and cardioembolic subtypes. These changes were assessed through D-dimer levels, VWF activity, and lipid profile parameters,
which significantly correlated with age, body mass index (BMI), blood pressure, and clinical severity of neurological damage. The results of factor and
regression analysis showed their prognostic significance.

Conclusion: Deviations in the thrombogenicity of the vascular endothelium amidst inflammatory changes in the vessel wall during the acute IS period
occur in most patients and have prognostic significance.

Keywords: Ischemic stroke, vascular endothelium, thrombogenicity, D-dimer, lipid profile, C-reactive protein.
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BBEAEHUE

Kak M3BeCTHO, COCTOAHWME MO3roBOrO KpoBOOOpalleHWA B
ocTpom nepuoge MM Bo mHorom onpeaenaeTca M3MeHeHNAMU GyHK-
LLMOHANIbHOTO COCTOAHMA COCYAMUCTOrO SHAOTENUA — SHAOTENUANb-
HoW aucdyHKumert (34) [1, 2], uTo NposBAAETCA NPOrPecCcUpyOLLUM
OMCOaNnaHCOM  MeXay BasoAMNATUPYIOLMMKM, aTPOMOOreHHbIMU,
QHMMONPOTEKTUBHBIMU, C OAHOM CTOPOHbI, U Ba3OKOHCTPUKTOPHBIMY,
NPOTPOMBOTUYECKUMM, aHTMONPOAUPepaTUBHbIMKU aKTOpamMn — C
Zpyroi [3, 4] u MoxeT bbITb OCHOBO BO3HUKHOBEHMUA U MPOrpeccu-
pOBaHUA LlepebpoBacKyNAPHbIX 3abonesaHuii, B Tom uncne U [5].

B nocnepHue rogpl MHTEHCMBHO M3yyaeTca ponb 3/ 1, Kak cnes-
CTBME, ULIEMUYECKU-TUMOKCUYECKUI KacKag HebnaronpuaTHbIX na-
TONIOMMYECKMX COOBITUI NPKU BO3HUKHOBEHWW MHbapKTa mo3ra [6, 7].
Hanbonblumnii Hay4HbI MHTEPEC NPEACTaBAAIOT MAaPKEPbI, CBA3aHHbIE
C M3MEHEHUAMM COOTHOLLIEHUS «Koarynauma/GpubpuHonms», Koto-
pble CNocOBCTBYIOT MPOTPOMOOTUYECKOMY CTaTycy — GUOPUHOreEH,
[O-aymep v aktBHocTb ®®B [8, 9]. ABTOpbI TaKKe YKa3blBaloT M Ha
BOCMa/IMTe/IbHbIN NPOLLECC B COCYAUCTOMN CTEHKE, KOTOPbIM BO3HUKAET
33/10/1T0 10 OCTPOro Nepuoaa CocyancTbiX cobbituii [10, 11], nockonb-
Ky COCyamMcTOe BOCMajeHue BCEeraa TECHO COMPSAMKEHO C aKTUBaLMewn
reMocTasa M MNoBbIlWEHHbIM PUCKOM Tpomboobpasosanus [12, 13],
0CcO6eHHO B YC/NIOBUAX aTEPOCKNEPOTUYECKOTO MOPaXKEHWA COCYLOB.
OpfHaKOo NPOTHOCTUYECKan POsb OTAE/bHbIX 1TABOPATOPHBIX MAPKEPOB
3/ HeAcHa [14-16], B TOM YncAe M NO NPUYMHE MHOroobpasms npu-
YMH ¥ MEXaHW3MOB Pa3BUTMA OCTPOTO ULLEMUYECKOrO NOBPEXAEHMA
Mo3ra [17, 18], uTo cBMAETENbCTBYET O HEOOXOAMMOCTU AabHENLIETO
nccneso0BaHMA 3TOro BONpoca.

LLENb UCCNEQOBAHMUA

OUeHNUTb TPOMBOTeHHOCTb COCYAUCTOrO SHAOTENNSA Ha OCHOBA-
HWUW aHaM3a 1aboPaTOPHbIX MAPaMEeTPOB Y naumeHToB ¢ M/ B ocTpom
nepuoge B 3aBUcMMoCTM oT noatunna UN.

MATEPUAN U METO/AbI

Ha 6a3e oTgeneHuna HelipopeaHumaumm LieHTpanbHOM KnnHuye-
CKOV 6ONBbHULBI C MONMKAVHUKOM YNpaBneHus genamu MpesvgeHTa
P® nposesieHO 0OAHOLLEHTPOBOE NPOCMEKTUBHOE UCCeA0BaHME Hapy-
LWEHWI TPOMBOreHHOCTU COCYAMCTOrO 3HAOTENMNA Y NauueHTos ¢ UM B
0CTPOM Nnepuose.

WccneposaHne of06peHo J/IOKaNbHbIM 3TUYECKMM KOMUTETOM
(npoTokon 3acegaHua ot 25.10.2022 Ne 5/2022), BbiNONHEHO B CO-
OTBETCTBUM C TPeDOOBaHUAMM XeNbCUHCKOW Aeknapaumu BcemmpHoi
MeZMLMHCKON accoumaumm (B pegakumm 2013 r). Y naumeHTos 6bi10
nosydeHo fo6poBobHOE MHPOPMMPOBAHHOE COMacue Ha ydvactve
B uccnegosaHuun. Ecam naumeHT 6bin He cnocobeH camocToATeNbHO
[aTb UHGOPMMPOBAHHOE COINACKE, TO OHO BbIIO MOMYYEHO OT 3aKOH-
HbIX NpeACcTaBUTENEN.

Bcem BKNIOYEHHBIM B WMCCNELOBaHWE MauueHTam 6blio npo-
BefleHo obcnefoBaHMe B pamKax npukasa MuHsgpasa Poccuu oT
15.11.2012 (B pea. ot 21.02.2020) Ne 928H «06 yTBep:KAEHUM Nopas-
Ka OKa3aHWA MeAWLMHCKON NomoLLM 60MbHbIM C OCTPbIMU HapyLue-
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INTRODUCTION

As is known, the condition of cerebral circulation in the
acute period of ischemic stroke (IS) is largely determined by
changes in the functional condition of the vascular endothelium
(endothelial dysfunction, ED) [1, 2]. ED manifests as a progres-
sive imbalance between vasodilatory, atherothrombotic, and
angioprotective factors on the one hand, and vasoconstrictive,
prothrombotic, and angioproliferative factors on the other [3,
4]. Such an imbalance may underlie the onset and progression of
cerebrovascular diseases, including IS [5].

In recent years, the role of ED and, consequently, the isch-
emic-hypoxic cascade of adverse pathological events in the de-
velopment of brain infarction has been actively studied [6, 7]. The
most significant scientific interest lies in markers associated with
changes in the "coagulation/fibrinolysis" balance that contrib-
ute to a prothrombotic status, such as fibrinogen, D-dimer, and
VWEF activity [8, 9]. Researchers also highlight the inflammatory
process in the vascular wall, which begins long before the acute
phase of vascular events [10, 11], as vascular inflammation is al-
ways closely linked to hemostasis activation and an increased risk
of thrombosis [12, 13], especially in the presence of atheroscle-
rotic vascular lesions. However, the prognostic role of individual
laboratory markers of ED remains unclear [14-16], partly due to
the variety of causes and mechanisms underlying acute ischemic
brain injury [17, 18], highlighting the need for further research in
this area.

PURPOSE OF THE STUDY

To assess the thrombogenicity of the vascular endothelium
based on laboratory parameters in patients with IS during the
acute period, depending on the subtype of IS.

METHODS

A single-center prospective study was conducted at the
Neurorehabilitation Department of the Central Clinical Hospital
with outpatient services of the Administration of the President of
the Russian Federation.

The study was approved by the Local Ethics Committee
(protocol No. 5/2022, dated 25.10.2022) and conducted in accor-
dance with the 2013 revision of the Helsinki Declaration of the
World Medical Association. Informed consent was obtained from
all patients. If a patient could not give informed consent, it was
obtained from a legal representative.

All participants underwent examinations as per the order of
the Ministry of Health of Russia (No. 928n dated 15.11.2012, with
amendments dated 21.02.2020) and the 2022 clinical guidelines
for "Ischemic Stroke and Transient Ischemic Attack in Adults".

The study included 51 patients with IS with an average
age of 70 [63;77] years. Among them, 14 (27%) had an athero-
thrombotic IS subtype, 17 (33%) had a cardioembolic subtype,
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HUAMMU MO3TOBOTO KPOBOOBPALLEHUAY, KNMHUYECKUX PEKOMEHAALMIA
0T 2022 rofia «MLemmnyecKkmin MHCYNLT U TPAH3UTOPHAA ULLIEMMYECKas
aTaKa y B3pOC/bIX».

