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Lienb: aHanun3 ponn HeKOTOPbIX MapKEPOB QYHKLIMOHANbHOW aKTUBHOCTU SHAOTENNA COCYA0B CUCTEMHOTO M MECTHOTO KPOBOTOKA Z10 U Moc/ie onepa-
umu BeapeHHO-NOAKONEHHOTO WYHTUPOBaHUA (BMLL) B pa3sBuTUM pecTeHo3a Npu 061UTepUpytoLLEM NOpPaXKeHUM beapeHHO-NOAKONEHHOTO apTepu-
anbHoro cermenTa (BMNAC).

Martepuan u meTogapbl: NPOaHaAM3MPOBaHbI pe3y/bTaTbl 06CNef0BaHUA U Ne4eHUA 82 NALMEHTOB C 0BIMTEPUPYIOLLMM aTEPOCKIEPO30OM, MEPEHECLLINX
onepaumto BLL. o 1 nocne XMpypruyeckoro BMeLIATeNbCTBA UM Obl MPOBEAEH KONMYECTBEHHDIN aHaIM3 FOMOLMCTENHA, OKUC/IEHHBIX IMMONpPOTEu-
HOB HW3KOW NNOTHOCTM, MONEKY/ aAre3unm cocyamctoro aHgotenus | tuna (sVCAM-1), Hrubutopa aktuaTopa naasmuHoreHa | tuna (PAI-1), TkKaHeBo-
ro aKTMBaTOPa NaasMuHoreHa (t-PA), aHHeKcHHa V B CUCTEMHOM M MECTHOM KPOBOTOKe. Ha OCHOBaHUM COCTOAHWA 30HbI PEKOHCTPYKLMM Yepes 12 me-
cAues 6blnv BblAeNeHbl ABe rpynnbl: B | rpynny BKAOYEHbI NauueHTbl 6e3 pecteHosa (n=21), Bo |l rpynny — naumeHTbl ¢ pasBuTHeM pecTeHo3a (n=61).
Pe3ynbrathl: y NaLMEHTOB NpY PasBUTUM PECTEHO3a BbIAB/IEHbI 3HAYMMbIE OT/IMYMA B aAre3MOHHON (80 onepauum), remocTaTuyeckor popmax sH-
[0TenunanbHon aucdyHKLMM 1 anonTo3e B CPaBHEHWUM C TPynnoi nauueHToB 6e3 pecTeHo3a. YCTaHOB/IEHO, YTO A0 onepaLmu y nauueHTos |l rpynnbl
3HauMMo Bbliwe yposeHb SVCAM-1 B mecTHOM KpoBoToke (Ha 37,5%, p=0,014), PAI-1 B cMCTEMHOM M MECTHOM KpoBoToke (Ha 15,6%, p=0,010 u Ha
16,4%, p=0,008) 1 aHHeKcKHa V B CUCTEMHOM M MECTHOM KpoBoTOKe (Ha 48,9%, p=0,012 u Ha 60,2%, p=0,002), nocne onepawuv 3Ha4nmo sbiwwe PAI-1
B cuctemMHom (Ha 18,9%, p=0,004) u mectHom (Ha 11,1%, p=0,049) KPOBOTOKe M aHHEKCHH V B CUCTEMHOM KpoBOTOKe (Ha 28,4%, p=0,011) no cpaBHe-
Huto ¢ | rpynnoii. YcTaHoBeHa A0 onepauum accoumaums sVCAM-1 B mecTHom KpoBoToke, PAI-1 M aHHeKcUHa V B CUCTEMHOM M MECTHOM KPOBOTOKE,
nocne onepauuu PAI-1 B cCMCTEMHOM M MECTHOM KPOBOTOKE M aHHEKCUHA V B CUCTEMHOM KPOBOTOKE € pa3BUTMEM pecTeHo3a.

3aKnloueHue: pesynbTaThl NONYYEHHbIX UCCIEA0BAHMI CBUAETENbCTBYIOT O HAPYLWEHWUM aAre3noHHOM, FeMOCTaTUYeCcKoN GYHKLUMIA SHA0TeNUA, NOBbI-
LUeHMW YPOBHA anonTo3a B CUCTEMHOM M MECTHOM KPOBOTOKE B Pa3BUTUM PECTEHO3], YTO MOXKET ObITb UCMO/Ib30BaHO A1 Pa3paboTKM nepcoHUdu-
LIMPOBaHHOMN KOPPEKLMM OTMEUYEHHbIX HapyLWEHWUI AR yaydLleHUA pe3ybTaToB PEBACKYNAPU3YIOLLMX BMeLaTenbeTB Ha BIMAC.

KnioueBble cnosa: ob6aumepupyrowuli amepocknepos HUXHUX KoHeYHocmeli, 6edpeHHO-N0OKONEHHOE WyHMUPOBaHUe, hyHKUUOHANbHAA aKMuUe-
HOCmb 3HOOMenus, pecmeHo3.
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Objective: To analyze the role of markers of the endothelial dysfunction in the vessels of the systemic and local blood flow before and after
femoropopliteal bypass surgery (FPBS) in the development of restenosis at obliterating lesions of the femoropopliteal arterial segment (FPAS).
Methods: The results of the examination and treatment of 82 patients with obliterating atherosclerosis who underwent FPBS were analyzed. Before
and after surgery they underwent testing for serum homocysteine, oxidized low-density lipoprotein, soluble vascular cell adhesion molecule-1
(sVCAM-1), plasminogen activator inhibitor-1 (PAI-1), tissue-type plasminogen activator (t-PA), and annexin V in the systemic and local blood flow.
Based on the condition of the reconstruction zone after 12 months, all patients were divided into two groups. Group 1 included patients without
restenosis (n=21), and Group 2 — with restenosis (n=61).

Results: Before surgery Group 2 patients showed significant differences in the severity of adhesive and hemostatic forms of endothelial dysfunction, as
well as apoptosis in comparison with Group 1. It was found that before surgery, Group 2 patients had a significantly higher level of sVCAM-1 in the local
bloodstream (by 37.5%, p=0.014), PAI-1 in the systemic and local bloodstream (by 15.6%, p=0.010, and by 16.4%, p=0.008 respectively) and annexin
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V in the systemic and local bloodstream (by 48.9%, p=0.012 and by 60.2%, p=0.002 respectively). After surgery Group 2 patients had significantly
higher levels of PAI-1 in the systemic (by 18.9%, p=0.004) and local (by 11.1%, p=0.049) blood flow, and annexin V in the systemic circulation (by
28.4%, p=0.011) compared with Group 1. Thus increased levels of sVCAM-1 in the local bloodstream, PAI-1, and annexin V — in the systemic and local
bloodstream before surgery were associated with postoperative development of restenosis, while higher values of PAI-1 in the systemic and local
bloodstream and annexin V in the systemic circulation after surgery were related to subsequent restenosis development.

