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TODQIQATIN MOZMUNU

Isin adi

COVID-19-dan sagalan gonc vyash pasiyentlordo miokard va
endoteliumun zadslonmasinin preklinik markerlarinin prognostik
prediktor rolu

Problem

SARS-Cov-2 virusunun Grok-damar sistemi (UDS) tizarine tasir edo
bilocoyi siibut edilmisdir [1]. Iltihab vo bdyiik hacmlo yiklonmo
noticasindo  miokardial disfunksiya vo damar endoteliumun
zodolonmasi inkisaf edir. Koaskin dovrdo rast golinon kardiak
tozahurlora miokardit, pulmonar emboliya, aritmiya, kaskin koronar
sindrom aiddir. Bu agirasmalar, bir qayda olaraq, xastaliyin agir
formasin1 kegiron xostalordo geydo almir [3]. Xastaliyin agir
kecirtmoyanlords COVID-19-un UDS (izorindoki gec dénom
naticalari elma malum deyil.

Buna goro bir sira suallar aktualdir. ©gor COVID-19-un kaskin
dévrdo UDS-in zodolonmasi bas vermoyib, onlar sagalmadan bir
muddst sonra meydana ¢ixa bilormi? ©gar bilorss, onda hansi kliniki
formada: kaskin, siratli (tromboz, kaskin aritmiya/blokada, gan
dovranin koskin dekompensasiya) vo ya latent, siratsiz (asagi
gradasiyali  gizli aritmiyalar, xroniki (rok ¢atmamazligi,
aterosklerozun progqressiyasi, damarlarin remodellomasi)? Urok-
damar xostoliklorinin (UDX-nin) vo ya damar fosadlarmin latent
dovrinin muddati nadon asilidir? Elo bir kritik period var mu ki,
ondan sonra tohliikanin artiq aradan qaldirilmasini doys bilorik? Vo
bu baximdan COVID-19-dan sagalmis soxslorde miokardin vo
damar endoteliumun vaziyystini dayarlondirmasi va bir il arzinds
meydana ¢ixa bilocok UDS xostoliklorinin erkon (preklinik)
diagnostik predikatorlarinin vo prognozun tayini vacibdir.

Maqsad

COVID-19-dan sagalmis gonc soxslordo SARS-Cov-2-nin UDS-in
strukturu va funksiyasina tasirinin, diagnostik miayins metodlari vo
biomarkerlorin Urok-damar xostaliklori vo onlarin fosadlari tizro
prognozlasdirict potensialini va prediktor rolunun oyranilmasi.

Obyekt va midaxilalar — (xasta
gruplarz va
mudaxilalar/proseduralar)

Bolinmo 18-44 yas araligindaki gonclorin 3 qrupa ayrilmasina uygun
toskil edilocokdir. 1-ci grup, osas grup (109 nofar) -COVID-19-dan
sagalan, avvaldon Urok damar sistemi xastaliyi olmayan gonclor, 2-
ci grup, 1-ci kontrol grupu (49 nofar) - saglam koniilliilar, 3-cl grup,
2-ci kontrol grupu (59 nofor) - UDS risk faktorlari olan gonc xastalor.
Kontrol qruplarinin formalasdirilmas: tigiin Baku medical Plaza,
Moarkazi Klinik Xastoxana, Azorbaycan Tibb Universiteti vo Turkiya
Universitet klinikalarindaki arxiv materiallardan istifado edilacok.
Osas qrupdaki xostolor yiingil vo ya orta agirhqda COVID-19
xastaliyi kegirdikdon vo sagalmadan 1-6 ay sonra calismaya daxil
edilocok.

Calisma protokolu:

Funksional diagnostika va gorintiloma:

ExoKQ, Strain-Eco, CMR (Kardiak MRT), EKQ stress-test, Holter
EKQ, Karotis Doppler, damar dupleks skani.
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Laborator alizlori:

Qanin biokimyavi analizi; Biomarkerlor: hsCRP, IL-1p, iL-4, IL-6,
IL-10, TNF-0, MMP-9, TGF-B va ya osteopontin; D-dimer,
fibrinogen, Tnl/TnT, NT-pro-BNP.