B nccneposaHue Brao4véH 51 naumeHT ¢ MU B cpeaHem Bospac-
Te 70 [63;77] neT; y 14 (27%) AnarHocTMpoBaH aTepoTPOMBOTUYECKMIA
nogtvn UKW, y 17 (33%) — kapanoambonuyeckui, y 12 (24%) — naky-
HapHbIW, y 8 (16%) — HeycTaHOBNEHHOM aTnonoruu (Tabn. 1 m 2). Mpyn-
My KOHTPOAs cocTaBuam 20 NPaKTUYECKU 340POBbIX UL, (SKEHLWMH —
11, My}K4MH —9), CONOCTaBMMbIX N0 OCHOBHbIM aHTPOMOMETPUYECKUM
napameTpam M BO3pPacTy C OCHOBHOW rpynmno.

KpuTepuu BKKOYEHWA B UCCNeLOBaHUE: MOATBEPMHKAEHHBIN
BMepBble AMarHoCTMpPOBaHHbIM MW  Kapanoambonnuyeckoro, ate-
POTPOMBOTUYECKOTO U IaKYHAPHOTO reHe3a B KapPOTUAHOM WU BEp-
TebpobasunnapHom bacceliHax (no Kputepmam TOAST) B CPOKM MeHee
24 4 OT Hayana passuTHA 3a601eBaHUA, NOATBEPKAEHHDIA METOLOM
MCKT/MPT ronosHoro mosra.

KpuTepusamun He BKIKOYEHWA ABWUAUCH: FreMOPParvyeckuii UH-
CY/IbT, CMOHTaHHOe CybapaxHOMAANbHOE KPOBOWM3AUSHWE, OCTPOE
HapyLLeHWe MO3roBOro KpOBOOBPALLEHUA B aHAMHESE; XPOHUYECKas
60s1e3Hb noyeK Bbiwe |l cTagmn; MHOAPKT MMOKapaa B aHaMHese
[laBHOCTbO MeHee 1 rofa; anunencus; cucTemHble 3aboneBaHus co-
€AVMHUTENbHOWM TKaHU; B aHAaMHE3e OHKOJIOTMYECKME, SHAOKPUHHbIE
3aboneBaHUs B CTaguu LeKOMMeHcaumu, TybepKynés, asKoronbHas
WM HapKOTUYECKas 3aBMCMMOCTb; OCTpble MHOEKLMOHHbIE 3abone-
BaHWA 33 4 HeleNn U MeHee A0 UCCNef0BaHWA; OTKas OT y4YacTus B
nccnesoBaHmu.

Tabauya 1 Xapakmepucmuka nayueHmos ¢ UM, Me [Q1,Q3]

MapameTtpbl

OcHoBHas rpynna

12 (24%) had a lacunar subtype, and 8 (16%) had an IS of unde-
termined etiology (Table 1 and 2). The control group consisted of
twenty healthy individuals (eleven women, nine men), matched
for basic anthropometric parameters and age.

Inclusion criteria: First-time diagnosed IS of cardioembol-
ic, atherothrombotic, and lacunar origin in the carotid or verte-
brobasilar circulation (according to the TOAST criteria) within 24
hours from the onset of symptoms, confirmed by CT/MRI.

Exclusion criteria: Hemorrhagic stroke, spontaneous sub-
arachnoid haemorrhage, history of cerebrovascular disease,
chronic kidney disease stage Il or higher, recent myocardial infarc-
tion (within the past year), epilepsy, systemic connective tissue
diseases, cancer, decompensated endocrine diseases, tuberculo-
sis, alcohol or drug addiction, acute infections within the last four
weeks, refusal to participate in the study.

The clinical course of IS was assessed on Days 1 and 10 us-
ing standard scales: the National Institutes of Health Stroke Scale
(NIHSS), the Rivermead Mobility Index, and the modified Rankin
Scale. The level of comorbidity related to cardiovascular pathol-
ogy was also evaluated. Signs of chronic heart failure (CHF) were
observed in 29 patients (56.9%): in the atherothrombotic sub-
type — in 9 (64.3%), cardioembolic — in 9 (52.9%), lacunar —in 8
(66.7%), and in IS of undetermined etiology — in 3 (37.5%), with
no statistically significant clinical or anthropometric differences
between the IS subtypes. All patients received antiplatelet, neu-

Table 1 Characteristics of patients with IS, Me [Q1,Q3]

lpynna KoHTponsa

Main Group Control Group p
Parameters (n=51) (n=20)
Bospacr, et 70 [63;77] 69.5 [61;74.8] >0.05
Age, years
My>Kckoit non, n (%) o o %
>
Male sex, n (%) 26 (51%) 9 (45%) 0.05
HeHckuit non, n (%) o o *
>
Female sex, n (%) 25 (49%) 11 (55%) 0.05
UMT, Kr/m? . . -
BMI, ke/m? 30.1[26;33.7] 28.2 [26.7;30.1] =0.017
CAL, mm Hg
. . <
SBP, mm Hg 140 [130;167] 125 [120;130] 0.001
OAL, mm Hg . . -
DBP, mm Hg 80 [80;90] 80 [71.3;80] =0.002
LLikana NIHSS (1-e cyTku), 6annbl 4[2:9]
NIHSS scale (1%t day), points !
LLIkana NIHSS (10-e cytku), 6annbi 2 [0:5]
NIHSS scale (10t day), points !
NHaekce Pusepmug, (1-e cytku), 6annbl 7 14:12]
Rivermead index (1% day), points !
NHpeke Pusepmug, (10-e cyTku), 6annbl 13 [7:14]
Rivermead index (10* day), points !
LLIkana PaHKKWHa (1-e cyTKK), 6annbl 3 [2:4]
Rankin scale (1*t day), points ’
LWIkana PaHKuHa (10-e cyTkK), 6annbl 210.2:3]

Rankin scale (10* day), points

Npumeyanuma: UMT — nHaekc maccol Tena, CALL — cuctonmyeckoe aptepuanbHoe gasnenve, AL — amactonnyeckoe aptepuanbHoe AaBieHune, p — CTaTUCTMYECKan 3Hauun-
MOCTb Pa3NnYmii NoKa3aTeneit Mexay OCHOBHOM M KOHTPO/IbHOW rpynnamu (no Kputeputo MaHHa-YuTHu; * — no Kputepuio Xu-ksagpat MupcoHa)
Notes: BMI — Body Mass Index, SBP — Systolic Blood Pressure, DBP — Diastolic Blood Pressure, p — statistical significance of differences between the main and control groups

(Mann-Whitney test; * — Pearson's Chi-square test)
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Tabnuya 2 Xapakmepucmuka nayueHmos ¢ MY e 3asucumocmu Table 2 Characteristics of patients with IS depending on
om nodmuna, Me [Q1,Q3] the subtype, Me [Q1,Q3]
MogTunbl UU/IS subtypes
ArepoTtpom- Kapgunoam6onu- . Hezctauosneu-
. o NakyHapHbI HOM aTMoNOrMK
Goruueckwuii Heckun Lacunar Undetermined P
Atherothrombotic Cardioembolic . (df=3)
(n=14) (n=17) (n=12) etiology
(n=8)
Bospact, net 68 81[72,5;84,5] 71 [44;85] 62.5[57,69.5] <0.001
Age, years [63.2;70] p:<0.001 p+>0.05 p+>0.05
p-=0.024 p-=0.001
ps>0.05
Myskckoit non, n (%) 10 (71%) 8 (47%) 4 (33%) 4 (50%) =0.011*
Male, n (%) p+>0.05* p:=0.048* p+>0.05*
p>>0.05* p>>0.05*
ps>0.05*
eHckui non, n (%) 4 (29%) 9 (53%) 8 (67%) 4 (50%) =0.011*
Female, n (%) p+>0.05* p:=0.048* p+>0.05*
p2>0.05* p2>0.05*
p3>0.05*
UMT, kr/m? 30.9 29 [26.4;31.1] 28.7[25.6;29] 32,2 [28.5;37.2] =0.002
BMI, kg/m? [30.4;34.2] p:=0.022 p:<0.001 p=>0.05
p2>0.05 p+>0.05
ps=0.006
CALL, mm Hg 160 140 135 135 [130;165] >0.05
SBP, mm Hg [135;180] [130;158.5] [130;155]
OALL mm Hg 90 [80;100] 80 [72.5;90] 80 [72.5;87.5] 82.5 [80;90] >0.05
DBP, mm Hg
LLkana NIHSS 8[3.5;9.2] 5[2;10] 1[0;2] 41[2;9.7] <0.001
(1-e cyTkmM), 6annbl p+>0.05 p+<0.001 p+>0.05
NIHSS scale (1% day), points p2<0.001 p2>0.05
p3=0.002
LLikana NIHSS 412;7] 3[1.2;5] 0[0;0] 1[0.2;3.5] <0.001
(10-e cyTkM), Gannbl p+>0.05 p1<0.001 p+>0.05
NIHSS scale (10t day), points p=<0.001 p=>0.05
ps=0.029
P, =0.003 =0.033 =0.024 >0.05
Wnaexc Pusepmma 7 [4;11] 71[2;8.5] 14 [12;14] 5,5[1.2;10.7] <0.001
(1-e cyTkm), Gannbi p+>0.05 p-=0.005 p+>0.05
Rivermead index (1% day), points p=><0.001 p2>0.05
p3=0.003
NHaeKe Pusepmug, 10 [4;14] 9[3.2;12] 15 [13;15] 14 [7.7;15] <0.001
(10-e cyTkM) p+>0.05 p+<0.001 p+>0.05
Rivermead index (10* day), points p2<0.001 p2>0.05
p3>0.05
P =0.032 =0.011 =0.005 =0.044
LLIkana PaHKKMHa 3 [2;4] 3 [3;4] 2[1.2;2] 4 [3;4] <0.001
(1-e cyTkmM), Gannbl p+>0.05 p:=0.029 p+>0.05
Rankine scale (1* day), points p2<0.001 p=>0.05
ps<0.001
LLIkana PaHKMHa 2.5[2;4] 2[2;3.7] 0[0;0] 1.5[1;3] <0.001
(10-e cyTku), 6annbl p+>0.05 p<0.001 p+>0.05
Rankine scale (10* day), points p><0.001 p2>0.05
ps=0.005
P, >0.05 =0.005 =0.008 =0.040