Conclusion: The results of the study indicate impairment of the adhesive and hemostatic function of the endothelium, and increased level of apoptosis
in the blood vessels of systemic and local blood flow in patients with restenosis, which can be used to develop personalized approach to management
of this disorder and improve the results of revascularization interventions on FPAS.

Keywords: Obliterating atherosclerosis of the lower extremities, femoropopliteal bypass surgery, functional activity of the endothelium, restenosis.
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BBEAEHUE

PeBackynapusauma HUKHUX KOHEYHOCTEN ABNAETCA OCHOBHOWM
cTpaTernei Ne4eHVn NaumueHToB ¢ 06UTEPUPYIOLLMM aTepPOCKAepo-
3om [1]. BmecTe ¢ Tem, pecTeHo3 B 30HE COCYAMCTOrO aHacTomMo3a
OrpaHUYMBAET KIMHUYECKYIO 3PdEKTUBHOCTb peKoHCTpyKLmK BIAC.
Pe3ynbTaTbl peBacKyAApM3ytoLLMX OnepaLmii acCoLMnpoBaHbI ¢ 60/1b-
LWIMM KOJIMYECTBOM MPEAMKTOPOB, BKAIOHYAOLWMX KaK OBLIEKANHUYE-
CKMe daKTopbl PUCKA, TaK U XMPYprudeckme 0cobeHHOCTU TEXHMKM,
aNnacTuyeckue CBOMCTBa apTepuu, BbIGOp NaacTUyeckoro Matepuana,
XapaKTep MOPaXKeHWUs apTepUaNbHOTO PYC/a, afeKBaTHYIO MeauKa-
MEHTO3HYt0 Tepanuio [2-5].

B natoreHese M aTepOCKNEPOTUYECKOTO NOPAKEHUA, U OC/NOK-
HEHWUMN, KNIOYEeBbIM YYACTHUKOM ABNAETCA 3HAOTENMANbHAA AuC-
byHKUMA [6-9]. M3BECTHO, YTO 3HAOTENIMIN UrpaeT BaXkHyl Ponb B
Pa3NNYHBIX PU3MONOTUYECKMX GYHKLMAX, BK/IOYas TOHYC COCYZOB,
MPOHULLIAEMOCTb, PEryfALMI0 aHruoreHesa, nponudepauuio raa-
KOMbILLEYHbIX KNETOK, remocTathyeckuit 6ananc [8, 10]. K Tunosbim
dopmam aucdyHKLMM SHAOTENUA NPUHATO OTHOCUTL BA3OMOTOPHY!O,
remMoCTaTMUECKYHO, aAre3MOHHYI0 M aHrMoreHHyto [11, 12]. Xapaktep u
BbIPAXKEHHOCTb AMCOYHKLMM SHAOTENUA U3MEHAETCS B 3aBUCMMOCTU
0T 3ab0NeBaHNsA, a TaKKe NOA BANAHUEM Pa3NUYHBIX aKTUBUPYHOLLMX
eé GaKTOpOoB. YCTaHOB/IEHO, YTO Y MALMEHTOB C 06BAUTEPUPYIOLLMM
3aboneBaHnem nepudepUYECcKUX apTepUn UMeeTca rnepKoarynaum-
OHHBIV CTATYC C UBMEHEHMEM aKTUBHOCTM daKTopa cBEpTbiBaHmA VIII,
TKaHEeBOro GpaKTopa, UHMMOUTOPA TKAHEBOTO AaKTUBATOPA NIA3MUHOTe-
Ha | TMNa, ypoBHA PacTBOPUMbIX peLenTopos K npoTenHy C, dakTopa
¢doH BunnebpaHga [12-15]. MU3BecTHble daKTOpbl pUcKa aTepockae-
po3a, BKAOYatoLLMe TMNepPAMNUAEMUIO, CaxapHbIi AnabeT, KypeHue,
TMNepTOHNYEeCKyto 60ne3Hb, YBENNYMBAIOT 3KCNpeccuio $aKTopoB,
XapaKTEPU3YHOLLMXCA BbICOKMM TPOMOOreHHbIM noTeHumanom [13].
BbinonHeHWe peBacKkynApu3yoLLMX BMELIATENbCTB CONPOBOXKAAETCA
runepKoaryiaumMen M sHAoTeAManbHOM AUCOYHKLMER, accoummpo-
BaHHbIX C TAKUMM OCNOXKHEHUAMM, Kak MHAPKT MUOKapAaa, nporpec-
cupoBaHue 3abonesaHua, Tpombo3 WyHTa U pecteHos [14, 16-18].
EcTb faHHble, yKasblBalolWwye Ha yaydleHue QyHKUMKM SHAOoTenus
nocne PEKOHCTPYKTUBHOW Onepauuy Ha MarucTpasbHbIX apTepusx
HUKHUX KOHEYHOCTEN, YTO NOATBEPIKAANOCH CHUMKEHNEM YPOBHA 3H-
foTtennHa u daktopa BunnebpaHaa yepes 2 Hegenu nocne BmeLla-
TenbcTBa [19]. BmecTe ¢ Tem, n3onnpoBaHHasa sHAOTeNMaNbHAA AUC-
bYHKUMA HabntogaeTcs aaneko He yacto [12].

MimeeTca uccneposaHve, rae M3ydeHa CUCTEMHas M MeCTHasA
KOHL,EHTpaLMA $GaKTOpPOB ryYMOPasbHOMO U KNETOYHOTO MMMYHUTETA
B Pa3BUTUM NOBPENAEHWA COCYAMCTON CTEHKM U 30HbI aHACTOMO3a

INTRODUCTION

Revascularization of the lower extremities is the main treat-
ment strategy for patients with obliterating atherosclerosis [1].
At the same time, restenosis in the area of vascular anastomosis
limits the clinical effectiveness of FPAS reconstruction. The results
of revascularization surgery are associated with a large number of
predictors, including both general clinical risk factors and surgical
technical features, elastic properties of the artery, choice of plas-
tic material, nature of lesion of the arterial wall, and adequate
drug therapy [2-5].

In the pathogenesis of atherosclerotic lesions and their
complications, endothelial dysfunction is a key player [6-9]. It is
known that the endothelium has an important role in various
physiological functions, including vascular tone, permeability,
regulation of angiogenesis, proliferation of smooth muscle cells,
and hemostatic balance [8, 10]. Typical forms of endothelial dys-
function include vasomotor, hemostatic, adhesive, and angiogen-
ic ones [11, 12]. The nature and severity of endothelial dysfunc-
tion varies depending on the disease and under the influence of
various activating factors. It has been established that patients
with peripheral arterial occlusive disease develop a hypercoagu-
lable status with changes in the activity of coagulation factor VIII,
tissue factor, plasminogen activator inhibitor-1, soluble endothe-
lial protein C receptors, and von Willebrand factor [12-15]. Known
risk factors for atherosclerosis, including hyperlipidemia, diabetes
mellitus, smoking, and hypertension, increase the expression of
factors characterized by high thrombogenic potential [13]. Revas-
cularization interventions are accompanied by hypercoagulation
and endothelial dysfunction, associated with different complica-
tions, including myocardial infarction, disease progression, shunt
thrombosis, and restenosis [14, 16-18]. There is evidence indicat-
ing an improvement in endothelial function after reconstructive
surgery on the main arteries of the lower extremities, which was
confirmed by a decrease in the level of endothelin and von Will-
ebrand factor two weeks after the intervention [19]. At the same
time, isolated endothelial dysfunction is not common [12].

