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DaKTOpPU PU3UKY HECNPUATIMBOro NPOrHo3y
Ta nporpecyBaHHS1 XPOHiYHOI cepyeBoOi
HepocTtaTHocTi npun COVID-19 nHeBMOHiIl

Oner Camuyk

Kagpeapa tepanii N°1, megu4HoOI giarHOCTUKM Ta remMartosorii i
TpaHcoyszionorii @O JIbBiBCbKOro HaLuioHasibHOro MEANYHOIO
yHiBepcuteTy iM. aHuna anvybkoro, JibBiB, YkpaiHa

BcTtyn. [MauieHTM 3 XpPOHIYHOK CepLeBO HEeAOCTaTHICTIO €
Bpa3/IMBMMU A0 KOPOHaBipycHoi xBopobu (COVID-19).

MeTta. Jocnigntn dakTtopn pusnky HecnpusTIMBOIro NporHosy
Ta NporpecyBaHHs cepLeBoi HeAOCTAaTHOCTI y rocnitTanizoBaHux
MauieHTIB i3 XPOHIYHOIO CepLeBO0 HEeAOCTaTHICTIO Ta MHEBMO-
Hieto COVID-19.

Metoau pocnip>xeHHA. Ha nepwoMy eTani HaykoBoi po6oTu
NpoBeAEeHO PEeTPOCNEKTUBHUI aHani3 MeanyHux kapt 555 roc-
niTanizoBaHux NauieHTiB 3 giarHozom COVID 19. B noganbLiomy
AaHi 3ibpaHi Big 90 nauieHTiB i3 XCH Ta COVID-19 nHEBMOHIA 3a
ciyeHb-ntoTnn 2021 poky y JIbBiBCbKiM NikapHi LWUBWUAKOI Meany-
Hoi gonomorn. OuiHoBanM napaMeTpu: aHTPONOMEeTUYHI, AeEMO-

MpvHUMnam FeneCiHchKor Aeknapauir. rpacdiyHi AaHi, yCKNagHEHHs, pe3ynbTaTu NikyBaHHSA (BUnucka/

CMepTb), KNiHiYHi, nabopaTopHO-IHCTPYMEHTaNbHi pe3ynbTaTu
obcTexeHHs, 30kpeMa, 3HavyeHHA NT-proBNP B guHamiui.

®diHaHCYBaHHSA: aBTOp HE OTPUMaB >XOAHOI

hiHaHCOBOI NIATPMMKM CBOrO AOCNIAKEHHS.
© Oner Camuyk, 2023
N Pesynbtatn. Y xsopmx Ha COVID-19 XCH peecTpyeTbcs y
42,9% BuNagkKax Ta aCoUIlETbCA 3 HMXUYMMU 3HAUYEHHAMMU ca-
Typauii kposi 02 (p=0,0474), remornobiny (p=0,0090), npoTtpombiHoBoro yacy (p=0,0196) Ta
iHaekcy (p=0,0196), BMWwWMMN 3HaYeHHAMK rnoko3n (p=0,0032), kpeaTuHiny (p=0,00001) Ta iH-
TepnenkiHy-6 (p=0,0041). JexkoMmneHcauis XCH po3BMBaA€ETbCSA Ha POHI HUXYMX NOKA3HUKIB TEM-
nepatypu Tina (p=0,0047), catypauii kucHto (p=0,0076), remornobiHy (p=0,0026), niaBMLLEHHS
KpeaTuHiHy (p=0,0034), iHTepnelikiny-6 (p=0,0300), AcT (p=0,0035) i TponoHiHy I (p=0,0061).
IHdapkT Miokapaa (p=0,0014), apuTtmii (p=0,0011) i rinepToHiuHni kpn3 (p=0,0096) 6ynun Bax-
JIUBUMU KJTIHIYHUMUW MpeguKTopaMn po3BUTKY AekomneHcauii CH npu nHeBMoHii COVID-19 i ii
PO3BUTOK acouitoBaBcs 3i 36inbweHHaM cMepTHocTi (OR=5.72; 95% A1: 1,84, 17,81; p=0,0026).

BucHoBku. XCH - nowwnpeHa i yacto netanbHa y nauieHtis 3 COVID-19, ocob6nmBo npu aeKom-
neHcoaHin XCH. CnpusatoTe gekomneHcauii XCH y xBopux Ha COVID-19 Hu3bKa caTypauis Kuc-
HIO, iIHPapKT Miokapaa, apuTMii, rinepTOHIYHMA KpWU3, NiABULLEHI MapKepu KapAiouuTonily, nia-
BULLEHI Npo3anasbHi LMTOKIHM Ta (POHOBI (paKTOpW HECMPUATAMBOIO CePLIEBO-CYANHHOIO PU3NKY.

KnrwouoBi cnoBa: xpoHi4yHa cepueBa HeAOCTaTHICTb, AEKOMMNEHCOBaHa XpOHiYHa cepueBa Hefo-

cTtaTHicTb, COVID-19 nHeBMOHIs, N-KiHUeBWUI HaTpilypeTuyHuii nponentug B-tuny, nposananbHi
LNTOKIHN.
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Risk factors for unfavorable prognosis
and progression of chronic heart failure in
COVID-19 pneumonia

Oleg Samchuk
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Introduction. Patients with chronic heart failure are vulnera-
ble to coronavirus disease (COVID-19).

Objectives. To investigate risk factors for unfavorable progno-
sis and progression of heart failure in hospitalized patients with
chronic heart failure and COVID-19 pneumonia.

Methods. A retrospective analysis of the medical records of
555 hospitalized patients diagnosed with COVID-19 was con-
ducted. Subsequently, the data of 90 patients with chronic
heart failure (CHF) and COVID-19 pneumonia from January -
February 2021 were collected at Lviv Clinical Hospital of Emer-
gency Medical Care. The following indices were evaluated: an-
thropometric and demographic data, complications, treatment
results, results of clinical, laboratory, and instrumental exam-
inations, and dynamic NT-proBNP.

Results. CHF is recorded in 42.9% of hospitalized patients with
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COVID-19 and is accompanied by lower values of blood oxygen level (p=0.0474), hemoglobin
(p=0.0090), prothrombin time (p=0.0196), prothrombin index (p=0.0196) and higher indicators
of glucose (p=0.0032), creatinine (p=0.00001), interleukin-6 (p=0.0041). CHF decompensation
is associated with lower values of body temperature (p=0.0047) and blood oxygen saturation
(p=0.0076), while hemoglobin level (p=0.0026), higher creatinine values (p=0.0034), interleu-
kin-6 (p=0.0300), aspartate aminotransferase (p=0.0035), troponin I (p=0.0061); are associated
with the development of myocardial infarction (p=0.0014), acute arrhythmias (p=0.0011), hyper-
tensive crisis (p=0.0096) and increased mortality (OR=5.72; 95). % CI: 1.84, 17.81; p=0.0026).