Npumeyanua: MMT — nHaekc maccel Tena, CALL — cuctonnyeckoe aptepuansHoe aasnexue, JAL — AMactonmyeckoe aptepuanbHoe JaBieHNe, Po— CTaTUCTUYECKAA 3HaUM-
MOCTb Pa3/IM4miA NO WKanam U UHAEKcaM Mexay 1-mu v 10-mu cyTkamm (No KpuTepuio BUIKOKCOHA); p — CTaTUCTUYECKas 3HAUMMOCTb Pa3/IMunii NoKasaTeneil Mexay BCemm
nogtunamu MW (no kputepuio Kpyckana-Yonnuca; * — no kputepuio Xu-kBagpar 418 NPOKU3BONbHbIX TabuLL); post hoc: ps — cTaTUcTUUecKasn 3HAYMMOCTb Pa3IuMii MoKasa-
Tenieii NO CPaBHEHMIO C TAKOBLIMM Y NALIMEHTOB C aTePOTPOMBOTUYECKUM TUNOM UI; pz — CTaTUCTUYECKAA 3HAUMMOCTb Pa3INIMIA NOKa3aTenei No CPaBHEHUIO C TaKOBbIMU
Yy NaUMEHTOB C KapAM03IMboanyeckum Tmnom UN; ps — cTaTmcTyeckan 3Ha4MMOCTb PasNnNymMiA NoKasaTeseit No CPaBHEHWMIO C TAKOBLIMM Y NALMEHTOB C lAKYHApHbIM TUNOM
MU (post hoc no kputepwio anHa; * — no kputepuio duiwepa)
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Notes: BMI - Body Mass Index, SBP — Systolic Blood Pressure, DBP — Diastolic Blood Pressure, po — statistical significance of differences in scales and indices between Days 1
and 10 (Wilcoxon test); p — statistical significance of differences between all ischemic stroke (IS) subtypes (Kruskal-Wallis test; * — Chi-square test for contingency tables); post
hoc: p; — statistical significance of differences compared to patients with the atherothrombotic IS subtype; p, — statistical significance of differences compared to patients
with the cardioembolic IS subtype; ps — statistical significance of differences compared to patients with the lacunar IS subtype (post hoc Dunn’s test; * — Fisher’s test).

Kputepum nckNtoYEHNA: MHPEKLMOHHbIE OCIOKHEHUSA, remop-
parvyeckoe NponuTbIBaHWE ULLIEMWYECKOro o4yara (B MOMEHT rocnu-
TaAn3aLMK 1 B Nepuog, HabntoaeHus).

Knunnyeckoe TeueHne MU oueHnsanm B 1-e u 10-e cyTku no o6-
LLEeNPUHATLIM LIKaNaM: MHCYNbTa HaLMOHaNbHOrO MHCTUTYTA 340p0-
BbA (NIHSS); nHaekcy mobuabHoCcTM PuBepmua; moanduLmpoBaHHOM
LWKane PaHKMHA. OueHMBaNN ypoBEHb KOMOPOUAHOCTM B OTHOLIEHWUM
KapAMOoBaCKyNAPHOM natonornu. MpusHaknm XpoHUYECKUI cepaedHom
HepocTaTouHoCTH (XCH) oTmeyeHbl B 29 (56,9%): npu aTepoTpomb0TH-
yeckom noatune —y 9 (64,3%), kapanoambonuyeckom —y 9 (52,9%),
NaKyHapHoMm —y 8 (66,7%), npu U/ HeycTaHOBNEHHOW 3TUONOTUM — Y
3 (37,5%) — 6e3 cTaTUCTMUYECKON 3HAYMMOCTV KAMHUYECKMX U aHTPO-
NMoNorMyeckmx pasamumii no nogtmnam MW, Bce naumeHTbl nonyya-
N QHTUTPOMBOLMTAPHYIO, HEMPOMPOTEKTOPHYIO (AHTMOKCUAAHTDI),
QHTUCEKPETOPHYIO Tepanuio, KOPPEKLMIO BOAHO-3NEKTPONMUTHbIX
HapyLIEHWI, NO MOKa3aHUAM — aHTUKOAryNAHTHYIO, TMMOTEH3UBHYHO,
aHTUAPUTMUYECKYIO Tepanuio. Mo NOKasaHUAM NauMeHTbl B Nepuos
rocnuTanM3aLyMm NPUHUMANU rMNOANNUAEMUYECKME NpenapaTbl.

OueHKa nabopaTopHbIX NapaMeTpoB TPOMBOreHHOCTU CoCyau-
CTOr0 3HAOTENVA BK/IKOYANA B cebs onpeseneHne CeayoLmx nokasa-
Tenei: yposeHb [-aumepa, pubpuHoreHa, CPb, aMnmaHoro cnekrpa
(06wt xonectepuH, JINHM, NINBM, MHAEKC aTePOreHHOCTH, TPUTK-
uepuapl, JINOHI, cooTHoweHMe 0bLiero xonectepuHa K JIMBI), ak-
TUBHOCTb PDB.

OueHKa n1abopaTopHbIX NapaMeTpoB NPOBOAMIACL B LENOM Y
NaLMeHTOB MO rpynne, a TakKe B NOArpynnax B 3aBUCMMOCTH OT NOA-
Tna UN. Copepkanue [-aumepa, dnbprHoreHa, CPE oLeHMBanoch B
1-e 1 10-e cyTKM HabnroaeHMs, aKTUBHOCTb DB 1 NMNUAHBIV CNEeKTp
—TONbKO B 1-€ CyTKM.

3abop KpOBM Yy NALMEHTOB, BKNIOYEHHBIX B UCCIe0BaHME, NPO-
BOAMACA B nepBble 24 Yyaca OT Hayana 3aboneBaHus. Y nL, KOHTPO/Ib-
HOW rpynnbl NPOBOAMNOCH B3ATME KPOBM YTPOM HaToLak cnycta 12-14
4acoB noc/sie NPUEMa NULLM U3 KybuTanbHOM BeHbl. KpoBb 3abupanach
B BaKyyMHble NPOBMPKM, COAEpIKaLLIMe aHTUKOAry/ISHT, B KadecTse Ko-
TOPOro Mcnonb3oBanunch 3,8% pacTBop UUTpaTa HaTpmA U Li-renapmHa,
N HemeZL/1IeHHO nepemelunBanacs. COOTHOLWEHNE KPOBM M aHTMKOary-
naHTa—9,0:1,0.

MccnefoBaHuAa MNpoBOAMAUCE HEMOCPEACTBEHHO W3 CBEXe-
NMPUrOTOBNEHHOM MAa3mbl, MO0 3aMOPAKMBANM U XPaHUAU MpuU
Temnepatype —202 C. [emonM3npoBaHHas Naasma MCKAYanacb U3
nccnefoBaHuid. Mnasma pasmopaknBanacb OAHOKPATHO Mnepes, uc-
cnepoBaHMeM, MOBTOPHAA 3aMOPO3Ka MCKIKOYaNach.