Otrafli miiayina protokollar: ilk vo yekun vizitds (giris vo 12 ay
sonra) icra edilacakdir; Strain-Eco, damar USM voa biomarkerlor — 3-
6 vo 9-12 ay sonra; CMR — 3-6 ay sonra; EKQ stress-test vo Holter
EKQ miuayinalari — ehtiyac halinda icra edilacokdir.

Miiqayiso, normal tirak 6l¢ii, strukturu vo funksiyalarina sahib olan
yetiskinlorin yasa va cinsa uygun golon 49 nafor saglam koniilliilorle
(1-ci kontrol qrup) ve UDX-nin risk faktorlar1 (piylonmo,
tiitlingokmo, diabet, arterial hipertenziya, hiperlipidemiya) olan 59
xoastolorlo (2-ci kontrol qrup) aparilacaqdir. Butln prosedurlar
Helsinki  Deklarasiyas1 vo  Mikkommal Klinik  Naticonin
Harmonizasiyasina dair Beynolxalq Konfransina ssaslanaraq hoyata
kegirilacokdir. Biitiin xastalordon yazili formada raziliq alinacagq.

CMR standartlagdirilmig  vahid  goriintiilomo  protokollarina
osaslanaraq, 3T skanerlords (Magnetom, Siemens) icra edilocokdir.
Capiq toxumasinin funksiyasi, hacmi, kiitlo vo soklinin alds edilmaosi
liclin miintozom sekanslar (kasiklor) alinacaqdir. T1 vo T2 rejimli
miokardial xaritolomada sol madacik qisa ox goriintiisiindon bir
kosik istifado edilso do, miokardial 6demin toyini {igiin istifado
edilon tokbasina T2 rejimi {igiin ardicil bir sira kasiklor istifads edilir.
Gec qadolinium tutulmasmin goriintiilomasi {iglin kontrast maddo
yeridilmosindon 10 doq sonra ¢okim icra edilocokdir. Urok azalosinin
hocm, funksiya vo kiitlosinin Ol¢lilmosi iiclin iirok konturlarinin
manual korreksiyasi noticasindo avtomatik dl¢iimlor hoyata kegirilir.

Exokardiografiya — Phillips vo Vivid markali cihazlarda ASE
protokollarinm Kriteriyalarma uygun 6l¢iimlore asaslanaraq hoyata
kecirilacokdir.

Strain-Eco — miokardial funksiyanin non-invaziv gostaricisi olub,
miokardial seqmentlorin aktiv vo passiv horoketi arasindaki forqi,
interventrikulyar dissinxroniyani, LMS (longitudinal myocardial
shortening) kimi gozle goriilo bilinmoyon miokardial disfunksiyanin
erkon toyini magsadilo ASE protokollara uygun icra edilocokdir.

9asas giymatlandirma
kriteriyasi va onun 6lgma
metodu

Osas kriteriya (primary outcome):

Miokardin kontraktil gabiliyyastinin preklinik pozulmasi (LV strain-
rate), miokard ddeminin muddati vo zodolonmasi (CMR kontrast
madds tutulumu, LGE-nin isemik vo non isemik patternlorin
xaritlonmosi), damar endoteliumun disfunksiyas1 (biomarkerlar vo
intima-media kompleksinin qalinligi). Bu gostoricilorin sirasinda
UDS-in neqativ prognostik markerlori meydana ¢ixarmaq iigiin
logistik regressiya, ROC analizi, Spirmen vo Pirsonun ¢oxsayli
korrelyasiya analizlori istifads edilocokdir.
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dlava giymatlandirma

kriteriyalari va onlarin 6lgma

Miokardda fibroz zonalarmin amoalo galmasi  va onun
aritmogenliyinin artmasi (fibroz biomarkerlori, LGE, gec madacik

metodlar: potensiallar, QT intervali), aterosklerozun iralilomasi (pilayin
Ol¢lsi va strukturu), Urok-damar xastaliklorinin tezliyi.
Acar sozlar COVID-19, post-COVID iirok, CMR, Strain-Eco, biomarkerlar,

endotelial disfunksiya

Obyektina gora isin novii

Preklinik

Maqsadina gora isin NOVU

Diagnostika, skrining

Vaxta gora isin novii

Eynivaxtli (cross-sectional)

