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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTHU

AKTyaJbHicTh npodiaemu. lmemigyna xBopoba cepus (IXC) mocinae Barome
MICII€ Y KOHIIETITiT TaTo]i31070TI9HOT TOCIIJOBHOCTI CEPIIEBO-CYIMHHNUX IO TIMH,
7€ TpaauiiiHi GaKkTOpu pU3HKY, CHAOTEMaIbHa TUChYHKINSA, aTepOCKIEepPO3 Ta
TpoMOO3 IHIMIIOIOTH TMPOTPECYloue PEMOACTIOBAHHS MIOKap/ia, PO3BUTOK
cepueBoi HegocratHocTi (CH) Ta datanbhi cyaunsi noaii [Herzog M.J., 2025].
[Mangemis COVID-19 nokopinHo 3minuBImM nepedir IXC neMoHCTpye mepexif
cTpaTudikalii BiJi MOMIPHOTO JI0 BUCOKOTO Kap10BaCKYyJISIPHOTO PU3HUKY.

[Ticns SARS-CoV-2 He TibKH 3aTrOCTPIOIOTHCS ICHYIOU1 3aXBOPIOBAHHS, a
1 Hepinko MaHidecTyroTh de NOVO aprepianbha rineptensis (Al), CH, 3pocrae
PU3HUK MIOKapAWTY, TOCTYpPaJIbHOI OPTOCTATUYHOI Taxikapjii, i1H(MapKTy
Mmiokapaa Il tumy, @idbpunsuii nepencepar (®PII), aprepianbHHX, BEHO3HUX
TpoMO03iB Ta iHcyneTiB [Krishna B.A., 2024]. IlopymieHHS OXOILIIOIOTH
LIEHTPaJIbHY Ta BETE€TaTUBHY HEPBOBY CHUCTEMY, ONMHUCAHI 1H(APKTH MO3KY B
koHTekcTi Long-COVID-19 [Tsampasian V. et. al., 2025].

COVID-19 3HauHO 3MIHIOE BHYTPIINIHBOCEPIIEBY T'€MOJMHAMIKY:
XapakTepHUM € TINepJUHAMIYHUN KPOBOOOIT 3 HOPMAJbHHUM JIETEHEBUM
cynuaanM oriopom (JICO), mro Biapizase COVID-19 Bix k1acH4HOTO TOCTPOTO
pecnipatopHoro auctpec cunjapomy (I'PIC), ne cnoctepiraeThCs MmiIBUILIEHHS
niHiftHOTO cymuHHOro onopy [Caravita S. et al., 2021].

Binmidena Brucoka BapiabenbHicTh cepiieBoro purmy (BCP), momoBxkeHHs
QT 1 yacTi BUNajKu MpaBoILTYHOYKOBOT HEJJOCTATHOCTI Ta JIETEHEBOI TIepTeH311
(JIT'), ocobmuBo y kputnuaux xBopux [Gevorkyan E., 2024]; migBHIEHHS TUCKY
HanoBHEHHs JiiBoro nutyHouka (JILII) cnpuse nHaOpsiky nereHp Ta AuUXalbHIiM
HepocraTHocTi [Brogi E. et al., 2022].

Crano Bimomum, mo COVID-19 cympoBomKyeTbcsi HECTaOITBHICTIO
nepeOpabHoro kpoBoToky [Ghotbi Z., 2020], 3HM)KEHHSAM IIBUAKOCTEH
KPOBOTOKY B OCHOBHHMX MO3KOBHX apTepisix y rocrpuii mepiog [Wool G.D.,
2020]. ITipBumienHst TponoHiny (CTn) Ta depuTuHy acoiiiioBaHe 3 BHUCOKOIO
neraneHictio [Siki¢ J., 2021].

Enporeniii cyauH, BTpayaroyd CBOi MPOTEKTHMBHI BJIACTUBOCTI B YMOBAaX
COVID-19-acomiifoBanoro 3arajieHHs CTa€ HaWOLIbII Bpas3IMBUM 1 IHIIIIOE
eHJ0TeNliTh Ta iMyHoTpoMmOo3u. Ennoreniansua auchynkuis npu COVID-19
MIATBEPIKYEThCS 3HWKEHHSIM eHJoTemi3anexxnoi Bazomwiaramii  (E3BJI),
MIBUIIIEHHSAM PiBHS IUPKYIIOIOYUX €HAOTETIOIUTIB Ta 3POCTAHHSIM aKTUBHOCTI
daxTopa Bimneopanaa [Ergil G., 2021; Guervilly C., 2020; Goshua G., 2020].

Jlazepna gmommuiepiBcbka Quioymetpis  (JI[I®P) nemoHcTpye woTHpH
MiKpocyMHHI GeHOTHIN y XBOpHX, siKi neperecan COVID-19 [Siki¢ J., 2021].
Kaninsipockornis BusBMIa BENUKI, 3BUTI JehOpMOBaH1 Kanlaspy, 3MEHILIEHHS iX
urineHocTi [Gotelli E., 2025].

COVID-19 cynpoBOomKy€eTbCS KOMIJIEKCHUMH MOPYLIEHHSIMH T'€MOCTAa3y:
riIepKoarysi€e0, akKTUBAILIEI0 TPOMOOILIMTIB, MOIIKOIKXEHHSIM €HJIOTENI0 Ta
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3HIDKEHHSAM (10puHOMi3y. Y TSHDKKUX BHIAJKaX 3pOCTalOTh piBHI (PiOpHHOTEHY
(®I'), dpakropa VIl sropranns kpoBi Ta akropa Bimuteopanna (VWF), a piBai
npoteiny C 1 antutpomOiny 111 (AT-III) 3umxkyrorees [Dos Santos F., 2023], ane
3MIHM MOKa3HUKIB reMocTa3y npH noeanandi [XC 3 COVID-19 npakTuuno He
JIOCIIIJIKEHI.

IIpu COVID-19, pesyapTatu OOCHIIKEHb aHTUTPOMOOIIMTAPHOI Teparrii
HeogHo3HauHi [Abani Obbina et al, 2022]. BukopucranHs aneTuiacamiiuioBol
kucinot (ACK) Ta P2Y 12-inri6iTopis He BusiBrII0 niepesar [Xialong Zong et. al.,
2022], ane BukopucTaHHS HOBUX OopaibHUX aHTHKOAryysHTiB (HOAK) nmokasasno
MNOTEHIIITHY KOPHUCTb CTOCOBHO 3HIKEHHSI JICTAIBHOCTI TPU TPUBAIOMY
BukopctanHi [Qingchun Song, 2024]. ToMy JIUIIA€ThCS aKTyaJbHUM MHATAHHS
M100py ONTUMANIbHOI aHTUTPOMOOLUTAPHOI Ta AHTUKOATYJISIHTHOI Tepamii y
xBopux Ha [XC 3 MOCTKOBIIHUM CHHJIPOMOM.

OOMeXeHMMHU € JaHl IOoJ0 JIOBFOCTPOKOBOI (uepe3 6 1 12 micsuiB)
JUHAMIKM ~ BHYTPIIIHBOCEPLEBOI 1 LepeOpanbHOI TIeMOAMHAMIKH, CTaHy
MIKPOLUMPKYJISALIi, TOKa3HUKIB eHjoremanbHoi Qynkuii, BCP, miazmoBoro Ta
TPOMOOIIUTAPHOIO TIeMOCTa3y B 1l€i KaTeropii NAall€eHTIB, 30Kpema 3
ypaxyBaHHSM TSKKOCTI mepeHeceHoi 1Hdekii, ¢enoruny CH Tta cymyTHix
KOMOPOITHUX 3aXBOPIOBAHb.

OkpeMOoI0 HEBUPIIIEHOIO MPOOJEMOI0 € BIJCYTHICTh UITKUX KPHUTEPIiB
ctparudikaiii puszuky nporpecyBanHs CH Ta nepeOpoBacKylsIpHUX MOAIN y
xBopux Ha IXC 3 NOCTKOBIAHMM CHHAPOMOM 3 BUKOPHCTAHHSAM JOCTYITHHUX
HEIHBa3UBHUX METOMIB — eXxokapjiorpadii, nommiaeporpadii 6paxionedarbHux
Ta MO3KOBHX CYIWH, HU(POBOI KamUISIPOCKOIi, Ja3epHOi JOMIIIEPIBCHKOI
dbraoymeTpii, ga00OpaTOPHOI OLIHKUA EHIOTEMAJIBHOTO  YIIKOJKEHHS Ta
KOAryJsiiiHOTo CTaTycy.

HenoctaTHbO BH3HAYEHO NPOTHOCTUYHY IIHHICTH 3MIH TOKa3HUKIB
MIKPOLUUPKYJISALIT, MIKPOEMOOJIIYHOTO HABAHTAXKEHHSI, MAPKEPIB €H0TENIaIbHO1
muchyHkuii (daktop BimneOpanaa, HMpKyNIO0OYl €HAOTETIaNbHI KIITHHH), D-
IUMEpPY, TMPUPOJHUX AHTHKOATYJSIHTIB Yy (OPMYBaHHI «IOCTKOBIJHOTO
TpoMOoreHHoro geHorumy» y naiientis 3 [XC.

BuieBukiazeHe crano micTaBoko JUIsl IPOBEIEHHS I[bOTO JOCIIKEHHS.
3’830k po0OTH 3 HAYKOBUMM NpPOrpaMaMu, IUIAHAMH, TeMaMH.
JocmimkeHHs: mpoBeAeHl B poboTI € (parMeHTOM HayKoBoi pobotu kadenpu
NPOMNEACBTUKY BHYTpiHbOI MeaunmHu Nel HamioHanbHOro MeIUYHOTO
yHiBepcuretry imeHi O.0. boromonbis: «Kopekiis 3MiH TpoOMOOLUTApHOTO Ta
IUIa3MOBOTO T'€MOCTa3y Yy TAalll€HTIB 13 KOPOHAPHUMM CHHIPOMamMu Ta
rIEePTOHIYHOK XBOPOOOIO 3 BpaxyBaHHSIM HAsBHOCTI KOMOPOIAHOI MaTOJIOTIi»
HepxxaBHa peectparttisi: Ne 0121U110275.

[IpocniekTuBHE AOCHIIKEHHST OyJI0 CXBAJICHO JIOKAJbHUM KOMITETOM 3
nuTaHnb eTuku HaronaneHoro meauudoro yHiBepcutery iMmeHi O.0. bo-
romoJbIs (mpotokod N163 Bin 07.11.2022). Yei nanienTy Hanamu iHGOpMOBaHY
3rofy mepesa y4acTio B JOCIIKEHHI.



Mera  pocaimkenHss.  BusHauntu = maTodi3ioyioriyHI  MEXaHI3MH
pEMOJIEITIOBaHHST MiOKap/a, 3MiH MIKPOIUPKYIIAIIi, IiepeOpatbHOr0 KPOBOTOKY
Ta cucremMu remoctasy y xsopux Ha IXC 13 nmepenecenum COVID-19 3 metoro
ONTHMI3AIl] AIaTHOCTUKH Ta JIKyBaHHS TEeMOJMHAMIYHUX 1 TPOMOOTHYHUX
MOPYIIEHb.

3aBaaHHA TOCTiIKEeHH:

1. ChiBcTaBUTH 3alIeKHICTh 3MIH BHYTPIIIHBOCEPIIEBOI Ta lEepedpaIbHOl
reMOJIMHAMIKHY, TOKa3HUKIB remocta3dy y XxBopux Ha [XC Big BHUpaKeHOCTI
mucdynkiii JILL mopiBHSHO 3 KOHTPOJIEM.

2. BcranoButn 0COOJMBOCTI 3MiH BHYTPIIIHBOCEPIIEBOI Ta IepeOpaIbHOL
reMOJMHAMIKH, MOKAa3HUKIB MIKPOIMPKYJISIMIT Ta MIa3MOBO-TPOMOOIIMTAPHOTO
remoctasy y xsopux Ha [IXC 3 COVID-19 Bin Bupakenocti aucdynkiii JILLI,
nopiBHAHO 3 XxBopuMu Ha [XC.

3. Oninntu BB COVID-19 3 ypaxyBaHHSIM BaKKOCTI ypaKeHHS JIET€Hb, Ha
CTaH BHYTPIIIHbOCEPLEBOI, epeOpaIbHOI T€MOJUHAMIKH, MIKPOLMPKYJIALII Ta
MOKA3HUKH JIa3MOBO-TPOMOOIIMTAPHOTO TEMOCTA3Y.

4. BuBuuTH 0OCOOJMBOCTI TE€MOJMHAMIKHA, MIKPOLUMPKYIIALII, BapiaOeIbHOCTI
cepueBoro putmy (BCP), noka3nukiB remoctasy y xsopux Ha IXC, COVID-19
Ta MPH 1X MOE€THAHHI.

5. Busznauutu 1HGOPMATHUBHICTH JIa3€pHOi JOMIUIEPIBCHKOI  (IIOyMeETpii,
g pooi kanisipockorii y xBopux Ha [XC 3 nepenecenum COVID -19.

6. Po3poOuTu anroputM nporHo3yBaHHs BUHUKHEHHs yckiagHeHb (cmepti, CH
Ta 1HCYJBTY) Ha MIJCTaBl aHaNi3y 3MiH MOKa3HUKIB BHYTPIITHHLOCEPILIEBOI Ta
1epedpasbHOI Te€MOJUHAMIKH, CTaHy MIKPOLMPKYJSLII Ta TPOMOOLUTAPHOrO
reMOCTa3y MICJIsl PIYHOTO CIIOCTEPEIKECHHS.

7. OUIHUTH CTaH BHYTPIIIHBOCEPLEBOI Ta LepeOpaibHOi reMOANHAMIKH, CTaHy
MIKPOLUMPKYJISLIT Ta TPOMOOIIMTAPHOIO FeMOCTa3y Ha TJIi aHTUTPOMOOTHYHOI
Teparii y XBopux micis 6-tu 1 12-Tu MicsmiB Bix neperecenoro COVID-19.

8. Hocmiauty [1arHOCTHUYHE 3HAYEHHS T[OKAa3HUKIB BHYTPIUIHBOCEPIEBOI,
nepedpaibHOi TeMOIUHAMIKHI, MIKPOIIUPKYJISIIIT Ta PYHKIIT €HIOTEINII0 Y XBOPUX
Ha [XC ta COVID -19 B 3anexxHOCTI BiJl €EeKTUBHOCTI JIIKYBaHHSI.

06 ’exm 0ocniodcenHs: XBOP1 Ha 1IIEMIYHY XBOPOOY ceplis y TO€IHAHHI 3
KopoHaBipycHoO10 xBopoooro COVID-19.

Ilpeomem oOocniodcenns: MaTodi3ioNOriyHl MEXaHI3MH PEMOCITIOBAHHS
MIOKapJa, MIKPOUUPKYISITOPHUX 1 IIepeOpPOBACKYJSIPHUX TMOPYIIEHb Ta
muchyHkiii remocrady y xBopux Ha IXC, ski mepenecniu COVID-19, ix
B3a€EMO3B 30K MK co00r0 Ta 3 mokasHukamu BCP, a Takoxx BIUIMB Hux
MEXaHI13MiB Ha pU3UK CMEPTI, IHCYIbTY i nporpecyBanus CH.

Metoan mpociaiaeHHsI: 3arajJbHOKJIIHIYHE OOCTEXEHHs, exokapuaiorpadis
(ExoKI') 3 BH3HayeHHSM NOKA3HMKIB BHYTPIIIHHOCEPLEBOI TeMOIUHAMIKH,
nochikeHHs: uepedpanbHoi remoaunamikud (LI) meTomom ynbTpa3BykoBOi
nomnrmieporpadii CyIuH rojioBU Ta IHWi, JJa3epHa JOMNIUIEPIBChbKa (QoyMeTpis
(JI1®), mudposa xamimspockomist (I11K), xonrepiBcbke moniTopyBanHs EKI



(XMEKT) 3 Bu3HaU€HHSM MOKA3HUKIB BapiabenbHOCTI ceprieBoro putmy (BCP),
miazmoBuii  remocta3z  (IIIN), TpomOomurapamii remoctaz (TI), mpoba
Llenepmaiiepa Jis OLIHKK EHAOTENANbHOI (YHKIII, TyMmMOpalbHI MapKepu
engorenianbHOi QyHKIT (hakTop BimteOpanma i MUPKYITIO0Yi €HAOTETIOUTH )
Ta CTATUCTUYHI METOJIH.

HaykoBa HoOBH3HA oJep:KaHUX pe3yJbTaTtiB. Y poOoTi HaOyino
MOJAIBIIION0  PO3BUTKY  BHU3HAYECHHS  MAaTO(i3i0JOTIYHUX  MEXaHI3MIB
¢dopmyBanns i nporpecyBanns [XC Ha i nepeHecenoro COVID-19 (C-19). V
xBopux Ha [XC 13 COVID-19 inentudikoBano peHOTUIT pEMOJICTIOBAHHS CEPIIs,
10 AeMOHCTpY€E (hOPMYBaHHS KOMOIHOBAHOI CHCTOJIO-/11aCTOIYHOT TUCHYHKIIIT
JBOTO UTYHOYKA 3 TOMIPHO 3HIYKEHOIO CUCTOJIYHOIO (PYHKIII€I0, PO3LIIUPEHHSIM
MIPaBOro IUTYHOUYKA Ta 03HAKAMU JIETEHEBOI TIEPTEeH31i TOCTKOBITHOTO TEHE3Y.

JloBeieHO 3B’SI30K MOPYUIEHb BHYTPIMIHBOCEPIEBOI TE€MOJUHAMIKH 3
nepedpoBackysipHoro quchyHkimiero y xBopux Ha [XC 13 mepenecenum COVID-
19, mo mnposBIsAETBCA 3HUKEHHSIM MO3KOBOTO KpPOBOTOKY B OaceiiHi
cepennboMo3koBoi (CMA) Ta OaswiapHoi aprepiii (BA), y noennHanHi 3i
3pOCTaHHSIM YaCTOTH MIKPOEMOONIIYHUX CHUTHANIB, $AK MapKepa pU3HKY
1IIEMIYHUX 1IepeOpabHUX TOTIHN.

BusiBneHo cTpykTypHO-(QYHKIIIOHAIBHI 3MIHU MIKPOLIMPKYJIAIIT y XBOPUX HA
IXC na tpuBamy mnepcucreniiro Bipycy COVID-19 13 koHcTaToBaHOIO
papudikailiero  KamuasipiB, 3HWKEHHSM  MIKPOCYJIMHHOTO  PE3epBy Ta
dbopMyBaHHSIM  MATOJIOTIYHMX  (PEHOTHUINIB  MIKPOLMPKYJIAIIL  (3acTiiHO-
CTa3UYHOTO, TIMEPEMIYHOr0), AaCOIIMOBAHMX 3 JEIEHTPATI3AIIEI0 PEryIIsilii
MIKPOCYAMHHOTO TOHYCY.

JlocmmkeHo NMOEAHAHE  3HIKEHHA  aMIUITYyIH SHI0TeJIIaJbHUX,
HEHWPOreHHUX Ta MIOreHHHUX (uiakcMouii 3a ganumu JIJI® y xBopux Ha [XC 13
MOCTKOBITHUM CHUHJIPOMOM, 1110 3yMOBJICHO MO€JHAHHSAM €HIOTEIIOUTONATIi,
3aMajgbHO-TIMOKCUYHOTO  YpPaXEHHS  MIKPOCYAMHHOIO  pycjia, BTPaTOlo
ABTOHOMHOI HEHPOBACKYJISIPHOI PEryJislii Ta 3HWKEHHAM MIKPOCYIHMHHOIO
pe3epBy.

BusznaueHo posib mucyHKIIT CUCTEMHU TEMOCTa3y K KIIOYOBOTO MEXaHI3MY
IPOrpecyBaHHs reMoauHaMiuyHuX nopyieHb y xBopux Ha [XC micns COVID-
19: BusiBneHo (¢GOpMyBaHHS «IOCTKOBIIHOTO TPOMOOTEHHOTO (EHOTHIY» 3
MiIBUIIEHHAM piBHIB  (iOpuHoreny, D-mumepy, po3umHHuUX (PiOpuH-
MoHOMepHUX KoMmruiekciB  (POMK), daktopa Bimnebpanma (VWF) Ta
3pOCTaHHSIM CIIOHTAHHOI W 1HAYKOBaHOi arperarfii TpPOMOOLMTIB Ha Tl
BUCHaxkeHHs npoteiny C 1 antutpom6iny 1 (AT-IIT).

JloBeieHO ~ MPOTHOCTMYHA  3HAYYUIICTh  TOKA3HHMKIB  LIepeOpalibHOl
reMOJIMHAMIKK Ta MIKpOUMpKYyJsuii. [IpegukropamMu HECOpUSITIUBUX TMOIIN
(JieranpHICTB, 1HCYJBT, nporpecyBanHss CH) BUSBUIUCH 3HUKEHHS IIBHAKOCTI
KpOBOTOKY B OaszwisipHiit aprepii (bA), 3menmenns PKK, nigBuinenss inaexcy
3utTocTi KanuwipiB (I3K), mpupict mikpoemOoniunux curnainie (MEC) Ta



M1BUIICHHS YaCTKHU MMaTOJIOTTYHUX (PEHOTHUIIIB MIKPOIIUPKYJIAIIT (TIIIepeMIYHOTO
Ta 3aCTIHHO-CTa3UYHOTO).

[Tpu icHyrOU1li HEBU3HAYEHOCTI MIOA0 BHOOPY aHTUTPOMOOTHUYHOI Teparii y
namieHTiB, ski nepenecin COVID-19 indekmito y xBopux Ha IXC i3
MOCTKOBIJTHUM  CHHJIPOMOM  BCTaHOBJIEHO  AUEpeHIINHUNA  BIUIMB
anetwicamnuioBoi kuciaotu (ACK), KIOMmIOrpent0 Ta HOBUX OpPaJbHUX
antukoaryisHtiB (HOAK) nHa pemonenioBaHHSI ceplis, MIKPOLMPKYJISIIIIO,
MOKAa3HUKU IeMOCTa3y Ta PU3MK TPOMOOTHYHHUX TOAIN uepe3 6 1 12 MicsiiB
cnoctepexxenHs. Kiomigorpens AOCTOBIPHO BIJIHOBIIOBaB EHIOTENIANbHY
GyHKIIII0, CHCTEMY MIKPOLMPKYJISIi, a TaKOXX MOKAa3HUKH TPOMOOIIUTAPHOTO
remoctazy. HOAK 3HmXKyBamum KiTbKICTh MIKpOEMOONIYHUX CUTHAIIB,
3MEHIIyBaJIM JIETEHEBY TINEPTEH31I0, CIPUSTIMBO BIUIMBAB Ha MapamMeTpu
ma3mMoBoro remMoctasy. ACK 301unbinyBana (ppakifito BUKUY JIBOTO HUTYHOYKA
Ta COPUYMHSIIA TO3UTUBHI 3MIHU MTOKAa3HUKIB MIKPOIIUPKYJIALIII.