Conclusions. CHF is common and often fatal in patients with COVID-19, especially in decompen-
sated CHF. Low blood oxygen saturation, myocardial infarction, arrhythmia, hypertensive crisis,
increased cardio cytolysis markers and pro-inflammatory cytokines preceding adverse cardiovas-
cular risk factors contribute to CHF decompensation in patients with COVID-19.

Keywords: Chronic heart failure, decompensated chronic heart failure, COVID-19 pneumonia,
N-terminal natriuretic pro-peptide B-type, pro-inflammatory cytokines.
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BcTtyn

CepueBa HegocTaTHicTb (CH) — 3axBoptoBaHHS
3 HecnpuaTtinBuM MporHo3oM, ii nosBa 4yacto
CBiAYMTb NpoO 3aBepllasibHy ¢a3sy OCHOBHO-
ro 3axsoptoBaHHsa [1, 2]. CmepTHicTb Big CH
noaibHa abo HaBiTb BULWA, HiXX CMEPTHICTb Big
pi3HUX BuAiB paky. CyyacHi JOCATHEHHS B fi-
KYBaHHI MigBULWUAN AKICTb XUTTHA Ta BUXMBA-
HicTb XxBopmX i3 CH [3]. OgHak nosiBa naHAemii
KOpOHaBipycHoi xBopobu 2019 (COVID-19),
HOBOi xBOpobu, sKa Bpaswuia JOACTBO Ta
CrpUYMHUIA 3HAYHY 3aXBOPKOBAHICTb i CMepT-
HICTb Y BCbOMY CBITi, 3pobuna nauieHTiB i3 CH
ocobnneo BpasznnemMu. [MoOBIAOMASETLCA, LWO
MOLMPEHICTb CepLeBO-CYAMHHUX 3axXBOpPH-
BaHb (CC3) y nauieHTiB 3 COVID-19 konuea-
€TbCA Big 4% no 40%, i 3’aBnseTbCs BCe 6inb-
e AoKasiB TOro, Wo iX HassBHICTb NOB’A3aHa 3
HecnpuATAUBUMWU HacNigKaMu, TaKUMU SK roc-
niTanisauiga y BigAiNeHHa iHTEHCUBHOI Tepanii
Ta niaBULWEHHS cMepTHOCTI [4, 5]. MeToto aa-
HOro gocnigaxeHHs 6yno BMBYEHHS (haKTopiB
pU3UKY HECMPUATAMBOIO NMPOrHO3y Ta nporpe-
cyBaHHa CH y rocnitanizoBaHuX MNauieHTIB i3
XPOHIYHOI CepLeBoto HeagocTaTHicTio (XCH) Ta
nHeBMoHieto COVID-19.

MaTepianu Ta metoamn

MpoBeaeHO peTpocnekTUBHUMA aHaniz 555
MeANUYHUX KapT CTauioHapHWX MaLieHTIB, AKi
nepebyBann Ha nikyBaHHi y JIbBIBCbKiN Kii-
HIYHIM NikapHi WBWAKOI MeANYHOI AoNOMOru 3
nucronaga 2020 poky no notnii 2021 poky 3
niarHo3oM COVID-19 nHeBMOHIA. YCi nauieHTm
6ynu rocnitanizoBaHi BigNoBiAHO A0 K/iHIYHMX
KpuTepiiB NauieHTIB i3 nigo3poto/niarsepaxe-
HMM COVID-19: 1) vactoToo AmxaHHs <10
abo >30 abo 2) HaCMYEeHHS KUCHEeM KpoBi <
92% abo 3) nopyleHHs cBigoMOCTi (3a WwkKa-
noto AVPU Bci, kpim A) abo pgekoMmneHcoBa-
Hoto CH, wo BianoBigalTb cepefHbOTAXKOMY
abo Taxkomy nepebiry COVID-19. Kputepiem
BKJIIOUEHHS XBOPUX Y PETPOCMEKTUBHUIA aHa-
ni3 6yB AiarHo3 nHeBMOHIi, BepudikoBaHWi
Ha OCHOBIi nabopaToOpHO-IHCTPYMEeHTalbHUX
MEeTOAIB AOCNIAXEHHS; BUABNEHHS FEHOMY Bi-
pycy SARS-CoV-2 y Ma3Kkax i3 HOCOrfioTKK Ta
pOTOrN0OTKM METOAOM rMOoJliMepasHol JlaHUk-
roBoi peakuii Ta/abo BusaABneHHsa aHTUTIn IgM
[0 KopoHaBipycy SARS-CoV-1 i piBHS nigo3pu
Ha iHdekuito COVID-19 3rigHO 3 3a LWKanow
CO-RADS, wo Bignosigae 5 6anam; ob6Taxe-
HUI enigemMionoriyHnin aHamHe3. MeTo Lboro
eTany gocnigxeHHs 6yno BM3HAYEeHHS MOLn-
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peHocTi XCH, cMepTHOCTI Ta KN4YoBUX dak-
TOpiB HECnpuUaTIMBOro MpoOrHo3y cepej roc-
niTanizoBaHnx nauieHTiB i3 XCH ta COVID-19
NHEBMOHIED. BpaxoByrunm Hepfonikm peTpo-
CNEeKTUBHOr0 aHanisy (HeaoCTaTHI KiNlbKiCTb
npoBefeHUx exokapaiorpadin, BIiACYTHICTb
nabopaTopHOi OUiHKM HaTPinypeTUHHUX nen-
TUAIB) OUIHWUTWU MOLUMPEHICTb AEKOMMEHCOBa-
HOi XCH cepen nauieHTiB i3 KOPOHaBipyCHOO
XBOpPO6OI Ha OCHOBI HasABHOI MeAM4YHOI AOKY-
MeHTauii 6yno cknagHo.