The systemic and local concentration of humoral and cellu-
lar immunity factors in the development of lesions of the vascular
wall and zone of anastomosis was studied in the postoperative
period [20]. The prognosis of reconstructive vascular surgery is
based on the level of these factors in the vessels of the affected
limb before surgery and their decrease in the early postoperative
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B nocneonepaumoHHom nepuoge [20]. MporHo3 pPeKoHCTPYKTUBHOW
COCYZMCTOM onepaLym acCoLMMPOBaH C KOHLEHTpaLMen aTux dakTo-
pOB B MECTHOM KPOBOTOKE MOPasKeHHOW KOHEYHOCTW A0 onepaLuu
U CHUXKEHWEM WX B PaHHeM nocsieonepaumMoHHom nepuoge. C 3Tux
No3WLMIA NPELCTAB/AET MHTEPEC KOMM/IEKCHOE UCCNen0BaHME dYHK-
LIMOHANbHOW aKTUBHOCTU 3HAOTEINA COCYL0B CUCTEMHOMO U MECTHO-
0 KPOBOTOKA f10 M NOC/E NPOBEAEHUA PEKOHCTPYKTUBHbBIX BMELLA-
Te/IbCTB.

LLENb NCCNEAOBAHMA

AHanu3 ponn HEKOTOPbIX MapKepoB GYHKLUMOHANLHOM aKTUB-
HOCTW 3HAO0TENNA COCYA0B CUCTEMHOMO U MECTHOrO KPOBOTOKA A0 U
nocne onepauuv BINLL B pa3sutum pecteHo3a npu 06anTepmpytoLem
nopaxeHuu bIAC.

MATEPUAN U METOAbI

Mop, HawMM HabntogeHemM Haxoaunock 82 naumeHTa ¢ obante-
PUPYIOLLLMM aTEPOCKAIEPO30OM apTEPUIA HUMKHUX KOHEYHOCTEMN.

Kputepun BKAIOUYEHUA: MYMKCKOW MO/, OKKAHO3MOHHO-CTEHOTH-
yeckoe nopakeHue BIMAC, XpoHWMYeCKan apTepuanbHas He[OCTaTou-
HOCTb HUXHUX KOHeuHocTel |IB-IIl cTeneHel no knaccudmKaumm GoH-
TeiHa-ToKpPOBCKOro.

Kputepun UcKAoYeHUs: ayTOMMMyHHble 3aboneBaHus, caxap-
HbIl AMabeT, 0cTpas U XPOHUYECKas NaToN0MUA B CTaAMUM 060CTpeHuA,
60N1e3HM NeYeHn, CUCTeMbl KPOBM, HEPBHOW CMCTEMbI, OHKONOTMYE-
CKue 3abonesaHua, AEKOMMEHCMPOBAHHbIE CEPAEYHO-COCYAUCTbIE
3aboneBaHuWA, PEKOHCTPYKTUBHbIE BMELLATENbCTBA HA KOPOHAPHBIX U
nepudepuyecknx apTepmsax B aHamHese, TPOMOO03 LWyHTa B PaHHEM
nocneonepaLmMoHHOM nepuoae.

Bcem nmauveHTam npoBeaeHO 0bLLEKNNHMYECKoe obcnesoBa-
HUWe, yNbTPa3BYKOBOE aHIMOCKaHUPOBAHME a0PTbI U apTEPUI HAKHMX
KOHEYHOCTEW C U3MEpPEeHUEM NI0AbIKEYHO-TINIeYEBOTO MHAeKca (/INN)
[10 onepauumn 1 cnycta 5 cyToK nocne onepauym, aoptoapTepuorpa-
dUA HUKHMX KOHEeYHOCTeW 1 6annbHanA OLEHKA COCTOAHUA «MyTen oT-
ToKa» no PyTepdopay Ao onepaumu.

®YHKLMOHaNbHAA aKTUBHOCTb SHAOTENUS OLEeHMBaNacb Mo Ko-
JINYECTBEHHOMY OMNPEAENIEHUI0 FTOMOLMCTENHA, OKUCIEHHBIX AUMO-
NPOTEMHOB HU3KOW NIOTHOCTU (OKMCAeHHbIX JITTHM), monekyn agresvu
cocyaucToro sHgoTenua | Tuna (sVCAM-1), uHrmbutopa aktmueaTtopa
nnasmuHoreHa | Tuna (PAI-1) M TKaHEBOro aKTMBATOpa MJA3MMHO-
reHa (t-PA), aHHeKcMHa V y Bcex MaUMeHTOB 4O M NOCae XMpypruye-
CKOro BMELLATeNbCTBA B CUCTEMHOM M MECTHOM KPOBOTOKE METOA0M
TBEPAOPA3HOTO KOHKYPEHTHOTO XEMUIOMUHECLEHTHOMO WMMMYHO-
($epMEeHTHOro aHaaIM3a Ha aBTOMaTMYeCcKoM aHanusatope IMMULITE
2000 Homocysteine (Siemens, Germany), TBépaodasHOro MMMYHO-
(depMeHTHOro aHanM3a Ha yctpoiictae Sunrise (Tecan Austria GmbH,
Austria) ¢ nomouwblo Habopos peakTBoB «eBioscience» (Thermo
Fisher Scientific, USA), «Technoclone» (Technoclone Herstellung von
Diagnostika und Arzneimitteln GmbH, Austria), «Oxidized LDL ELISA»
(Mercodia, Sweden). Y Kaxzoro nauueHta 3abupanu Kposb AnA Uc-
CNefoBaHMA YTPOM HATOWAK 3a 5 gHel 4o v cnycta 5 cyToK nocne
npoBeseHWs OnepaLMmn 13 IOKTEBOM BEHbI U MOAKOXKHOW BEHbI Tbla
CTOMbI MOPAKEHHOW KOHEYHOCTU ANA UCCEA0BAHUA CUCTEMHOMN U
MECTHOW KOHLIEHTPALMM MapKepoB GYHKLMOHANbHOM aKTUBHOCTM 3H-
[LOTEINA COCYA0B COOTBETCTBEHHO [20].

Xupypruyeckoe neveHve M NpoBOAMMAnA CTaHAAPTHaA Tepanua
B MOC/NIEONEPALLMOHHOM MEPUOLE ONPesensaucb COMMAcHO Haumo-
HaNbHbIM pekomeHgaumam [21]. Bcem naupeHTam 6bina BbINosHEHA
onepauua BN nonnteTpadTOpPTUNEHOBLIM NPOTE3OM «IKOPIOH» 8
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period. From this standpoint, a comprehensive study of the func-
tional activity of the vascular endothelium in the systemic and
local bloodstream before and after reconstructive interventions
is of interest.