Mnasma KpoBM OTAENsAnacb NyTém LEHTPUDYrMpoBaHUa mnpwu
3000 06/muH B TedeHne 10 MuH, He no3aHee 2 yacos nocie 3abo-
pa KpoBM, MYTEM NOrPyKEeHUA B MeAULMHCKYIO LeHTpudyry ROTANTA
460 (Hettich, Germany). 3aTem NPo6UPKM NOMELLAANC B MHOFODYHK-
LMOoHanbHbIN coptep AutoMate 2500 (Beckman Coulter, USA) ans co-
PTMPOBKM MO NabopaTopHbIM aHanu3aTopam. OnpeseneHue ypoBHs
[O-nnmepa n aktusHoctn ®PB nposoamnock Ha annapate ACL TOP
750 (Instrumentation Laboratory, USA) ¢ ncnonb3oBaHWeM peaKkTUBOB
D-Dimer HS 500 HemosIL n von Willebrand Factor Activity HemoslL
cooTBeTCTBeHHO (Instrumentation Laboratory, USA) metomom ummy-
HOTypbuaymeTpun, GubprHoreHa — ¢ UCNO/Ib30BaHMEM PEAKTMBOB
Fibrinogen-C XL HemoslIL (Instrumentation Laboratory, USA meTo-
nom Knaycca. UccneposaHune CPb nposoamnock Ha annapate AU680
Chemistry Analyzer (Beckman Coulter, USA) ¢ ncnonb3oBaHmem pe-
aktnBoB CRP (Beckman Coulter, USA) meTogom nmmyHoTypbuaMme-

roprotective (antioxidants), antisecretory therapy, and correction
of fluid-electrolyte imbalance. Anticoagulant, antihypertensive,
and antiarrhythmic therapy was administered as indicated. Pa-
tients also received lipid-lowering drugs during hospitalization
when necessary.

Laboratory assessment of vascular endothelial thromboge-
nicity included the following parameters: D-dimer levels, fibrino-
gen, C-reactive protein (CRP), and lipid profile (total cholesterol,
LDL, HDL, atherogenic index, triglycerides, VLDL, and the ratio of
total cholesterol to HDL). Von Willebrand factor (vVWF) activity
was also measured.

Laboratory assessments were conducted for the overall pa-
tient group and subgroups based on the IS subtype. D-dimer, fi-
brinogen, and CRP levels were measured on Days 1 and 10, while
VWF activity and lipid profile were assessed only on Day 1.

Blood samples from enrolled patients were collected within
the first 24 hours of disease onset. In the control group, blood
sampling was performed in the morning after a 12-14-hour fast-
ing period from the cubital vein. Blood was collected into vac-
uum tubes containing anticoagulants — either 3.8% sodium ci-
trate solution or Li-heparin — and was immediately mixed. The
blood-to-anticoagulant ratio was 9.0:1.0.

Analyses were conducted using fresh plasma, or plasma fro-
zen and stored at —20°C. Hemolyzed plasma was excluded from
the study. Plasma was thawed only once before analysis, with re-
peated freezing strictly avoided.

Plasma separation was performed by centrifugation at 3000
rpm for 10 minutes, no later than 2 hours after blood collection,
using a ROTANTA 460 medical centrifuge (Hettich, Germany). The
tubes were then placed into the AutoMate 2500 multifunctional
sorter (Beckman Coulter, USA) for distribution to laboratory an-
alyzers. D-dimer levels and vVWF activity were measured on the
ACL TOP 750 analyzer (Instrumentation Laboratory, USA) using
D-Dimer HS 500 HemoslIL and von Willebrand Factor Activity He-
moslL reagents (Instrumentation Laboratory, USA) via immuno-
turbidimetry. Fibrinogen was analyzed using the Clauss method
using Fibrinogen-C XL HemoslL reagents (Instrumentation Labora-
tory, USA). CRP analysis was performed on the AU680 Chemistry
Analyzer (Beckman Coulter, USA) using CRP reagents (Beckman
Coulter, USA) via immunoturbidimetry. Lipid profile parameters
were assessed using Beckman Coulter reagents (USA) via the col-
orimetric enzymatic method. LDL, VLDL, atherogenic index, and
the total cholesterol-to-HDL ratio were calculated using standard
formulas.

Statistical analysis was performed using IBM SPSS Statistics
version 27 (USA). Distribution characteristics were assessed using
the Shapiro-Wilk test (for sample sizes <50). Group differences
for independent samples were evaluated using the Mann-Whit-
ney test. The Kruskal-Wallis test was used for comparing groups
based on the IS subtype. Correlations were analyzed using Spear-
man'’s rank correlation coefficient (for non-normal distributions),
with strength assessed using Chaddock’s scale. Data were pre-
sented as median and quartiles (25%; 75t): Me [Q1;Q3].

The sample size was calculated using the formula:
n=2x(Za/2+2B)%(d/SD)?, where n is sample size; a and B are
Type | and Il errors, Za/2 and ZPB are the normal distribution val-
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TPUK, NAPaMeTPOB AUNUAHOTO CNEKTPA — C UCNONb30BAHNEM PEAKTU-
BoB Beckman Coulter, USA, KonopumeTtpuyeckum bepmeHTaTUBHbLIM
metogom. Ona onpeaenenuma JIMHMN n JINOHTI, nHaekca ateporeHHo-
CTM, COOTHOLLEHMA obLiero xonectepuHa K JIMBI ucnonb3osancsa 0b6-
LLEeNpPUHATBINA PacYETHBIN METOA,

CraTucTyeckan 06paboTka NoyYeHHbIX AaHHbIX MPOBEAEHA C
MCNoab30BaHMEM MaKeTa NPMKaAHbIX nporpamm IBM SPSS Statistics
Bepcua 27 (USA). XapakTep pacnpeaeneHus oLueHUBancA no Kpute-
puam LWanupo-Yunka (npu uncne HabnogeHuit meHee 50). OueHKa
PasnMuMii ANA He3aBWUCUMbIX TPYMNN OCYLLECTBAANACh C MOMOLLbIO
Kputepna MaHHa-YutHu. [na cpasHeHua rpynn no nogruny WA
npumeHanca metog Kpyckana-Yonnuca. [Jna aHanusa B3aMmocsasu
NPUMEHANCA KOIPDULMEHT paHroBon Koppenauum CnnpmeHa (npwu
pacnpezeneHuy NprusHaka OT/IMYHOMO OT HopMasbHOro (layccosa) ¢
OLLeHKOM cunbl No WKane Yennoka. [aHHble npeacTasneHbl B BUAe
MeAMaHbl 1 KBapTunei (25-ro; 75-ro): Me [Q1;Q3].

O6bEM BbIGOPKM paccumTbiBaNCA NO cheaylollen Gopmyne:
n=2x(Za,/2+ZB)2/(d/SD)2, rae n —uncaeHHOCTb BbIGOPKK, @, B — oLImn6-
KM NepBoro v BTOPOro poaa, Za/2, ZB — 3HauyeHnA HOpMasibHOro pac-
npeseneHns Npu COOTBETCTBYIOLWMX 3HAUYEHUAX BepoaTHocTH, d/SD
— 3HAYEHMA KAMHUYECKM 3HAUMMOW PasHOCTU K CpeAHeKBaapaTuye-
CKOMY OTK/IOHEHMI0. MoLyHOCTb UccieaoBaHns 80%, owmnbka nepso-
ro poaa 5%, Zo/2+ZB=1,98+0,84=2,8. Mpyn MUHUMa/IbHO AOMYCTUMOM
3HayeHun d/SD paBHbIM 1 MMHUMANbHBIA 0BBEM KasOK rpynmbl
[0/KeH ObITb He meHee 16 naumeHToB. C y4ETOM AeNeHNs OCHOBHOM
rpynnbl Ha noaTUNbl UM 06bEM BbIGOPKM Bbl paccunTaH Tak, YTo A0/1A
nceneayemblix ¢ Kaxabim nogrunom MU 8 rpynne 1 n 2 coctasnana
He meHee 15%. CTaTUCTUYECKM 3HAYMMbBIMM PA3INYMA CHUTANNCE NPU
p<0,05. [1ns OLEHKMN B3aMMOCBA3EN M BbIABAEHUA Hanbosiee BaKHbIX
MEXaHM3MOB 1 HaKTOPOB HapyLleHUs TPOMBOTreHHOCTU COCYAWCTO-
ro sHAOTENUA Yy naumeHToB ¢ UM B ocTpom nepuose 6bin BbINOAHEH
(haKTOPHBIM aHaNN3 C BbIYMCAEHWMEM KOPPENALMOHHOM MaTpuLbl ANA
BCEX NMepeMeHHbIX, Y4aCTBYIOLMX B aHaU3e; U3BaeYeHUe GpaKTopoB
OCYLLECTBNANOCH METOZLOM NaBHbIX KOMMNOHEHT U BpalleHne dakTo-
POB — METOA0M «BapumaKe» AN co34aHusA YNPOLLEHHOM CTPYKTYPbI.
M3BreyeHre GpaKkTOPOB 3aKN04aN0Ch B BbIOOPE B3aMMOAENCTBYIOLLMX
NepeMeHHbIX, YbA B3aUMHasA Koppensaums obycnasnvsaet Hambonb-
wyto fonto obuieit avcnepcuu. NpoBeséH PErpeccUoHHbIN aHanus ¢
LleNblo NONYYEeHUA PerpecCcMoHHOr0 ypaBHeHUA A4 ONMCAaHUA UCXOaa
KaK oA BCeWi rpynmbl B LLE/IOM, TaK M B 3aBUCMMOCTM OT noaTvna. Pe-
rpeccMoHHas Mofenb NpeacTasneHa B IMHEMHOM BUze.