Came TOMYy 6yB 3annaHoBaHWI HACTYMHUMN
dparMeHT pob0oTM — OAHOLEHTPOBE MpocCneK-
TUBHE KOHTPOJIbOBAHE AOC/IIAXEHHS, AKe Mano
Ha MeTi BUBYMUTWN NOLIMPEHICTb LEKOMIMEHCOBA-
HOi XCH cepep rocnitanizoBaHuUX NaLi€HTIB i3
COVID-19 nHeBMOHi€lO Ta BUABUTK aKTopu
pU3NKYy AeKOMMeHcaLii, a TakKoX CMepTHICTb
nauieHTiB i3 gekomneHcoBaHoo XCH Ha ¢oHi
nHeBMoHiIi. [aHi 3ibpaHo Big 90 nauieHTiB
i3 XCH B aHaMHe3i, ki Haginwnu no JlbBiB-
CbKOI KAIHIYHOT nNiKapHi WBUAKOT MeAUYHOT
[0rnoMoru npoTaroMm civyHa-ntotoro 2021 poky
3 piarHo3oMm COVID-19 nHeBMOHiga. [HiarHos
COVID-19 nHeBMOHiA 6yB BepudikoBaHMN 3a
BULLE3a3HaYeHnMN KpuTtepigmun. AiarHo3z XCH
BCTaHOB/IEHMI Ha niactasi «Pekomenpauin ESC
3 [iarHOCTMKM Ta NiKyBaHHA FOCTPOI Ta XPOHiy-
Hoi cepueBoi HepgocTaTHocTi 2016 poky [6]. Oi-
arHoctmka nporpecyBaHHa XCH rpyHTyBanacs
Ha 36inblleHHi 3HavyeHHa N-KiHUeBOro Hatpiny-
petnyHoro nponentuay B-tuny (NT-proBNP) Ha
100% i 6inblie Big MOro MOYATKOBOI KOHLIEH-
Tpauii, BU3Ha4eHoi Mnig vac rocnitanisauii [7], Ta
pEKOMEHA0BaHOI MeXi 3HaYeHHs HaTpinypeTuy-
HOro nenTuay AN AiarHOCTUKWM FOCTPOI cepLeBol
HepgocTaTHOCTI AcouiaLii cepueBoi HeOCTaTHOCTI
€BpONencbLKOro ToBap1CcTBa Kapaionoris.

Yci nauieHTV BiKOM Big 18 pokiB nignucanu iH-
(opMOBaHy 3roAy Ha y4vacTb Y AOCAIAXKEHHI.
Y pocnigXeHHs He BKAOYanau NauieHTIB: 6e3
niagTBEpAXKEHOro AiarHosy NHEBMOHIl, 3 Nigo3-
poto Ha iHdikyBaHHa COVID-19 3a wkanoto
CO-RADS 1-4 6anu, ocobu 3 iHWKMMK eTiono-
riYHMMKM BapiaHTaMM MHeBMOHIi (bakTepianb-
HO'O, FiNOCTaTUYHOW), TY6EepPKYIbO30M JSiIereHb,
BaXKWM CYNyTHIM LYyKpOBUiA AiabeT, nauieH-
TW 3 IMYHOCYMNPECUBHUMWU CTaHaAMU, TAXKKOK
XPOHIYHOK NATOJIOrE AMXaNbHOI CUCTEMMU,
TepMiHaNbHOK HUPKOBOK HEAOCTATHICTIO, He-
WoAaBHO NepeHeceHnM rocTpuM KOpPOHapHUM
CUHOPOMOM, QOPTOKOPOHAPHUM  LWYHTYBaH-
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Introduction

Heart failure (HF) is a disease with unfavor-
able prognosis, its appearance often indicates
the final phase of the underlying disease [1,
2]. Mortality due to HF is similar or even high-
er than mortality from various types of cancer.
Modern advances in treatment have improved
the quality of life and survival of patients
with HF [3]. However, the emergence of the
coronavirus disease pandemic, a new disease
that affected humanity and caused significant
morbidity and mortality worldwide, has made
patients with HF particularly vulnerable. The
prevalence of cardiovascular disease (CVD)
in patients with coronavirus disease 2019
(COVID-19) has been reported to range from
4% to 40%, and there is increasing evidence
that its presence is associated with adverse
outcomes, including but not limited to hos-
pitalization in the intensive care unit and in-
creased mortality [4, 5]. The aim of this study
was to investigate risk factors of an unfavor-
able prognosis and progression of heart failure
in hospitalized patients with chronic heart fail-
ure (CHF) and COVID-19 pneumonia.

Materials and Methods

Study Population

A retrospective analysis of 555 medical re-
cords of inpatients treated at Lviv Clinical
Hospital of Emergency Medical Care from
November 2020 to February 2021 diagnosed
with COVID-19 pneumonia was conducted. All
patients were hospitalized based on clinical
criteria for patients with suspected/confirmed
COVID-19: 1) respiratory rate <10 or >30 or
2) saturation < 92% or 3) impaired conscious-
ness (according to the AVPU scale, all except
A) or decompensated HF corresponding to a
moderate or severe course of COVID-19. The
criteria for including patients in the retrospec-
tive analysis was a diagnosis of COVID-19-as-
sociated pneumonia, confirmed using lab-
oratory and instrumental methods (blood
tests, such as complete blood count, serum
biomarkers — C-reactive protein (CRP) and
procalcitonin, sputum test, chest computed
tomography (CT) scan, pulse oximetry); de-
tected genome of SARS-CoV-2 virus in swabs
from the nasopharynx and oropharynx using
the polymerase chain reaction method and/
or detection of IgM antibodies to SARS-CoV
coronavirus-1 and the level of suspicion of
COVID-19 infection according to the CO-RADS
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scale corresponding to 5 points; complicat-
ed epidemiological anamnesis. The aim of
this phase of the study was to determine the
prevalence of CHF, mortality and key factors
for unfavorable prognosis among hospitalized
patients with CHF and COVID-19 pneumonia.
Given that the study was retrospective, esti-
mating the prevalence of decompensated CHF
among patients with coronavirus disease based
on available medical records was complicated.

The next step of the work was planned as a
single-center prospective controlled study and
aimed to research the prevalence of decom-
pensated CHF among hospitalized patients
with COVID-19 pneumonia, risk factors for
decompensation, as well as mortality in pa-
tients with decompensated CHF and COVID-19
pneumonia. The data were collected from 90
patients with a history of CHF admitted to Lviv
Clinical Hospital of Emergency Medical Care
in January - February 2021 with a diagnosis
of COVID-19 pneumonia. COVID-19 pneu-
monia was diagnosed using the criteria men-
tioned above. The diagnosis of chronic heart
failure (CHF) was established based on the
"2016 ESC Guidelines for the Diagnosis and
Treatment of Acute and Chronic Heart Failure:
Working Group on the Diagnosis and Treat-
ment of Acute and Chronic Heart Failure of the
European Society of Cardiology (ESC)” [6].
CHF progression was diagnosed based on an
increase in the value of N-terminal natriuretic
pro-peptide B-type (NT-proBNP) by 100% or
more from its initial concentration determined
at the time of hospitalization [7] and the rec-
ommended limit values of natriuretic peptide
for diagnosing acute heart failure of the Heart
Failure Association of the European Society of
Cardiologists.