Klinik tadgiqatin modeli

miisahids (observasional) — xasta-kontrol (case-control)

Obyekt — xastalar (material)

e osas qrup: 1-6 ay 6nco COVID-19 Kegirmis 109 xosto;
kontrol gruplar: 1-ci — 49 saglam soxs, 2-ci — COVID-19
kegirtmoyan, lakin eyni UDS risk faktoru olan 59 soxs.

e Cins: 70% kisi, 30% qadin

e Yas: 18-44

Daxil etma kriteriyalart

Yuxaridaki kimidir

Cixarma kriteriyalart

Istirakdan imtina, kontrast maddoyo oks gdstaris, COVID-19-dan
yenico sagalmis vo aktiv Urok sikayatlori sobabilo kardiak miiayino
olunan xastolor, geyri stabil UiX, dekompensa olunmug XUC,
kaskin MI, kaskin revmatik xastaliklor, onkoloji xastaliyi,
klaustrofobiya va xroniki boyrok ¢atismazligi olan xastalor.

Randomizasiya Usulu

Miidaxilanin névu

Diagnostik

Mudaxilanin aciglamasi

Statistik va riyazi iglamlar

Naticalor roqemlor, doyiskanliklorin faizlori vo davamli dlgtimlor
iclin iso median va ya kvartallar aras1 fasilolorle toqdim edilocokdir.
Qruplar aras1 miiqayisade molumatlarin tokrarlanmamasi vo testlorin
daqiqliyi tigtin Mann- Whitney testlori, nisbatlar ti¢iin Fiserin doqiq
testlori istifado edilocokdir. ROC-analizi yaxmn miiddetdo COVID-
19-dan sagalmis xastalorlo kontrol qrupundaki xastalorin miiqayisosi
tiglin istifado edilocokdir.

COVID-19 saobabiylo miokard vo endotelial disfunksiyasinin
askarlanmasi liclin saglam nozarot qrupu ilo miiqayiso edilo bilon
UDX risk faktorlari olan nozarat qrupu arasinda farq qoyulmasi vo
har hansi bir miokard xastaliyini istisna edilmasi Ugn limit kasiklor
qurulacaqdir (limit doyarlor toyin edilocokdir).

Gostaricilor arasindaki olage molumatlarin néviinden asili olaraq
Pearson vo ya Spearman korrelyasiya analizindon istifade edilorok
aragdirilacaqdir.
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Tohlilden ¢ixarilacaq anomal nativ T1 vo T2-nin gostericilori konkret
ardicilliq Ugtin normal diapazonlarin orta saviyyasindon yuxari olan
iki standart konarlasma kimi toyin edilocokdir.

Alt, orta vo yuxari tertillors boliinmoasi, monfi hadisalor riski yiiksok
olan xostolori miioyyonlosdirmoyo komok edocokdir. P
doyarlori <0.05 olmas1 statistik baximdan ohomiyyastli hesab
edilocokdir. Tohlil SPSS programinin (IBM) yeni versiyasindan
istifado edilorok aparilacaqdir.