PE3YNbTATbI

Pe3ynbtaThl aHanM3a uccnegyeMblX N1abOpaToOpPHbIX Napame-
TPOB COCYZAMCTOrO 3HAOTENWA NpeacTaBieHbl B Tabn. 3 n 4. B 1-e u
10-e cyTKM HabnroaeHWA cpeaHuii ypoBeHb [-anmepa oKasasca cTa-
TUCTUYECKM 3HAYMMO BbiLLe Y MALMEHTOB C OCTPbIM MW no cpaBHeHUIO
C rpynnoi KoHTpons. HanbonbLune 3HaYeHNA NOKa3aTeNA OTMEYEHDI Y
NaLMEHTOB C KapAMOIMBONNYECKMM N aTEPOTPOMBOTUYECKUM NOATH-
namu U, a Takke ¢ UM HeycTaHOBNEHHOW 3TUONOTUEN, C TEHAEHLMEN
K CHUKEHMIO Ha 10-e CYTKM TONbKO NP KapAmro3Mb0IMYECKOM NOATH-
ne. AKTMBHOCTb PPB oKazanacb CTaTUCTUYECKM 3HAUYMMO BblLLE TO/b-
KO B MOArpynne nauueHToB ¢ KapanMoamboanyeckum noatunom. Ypo-
BEHb GUBPMHOreHa B LLEJIOM MO BCEM Fpynne, a TaKKe B NMOArpynnax
NaLMEHTOB OKa3ancA B Npesenax HopMbl B 1-e CyTKU U B AUHAMUKeE.

B 1-e cyTKM HabntogeHMA noBblweHMe ypoBHA CPB He 3aduKcu-
POBaHO KaK B LLeJIOM BO BCeW rpynne, Tak M B noarpynnax. OgHako
Ha 10-e CyTKM cymmapHbIv ypoBeHb CPB 6bin CTaTUCTUYECKM 3HAUMMO
BblLLE, YeM B rpynmne KoHTpoAA. CTaTUCTUYECKM 3HAUYMMOE MaKCUMa/lb-
Hoe 3HaYeHwue 3aPpUKCUMPOBAHO NPU aTEPOTPOMBOTUYECKOM NOATUNE.
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ues at the respective probability levels, and d/SD is a clinical-
ly significant difference divided by the standard deviation. The
study power was set at 80%, with a Type | error of 5%, yielding
Z0/2+ZB=1.98+0.84=2.8. With a minimally acceptable d/SD of 1,
the minimum sample size for each group had to be at least 16
patients. Given the division of the main group by the IS subtype,
the sample size was calculated to ensure that the proportion
of patients with each IS subtype in Groups 1 and 2 was at least
15%. Statistical significance was set at p<0.05. To evaluate asso-
ciations and identify key mechanisms and factors contributing to
vascular endothelial thrombogenicity in acute IS, factor analysis
was performed using a correlation matrix for all variables in the
study. Factor extraction was conducted via the principal compo-
nent method with Varimax rotation to create a simplified struc-
ture. Factor extraction involved selection of interacting variables
whose mutual correlation accounted for the largest share of total
variance. A regression analysis was conducted to derive regres-
sion equations describing outcomes for the entire group and for
each IS subtype separately. The regression model was presented
in a linear format.

RESULTS

The results of the analysis of vascular endothelial laboratory
parameters are presented in Tables 3 and 4. On Days 1 and 10 of
observation, the mean D-dimer level was statistically significantly
higher in patients with acute IS compared to the control group.
The highest values were observed in patients with the cardioem-
bolic and atherothrombotic IS subtypes and those with IS of un-
determined etiology. These tend to decrease by Day 10 only in
the cardioembolic subtype. VWF activity was significantly higher
only in the subgroup of patients with the cardioembolic IS sub-
type. The fibrinogen level remained within the normal range for
the entire group and the subgroups on Day 1 and throughout the
observation period.

On Day 1, no significant increase in CRP levels was observed
either in the overall group or the subgroups. However, by Day
10, the overall CRP level was significantly higher than the control
group, with the highest statistically significant value recorded in
the atherothrombotic IS subtype.

Lipid profile parameters (total cholesterol, VLDL, tri-
glycerides, and the total cholesterol-to-HDL ratio) were signifi-
cantly higher in the overall group and, as expected, in the athero-
thrombotic IS subtype. HDL levels were significantly lower in the
entire patient group and in the atherothrombotic, cardioembolic
IS subtypes and IS of undetermined etiology. The atherogenic in-
dex was higher in the overall group, the atherothrombotic IS sub-
type and IS were of undetermined etiology.

Correlation analysis, both within groups and separately by
IS subtype, revealed numerous significant direct correlations of
moderate to high strength between all studied endothelial dys-
function laboratory parameters and patient age (strong correla-
tion with D-dimer (r=0.92, p<0.05) and CRP (r=0.9, p<0.05); BMI
(strong correlation with triglycerides and VLDL (r=0.94, p<0.05)),
NIHSS scale scores, Rivermead index, Rankin scale scores (correla-
tions of varying strength for all indicators), and SBP and DBP lev-
els (correlations of varying strength for all parameters).

Factor analysis after rotation identified four major signif-
icant IS progression factors: total cholesterol (sum of squared
loadings — 0.935), NIHSS scores (sum of squared loadings —
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Tabnuya 3 /labopamopHsie napamempsl 0ueHKU mpombozeHHocmu
cocyoucmoeo sHoomenus, Me [Q1,Q3]

Table 3 Laboratory parameters for assessing vascular
endothelial thrombogenicity, Me [Q1,Q3]

MapameTpbl OcHoBHas rpynna lpynna KoHTpOAnA
Parameters Main Group Control Group p
(n=51) (n=20)
O-anmep, r/n (1-e cyTku)
. . <
D-dimer, g/I (Day 1) 835 [554;1322] 398.5 [186.5;510] 0.001
O-oumep, r/n (10-e cyTKm)
. . <
D-dimer, g/l {Day 10) 686 [464; 1193.3] 398.5 [186.5;510] 0.001
P, >0.05 >0.05
AKTMBHOCTb DDB, %
. . >
T i O 162.7 [112;210.2] 128.5 [85.1;172.9] 0.05
dubpuHoreH, r/n (1-e cytkun)
. . >
Fibrinogen, g/l (Day 1) 3.8 [3.5;4.4] 3.7 [3.6;4.3] 0.05
dubpuroreH, r/n (10-e cyTkm)
. . N
Fibrinagen, g/l (Day 10} 4[3.7;4.3] 3.7 [3.6;4.3] 0.05
P, >0.05 >0.05
CPE, mr/n (1-e cyTku)
. . >
CRP. mg/I (Day 1) 4.6 [1.8;10.3] 3 [2;5] 0.05
CPB, mr/n (10-e cyTku) . . _
CRP, mg/! (Day 10) 3.9[23;16.1] 3[2;5] =0.007
P, >0.05 >0.05
061wmit xonectepuH, MMonb/n ) ) _
Total cholesterol, mmol/I 4.513.6,5.8] 4.5 (4] =0.007
JIMHM, mmonb/n ) ) _
LDL, mmol/! 2.7 [2.1;3.9] 2.2 [1.5;3] =0.001
QINBM, mmonb/n . ) _
HDL, mmol/I 1.2 [1;1.6] 1.9[1.3;2.1] =0.001
MHaeKc aTeporeHHOCTH . . _
Atherogenicity index 24 [16;39] 1.4 [1;2.5] =0.001
TPUIMUEPUAL], MMOAL/N 1.2[0.8;2] 1.1[0.6;1.5] <0.001
Triglycerides, mmol/I
JINOHMN, mmonb/n ) )
VLDL, mmol/I 0.5[0.4;0.9] 0.5 [0.3;0.7] <0.001
CooTHoweHMe obuiero xonectepuHa K JINBM 3.4[2.6;4.9] 2.4[2.1;3.5] -0.001