PURPOSE OF THE STUDY

Analysis of the role of some markers of the endothelial func-
tion in the vessels of the systemic and local bloodstream before
and after FPBS in the development of restenosis in obliterating
lesions of FPAS.

METHODS

We examined 82 patients with obliterating atherosclerosis
of the arteries of the lower limbs.

Inclusion criteria were: male gender, occlusive and stenot-
ic lesion of the FPAS, chronic arterial insufficiency of the lower
extremities of 1IB-1ll degrees according to the Fontaine-Pokrovsky
classification.

Exclusion criteria: autoimmune diseases, diabetes melli-
tus, acute and chronic pathology in the acute stage, diseases of
the liver, blood system, nervous system, cancer, decompensated
cardiovascular diseases, history of reconstructive coronary and
peripheral arteries interventions, shunt thrombosis in the early
postoperative period.

All patients underwent a general clinical examination, ul-
trasonic angioscanning of the aorta and arteries of the lower
extremities with measurement of the ankle-brachial index (ABI)
before surgery and 5 days after surgery, aortoarteriography of the
lower extremities and a Rutherford score assessment of the “out-
flow tract” condition before surgery.

Endothelial functional activity was assessed by testing the
serum level of homocysteine, oxidized low-density lipoprotein
(oxidized LDL), vascular cell adhesion molecule-1 (sVCAM-1),
plasminogen activator inhibitor-1 (PAI-1), tissue-type plasmino-
gen activator (t-PA), and annexin V in all patients before and after
surgery in the systemic and local bloodstream by the method of
solid-phase competitive chemiluminescent enzyme-linked immu-
nosorbent assay using the IMMULITE 2000 Homocysteine auto-
matic analyzer (Siemens, Germany), solid-phase enzyme-linked
immunosorbent assay using Sunrise (Tecan Austria GmbH,
Austria) and eBioscience reagent kits (Thermo Fisher Scientific,
USA), "Technoclone" (Technoclone Herstellung von Diagnostika
und Arzneimitteln GmbH, Austria), "Oxidized LDL ELISA" (Merco-
dia, Sweden). Five days before and five day after surgery, blood
was sampled in the morning after fast from the median cubital
vein and the subcutaneous vein of the dorsum of the foot of the
affected limb to study the systemic and local concentration of en-
dothelial dysfunction markers respectively [20].

Surgical treatment and standard therapy in the postopera-
tive period were determined according to national recommen-
dations [21]. All patients underwent FPBS with a polytetrafluo-
roethylene prosthesis "Ecoflon" 8 mm above the knee joint gap;
prolene threads were used as suture material. The patients were
observed for 12 months with instrumental assessment of the
development of restenosis in the area of arterial reconstruction.
Depending on the outcome in the area of arterial reconstruction,
all patients were divided into two groups: Group 1 — without
restenosis 12 months after FBS, and Group 2 — with restenosis.
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MM BbILE LLEAM KONEHHOrO CyCTaBa, B KAaYecTBe LWOBHOIO maTepua-
Nla UCMONb30BaHbI MPONEHOBbLIE HATU. 33 NaLMeHTaMK Habaoganmn B
TeyeHne 12 mecALeB C MHCTPYMEHTAIbHOM OLLEHKON BO3HUKHOBEHMA
pecTeHo3a B 30HE apTEPUAsIbHON PEKOHCTPYKLMK. Yepes 12 mecAues
rnocse onepauuu BCeM MaLMeHTaM NPOBOAMNOCH YNLTPa3BYKOBOE
QHIMOCKAHMPOBAHME a0PTbl, APTEPUIA HUMKHUX KOHEYHOCTEN M 30HbI
apTepuanbHOW PEKOHCTPYKLMM. B 3aBMCMMOCTM OT MCXOLA B 30HE ap-
TepuanbHOW PEKOHCTPYKLMM B TedeHne 12 mecaLeB HabntoaeHns Bce
naupeHTbl bblnv pasgeneHbl Ha gge rpynnbl: | rpynna — 6e3 passuTus
pecteHosa u |l rpynna — ¢ passuTMem pecteHo3a. Bcem nauueHTam ¢
PECTEHO30M BbINOMHAMN MOBTOPHYIO onepauuto 1 6panan obpasupl
TKaHu cocyaa ana Mopponornyeckoro nccaefoBaHua.

WceneposaHue ogobpeHo PerMoHabHbIM 3TUYECKUM KOoMUTE-
ToM npu Kypckom rocyfapCTBeHHOM MEAULMHCKOM YHMBEpcUTeTe
(npoTtokon Ne 1 ot 21.01.2012 1.).

CTaTUCTUYECKMIA aHANN3 pe3y/IbTaToB UCCAEA0BAaHNA NPOBEAEH
C MOMOLLbIO CTAHZAPTHOrO Habopa oducHbIX nporpamm Statistica
10.0, Microsoft Office, Microsoft Excel. Xapaktep pacnpegeneHus
aHaNM3MPYeMbIX NapaMeTPOB OLEHMBANACA C MOMOLLBIO KpuTepus
Konmoroposa-CmupHOBa. 1A MONapHOro CpaBHEHWMA AByX rpynn
HOPMaIbHO pacnpeaenéHHbIX AaHHbIX MCMNO/Ib30BaACA NAPHbIN UK
HenapHbI Kputepuii CTboAeHTa, NPU HEHOPMAZIbHOM pacnpejene-
HUM — KpuTEpUn MaHHa-YUTHU UK BUAKOKCOHa. KonnyecTBeHHble
[JaHHblE, MMeloLLMe HOPMAJIbHOE pacnpegeneHve NpeacTaBieHbl B
dopmate M+tm n M+o, rae M — cpeaHee apudmeTmyeckoe, m — cTaH-
[lapTHas olWMbKa CpeaHero v 0 — CTaH4APTHOE OTK/IOHEHME NPU3HaKa.
Ons cpaBHEHWA [oNei UCMOb30BaACA KPpUTEPUIA XU-KBAapaT. Pasnu-
4Ma mMeXay rpynnamu CYUTaNUCL CTAaTUCTMYECKM 3HAYMMbIMK MpU
ypOBHe 3Ha4ymMmocTtu p<0,05.

PE3YNbTATbI U UX OBCYXXAEHUE

KAnMHMYecKan XapaKTepuUCTMKa MaUMEeHTOB MpeacTaBfeHa B
Tabn. 1.