YI0CKOHAIEHO MiAXOAWM JO I1HTErpaJibHOI OI[IHKM T'e€MOJAMHAMIYHUX
MOPYLIEHb HA OCHOBI MOEIHAHOIO aHaJI3y exokapjiorpadii, TpaHCKpaHIaIbHOT
nommieporpadgii, 1UGPOBOI  KAMUIAPOCKOMIi, JA3€pHOI  JOMIUIEPIBCHKOT
doymeTpii Ta MOKAa3HUKIB CHUCTEMH ILJIA3MOBO-TPOMOOIIMTAPHOTO T'E€MOCTa3y
mutst crpatudikaiii pu3uky y namieHTiB 13 IXC 1 TOCTKOBIIHUM CHHIPOMOM.

IIpakTnyHe 3HAYeHHHA OJepPKAHUX pe3yJbTaTiB. YTOYHEHA MOJEIb
KJIiHIYHOTO oOcTexeHHs: manieHTiB 3 IXC micas mepenecenoro COVID-19
CHPUATHME PAaHHBOMY BHUSIBJIEHHIO CEPIIEBO-MO3KOBHX Ta MIKPOLIMPKYJISITOPHUX
NOPYILEHb.

3anponoHoBaHa cTpathdikaiis pu3uky y XxBopux Ha [XC 13 TOCTKOBITHUM
CUHAPOMOM 13 BHJUJIEHHSIM TPy BHUCOKOTIO PHU3UKY JIETAIBHOCTI, 1HCYJIbTY Ta
nporpecyBanHss CH Ta BcTaHOBiEHHS iX mnpeauktopiB. Cepel MpeauKTOpiB
iHcynbTy Bu3HaueHi: PKK2, KJ[Pnm, [IIK®; cepea npenaukTopiB JIETadIbHOCTI:
[ICII BA, iMMIJIL, ®Bnm; cepen NpeAUKTOPIB MPOTPECYBaHHS CEPLEBOT
Henocrataocti - MEC, 13K, AE®, bA. BipoBakeHHs 11€i MOAeIl Ja€e 3MOTY
NIEPCOHANI3YBAaTH IHTEHCUBHICTD JIIKYBAaHHS Ta YaCTOTY CIIOCTEPEKCHHS.

BcraHoBneHi MpakTHYHI OPIEHTUPH JJIA IHTEpHpeTanii 1iacTOIIYHOI
muchynkiii. Tlokasano, mo mepexin Bif mopyiieHHs penakcarii (E/A<1) mo
MICEBAOHOPMAJIBHOTO Ta PECTPUKTUBHOTO THUITY CYHNPOBOIKYETHCS 3POCTAHHAM
tucky HanioBHeHHs JILL, miaBumennsm CTna Ta 3HUKEHHSIM MO3KOBOI niepdy3ii,
0 € MIJCTaBOIO /I 1HTEHCHUdIKAIll Teparii Ta MOHITOPUHTY IepeOpaIbHOTO
kpoBoToky 1 MEC.

KiiHIYHO BCTAaHOBJIEHO 3HAYEHHS TMAHEl €HJO0TeTiaabHOl AUCHYHKINT 3
BUBJIeHUM TiaBunieHHss VWF, KUIBKOCTI LMPKYJIOIOUHMX EHIOTENIOLUUTIB Y
noenHanH1 31 3umkeHHsM E3BJl 1 EHB/l pexomeHna0BaHO BUKOPUCTOBYBATH SIK
MapKepu AaKTUBHOI EHIOTENIONUTONATIi Ta MIKpOTpoMOO3y, M0 BHUMAarae
KOPEKLIi aHTUTPOMOOTHUYHOI Ta €HJO0TENIONPOTEKTUBHOT Tepalii.



Bukopuctanns  JIJ® 1 UHK  gnga  paHHbOro  BUSBICHHS
MIKPOIMPKYISITOPHUX PO3NAAiB 1 BUSBICHOI papedikaliii Kamniispis, 3HIKEHHS
MIBUAKOCTI  KamUISIPHOTO  KPOBOTOKY,  NPUTHIYEHHA  CHIOTeNialbHHX,
HEHWPOTEHHUX, MIOTCHHHX (IAKCMOIIA 1 HU3BKOTO OKIIIO3IMHOTO PE3EPBY €
MIJCTaBOO JUI  CTapTy ab0 TMOCHJICHHS EHIOTEONPOTEKIli, BHOOPY
AHTUTPOMOOTHYHOI Teparnii 3 ypaxyBaHHSIM MIKpOEeMOOIIYHOTO HaBaHTaKECHHS
Ta YaCTIIIIOT0 MOHITOPUHTY 3 MOBTOpHUMH Bu3HadeHHAMH LK a6o JIAD uepes
6—12 mic.

O6pana TakTHKa BEJCHHS TAalll€eHTIB 3aliekHo Big PBmam 1 Tumy
miactomiunoi qucdyHkiii. [Tpu ®Bur>50% 1 E/A<1 pominsho ominoBatu VWF,
¢i16punoren, PKK1, kpoBoTtik y CMA 117151 paHHBOTO BUSIBJICHHS T1IIEPKOATYJISLIT
ta Mikporinonepdysii. I[lpu @Bmmu<50% 3 mnceBIOHOPMAIBHUM  Ta
PECTPUKTUBHUM THUIIOM OOOB’SI3KOBHM € KOHTpPOJb KpoBOTOKY B BA, KJIO Tta
KalJISipHUX BUMIPIOBaHb (JIOBXKHMHA 1 IIUIBHICT), OCKUIBKM caMe I MiArpyna
Ma€ HalOUIbIINIA PU3HK YCKIIAITHEHbD.

3rilHO BCTAaHOBJIEHHX pPI3HOHAIPABIECHUX €(EKTIB PEKOMEHI0BaHA
MepcoHa3alisl aHTUTpoMOOTHYHOI Tepamii. Kiomigorpenb mnposBUB e(exT
BUPA3HOTO BITHOBIICHHS €HJAOTENlanbHOiI (GyHKIT 3a mokazHukamu E3BJ] i
EHBJI, mikpouupkynstopuoi ¢yskiii 3a PKK1 1 PKK2, 3umwxenns MEC 1
croHTaHHoi TpoMOouutapHoi arperauii. HOAK nponemoHcTpyBanu paHHe 1
crane 3HmxeHHs CTna, naiikpame 3menmenHss MEC y BinmaneHi TepmiHd,
noJInieHHs 1ia3mMoBoro remocrazy (D-mumep, POMK). ACK cnpusna
3pOCTaHHIO MIKpPOCYIMHHOT peakTtuBHOCTI, mnpupocty I[ICIII y CMA Ta
no3uTuBHIN guHamini @Bam. OTpumaHi AaHi MOXXKHA BUKOPUCTOBYBATH IS
0OTpyHTOBAHOT'O BUOOPY aHTUTPOMOOTHYHOI Teparii MepIioi JiHii Ta 11 eckaarii
y xBopux [XC micnsa nepenecenoro COVID-19.

3 ornsaay mapmpytusamnii mamientiB 3 [XC, ski nepenecnu COVID-19
3aMpONOHOBAHO AMHAMIYHI CrIOCTepeXeHHS depe3 6 1 12 MicsIiB 3 TOBTOPHOIO
ouinkoro: OB, CTna, TumiB Mikpouupkyssii 3a ganumu JIJID 1 K, MEC 1
naHeni remoctasy. Takuil miaxin go3Bosisie (pikcyBaTH BIATMOBIAI Ha Teparliio,
cBoevacHo ifeHTHdikyBaTH “non-responders” (10%) i 3MiHIOBAaTH JIIKyBaJIbHY
CTpATerio.

Ha ocHOBI BHUABICHMX WPEAUKTOPIB HECHPUSTIMBOTO Mepeodiry
3aMpONMOHOBAHO TPAKTUYHUN  alTOPUTM PAHHBOTO BHUSIBICHHS  PHU3HKY
JeTaNbHOCTI, 1THCYJBTY Ta nporpecyBanHs CH y namientis 3 [XC, mo nepenecnu
COVID-19, 3 pexomeHaallisiMd BiIHOCHO 1HTEHCHBHOCTI aHTUTPOMOOTHYHOI
Tepamii, 00CSITy €HIOTENIONPOTEKIli, YacTOTH IHCTPYMEHTAIbHOIO U
7a00paTOPHOTO  MOHITOPUHTY, TIOKa3aHb JI0 KOHCYJbTallli HEBpOJora,
Kap/10JI0Ta Ta CBOEYACHOI roCHiTaIi3alli.

Po3po6neni mporokoinu orinku (ExoKI', Y31 BLIA, JIA®, 11K, remocras)
ajanToBaHl 11  BUKOPUCTaHHS y  TEPANEBTUYHHUX, KapAiOJOTIYHUX,
1H(EeKIIHUX, HEBPOJOTITYHUX Ta peadlLmTallIiHUX BIIJUICHHSIX; pe3yJbTaTH



IHTErpoBaHi B HaBYaJbHI MOIyJ Kadenp iHGEKUIHHUX Ta BHYTPIMIHIX XBOPOO
JUIS TIATOTOBKHY JIIKapiB.

Oco0ucTuii BHecOK 3100yBaya. ABTOPOM CaMOCTIHHO MPOBEACHO aHai3
HAyKOBOi  JiTepaTypd Ta OOIPYHTOBaHa AaKTyaJbHICTh IPOBEACHOTO
JOCJTIDKEHHS, BU3HAYEHO MO0 METY 1 3aBJIaHHSI, BAKOHAHO BJIACHOPYY KJIIHIYHI
ta iHcTpyMeHTanbH1 (ExoKI', Y3 cynun ronosu Ta mwui, LIK, XonTepiBcbke
moniTopyBanHsa EKI', JII®) oGcTexxeHHs, aHaNI3 Ta y3araJbHEHHS OTPUMaHUX
pe3yabTatiB 1 chOopMyIbOBaHI BUCHOBKH, HAIIMCaH1 BCl PO3ALIM JAUCEPTAIIHOT
pob6otu. JlucepTaHT 0COOMCTO MPUHMARB y4acTh B JIIKyBaHHI XBOPHX, 3/I1IHCHIOBAB
MOBTOPHI 00CTeKeHHs yepe3 6 1 12 micaiiB. 3100yBay He BUKOPUCTOBYBAB 171€1
ab0 po3poOKH CITIBaBTOPIB IMyOTIKAIIii.

Anpobaunia pesyabratiB aucepramii. OCHOBHI TOJOKEHHSI PE3yJIbTaTIB
aUcepTaniiHoi poOOTH BHUKJIAQJE€HI Ta OOrOBOPEHI HAa HAyKOBO-TNIPAKTUYHHX
KOH]epeHIisx, 3’31ax Ta konrpecax: XXV HaiionaibHHI KOHTpec Kap110J10TiB
Vkpainu npuceauenuit 60-piydro  BceeykpaiHcbkoi acomianii  KaploJioriB
VYkpainu. (Kwuis, 2023); HaykoBo-nipakTH4Ha KOHQEPEHIIS 32 Y4ACTIO MOJIOJANX
BueHNX «CydYacHi acleKTH PO3BUTKY MEPCOH1()IKOBAHOT MEAUIIMHU: BUKIUKU
chorofieHHs 1 mormsin 'y MaiioytHe» (KuiB, 2023); HaykoBo-mpakTuyHa
koH(pepeniia «CyarHHa MaToIOris: OpraHi3ailiiiHi Ta KJIiHIYH1 aCTIeKTH HaIaHHS
MEJMYHOI JIOMOMOTM B yMmoBax BoeHHoro ctany» (Kwuis, 2023); XXV
Hamonaneuuit  Konrpec kapmionorie  Ykpainu. (KuiB, 2024); HaykoBo-
npakTH4Ha KoHdepeHIlis 3 MbKHApOoaHOK ydacTio "OpraHizaiiiiHi Ta KJIIHIYHI
aCTMeKTH TAIllEHT-OPIEHTOBAHOTO TMIAXOAY 10 JIKyBaHHA Ta peaOimiTarii B
cydacaux  ymoBax" (KuiB, 2024 p.); = HaykoBo-mipakTHuHa  KOH(EpPEHIIis.
«OpranizaiiiHo-NPUKIIaIH1 aCHEKTH KIIIHIYHO1 Ta MPOpIIaKTUYHOT MEIULIMHU B
YMOBaX Cy4aCHHMX BUKJIMKIB 1 3arpo3: MpoOJeMu Ta NEPCIEKTUBU THOBALIHHOTO
possutky» (Kuis, 2024); 92" Congress of the European Atherosclerosis Society
(EAS), August 2024. Volume 395. Supplement 1EAS Abstracts 2024. P608 /
#712, Poster Topic: ASO4 CLINICAL VASCULAR DISEASE / AS04.15 (Lyon,
2024); «The 93 Congress of the European Atherosclerosis Society (EAS), to be
held in Glasgow, UK, 4-7 May 2025y (Glasgow, 2024); XXVI Hartionaabauii
KoHTpec kapmaionoriB Ykpainu. Kapmiollporpec 2025: Vkpaina Ta CBITOBI
TeHeHii. Bix Hayku no npaktuku (Kuis 2025).

Amnpobarriro gucepTarii 0yso mpoBeneHO Ha ¢GaxoBOMy ceMiHapi Ha 0asi
Kadeapu NpONEACBTUKH BHYTpimHbOI Menuuuau Nel HamionamsHOTO
MenugHoro yHiBepcuctety iMeni O.0. boromombis ,,3aranbHi TUTaHHS
BHYTpIIIHIX XBOpo0” (,,30” uepBHs 2025 p.).

IMy6aikamii. 3a MmaTepianamMu auceprailii ormy0IikoBaHO 22 HayKOB1 poOOTH,
3 Hux 10 crareil B Mi»kHapoHIA HayKOMeTpuuHiil 06a31 Scopus, 12 y dpaxoBux
BUJIAHHAX, 8§ Te3 JOMOBiAEH y Marepiajlax CHUMIIO31yMiB Ta KOH(]EpeHIii 3a
KOPJIOHOM Ta B YKpaiHi.

OO0csr Ta cTpyKTYypa AucepTallil: OCHOBHUN TEKCT AMCEPTAIlii, BUKJIAICHUM
Ha 429 cropiHKax MAaIIMHOMUCHOTO TEKCTy, MictuTh 110 Tabmuup Ta
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imrocTpoBanuii 43 pucyHkamu. Jluceprainisi CKIQga€eThCsl 13 aHOTAIlli, CIHCKY
nyOmikamid 3700yBaya, OCHOBHOI YAacTHHH BCTYIy, OTJISAY JIITEpaTypH,
KIIHIYHOI XapaKTEpUCTUKU OOCTEKEHUX XBOPHX Ta OMHUCY JIOCHITKEHb, 6
pPO3AUTIB  BJIACHMX JIOCHIIKEHb, aHalli3 Ta Yy3arajdbHEHHsS pe3yJbTaTiB
JOCITIDKeHb, BHCHOBKIB Ta NPaKTHYHMX peKkoMmeHpaalii. bibmorpadiunnii
MOKKYMK MICTUTh 532 HayKOBUX JKepena, 3 sSkux 29 kupwmnero 1 503
JATUHULIEIO.
OCHOBHMI 3MICT

Kuiniyna xapakrepucTuka o00CTeKeHHX XBOPHMX Ta MeTOAHU
pocaigxeHHs. J{ocmi>KeHHS TPOBOIUIM BIJIMOBIIHO IO OCHOBHUX MOJIOKEHB
KOHBEHIII1 pagu €Bponu mpo mpasa JroauHu Ta Olomeauiuny (Bix 04.04.1997p.)
BUMOT HaJIeXHOI KJiHIYHOI mpakTuku (1996p.), I'enbciHCbKOi Aekiaparii
BcecBiTHROT MEIMYHOT acolialii Mpo €TUYHI NPUHIUIIN TPOBEICHHS HAYKOBUX
MeIUYHUX Jociimkens (1964-2000pp.).

st mocsirHEeHHs TTOCTaBlieHOi MeTH oOcTexeHo 79 xBopux Ha IXC, 6e3
o3Hak COVID-19, a takox 127 xBopux 3 IXC saxi nepeneciu COVID-19 ta 181
narieHT 3 COVID-19 6e3 IXC Ha kniHiyaNX 0a3ax HamioHaasHOTO MEIUIHOTO
yHiBepcuteTy iMeH1 O.0. boromornbiisg: KuiBchbkoi MichbKOT KIIIHIUHOT JTiKapH1 No
18 ta MeauuHoro HEeHTPY «Mendya». Konrponeny rpymny ckianu 37 310pOBUX,
HeBaKIMHOBaHUX BosioHTepiB 0e3 o3Hak IXC i 3 HeraruBaum I1JIP-TecTom Ha
COVID-19, menianHuii BiKk SKUX CTaHOBUB 41 pik, MDKKBAPTHJILHUM 1HTEpBaJ
(3744 poku). Y miit rpymi Oymo 12 xinok (32,4%). VY BciXx XBOpHX
OTPUMOBYBAJIHM 3rOJy Ha MPOBEACHHS JOCIIIKEHb Ta TPUBAJIE CIIOCTEPEKECHHS.

Bepuoikamiro COVID-19 3naifichatoBanu nuisixom BusiBienHs PHK SARS-
CoV-2 y 3pa3kax 3 BEpXHIX AMXaJbHUX NULIXiB 3a momomoroio [IJIP-tecTy.
HasBricts 1 cryminp Tsoxkocti COVID-19-acorifioBaHOTO ypakeHHS JIETEHB
OLIIHIOBAJIM 3a JOMOMOIOK MYJBTUCHIPATIBbHOI KOMIT IOTEPHOiI TOoMoOrpadii
(MCKT).

B nepmy rpyny (IXC) ysiiinuio 79 mnaui€eHTiB, MeAlaHHUM BIK SKHX
ctaHoBuB 60 poKiB, MKKBapTHIIbHUM 1HTEpBaT (53,564 poku). 3 Hux 32 ocobu
Oymu xinodoi crati (40,5%). ¥ 18 (23%) nmamientiB 6yB LI/] 2-ro Tumy, y 32
(40%) — mnepenecenuit iHdapkt miokapma (IM), cTeHTyBaHHS KOPOHApHHUX
aprepiii (KA) Buxkonano y 12 (15 %), aopto-koponapue mryHtyBanHs (AKII) —
y 8 (10 %), xponiuna xBopo6a Hupok (XXH) —y 12 (15 %), aneBpusma aoptu
BUsBIICHA Y 4 marieHTiB (5 %).

VY npyry rpyny IXC 3 nepenecenum COVID-19 ygiiinno 127 marii€eHTis,
MEJIaHHUN BIK SKUX CTAHOBUB 63 pPOKHM, MIXKKBApTWUIbHUM i1HTEepBan (55—72
poku). 3 HUX 62 ocobu Oynu xiHo4oi crari (48,8 %). LI/] BusiBiaeHo y 28
nauieHTiB (22 %), a IM nepenecnu 40 ocibd (32 %). CrentyBanns KA abo AKIII
nposeneHo 27 (22%) narmientam. 3a pesynbratamu MCKT, ypaxeHHs JiereHb
po3noaunIoch TakuM YuHOM: 10 50 % —y 44 ocib (35 %), Bix 50 7o 75 % —y
76 (60 %), monan 75 % —y 7 ocib (5%).



VY 3 rpymy yivinumm 181 xBopux Ha COVID-19 Bikom 43,0+£12,7 pokis
pokiB: 23 xBopux Ha COVID-19, 3 cyOTOTaNbHUM ypakKeHHSIM JIETEHb 33 TaHUMU
MCKT - 75% 1 Ginbie, 3 Bkpail TshkkuM niepedirom; 52 xBopux nHa COVID-19,
3 TSDKKHUM Tiepe0iroM Ta ypaxkeHHsM JereHb no 50-75%, ma COVID-19 3
MOMIPHHUM TepediroM 1 ypakeHHsM JiereHb Bia 25 1o 50% 3a ganumu MCKT; 45
xBopux Ha COVID-19, 3 miHiMaIpHUM TIepeOirom 1 ypakeHHsIM JiereHb 710 25%.

[IInyHOYKOBa €KCTPACUCTONIsl MPAKTUYHO OJIHAKOBO BigMIidallach Yy
xBopux Ha [XC 6e3 1 3 nepenecenum COVID-19.

VYcix xBopux 1 rpynu Oynio po3MOiIeHO Ha MIATPYIy 31 30€peKEeHOI0
cuctosiyHoto ¢yHkuiero JIII - ®Bmur>50% (n=41) Ta miarpymny i3 3HUKEHOIO
cucToniyHoo (yHKmiero JiBoro nuryHodka 3 DPBmm<50% (n=38). [nsa
JOJIaTKOBOTO0 BpaxyBaHHA cTyneHs aiactomiunol aucynkuii JIII xBopux 3
pi3HOI0 OB 101aTKOBO PO3AUINAIN HA 0¢10 3 BeanunHoro E/A Oublie 1 MeHIe
1,0. 3 1®Bmr>50% i1 E/A>1,0 (n= 19), 3 1®Bmr>50% i1 E/A<1,0 (n=22), 3
®Bmm<50% E/A>1,0 (n=18) 1dBmm<50% E/A<1,0 (n=20)

VYcix xBopux 2 rpynu OyJo po3NOAIEHO Ha MIArpyNy 31 30€pexeHOr0
cuctosiyHoro ¢yHkuiero JIII - ®Bmur>50% (n=59) Ta miarpymny i3 3HUKEHOIO
CUCTOJIIYHOIO (YHKIII€IO JiBOro nutyHouka 3 ®Bim<50% (n=68). 3 ypaxyBaHHs
miactomiunol guchyHkuii: 3 ®Bmur>50% 1 E/A>1,0 (n= 24), ®Bmur>50%
E/A<1,0 (n=35), ®Bmm<50% E/A>1,0 (n=39), ®Bam<50% E/A<1,0 (n=29).

[Tpu npoMy Buxoaunu 3 Toro, mo BenuunHa E/A>1,0 npu ®Bmm<50%
OJTHO3HAYHO  CBIMYUTb NP0  ICEBAO-HOPMAJIbHUI/PECTPUKTUBHUN  TUI
TPAHCMITPAJIIBHOTO KpOBOTOKY, a mnpu DPBmur>50% wacTtime BigoOpaxye
30epexene aiacroniude HanoBHeHHs JIII mopiBHsHO 3 mamientamu 3 E/A<1,0.