Total cholesterol to HDL ratio

NpumeyaHus: po — CTaTUCTUYECKAs 3HAYMMOCTb PA3IMUMIA MO LLIKANAM M MHAEKCaM Mexay 1-mu 1 10-mu cyTKamu (Mo Kputepuio BUAKOKCOHA); p — CTaTUCTMYeCKas 3Haum-
MOCTb Pa3/IMumii NoKasatenein Mexay OCHOBHOM 1 KOHTPOIbHOM rpynnamu (Mo Kputeputo MaHHa-YuTHu)
Notes: po — statistical significance of differences in scales and indices between Days 1 and 10 (according to the Wilcoxon test); p — statistical significance of differences in

indicators between the main and control groups (according to the Mann-Whitney test)

3HaueHWA NapameTpoB AUMUAHOTO CeKTpa — obLuero xonecre-
puvHa, INOHMN, TPMINLEPUAOB, COOTHOLIEHME OBLLETO XONeCTEPUHA K
JINBIM — 6bI2M CTaTUCTMYECKM 3HAUYMMO BbiLLE, KaK B LIEJIOM MO rpynne,
TaK U, OXuUZaemo, Npu atepoTpomboTyeckom noatvne UW. NMBM
OKa3a/IMCb CTaTUCTUYECKM 3HAUMMO HUKE Yy BCeW rpynmbl NaLUEHTOB,
a TaKXXe Npy aTepoTPOMBOTUYECKOM, KapAMOo3MBOINYECKOM NOATH-
nax u M HeycTaHOBNEHHOM 3TUONOMMU. IHAEKC aTepOreHHOCTH OKa-
3a/1CA BblLLe B LE/IOM MO IPynre, a TakkKe Npu aTepoTpomMboTUYECKOM
noatune u MM HeycTaHOBNEHHOW 3TUONOMUN.

Mpv NpoBeaeHNK KOPPENALMOHHOIO aHa/IN3a KaK B rpynnax, Tak
1 pasgenbHo no noatvnam MW, BbiABAEHbI MHOTOYMUCAEHHbIE NPAMbIE
[l0CTOBEPHbIE 3aMETHOM U BbICOKOM CU/bI B3aMMOCBA3N MEK Y BCEMMU
13y4aeMbIMmn 1abOPaTOPHbLIMU NOKasaTensamm /] ¢ BO3pacTomM naLueH-
Ta (BblcoKoM cunbl ¢ A-aumepom (r=0,92, p<0,05) n CPE (r=0,9, p<0,05),
MMT (BbicoKol cunbl ¢ Tpurnuepuaamn n JIMOHTM (r=0,94, p<0,05),
wkanamu NIHSS, nHaekcom Pusepmug, PaHKMHA (pasHoi ciunbl y BCex
nokasatenu), yposHem CAZL, AAL (pa3Hol cuibl y BCex Nokasatenein).

Mo pesynbTaTam $HaKTOPHOrO aHasn3a Mocse BpaleHns bbiio
BblENEHO 4 BefyLLIMX 3HAUMMbIX daKTopa TedeHus NN — obLumii xone-

0.829), CRP (sum of squared loadings — 0.856), and HDL (sum
of squared loadings — 0.629). Each of these factors included lip-
id profile parameters, clinical scales for assessing neurological
deficits, D-dimer levels, VWF activity, BMI, and age with high
factor loadings.

Based on these findings, a regression analysis was conduct-
ed to identify predictors of unfavorable outcomes for both the
entire group and specific IS subtypes.

The outcome model for acute-phase IS includes the follow-
ing parameters:

e For all IS patients: CRP (y=-0.0067x), VWF activity

(y=-0.0007x).

e  For atherothrombotic IS: D-dimer (y=-0.0008x), VWF
activity (y=0.0041x), HDL (y=0.8394x), total cholester-
ol-to-HDL ratio (y=0.8394x), VLDL (y=0.0001x).

e  For cardioembolic IS: D-dimer (y=0.0001x), vVWF activ-
ity (y=-0.0041x), atherogenic index (y=0.1556x), total
cholesterol-to-HDL ratio (y=-0.5071x).
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Tabnuya 4 /labopamopHsie napamempbl 0UeHKU mpombo2eHHoCmu
cocyoucmoao sHoomenus 8 3agucumocmu om noomuna MW, Me [Q1,Q3]

Table 4 Laboratory parameters for assessing the thrombogenicity of
vascular endothelium depending on the subtype of IS, Me [Q1,Q3]

Moarunbl UN/IS subtypes

" " HeycraHoBneHHOM
AtepotpomboTuueckuii Kapguoambonuueckuii NaKyHapHbiii STHONOM p
Atherothrombotic Cardioembolic . (df=3)
Lacunar (n=12) Undetermined
(n=14) (n=17) .
etiology (n=8)
[O-nvmep, r/n (1-e cyTkum) 819 [412;937] 1521 [759;6558] 536.5[277;1141] 870 [702.8;1640.3] =0.009
D-dimer, g/I (Day 1) p,=0.030 p,>0.05 p,>0.05
p,=0.001 p,>0.05
p,>0.05
[-pumep, r/n (10-e cyTkm) 987 [456.3; 1089] 882.5 [570.5; 1962] 449[297;522]  1171.5[681.3;5012.3] =0.002
D-dimer, g/I (Day 10) p,>0.05 p,=0.025 p,>0.05
p,=0.002 p,>0.05
p,<0.001
P, >0.05 >0.05 >0.05 >0.05
AKTUBHOCTb ODB, % 152.8 [112;182] 210.2 [153.9;240.5]  151.4 [87.5;72.7] 140.4 [94;222.9] =0.041
VFW activity, % p,>0.05 p,>0.05 p,>0.05
p,=0.009 p,>0.05
p,>0.05
dubpuHoreH, r/n (1-e cytkm) 4.2 [4;4.5] 3.6 [3.3;4.2] 3.5 [3.5;3.6] 4.3 [3.3;5.6] =0.041
Fibrinogen, g/l (Day 1) p,=0.044 p,=0.014 p,>0.05
p,>0.05 p,>0.05
p,>0.05
dubpuroreH, r/n (10-e cyTku) 4.1[3.6;4.8] 3.8 [3.6;4.1] 4.3 [3.8;4.4] 4 [3.8;4.3] >0.05
Fibrinogen, g/I (Day 10)
P, >0.05 >0.05 =0.011 >0.05
CPB, mr/n (1-e cyTku) 6.6 [3.7;10.8] 5.7 [2.1;10.5] 0.6 [0.5;9.3] 2.8 [1.9;34.4] >0.05
CRP, mg/| (Day 1)
CPB, mr/n (10-e cyTKnM) 6.2 [2.5;17.6] 8.4 [4.1;21.7] 2.3[0.7;3.3] 6.6 [2.2;66.6] =0.007
CRP, mg/I (Day 10) p,>0.05 p,=0.008 p,>0.05
p,<0.001 p,>0.05
p,=0.020
P, >0.05 >0.05 >0.05 >0.05
06t XoNnecTepuH, 6[4.7;6.9] 4.2 [3.6;5.2] 3.1[2.9;4.5] 4.4 [3.5;5.6] =0.003
MMOb/N p,=0.008 p,<0.001 p,=0.036
Total cholesterol, mmol/I p,>0.05 p,>0.05
p,>0.05
JINHM, mmons/n 4.2 [2.6;4.6] 2.4[1.8;3.3] 2.1[1.4;2.9] 2.5[1.7;4] =0.003
LDL, mmol/I p,=0.005 p,<0.001 p,=0.034
p,>0.05 p,>0.05
p,>0.05
JINBMN, mmonb/n 1.2 [1;1.3] 1.3[1.1;1.6] 1.9 [1.2;2] 1.3[0.9;1.4] =0.030
HDL, mmol/I p,>0.05 p,=0.004 p,>0.05
p,=0.050 p,>0.05
p,=0.033
NHAEeKC aTeporeHHoCTH 4.7 [2.9;5.3] 2.4[1.9;2.9] 1.4[1.4;1.6] 3.3[2.1;3.8] <0.001
Atherogenicity index p,=0.003 p,<0.001 p,>0.05
p,=0.002 p,>0.05
p, <0.001
Tpurauuepunapl, MMmonb/n 2.2 [1.4;2.4] 0.9 [0.8;1.3] 0.8 [0.6;1.2] 1.3[0.7;1.9] <0.001
Triglycerides, mmol/I p,<0.001 p,<0.001 p,=0.022
p,>0.05 p,>0.05
p,>0.05
JINOHT, mmonb/n 1[0.6;1.1] 0.4 [0.3;0.6] 0.4 [0.3;0.5] 0.6 [0.3;0.9] <0.001
VLDL, mmol/I p,<0.001 p,<0.001 p,=0.022
p,>0.05 p,>0.05
p,>0.05
CooTHoLeHue obLiero 5.7 [3.9;6.3] 3.4 [3;4] 2.4 [2.4;2.6] 4.3[3.1;4.8] <0.001
xonecrepuHa K JIMBIM p,=0.005 p,<0.001 p,>0.05
Total cholesterol to HDL ratio p,=0.002 p,>0.05
p,<0.001
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MpumeyaHusa: po — CTAaTUCTUYECKAA 3HAUMMOCTb Pa3/INUMIA MO WKaAaM U MHAEKCaM mexay 1-mu 1 10-Mu cyTKamm (Mo KpuTepuio BUIKOKCOHA); p — CTaTUCTUYECKas 3Ha-
UMMOCTb Pa3/InuMii MoKasaTenen mexay Bcemu nogtvnamu UK (no kputepumio Kpyckana-Yonnuca); post hoc: p: — cTatuctuyeckan 3HaYMmMOCTb Pasanymii mokasatenei no
CpaBHEHMIO C TAaKOBbIMM Y MaLIMEHTOB C aTePOTPOMBOTUYECKMM TUMOM UU; p2 — CTATUCTMUECKAs 3HAYMMOCTb Pa3/InUMii NOKa3aTeNel no CPaBHEHMIO C TAKOBbIMM Y NMaLyeH-
TOB C KapAn03MBOoMYECKUM TUMOM UW; ps — CTaTUCTUYECKaA 3HAUYMMOCTb Pa3INumiA NOKasaTesei Mo CPaBHEHMIO C TAKOBbIMM Y NMaLMEHTOB C lakyHapHbIm Tunom UK (post