Aktuallig

Qlobal COVID-19 pandemiyast diinya miqyasinda shamiyyatli
xastalonma vo 6liim hallarina sabab olmagda davam edir [2]. Bu
glino qodor aparilan todgigatlarda osas digget xususilo Kkritik
voziyyotdo olan Xxostolordo koskin respirator agirlasmalara
yonoldilmisdir [7]. COVID-19 irok-damar sistemino ohomiyyatli
doracads tasir gostardiyini, avvallor mévcud olan irok xastaliyi olan
xastalords rok ¢atigmazligini daha da artirdigini bir nego Xostalik
hallar1 hesabatlarinda vo kigik seriyalarda ehtimal edilmisdir [4].
Oltimlo naticolonan  xastolorinin - 7%-da fulminant miokardit
stibhalonir [8]. Qeyd edilon Urok zadslonmasinin patofizioloji
mexanizmlorins iltihablagsmis aterosklerotik plakin riiptiirii, stentin
trombozu, yuksok 0rok atimi sabsbindon Urayin yiklonmasi,
sistemik endotelit daxildir [5]. Az sayda yarilma hallar1 interstisial
mononuklear iltihab hiiceyralorinin infiltrasiyasini nazords tutur vo
miokard iltihabinin asas mexanizm oldugunu gostarir [6]. Bozi agir
miokardit hallarida bildirilmisdir. Davam edon (rok simptomlar1
olan sagalmis xastalorin Kigik bir tadqiqatinda tirok-damar sisteminin
maqnit-rezonans tomoqrafiyasinda (CMR) xastolorin  58%-da
miokard iltihab1 (miokard 6demi sababindan) va ¢apiq (gadolinium
gec yigilma sababindon-LGE) soklindo Urok zodolonmasi askar
edilmisdir [9]. Urok-damar agirlagsmalar1 (UDA), ovvalcadon
xastaliyi olmayan, hospitalizasiya edilmayan va ya simptomlari olan
Vo ya olmayan xastalor daxil olmagla xastalorin imumi secilmasinda
(yoni  xususi seleksiya olmadan) holo do kifayat odor
oyronilmomisdir.  UDS-in  zodelonmasinin  névini,  agirhq
daracasini, yayilmasini vo prognozunu anlamag mogsadilo COVID-
19 dan sagalmis Xxostolordo miokardial vo damar endotelium
zodalonmoasini gostaran seroloji biomarkerlori, Strain-eco vo CMR
vizualizasiya metodlar1 6yranilmasi aktualdir vo UDX-nin preklinik
markerlorini toyin edilmasine imkan veracokdir.

Vazifalar

1. Miokardin pompa funksiyasinin pozulmasimi erkon dovrdo
askarlamaq vo COVID-19 kegiron gonc Xastolordo illik
dinamikani dyronmoak.

2 COVID-19-u kegiran gonc xastalords erken UDS-in zodalonmasini
vo/ vo ya disfunlsiyasim CMR, Strain Echo, damar USM ils
askarlamaq vo 1 il arzinds dinamikani izlomak.
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3. COVID-19-u kegiran ganc xastolorde miokardin iltihab, tromboz,
fibroz va endotelial disfunksiyasinin ganin biomarkerlarini dinamik
olaraq doayarlondirmak.

4. COVID-19-u kegiron gonc Xxostolords miokardm struktur,
funksional gostaricilorin molekulyar biomarkerlari ilo korrelyasiya
slagolorin méveudlugunu arasdirmaq ve onlarmn arasinda UDX-nin
preklinik prognostik prediktor rolunu dasiya bilocok informativ
markerlori askarlamag.

5. UDX risk faktorlar1 ilo funksional diagnostika metodalr1 vo
biomarkerlor arasinda korrelyasiya analizino asason negativ
prognozunun informativ gostaricilarini toyin etmok.

Orijinalliq (yeniliyi)

SARS-Cov-2 infeksiyasi kegirmis, UDX-s1 olmayan gonc Xxastolordo
miokardin funksional vaziyyatini doyarlondirmokls erkon miokardial
vo endotelial zodslonmolorin askarlanmasinin  8yranilmasi  vo
dayarlondirilmasi.

Sistemli iltihab, endotelial disfunksiya, ola bilocak fibroz vo damar
trombozunun biomarkerlari ilo miokardin simptomsuz struktur
zodolonmalarinin arasinda miimkiin alagslorinin askarlanmasi.
[ltihab kardiomiopatiyanin xarakterik xiisusiyyatlorinin vo endotelial
disfunksiya markerlorinin  giymatlondirilmasino  asason, son
dénamdo COVID-19 kegiron va sagalan gonc xastolords UDX-in
inkisafi baximindan prediktiv xiisusiyyatlora sahib yeni erkon
diagnostik kriteriyalarin miioyyonlosdirilmasi ticlin ¢alisilacaqdir.