All patients were over 18 and signed informed
consent to participate in the study. Exclusion
criteria: Patients without a confirmed diagnosis
of pneumonia, those suspected of being infect-
ed with COVID-19 according to the CO-RADS
scale of 1-4 points, individuals with other eti-
ological pneumonia (bacterial, hypostatic),
pulmonary tuberculosis, severe accompanying
diabetes, patients with immunosuppressive
conditions, severe chronic pathology of the re-
spiratory system, end-stage renal failure, re-
cently experienced acute coronary syndrome,
coronary artery bypass grafting, recent (within
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HSM, HelloAaBHbLOK (MPOTAroM OAHOMO Mics-
us) rocnitanisauieto 3 npusoay XCH, a Takox
nawieHTamm 3 WOKOM abo cerncmcom.

OuiHtoBanM Taki NnapaMeTpu: BiK, CTaTb Mnaui-
€HTIB, HafABHICTb YCK/IQAHEHb Ta pe3ynbTaTu
NikyBaHHS (BUnNmucka/cmepTb). BuByanu ckap-
rn, icTtopito xBopobu, pesynbtatn @isnkanbHO-
ro obCcTexeHHs, AoAaTKOBUX NabopaTopHMX Ta
IHCTpYMEHTaNnbHUX MEeTOAIB 06CTEXEHHS.

Mig yac rocnitanilauili aHanisyBanu gemorpa-
diyvHi, KNiHiKkO-aHaMHeCTUYHI gaHi, yepe3s 1-3
AHi npoBoamnu nabopaTopHO-iHCTpyMeHTasb-
He 0bCTexXeHHS.

Exokapgiorpadis 6yna 060B’d93k0BO0 B MNpo-
CNEeKTUBHOMY AOCHIAXEeHHI. bynn 3anucani
OBOBUMIpHI exokapgaiorpadiyHi 306paxeHHs 1)
HUXXHLOI MOPOXHWUCTOI BEHW Nif 4Yac BAUXY Ta
BMAMXY, 3 Mno3uuii cybkocTanbHOro Aatymka;
2) BUXiAHWI TpakT NiBOro LUIyHo4YKa 3 napa-
CTepHasibHOro MOJIOXEHHS Mo AOBril oci. bes-
nepepsBHi Ta iMMNYNbCHO-XBWU/IbOBI CNEKTpasbHi
AONnepiBCbKi 306paxeHHs TpUKycniganbHOi
perypritauii, nereHeBoi perypritauii, MiTpanb-
HOI perypritTauii Ta CuUrHaau TpaHcaopTasb-
HOrO CUCTOMIYHOrO KPOBOTOKY 6ynu oTpuMaHi
3 KiNbKOX MOMOXEHb AaTynka. 306pakeHHS
HMXXHBOI MOPOXHWUCTOI BEHU Bynu OTpUMaHi 3
nigpebepHoi nosuuii gatumka. CepegHin TUCK
y npaBomy nepeacepai (RAP) ouiHioBanm 3a
AiaMEeTPOM HUXKHbOT MOPOXKHUCTOI BEHU Ta CTY-
neHem ii pecnipodasHux 3MiH. CUCTOMIYHWUI
TUCK Yy nereHesin aptepii (PASP) pospaxoBy-
BasIn AK CyMy po3paxyHkoBoro RAP i rpagieH-
Ta MK MaKCUMMalbHWUM CUCTOMIYHUM TUCKOM Yy
npaBoMy LWJYHOUYKY Ta po3paxyHKoBuM RAP.
Lleth rpagieHT 6yB OUIHEHWUI LWAAXOM 3aCTOCY-
BaHHSA MOAMQIKOBAHOro piBHAHHS BepHynni oo
NiKOBOI WWBWAKOCTI curHany 6esnepepBHoOi Aon-
nnepiBcbKOI TpUKycniganbHoi perypritauii (VTR
Max): PASP = RAP + 4VTR Max2. Po3paxoBy-
BanW AiaCTONiYHUI TUCK Yy NereHeBin apTepii
(PADP) sik cymy ouiHeHoro RAP i rpagieHTa Mix
KiHUEBMM AiaCTONIYHMM TUCKOM Yy JiereHeBil
apTepil Ta KiHUeBUM AiaCTONIYHMM TUCKOM rpa-
BOrO LUNYHOUYKA, SKMin AopiBHIOE RAP y uelt vac
cepueBoro umkiy. Llen rpagieHT ouiHOBanM Ha
OCHOBI KiHLEBOI AiaCcTONiIYHOT LWBUAKOCTI 6e3ne-
peEpPBHO-XBMILOBOIO A0MJIE€PIBCbKOro CUrHany
nereHeBoi perypritauii (KiHLeBMn giacToniyHWi
VPR2): PADP = RAP + 4VPR kiHueBMi giacTto-
niyHnn2. CepepHin TUCK Yy NnereHesin apTtepii
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(PAMP) po3paxoByBanu LWASXOM AOAaBaHHSA
OLHI€l TPETMHWN MYNbCOBOr0 TUCKY B NEereHeBiln
aptepii 4o ouiHeHoro PADP: PAMP = PADP +
1/3(PASP — PADP). Tuck y niBomy nepeacepai
(LAP) nig vac BigkpuTTa aopTasbHOro knana-
Ha, OuiHKy cepegHboro LAP, pospaxoByBanu
AK Pi3HULUIO MiXX AiaCToNiYHUM TUCKOM B aopTi
(AoDP) i rpafliEHTOM TUCKY MiX NiBUM LUIYHOY-
KOM i NniBUM nepeacepasMm nig 4vac BiAKPUTTS
aopTanbHOro KnanaHa BiakpuTTa. Lel rpaaieHT
TUCKY BU3Ha4aBCs 3a MNiKOBOW LWBUAKICTIO CUM-
Hany 6e3nepepBHOI A0ONEPIiBCbKOI MiTpanbHOI
perypritauii nig 4ac BiAKPUTTA aopTasibHOro
knanaHa (VMR-AVO2): LAP = AoDP — 4VMR-
AVO. TpaHcnynbMoHanbHMn rpagieHt (TPG)
po3paxoByBann sk PAMP MiHyc LAP. Onip ne-
reHeBux cyamH (PVR) po3paxoByBanu sk TPG,
nogineHnn Ha cepuesuin Bukua. IHaekc PVR
(PVRI) po3spaxoByBanu sk TPG, nogineHuin Ha
cepueBuin iHOEKC.

Micna nignucaHoi iHOpMOBaAHOI 3roAn piBHi
NT-proBNP BuMiptoBanu B 3pa3kax Kposi nig
yac rocnitanisauii Ta NOBTOPHO Ha 5-7 AeHb
abo B Mipy noripweHHa cumntomiB. NT-proBNP
BUMIpIOBann MeToAoM iMyHodNoopecueHuii
B 6ioxiMiuHin nabopaTtopii JIbBIBCbKOI NikapHi
WBMAKOI MeAnYHOoI JONOMOrHU.