Jist yTouHeHHs 1H(OpMATUBHOCTI BUKOpHUCTaHMX Noka3HMKIB (ExoKT,
Y34 Crud, UK, JI1®, AE, TT, I1T') 79 xBopum 1 rpynu, 127 xBopum 2 rpynu
ta 181 xBopuM 3 rpynu OpoBOAWIMA AOCHIIHKEHHS yepe3 6- 1 12 micsuiB 3
BpaxyBaHHIM €(EKTUBHOCTI 3arajilbHONPUIHATOro JiKyBaHHsS. XBopi Ha IXC
OTPUMYBAJIM MPOTOKOJbHE JIKYBaHHS: aHTUTPOMOOIMTApHI 3aco0u (acmipuH,
knomigorpens), HOAK (puBapokcaban, amikcaban), Oera-aapeHOOJIOKATOPH,
1AII®, aHTAaroHICTH peUEenTopiB JO AaHTIOTeH3WHY, CTAaTHHH, OJIOKATOPH
KaJIBI[IEBUX KaHAJIIB TpHUBAJIOi Jii, aHTAroHICT aJIbJIOCTEPOHY, CEYOTIHHI,
HiTpatu. [lamientu 3-i rpynu otpuMyBainu cranaaptay tepamito npu COVID-19.

[HCTpyMeHTanbHI METOAM JIOCHIHKEHHS BKJIIOYAIU CTaHIApPTU30BAHUN
npotokoin 1o ExoKI'. Jlazepny pommiepiBcbky daoymerpito (i3 BUSHAYCHHIM
[IM — moxasauka Mikpouupkyssiii, PKK1 — pe3epBy kaminsspHOro KpoBOTOKY
OKJTI031iHOT mpodu, a Takox PKK2 — HiTponpoOu, aMIutiTyay €HI0TelalbHuX
¢nakcmoniit  (AmaxE), wHeliporennux (AmaxN), wioreHHux (AmaxM),
nuxanbHux (AmaxR) 1 cepueBux AmaxC); eMOOJOIETEKII0 3 BU3HAYECHHSIM
KUIBKOCTI MIKpOEMOOJIIYHUX CUTHANIB 3a TOJIMHY B OaceilHl mpaBoi Ta JiBOi
cepenHboMo3koBux aptepiil, Y31 BLIA 3a crangapTHUM IPOTOKOJIOM; HU(PPOBY
KanuispocKkonito (13 BU3HAYEHHSIM JOBXUHU BeHO3HOi (/IB) Ta aprtepianbHOi
gacTuHu Kanusipy ([A), kamiopy Benosnoi (KB) 1 kanibpy aprepianbnoi (KA),



MIBUKOCTI KPOBOTOKY B aprepianbHiid (IIJA) Ta BeHO3HIH YacCTHHI Kamijaspy
(IIB)), mpody llenepmaiiepa (3 miapaxynkom E3BJl — enmoreniiizanexHoi Ta
SHIOTEIIN He3aJIC)KHOI Ba3oquIaTaIlii).

[11a3MoBHil TeMOCTa3 OIIHIOBAIM 3a CTaHAAPTHUMH KOAryJOTIYHHUMHU
meromukamu: AUTY, I1TY, TY, @I npu 10momMo31 XxpOHOMETPUUHOT'O METOTY 3a
Kiayccom, ¢iOpuHOMITHUHNI TOTeHINIAN XapakTepusyBaB Xll-a 3anexHuit
G10pUHOMI3, aHTUKOATYJISHTHY akTUBHICTH - piBeHb AT III 1 mporeiny C,
Mapkepamu TpoM003y BucTynain POMK 1 JI-numep.

TpoMOoumTapHuii remMocTa3d XapakTepu3yBaJld CTYMiHb, MIBUAKICTb, Yac
CIIOHTAaHHOI Ta iHAyKoBaHOi arperamii: AJI®, komarenom, AK, aapenaninom,
pucTOMIIMHOM. J[OCHiKYBaTMCh HUPKYIIIOI0Yl €HAOTENIONUTH KPOBi, (HaKkTop
BinneOpanna.

Y 35 xBopux 2-oi rpynu (IXC 3 COVID-19), y 35 xBopux 3-i rpynu
COVID-19, a takox y 30 310poBUX OyJIO TOAATKOBO MPOBEAEHO XOJITEPIBCHKE
moniTopyBanHs EKI' (XM EKI) i3 Busnadernsm SDNN, rMSSD, pNN5O0 i
SDQT(NN).

Hiarno3 IXC OyB BCTaHOBJIEHMI Ha OCHOBI KIIHIYHMX JaHUX: CKapr,

iH(papKTy MiOKapJa B aHamMHeE31; pe3yibTaTiB KOPOHAPOBEHTPUKYJIOTpadii,
Benoeprometpii, EKT', no6oBoro monitopyBanus EKI', crpec-exokapiorpadii 3
100yTaMiHOM.
CratucTUuHUN aHaNi3 Pe3yNbTATIB JOCTIHPKEHHS MPOBOAMIA 3a JIONIOMOTOIO
naketa EZR version 1.68 (R Statistical Software version 4.3.1, R Foundation for
Statistical Computing, Austria). [y OI[iHKH JOCTOBIPHOCTI BUKOPHUCTOBYBaIIH {
kputepiii  Criomenta, ROC-anamizy Ta perpeciiHOro MOJETIOBAHHSA,
ob6uuncnerasam BigHomeHHs manciB (OR) 1 95% nosipuoro intepsany (95% JI).
Pe3yabTaTtu nociigkeHHs i ix oorosopenHs. Y naiieHTiB 13 [XC 6e3 o3Hak
COVID-19 (1 rpyna) 31 3Ha4HOIO AUC(PYHKIII€IO JTIBOTO NUTYHOUKA 3MIHIOBAJIaCh
BHYTPIIIHbOCEPIIEBA TE€MOJIMHAMIKA TOPIBHSHO 31 3J0pPOBUMH Oco0amu.
Junarauiss nopokHUH cepus 3 rinepTpodiero miokapaa JIII npu 3HMxKEH1H
OBam<50% cynmpoBOKYBAIHCH MIABUIICHHSIM THUCKY HamoBHeHHs JIII 1
(dbopMyBaHHSIM JIETEHEBOI TNEPTEH31i, TAaK 3BAHOTO PEMO/IEITIOBAHHS MiOKap/a.

Ha mporpecyBanHs miacToimiyHoi JguchyHKINI BKa3yBalu 3MIHU
CHIBBIAHOIIEHHS TPACMITPaIbHOTO MOTOKY E/A Bix mopyieHoro po3ciadiacHHs
(E/A<1, mouyaTkoBOi cTaii AiacTONIYHOI AUCHYHKIIT) 10 MCEBIOHOPMATBHOTO
YM PECTPUKTHBHOrO HamoBHeHHs (E/A>1) 31 3pocTaHHSM THCKY HarlOBHEHHS
miBoro mmryHouka (JILII), ckopodeHHsIM dYacy CHOBUIBHEHHS TOTOKY Ta
PO3BUTKOM JIET€HEBOI TinepTeH3ii. 3a3HadeHi reMOJAMHAMIYHI TOPYIICHHS MPU
BupaxeHi guchynkuii JIII cympoBomkyBana peaykiis —LepeOpabHOT
reMoAuHaMiku, Tak pemoaentoBants JIII ta imemis 060yMOBIIIOBaIA 3HM>KEHHS
MO3K0BOI repdy3ii Ha 42% B cepeanix mo3koBux aprepisx (CMA) (p<0,01),
NOPYIIEHHS BEHO3HOTrO BIATOKY y BeHax Pozenrtans (BP) no 20% (p<0,01) Ta
30UTbLIEHHS KUIBKOCTI MiKpoemOomiunux curdaiis 3a 1 ronuny (MEC) B CMA.



B koropti xBopux Ha IXC 6e3 COVID-19 3 ®Bmur>50% Tta E/A>1

Bimmivanuck Bumi 3HadeHHs PKK2 na 11% (p<0,05), Aatupom6iny III Ha 5%
(p<0,05), a takox menmn KJIOmmr i immekc 3BuTocTi KamisipiB (I3K) mpotu
xBopux Ha [XC 3 ®Bimr>50% ta E/A>L.
B rpyni xBopux Ha IXC 3 ®Bmm<50% Ta E/A>1 nocnimkyBaBcs OiibIIuii
JlaMeTp MpaBoro MITyHOUYKa, BUIA aKTUBHICTH ¢akTopa Bimtedpanna (hpB) Ha
24% (p<0,01), 6inpma kinbkicte MEC Ha 23% (p<0,01), ane meHmwmii pe3eps
KaluJIIpHOTO KPOBOTOKY OKIIO31iHOI mpoou Ha 8% (P<0,05), npotu xBopux 1
rpynu 3 3 ®Bmm<50% ta E/A<L.

VY xBopux 31 3MeHIeHo0 @B nmormubieHHsT CUCTOMIYHOT AUCHYHKITI,
MPOTPOMOOTHYHI 3pYUICHHS MpOsBIsLUMCh TiABuiieHHsaM piBHi VWF nHa 50%
(p<0,01) Ta kinpkocTi mupKyrorounx exporenionurie (LIE) va 41% (p<0,01) Ha
i E3BJl Ha 22% (p<0,05), mo BimoOpakano eHAOTeNalbHy AHCQYHKIIIFO.
30uIbIIEHH PO3YMHHUX (P1OpuH-MOHOMEpHHUX KOMIUIEKCIB (POMK) 1 cTtynens
crioHTaHHOI arperaitii TpomOoruTiB Ha 60% (P<0,01), MOpiBHAHO 3 KOHTPOJIEM
BKa3yBaJii HA TPOMOOTE€HHI PU3UKH.

TakuM YMHOM, CTYMiHb CUCTOJIYHOI Ta A1acToniuHoi AucPynkuii JILI npu
[XC Bu3Hauae BUPAKEHICTh BHYTPIIIHbOCEPIIEBUX TE€MOJIMHAMIUHUX MTOPYIIECHB
1 BTOPUHHHUX LEpEOPOBACKYISIPHUX pO3JTaIiB, a TaKOX AacCoOIIOEThCA 3
aKTHUBAIIIEI0 TPOMOOIIMTAPHO-TIIIA3MOBOTO TE€MOCTA3Yy.
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Puc. 1. Iloka3Huku JsazepHOi JOMIUIEPIBCHKOI (oyMeTpii, lepedpantbHOi
reMoJuHamiku, remoctady y xBopux Ha IXC 3 mepenecenum COVID-19 3
OBr>50%

Ha Bi,uMiHy Bix xBopux Ha [XC 6e3 COVID-19 (C-19) B 2 rpymi BigMiueH1 BUIT
3HAYCHHS 1HJEKCY Macu MioKapja JiBOTO LTYHOYKA (IMMUJII), mpaBoro
[IUTYHOUYKY, TPOTpecye iacToiliuyHa IUCQYHKINS 1 TIABUILYETHCI THCK B



nereHeBiit aptepii Ha 20%, mopiBHsAHO 3 marieHTamu juire 3 [XC. Y rpymi [XC
y noeananHi 3 COVID-19 menmn 3Ha4eHHs TMIKOBOI CHCTOJIIYHOT MIBUAKOCTI B
CMA na 10% (p<0,01) Ta HaiiBuIa KUIBKICTH MIKPOEMOOJIYHUX CHUTHAIB
(MEC) na 47% (p<0.01) Bka3zyBanum Ha 3aJly9€HHS MO3KOBOTO KpPOBOOOITY.
Hudposa xamingpockomnis (LK) BusBisiia 3MEHIIEHHS MIITLHOCTI KaNIspiB 1
3HIDKEHHSI IIBUJIKOCTI KaNUJIAPHOTO KPOBOTOKY. 3a JaHUMHU JIa3epHOI
nomriepiBebkoi  guoymerpii  (JIZIID) npurHidyBaauch pe3epB KamiIsspHOTO
KpoBOTOKY oOkJto3uBHOT Tipodbu (PKK1), pesepB KamiasipHOTO KpPOBOTOKY
HiTporiinepunopoi npoou (PKK?2), mikpocyaunHa peakTuBHICTh. BcTaHOBIICHHI
nedIUT SK HeMporeHHUX (hIaKCMOIIiH 3a iX aMIuTi Ty 1010 Ha 9%, Tak 1 MIOTE@HHHUX
¢rakcMmortiii 3a ix ammityoro Ha 50% (p<0,01).

BpaxoByroun cran niactonidyHoi GyHkiii y xsopux Ha IXC y noeananHi 3
COVID-19 3 ®Bmur>50% Ta, 30kpema, npu nopymieHii pemakcarii (E/A<1)
BIIMIYaJIMCh MEHIIA ITKOBa MBHUAKICTE B Bl CMA, 3amkennii PKK1 na 11%
(p<0,05), ame Bumi 3HaueHHs (iOpuHOTeHY 1 (hakropy BimmeOpanma B
MOpPIBHSAHHI 3 XBOpUMHU Il€i rpynu, ane 3 OBmmr>50% Tta 30epexkeHoro
niactomignoro ¢ynkmiero JIIII (E/A>1). Pisens EHBJ] y xBopux 2 rpymnu 3
OBaur>50% 1 mopymenHsM penakcaiii Ha 15% (p<0.01) MeHmui mromo
®Bar>50% 36epexenoro aiactoaiunoro ¢ynkiieto JIII (E/A>1) (puc. 1).

Y xBopux 2 rpynu 3 OBmm<50% 3 1ceBIOHOpPMAIBHUM a0o
PECTPUKTUBHUM THUIIOM 3HIDKYBaBCS KPOBOTIK B Oas3wisipHiN aprepii, yac
cnoHTaHHoi arperamii Ha 12% (p<0,01), a Takox 36ubmryBaBcs KJIOmm 1
TOBXHHA apTepialibHO1 yacTUHU Kanisipy Ha 8% (p<0,05) mpotu xBopux Ha [XC
3 nepenecenum COVID-19 npu mopymreniin penakcanii (E/A<1,0), mo € 6imr
N00pOsSIKICHUM (puc. 2).

Y xBopux Ha IXC 3 mepenecenum COVID-19, Bigmiuena icToTHa
PEeAYKIIsl CUCTONIYHOI 1 H1actonivyHoi QyHkii JILI, qunaramis 000X NUTYHOUYKIB
Ta MIIABUIICHHS CUCTOIIYHOTO TUCKY JiereHeBoi aprepii Ha 20% (p<0,01), mix
npu 13oJiboBaHoMy mepe0iry 1XC.

Y mmMx TmamedTiB  cTpaxiaga MO3KoBa mepdysis 1 3pocTanio
MikpoeMOoiiyHe HaBaHTaxeHHs Ha 52% (Pp<0,01), 30inbmryBaBcs mIiameTp
npaBoro nuryHouka Ha 10%, a Takoxx mapkepu TpombO03y POMK Ha 35%
(p<0,01), na ¢oni 3menmenus PKK1 Ha 15% (p<0,05), nopiBHSHO 3 Ipyroro
xBopux Ha [XC.

O1iHIOI0YN BUPAKEHICTh CUCTOMIYHOT mucyHKIil y XxBopux 1 Ta 2 rpynu
ciig Bigmitutw, o Ti namientu 3 [IXC, axi nepenecan COVID-19 3 ®Bmm<50%
MaJti OLIbINy TOBIIMHY CTiHKH mpaBoro nurynouka, MEC na 30% (p<0,05),
BuIli 3HaueHHs1 POMK, amrutityny nuxainpaux daakcmorriii Ha 30% (p<0,05) sik
MapKepy TIpIIOTO BEHYJSIPHOTO BIATOKY, IO CBIAYWIO TIPO  TipIIry
MIKpOLMPKYJISILI0, MOPIBHAHO 3 XxBopuMH He jume Ha [XC, ane 13 rpymnoro
xBopux [XC 13 ®Baur>50%, siki nepenecnu COVID-19.
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Puc. 2. Tloka3nuku exokapmaiorpadii, nudpoBoi KamIsgpoCcKomii 1 reMocTasy y
xBopux 3 [XC 3 nepenecenum COVID-19 3 ®Bnmi<50%

B rpymi xBopux Ha IXC 3 mepenecenum COVID-19, i3 36epexeHoro
cucroniynoo ¢ynkimiero (OBmur>50%) piserp POMK i MEC BignosigHO
ouneI Ha 54 1 36% (p<0,01) mozao rpynu [XC; PKK1 menmmii va 20% (p<0,01)
o0 1 rpynmu.

Y mamientiB 3 rpynu 3 Outemn  Baxkkow COVID-acomiitoBanoro
MTHEBMOHIEI0 3HIKYBajach CKOpoTiauBa (QyHKIs miokapaa JIII ta 3’sBasiuck
O3HAKH FOCTPOTO JIEFEHEBOTO cepiis. 31 30UIbIICHHSM IUIOIII YPAKEHHS JIET€Hb
OB 3meHmyBanack y 47% XBOpHX, TOIl SK CUCTOJIYHUNA THUCK JIETEHEBOL
apTepii 3poctaB y 75% BHACIIJIOK, TIIIOKCUYHOI BA3OKOHCTPUKIIIT JIETEHb.

®paxkuis Bukuay JII 3amkyBanacek y Bcix xBopux Ha COVID-19 mono
KOHTPOJII0, HaWOUIbIle 3HUKEHHS CIOCTEPIrajoch y XBOPUX 3 YpaKeHHSIM
napeHximMu jerenb 75%. ToBuMHa 1 llaMeTp MPaBOro HUTYHOYKA, & TAKOK TUCK
B JIET€HEBIN apTepli OUIbII y XBOPUX 3 TPYNH 3 MAKCUMAJIbHUMH 3HAYCHHSIMU
[IPH TSHKKOMY ypaxkeHHi Jerens (mpu 50-75% 1 0insiine 75% 3a nanumu MCKT).

[Tpu HapocTaHH1 ypakeHHA JereHb npu Baxkomy mnepediry COVID-19
3HHUXKYBaBCs MO3KOBHH KpoBOTiK Ha 7% (p<0,05) 3 mosiBoro OibInoi KiJIbKOCTI
MikpoeMOomiuHux curHaiiB Ha 47% (p<0,01) y CMA, doro He crocTepiraioch
MpH ypaxkeHHi jereHb 10 25% (puc. 3).

OnHOYAaCHO MPOrpecyrode YpakeHHs JIETeHb CYIIPOBOXKYBaJIN BUpaKeHa
eHjoTenianbHa IUCPYHKINSA Ta MIKPOUMPKYJISITOPHI pO3JIaau: 31 301UIbIICHHSIM
BaxkkocTi COVID-19 perpecyBanu nokaznuku engoreniizanexnoi (E3B/]) ta
HezasexkHoi Bazoawnatauli (EHB/I), croBinpHIOBaBCS KamJISpHUNW KPOBOTIK
(3MeHIyBatach MIBUAKICTh HA apTeplabHOMY 1 BEHO3HOMY KIHI[I KamIsIpiB) Ta



3HIDKYBAJIaCh LIUTBHICTh (PYHKIIOHYIOUMX KamuisipiB. [imepkoarynsiis mnpu
COVID-19 o6ymoBmtoBamach BaXKKICTIO YPaKCHHS JICTEHb.

VY XBOpHUX 3 MACHBHUM YpPaXCHHSM JIET€Hb MOPIBHSHO 3 MiHIMAIBHUM (70
25%) peectpyBaBcsS HaWOUIBII BHpPaXEHUH KOaryJsmidHui aucOanaHc:
MIJBUIYBaIUCh piBHI ¢akropa Bimnebpanna na 40% (p<0,01) ta iHmmx
MapKepiB TPOMOOT€HHOTO CTaHy, 3HIKYBAJINUCh MOKA3HUKU aHTHKOATYJISTHTHOI
cucremu (mporein C i1 antutpomOin Il Ha 47% 1 Ha 14% (p<0,05) momo
ypaXXeHHd JiereHb 10 25%), a TakoXK NPOCTEKYBAIUCH CYTTEBI 3MIHU
TpOMOOIIUTAPHOI TaHKKU reMocTaszy (puc. 3).

3.1MikpoemboniyHi curHanu 3.2 dakTop Binnebpanaa.
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3.4.Pe3epB KaninsipHOro KPoBOTOKY

3.3 WenakicTb arperadii OKITHO3UBHOT Mpo6iu, %.

TpombouuTie Ha ALD,%/xB.
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Puc. 3. Ilokasuuku LI, E®, TpombornurapHoro remoctasy i JI/I® y xBopux 3
TpymH.

[Ipu Oinbiiomy 06’eMi ypaxeHHs JereHb SARS-Cov-2 pocToBipHO 3pocTana
CIIOHTaHHa Ta 1HAYKOBaHa arperaiisi TPOMOOLIUTIB 1 TOJJOBXKYBaBCsl 4ac arperarii
i JII€I0 OKpeMuX 1HAYKTOpiB (aapeHaniH, kojared, AJId), mo BigoOpaxkano
BHCHAQKCHHS PE3EPBIB TeMOCTa3y Ha TJIi Tinepkoaryssiiii (puc. 3). OTxke, BaxKKun
nepedir COVID-19 (3naune ypakeHHs nereds 75% 1 O11bIlIe TapeHX1MH JIETEHb )
ACOLIIOETHCA 3 MOTYXHUMH MOPYUIEHHSIMH BHYTPIIIHBOCEPIIEBOI Ta MO3KOBOT
reMOJMHAMIK{, KPUTUYHUMH PO3JaJaMHU MIKPOLMPKYIALIl W eHI0TemianbHOl



(GyHKIIT 3 HaWOUIBIIO AKTUBALIE€I0 3TOPTAaHHS KPOBI, TOMI K MPHU JETKOMY
nepediry 3MiHM MiHIMAaJIbHI.

Omintoroun BapiabenbHICTH cepiieBoro putmy (BCP) B 2 rpymi BigmidueHO
il 3umwkenHs, ocobmuBo SDNN, pNNSO na ¢oni Haitbinbmoi BapiabenbHOCTI
nojioBkeHoro intepairy QT.