Gozlanilan naticalar va onlarin
elmi-praktik ahamiyyati

SARS-Cov-2 infeksiyasi kegirmis gonc Xastolorda xostalik sonrasi
naticalorin @yranilmasino dair olave mdistoqil téhvo veracokdir.
Sistem vo miokardial iltihab, endotelial disfunksiya, tromboz,
hemostaz sistemi, aterogenez, miokardin diffuz vo struktur
disfunksiyasinin 6yronilmosino dair genis spektrli biomarkerlorin
todqigi ganc xostolords kegirilmis koronavirus infeksiyasinin UDS
Uzorino ola bilocok tosirlorinin aragdirlmasi prosesino kdmoklik
goOstorcokdir. SARS-Cov-2-o bagli miokardial zadalonma va bu
kategoriya Xxastalords yaranan doyisikliklorin prognostik shamiyyati
dayarlondirilacakdir. Muasir goriintilomas metodlarinin istifadasi ilo
virusun UDS-i tizarinds edo bilacayi tasirloring dair yeni molumatlar
oldo edilmasini tomin edorok bu kateqoriya Xxastalordo monfi
prognostik yondon preklinik meyarlar gostorilocokdir.

Maddi va texniki imkanlar

Tadgiqatin yerina
yetririlacasyi yer

Baku Medical Plaza, Moarkozi Klinik Xostoxanasi, ATU-nun Tadris
Corrahiyys Klinikasi, Tirkiys Universitet xostoxanalari

Isia baslama vaxt

2020

Isin bitirma vaxn

2024

Isin miiddati

4 il

Isin marhalalari

2020 — isin planlanmasi, adobiyyatin Gyronilmosi, maddi-texniki
resurslarin bazasinin formalagmasi, xarici partnerlarin miioyyan
edilmasi.
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2021 — CMR zro sertifikatlasmis kursun kegmasi, klinik
materialinin toplanmasinin baglanmasi.

2022 — materialin toplanmasinin  yekiinlagdirmasi, alinan
naticalorinin statistik ilkin tohlili, elmi islorin nosr edilmasi.

2023 — alinan naticalarinin statistik yekun tahlili, magalslorin nosr
edilmasi, alinan naticalorinin elmi toplantilarda toqdimi, dissertasiya
isinin yazilmasi vo ATU-nun Elmi Surasina togqdim edilmasi.
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Baslanma

Isl> alagadar cap olunan
maqalalar

Abstrakt (Azarbaycanca)

Isin ad:

COVID-19-dan sagalan gonc yasli pasiyentlordo miokard vo
endoteliumun zodslonmasinin preklinik markerlorinin prognostik
prediktor rolu

Problem:

Gonc xastalords Covid-19-a bagl gec dsnomds meydana ¢ixan UDS
xastoliklorinin erkon diagnostik predikatorlarinin vo prognozun
toyini

Moaqgsad:

COVID-19-dan sagalmis gonc soxslordo SARS-Cov-2-nin UDS-in
strukturu va funksiyasina tasirinin, diagnostik miayins metodlari vo
biomarkerlorin Urok-damar xostaliklori vo onlarin fosadlar tizro
prognozlasdirict potensialini va prediktor rolunun oyranilmasi.

Material va metodlar:

Bolinmo 18-44 yas araligindaki gonclorin 3 qrupa ayrilmasina uygun
toskil edilacokdir. 1-ci grup, osas grup (109 nafar) -COVID-19-dan
sagalan, ovvoldon (rok damar sistemi Xxostoliyi olmayan genc
xastolar, 2-ci grup, 1-ci kontrol grupu (49 nofor) - saglam koniillilor,
3-cli grup, 2-ci kontrol grupu (59 nofor) - UDS risk faktorlar1 olan
ganc xastalor. Dsas qrupdaki xastolor COVID-19-u kegirdikdan vo
sagalmadan 1-6 ay sonra ¢alismaya daxil edilocok.