Jocnig)xeHHa npoBeAeHOo nicnga OTpUMaHHA
cxBasieHHs ETMYHOI KOMicii 3 ekcnepuMeHTanb-
HUX po3poboK Ta AocCNiAXeHb JIbBIBCbKOro Ha-
LiOHaNbHOro MeAWYHOro YHIBEPCUTETY IMeHi
Oanunna Manuubkoro (N° 10 Big 16.12.2019).
Yci nauieHTM nignucanu iHgopMoBaHy 3roay
Ha y4yacTb y AocnigxeHHi. JocnigxeHHsa Bia-
rnoBifa€ npuHUunnam renbCiHCLKOI Aeknapadii.

CTaTUCTUYHMIA aHanis3

KaTteropianbHi 3MiHHI Bigobpa)xann K 4acTtoTu
Ta BiACOTKM, a 6e3nepepBHi 3MiHHI — K cepea-
He £ cTaHaapTHe BiaxuneHHsa (SD) abo megiaHa
Ta iHTepkBapTUAbHKUIA giana3oH (IQR) Bianosia-
Ho. CepenHi ang 6e3nepepBHUX 3MiHHMX NOPIB-
HIOBa/IM 3a AOMOMOro He3aseXHUX rpyrnoBux
t-TectiB, KonNn AaHi 6ynu HOpManbHO PO3MNoAi-
JIeHi; B iHWOMY BMNaaKy rnposoanan Tect MaH-
Ha-YiTHi. HopManbHiCTb po3noAinis ouiHBaIN
3a gonomorot kputepito LLanipo-Binka. lMpo-
nopuii KateropiasibHUX 3MiHHMUX MOPIBHIOBAIN
3a AOMNOMOrow TecTy Xi-kBaapat abo TOYHOro
KpuTepito diwepa, 3anexHo Big obctasuH. Ans
po3paxyHKy nnouwi nig kpueoto (AUC) ans ouiH-
KW AiarHOCTUYHOI LiHHOCTI Mapkepa cepuesol
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one month) hospitalization for CHF, as well as
patients with shock or sepsis.

The following parameters were evaluated: pa-
tient’s age, sex, presence of complications and
treatment results (discharge/death). Com-
plaints, case history, physical examination
results, and additional laboratory and instru-
mental examination methods were studied.

Demographic, clinical and anamnestic data
were analyzed during hospitalization, and lab-
oratory and instrumental examinations were
conducted in 1-3 days.

Echocardiography was mandatory in the pro-
spective study on days 1-5. Two-dimensional
echocardiographic images were recorded: 1)
the inferior vena cava during inhaling and ex-
haling from the subcostal transducer position;
and 2) the left ventricular outflow tract from
the parasternal long-axis position. Continuous
and pulsed wave spectral Doppler images of
the tricuspid regurgitation, pulmonic regurgi-
tation, mitral regurgitation and transaortic sys-
tolic flow signals were obtained from multiple
transducer positions. Images of the inferior
vena cava were obtained from the subcostal
transducer position. Mean right atrial pressure
(RAP) was estimated from the inferior vena
cava diameter and its degree of respiropha-
sic change. Pulmonary artery systolic pressure
(PASP) was calculated as the sum of the esti-
mated RAP and the gradient between the peak
right ventricular systolic pressure and the es-
timated RAP. This gradient was estimated by
applying the modified Bernoulli equation to the
peak velocity of the continuous wave Doppler
tricuspid regurgitation signal (VTR Max): PASP
RAP + 4VTR Max2. Pulmonary artery dia-
stolic pressure (PADP) was calculated as the
sum of the estimated RAP and the gradient
between the pulmonary artery end-diastol-
ic pressure and the right ventricular end-dia-
stolic pressure, which is equal to the RAP at
this time in the cardiac cycle. This gradient
was estimated from the end-diastolic velocity
of the continuous wave Doppler pulmonic re-
gurgitation signal (VPR end-diastolic2): PADP
= RAP + 4VPR end-diastolic2. Pulmonary ar-
tery mean pressure (PAMP) was calculated by
adding one-third of the pulmonary artery pulse
pressure to the estimated PADP: PAMP = PADP
+ 1/3(PASP — PADP). Left atrial pressure (LAP)
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at the time of aortic valve opening, an estimate
of mean LAP was calculated as the difference
between the diastolic aortic pressure (AoDP)
and the pressure gradient between the left
ventricle and left atrium at the time of aortic
valve opening. This pressure gradient was de-
termined from the peak velocity of the continu-
ous wave Doppler mitral regurgitation signal at
the time of aortic valve opening (VMR-AVO2):
LAP = AoDP — 4VMR-AVO. The transpulmonary
gradient (TPG) was calculated as PAMP minus
LAP. Pulmonary vascular resistance (PVR) was
calculated as TPG divided by cardiac output.
The PVR index (PVRI) was calculated as TPG
divided by the cardiac index.

After signed informed consent was obtained,
NT-proBNP levels were measured in blood
samples during hospitalization and repeatedly
on the 5th-7th day or when symptoms exac-
erbated. NT-proBNP was measured by the im-
munofluorescence method in the biochemical
laboratory of Lviv Emergency Hospital.

The study was conducted after the approval of
the Ethical Commission on Experimental De-
velopment and Research of Danylo Halytsky
Lviv National Medical University (No. 10 dated
12/16/2019). All patients signed an informed
consent to participate in the study. The study
complies with the principles listed in the Dec-
laration of Helsinki.

Statistical analysis

Categorical variables are shown as rates and
percentages, and continuous variables as the
mean £ standard deviation (SD) or median and
interquartile range (IQR) as appropriate. Means
for continuous variables were compared using
independent group t-tests when data were nor-
mally distributed; otherwise, Mann-Whitney
tests were performed. The normality of distri-
butions was assessed using the Shapiro-Wilk
test. Proportions for categorical variables were
compared using the chi-squared test or Fisher’s
exact test, as appropriate. The receiver oper-
ating characteristic curve (ROC) was drawn to
calculate the area under the curve (AUC) and
evaluate the diagnostic value of the marker for
heart failure. Correlation analysis between vari-
ables, continuous variables that presented nor-
mal distribution was analyzed through Pearson
correlation, and variables that did not present
normal distribution were analyzed by Spearman
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HepocTaTHOCTI 6yna npoBeaeHa Kpuea poboyoi
xapakTtepuctuku npunimava (ROC). Kopensuin-
HUI aHani3 MiXx 3MiHHMMK, 6e3nepepBHi 3MiHHI,
AKi Manu HOpManbHWIA pO3MoAiNn, aHanidysanu
3a gonomorot kopensuii MNMipcoHa, a 3MiHHI, AKi
He Mann HOpMasibHOro PO3noAisny, aHanisysanau
3a gonomoroto kopensuii CnipmeHa. 3gilicHe-
HO nobyaoBy 6araToBMMIpPHOI YMOBHOI sforic-
TUYHOI perpecivHoi Moaeni 3 BUKOPUCTAHHSAM
3Ha4yywWwmux 3MiHHMX B OAHOBMMIPHOMY aHanisi.
Yci pani 6ynn npoaHanisoBaHi 3a AOMNOMOroK
Statistica 6.0. BBaxasnocsi, WO ABOCTOPOHHE
3Ha4veHHs P <0,05 Bkasye Ha BiAMIHHOCTI cTa-
TUCTUYHOI 3HAYYLWOCTI B YCiX aHani3ax.