[laHHble KAMHWUYECKOro UCCAeA0BaHUA NALMEHTOB He BbIABUAU
3HAYMMBIX Pa3MUMI Mexay rpynnamu no sospacty (p=0,063), aau-
TenbHocTH 3abonesaHua (p=0,311), coCTOAHUMIO «NyTeil OTTOKa» no
Pytepdopay (p=0,922), Hannumio CONYTCTBYIOLWMX MLIEMUYECKON 60O-
nesHu cepaua (p=0,149), runepToHnyeckoi 6onesnu (p=0,208) v xpo-
HUYecKoW 0BCTPYKTMBHOM 6onesHu nérkmx (p=0,894), NU fo onepa-
umu (p=0,189). Y naumeHToB MMENNCH 3HAYMMbIE OT/IMYMA MO CTENEHU
XPOHUYECKON apTepuanbHON HepocTaToqHoCTU. Tak, B | rpynne Ha
MOMEHT onepaLmu |Ib cTeneHb XpOHMYECKOMN apTepuabHON HeaocTa-
TOYHOCTU AMarHoCTMpoBaHa B 67%, Bo Il rpynne — B 41% (p=0,056), a
Il cteneHb — B 33% 1 59% (p=0,043) B | 1 Il rpynnax COOTBETCTBEHHO.
Mocne onepauum y naumeHTos | rpynnbl JIMW 6bin Bbilwe No cpasHe-
Huto co Il rpynnoit (Ha 13,8%, p=0,015).

®yHKUMOHaIbHaA aKTUBHOCTb SHAOTENNA B CUCTEMHOM U MeCT-
HOM KPOBOTOKE Y NaLMEHTOB UCCAeAyeMbIX FPynn 40 W Noc/e onepa-
umm BN npueeaeHa B TabA. 2.

Kak B1gHo 3 1abn. 2, ypoBeHb romouucTEMHA Y BCex Mauu-
€HTOB MpeBbIlWan AnanasoH pedepeHCHbIX 3HaueHuit, ocobeHHO B
NopaKEHHOW KOHEYHOCTM, OfHaKO 6e3 3HaUMMbIX Pasnunii mexay
rpynnamu. Chegyet OTMETUTb, YTO B MCCNEL0BaHUAX NOAYEPKMBAETCA
Ba)KHas PO/ib TOMOLIMCTENHA Y NALMEHTOB € 06UTEPUpPYIOLLMM 3a60-
NeBaHUEM apTepUiA HUKHUX KOHEUHOCTEW, Kak HeMoCpeACTBEHHO, TaK
1 B3aUMOZENCTBYA C GaKTOpammM remocTasa, B YCUIEHUU MUrPaLmu
1 nponudepaLm MafKoMbILWEYHbIX KNeToK [5, 22]. HecmoTpa Ha oT-
CYTCTBME TOMOLMCTEMHA KaK 3HAYMMOrO B MPOrHO3MPOBAHWUM PUCKA
Pa3BUTMA PECTEHO30B M TPOM6O030B daKTopa B OTAA/NEHHOM NoC/e-
onepawumMoHHOM nepuroge nocne ML 6uonormyeckum npotesom, as-

It should be noted that the cause of restenosis was intimal hy-
perplasia, confirmed by histological examination of the samples
obtained during re-intervention.

The study was approved by the Regional Ethics Committee
at Kursk State Medical University (protocol Ne 1 of January 21,
2012).

Statistical analysis was carried out using Statistica 10.0,
Microsoft Office, and Microsoft Excel software. The normali-
ty of the distribution of the analyzed parameters was assessed
using the Kolmogorov-Smirnov test. For the paired comparison
of two groups of normally distributed values, the paired or un-
paired Student's test was used; for non-normal distribution, the
Mann-Whitney and Wilcoxon test was used. Quantitative data
with a normal distribution are presented in the format Mtm and
Mzo, where M is the mean, m — standard error of the mean, and
o — standard deviation. The chi-square test was used to compare
proportions. Differences between groups were considered statis-
tically significant if p<0.05.

RESULTS AND DISCUSSION

The clinical characteristics of the patients are presented in
Table 1.

Data from a clinical study of patients did not reveal signif-
icant differences between groups in age (p=0.063), duration of
the disease (p=0.311), status of the “outflow tract” according to
Rutherford (p=0.922), presence of concomitant coronary artery
disease (p=0.149), hypertension (p=0.208) and chronic obstruc-
tive pulmonary disease (p=0.894), ABI before surgery (p=0.189).
There were significant differences among patients in the degree
of chronic arterial insufficiency. Thus, in Group 1 by the time of
operation 1IB degree of chronic arterial insufficiency was diag-
nosed in 67% of patients, while in Group 2 —in 41% (p=0.056); 11l
degree — in 33% and 59% of patients (p=0.043) in Groups 1 and
2 respectively. After surgery, Group 1 patients had a higher ABI
compared to Group 2 (by 13.8%, p=0.015).

The level of the functional activity of the endothelium in
the systemic and local blood flow in patients of the two groups is
shown in Table. 2.

As can be seen from Table 2, homocysteine levels in all
patients exceeded the reference range, especially in the affect-
ed limb, but without significant differences between groups. It
should be noted that studies emphasize the important role of
homocysteine in patients with occlusive disease of the arteries
of the lower extremities, both directly and through interaction
with hemostasis factors, in enhancing the migration and prolif-
eration of smooth muscle cells [5, 22]. Though homocysteine
may not be considered a predicting factor for developing rest-
enosis and thrombosis in the long-term postoperative period
after BPS with a biological prosthesis, the authors observed in-
creased levels of homocysteine in patients with restenosis and
thrombosis [5].

There were no significant differences in the level of ox-
idized LDL in both systemic and local blood flow between the
groups.

The level of sVCAM-1 before surgery in the affected limb
in patients of Group 2 exceeded the values of Group 1 by 37.5%
(p=0.014). At the same time, in the systemic blood flow before
and after surgery, as well as in the local blood flow after surgery,
sVCAM-1 values had a statistically insignificant tendency to in-
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Tabauya 1 KnuHuYeckas xapakmepucmuKka nayueHmos Table 1 Clinical characteristics of patients
Il rpynna/Group 2
(n=61)

Bospacrt, net/Age, years 60.14+6.87 56.7517.16
OnutenbHocTb 3abonesaHus, mec./Duration of the disease, months 17.90+4.96 26.51+4.63
Mwemuueckan 6onesHb cepaua, abe. (%)/Coronary artery disease, abs. (%) 10 (48%) 40 (66%)
MMnepToHMyeckas 6onesHb, abe. (%)/Hypertension, abs. (%) 12 (57%) 44 (72%)

XpoHuyeckan 0b6CTpyKTUBHAA 6onesHb NErkux, abe. (%)

v 0,

Chronic obstructive pulmonary disease, abs. (%) 3 (14%) 8 (13%)

] [
XpOHv!quKaﬂ'ap.TepM?quan HeA0CTaTOYHOCTb Hlfl)f(HMX KoHeyHocTel || b cteneHu, abce. (%) 14 (67%) 25 (41%)
Chronic arterial insufficiency of the lower extremities, || B degree, abs. (%)
XpoHuyecKan apTepuanbHas HefOCTaTOMHOCTb HUMKHMX KoHeYHocTel Il ctenenu, abe. (%) 7 (33%) 36 (59%)"
Chronic arterial insufficiency of the lower extremities, Ill degree, abs. (%) ? ’
JINN po onepaumun/ ABI before surgery 0.32+0.04 0.28+0.014
JINW uepes 5 cyTok nocne onepauuu /ABI 5 days after surgery 0.81+0.04 0.70+0.022"
CpeaHuii 6ann «nytei oTToka» no Pytepdopay 4.00+0.45 4.05+0.25