Calisma protokolu:

Funksional diagnostika va gorintiiloma: ExoKQ, Strain-echo, CMR,
stress-EKQ, Holter EKQ, damarlarin USM (carotis doppler, ciyin
arteriyasinin dupleks skanlanmasi).
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Lab muayinalor: ganin biokimyovi analizi; hsCRP, 1L-1p, IL-4, IL-
6, IL-10, TNF-0, MMP-9, TGF-B vo ya osteopontin; D-dimer,
fibrinogen, Tnl/TnT, NT-pro-BNP

Otrafli miiayino protokollar: ilk vo yekun vizitds (giris vo 12 ay
sonra) icra edilacakdir; Strain-Eco, damar USM va biomarkerlor — 3-
6 vo 9-12 ay sonra; CMR — 3-6 ay sonra; EKQ stress-test vo Holter
EKQ muayinalari — ehtiyac halinda icra edilocokdir.

Miiqayiso, normal iirok 6l¢ii, strukturu vo funksiyalarina sahib olan
yetigkinlorin yasa vo cinso uygun golon 49 nofor saglam koniilliilorlo
(1-ci kontrol qrup) vo UDX-nin risk faktorlar1 (piylonmo,
tiitingokmo, diabet, arterial hipertenziya, hiperlipidemiya) olan 59
xastolorla (2-ci kontrol qrup) aparilacaqdir. Biitlin xastolordon yazilt
formada raziliq alinacagq.

CMR standartlagdirilmis  vahid  goriintiilomos  protokollarina
osaslanaraq, 3T skanerdo (Magnetom, Siemens) icra edilocokdir.
Exokardiografiya — Phillips vo Vivid markali cihazlarda ASE
protokollarinin kriteriyalarina uygun 6lgiimlore osaslanaraq hoyata
kegirilocokdir.

Strain-Echo miokardial seqmentlorin aktiv vo passiv harokati
arasindaki  forqi, interventrikulyar  dissinxroniyani, = LMS
(longitudinal myocardial shortening) kimi gozls goriils bilinmoyon
miokardial disfunksiyanin erkon toyini mogsadilo ASE protokollara
uygun icra edilocokdir.

9sas giymatlondirma
Kriteriyalari:

Osas Kriteriya (primary outcome):

Miokardin kontraktil gabiliyystinin preklinik pozulmas: (LV strain-
rate), miokard ddeminin muddati vo zadalonmasi (CMR kontrast
madds tutulumu, LGE-nin isemik vo non isemik patternlorin
xaritlonmosi), damar endoteliumun disfunksiyasi1 (biomarkerlar vo
intima-media kompleksinin qalinligi). Bu gostoricilorin sirasinda
UDS-in negativ prognostik markerlori meydana cixarmaq iigiin
logistik regressiya, ROC analizi, Spirmen va Pirsonun ¢oxsayli
korrelyasiya analizlori istifados edilocokdir.

dlava giymatlondirma Miokardda fibroz zonalarmmn omolo  gelmosi  vo  onun

Kriteriyalari: aritmogenliyinin artmasi (fibroz biomarkerlori, LGE, gec madacik
potensiallari, QT intervali), aterosklerozun iralilomasi (pilayin
Olclsu vo strukturu), Urok-damar xastaliklorinin tezliyi.

Acar sozlor: COVID-19, Cardiac MRI, LV strain-rate, biomarkerlor, endotelial
disfunksiya

Isin novii vo dizaym: Preklinik

Diagnostika, skrining

Abstract (in english)
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Name of study:

The prognostic role of preclinical markers of myocardial and
endothelial damage in young patients recovering from COVID-19

Background:

The global COVID-19 pandemic continues to cause significant
morbidity and mortality worldwide. To date, studies have focused on
acute respiratory complications, especially in critically ill patients
[7]. COVID-19 has been shown to have a significant effect on the
cardiovascular system, exacerbate heart failure in patients with pre-
existing heart disease, and increase troponin in critically ill patients
in several disease reports and small series [4]. Fulminant myocarditis
is suspected in 7% of fatal patients [8]. The pathophysiological
mechanisms of heart damage include rupture of the inflamed
atherosclerotic plaque, stent thrombosis, overload of the heart due to
high heart rate, and infection with ACE2 receptors, which causes
systemic endothelial disease [5]. A small number of autopsy cases
involve infiltration of interstitial mononuclear inflammatory cells
and have been shown to be a major mechanism of myocardial
inflammation [6]. It has been reported in some cases of severe
myocarditis. In a small study of cured patients with persistent cardiac
symptoms, magnetic resonance imaging (CMR) of the
cardiovascular system revealed heart damage in the form of
myocardial inflammation (due to myocardial edema) and scar (due
to late accumulation of gadolinium-LGE) in 58% of patients [9].
Cardiovascular complications have not yet been adequately studied
in the general selection of patients (ie, without specific selection),
including patients with no pre-existing disease, no pre-
hospitalization, or only mild symptoms that do not require or require
hospitalization. In order to understand the stage, prevalence, and
form of cardiovascular complications, COVID-19 is used to examine
serological markers for myocardial and vascular endothelial damage
in newly cured patients, as well as in-depth imaging techniques such
as Strain Echo and CMR. This will allow the progression of
myocardial dysfunction and the determination of preclinical signs of
UDS disease.

Objective:

To study the consequences of the transferred SARS-Cov-2 on the
structure and function of CVS in recently recovered young patients
and the possibility of using CMR and blood biomarkers as predictors
of CVD development after mild / asymptomatic form of COVID-109.

Material and
(patient groups
interventions):

methods
and

The division will be organized according to the division of young
people aged 18-44 into 3 groups. Group 1 — main group (n=109) -
young patients recovering from COVID-19, no previous
cardiovascular disease, Group 2 — 1% control group (n=49) - healthy
volunteers, Group 3 — 2" control group (n=59) - young patients with
CVD risk factors.

The study protocol includes:

Imaging and functional diagnostics methods: Echocardiography,
Strain Echo, CMR, stress ECG test, Holter ECG, ultrasonography of
arteries (assessment of the Doppler spectrum of blood flow through
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the carotid arteries and thickness of the intima-media complex of the
brachial artery).

Lab tests:

- detailed biochemical blood test;

- biomarkers: hsCRP, IL-1B, IL-4, IL-6, IL-10, TNF-a, MMP-9,
TGF-p or osteopontin; D-dimer, fibrinogen, Tnl/ TnT, NT-pro-BNP.

Detailed examination protocols will be implemented at the first and
final visit (entry and 12 months later); Strain-Echo and biomarkers -
after 3, 6 and 9 months; Cardiac MRI - after 3 and 12 months; ECG
stress tests and Holter ECG examinations - will be performed if
necessary.

The comparison will be conducted with 49 healthy volunteers adults
who are with normal heart size and function, not taking heart
medications, do not have scars, and have normal blood pressure (1%
Control group) and with 59 young patients with CVD risk factors
(2" Control group).

CMR will be performed to obtain function, volume, mass, and shape
of scar tissue based on standardized uniform imaging protocols.
Echocardiography will be performed on Phillips and Vivid devices
based on measurements in accordance with the criteria and protocols
of the American Society of Echocardiography (ASE). Strain echo is
a non-invasiv indicator of myocardial function, will be performed
according to ASE protocols for early detection of invisible
myocardial dysfunction such as interventricular dysynchrony, LMS
(longitudinal myocardial shortening) and difference between active
and passive movement of myocardial segments.

Primary outcome:

Manifestation of preclinical disorder of myocardial contractility (LV
strain rate), duration of myocardial edema (CMR), manifestation of
vascular endothelial dysfunction (biomarkers and thickness of the
intima-media complex)

Secondary outcome:

The formation of zones of fibrosis in the myocardium and an increase
in its arrhythmogenicity (using CMR, late ventricular potentials,
lengthening of the QT interval), progression of atherosclerosis (by
the structure of the plaque), incidence of cardiovascular disease

Key words:

SARS-Cov-2, COVID-19, Cardiac MRI, strain-eco, biomarkers,
endothelium dysfunction

Study type and design:

preclinic, diagnostic, observasional, case-control
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