Pe3synbTaTtn

3a pe3ynbTaTaMun PEeTPOCNEKTMBHONO aHanisy
BiACOTOK MaLui€eHTIB, siki nepebyBanu Ha NikyBaH-
Hi B KHI «JlbBiBCbKa KJliHIYHA NiKapHSA WBUAKOI
MeAnYHOI agonomormn» 3 noeaHaHHaM COVID-19
nHeBMOHIT Ta XCH 3a nepiog 3 BepecHs o nu-
cronag 2020 poky ctaHoBuB 42, 9% BMNAAKIB
(rpyna CH, n = 238). Knto4oBi xapakTepucTmku
nauieHTiB HaBeaeHi B Tabnuui 1.

Cepep nonynauiixsopux Ha XCHTa COVID-19 ne-
peBaXkanu nauieHTu ctapworo Biky. IQR; Q3-Q1
BiKy mauieHTiB 3 XCH cknagana 72,0(66,0;79,0)
pokie HanpoTusary 60,0(49,068,0) y nauieHTiB
6e3 XCH; P<0,0001.

Po3BuTOK XCH y HMX Bia3HayaBcs Ha oHi apTepi-
anbHoi rinepteHsii (86,14%), iweMiyHoi XBOpO6U
cepusa (72,29%), uykpoBoro giabety (28,99%),
iHpapkTy Miokapaa B aHaMHe3i (23,11%). ®ibpu-
nauisa nepeacepab 6yna HanMnoLMpEHIWnM nopy-
LUEHHSAM pUTMY, 3apeecTpoBaHUM y 45 nauieHTis
i3 XCH (18,09%; p<0,0001). Piawe peecrpyBanu
nepeavacHi komnnekcu - y 41 nauienta (17,23%;
p=0,0003), 6nokagn Hixok nydka licca y 10
(4,2%; p=0,0002) xBopunx Ha XCH.

NetanbHicte npu XCH BHacnigok COVID-19
6yna npuronomMwnueoto. NMommpas KoxeH 4-5
nauieHT Ha eTani BHYTPIWHbO-/IiIKAPHAHOIO
nikysaHHa COVID-19 nHeBMoHii. [MokasHuk
cMmepTHOCcTi npn XCH Ta COVID-19 3HauHo
nepesuvllyBaB aHanoriYHWM MOKa3HUK XBO-
pux 6e3 XCH (23,94%, Ha BigMiHYy Big 9,15%:;
p<0,00001); a pwu3MK LWaHCIB A[OpiBHIOBAB
OR=3,13; 95% AI: 1,93, 5,08; p=0,000004.

MauienTn B rpyni i3 CH Mann 6inbw Baxki
npossn COVID-19, Ha wWwo BKasyBaaW HMXUi
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piBHI HaCcMYeHHA KWCHEM npwu rocnitanidauii
(90,0(86,0;93,0) npotn 92,0(89,0;93,0)% );
p=0,0474).

PO3pi3HUTN KJiHIYHI  O03HaKW AekoMneHcauil
XCH Ha COVID-19 nHeBMoOHii 6yno cknagHo ve-
pe3 TUNOBiI CUMMTOMMU 3a4MLLKU Ta pe3ynbraTtu
iznKanbHOro ob6cTexeHHs (BoNori Xxpunu) Ans
060x 3axBOptoBaHb. Xoua exokapgiorpadisa €
30/10TUM CTaHZAPTOM AUCHYHKLIi NiBOro Lwny-
HOuYKa, Yy 6iNbLOCTi NauieHTIB il He NpoBoAUIN.
Kpim Toro, y 6inbLwocTi nauieHTiB He 6yno 3a-
34anerigb BU3HAYeHO! <«CyxOl KOHUeHTpauii
NT-proBNP>», dK 3a3HayeHO B pekoMeHAauisax
Acouiauii cepueBoi HepocTaTHOCTI EBponen-
CbKOr0 TOBapuCTBa KapAiosiorie Wwoa0 BUKOPU-
CTaHHA rpaHnyHux 3HadeHb NT gna giarHoc-
Tk roctpoi CH [7]. ToMy Mn 3anponoHyBanu
NpoBOANTU OUiHKY AekomneHcauii CH y rocni-
TanizoBaHMX XBOpPUX Ha MHeBMOHit0 COVID-19
Ha OCHOBi AMHaMIYHOro BMMIpHOBaHHSA 3HAYeHb
NT-proBNP y cupoBaTLi KpoBi, 30KkpeMa nig vac
rocniTanizauii, Ha 5-7 pgeHb nikyBaHHSA Ta/abo
npu“ CUMMTOMWU 3aXBOPHOBAHHA MOCUMIOKOTLCH,
ocobnmMBo y BMMagKax MOCUIEHHS 3aAWLLKMW.
[na OuiHKM TOYHOCTI 3arnponoOHOBAHOIo MeTo-
Ay OTpuMaHi B AnHamiui 3HavyeHHA NT-proBNP
nopisHoBann 3 pesynbTtataMum ouiHku CH 3a
AOMNOMOrow 3rafaHoi gonsepexokapaiorpadii.
3rigHO 3 AM3aliHOM, AOMNNJEepPiBCbKi exokapaio-
rpadiyHi noporn (cniBBigHOLWEHHS MiKOBOI MiT-
panibHOI HU3bKOI LWBWAKOCTI B paHHili giactoni
[0 NiKOBOT HM3bKOT LUBUAKOCTI B Mi3Hil AiacToni,
cniBBigHoweHHA E/A>2, TpaHCNy/ibMOHaNbHUN
rpagieHt TPG =13 MM pT.CT.; Onip NereHesux
cyavH PVR =3,5 oanHnub Byaa; i iHoekc pe-
3UCTEHTHOCTI NnereHeBux cyamH PVRI >6,5 Byg
X M2) 6ynu BCTAHOBNEHi Ans NaUIEHTIB i3 ae-
koMmneHcoBaHoo CH [8]. 3anponoHoBaHi aia-
FHOCTMYHI noporn 6asyBanucsa Ha pesysbTaTax
pocnigxeHHsa James H Stein ony6nikoBaHoro B
Journal of the American College of Cardiology 3
OuiHKM ToYHOCTI EXOKI gaHuX y cniBCTaB/ieHHI
3 pe3ynbTaTaMuy KaTteTepusauii npasux Bigainis
cepust y nauieHTiB i3 po3BuMHeHow CH, noTeH-
LiMHWUX KaHAWAATIB Ha TpaHCMaHTauilo cepus.
Pe3ynbTaTy UbOro AOC/IAXEHHSA NoKasanu, LWo
OouiHKa reMogMHaMiyHUX 3MIHHUX Y MauieHTIB i3
nisHbo CH 3a gonoMorow AonnepiBCcbKoi exo-
KI" € TouHOtO Ta BigTBOpPtOBaHO [8].