hoc no kputepuio [laHHa)

Notes: po — statistical significance of differences in scales and indices between Days 1 and 10 (Wilcoxon test); p — statistical significance of differences in parameters among
all IS subtypes (Kruskal-Wallis test); post hoc: p;— statistical significance of differences compared to patients with the atherothrombotic IS subtype; p, — statistical significance
of differences compared to patients with the cardioembolic IS subtype; ps — statistical significance of differences compared to patients with the lacunar IS subtype (Dunn's

post hoc test)

cTepuH (cymma KBagpatos Harpy3ok —0,935), 6annbl no wkane NIHSS
(cymma KkBagpatoB Harpy3ok — 0,829), CPB (cymma KBaZpaToB Harpy-
30K — 0,856) v JINBIM (cymma KBagpaToB Harpysok — 0,629), B CTpyK-
TYPY KaKZOro U3 KOTOPbIX C BbICOKMMM BaKTOPHBIMM Harpy3kamu Bo-
WM NapameTpbl IMNUAHOTO CMEKTPA, KAMHUYECKME LUKa/bl OLEHKM
HeBposiornyeckoro aedmumuTa, yposeHb [1-aMmepa, akTuBHOCTb DB,
NMT, Bo3pacr.

[Jlanee Ha OCHOBaHWM MOYYEHHBIX JAHHbIX NPOBEAEH perpec-
CMOHHbBIA aHanU3 ANA NOMYYEHUs NPEeSUKTOPOB HEBNAronpUATHOMO
ncxoZa Kak Ans BCeW rpynnbl B LEIOM, Tak U B 3aBUCMMOCTU OT NOZ-
™na UN.

Mogenb vcxoga ana MW B ocTpom nepuoge BKAOYAET B cebs
CcNeaytoLLye nokKasaTenu:

e CPb (y=-0,0067x), aktTnBHOCTb DDB (y=-0,0007x).

e pu ateporpomboTMyeckom noarune - [-au-
mep (y=-0,0008x), aktnsHocTb ®®B (y=0,0041x), /INBM
(y=0,8394x), cooTHoLleHMe obLLero xonectepmHa K JINBM
(y=0,8394x), NNOHM (y=0,0001x).

e pu kKapguosmbonuueckom nogrune — [-aumep
(y=0,0001x), aktnBHOCTL DB (y=-0,0041x), MHAEKC aTepo-
reHHocTu (y=0,1556x), cOOTHOLIEHWe 0bLLEero xonectepuHa
K JINBM (y=-0,5071x).

e Mpwu nakyHapHom noartune — JINMHM (y=0,0001x), nHAEKC
ateporeHHocTn (y=0,0001x), Tpurmmuepmapl (y=0,0001x),
COOTHOLLEHME obuiero xonectepuHa K JIMBM (y=0,0001x),
NNOHMN (y=0,0001x).

e Mpu UN HeycTaHOBNEHHOI 3TMONOrMM — CPB (y=-0,0075x),
[O-pmmep (y=-0,0002x), NBM (y=0,0001x), MHAEKC aTepo-
reHHoctn (y=0,0001x), Tpuranuepuapl (y=0,0001x), coot-
HowweHue obuiero xonectepuHa K JINBM (y=0,1628x).

OBCYXOEHUE

Llenbto AaHHOrO MCCNefoBaHWA ABMMACb OLEHKa TPOMOOreH-
HOCTW COCYAMCTOrO 3HAOTENWA C MPUMeHeHVWemM nabopaTopHbIX na-
pameTpoB (cogepkaHue O-aumepa, pubpuHoreHa, CPB, obuuero xo-
nectepwna, JINHN, JINBM, MHAEKca aTeporeHHOCTH, TPUMULLEPUAOB,
NINOHNM, cooTHoweHne obuero xonectepuHa K JIMBI, akTMBHOCTb
®OB) y nauueHToB ¢ M B ocTpom nepuoae B 3aBUCMMOCTM OT NOZ-
™na UW, B 4ém 1 cocToAaNa HOBM3HA U aKTyanbHOCTb UCCNEA0BaHMA.
OueHKa npoBoaunack y 51 naumeHTa ¢ NOATBEPHKAEHHLIM BrepBble
AunarHoctrposaHHbiM MW B cpesHem Bo3pacte 70 [63;77] net ¢ ate-
poTpomboTnyeckum — 14 (27%), kapanoambonmyeckum — 17 (33%),
NaKkyHapHbIM — 12 (24%) v noagtunom UM HeycTaHOBNEHHOM 3TUONO-
mn — 8 (16%) 1y 20 nuL, KOHTpoANA.

Mpu noctynnenun B 1l-e cytkm UM oTmeyanocb oxugaemoe
YMeHbLUeHWe aTPOMBOreHHbIX CBOWCTB SHAOTENNA COCYAUCTON CTeH-
KM No nokasatenam yposHa [-avmepa, aktuHoctv OB, rnasHbIM
06pasom, y NaLMeHTOB C KapanMoaMbOoNNYEeCcKUM 1 aTepoTpoMboTHYe-
CKUM noatvnamu MW, 4to cornacyetcs ¢ AMTepaTypHbIMU AaHHbIMUI
1, 04eBUAHO, CBA3AHO C HAaZIMUMEM NPOTPOMBOTUYECKOTO Npodunsa y
MaLMEHTOB C KapAM03IMb0NN3MOM M NPOBOCMANIUTENBHOMO — Y NaLy-
€HTOB C aTEPOTPOMBOTUYECKUM MHCYAbTOM [8, 14, 16].

e  For lacunar IS: LDL (y=0.0001x), atherogenic index
(y=0.0001x), triglycerides (y=0.0001x), total cholester-
ol-to-HDL ratio (y=0.0001x), VLDL (y=0.0001x).

e For IS of undetermined etiology: CRP (y=-0.0075x),
D-dimer (y=-0.0002x), HDL (y=0.0001x), atherogenic
index (y=0.0001x), triglycerides (y=0.0001x), total cho-
lesterol-to-HDL ratio (y=0.1628x).

DiscussION

This study aimed to assess endothelial thrombogenicity us-
ing laboratory parameters (D-dimer, fibrinogen, CRP, total cho-
lesterol, LDL, HDL, atherogenic index, triglycerides, VLDL, total
cholesterol/HDL ratio, VWF activity) in patients with acute IS,
depending on the IS subtype. This is the novelty and relevance
of the study. The assessment was conducted in 51 patients with
first-time diagnosed IS (mean age 70 [63;77] years): atherothrom-
botic — 14 (27%), cardioembolic — 17 (33%), lacunar — 12 (24%),
and IS of undetermined etiology — 8 (16%), along with 20 control
subjects.

On the 1% day, there was an expected reduction in the
atherothrombotic properties of the vascular wall endothelium,
indicated by D-dimer levels and VWF activity, particularly in car-
dioembolic and atherothrombotic IS subtypes. This is consistent
with literature data and is likely due to the prothrombotic profile
in cardioembolic IS and the pro-inflammatory profile in athero-
thrombotic stroke [8, 14, 16].