Average score of “outflow pathways” according to Rutherford

Npumeyanwe: * — p<0,05 Npu cpaBHEHWUM C NOKaszaTensmm | rpynnb
Note: * — p<0.05 when compared with the indicators of Group 1

Tabnuya 2 GyHKYUOHABHAA GKMUBHOCMb 3HOOMenusA e cucmemHoM  Table 2 Functional activity of the endothelium in the systemic and local

U MECMHOM KPOBOMOKE Y NAUUEHMO8 UCCedyembix blood flow in patients of the study groups before and after surgery
epynn 0o u nocse onepayuu (M+m) (M+m)
| rpynna Il rpynna
(n=21) (n=61)

ao CK/S 16.65+1.73 20.97+1.37 0.094

[OMOLMCTENH, MKMONb/N 512 Before MK/L 25.90+4.99 32.25+2.89 0.272

Homocysteine, umol/I no CK/S 16.04+1.87 19.84+1.74 0.233

After MK/L 17.831£2.87 24.08+2.12 0.122

o CK/S 92.71+1.54 93.75+0.94 0.572

OkucneHHslie JINHM, ME/n Before MK/L 94.38+2.47 95.49+1.42 0.694

. 26-117

Oxidized LDL, 1U/I no CK/S 73.52+1.51 74.77+1.14 0.561

After MK/L 73.05+1.52 76.02+1.17 0.178

ao CK/S 141.44+18.58 178.57£13.97 0.161

sVCAM-1, Hr/mn Before MK/L 186.16+17.05 256.04+15.12 0.014

131.3-1222.7

sVCAM-1, ng/ml no CK/S 205.63%£16.18 223.45+10.55 0.384

After MK/L 347.28+44.18 375.57+22.73 0.545

ao CK/S 112.77+5.41 130.39+3.46 0.010

PAI-1, Hr/mn 4-100 Before MK/L 118.14+5.55 137.57+3.74 0.008

PAI-1, ng/ml no CK/S 126.7916.60 150.81+4.24 0.004

After MK/L 137.58+7.81 152.89+3.62 0.049

no CK/S 3.48+0.19 3.28+0.14 0.455

t-PA, Hr/Mn 2.8 Before MK/L 3.25+0.22 2.88+0.20 0.315

t-PA, ng/ml no CK/S 4.55+0.46 4.22+0.27 0.538

After MK/L 5.08+0.43 4.1940.26 0.088

ao CK/S 0.66£0.11 0.99+0.06 0.012

AHHEKCUH V, Hr/mn Before MK/L 0.58+0.09 0.92+0.06 0.002
Annexin V, ng/ml <0.8

no CK/S 1.22+0.14 1.57+0.06 0.011

After MK/L 2.64+0.38 3.33+0.33 0.268

Mpumeyanus: P3 — pedepeHcHble 3HaueHus; [0 — go onepauuu; MO — nocne onepauyu; CK — cucTeMHbI KPOBOTOK; MK — MECTHBbI KpOBOTOK
Notes: Before — before surgery; After — after surgery; S — systemic blood flow; L - local blood flow

TOpbl HabAtOLAAM NpeBbileHe pedepeHCHbIX 3HaYeHUI romoLmcTe- CopepaHue sVCAM-1 MCXO4HO L0 onepaLuu B MOPaKEHHOM
MHa Y NaLMEHTOB C pecTeHo3amMu 1 Tpombo3amu [5]. KOHEYHOCTW y nauueHToB Il rpynnbl NPeBbILWAno 3HadyeHus | rpyn-

He ycTaHOBAEHO 3HAUMMbIX Pa3/IMUMIA MO YPOBHIO OKMUCAEHHbIX  Mbl Ha 37,5% (p=0,014). BmecTe ¢ Tem, B CUCTEMHOM KPOBOTOKe f0
JINHI KaK B cMCTEMHOM, TaK M MECTHOM KPOBOTOKE MKy rpynnamn 1 Noc/e onepaLuy, a TakKe B MECTHOM KPOBOTOKe Noc/e onepauuu
£10 M Nocne onepaumu.

482



Aasaperiko BA ¢ coaém. AKTUBHOCTb DBHAOTEANS U pa3BUTHE pecTeHo3a

BECTHMK ABUMILIEHHEI
Tom 25 * No 4 * 2023

3HaveHna sVCAM-1 nmenu CTaTUCTUYECKU HE3HAYMMYIO TEHAEHLMIO
K yBenunyeHuio Bo |l rpynne B cpaBHeHWM ¢ | rpynnoit uccnefosaHums.
[JaHHble MTepaTypbl YKa3biBaOT Ha y4acTMe MONEKY/ KNETOUHOW af-
resuy B BOCMa/s€HUM U NPOrPEeCcCMPOBaHUM aTePOCKNEPO3a, a TaKKe
WX MHULMUPYIOLLYIO PONb B PaHHEM BOCMaAWTe/IbHOM OTBETe Ha no-
BPEXAEHWNE U Pa3BUTUM pecTeHo3a [23], a BbICOKUIA yposeHb VCAM-1
1 ICAM-1 accoummpoBaH € NOBbILLEHHOW YacTOTOM HebnaronpUATHbIX
cepAeUHbIX cobbiTuii [24]. dyHKLMOHaNbHAA aKTUBHOCTb SHAOTENUA B
HOopMe cnocobCTBYET NOAAEPHKAHMIO FremocTasa, MHULMMpya dubpu-
HONW3 3HAOTENNANbHBIMU KNeTKkamm [25].

B npoBeaE&HHOM nccnef0BaHUM 3HaUMMble PA3INYMA YCTAHOB-
NeHbl No yposHio PAI-1 mexay rpynnamu, Kak go, Tak v nocae one-
pauun B CUCTEMHOM U MECTHOM KpOBOTOKe. TaK, 3HaveHua PAI-1 o I
rpynne UCXo4HO A0 ornepauun B CUCTEMHOM KPOBOTOKE MpeBblwanu
| rpynny Ha 15,6% (p=0,010), B nopakéHHOM KOHeYHOCTM — Ha 16,4%
(p=0,008), a B nocneonepaumoHHomM nepuoge Ha 18,9% (p=0,004) B
CUCTEMHOM KpOBOTOKe M Ha 11,1% (p=0,049) B MECTHOM KPOBOTOKE
pEeBaCcKyNAPU30BaHHON KOHEYHOCTH.