[linBumenus cronTaHHoi arperaiii Ha 50% 1 ii mBuakocti Ha 35%
(p<0,01), npu ogHOYACHOMY 3HMIKEHHI arperaiiifHol BiIOBIIl Ha apeHaIiH Ha
17% (p<0,01) Bka3yBaiio Ha aucOaIaHC TPOMOOIIUTAPHOTO TEMOCTa3y. Y XBOPUX
Ha [XC 3 COVID-19 ynosinsHIoBanace AJI®-, apaxioH-iHIyKOBaHa arperaiis
TpoMOo1uTiB Ha 27% (P<0,01) Ta miBUIYBaIUCh CTYIIIHb arperalii Ha KoJareH
Ha 31% 1 puctominus Ha 38% (P<0,01). Kpim toro, y xBopux Ha IXC 3 COVID-
19 3MiHm 3 OOKy TMJIa3MOBOTO TE€MOCTa3y MPOSBISUIMCH ITiIBUIEHHSIM
¢16punoreny, POMK, /I-aumepy, nogoBxenHsim AUTY, TpomOiHOBOro yacy 3
OJIHOYACHUM 3HW)XEHHSM MPUPOJHHUX AHTHKOATYJISIHTIB (aHtutpomoOiny I,
npoteiny C) mopiBHSHO 3 1301p0BaHO0 [XC. Takum ynnom, COVID-19 na Tmi
[XC mnigcumioe pemojieNiioBaHHS MioKapna, 1epeOpanbHy rinonepdysito Ta
KOAaryJjomnarito, MOTIPIIyIOYM TMOKa3HUKH HaBITh 3a OJHAKOBOiI BUXIAHOI
mucoynkuii JILI y nopiBasHHI 3 nanientamu 6e3 COVID-19.

HeinBazuBni metonu (JIA®, LK) BusBIsAIM paHHI MIKpPOUUPKYISTOPHI
3minu. Y xBopux Ha [XC 3 COVID-19 pemoentoBanHs KaniasipiB MPOSIBISIIOCH
JIOCTOBIPHUM 3MEHIICHHSM HIIJILHOCTI (PYHKIIIOHYIOYHMX TETeNb BIAMOBIIHO Ha
27% mono 3 rpynu, a tTakox Ha 33% (p<0,05) mopiBHSHO 3 KOHTpOJEM, iX
MIOJIOBXKEHHSAM M UjIaTaIli€ero, 30UTbIICHHSIM 1HIEKCY 3BUTOCTI HAa 72% B 2 rpymi
mo10 KoHTpoJto 1 Ha 38% mopiBHgHO 3 3 rpymnoro (p<0,01); mpocTexyBaauCh
ABUIA CIAJKy epuTpouuTiB. [IIBHAKICTP KamUISIPHOTO KPOBOTOKY B
apTepiajbHIlA Ta BEHO3HIM YaCTUHI KaNuisgpa JOCTOBIPHO 3HMKYBalIach B 2 TPyl
Ha 45% 1 Ha 44% (p<0,05) mpoTu KOHTPOIIO, IO CBIAYUTH MPO AMCTOHIIO
MikpocyauH. [Ipu nopiBHSHHI BIANOBIAHO 3 3 rpymnoro i kKoHTposeMm JIJID B 2
rpyni MpOJIEMOHCTPYBAJIO JOCTOBIPHE MPUTHIYEHHS €HAoTemalbHuX Ha 21% 1
Ha 32%, Heliporennux Ha 25% 1 39%, miorennux konuBanb Ha 20% 1 40% Ta
3HIDKCHHSI PE3€pBY KaIUIIPHOTO KPOBOTOKY OKIIIO3MBHOI mpobu Ha 20% 1 Ha
46%. AmrmuriTyna nuxainbHHX (urakemorii 30iumbmryBagack Ha 62% 1 Ha 47%
(p<0,01) mopiBHAHO 3 KOHTpoJieM 1 | Tpymor, IO BKa3ye Ha MOPYIICHHS
BEHYJISIPHOTO BIITOKY B 2 TPy, B TOM Yac SK aMIUTITy/la CEPIEBUX (PIaKCMOITi
30UTBIITYBaIach JuIie Ha 28% 11010 KOHTPOITIO 1 Ha 12% mopiBHSAHO 3 1 Tpymoro.

VY marienti 3 [IXC 1 COVID-19 po3po0aeH0 MPOTHOCTUYHUIN alITOPUTM
PHU3HKY JIETAJIbHOCT1, TPOTPECYBAHHS CEPIIEBOT HEIOCTATHOCTI Ta 1HCYJIBTY MPHU
aHati31 AMHAMIKU 1X KapJio-1iepeOpalibHUX 1 MIKPOUUPKYJISITOPHUX MOKA3HUKIB
Ta CTaHy remocTtasy (puc. 4).
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Puc. 4. IlopiBHsHHS maHciB JeTanbHOCTI B 2 rpyni (IXC 3 COVID-19)

Cepen npoaHalli3oBaHUX NOKA3HUKIB HAHOUIBIINKA PU3UK CMEPTI OB’ A3yBaJIU 3
iMMUJIII (p<0,01), OR 32.3 (95% M1 11.5 —63.0). Y pa3i 3MeHIICHHS IIIBUIKOCTI
KpOBOTOKY 5K B Oa3miisipHiii aptepii (BA), Tak 1 B apTepialibHii YaCTHHI Kanisipy
PHU3HK JIETAIBHOCTI JOCTOBIpHO 30iibInyBaBcs BignmosigHo OR 25.24 (95% JII
11.1 -57.2) ta OR 3,05 (95% /I 1,86-4,99).

[TopyiienHs nepedpaibHOI FreMOJMHAMIKUA TaKOK BHECEHI JI0 aJITOPUTMY
BIJTHOIICHHS IIIAHCIB: MEHII 3HAYEHHS pE3epBY KaMUISPHOTO KPOBOTOKY
Hitponpoou (PKK2) acormiroBamvch 13 MIABUIICHUM PU3UKOM 1HCYIIBTY
(p=0,019), OR 3,2 (95% Al 1,2-8,5); mpu 30unbieHH1 po3mipy K/Pam mranc
1HCYIBTY 3pocTaB Maibxke BTpuui (p=0,040), OR 2.94 (95% M1 1.05-8.2), a npu
3HIDKEHHIM mBHIKOCTI KiyooukoBoi ¢unpTparii (LKD) manc nepedpanbaux
mofii Takox 3poctaB (p=0,025), OR=3.6 (95% I 1.17-10.8) (puc. 5).
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Puc. 5. BigHoieHHs maHCIB pU3HKY 1HCYILTY ¥ XBopux Ha [XC 3 COVID-19

[IporpecyBaHHsl BHYTPIIIHBOCEPLIEBUX T'€MOJMHAMIYHUX PO3JIAAIB BIPIOBK
POKYy € TPEAUKTOPOM HECHPUSTIMBUX KIIHIYHUX TOMIA: 3HUXKEHHS abo
BIICYTHICTh npupocTy DB, 30UIbIIEHHsT KIHIIEBO-1aCTOIIYHOIO 00’ €My Ta
PO3MipiB JI1BOTO TIepeACcCeP s, CTIHKa JIereHeBa MIepPTeH31sl BKa3yIOTh Ha BUCOKHI
PUBHUK JIEKOMIIEHCAIlll CepleBOi HEIOCTaTHOCTI. Mojienb BiHOIICHHS IIAHCIB
acorriiioBanoi 3 nporpecyBannsiM CH kopenroBana 3 miaBUIIEHUMH (HEPUTHHOM
(p=0,02), OR 2.1 (95% M1 1.13-3.84), I3K (p=0,005), OR 2.5 (95% I 1.33-4.69),
MEC (p=0,036), OR 2.8 (95% MOl 1.1-7.5), 1 3BOpOTHO 3 KPOBOTOKOM B
6azunsipuiit aprepii (bA) (p=0,025), OR 2.1 (95% Al 1.1-3.9), CMAx (p=0,04),
OR 1.9 (95% I 1.03-3.60), CMAn (p=0,05), OR 1.9 (95% JI 1.0-3.5),
amIuTiTYy 1010 eHaoTenianbHux daakemorrii (AE) (p=0,005), OR 2.4 (95% 1 1.3-
4.4). 3acTocyBaHHS PO3pPOOJICHOTO MPOrHOCTUYHOTO AITOPUTMY CIIPSIMOBAHE Ha
CBO€YAcCHE 3aroOiraHHs CMEpPTi, MPOrPECYBaHHIO CEPIIEBOI HEAOCTATHOCTI Ta
1epedpoBackyIsipHUX noAi y rpymi namieHTiB 3 IXC, ski nepenecan COVID-
19.

[Topsin 3 TOCATHEHHSIM MO3UTUBHOTO KJIIHIYHOTO €PEKTY Y XBOPUX 2 IPyIU
yepes 6 micsamiB 44% xBopux 1 yepe3 12 wicamiB 38% BusSBWIKCHL — NON-
responders. Ilo3uTMBHA OWHAMIKa CTaHy MAI[lEHTIB MPOSBISUIACH HE JIUIIE
MOCTYMOBUM 3pocTaHHsM DB, 3MeHIIeHHSIM pO3MipiB KaMep CepIIs 1 TUCKY B
JIETeHEBI apTepii, a TaKOXK KpUTepieM e(PeKTUBHOCTI Teparrii OyI0 BiTHOBIECHHS
MiKpotpkyisiii. 3a manmmu  JIJI®, HA ¢oOHI yCHINMIHOTO JKYBaHHS
MIJBUIIlyBajacs dYacTKa TMAIEHTIB 13 HOPMOIUPKYJIATOPHUM THIIOM Ta



3MEHIITYBaJlacsl 4YacTKa 3aCTIMHO-CTa3WMYHOTO (DEHOTHUITY MIKPOIUPKYJIAMii. Y
pa3i IXC 3 mepenecenum COVID-19, edexTuBHE IiKyBaHHS MPOSBISIOCA
3017BIICHHSAM MUTOMOI Baru HOPMOIMPKYJSITOPHOTO 1 CIIACTUYHOTO THUIIIB Ta
3MEHIICHHIM rinepeMigyHOro 1 3aCTIHHO-CTa3UYHOTO dbeHoTHUIIIB
MIKPOILMPKYJISIIi; Takok OyJI0 BUSBIICHO 3HMXEHHS (akTopa BuuteOpanya.

V namienTis, ski nepenecan COVID-19 6e3 [XC, na ¢oni Teparnii Takox
3pocTalia 4yacTka HOPMOLMPKYIATOpHOTO (3 2% 110 17% Ha 6 micsi ta 10 18%
Ha 12 micsiti), cnactuaHoro 3 12% 1o 22% nHa 6 Micsi ta 10 27% Ha 12 micsi)
TUIIB Mikpornepdysii Ta perpecyBaB 3acTIMHMN (PEHOTHUIT MIKPOIUPKYIIAIIT (3
68% 1o 44% nHa 6 wmicami, 10 38% Ha 12 MicsIll), MO CYHpPOBOKYBAJIOCS
3HIDKEHHSM MoKa3HuKa Mikpouupkyisuii (IIM), dakropa Binnebpanaa va 14%
(p<0,05) 1 [UPKYIIOIYUX CHAOTCIIONHUTIB. TakuM  YUHOM, 3MiHH
MIKPOLUMPKYJISLIT Ta €HJ0TeNaIbHUX MapKepiB, B11oOpakarouu €(EeKTHUBHICTh
JIKYBaHHS MOXYThb CIYIyBaTH JIarHOCTHYHHMH 1HAMKATOpaMH HOTO
ycoimHocTi. J{oAaTKOBO BCTAHOBJIEHO, IO BIJHOBJIEHHS KIIIHIYHOIO CTaHy
KOpEJIIOE 3 HOpPMali3all€l0 MO3KOBOTO KpPOBOTOKY (3pOCTaHHSI MiKOBOI
CUCTOJIIYHOI IMIBUAKOCTI KpoBOTOKY B CMA, 3MeHmeHHs1 kuibkocti MEC) Ta
4acTKOBUM BigHOBIEHHSAM Ha 10% (Pp<0,05) miiyibHOCTI KamUISIPHUX TETENb 1
NepexiTHOT 30HU KaIiJsipiB.

[Ipy omiHIIl MOKAa3HUKIB CEPIIEBOi IeMOAMHAMIKH, MIKPOLIUPKYJIAIII Ta
reMocTady Ha TJI aHTUTpoMOOTHMYHOi Tepamii uepe3 6 1 12 MicsiB
CIIOCTEPEIKEHHSI BCTAHOBJIEHO, IO BXke uepe3 6 MmicsAuiB 3a ganumu ExoKIT
3poctaia @B, ckopouyBaBcs IVRT na 11% (p<0,01) ta 3HMKYBaBCS
CUCTOJIIYHUM TUCK B JereHeBii aprepii Ha 12% (p<0,05), nopiBHSAHO 3 BUX1THUM
crtanoMm. lle BimoOpakae 3MmeHIeHHs nepeaHaBaHTaxeHHs JIII Ta udacTtkoBe
BIJTHOBJICHHS A1aCTOJIYHOI (PYHKIIT 1] BIUVIMBOM aHTUTPOMOOTHUYHOI Tepalii.

Ha 12-ii micsib mikyBaHHA 3pocia @Bam va 13% (p<0,05), 3MeHmmmch
JIETeHeBa TINEPTEH31s, CIOBUIBHUBCS 4Yac TPAHCMITPAJIBHOIO KpPOBOTOKY 1
JaiaMeTp mpaBoro uutyHouka. CTaH MIKpOUMPKYISIIT MPOTITOM POKY MiCHs
COVID-19 nemoHcTpyBaB MO3WTHUBHY JHWHAMIKY y OUIBIIOCTI MAIlEHTIB, SIKI
oTpuMyBanu antutpomboTuuHy Teparmio. PKK1 uepe3 6 micsiiB 3poctanu Ha
24% 1 PKK2 na 17% Binnosinuo (p<0,05), ingekc 3Butocti kanusipiB (I3K) 1
dakrop Bimnebpanna 3menmryBaiucs Ha 17% (p<0,05), cTOCOBHO maHMX Ha
MOYaTKY JIIKYBaHHS.

Uepes 12 wmicsiiB JikyBaHHS 1€ B Ombmmiit mipi 30umpmmauck PKK1 1
PKK2 BiamoBimno Ha 37% 1 28% (p<0,05), mo BKa3ye Ha BiJHOBICHHS
PEaKTUBHOCTI KamuisipiB, Ha (OHI OUIBLI ICTOTHOrO 3HWXEHHS (aKTopy
Binnebpanna # [3K Ha 31% 1 18% (p<0,05), 111010 iX MOYATKOBUX 3HAYECHbD.

Bxe wuwepez 6 wicauiB JI[A® mnokazana 3pocTaHHSA ~aMIUTITYAH
eHJ0TeNaTbHUX, HEMPOreHHUX, MIOTEHHUX 1 cepleBUX (IakcMoLii mopsa 3
OJIHOYACHOIO  YAaCTKOK  3HIKEHHS  3aCTIMHO-CTa3uyHOro  (peHoTuiy
Mikponiepdysii, Xo4ya J0JS  CHACTHYHOTO 1  HOPMOLUPKYJIATOPHOTO
reMOJIMHaMIYHUX TUMB Mikpormpkyysiii (I'TM) 36imbmryBanack. CXOXICTh



BUIIE3a3HAYEHUX 3MIH y pa3l MO3UTHMBHOI JAMHAMIKH BH3HA4ajgach udepe3 12
MmicsmiB. Ile y3romxkyerbest 31 3HWKEHHSM piBHS (aktopy BimreOpanma Ta
JIECKBAMOBAHUX €HJIOTEITIOIUTIB.

Yepes 6 wicsamiB 'y xBopux Ha [XC, saxi mepenecom COVID-19
CIIOCTEPIrajioch BIJHOBJICHHS IIOKa3HUKIB IepeOpaibHOI TEMOJAMHAMIKH 3
penykiiiero kimbkocti MEC Ha 41% (p<0,01), 3MeHIIIeHHS IIBUAKOCTI KPOBOTOKY
y BeHax Posentans Ha 8% (p<0,05), xoua MIiKOBI CHCTOJIYHI IIBHUIKOCTI
KpoBOTOKY B CMA 1 B Oa3wisipHiii apTepii MiJBUIYBAJIUCh IIOAO JAaHUX Ha
oYaTKy JiKyBaHHs. Uepes 12 MICAIIB Y XBOPUX 2 TPYIH 3HWKYBAIUCH KUTBKICTh
MEC na 66% (p<0,01), mBUAKICTH KPOBOTOKY Y BeHaX Po3eHTtains, a Takox
30uThITyBaBCs KpoBOTOK B CMA 1 B GasumsipHiit aprepii Ha 28% (p<0,05), mpu
MOPIBHSAHHI 3 NO4YaTKOBMMHM JaHuMu. @pakuis Bukuay JIOI B 2 rpymi
30ubiryBasiack Ha 10% (Pp<0,05) uepes 6 micsmiB 1 Ha 12% (p<0,05) uepes 12
Mics1iB o0 roctporo nepioxy COVID-109.

Ha 6-my Micsui B 2 rpyni 3uuxyBaBcs (i0punoren Ha 30% (p<0,01), -
numep 1 POMK Ha 36% (p<0,01) Ta cTymiHb CIIOHTAHHOI arperarii, a TaKoxX
MOJ0BKYBaBcsl TpoMO1HOBU yac Ha 14% (p<0,05) ta 3poctaB anTutpoMmOiH |11
Ha 10% (p<0,05). Taki 3MiHM BiOOpaKarOTh 3MEHIIICHHS PU3UKY TpoMO03y (3a
PaxXyHOK Jiii aHTUTPOMOOIIMTAPHUX IIpenapariB, CTaTUHIB Ta iH). Ha 12-my micsii
¢idopuHoreH 3umxkyBaBcs Ha 23% (p<0,05), POMK Ha 48% (p<0,01), cryminb
crionTanHol arperamii Ta Jl-aumep Ha 47% (p<0,05), Takum uYHMHOM
TPOMOOIIUTAPHUI Ta TUIa3MOBUN TIeMOCTa3 HAOMMKAETbCS JO HOPMH,
3anuiatouuck nopymenum juiie y 10% xBopux. Y xBopux Ha [XC 3 COVID-
19 13 BIICYTHICTIO MO3UTUBHOI AMHAMIKU JIIKyBaHHs 3a nanumu JIJID yepes 6
MICSIIIB 3HMKAaB HOPMOLIMPKYJISTOPHUA (PEHOTHI 1 3pociia 4YacTKa 3acTiHO-
crazuuHoro ¢peHoruny 3 75% m0 83% (p<0,05), a 1o KiHII POKY crioCTEpiraxocs
3MEHIIICHHSI JIOJII 3acTiitHo-cTasmuHoro (enotuny 3 83% mo 68% (p<0,05), a
TaK0X 301IbIIeHHS criacThyHOro henotHy 3 8% 10 16% (p<0,05); nmpore y mux
Mall€HTIB TPUBAJIO YTPUMYBaBc MijiBUIeHUM D-numep.

[Ipu BukopuctanHi antutpoMOoruTapHoi Ttepamii (ATT) B miarpymi
xBopux Ha T mpuitomy ACK (2A rp.) uwepes 6—12 micaiiB crnocrepiraiu
3HIDKEHHSI CHUCTOJIIYHOTO THUCKY B JjereHeBidt aptepii 1 IVRT Ta migBuieHHs
O®Bnmi, mMopiBHAHO 3 JaHWMU Ha TOYATKy JIIKYBAaHHS, 3aBASKA 3MEHIICHHIO
TPOMOOITUTAPHOI aKTHBAITI].

B miarpymi xBopux, ski mpuiimManu kimomigorpens (2K rpyma)
smenmryBanuchk DT ta CTna, 3pocrana ®Bmm gepes 12 wmicsiiB (3a paxyHOK
P2Y12-6nokanu). B rpyni xBopux Ha [XC 3 COVID-19, mo npuiimain HOAK
(2H rp.) cnocrepirasiu uepe3 6 1 12 wmicauiB 3HmwxkeHHa CTna, a Takox
smenmeHHs KJ/1O y mopiBHSHHI 3 MTOYaTKOBUMH JIAHUMH.

B niarpymi xBopux Ha [XC 3 COVID-19 na ¢oni npuitomy HOAK uepe3
6 micaiiB BigMiuascs Havimenmui KJ1O, a takox iIMMIJIL, a gyepe3 12 micsiliB
— HaliMeHI11 po3Mipu JiiBoro nepeacepas 1 KO npu ctaniii ToBIIMHI TPaBOTro
nutyHouka. B miarpyni npuitomy HOAK 4epe3 6 micsiii 3mennryBaiich MEC 1



3pocTaB KpoBOTOK B 3MA; uepe3 12 MicsIIiB — BiIMiY€HO HAHO1IbIIIE 3HUKCHHS
MEC Tta moxpamenusi kpoBotoky B 3MA, BA ta 06ox BCA, mopiBHsHO 3
MOYaTKOBUMHU JaHUMH. B miarpymi mpuiioMy KIOMIZOTPENo yepe3 6 MICSIIB
sumkyBanuch MEC B Ounpimiit mipi Ha 19%, Hix B rpymi npuiiomy ACK. ¥V
niarpyni Tepamii ACK cniocrepiraiocs miBuillyBajgach HNIBUIAKICTb KPOBOTOKY B
CMA na 6% o0 naiieHTiB, ki otpumyBaiun HOAK.

Uepes 12 wmicsiiB y rpymi namieHTis, siki orpumyBain HOAK, nopiBHsiHO
3 XBOPHUMH, SKI OTPUMYBaJd KIOIIJOIPEJb 3MEHIIYBajlach KIJIbKICTh
mikpoeM6Ooiiynux curnainie (MEC) na 30% (p<0,05), a TakoX 3HM)KyBajach
MIBUKICTh KPOBOTOKY Y BeHax PozeHrarsi.

B miarpynax mikyBanHs ACK 1 kmomimorpenem uepe3 6 1 12 wmicsiiB
BlIMIYajach IO3UTHBHA JWHAMiKa BCIX mokasHukiB JIJI®D, a B miarpymi
3acrocyBaHHd HOAK — nuiie yacTkoBe BIAHOBJICHHSI aMILTITYIM HEHPOT€HHUX
Ta MIOF€HHUX (JIaKCMOLIA y TOPIBHSAHHI 3 IIOKa3HUKAMH Ha [0YaTOK
nocrimxerHs. B rpymi xBopux Ha [XC i3 nepenecernm COVID-19 xmomigorpens
aconiroeThes 3 MakcuMmaibHuM nipupoctoMm E3BJ[ 1 EHBJI uepe3 6 Tta 12 micsiis
JIKyBaHHS, 110 niepeBuliye y pasi 3actrocyBanHi ACK 1 HOAK.

Tepamniss HOAK npoTsrom miBpigyHOTO 1 piYHOTO JIIKYBaHHS y MAIlI€HTIB 2-
i rpynu CyHnpoBOJDKYBajacs TO3UTUBHOIO JIMHAMIKOIO BCIX IOKAa3HUKIB
IUIa3MOBOIO T€MOCTA3y.