VWEF activity was elevated in all IS subtypes, indicating a
strong thrombogenic predisposition of the vascular wall. It was
statistically significantly higher in the cardioembolic subtype,
suggesting an etiological mechanism of stroke, as increased
VWF is considered a key hypercoagulation predictor [17-20]. It
is worth noting that a statistically significant increase in the lev-
el of D-dimer was recorded in cases of IS of unknown etiology,
with a tendency to rise on the 10th day of observation. According
to studies, this is the most accurate prognostic marker for early
neurological deterioration, the risk of recurrent strokes, as well
as mortality [21].

Lipid profile parameters were statistically significantly high-
er in the atherothrombotic subtype and the overall group, reflect-
ing atherosclerosis-driven dyslipidemia as a precursor to IS [22].

No elevated fibrinogen levels were observed at admission
or dynamically, and no correlation was found between fibrin-
ogen and neurological deficit scales, consistent with literature
data [14]. However, another parameter of vascular thromboge-
nicity — D-dimer, both upon admission and in dynamics on the
10t day — was statistically significantly higher in patients with
acute IS, especially in those with cardioembolic and athero-
thrombotic subtypes of IS, and IS of unknown etiology. This in-
crease persisted throughout the 10-day observation period, re-
flecting the prothrombogenic potential of the vascular wall over
time. At the same time, the increase in the CRP level, although
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AKTMBHOCTL ®®B 6bl/1a NoBbILWEHa Npu Bcex noatunax UK, or-
paan BblPAXKEHHYI0 «HACTPOEHHOCTb» COCYAMCTON CTEHKU B OTHO-
LWEeHUN TPOMH6006PA30BaHMA; CTAaTUCTUYECKM 3HAUMMO BbILLE NMOKa3a-
Te/b 6blN NPY KapAMO3MBOIMYECKOM NOATUME, YTO MOXKET YKa3bIBaTb,
B TOM YMC/Ie, U HA STUONOTMYECKUI MEXAHU3M MHCY/BbTA, MOCKO/bKY
yBeNMYEHME COAEPIKaHWUA 3TOTO NOKa3aTens B Nia3me KPoBU MOXKHO
paccmaTpuMBaTh Kak OCHOBHOM MpeaMKTop runeproarynaumm [17-20].
CTOWUT OTMETUTb, YTO 3adUKCUPOBAHO CTAaTUCTUYECKM 3HAUYMMOE Mo-
BblleHWe yposHa [-aumepa npu MU HeycTaHOBAEHHOMN 3TUOAOMUK
C TeHZAEHUyMEN K nosblweHuio Ha 10-e cyTkM HabatogeHus, yTo, co-
INIACHO UCCNEA0BaHUAM, ABAAETCA CAMbIM TOYHBIM MPOrHOCTUYECKUM
MapKEPOM PaHHEro HeBPOMOTUYECKOTO YXYALIEHWA, PUCKa MOBTOP-
HbIX MHCY/IbTOB, @ TaKKe cMepTHOCTK [21].

MoKasaTenu NUNMAHOMO CMEKTPa, OXMAIEMO, ObIIN CTATUCTU-
YECKM 3HAUYMMO BbILLE MPU aTePOTPOMOOTUYECKOM MOATUME, PAaBHO
KaK 1 B LLeJIOM MO rpynne, 0TpaxKan 3aKOHOMEPHYIO0 AUCAUNUAEMUIO,
AB/AIOLLYIOCA OCHOBOW aTepoCKNep0o3a COCYA0B U NPeALLecTBYHOLLYO
nn [22].

Y Bcex 06CNe0BaHHbIX MALMEHTOB HE BbIABAEHO NPEBbILEHUE
3Ha4yeHuA GUbPMHOreHa, Kak Npu NOCTYN/IEHUM, TaK U B AUHAMMKE.
Kpome TOro, He 3apMKCMPOBAHO KOPPENALMOHHDBIX CBA3EN GUBPUHO-
reHa € KNMHUYECKMMMU LLIKaNaMy HEBPONOTMYecKoro aeduuuTta, 4to B
LIe/IOM COINacyeTcs ¢ AUTepaTypHbIMU AaHHbIMK [14]. Tem He meHee,
[pyroi napameTp TPOMBOreHHOCTU cocyzia — [-Aumep Kak npu no-
CTYNNIEHWU, TaK U B AMHAMUKe Ha 10-e CyTKM OKa3asca CTaTUCTUYECKM
3HAYMMO BbILLE Y NALMEHTOB € OCTPbIM MW, 0COBEHHO Y NaLMEHTOB C
KapAnoamMboMyYecknm v atepoTpomboTyecknm nogtunamm MU, A
HeyCTaHOB/IEHHOM 3TUONOTUEN, U COXPAHANCA HA MPOTAXKEHWUN Nepu-
ofa HabnogeHnsa 10 cyTOK, OTpaxkas NPOTPOMOOreHHbIN NoTEeHLMan
COCYAMCTOM CTEHKM M B AMHAMUKe. [1pyn 3TOM yBeIMYEeHWe NoKasaTens
CPB, xoTs 1 B pa3HoOW cTeneHn npu noatunax MW, otparkaet Bocna-
NUTeNbHble U3MEHEHWA COCYAWCTOMN CTEHKM, NOATBEPKAAA KNtoYeBoe
3HaYeHne B ocTpelilleit Gase ULWEMMYECKMX HapyLUEHWI I MO3roBOro
KPoBOOOpALLEHWA COCYANCTOrO BOCManeHua [23], u, Kak cneactsue,
pOoCT TpOMBOreHHOCTU Mo AMHAMUKe noKasaTtenelt [-aumepa n OB
B HalLem MccnesoBaHUM.

MpaKkTnyeckn BaxkHO, YTo napametpbl 3 — [-aAumep, aKTUB-
HocTb PDB, CPE 1 AMNUAHDIA CNEKTP UMENW CTAaTUCTUYECKM 3HAUMMblE
Koppensaumu ¢ Bospactom, Afl, KIMHUYECKUMM LIKaaM1 HEBPOIOTH-
yeckoro geduvumta. Pesynbtatbl GakTOPHOrO aHanM3a NOATBEPANUM
NPOrHOCTUYECKYO 3HAYMMOCTb Npy U oLeHKM napameTpoB aucau-
nuaemumn (obuiero xonectepuHa u JINBIM), BocnaneHus No ypoBHio
CPB, TPOMBOreHHOCTM COCYAMCTON CTEHKM MO YPOBHIO [-aumepa v
aKTMBHOCTU DB,

B T0 K& Bpems y HaLlero uccnefioBaHUA ecTb paj, orpaHUYeHn,
OCHOBHbIM M3 KOTOPbIX ABAAETCA Manblii 06bEM Bbl6OpPKK. Kpome
TOro, UccnefoBaHne NPoBeaeHo Ha H6ase 0fHOrO LEeHTpPa.

3AKNIOMEHUE

Takum 06pasom, OTKAOHEHUA TPOMOOTeHHOCTU COCYAMCTOro
3HAOTeNMA Ha GOHe BOCMANUTE/bHBIX U3MEHEHUI CTEHKM cOCyaa B
ocTpom nepuoge UM scTpeyatotca y 60/1bLUMHCTBA MALMEHTOB C Npeu-
MYLLECTBEHHO C aTePOTPOMBOTUYECKUM U KapAMO3IMBONYECKUM ero
nogtunamu. Hanbonee 3Ha4MMbIMM B OTHOLLEHWW NMPOTHO3UPOBAHNSA
KNMHMYecKoro TeuyeHunsa MU, cornacHo pesynbtatam GakTOpHOro 1 pe-
TPECCMOHHOTO aHanu3a, B NPOBEAEHHOM WCCAEA0BAHWMM ABNAKOTCA
OLLeHKM nokasaTeneit [-ammepa, CPB, obero xonectepuHa, INBM u
aKTUBHOCTb DOB.

42

to varying degrees in the IS subtypes, reflects inflammatory
changes in the vascular wall, confirming the key role of vascular
inflammation during the acute phase of ischemic cerebrovascu-
lar events [23], and, consequently, the increase in thromboge-
nicity as reflected by the dynamic changes in D-dimer and VWF
activity in our study.

Practically, it is essential that ED parameters (D-dimer, VWF
activity, CRP, and lipid profile) had statistically significant correla-
tions with age, blood pressure, and clinical scales of neurological
deficit. The results of the factor analysis confirmed the prognostic
significance of assessing parameters of dyslipidemia (total choles-
terol and HDL), inflammation (CRP levels), and vascular thrombo-
genicity (D-dimer levels and vVWF activity) in IS.

At the same time, our study has several limitations, the
main one being the small sample size. Additionally, the study was
conducted at a single center.

CONCLUSION

Endothelial thrombogenicity abnormalities in the acute IS
period occur predominantly in atherothrombotic and cardioem-
bolic subtypes driven by vascular wall inflammation. Factor and
regression analysis confirmed that D-dimer, CRP, total cholesterol,
HDL, and vVWF activity were the most significant predictors of IS
progression.
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