CTaTMCTUYECKM 3HAUMMbIX PA3/IMUMiA t-PA KaK B CUCTEMHOM, TaK
N MeCTHOM KpPOBOTOKe Mexy rpynnamu He BbIABAEHO 4O M nocne
onepaumu. Hawwm aaHHble cornacytotea ¢ pesynbtatamu Kotschy D et
al (2015), KoTopble He BbIABUAM 3HAYUMBIX PA3IMUMIA B ypoBHE t-PA
MeXKay nauyeHTamm 6e3 pecteHo3a 1 Npu pasBUTUM pecTeHo3a nocae
3HA0BACKYNAPHOW peBackynapmsaumu. Mo faHHbIM aBTOPOB, OMpe-
Jensemble 3HAOTENMANbHbIE BAKTOPbI FemocTasa, CYLLEeCTBEHHO He
OT/IMYA/IUCh, 33 UCKIIOYEHMEM YPOBHA TKaHEBOTO GaKTopa, KOTOPbIN
npwv pasBuTUM pecTeHo3a bbia Bbile [26].

Y naumneHToB Il rpynnbl ycTaHOBAEHbI BbICOKME 3HAYEHUA Map-
Képa anonTo3a aHHeKcuHa V. Tak ypoBeHb aHHEKCUHaV Y NaLMeHTOB
Il rpynnbl 6bi1 Bbllle B CUCTEMHOM KPOBOTOKE Z10 M NOC/Ie onepauuv
(48,9%, p=0,012 1 28,4%, p=0,011 cOOTBETCTBEHHO) M MECTHOM KpO-
BOTOKe Z10 onepaumu (60,2%, p=0,002) co cTaTUCTUYECKM HE3HAUYMMOIA
TEeHAEHUMeNW K yBe/IMYeHUIo B MocneonepaumoHHom nepuoge (25,9%,
p=0,268) no cpaBHeHMIo | rpynnoii.

MpoBeagHHble MccnefoBaHUA NPOLEMOHCTPUPOBAAM PA3NNY-
Hble acneKTbl COCTOAHWA 3HAOTeNWaNbHON AUCOYHKUMU. BakHOCTb
BCECTOPOHHEro Noaxo4a K AaHHOMy Bonpocy oTMevatoT Chia PY et al
(2020), aKuUeHTUPYA BHUMAHWME HA TOM, YTO MATONOTMUA MOXKET BAUATH
60nee Yem Ha OAMH acneKT GYHKLUU IHAOTENNA, @ UMEIOLLMECA B Ha-
cTosAlwee BpemA 0630pbl NO KONMYECTBEHHOMN OLEHKe SHAOTeNUaNb-
HOWM AMCOYHKLMM 0ObIYHO COCPELOTOYEHbI HA OAHOM acneKTe QyHK-
umu aHgoTenma [8].

CneslyeT OTMETUTb, YTO MPUYMHOW pecTeHo3a bblna runepnna-
3¥A WHTUMbI, NOATBEPKAEHHAA Npu aHanuse MopPdONOrUYECKUX
npenapaTos, MOJYYEHHbIX BO BPEMA MOBTOPHOrO BMELIATENbCTBA,
dopmmupoBaHmMe runepnaasnm HEOMHTUMbI BO BCEX NpenapaTax OKa-
3b1BaNOCh OAHOTUMHBIM.

Koppenaummn mapképoB GyHKLMOHaNBbHON aKTUBHOCTM 3HAOTe-
JINA B CUCTEMHOM M MECTHOM KPOBOTOKe [0 U nocne onepaumn B
C pa3BUTMEM pecTeHo3a NpeacTasneHbl B Taba. 3.

YCTaHOBNEHbI MONOXKMUTENbHbIE KOPPENALMOHHbIE B3aMMOCBA-
3n mexay yposHem sVCAM-1 oo onepaumn B MECTHOM KPOBOTOKe
(r=0,27; p<0,05), yposHem PAI-1 B CUCTEMHOM U MECTHOM KPOBOTOKE
o onepaumn (r=0,28; p<0,001 u r=0,29; p<0,001 cOOTBETCTBEHHO)
1 nocne onepauum (r=0,31; p<0,001 un r=0,22; p<0,05 cOOTBETCTBEH-
HO) M YPOBHEM aHHeKcMHa V 0 onepaumu B CUCTEMHOM U MECTHOM
KpoBoToke (r=0,28; p<0,05 1 r=0,33; p<0,01 cOOTBETCTBEHHO) 1 NOC/E
ornepaLyuu B cUcTeMHOM KpoBoToke (r=0,28; p<0,05) 1 pa3sutuem pe-
CTeHoO3a.

OrpaHuyeHusa uccnefosaHua. OnepaTMBHblE BMeELLATENbCTBa
6blNM BbINONHEHBI XMpYpramm 6e3 y4éta ux Kateropuu (nepsoi nam

crease in Group 2 compared with Group 1. Literature data indi-
cate the involvement of cell adhesion molecules in inflammation
and the progression of atherosclerosis, as well as their initiating
role in the early inflammatory response to injury and the devel-
opment of restenosis [23], and high levels of VCAM-1 and ICAM-
1 are associated with an increased incidence of adverse cardiac
events [24]. The functional activity of the endothelium normally
contributes to the maintenance of hemostasis by initiating fibri-
nolysis by endothelial cells [25].

In the study, significant differences were established in the
level of PAI-1 between groups, both before and after surgery in
the systemic and local bloodstream. Thus, the values of PAI-1
in Group 2 before surgery in the systemic circulation exceeded
the ones in Group 1 by 15.6% (p=0.010), in the affected limb —
by 16.4% (p=0.008), and in the postoperative period by 18.9%
(p=0.004) in the systemic circulation and by 11.1% (p=0.049) in
the local blood flow of the revascularized limb.

There were no statistically significant differences in t-PA in
both systemic and local blood flow between groups before and
after surgery. Our data are consistent with the results of Kotschy
D et al (2015), who did not find significant differences in t-PA
levels between patients without and without restenosis after
endovascular surgery. According to the authors, the determined
endothelial factors of hemostasis did not differ significantly, with
the exception of the level of tissue factor, which was higher in pa-
tients with restenosis [26].

In patients of Group 2, increased values of the apopto-
sis marker annexin V were found; when compared with Group
1 they were higher in the systemic circulation before and after
surgery (48.9%, p=0.012 and 28.4%, p=0.011, respectively) and
in the local blood flow before surgery (60.2%, p=0.002) with a
statistically insignificant tendency to increase in the after surgery
(25.9%, p=0.268).

Studies have demonstrated various aspects of endothelial
dysfunction in the patients enrolled. The importance of a com-
prehensive approach to this issue is noted by Chia PY et al (2020),
emphasizing that more than one aspect of endothelial function
may develop, while current research commonly focuses on only
one of its aspects [8].

It should be noted that the cause of restenosis was intimal
hyperplasia, confirmed by analysis of morphological preparations
obtained during re-intervention; the formation of neointimal hy-
perplasia in all preparations turned out to be the same type.