B niarpymi npuitomy ACK 4depe3 6 micslliB 3MEHIIIyBajlach CIIOHTAHHA Ta
Al®-inaykoBaHa — arperaiisi TpoMOOLMTIB, 4epe3 12 MicsIiB, TaKOX
BIJIMIYAJIOCh TOMAJIBIIE TX 3HIKEHHSI. B miArpymi BUKOPUCTAHHS KJIOMIIOTPEITIO
B OuIbIIM Mipi 3MeHUIyBasach crnoHTaHHa Ta AJlP-iHaykoBaHa arperaiis
TPOMOOLIUTIB uepe3 6—12 MicsIiB JiKyBaHHS, IPOTE MOMIPHO 301IbIITyBallach
arperailisi iHAyKOBaHa apaxiJIOHOBOIO KHUCIOTOIO 1 koyiareHoM. Yepe3 6 1 12
MICSIIIB HallMEHIIa CIIOHTaHHa arperaiiss TpoMOouuTiB Ta AJIP-iHayKoBaHa
arperanisi TPOMOOIIMTIB OyJiK B TPyl KJIOMIAOTPEIIIO.

VY xBopux 2 rpynu B niarpyni npuitomy ACK nigBuuryBanach CUCTOJIIYHA
GyHKIIS JTIBOTO HUTYHOYKA, 30UIBIIYBAINCh TMOKA3HUKA MIKPOIMPKYJIIAIII],
KpoBOTik B CMA, a TakoX 3MEHIITyBajiach CIIOHTaHHA arperailisi TPOMOOIIUTIB.

3acTocyBaHHS  KJIOMNIJOTPEIIIO  acoIllfOBAJIOCh 3 BIJHOBJIECHHSM
1aCTOYHOT byHKIIil JIHI, €HI0TEMaIbHOT PEaKTUBHOCTI,
MIKPOIUPKYJISITOPHUX TIOKA3HHUKIB 1 TPOMOOIMTApHOTO remMocTasy. Teparis
HOAK cynpoBomkyBanacs HalOUIBII  ICTOTHUM  PETPEcCOM  JIETE€HEBOT
rineprensii, 3MenmenHsM MEC, nocuiennsm nepedpanbroi nepdysii 8 3MA Ta
BA 1 onTuMizaliiero mapaMeTpiB I1a3MOBOI0 FreéMOCTa3y.

Cepen xBopux 2 rpynu Ha IXC 3 COVID-19 3a HasgBHOI
MIKpOLUUPKYJIATOPHOI 1  €HJOTeNlaabHOI  AMCPYHKIII  BUKOPHCTOBYAIU
cynoaekcun (N=35), aprinin (N=27), murukoiid (N=35). BcraHorieHo, 10
cynoaekcun eextrBHO 3HMKYI0uH VWF Ha 15% (p<0,05) 1 L1E Ha 19% (p<0,05)
NOKpalllyBaB eHAoTemanbHy QyHkKuio, a 30iubiyoun PKK1 na 18%, PKK2 na
8% (p<0,05) crpapiisAB MO3UTHBHUI BIUTMB Ha MIKPOLUPKYJ/ISIIIO TOPIBHIHO 3



XBOPUMU Ha cTaHjapTHii Tepamii. Y xBopux Ha [XC 3 COVID-19 i3 cynyTHIM
CTEaTo30M IMEYiHKH Teparlis apriHiHOM 3HIDKYBana koedimieHt 3atyxanus (K3)
Ha 11% (p<0,05), kpoBoTik y BopiTHii BeHi 18% (p<0,05), a Takosx 30i1bITyBaIa
[1CIII y BiacHii nedinkoBii aptepii Ha 30% (P<0,05), MO3UTHBHO BILIMBAOYH
Ha TMEYIHKOBY T€MOJIMHaMIKy. Y mallieHTiB 2 rpynu mutukomid npu [IBX 1
HasiBHocTi MEC BigHOBII0BaB M03KoBY mepdysito B CMA 1o 7% (p<0,05) Ta
3HIDKYBaB MikpoeMOoiizariro Ha 41% (p<0,05).

BUCHOBKU

B nucepramiitHii poOOTI IpeACTaBIEHO HOBE BHUPIMIEHHS aKTyaJIbHOI
HAyKOBOi TPOOJEeMU Cy4YacHOi Kapiioiorii — BHUBYEHHS MaTO(i310J0TTYHUX
MEXaHI3MIB  PEMOJICIIOBAHHS  MIOKapJa, CTPYKTYpHO-(DYHKIIIOHATbHUX
MOPYILIEHb MIKPOIUMPKYJIALIi, 1epeOpabHOTO KPOBOTOKY Ta E€HJIIOTETiadbHOl
nucyHKIII 13 BCTaHOBJIEHHSAM ocobnuBocTtei nepediry IXC ta popmyBanHM 11
yCcKkIagHeHb B ymoBax mnepeHeceHoro COVID-19 ans ontumizanii BHOOpPY
AHTUTPOMOOTHYHOI Tepalii.

1. V xBopux Ha IXC 13 ®Bmm (>50%), a Takox 13 30epekKeHOI0
miactomiunoro ¢pyukiiero (E/A>1) KIOmm 36inpmenuit Ha 30% (p<0,01) npotn
koHTpoito, a mpu ®Bamr>50% Tta mopymenni penakcarii (E/A<1) — nHa 33%
MOPIBHSHO 3 KOHTpoJieM. Y xBopux 3 ®Bnir>50% 13 36epekeHoro A1acToIYHOI0
dyukuiero (E/A>1) PKK2 pummit Ha 20% (p<0,01), vix npu E/A<I], xoua
HUOKYMi Bil KoHTponto Ha 47% (p<0,01). V mnamientiB 3 DPBam<50%
3HIKYEThCS KpoBOTOK B CMA Ha 42% (p<0,01) Ta 3pocrae MEC nHa 25%
(p<0,01) momo xoutposar. Y xBopux Ha IXC 3 ®Bmm<50% i E/A>1 (npu
pectpuktuBHOMY THIi) VWF 1 kimpkicte MEC 6inbmi BignoBigHo Ha 24% 1 Ha
23% (p<0,01); ane PKK1 menmmii Ha 8% npotu E/A<l. ¥V Bcix xBopux 3
OBmm<50% 30imbinyeTbest crioHTaHHa arperamiss TpomoOouutiB (CArT) i
apaxigoH-inaykoBaHa ArT BigmoBigHo Ha 60% 1 39% (p<0,01), mopiBHSHO 3
KOHTPOJIEM.

2. Y rpyni xBopux Ha IXC 3 mepenecenum COVID-19, i3 36epexxeHoro
cuctoiunoro ¢pyHkiieo (OBmur>50%) piai POMK i MEC BiamoBigHo OiIbII
Ha 54 1 36% (p<0,01) momo rpymu [XC; PKK1 menmuii Ha 20% (p<0,01) momo
1 rpynu. Cucromniuna 1ucyHKIs B 2 TPy OEAHYETHCS 13 301IbIIIEHHSIM P1BHIB
MEC 1 POMK Bsianosigno Ha 47% 1 27% (p<0,01) 1 ammiiTy 1010 AUXaibHUX
dnaxemorriii Ha 42% (p<0,01) mopiBusiHO 3 rpymoro [XC.

3.V 47% xBopux npu COVID-19 acorifioBaHiii THEBMOHIT 3 YpaXKEeHHSIM
ounbire 75% nereneBoi napenximu 3unKyeTbes @B va 12% (p<0,05), v 75%
- MABUIITY€ThCA cucTONuHuM THCK B JIA Ha 19% (p<0,05), 3poctac MEC Ha 47%
(p<0,01) mOpiBHIHO 3 MEHIIIOKO 30HOI ypakeHHs JereHb (25%). [IporpecyBanus
COVID-19  cynpoBOIKY€ETbCS ~ MIKPOILMPKYJIATOPHUMHU  po3jiafaMu 31
smenmenusM E3BJ] i EHBJI BiamosigHo Ha 30% Ta 26% (p<0,01), HIK Ta
YIOBUIbHEHHSIM KPOBOTOKY B apTepilajbHIA YacTWHI Kamijaspa BIAMOBIIHO Ha



22% 1 18% (p<0,05), 3pocranuam VWF 1 3menmennsam npoteiny C Ha 35%
(p<0,01; p<0,05) Ta AT-Ill Ha 12% (p<0,05), mocwnenusm crynens CArT.

4.V xBopux Ha [XC 3 COVID-19 (2 rpyna) B nopiBHsiHHI 3 1 rpymnoo
BIIMIYA€ThCS JEKOMITEHCAIlisI CUCTOIIYHOI Ta M1aCTOMIYHOI (YyHKINI, TuiaTaris
000x nutyHoukiB, 30utbiIeHHss CTna Ha 20% (Pp<0,01); 3umxeHHs nepdy3ii B
CMA Ha 10% (p<0,01) Ta mpupict MEC Hna 47% (p<0,01). 3meHmeHHS
MIBUAKOCTI KanuisspHOTro KpoBoToKy 3a LIK Ha 9% (p<0,05); npurniyenns PKK1
Ha 12% (p<0,01) 3a JIAD cBiguuTh mpo AepiuuT sk eHpoTemanbHoi Ha 17%
(p<0,01), Tak i miorennoi Ha 39% (p<0,01) peryssiiii TOHyCYy apTepioJi, CTOCOBHO
1 rpynu. 3poctanus POMK na 40% (p<0,01) ta VWF na 26% (p<0,01) mono
IXC cBiguuTh po TPoMOOTHYHI PU3UKK Ha (POHI €HAOTENIadbHOI AUCPYHKIIII.
Bereratupauii aucbamanc i3 3meHmeHHsM SDNN na 47% (p<0,01) i
30iapieHHssM  BiamoBigHO PNNSO Ha 52% 1 rMSSD mHa 68% (p<0,01),
mojoBKeHHsIM BapiabenmbHOocTi QT Ha 26% (p<0,05) momo 1 rpymu Hece
MOTEHI[INHUN PHU3HK KUTTEBO 3arpoKylOUMX HUTYHOUYKOBUX TaxiapuTmiil. Y
xBopux Ha IXC mopiBHsHO 3 KoHTposieM 3HrkeHHS PKK1 nHa 39% (p<0,01),;
30impiienHs ®I° Ha 12% (p<0,05) Ta crymenio CArT nHa 60% (p<0,01),
nBokpartHe miasuieHHs L{E 1 VWF e BusBom nectabimizarii atrepoTpoM003y.

5. B rpymi xBopux 3 COVID-19 (3 rpyna) nmoaioHO XBOpUM 2 Tpymu
3HMXKYEThCs 3arabHa BCP, momoskyerses BapiadenbHicTh QT Ha 43% (p<0,01)
0JI0 KOHTpOJsA. BigmiuaeTbess pemMoJeNtOBaHHS KamIsapiB 13 IMiJABUIICHHSAM
nokaszHuka Mikpouupkyssiii 3a JIJID na 25% (p<0,01) Ta qomiHye rinepeMigyHu
abo 3acTiitHo-cTazmunuii  ¢geHorun Mikpouupkyssiii (3CDOM), 9-kpatHo
30utbIyeThest D-aumep, ¢piopuHoren Ha 42% (p<0,01) Ta cTymiHb CHOHTAaHHOI
arperaiiii TpomoouuTiB B 3 pasu (P<0,01) mpoTu KOHTPOJIIO, IO MIATBEPIKYE
3aMydeHHs MIKPOIMPKYJSIIl, CHCTEeMH TeMOCTa3y, a TaKOXX aBTOHOMHOI
JTUCPETYJIAMIT 3 BACOKMM PU3UKOM IITYHOUYKOBHX apUTMIH.

6. Cepen MOpiBHSHUX TPYN B 2 Tpymi ICTOTHUX 3MIH 3a3HA€ CUCTEMaA
TPOMOOIIMTAPHOTO TEMOCTa3y 13 MIJABUIIEHHAM CTYNEHIO 1 I[IBUAKOCTI
cnionTanHoi arperaitii tpom6onuTiB (CArT) BiamosigHo Ha 50% i 35% (p<0,01).
B Haii01mp11i#t Mipi, OPIBHSAHO 3 1 TPymHoro 3pocTae CTymiHb iHAyKOoBaHOi ArT
PUCTOMIIIMHOM 1 KoJlareHoMm BimoBiaHo Ha 62% 1 30% (p<0,01), B Tol yac, 5K 3
aapenaninoMm 3HmKyeThess Ha 17% (p<0,05). CnoBinbHIOETHCS Yac Ha 27% 1
CTyMiHb apaxinoH-iHaykoBaHoi ArT, ska Ha 30% (p<0,01) € HmwKYa, HIXK TPU
13ompoBaHomMy COVID-19. Illogo mna3moBoro reMocTtasy B 2 rpymi
30UTBIITYIOTBCS MapKepu TpombOoreHe3y: piBeHb D-mumepy Ta (ibpuHOTEHY
BianoBigHo Ha 220% 1 31% (p<0,01) B TOM wac, K Ha BHUCHAXXEHHS
IpOTU3ropTyrouoi cucteMu Bkasye 3HmxkeHHsE AT-I1 1 mporeiny C BiamoBigHo
Ha 12% 1 20% (p<0,05) momo 1 rpynu.

7. Y xBopux Ha IXC nicnsa nepenecenoro COVID-19 3a nanumu JIJID 1
KanuIIpOCKOIIi MPOCTEKYETHCS papedikallis 13 3SHUKEHHSM HIUIbHOCTI KalIspiB
Ha 33% (pP<0,05), iX MOAOBXKEHHS 1 AWJIATAIlis, CTA3 EPUTPOIIUTIB; 3MEHIIIECHHS
IIBUJKOCTI KamuigipHOTO KpoBOoTOKYy Ha 41% (p<0,01), sk paHHIX 3MIiH



MIKPOIMPKYJISAIIl, MIKpOTpOoMOO3iB, AHCTOHII Ta pPEMOJAEITIOBAHHSA. 3MiHU
perymanii Mikporupkyysmii 3a JII® cynmpoBOmKyIOTh MPUTHIYEHHS aMILTITY
eggoremiansHuX (AE), meiporennux (AH), wmioremrnx (AM) KoiMBaHb
BiamoBiaHO Ha 55%, 32%, 40% (p<0,01), Ta 3sumkenns PKK1 na 36% (p<0,01).

8. VYV xBopux 2 rpynu B HaWOUIbIIIN Mipl MIABUILYE PU3UK CMEPTI:
30utbmenuss IMMIIL (p=0.01) OR 33,23 (95% Al 17,51-63,08), 3HMXKEHHS
MBUAKOCTI KpoBOTOKY B BA (p=0,001) OR 25,24 (95% Al 11,13-57,23), ®Bmm
(p=0,001) OR 22,35 (95% I 11,4-43,7) npu MynbTH(AKTOpiaTbHOMY aHai31
cepel MPEeAUKTOPIB HECHPUSATIMBUX MOAiNH. OJHAKOBUNM PU3MK Yy BUHUKHEHHI
iHCynbTy ckianu: 3umkenHs [IK® (p=0,025) OR 3,6 (95% Al 1,17-10,8) Ta
smenmenHas PKK2, sxi cipuauHsoTh eckanaiito pu3uky iHcyasTy (p=0.019) OR
3,2 (95% 11 1,2-8,5). Pusuk nporpecyBannst CH y xBopux 2 rpynu 0yB BUCOKUM
MIPU MEHIIINX 3HAUYEHHSAX aMILTITYIu eHaoTeniansaux dhaakemortiit (p=0,005) OR
2,4 (95% M1 1,31-4,4), npu 6inemmx MEC (p=0,036) OR 2,8 (95% Al 1,1-7,5).

9. 3a ontumaneHO1 MearKaMeHTo3HOoi Tepanii (OMT) y xBopux 2 rpynu
30utbmyeThest @B Ha 8% (p<0,05), 3MEHIIYIOTHCSI pO3MipH Kamep cepus i
CTna na 16% (p<0,01), BIAHOBIIOETHCA MIKPOLIMPKYJISIIiSA, 3POCTAE YaCTKa
HopMorupkyiatopHoro  (HOM) Tta cnactuunoro ¢enorunie  (COM),
3MeHInyeThest Ppakiis rinepeMmiyHoro ta 3COM, s3umwxkyerbess VWF Ha 17%
(p<0,05). Y xBopux 3 rpymu, MoaioHO IpyIi 2 BiAHOBIIOIOTHCS SK MOKA3HUKU
mikporupkysiii, VWF Ha 15% (p<0,05) 1 IIE na 30% (p<0,01), Tak 1 nOKa3HUKHU
MO3KOBOTO KpPOBOTOKY 3 OJHOYacCHMM MIABUIICHHSIM MBUAKOCTI B CMA,
smenmenasiM MEC na 14% (p<0,01) 1 3poctannsm K Ta mepexigHoi 30HU
kamisapiB Ha 10% (p<0,05).

10. Ilpy nUHaMIYHOMY CIIOCTEPEKEHHI y XBOpUX 2 rpynu yepe3 6 1 12
MicsaniB migBumyeTsess ®Bmm Bignosimao Ha 10% (p<0,05) i 13% (p<0,01),
CTna 3amxkyethes Ha 14% 1 16% (p<0,05), a IVRT 3menmyerscs Ha 11% uepes
6 Mics1iB. bublIICTh MALIEHTIB AEMOHCTPYIOTh Yepe3 6 micsuiB 3poctanHs AE,
AH, AM, AC ¢nakcemoiii; perpecye 3COM ta 3poctac HOM 1 COM; uepes 12
MicsmiB: B moganbiioMmy 3MmeHmyrTbes VWF 1 IHEK. UYepes 6 wicsiis
3HnkyeTbes I' Ta POMK Bignosigno Ha 301 21% (p<0,01), D-numep B 3,5 pasu
(p<0,01), a Takox 36ubITyeThCT AT-111 Ha 10% (p<0,05). Uepes pik y OiibIocTi
MaIl€HTIB TIOKa3HUKU TeMOCTazy HopmanizyBasiucs, mnpore y 10% «non-
responders»  BigmiueHa ~ BTpaTa  HOPMOIMPKYJIATOPHOTO  (hEHOTHITY
MIKPOIUPKYIIAIT 3 GOpMYyBaHHSIM 3aCTIHHO-CTA3UYHOTO HA T miABUIieHOTo D-
IUMepy.

11. Ilpu ananizi anturpom6botuyHoi Tepamii (ATT) y xBopux Ha IXC 3
COVID-19 B miarpymi 3actrocyBandst ACK: uepes 6 micsiiB 30utbnyeTbest PKK1
Ha 20% (p<0,01), PKK2 na 12% (p<0,05), I3K na 10% (p<0,05), 3MeH11y€eTHCS
CTyHiHb CHOHTaHHOI arperamii TpoMOoruTie Ha 30% (p<0,01) BimHOCHO
noyaTkoBuX aaHux. Yepes 12 micsani miapuinyerbes @Bmm va 6% (p<0,05),
mineHICTh KanisapiB 1 PKK1 BignosigHo Ha 20% 1 19% (p<0,01), 3MeHIITyIOTHCS
I3K Ha 18% (p<0,05), CTna na 17% (p<0,01) mopiBHSIHO 3 MOYATKOM JIIKYBaHHSI.



3pocraroth kpoBoTik B CMA Ha (5-6%), AM duakcmoniii Ha 10% (p<0,05),
oo rpynw, ki npuiimain HOAK.

12. Tlpu intenperauii pe3ynbrariB ATT y xBopux Ha [XC 3 COVID-19 B
HiArpyIi 3actocyBanus kiomnigorpento (Ki): HaitGinbie 30inbiryerscst E3B/] Ha
37% (p<0,01), 3umxyrorecst MEC Ha 19% mono rpynu 3acrocyBanus ACK.
Yepes 12 micaniB CTna 3umxkyeThest Ha 16% (p<0,05), BinMivaeThCs HaliMEHIIA
CArT Ta AJI®-inaykoBana ArT y rpym Kn (6-12 wmicsmis), Takoxx E3BJI i
EHB/I BinHOBmIOIOTRECS TIpW Teparii Ki1 icToTHiIIe, HiXK B TPYI 3aCTOCYBaHHS
ACK. Ilpu ananizi ATT y xBopux 2 rpynu B miarpyni HOAK uepe3 6 MmicsiiiB
peeCTpyIoThes: paHHe U ctane perpecyBanHs CTrna na 20% (p<0,05), a Takox
samkeHass POMK 1 kinbkocti LE BignmoBigHOo Ha 26% 1 20% (p<0,05), uepe3 6
Mmic 3meHmytotbess JIII 1 IMMIIIL nHa 18% (p<0,05); uepes 12 wmicsauiB
3HIKYIOThCST POMK Ha 67% (p<0,01). Haiib6insine 3menmenns MEC na 30%
(p<0,01) o BimHomIeHH!O M0 KiT IpocTex)Ky€eThCs yepe3 12 MicsIiB.

NMPAKTUYHI PEKOMEHJA LT
1. J171s1 OLIIHKY PU3HKY JIETAILHOCTI Ta porpecyBanHs xpoHiuHoi CH y narieHTis
3 IXC, saxi nepenecnu COVID-19 npuninseTscs yBara mBHJIKOCTI KPOBOTOKY B
OaswnsapHid aprepii, IMMJIII, ammnityai eHgoTemialbHUX  (HIAKCMOIIIH,
MIKpOEMOOJIIYHUM CUTHAJIaM, (PEpUTHHY Ta 1HAEKCY 3BUTOCTI KaIllJIsPiB.
2. Pusuk iHCynbsTy y mamieHTiB 3 IXC 1 nepenecenum COVID-19 3pocrae 3a
HasiBHUX >2 kpurtepiiB: KJ[Pmm, [HK®, pesepB kamuisipHOro KpPOBOTOKY
HITPOTJIIEPUHOBOI MPOOU, MIKpPOEMOOJIIYHI CUTHAJIH, KPOBOTIK B CepemHii
MO3KOBIH apTepii a0o B Oa3WIsIpHINA apTepii.
3. 3 METOI0 paHHbBOI 1ICHTH(IKAIIT PU3UKY MIKPOLUPKYJIATOPHUX YCKIATHEHD Y
narieHTiB 3 IXC, saxi mepeneciu COVID-19 pouinsHO BIPOBaIXyBaTh
cTpaTtudikaiio XBOPUX 3a dbeHoTunamu MIKPOUMPKYJISIIII:
HOPMOLUPKYJISITOPHUN, CHACTUYHUMN, TIIIEPEMIYHUMN, 3aCTINHO-CTa3UYHUH 32 15
BUOOPY ONTUMAIBLHOT METMKAaMEHTO3HOI Tepartii.
4, XBopum Ha IXC 3 COVID-19 mnpu 3umxkeniit ®Bmm, mnopymieHHIX
MIKpOIUPKYJIAILIT, 3HMKEH1H niipHocTi Kamisapi, PKK1, PKK2 ta Bucokux I3K
1 crIoHTaHH1{ arperarfii TpoMOOIUTIB JOIUIBHO B AKOCTI ATT BUKOPUCTOBYBATH
ACK 100mr x 1 pa3 Ha 100y.
5. Mamientam 3 IXC 3 COVID-19 3 o3nakamu eHjoTemiaabHOI IuUC(YHKITT
(3umxenns E3BJI, EHB/), nigsumenumu MEC 1 CTna ciijg BUKOPUCTOBYBATH
KJIOMIOTEJIb 75MT OJIUH pa3 Ha 100y.
6. ¥V okpemux rpymnax mamieHtiB Ha [XC 3 COVID-19 ta Bucokumu MEC, ]I-
aumepoM, POMK, IIE, oznakamu pemopemtoBanss JIII (iIMMUJILL, KOs,
CTna posrasinytu Bukopuctanuss HOAK (puBapokcaban 15mr x 1p B geHp abo
anikcaban 2,5Mr x 2 pa3u Ha A00y) B 3aJ€XHOCTI BiJl MONEPEAHBOTO e(PeKTy
JKYBaHHSI.



7. IIpu anamizi nokazuukiB BCP y xBopux na [XC 3 COVID-19 cnin 3Bepratu
yBary Ha TPUBAJICTh Ta BapiabenbHICTh iHTepBaLy QT, Mpu MoJ0BKEHHI IKOTO
PEKOMEHIOBAHO BPaXOBYBATH CXIJIBHICTH 10 UTyHOUKOBHX apuTmii (I1IT).

8. Ilamientam 3 IXC, ski mnepenecnu COVID-19 Tta o3HaKamu
MIKPOLIMPKYJIITOPHOI W eHpoTemianbHOl auchyHkiii (migsumenas VWEF,
nupKyaordux eraorenionutiB; 3HmwkeHHs PKKI1, PKK2) nouinbaum €
pU3HAYEHHS /110’ BAHTHUX €HIOTEIIOMPOTEKTOPIB: CyloAeKcuay y 1031 250 JIO
2 pa3u Ha 700y MPOTATOM 6 MICAIIB; 3a HASBHOCTI IIJIBUIIEHOI KUIBKOCTI
MIKPOEMOOJIIYHUX CHUTHAIIB, HEBPOJIOTIYHUX CHUMIITOMIB Ta 3HHKEHUMH
MIKOBUMH cUCTOJIYHUMHU mBHAKocTIMH y CMA 1 BA pexomeHgoBaHO
3aCTOCYBAaHHS IUTHUKOJNIHY B 11031 500 mr 1 pa3 Ha noOy BpaHIll ynmpoaoBxk 6
micsauis; mpu [XC 3 COVID-19 i cynyTHIM CTeaTo3oM MEUYiHKH, MOXE OyTH
npu3HayeHo L-aprinin y 1031 750 Mr 1 pa3 Ha 100y BBeuepi NpoTAroM 6 MICSIIIB,
[0 CIpHUsA€ 3MEHIIEHHIO Koe(illleHTa 3aTyXaHHsl, MOKPAIIEHHIO KPOBOTOKY Yy
BOpITHIM BeH1 Ta nigsuueHHto [ICL y BracHii ne4iHKOBIN apTepii.



MHNEPEJIIK YMOBHUX CKOPOYEHb

ACK — aneTwicaaiinioBa KUCJIOTa

DT- yac cioButbHEHHS MOTOKY E Ha MiTpanbHOMY KilamaHi

E/AMK - criBBIIHOIIIEHHS MaKCUMAJILHUX MIBUIKOCTEN NOTOKIB E Ta A Ha
MITpaJIbHOMY KJIarnaHi

IVRTMK - gac 130BOTIOMIYHOTO PO3CIIA0ICHHS JIIBOTO MITYHOYKA.
AH — (AmaxN) makcumanpHa aMIUTiTy1a HEUPOTeHHUX (DIaKCMOITii
AE — (AmaxE) — MakcumanpHa aMIuTiTy[a €HA0TETaTbHIX (DIAKCMOIIIA
AJl - (AmaxR)— MakcuMaibHa aMILTITya TUXaTbHUX (prrakcMorii
AM (AmaxM) — MakcuMaJibHA aMILIITyAa MIOT€HHUX (JIaKCMOIIii
AC — (Amax(C) — makcuMasbHa aMILIITY1a CEPLEBUX (PIIAKCMOIIIH
ATT — anTUTpOMOOIIMTApHA TEpaITis

BA — 6a3unsipHa (ocHOBHA) apTepis

BP — Bena Poszenrans

BCA — BHyTpiIlIHS COHHA apTepis

['®M — I'inepeMiuHul HEHOTUTT MIKPOITUPKYJISALIIT

E3B/I — eagoTemii-3ancKHa Ba30oapIaTaris

EHBJI — ennoteniii-He3aneKHa Ba30apIaTaIlis

ExoKI" — exokapaiorpadis

3MA — 3aHg MO3KOBa apTepis

3CA — 3arajibHa COHHa apTepis

3COM — 3acTIiHO-CTa3UYHUN (PEHOTHUI MIKPOLIMPKYJIISALI]
IMMum — iHJIeKC MacHu MioKapa JIiIBOTO MITYHOYKa

[XC - imemiuna xBopoOa cepiist

KJIO - xiHI1IeBO-/11aCTOIYHUI 00 €M JIIBOTO MUTYHOYKA

KJIP - xiHII€BO-/11aCTOIIYHUIA PO3MIp JIIBOTO MITYHOUYKA

Kot - kiomigorpens

JIJI® — nazepua nonruiepiBcbka Groymerpis

HOAK — HOBI1 aHTHKOAryJISIHTHI IIpenapaTu

H®M — HOMOUMPKYIATOPHUN (PEHOTUI MIKPOLIMPKYJISALI]

JIIT - niBe mepencepas

JIOT - miBUH HLTYHOYOK

OMT — onTuManbHa MEAMKaMEHTO3HA Tepanis

IICII — mikoBa cuUCTOJIYHA MIBUAKICTH

11 — mpo6a Llenepmaiiepa

11T - mpaBui NUTYHOYOK

PKK1 — pe3epB kaniisipHOTO KpOBOTOKY NP OKIIO31iHIN TpoOi
PKK2 - pe3epB kanijasipHOro KpOBOTOKY MPHU HITPOTIIIIEPUHOBIH MpoOi
C-19 - COVID-19

CArT — cnonTanHa arperartiisi TpOMOOITUTIB

CMA — cepenHst MO3KOBa apTepis

CTna — cucTomiuHUA TUCK Y JIETEHEeBI1H apTepii

C®M - cnacTuaamit PEeHOTUIT MIKPOIUPKYIISIT



VWF- ¢akrop BinneOpanna

OB - ppakiiist BAKKIY JTIBOTO IUTYHOUKA

@I - piOpunoreH

XCH — xpoHniuHa ceplieBa HeZJOCTaTHICTb

E — mupkysroro4i (JiecCkBaMOBaHi) €HI0TE10IUTH

K — nudpoBa KaniaspocKoIis

[ITA — mBHAKICTh KPOBOTOKY B apTepiaibHIN YaCTHHI KaNIsApy

[IB - mBUAKICT, KPOBOTOKY B BEHO3HIM YaCTHHI KamiIsIpy

SDNN - 1ie ctangapTHe BiaXuIeHHS Mocii1oBHOCTI HopMaibHIUX NN-
IHTEPBAJIIB Y MUJTICEKYHIaX

PNN50 - moka3HuK yacoBoi 06J1acTi BapiabeIbHOCTI CEPIIEBOTO PUTMY, SKHIA
B1100Opakae BicoTOK nap cycigHix NN-iHTepBaiB, 0 pi13HATHCSA OUIBII HIXK Ha
50 mc

SDQT(NN) — 1ie cranmapTHe BiIXHJISHHS MOCTIIOBHUX iHTepBamiB QT, 110
PEECTPYIOTHCS Y HOPMATBHUX CHHYCOBHX KoMmIutekcax (NN)

rMSSD — 11e moKa3HHK 9acoBOi 00J1aCTi BapiaOEIBHOCTI CEPIICBOTO PUTMY, 1110
B1J100pakae KBaJIpaTUYHE CEpEHE MOCIIJOBHUX P13HUIL MK cycigHiMu NN-
1HTEepBaIaMH



Kawouosi caoBa: IXC, COVID-19, BuyTtpimHbOCEpIieBa TIeMOIWHAMIKA,
nepeOpaibHa TeMOAMHAMIKa, Jla3epHa JOMNIUIEpiBChKa (QIoyMeTpis, pe3epB
KamUISIPHOTO  KPOBOTOKY, OKJIIO3MBHA TMpo0a, HITPOTJiIEpruHOBa Tpo0a,
SHAOTENi3alexHa 1  eHJOoTeNiiiHe3ale)kHa  Ba3oJwiarTallis, Lu@posa
KamuIIpOCKOMIs, TUTa3MOBHM 1 TpPOMOOIMTApHUM TEeMOCTa3, €HAOoTelialbHa
byHKIIs, MIKpOIUPKYJISIIA, ¢pakTop Biedpanaa, HUpKyI00Yi eHI0TeianbH1
KITITHHH.
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GENERAL CHARACTERISTICS OF THE WORK

Relevance of the topic. Ischemic heart disease (IHD) occupies a central position
within the pathophysiological continuum of cardiovascular events, where
traditional risk factors, endothelial dysfunction, atherosclerosis, and thrombosis
Initiate progressive myocardial remodeling, the development of heart failure
(HF), and fatal vascular events [Herzog M.J., 2025]. The COVID-19 pandemic
has fundamentally altered the course of IHD, demonstrating a shift in risk
stratification from moderate to high cardiovascular risk.

Following SARS-CoV-2 infection, not only do pre-existing diseases
exacerbate, but de novo manifestations frequently occur, including arterial
hypertension (AH), HF, myocarditis, postural orthostatic tachycardia, type Il
myocardial infarction, atrial fibrillation (AF), arterial and venous thromboses,
and strokes [Krishna B.A., 2024]. The disorder also involves both the central and
autonomic nervous systems, and cerebral infarctions have been reported in the
context of Long-COVID-19 [Tsampasian V. et al., 2025].

COVID-19 profoundly alters intracardiac hemodynamics [S. Caravita et
al., 2021]: a hyperdynamic circulation with normal pulmonary vascular resistance
(PVR) is characteristic, distinguishing COVID-19 from classical acute
respiratory distress syndrome (ARDS), where elevated linear vascular resistance
Is typically observed.

Marked reductions in heart rate variability (HRV), QT prolongation, and
frequent cases of right ventricular failure and pulmonary hypertension (PH) have
been documented, particularly in critically ill patients [Gevorkyan E., 2024];
elevated left-ventricular filling pressures contribute to pulmonary edema and
respiratory failure [Brogi E. et al., 2022].

It is now recognized that COVID-19 is accompanied by instability of

cerebral blood flow [Ghotbi Z., 2020], with decreased flow velocities in major
cerebral arteries during the acute phase [Wool G.D., 2020]. Elevated troponin
(cTn) and ferritin levels are associated with high mortality [Siki¢ J., 2021].
The vascular endothelium, losing its protective properties under conditions of
COVID-19-associated inflammation, becomes highly vulnerable, initiating
endotheliitis and immunothrombosis. Endothelial dysfunction in COVID-19 is
supported by reduced flow-mediated dilation (FMD), increased circulating
endothelial cells, and heightened von Willebrand factor (vWF) activity [Ergiil G.,
2021; Guervilly C., 2020; Goshua G., 2020].

Laser Doppler flowmetry (LDF) identifies four microvascular phenotypes
in patients recovering from COVID-19 [Siki¢ J., 2021]. Capillaroscopy reveals
enlarged, tortuous, and deformed capillaries with reduced capillary density
[Gotelli E., 2025].



COVID-19 is accompanied by complex hemostatic disturbances:
hypercoagulation, platelet activation, endothelial injury, and impaired
fibrinolysis. In severe cases, fibrinogen, coagulation factor VIII, and vWF levels
increase, whereas protein C and antithrombin [l (AT-11l) levels decline [Dos
Santos F., 2023]. However, hemostatic alterations specifically in patients with
combined IHD and COVID-19 remain insufficiently studied.

Research on antithrombotic therapy in COVID-19 presents heterogeneous

results [Abani, Obbina et al., 2022]. Aspirin and P2Y12 inhibitors did not
demonstrate significant benefit [Xiaolong Zong et al., 2022], whereas long-term
use of direct oral anticoagulants (DOACSs) showed potential mortality reduction
[Qingchun Song, 2024]. Therefore, selecting optimal antithrombotic therapy for
patients with IHD and post-COVID syndrome remains highly relevant.
Data are limited regarding long-term (6- and 12-month) dynamics of intracardiac
and cerebral hemodynamics, microcirculation, endothelial function, HRV,
plasma and platelet hemostasis in this patient population, particularly considering
severity of the infection, HF phenotype, and comorbid conditions.

A separate unresolved issue is the lack of clear criteria for risk stratification
of HF progression and cerebrovascular complications in patients with IHD and
post-COVID  syndrome using accessible non-invasive  methods—
echocardiography, Doppler ultrasound of brachiocephalic and cerebral vessels,
digital capillaroscopy, laser Doppler flowmetry, and laboratory markers of
endothelial injury and coagulation status.

The prognostic significance of changes in microcirculation, microembolic
burden, markers of endothelial dysfunction (VWEF, circulating endothelial cells),
D-dimer, and natural anticoagulants in shaping the “post-COVID thrombotic
phenotype” in patients with THD also remains insufficiently defined.

The above-mentioned gaps formed the basis and rationale for conducting
the present study.

Connection of work with scientific programs, plans, topics. The studies
presented in this dissertation constitute a fragment of the research project
conducted at the Department of Propaedeutics of Internal Medicine No. 1 of
Bogomolets National Medical University: “Correction of platelet and plasma
hemostasis alterations in patients with coronary syndromes and arterial
hypertension, considering the presence of comorbid pathology” (State
Registration No. 0121U110275).

The aim of the study was to determine the pathophysiological
mechanisms of myocardial remodeling, alterations in microcirculation, cerebral
blood flow, and the hemostatic system in patients with coronary artery disease
(CAD) who had recovered from COVID-19, with the purpose of optimizing the
diagnosis and treatment of hemodynamic and thrombotic disorders.



Objectives of the Study

1. To compare the dependence of changes in intracardiac and cerebral
hemodynamics and hemostatic parameters in patients with CAD on the
severity of left ventricular (LV) dysfunction compared with the control
group.

2. To determine the specific features of changes in intracardiac and cerebral
hemodynamics, microcirculatory parameters, and plasma—platelet
hemostasis in patients with CAD and COVID-19 depending on the severity
of LV dysfunction, compared with patients with CAD.

3. To evaluate the influence of COVID-19, taking into account the severity
of lung involvement, on intracardiac and cerebral hemodynamics,
microcirculation, and plasma—platelet hemostatic parameters.

4. To study the characteristics of hemodynamics, microcirculation, heart rate
variability (HRV), and hemostatic parameters in patients with CAD,
COVID-19, and their combination.

5. To determine the diagnostic value of laser Doppler flowmetry and digital
capillaroscopy in patients with CAD who had recovered from COVID-19.

6. To develop an algorithm for predicting complications (death, heart failure,
and stroke) based on the analysis of changes in intracardiac and cerebral
hemodynamics, microcirculatory status, and platelet hemostasis after one-
year follow-up.

7. Toassess intracardiac and cerebral hemodynamics, microcirculation, and platelet
hemostasis under antithrombotic therapy in patients 6 and 12 months after
recovery from COVID-19.

8. To investigate the diagnostic value of intracardiac and cerebral hemodynamics,
microcirculation, and endothelial function in patients with CAD and COVID-19
depending on treatment effectiveness.

Object of the Study Patients with coronary artery disease in combination with
coronavirus disease COVID-19.

Subject of the Study Pathophysiological mechanisms of myocardial remodeling,
microcirculatory and cerebrovascular disorders, and hemostatic dysfunction in
patients with CAD who had recovered from COVID-19; their interrelationships
and associations with HRV parameters; as well as the influence of these
mechanisms on the risks of death, stroke, and progression of heart failure.
Methods of the Study General clinical examination; echocardiography with
assessment of intracardiac hemodynamic parameters; assessment of cerebral
hemodynamics by ultrasound Doppler examination of head and neck arteries;
laser Doppler flowmetry; digital capillaroscopy; Holter ECG monitoring with
assessment of heart rate variability parameters; plasma hemostasis; platelet
hemostasis; Celermajer test for the assessment of endothelial function; humoral



markers of endothelial function (von Willebrand factor and circulating
endothelial cells); and statistical methods.

Scientific Novelty of the Obtained Results The study further advanced the
understanding of the pathophysiological mechanisms underlying the
development and progression of coronary artery disease (CAD) in the context of
prior COVID-19 infection. In patients with CAD and COVID-19, a specific
phenotype of cardiac remodeling was identified, characterized by the formation
of combined systolic—diastolic left ventricular dysfunction with moderately
reduced systolic function, right ventricular dilation, and signs of post-COVID
pulmonary hypertension.

A relationship between disturbances of intracardiac hemodynamics and
cerebrovascular dysfunction in patients with CAD after COVID-19 was
demonstrated. This was manifested by a reduction of cerebral blood flow in the
territories of the middle cerebral artery (MCA) and basilar artery (BA),
accompanied by an increased frequency of microembolic signals (MES), serving
as a marker of risk for ischemic cerebrovascular events,

Structural and functional alterations of microcirculation were detected in
patients with CAD with prolonged persistence of post-COVID microvascular
injury, accompanied by capillary rarefaction, a reduction of microvascular
reserve, and the formation of pathological microcirculatory phenotypes
(stagnant-stasis, hyperemic), associated with decentralization of microvascular
tone regulation. A combined decrease in the amplitude of endothelial, neurogenic,
and myogenic fluxmotions on laser Doppler flowmetry was identified in patients
with CAD and post-COVID syndrome. This reduction is caused by endothelial
cytopathy, inflammatory-hypoxic injury of the microvascular bed, impairment of
autonomous neurovascular regulation, and exhaustion of microvascular reserve.
The role of hemostatic system dysfunction as a key mechanism driving the
progression of hemodynamic disturbances in patients with CAD after COVID-19
was determined. The formation of a “post-COVID prothrombotic phenotype”
was revealed, characterized by elevated levels of fibrinogen, D-dimer, soluble
fibrin-monomer complexes (SFMC), von Willebrand factor (VWF), and
increased spontaneous and induced platelet aggregation, accompanied by
depletion of protein C and antithrombin 111 (AT-I11).

The prognostic  significance of cerebral hemodynamic and
microcirculatory parameters was established. Predictors of adverse events
(mortality, stroke, progression of heart failure) included: reduced blood-flow
velocity in the basilar artery, decreased capillary blood-flow reserve (RKC),
increased capillary tortuosity index (CTI), an increase in microembolic signals,
and a higher prevalence of pathological microcirculatory phenotypes (hyperemic
and stagnant-stasis).

In the context of existing uncertainty regarding the optimal choice of
antithrombotic therapy in patients who recovered from COVID-19, the



differential effects of acetylsalicylic acid (ASA), clopidogrel, and non-vitamin K
oral anticoagulants (NOACs) on cardiac remodeling, microcirculation,
hemostatic parameters, and risk of thrombotic events during 6- and 12-month
follow-up were established in patients with CAD and post-COVID syndrome.
Clopidogrel significantly improved endothelial function, microcirculatory
regulation, and platelet hemostasis.

NOACs reduced the number of microembolic signals, decreased
pulmonary hypertension, and favorably influenced plasma hemostasis.
ASA increased left ventricular ejection fraction and contributed to beneficial
changes in microcirculatory indices.

Approaches to integrated assessment of hemodynamic disorders were

improved through combined evaluation of echocardiography, transcranial
Doppler, digital capillaroscopy, laser Doppler flowmetry, and parameters of
plasma—platelet hemostasis for risk stratification in patients with CAD and post-
COVID syndrome.
Practical Significance of the Obtained Results An improved model of clinical
evaluation of patients with coronary artery disease (CAD) after COVID-19
infection was proposed, which contributes to the early detection of cardio-
cerebral and microcirculatory disorders.

A risk stratification system for patients with CAD and post-COVID
syndrome was developed, allowing identification of groups at high risk of
mortality, stroke, and progression of heart failure, along with the determination
of their predictors.

Among the predictors of stroke, the following were identified: CFR2, LV
end-diastolic ~ diameter, and  glomerular  filtration rate  (GFR).
Among the predictors of mortality: peak systolic velocity in the basilar artery
(BA), left ventricular mass index (LVMI), and LV ejection fraction (LVEF).
Among the predictors of heart failure progression: microembolic signals (MES),
capillary tortuosity index (CTI), amplitude of endothelial fluxmotions, and basilar
artery parameters.

Implementation of this model enables personalization of treatment
intensity and monitoring frequency. Practical criteria for interpreting diastolic
dysfunction were established. It was demonstrated that the transition from
impaired relaxation (E/A < 1) to pseudonormal or restrictive filling is
accompanied by an increase in LV filling pressure, elevation of systolic
pulmonary artery pressure (SPAP), and reduction of cerebral perfusion, which
justifies intensification of therapy and mandatory monitoring of cerebral blood
flow and microembolic activity.

The clinical significance of the endothelial dysfunction biomarker panel
was established. Elevated levels of VWF, circulating endothelial cells, combined
with reduced flow-mediated dilation (FMD) and nitroglycerin-mediated dilation
(NMD), are recommended as markers of active endothelial cytopathy and



microthrombosis, thus requiring correction of antithrombotic and endothelial-
protective therapy.

The use of laser Doppler flowmetry and digital capillaroscopy for early
detection of microcirculatory disorders was substantiated. Identified features—
capillary rarefaction, reduced capillary blood-flow velocity, suppression of
endothelial, neurogenic, and myogenic fluxmotions, and low occlusion reserve—
serve as the basis for initiating or intensifying endothelial-protective therapy,
selecting antithrombotic treatment according to microembolic burden, and
increasing follow-up frequency with repeated LDF and DC assessment after 6—
12 months.

A management strategy based on left ventricular ejection fraction and the
type of diastolic dysfunction was proposed. In patients with LVEF > 50% and
E/A< 1.0, evaluation of vVWF, fibrinogen, CFR1, and MCA blood flow is
recommended for early detection of hypercoagulation and micro-hypoperfusion.

In patients with LVEF<50% and pseudonormal/restrictive filling,
mandatory monitoring includes BA blood flow, LVEDV, and capillary metrics
(Iength and density), as this subgroup has the highest risk of complications.