Correlations between the level of markers of functional ac-
tivity of the endothelium in the systemic and local bloodstream
before and after FPBS and the development of restenosis are pre-
sented in Table 3.

Positive correlations were established between the lev-
el of sVCAM-1 before surgery in the local bloodstream (r=0.27;
p<0.05), the level of PAI-1 in the systemic and local bloodstream
before surgery (r=0.28; p<0.001 and r=0.29; p<0.001, respective-
ly) and after surgery (r=0.31; p<0.001 and r=0.22; p<0.05, respec-
tively) and the level of annexin V before surgery in the systemic
and local bloodstream (r=0.28; p<0.05 and r=0.33; p<0.01, re-
spectively) and after surgery in the systemic circulation (r=0.28;
p<0.05) on one side and the development of restenosis on the
other side.

Limitations of the study. Qualification of the surgeons (first
or higher category) was not considered when assessing the out-
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Tabnuya 3 Koppenayuu mapképos yHKLUOHAM6HOU aKMUSHOCMU
3HOOMenusA 8 CUCMeMHOM U MECMHOM KPOBOMOKeE 00 U
nocne onepayuu BlLL ¢ paszsumuem pecmeHo3a

YpoBeHb romoLucTEMHA U Pa3BUTUE PecTeHo3a
Homocysteine level and the development of restenosis

YpoBeHb okucaeHHbix JINMHM 1 passuTne pecteHosa
Level of oxidized LDL and development of restenosis
YpoBeHb SVCAM-1 n pa3suTMe pecTteHo3a

sVCAM-1 level and development of restenosis
YposeHb PAI-1 1 pa3sButune pecreHo3a

PAI-1 level and development of restenosis

YpoBeHb t-PA 1 pa3suTHe pecTeHo3a

t-PA level and development of restenosis

YpoBeHb aHHeKcKHa V 1 pasBuTHe pecteHosa
Annexin V level and the development of restenosis

Table 3 Correlations of markers of functional activity of the
endothelium in the systemic and local bloodstream before
and after FPBS with the development of restenosis

[0 / Before no / After
CK/S MK/L CK/S MK/L
0.19 0.12 0.13 0.17
0.06 0.04 0.06 0.15
0.16 0.27* 0.09 0.07
0.28*** 0.29%** 0.31%** 0.22%*
-0.08 -0.11 -0.07 -0.19
0.28* 0.33** 0.28* 0.12

MpumeyaHus: ypoBeHb 3HaYMmocTn * — p<0,05; ** — p<0,01; *** — p<0,001; A0 — ao onepauuu; MO — nocne onepaunu; CK — cucTEMHbIN KPOBOTOK; MK — MeCTHbII Kpo-

BOTOK

Notes: significance level * — p<0.05; ** — p<0.01; *** — p<0.001; Before — before surgery; After —after surgery; S — systemic blood flow; L — local blood flow

BblCUJeVI). MokasaTtenu anontosa B KPOBOTOKE OTPAXakT €ro ypoBeHb
He TONIbKO B 3HAO0TENINN, HO U B KNETKaX COb6CTBEHHO Kposu.

3AKNIOMEHUE

Takum 06pa3om, aHanM3 coCTOAHNUA GYHKLIMOHANbHOM aKTUBHO-
CTW 3HAOTENUA CBUAETENbCTBYET O TOM, YTO Y NALMEHTOB NPYU OKKJIIO-
3MOHHO-CTEHOTMYECKOM nopaxeHun BIMAC npu pa3suTUM pecTeHo3a
B 30HE PEKOHCTPYKumm nocne BN ncxogHo nmenncob BbiparkeHHble
HapyLeHWa afresMoHHoM GopMbl SHAOTENNANbHON AUCOHYHKLMM B
NOPaXKEHHOW KOHEYHOCTM, remocTaTuyeckoi Gopmbl 3HAOTENMANb-
HOW AMCOYHKLMM C YBEAMYEHWMEM NPOKOAryAAHTHOTO MNOTeHUMana B
Buge ysennyenua PAI-1 Kak o, Tak 1 nocne onepauyuy B CUCTEMHOM
¥ MECTHOM KPOBOTOKE, a TaKKe yBeNYeHWe anonTtos3a B CUCTEMHOM
KPOBOTOKE [10 ¥ MOC/1e OnepaLMm 1 MecTHOM KPOBOTOKE A0 onepaLum,
No CpaBHeHUIO C naumeHTamu be3 pecteHo3a. YcTaHOB/EHa accouma-
LA MapKEPOB GpYHKLIMOHAIbHOWM aKTUBHOCTU SHAOTENNA CUCTEMHOTO
M MEeCTHOTO KPOBOTOKA C Pa3BUTUEM PECTeHO3a, YTo Mmpeanonaraert
BKN1a4, aAr€3MOHHOMN, remocTaTMYeckoi popm SHAOTENNANbHON Anc-
GYHKLMM U HapyLeHWa anonTosa B pasBuTME pecTeHo3a B obnactu
aHacTomo3a. Pe3ynbTaTbl MONYYEHHBIX WMCCNELOBAHWI PaCLIMPAOT
npeacrasneHna 06 3SHAOTENMANbHbBIX HAPYLWEHUAX Ha CUCTEMHOM
YPOBHE U B MOPa’KeHHOW KOHEYHOCTU, acCOLMMPOBAHHbIX C Pa3Bu-
TUeM pecTeHo3a 30Hbl apTepuasbHbIX BMELIATENbCTB U MOTYT 6biTb
MCMONb30BaHbl A1 Pa3paboTKM NepCoOHMOULMPOBAHHOW KOPPEKLIMK
HapyLWeHU GYHKLUMOHANbHOM aKTUBHOCTM 3HAOTENUA ANA yaydlie-
HWA pe3ynbTaToB PeBACKYIAPU3YIOLLIMX BMeLaTenbcTs Ha BIAC.

comes of the operations. Indicators of apoptosis in the blood flow
reflect its level not only in the endothelium of the blood vessels,
but also in the blood cells.

CONCLUSION

Thus, an analysis of the functional activity of the endothe-
lium indicates that the patients with occlusive stenotic lesions of
the FPAS who developed restenosis in the reconstruction zone af-
ter FPBS initially had more pronounced endothelial dysfunction in
the affected limb, including its hemostatic form with an increased
procoagulant potential (significant increase of PAI-1 before and
after surgery in the systemic and local circulation), and increased
level of apoptosis in the systemic circulation before and after sur-
gery and in the local bloodstream before surgery, compared with
patients without restenosis. Increased level of markers of endo-
thelial dysfunction in the systemic and local blood flow was as-
sociated with the development of restenosis, which suggests the
contribution of adhesive, hemostatic forms of endothelial dys-
function, and apoptosis to the development of restenosis in the
anastomotic area. The results of the obtained studies expand the
understanding of endothelial lesions at the systemic level and in
the affected limb, associated with the development of restenosis
and can be used to develop a personalized approach to control
the functional activity of the endothelium and improve the re-
sults of revascularization interventions on FPAS.
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