Based on the established differential effects of antithrombotic agents,
personalization of antithrombotic therapy is recommended. Clopidogrel showed
a pronounced restorative effect on endothelial function (FMD and NMD),
microcirculatory function (CFR1 and CFR2), reduction of MES, and decreased
spontaneous platelet aggregation. NOACs demonstrated early and sustained
reduction of SPAP, the greatest long-term decrease in MES, and improvement of
plasma hemostasis parameters (D-dimer, SFSC - soluble fibrin sonometric
complexes).

ASA contributed to increased microvascular reactivity, increased MCA
peak  systolic  velocity, and favorable changes in  LVEF.
These data may guide evidence-based selection and escalation of first-line
antithrombotic therapy in CAD patients after COVID-19.

For patient routing, dynamic monitoring at 6 and 12 months after COVID-
19 is recommended, with reassessment of LVEF, sPAP, microcirculatory
phenotypes (LDF and DC), MES, and hemostatic parameters.
This approach allows assessment of treatment response, early identification of
"non-responders” (10%), and timely adjustment of therapeutic strategy.

Based on the identified predictors of adverse outcomes, a practical
algorithm was developed for early detection of mortality, stroke, and heart failure
progression in patients with CAD after COVID-19, with recommendations
regarding the intensity of antithrombotic therapy, extent of endothelial-protective
treatment, frequency of instrumental and laboratory monitoring, indications for
cardiology and neurology consultations, and timely hospitalization.

Developed diagnostic protocols (echocardiography, carotid ultrasound,
LDF, DC, hemostasis assessment) were adapted for use in therapeutic,
cardiology, infectious diseases, neurology, and rehabilitation departments. The



results were incorporated into training modules of university departments of
internal and infectious diseases for physician education.

Personal Contribution of the Applicant The author independently
conducted the analysis of the scientific literature and substantiated the relevance
of the research, defined its aim and objectives, personally performed clinical and
instrumental examinations (echocardiography, ultrasound examination of head
and neck vessels, digital capillaroscopy, Holter ECG monitoring, laser Doppler
flowmetry), carried out the analysis and generalization of the obtained results,
and formulated the conclusions. All sections of the dissertation were written by
the applicant. The applicant personally participated in the treatment of patients
and performed repeated examinations at 6 and 12 months of follow-up.

The applicant did not use ideas or developments of co-authors of
publications.

Approval of the Results of the Dissertation The main
provisions of the dissertation were presented and discussed at
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Medicine” (June 30, 2025).



Publications Based on the dissertation materials, 22 scientific works were
published, including: 10 articles in international scientometric databases
(Scopus), 12 articles in professional Ukrainian journals, 8 conference abstracts
presented at national and international symposia and conferences.

Volume and Structure of the Dissertation The main text of the dissertation is
presented on 429 pages of typescript, contains 110 tables and is illustrated with
43 figures. The dissertation consists of: Abstract, List of the applicant’s
publications, Introduction, Literature review, Clinical characteristics of the
examined patients and description of the research methods, Six chapters of the
author’s own research, Analysis and generalization of results, Conclusions,
Practical recommendations. The bibliography includes 532 scientific sources, of
which 29 are in Cyrillic and 503 in Latin script.

MAIN CONTENT

Clinical Characteristics of the Examined Patients and Research Methods
The study was conducted in accordance with the key provisions of the Council of
Europe Convention on Human Rights and Biomedicine (04.04.1997), the
requirements of Good Clinical Practice (1996), and the Declaration of Helsinki
of the World Medical Association on ethical principles for medical research
involving human subjects (1964—-2000).

To achieve the research objectives, 79 patients with coronary artery disease
(CAD) without evidence of COVID-19, 127 patients with CAD who had
recovered from COVID-19, and 181 patients with COVID-19 without CAD were
examined at the clinical bases of Bogomolets National Medical University: Kyiv
Municipal Clinical Hospital No. 18 and the Medical Center “Medbud.”
The control group included 37 healthy, unvaccinated volunteers without CAD
and with negative PCR tests for COVID-19 (median age 41 years, interquartile
range 37—44 years), of whom 12 (32.4%) were women. Written informed consent
for participation and long-term follow-up was obtained from all participants.
Verification of COVID-19 was performed by detecting SARS-CoV-2 RNA in
upper respiratory tract samples using PCR testing. The presence and severity of
COVID-19-associated lung injury were assessed by multislice computed
tomography (MSCT).

Group 1 (CAD without COVID-19).

This group included 79 patients (median age 60 years; interquartile range 53.5—
64 years), of whom 32 (40.5%) were women.
Comorbid conditions included type 2 diabetes mellitus (18 patients; 23%), prior
myocardial infarction (32 patients; 40%), previous coronary artery stenting (12
patients; 15%), coronary artery bypass grafting (8 patients; 10%), chronic kidney
disease (12 patients; 15%), and aortic aneurysm (4 patients; 5%).



Group 2 (CAD with prior COVID-19).

A total of 127 patients were enrolled (median age 63 years; interquartile range
55-72 years), including 62 women (48.8%).

Type 2 diabetes mellitus was present in 28 patients (22%), and prior myocardial
infarction in 40 patients (32%). Coronary stenting or CABG had been
performed in 27 patients (22%).

According to MSCT, the distribution of lung involvement was as follows: up to
50% — 44 patients (35%), 50-75% — 76 patients (60%), and >75% — 7
patients (5%).

Group 3 (COVID-19 without CAD).

This group included 181 patients (mean age 43.0 + 12.7 years), among them:
— 23 patients with subtotal lung involvement (>75%) and critical disease;

— 52 patients with severe disease and 50-75% lung involvement;

— 61 patients with moderate disease and 25-50% lung involvement;

— 45 patients with mild COVID-19 and <25% lung involvement.

Ventricular extrasystole occurred with similar frequency in CAD patients with
and without prior COVID-19.

Subgrouping by Left Ventricular Function

All patients in Group 1 were divided into:

preserved LV systolic function (LVEF >50%) — n=41

reduced LV systolic function (LVEF <50%) — n=38

To further account for the degree of diastolic dysfunction, these groups were
additionally subdivided according to E/A ratio >1.0 or <1.0:

LVEF>50%, E/A>1.0 (n=19)

LVEF>50%, E/A<1.0 (n=22)

LVEF<50%, E/A>1.0 (n=18)

LVEF<50%, E/A<1.0 (n=20)

All patients in Group 2 were similarly subdivided:

LVEF>50% (n=59) and LVEF<50% (n=68)

With additional division by diastolic indices:

LVEF>50%, E/A>1.0 (n=24)

LVEF>50%, E/A<1.0 (n=35)

LVEF<50%, E/A>1.0 (n=39)

LVEF<50%, E/A<1.0 (n=29)

An E/A>1.0 with LVEF<50% was interpreted as a pseudonormal or restrictive
transmitral filling pattern. With LVEF>50%, E/A>1.0 more frequently
corresponded to preserved diastolic filling, in contrast to E/A<1.0.
Diagnostic Methods

To determine the diagnostic and prognostic value of the applied techniques
(Echocardiography, Duplex scanning of extracranial arteries, Digital
capillaroscopy, Laser Doppler flowmetry, Embolodetection,
Thromboelastographic and coagulation tests), patients of Groups 1, 2, and 3



underwent repeated examinations at 6 and 12 months, taking into account
treatment effectiveness.

Applied Diagnostic Methods Included:

Echocardiography:

Standardized protocol with assessment of chamber size, LVEF, diastolic
parameters, pulmonary artery pressure, and structural remodeling.

Laser Doppler Flowmetry (LDF):

Measurement of:

Microcirculation index (Ml)

Occlusive test capillary reserve (RCR1)

Nitroglycerin-test capillary reserve (RCR2)

Amplitude of endothelial (AmaxE), neurogenic (AmaxN), myogenic (AmaxM),
respiratory (AmaxR), and cardiac (AmaxC) fluxmotion oscillations.
Cerebral Embolodetection:

Quantification of microembolic signals (MES) per hour in the right and left
middle cerebral artery (MCA).

Ultrasound of Brachiocephalic Arteries:

According to standardized vascular protocols.

Digital Capillaroscopy:

Measurement of:

Venous (VL) and arterial (AL) limb length of capillaries

Venous (VD) and arterial (AD) diameters

Capillary blood flow velocity in arterial (ABV) and venous (VBYV) segments
Tortuosity index.

Celermajer Test:

Assessment of flow-mediated dilation (FMD) and nitrate-induced dilation
(NMD).

Plasma Hemostasis:

Using standard coagulation assays evaluating:

APTT, PT, TT

Fibrinogen (Clauss method)

Xlla-dependent fibrinolysis

Antithrombin 111 and protein C activity

Thrombotic markers: soluble fibrin monomer complexes (SFMC) and D-dimer.
Platelet Hemostasis:

Assessment of spontaneous and induced platelet aggregation (ADP, collagen,
arachidonic acid, adrenaline, ristocetin), circulating endothelial cells, and von
Willebrand factor.

Holter Monitoring:

Performed in 35 patients in Group 2, 35 in Group 3, and 30 controls with
evaluation of SDNN, rMSSD, pNN50, and SDQT(NN).



Diagnosis of CAD:
Based on clinical symptoms, prior myocardial infarction, coronary angiography,
exercise testing, ECG, 24-hour ECG monitoring, and dobutamine stress
echocardiography.
Statistical Analysis
Statistical analysis was performed using EZR version 1.68 (R Statistical
Software version 4.3.1, R Foundation for Statistical Computing, Austria).
Student’s t-test, ROC analysis, and regression modelling were applied, with
calculation of odds ratios (OR) and 95% confidence intervals (95% Cl).
Results of the Study and Their Discussion. In patients with coronary artery disease
(CAD) without evidence of COVID-19 (Group 1), marked left ventricular (LV)
dysfunction was accompanied by significant alterations in intracardiac
hemodynamics compared with healthy individuals. Dilatation of the cardiac
chambers with LV myocardial hypertrophy in the setting of reduced LV ejection
fraction (LVEF <50%) was associated with elevated LV filling pressures and the
development of pulmonary hypertension—representing myocardial remodeling.
Progression of diastolic dysfunction was indicated by changes in the
transmitral flow E/A ratio—from impaired relaxation (E/A <1, an early stage of
diastolic dysfunction) to pseudonormal or restrictive filling patterns (E/A >1),
reflecting increased LV filling pressures, reduced deceleration time, and
pulmonary hypertension. These hemodynamic disturbances in advanced LV
dysfunction were accompanied by a reduction in cerebral hemodynamics.
Specifically, LV remodeling and ischemia resulted in a 42% decrease in cerebral
perfusion in the middle cerebral arteries (MCA) (p<0.01), impaired venous
outflow in Rosenthal veins by up to 20% (p<0.01), and an increased number of
microembolic signals (MES) detected in the MCA over 1 hour.
In the cohort of CAD patients without COVID-19 with preserved LVEF >50%
and E/A >1, higher values of the nitroglycerin-induced capillary flow reserve
(RCC2) by 11% (p<0.05), antithrombin 111 by 5% (p<0.05), and lower LV end-
diastolic volume (LVEDV) and capillary tortuosity index (CTI) were observed
compared with CAD patients with LVEF >50% and E/A <L1.
In CAD patients with reduced LVEF <50% and E/A >1, a larger right ventricular
diameter, higher von Willebrand factor (VWF) activity by 24% (p<0.01), a greater
number of MES by 23% (p<0.01), and a lower occlusive capillary flow reserve
(RCC1) by 8% (p<0.05) were found relative to patients with LVEF <50% and
E/A <1.
Among patients with reduced LVEF, aggravation of systolic dysfunction and
prothrombotic shifts were manifested by a 50% increase in VWF (p<0.01) and a
41% rise in circulating endothelial cells (CEC) (p<0.01), accompanied by a 22%
reduction in endothelium-dependent vasodilation (EDVD) (p<0.05), indicating
endothelial dysfunction. Elevated soluble fibrin monomer complexes (SFMC)
and a 60% increase in spontaneous platelet aggregation (p<0.01) compared with
controls also reflected heightened thrombotic risk.



Thus, the severity of LV systolic and diastolic dysfunction in CAD determines
the extent of intracardiac hemodynamic disturbances and secondary
cerebrovascular impairment and is associated with activation of platelet and
plasmatic hemostasis.
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Fig. 1. Parameters of Laser Doppler Flowmetry, Cerebral Hemodynamics, and
Hemostasis in Patients with CAD and Prior COVID-19 with LVEF >50%

In contrast to patients with CAD without COVID-19, Group 2 demonstrated
higher values of the left ventricular mass index (LVMi) and right ventricular
dimensions, progressive diastolic dysfunction, and a 20% increase in pulmonary
artery systolic pressure compared with patients with CAD alone.
In patients with CAD combined with COVID-19, peak systolic velocity in the
middle cerebral artery (MCA) was 10% lower (p<0.01), and the number of
microembolic signals (MES) was 47% higher (p<0.01), indicating substantial
involvement of cerebral circulation. Digital capillaroscopy revealed reduced
capillary density and decreased capillary blood flow velocity.
Laser Doppler flowmetry (LDF) demonstrated suppression of occlusion-induced
capillary reserve (RCF1), nitroglycerin-induced reserve (RCF2), and impaired
microvascular reactivity. A deficit of neurogenic fluxmotions (—9%) and a
marked reduction in myogenic oscillations (—50%, p<0.01) were identified.
Considering the status of diastolic function in patients with CAD and COVID-19
with preserved LVEF (>50%), particularly those with impaired relaxation (E/A
<1), lower peak flow velocity in the left MCA, reduced RCF1 by 11% (p<0.05),
and higher fibrinogen and von Willebrand factor were observed compared with
patients of the same group who had preserved diastolic function (E/A >1).
Nitroglycerin-induced dilation (NMD) in Group 2 patients with LVEF>50% and
impaired relaxation was 15% lower (p<0.01) than in those with preserved
diastolic function (E/A>1) (Fig. 1).



In Group 2 patients with LVEF <50% and pseudonormal or restrictive filling
patterns, basilar artery flow velocity was reduced, spontaneous aggregation time
decreased by 12% (p<0.01), and LV end-diastolic volume and arterial capillary
length increased by 8% (p<0.05) compared with CAD + COVID-19 patients with
impaired relaxation (E/A<1), which represents a more favorable phenotype (Fig.
2).

Patients with CAD after COVID-19 exhibited marked reductions in both systolic
and diastolic LV function, dilation of both ventricles, and a 20% increase in
pulmonary artery systolic pressure (p<0.01), compared with isolated CAD.
These patients also demonstrated impaired cerebral perfusion and a 52% increase
in microembolic burden (p<0.01), enlargement of right ventricular diameter by
10%, and elevated thrombogenic markers (SFMC +35%, p<0.01), together with
a 15% reduction in RCF1 (p<0.05), compared with the CAD-only group.
Assessment of the severity of systolic dysfunction in Groups 1 and 2 showed that
CAD patients who had recovered from COVID-19 and had LVEF <50%
exhibited greater right ventricular wall thickness, a 30% increase in MES
(p<0.05), higher SFMC, and a 30% increase in the amplitude of respiratory
fluxmotions (p<0.05)—a marker of impaired venular outflow—indicating worse
microcirculatory status not only compared with CAD alone but also compared
with CAD + COVID-19 patients with preserved LVEF (>50%).
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Fig. 2. Echocardiographic, Capillaroscopic, and Hemostasis Parameters in
Patients with CAD and Prior COVID-19 with LVEF <50%

In the group of patients with CAD and a history of COVID-19 who preserved
systolic function (LVEF >50%), the levels of soluble fibrin monomer complexes
(SFMC) and microembolic signals (MES) were higher by 54% and 36%,



respectively (p<0.01), compared with the CAD group; the occlusion-induced
capillary reserve (RCF1) was 20% lower (p<0.01) relative to Group 1.

In patients of Group 3 with more severe COVID-associated pneumonia, left
ventricular systolic function declined and signs of acute pulmonary heart disease
emerged. As the extent of lung involvement increased, LVEF decreased in 47%
of patients, while pulmonary artery systolic pressure increased in 75%, reflecting
hypoxic pulmonary vasoconstriction.

Left ventricular ejection fraction was reduced in all patients with COVID-19
compared with controls, with the greatest impairment observed in those with
>75% lung parenchymal involvement. Right ventricular wall thickness and
diameter, as well as pulmonary artery pressure, were higher in Group 3, with the
greatest values in patients with severe lung involvement (50-75% and >75% by
CT scan).

With the progression of lung injury in severe COVID-19, cerebral blood flow
decreased by 7% (p<0.05), accompanied by a 47% increase (p<0.01) in
microembolic signals in the middle cerebral artery (MCA), changes not observed
in patients with <25% lung involvement (Fig. 3).

Progressive lung injury was also associated with pronounced endothelial
dysfunction and microcirculatory impairment: increasing COVID-19 severity
was accompanied by decreases in flow-mediated dilation (FMD) and
nitroglycerin-induced dilation (NMD), slowing of capillary blood flow (reduced
velocities in both arterial and venous limbs), and decreased density of functioning
capillaries. Hypercoagulation in COVID-19 was proportional to the severity of
lung involvement.

In patients with massive lung involvement compared with minimal involvement
(£25%), the most pronounced coagulation imbalance was detected: von
Willebrand factor levels increased by 40% (p<0.01), along with other
thrombogenic markers; anticoagulant parameters (protein C and antithrombin 111)
decreased by 47% and 14% (p<0.05), respectively; and significant alterations in
platelet hemostasis were observed (Fig. 3).

3.1. microembolic signals
9 3.2 VWF%.
30
25 200 "
20 150 ==
=2
15 —=—§%
100 =
=
10 = —
50 =2
=
5 = |
=
0
0




_ 3.4.CFR,%.
3.3 Platelet aggregation rate on
ADP, %/min.
K
50 * 300 * Control
% — 250 [~ *

40 — = * =C19to 25%

= 200 7 | =
30 = = *

= 150 VI = W C19 25-50%
20 d g Ve § :E ;/—

= 100 = i / B C19 50-75%
10 = =2 HE ;//—

= 50 = Bl

= = fes // 2 C19 >75%

0 0 _;‘_ ! j

Fig. 3. Indicators of Cerebral Hemodynamics, Endothelial Function, Platelet
Hemostasis, and LDF Parameters in Patients of Group 3

With a greater extent of SARS-CoV-2-induced lung involvement, a
significant increase in both spontaneous and induced platelet aggregation was
observed, accompanied by prolongation of aggregation time in response to
specific agonists (adrenaline, collagen, ADP), reflecting exhaustion of hemostatic
reserves in the setting of hypercoagulation (Fig. 3). Thus, severe COVID-19
(>75% lung parenchymal involvement) is associated with pronounced
disturbances of intracardiac and cerebral hemodynamics, critical
microcirculatory and endothelial dysfunction, and the most pronounced
activation of blood coagulation, whereas minimal changes are observed in mild
disease.

Assessment of heart rate variability (HRV) in Group 2 revealed its reduction,
particularly decreased SDNN and pNN50, accompanied by marked variability of
the prolonged QT interval.

An increase in spontaneous platelet aggregation by 50% and aggregation
rate by 35% (p<0.01), together with a 17% reduction in the aggregation response
to adrenaline (p<0.01), indicated a significant imbalance of platelet hemostasis.

In patients with CAD and COVID-19, ADP- and arachidonic acid—induced
aggregation decreased by 27% (p<0.01), whereas collagen- and ristocetin-
induced aggregation increased by 31% and 38% (p<0.01), respectively.

Additionally, plasma hemostasis abnormalities in CAD + COVID-19
included elevated fibrinogen, soluble fibrin monomer complexes, D-dimer,
prolonged aPTT and thrombin time, along with decreased natural anticoagulants
(antithrombin 111, protein C), compared with isolated CAD.

Thus, COVID-19 in the setting of CAD exacerbates myocardial
remodeling, cerebral hypoperfusion, and coagulopathy, worsening parameters



even in patients with comparable baseline LV dysfunction relative to those
without COVID-19.

Non-invasive techniques (LDF, capillaroscopy) revealed early

microcirculatory impairment. In patients with CAD and COVID-19, capillary
remodeling manifested as a significant reduction in the density of functioning
capillary loops by 27% compared with Group 3 and by 33% (p<0.05) versus
controls, along with elongation and dilatation of capillary loops, and increased
tortuosity index by 72% compared with controls and by 38% versus Group 3
(p<0.01).  Erythrocyte sludge phenomena were also observed.
Capillary blood flow velocity in the arterial and venous segments decreased by
45% and 44% (p<0.05) relative to controls in Group 2, indicating microvascular
dystonia.
Compared with both Group 3 and controls, LDF in Group 2 showed significant
suppression of endothelial oscillations by 21% and 32%, neurogenic oscillations
by 25% and 39%, myogenic oscillations by 20% and 40%, and a decline in
occlusion-induced capillary reserve by 20% and 46%. Respiratory-related
fluxmotion amplitude increased by 62% and 47% (p<0.01) relative to controls
and Group 1, respectively, indicating impaired venular outflow in Group 2,
whereas cardiac-related fluxmotion amplitude increased only by 28% versus
controls and 12% versus Group 1.

A prognostic algorithm for assessing the risk of mortality, heart failure
progression, and stroke was developed for patients with CAD and COVID-19
based on the dynamics of cardio-cerebral hemodynamics, microcirculatory
parameters, and hemostatic state (Fig. 4).
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Fig. 4. Comparison of Mortality Odds in Group 2 (CAD with COVID-19)
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Among the analyzed parameters, the highest risk of death was associated with an
increased left ventricular mass index (LVMi) (p<0.01), OR 32.3 (95% CI 11.5—
63.0). A reduction in blood flow velocity in both the basilar artery (BA) and the
arterial segment of the capillary circulation led to a significant rise in mortality
risk, with OR 25.24 (95% CI 11.1-57.2) and OR 3.05 (95% CI 1.86-4.99),
respectively.

Cerebral hemodynamic impairment was also incorporated into the odds-ratio
algorithm: lower values of the nitroglycerin-induced capillary blood flow reserve
(RCF2) were associated with an increased risk of stroke (p=0.019), OR 3.2 (95%
Cl 1.2-8.5). An increase in the left ventricular end-diastolic diameter (LVEDD)
elevated the odds of stroke nearly three-fold (p=0.040), OR 2.94 (95% CI 1.05—
8.2). A decrease in the glomerular filtration rate (GFR) also increased the
likelihood of cerebrovascular events (p=0.025), OR 3.6 (95% CI 1.17-10.8) (Fig.
5).
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Figure 5. Odds Ratio for Stroke Risk in Patients with Coronary Artery Disease
and COVID-19

The progression of intracardiac hemodynamic disturbances over the course of one
year constitutes a predictor of adverse clinical outcomes: a reduction or absence



of improvement in left ventricular ejection fraction (LVEF), an increase in left
ventricular end-diastolic volume and left atrial dimensions, and persistent
pulmonary hypertension indicate a high risk of heart failure decompensation. The
odds ratio model associated with the progression of heart failure correlated with
elevated ferritin (p=0.02), OR 2.1 (95% CI 1.13-3.84), capillary tortuosity index
(p=0.005), OR 2.5 (95% CI 1.33-4.69), microembolic signals (MES) (p=0.036),
OR 2.8 (95% CI 1.1-7.5), and inversely with blood flow velocity in the basilar
artery (BA) (p=0.025), OR 2.1 (95% CI 1.1-3.9), MCA-L (p=0.04), OR 1.9 (95%
Cl 1.03-3.60), MCA-P (p=0.05), OR 1.9 (95% CI 1.0-3.5), and endothelial
fluxmotion amplitude (EF) (p=0.005), OR 24 (95% CI 1.3-4.4).
Implementation of the developed prognostic algorithm is aimed at timely
prevention of mortality, progression of heart failure, and cerebrovascular events
In patients with coronary artery disease who have recovered from COVID-19.
Alongside favorable clinical improvement observed in Group 2 patients, 44% at
6 months and 38% at 12 months were identified as non-responders. Positive
clinical dynamics were reflected not only by the progressive increase in LVEF,
reduction in cardiac chamber dimensions, and decrease in pulmonary artery
pressure, but also by restoration of microcirculation as an essential criterion of
treatment efficacy. According to laser Doppler flowmetry (LDF), successful
therapy was accompanied by an increased proportion of patients with a
normocirculatory microcirculatory phenotype and a decreased proportion of the
stagnant-stasis phenotype. In patients with coronary artery disease and prior
COVID-19, effective treatment manifested by an increased proportion of
normocirculatory and spastic phenotypes and a reduction in hyperemic and
stagnant-stasis phenotypes, accompanied by a decline in von Willebrand factor
(VWF).

In patients who recovered from COVID-19 without underlying CAD, therapy
similarly increased the proportion of normocirculatory microperfusion patterns
(from 2% to 17% at 6 months and 18% at 12 months), and the spastic type (from
12% to 22% at 6 months and 27% at 12 months), while the stagnant phenotype
regressed (from 68% to 44% at 6 months and 38% at 12 months). These changes
were associated with a reduction in the microcirculation index (Ml), vWF by 14%
(p<0.05), and circulating endothelial cells (CEC). Thus, dynamic changes in
microcirculation and endothelial markers, reflecting treatment effectiveness, may
serve as diagnostic indicators of therapeutic success. Furthermore, restoration of
clinical status correlated with normalization of cerebral blood flow (increase in
peak systolic velocity in the MCA, reduction in MES) and partial recovery of
capillary loop density and transitional capillary zone by 10% (p<0.05).
Assessment of cardiac hemodynamics, microcirculation, and hemostasis under
antithrombotic therapy at 6- and 12-month follow-up revealed that by 6 months,
echocardiography demonstrated an increase in LVEF, shortening of IVRT by
11% (p<0.01), and a reduction in pulmonary artery systolic pressure by 12%



(p<0.05) compared with baseline. These findings reflect reduced LV preload and
partial restoration of diastolic function under antithrombotic therapy.

At 12 months, LVEF increased by 13% (p<0.05), pulmonary hypertension
decreased, transmitral flow deceleration prolonged, and right ventricular diameter
decreased. Microcirculatory status during the year following COVID-19 showed
positive dynamics in most patients on antithrombotic therapy. RKK1 increased
by 24% and RKK2 by 17% (p<0.05) at 6 months, while the capillary tortuosity
index (CTI) and VWF decreased by 17% (p<0.05) relative to baseline.

At 12 months, RKK1 and RKK2 further increased by 37% and 28% (p<0.05),
indicating recovery of capillary reactivity, with significant declines in vVWF and
CTI by 31% and 18% (p<0.05), respectively.

By 6 months, LDF demonstrated increased amplitudes of endothelial, neurogenic,
myogenic, and cardiac fluxmotions, along with a reduction in the stagnant-stasis
phenotype and an increase in spastic and normocirculatory microcirculatory
patterns. Similar changes were observed at 12 months, consistent with reductions
in VWF and desquamated endothelial cells.

In patients with CAD after COVID-19, cerebral hemodynamics improved by 6
months: MES decreased by 41% (p<0.01), venous flow in the Rosenthal veins
decreased by 8% (p<0.05), and peak systolic velocities in the MCA and BA
increased relative to baseline. By 12 months, MES decreased by 66% (p<0.01),
Rosenthal venous flow decreased further, and MCA and BA perfusion increased
by 28% (p<0.05). LVEF increased by 10% (p<0.05) at 6 months and 12%
(p<0.05) at 12 months compared with acute COVID-19.

At 6 months, fibrinogen decreased by 30% (p<0.01), D-dimer and RFMC by 36%
(p<0.01), spontaneous aggregation declined, thrombin time prolonged by 14%
(p<0.05), and AT-III increased by 10% (p<0.05). These changes reflect reduced
thrombogenic risk under antithrombotic therapy (due to antiplatelets, statins,
etc.). At 12 months, fibrinogen decreased by 23% (p<0.05), RFMC by 48%
(p<0.01), spontaneous aggregation and D-dimer by 47% (p<0.05). Thus, plasma
and platelet hemostasis approached normalization, remaining impaired only in
10% of patients.

In CAD + COVID-19 patients without positive treatment dynamics, LDF at 6
months showed loss of the normocirculatory phenotype and an increase in
stagnant-stasis phenotype (from 75% to 83%, p<0.05). By 12 months, the
proportion of stagnant-stasis phenotype decreased (83%—68%, p<0.05), while
the spastic phenotype increased (8% —16%, p<0.05), although D-dimer remained
elevated.

Under antiplatelet therapy, patients receiving aspirin (Group 2A) demonstrated
reductions in pulmonary artery systolic pressure and IVRT and increased LVEF
at 6-12 months compared to baseline due to reduced platelet activation.

In the clopidogrel subgroup (Group 2K), DT and pulmonary pressures decreased,
and LVEF increased at 12 months due to P2Y12 blockade. In COVID-19 + CAD
patients receiving NOACSs (Group 2N), both 6- and 12-month follow-ups showed



decreased pulmonary pressures and reductions in LV end-diastolic volume
compared to baseline.

At 6 months, the NOAC subgroup demonstrated the lowest end-diastolic volumes
and LV mass index; at 12 months, the smallest left atrial size and LVEDV were
observed, with stable RV thickness. At 6 months, MES decreased and PCA flow
improved; at 12 months, the NOAC subgroup showed the largest MES reduction
and improved flow in PCA, BA, and both ICAs.

Clopidogrel reduced MES by 19% at 6 months—more than aspirin. Aspirin
increased MCA flow by 6% relative to NOACSs. At 12 months, NOAC therapy
reduced MES by an additional 30% (p<0.05) compared to clopidogrel and
decreased venous flow in the Rosenthal veins.

Aspirin and clopidogrel groups demonstrated positive dynamics across all LDF
parameters at 6 and 12 months, whereas NOACSs produced only partial recovery
of neurogenic and myogenic fluxmotions. In CAD + COVID-19, clopidogrel
yielded the greatest improvement in endothelium-dependent and endothelium-
independent vasodilation at 6-12 months compared with aspirin and NOACs.
NOAC therapy produced 6- and 12-month improvements across all plasma
coagulation markers. Aspirin reduced spontaneous and ADP-induced platelet
aggregation at 6 and 12 months. Clopidogrel produced the greatest reduction in
spontaneous and ADP-induced aggregation, with moderate increases in
arachidonic acid- and collagen-induced aggregation. Clopidogrel yielded the
lowest spontaneous and ADP-induced platelet aggregation at both time points.
In Group 2, aspirin therapy improved LV systolic function, microcirculation,
MCA flow, and reduced spontaneous platelet aggregation. Clopidogrel restored
LV diastolic function, endothelial reactivity, microcirculatory parameters, and
platelet hemostasis. NOACs achieved the most significant regression of
pulmonary hypertension, reduction of MES, enhanced PCA and BA perfusion,
and optimization of plasma hemostasis.

Among CAD + COVID-19 patients, endothelial and microcirculatory
dysfunction was addressed using sulodexide (n=35), arginine (n=27), and
citicoline (n=35). Sulodexide effectively reduced vVWF by 15% (p<0.05) and CEC
by 19% (p<0.05), improved endothelial function, and increased RKK1 by 18%
and RKK2 by 8% (p<0.05). In CAD + COVID-19 with hepatic steatosis, arginine
reduced portal vein damping index by 11% (p<0.05), improved portal venous
flow by 18% (p<0.05), and increased hepatic artery peak systolic velocity by 30%
(p<0.05). In Group 2 patients, citicoline improved MCA perfusion by 7%
(p<0.05) and reduced MES by 41% (p<0.05).

CONCLUSIONS
The dissertation presents a novel solution to an important scientific problem in
contemporary cardiology — the elucidation of the pathophysiological
mechanisms of myocardial remodeling, structural and functional disturbances of
microcirculation, cerebral blood flow, and endothelial dysfunction, with the



identification of specific features of the course of coronary artery disease (CAD)
and the formation of its complications in the context of prior COVID-19, aimed
at optimizing the selection of antithrombotic therapy.

. In patients with CAD and preserved left ventricular ejection fraction (LVEF
>50%) as well as preserved diastolic function (E/A>1), LV end-diastolic volume
(EDV) was increased by 30% (p<0.01) compared with controls, and by 33% in
those with impaired relaxation (E/A<1). In patients with LVEF >50% and
preserved diastolic function (E/A>1), RKK2 was 20% higher (p<0.01) than in
those with E/A<1, although 47% lower than in controls (p<0.01). In patients with
LVEF <50%, blood flow velocity in the MCA decreased by 42% (p<0.01), while
microembolic signals (MES) increased by 25% (p<0.01) compared with controls.
In CAD patients with LVEF <50% and E/A>1 (restrictive filling), vWF and MES
were higher by 24% and 23% (p<0.01), respectively, whereas RKK1 was 8%
lower than in E/A<1. In all patients with LVEF <50%, spontaneous platelet
aggregation (SpPA) and arachidonic acid—induced aggregation increased by 60%
and 39% (p<0.01) compared with controls.

. In CAD patients with prior COVID-19 and preserved systolic function (LVEF
>50%), levels of RFMK and MES were 54% and 36% higher (p<0.01) than in
the CAD group; RKK1 was 20% lower (p<0.01). In the same group, systolic
dysfunction was associated with higher MES and RFMK levels by 47% and 27%
(p<0.01), and with a 42% increase in respiratory-related flux oscillation
amplitude (p<0.01) relative to CAD alone.

. In 47% of patients with COVID-19-associated pneumonia involving >75% of the
lung parenchyma, LVEF decreased by 12% (p<0.05), and in 75% systolic
pulmonary artery pressure increased by 19% (p<0.05); MES increased by 47%
(p<0.01) compared with patients with <25% lung involvement. Disease
progression was accompanied by microcirculatory disturbances: a 30% and 26%
decrease in FMD and NMD (p<0.01), a reduction in capillary blood flow velocity
by 22% and 18% (p<0.05), an increase in VWF, and a 35% reduction in protein
C (p<0.05) and 12% in AT-III (p<0.05), as well as enhanced SpPA.

. In CAD patients with COVID-19 (group 2) compared with group 1, there was
decompensation of systolic and diastolic function, biventricular dilation, a 20%
increase in systolic PA pressure (p<0.01), a 10% reduction in MCA perfusion
(p<0.01), and a 47% increase in MES (p<0.01). Capillary blood flow velocity by
capillaroscopy decreased by 9% (p<0.05); RKK1 by LDF was suppressed by 12%
(p<0.01), indicating deficits of both endothelial (17% decrease; p<0.01) and
myogenic (39% decrease; p<0.01) arteriolar tone regulation. RFMK increased by
40% (p<0.01), VWF by 26% (p<0.01). Autonomic imbalance manifested as a
47% reduction in SDNN (p<0.01), and increases in pNN50 by 52% and rMSSD
by 68% (p<0.01), as well as QT variability by 26% (p<0.05), indicating elevated
risk of malignant ventricular arrhythmias. Compared with controls, CAD patients
had a 39% reduction in RKK1 (p<0.01), a 12% increase in fibrinogen (p<0.05),



a 60% increase in SpPA (p<0.01), and a two-fold rise in circulating endothelial
cells and vVWF — markers of atherothrombotic destabilization.

. In COVID-19 patients (group 3), similar to group 2, overall HRV decreased, QT
variability increased by 43% (p<0.01). Capillary remodeling with increased LDF
microcirculatory index by 25% (p<0.01) was observed, with predominance of
hyperemic and congestive-stasis microcirculatory phenotypes. D-dimer increased
nine-fold; fibrinogen by 42% (p<0.01); SpPA tripled (p<0.01) vs controls,
reflecting microcirculatory involvement, coagulopathy, and autonomic
dysregulation with high arrhythmogenic potential.

. Among compared groups, platelets were most activated in group 2, with 50% and
35% increases (p<0.01) in the degree and rate of SpPA. Ristocetin- and collagen-
induced aggregation were 62% and 30% higher (p<0.01), while adrenaline-
induced aggregation was 17% lower (p<0.05). Arachidonic acid—induced
aggregation slowed by 27%, with a 30% decrease (p<0.01) compared with
isolated COVID-19. Regarding plasma hemostasis, D-dimer and fibrinogen
increased by 220% and 31% (p<0.01), while AT-IIl and protein C decreased by
12% and 20% (p<0.05) vs CAD.

. In CAD patients after COVID-19, LDF and capillaroscopy showed capillary
rarefaction with a 33% decrease in density (p<0.05), elongation and dilation of
capillary loops, erythrocyte stasis, and a 41% decline in capillary blood flow
velocity (p<0.01). Microvascular regulation was impaired: endothelial,
neurogenic, and myogenic oscillatory amplitudes decreased by 55%, 32%, and
40% (p<0.01), and CFR1 decreased by 36% (p<0.01).

. In group 2, predictors of mortality in multivariate analysis were: increased LV
mass index (p=0.01) OR 33.23 (95% CI 17.51-63.08), reduced BA flow velocity
(p=0.001) OR 25.24 (95% CI 11.13-57.23), and reduced LVEF (p=0.001) OR
22.35 (95% CI 11.4-43.7). Stroke risk increased with decreased GFR (p=0.025)
OR 3.6 (95% CI 1.17-10.8) and reduced RKK2 (p=0.019) OR 3.2 (95% CI 1.2—
8.5). Heart failure progression risk was highest with low endothelial flux
amplitude (p=0.005) OR 2.4 (95% CI 1.31-4.4) and elevated MES (p=0.036) OR
2.8 (95% Cl 1.1-7.5).

. Under optimal medical therapy (OMT), group 2 patients showed an 8% increase
in LVEF (p<0.05), reduced chamber dimensions and PA systolic pressure by 16%
(p<0.01), restoration of microcirculation with increased normocirculatory and
spastic phenotypes, reduced hyperemic and congestive-stasis phenotypes, and a
17% decrease in VWF (p<0.05). In group 3, similar improvements occurred:
microcirculation normalized, VWF decreased by 15% (p<0.05), CEC by 30%
(p<0.01), MCA velocities increased, MES decreased by 14% (p<0.01), and
capillary functional parameters improved.

10.At 6 and 12-month follow-up in group 2, LVEF increased by 10% (p<0.05) and

13% (p<0.01), PA systolic pressure decreased by 14% and 16% (p<0.05), and
IVRT decreased by 11% at 6 months. Most patients demonstrated increases in
endothelial, neurogenic, myogenic, and cardiac oscillatory amplitudes, regression



of congestive-stasis phenotype, and increases in normocirculatory and spastic
phenotypes. At 12 months, VWF and CEC further decreased. Fibrinogen and
RFMK decreased by 30% and 21% (p<0.01), D-dimer by 3.5-fold (p<0.01), and
AT-IIl increased by 10% (p<0.05). At one year, hemostatic parameters
normalized in most patients, except for 10% “non-responders,” who exhibited
loss of normocirculatory phenotype and development of congestion-stasis
phenotype alongside elevated D-dimer.

11.In CAD+COVID-19 patients receiving aspirin, RKK1 increased by 20%
(p<0.01), RKK2 by 12% (p<0.05), 1ZK by 10% (p<0.05), while SpPA decreased
by 30% (p<0.01) at 6 months. At 12 months, LVEF increased by 6% (p<0.05),
capillary density and RKK1 increased by 20% and 19% (p<0.01), IZK decreased
by 18% (p<0.05), and PA pressure decreased by 17% (p<0.01). MCA flow
increased by 5-6%, and myogenic oscillations increased by 10% (p<0.05).

12.In the clopidogrel subgroup, FMD increased most prominently by 37% (p<0.01),
and MES decreased by 19% compared with aspirin. At 12 months, PA systolic
pressure decreased by 16% (p<0.05), with the lowest SpPA and ADP-induced
aggregation observed. Both FMD and NMD improved more substantially with
clopidogrel than with aspirin. In the NOAC subgroup, early and sustained
reductions in PA pressure (20%, p<0.05), RFMK (]26%, p<0.05), and CEC
(120%, p<0.05) were noted at 6 months; LA size and LV mass index decreased
by 18% (p<0.05), and RFMK decreased by 67% (p<0.01) at 12 months. MES
decreased most markedly (30%, p<0.01) versus clopidogrel at 12 months.

PRACTICAL RECOMMENDATIONS

1. To assess the risk of mortality and progression of chronic heart failure in
patients with coronary artery disease (CAD) after COVID-19, attention
should be paid to the blood flow velocity in the basilar artery, the left
ventricular mass index, the amplitude of endothelial fluxmotions, the
number of microembolic signals, ferritin levels, and the capillary tortuosity
index.

2. The risk of stroke in patients with CAD who have recovered from COVID-
19 increases when >2 of the following criteria are present: left ventricular
end-diastolic diameter, glomerular filtration rate, capillary blood flow
reserve during the nitroglycerin test, microembolic signals, or reduced
blood flow in the middle cerebral or basilar arteries.

3. For early identification of the risk of microcirculatory complications in
patients with CAD after COVID-19, it is advisable to stratify patients
according to microcirculatory phenotypes—normocirculatory, spastic,
hyperemic, and stagnant-stasis—to optimize pharmacotherapy.

4. Patients with CAD and COVID-19 who demonstrate reduced LVEF,
microcirculatory impairment, decreased capillary density, reduced RCF1
and RCF2, elevated capillary tortuosity index, and increased spontaneous



platelet aggregation should receive aspirin 100 mg once daily as
antiplatelet therapy.

5. Patients with CAD and COVID-19 who exhibit endothelial dysfunction
(reduced FMD and NMD), elevated microembolic signals, and elevated
pulmonary artery systolic pressure should receive clopidogrel 75 mg once
daily.

6. Inselected patients with CAD and COVID-19 who demonstrate high levels
of microembolic signals, D-dimer, soluble fibrin monomer complexes,
circulating endothelial cells, and signs of left ventricular remodeling (LV
mass index, LV end-diastolic volume, elevated pulmonary artery pressure),
the use of NOACs may be considered (rivaroxaban 15 mg once daily or
apixaban 2.5 mg twice daily), depending on prior therapeutic response.

7. When analyzing heart rate variability in CAD patients with COVID-19,
special attention should be paid to QT interval duration and variability; QT
prolongation should be regarded as a marker of increased susceptibility to
ventricular arrhythmias.

8. Patients with CAD after COVID-19 who demonstrate microcirculatory and
endothelial dysfunction (elevated VWF, increased circulating endothelial
cells, reduced RCF1 and RCF2) should be prescribed adjuvant endothelial-
protective therapy: sulodexide 250 IU twice daily for 6 months.
In the presence of increased microembolic signals, neurological symptoms,
and reduced peak systolic velocities in the MCA and BA, citicoline 500
mg once daily in the morning for 6 months is recommended.
In CAD patients with post-COVID-19 syndrome and concomitant hepatic
steatosis, L-arginine 750 mg once daily in the evening for 6 months may
be prescribed, as it contributes to a reduction of the attenuation coefficient,
improvement of portal venous flow, and an increase in peak systolic
velocity in the proper hepatic artery.

LIST OF ABBREVIATIONS

ACA — acetylsalicylic acid

DT — mitral valve E flow deceleration time

E/Amk — ratio of maximum E and A flow velocities at the mitral valve
IVRTmk — left ventricular isovolumic relaxation time.

AN — (AmachN) maximum amplitude of neurogenic fluxations
AE — (AmachE) — maximum amplitude of endothelial fluxations
AD — (AmachR) — maximum amplitude of respiratory fluxations
AM (AmachM) — maximum amplitude of myogenic fluxations
AC — (AmachS) — maximum amplitude of cardiac fluxations
ATT — antiplatelet therapy

BA — basilar (main) artery

VR — Rosenthal vein

ICA — internal carotid artery



HFM — hyperemic microcirculation phenotype

EDVD - endothelium-dependent vasodilation

ENVD - endothelium-independent vasodilation

EchoCG - echocardiography

PCA — posterior cerebral artery

ICA — internal carotid artery

SMP - stasis-stasis microcirculation phenotype

LVMI — left ventricular mass index

IHD — ischemic heart disease

EDV — end-diastolic volume of the left ventricle

EDD - end-diastolic dimension of the left ventricle

Cl — clopidogrel

LDF — laser Doppler flowmetry

DOAC — new anticoagulant drugs

NMP - nomocirculatory microcirculation phenotype

LA - left atrium

LV - left ventricle

OMT - optimal medical therapy

PSV - peak systolic velocity

CT — Celermeyer test

RV — right ventricle

CCR1 — capillary blood flow reserve during occlusion test

CCR2 — capillary blood flow reserve during nitroglycerin test
C-19 - COVID-19

SPA — spontaneous platelet aggregation

MCA — middle cerebral artery

SPAP — systolic pulmonary artery pressure

SPM — spastic microcirculation phenotype

VWF — von Willebrand factor

LVEF — left ventricular ejection fraction

FG — fibrinogen

CHF — chronic heart failure

CE - circulating (desquamated) endothelial cells

DC — digital capillaroscopy

SHF — blood flow velocity in the arterial part of the capillary

VFL - venous flow velocity

SDNN - standard deviation of normal NN intervals in milliseconds
PNN50 is an indicator of the time domain of heart rate variability, which reflects the
percentage of pairs of adjacent NN intervals that differ by more than 50 ms
SDQT(NN) is the standard deviation of consecutive QT intervals recorded in normal sinus
complexes (NN)

rMSSD is an indicator of the time domain of heart rate variability, reflecting the root mean
square of consecutive differences between adjacent NN intervals
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