Mwn [04aTKOBO KOHTAKTyBasM 3 MauieHTamm 3
XCH 1a COVID-19, i aKwo TpmBanicte ix rocni-
Tanisauil He nepesullyBana 7 AHIB, NPOMOHY-
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correlation. The multivariate conditional logistic
regression model was constructed using signifi-
cant variables in the univariate analysis. All data
were analyzed using Statistica 6.0. A two-sided
P-value of <0.05 indicated statistically signifi-
cant differences in all analyses.

Results

According to the results of the retrospective
analysis, the percentage of patients who were
treated at the Municipal Non-Profit Enterprise
“Lviv Clinical Emergency Care Hospital” with
a combination of COVID-19 pneumonia and
CHF from September - November 2020 was
42.9% of cases (HF group, n = 238). Baseline
patient characteristics are shown in Table 1.

Patients with a history of HF were older. The
IQR; Q3-Q1 patient age (72.0 (66.0; 79.0) vs
60.0 (49.0; 68.0); P<0.0001).

Among patients with CHF, hypertension was
observed in 86.14% of cases, coronary heart
disease - in 72.29%, diabetes - in 28.99%,
and a history of myocardial infarction - in
23.11%. Atrial fibrillation was the most prev-
alent rhythm abnormality recorded in 45 pa-
tients (18.09%). Premature complexes were
recorded in 41 patients (17.23%) and bundle
branch blocks in 10 (4.2%) patients. Mortal-
ity in patients with CHF and COVID-19 pneu-
monia was 23.94%, as opposed to 9.15% in
patients without CHF (p<0.00001) (OR=3.13;
95% CI: 1.93; 5.08; p= 0.000004).

Patients in the CHF group had more severe pre-
sentations of COVID-19, as indicated by lower
levels of oxygen saturation at admission (90.0
(86.0; 93.0) vs 92.0 (89.0; 93.0); P=0.0474).

It was difficult to distinguish the clinical fea-
tures of decompensation of CHF on COVID-19
pneumonia due to the typical symptoms of
shortness of breath and the results of physical
examination (wet wheezing) for both diseases.
Although echocardiography is the gold stan-
dard for left ventricular dysfunction, it was not
performed in most patients. Also, there was no
predetermined “dry NT-proBNP concentration”
in most patients, as indicated in the guidelines
of the Heart Failure Association of the Euro-
pean Society of Cardiology regarding the use
of NT limit values for diagnosing acute HF [7].
Therefore, we proposed to perform an assess-

Original research: Clinical sciences

ment of HF decompensation in hospitalized
patients with COVID-19 pneumonia based on
dynamic measurement of NT-proBNP values
in blood serum, particularly during hospital-
ization, on the 5-7th day of treatment and/or
when disease symptoms worsened, especially
in cases of increasing shortness of breath. To
assess the accuracy of the proposed method,
NT-proBNP values obtained in dynamics were
compared with HF assessment results using
the Doppler echocardiography mentioned. By
design, Doppler echocardiographic thresholds
(ratio of mitral peak low velocity in early dias-
tole to peak low velocity in late diastole E/A ra-
tio>2, transpulmonary gradient TPG 213 mm
Hg; pulmonary vascular resistance PVR >3.5
Wood units; and pulmonary vascular resistance
index PVRI 26.5 Wood units x m2) established
for patients with decompensated HF [8].

We additionally contacted patients with CHF
and COVID-19, and if the duration of their
hospitalization did not exceed seven days, we
offered to perform additional analysis of blood
samples for NT-proBNP and echocardiogram
to verify that they have decompensated HF.
A repeated blood test was taken after signing
the informed consent. This way, we recruit-
ed 85 patients. There were no patients who
refused additional blood sample. Afterwards,
five more patients were included in the study.

Therefore, 90 patients with CHF were included
in the prospective analysis. The receiver op-
erating characteristic curve (ROC) was drawn
to calculate the area under the curve (AUC) to
evaluate the diagnostic value NT-proBNP for
diagnosing decompensated HF (Fig. 1).
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Figure 1. ROC curve of NT-proBNP for diagnosing
decompensated HF
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Tabanys 1

Kno4yoBi XapaKTepUCTUKU, XXUTTEBO BaXKJ/IMBi MOKA3HUKWN,
na6bopaTtopHi faHi Ta KAiHiYHI pe3ynbTaTn Y XBopux Ha COVID-19
3 abo 6e3 nonepeaHbOI iCTOPIT XPOHIUHOI cepLeBOoi HefOCTAaTHOCTI

XCH+ COVID-19 COVID-19
MapameTtpun Mean + SD/IQR; N Mean + SD/IQR; n P
Q3-Q1 Q3-Q1
AemorpadiuHi gani:

Bik, pokn, IQR; Q3-Q1 72.0 (66.0; 79.0) 238 60.0 (49.068,0) 317 | 0.0000
Yonosiva ctatb, n (%) 121 (50.84%) 238 163 (51.42%) 317 | 0.8924
CepueBO-CyAUHHI 3aXBOpPIOBaHHS B aHaMHe3i:

IwemiyHa xBopoba cepus, n (%) 172 (72.29%) 238 37 (11.67%) 317 | 0.0000
IHdapkT Miokapaa B MUHynomy, n (%) 55 (23.11%) 238 5 (1.53%) 317 | 0,0000
ApTepianbHa rinepteHsis, n (%) 205 (86.14%) 238 165 (52.05%) 317 | 0.0000
®i6punauis nepeacepab, n (%) 45 (18.9%) 238 0 (0%) 317 | 0.0000
EkcTtpacucronisa, n (%) 41 (17.23%) 238 23 (7.26) 317 | 0.0003
Bnokaga Hixkun nyyka lMicca, n (%) 10 (4.2%) 238 0 (0%) 317 | 0.0002
Llykposuin giabet, n (%) 69 (28.99%) 238 55 (17.35%) 317 | 0.0011
CmepTb, n (%) 57 (23.95%) 238 29 (9.15%) 317 | 0.0000
Kniniko-nabopaTopHi aaHi
3agvwka, n (%) 237 (99.58%) 238 312 (98.4%) 317 | 0.1860
[B0o6iuHi 3acTiliHi xpunu, n (%) 173 (72.69%) 238 233 (73.5) 317 | 0.8329
Mepudepnyni Habpsaku, n(%) 73 (30.67%) 238 14 (4.4%) 317 | 0.0000
Temnepatypa, OC IQR; Q3-Q1 37.5 (37.0; 38.0) 127 3.,0 (37.4; 38.5) 182 | 0.00001
IHpekc macu Tina, kg/m2 IQR; Q3-Q1 27.8 (23.7; 34.0) 77 27.05 (22.7; 34.2) 138 | 0.6640
MepBuUHHa caTypauis kucH, %, IQR; Q3-Q1 90.0 (86.0; 93.0) 126 92.0 (89.0; 93.0) 182 | 0.0474

CucToniyHui apTepianbHuii TUCK, mmHg, IQR; 140.0 (130.0; 160.0) | 124 | 140.0 (125.0; 150.0) | 181 | 0.0611
Q3-Q1

YacTtoTa cepueBuMx CKOpo4eHb, b.p.m., IQR; 88.5 (80.0; 98.0) 128 90.0 (82.0; 96.0) 183 | 0.9229
Q3-Q1

NenkoumnTtn, 10°/L, IQR; Q3-Q1 8.25 (6.3; 11.65) 124 7.6 (5.05; 10.9) 176 | 0.0417
Eputpountit, 10'2/L, mean + SD IQR; Q3-Q1 4.46+0.86 122 4.69 (4.1; 5.1) 171 | 0.0544
Femorno6iH, g/dL IQR; Q3-Q1 mean £ SD 134.0 (120.5; 144.5) | 100 139.87+19.35 92 | 0.0090
TpombouuTtn, 10°/L IQR; Q3-Q1 204.0 (150.5; 277.5) | 108 | 209.0 (173.0; 274.0) | 146 | 0.3089
MpoTpombiHOBMIA Yac, s., IQR; Q3-Q1 13.0 (12.0; 17.0) 35 11.7 (11.5; 12.5) 32 | 0.0196
MpoTpombiHOBMI iHAEKC, % mean £ SD 92.67+19.10 79 97.77+16.58 75 | 0.0196
3aranbHuin dibpuHoreH, g/L IQR; Q3-Q1 5.5 (4.09; 6.99) 98 5.52 (4.19; 7.47) 145 | 0.7363
noko3a, mmol/l  IQR; Q3-Q1 6.3 (5.0;8.7) 170 5.5 (4.5; 7.6) 228 | 0.0032
AnaHiHamiHoTpaHcdepasa, U/L IQR; Q3-Q1 29.0 (20.7; 41.6) 83 30.3 (18.0; 48.7) 83 | 0.9331
AcnapTtatamiHoTpaHcdepasa, U/L IQR; Q3-Q1 31.0 (25.2; 43.5) 83 28.45 (22.4; 39.0) 82 | 0.1935
KpeaTtuHiH, umol/L, IQR; Q3-Q1 112.0 (93.0; 134.0) | 173 | 97.0 (86.45; 116.0) | 236 |0.00001
D-aumep, ng/mL  IQR; Q3-Q1 499.5 (190.0; 1704.0) | 49 |383.0 (244.7; 897.8) | 63 | 0.5399
C-peakTtnBHuMin npoteiH, mg/L IQR; Q3-Q1 63.0 (36.0; 96.0) 46 54.0 (18.0; 96.0) 53 | 0.3544
®eputnH, ng/dL IQR; Q3-Q1 mean + SD 454.5 (254.9; 547.85) | 32 524.44+226.90 22 | 0.4030
MpokanbumnToHiH, ng/mL IQR; Q3-Q1 0.05 (0.02; 0.1) 31 0.05 (0.01;02) 33 | 0.7018
IHTepnelikiH-6, pg/mL IQR; Q3-Q1 11.5 (4.2; 41.1) 49 4.2 (1.1; 14.9) 49 | 0.0041
TponoHiH, ng/ml IQR; Q3-Q1 0(0;0,03) 47 0 (0;0) 45 | 0.1868
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Table 1

Baseline characteristics, vital signs, laboratory data and clinical outcomes in
COVID-19 patients with and without a previous history of chronic heart failure

HF patients Non-HF patients
Variable Mean * SD N Mean * SD n P
/ IQR; Q3-Q1 / IQR; Q3-Q1
Demographics:

Age, years, IQR; Q3-Q1 72.0 (66.0; 79.0) 238 60.0 (49.068,0) 317 | 0.0000
Male sex, n (%) 121 (50.84%) 238 163 (51.42%) 317 | 0.8924
History of cardiac disease:

Coronary artery disease, n (%) 172 (72.29%) 238 37 (11.67%) 317 | 0.0000
History of Myocardial infarction, n (%) 55 (23.11%) 238 5 (1.53%) 317 | 0,0000
Hypertension, n (%) 205 (86.14%) 238 165 (52.05%) 317 | 0.0000
Atrial fibrillation, n (%) 45 (18.9%) 238 0 (0%) 317 | 0.0000
Extrasystoles, n (%) 41 (17.23%) 238 23 (7.26) 317 | 0.0003
Bundle branch block, n (%) 10 (4.2%) 238 0 (0%) 317 | 0.0002
Diabetes, n (%) 69 (28.99%) 238 55 (17.35%) 317 | 0.0011
Death, n (%) 57 (23.95%) 238 29 (9.15%) 317 | 0.0000
Vital signs, laboratory data
Dyspnea, n (%) 237 (99.58%) 238 312 (98.4%) 317 | 0.1860
Bilateral basal end-inspiratory crackles, n (%) 173 (72.69%) 238 233 (73.5) 317 | 0.8329
Peripheral edema, n (%) 73 (30.67%) 238 14 (4.4%) 317 | 0.0000
Temperature, °C  IQR; Q3-Q1 37.5 (37.0; 38.0) 127 3.,0 (37.4; 38.5) 182 | 0.00001
Body mass index, kg/m2 IQR; Q3-Q1 27.8 (23.7; 34.0) 77 27.05 (22.7; 34.2) | 138 | 0.6640
First oxygen saturation, %, IQR; Q3-Q1 90.0 (86.0; 93.0) 126 92.0 (89.0; 93.0) 182 | 0.0474
SBP, mmHg, IQR; Q3-Q1 140.0 (130.0; 160.0) | 124 | 140.0 (125.0; 150.0) | 181 | 0.0611
Heart rate, b.p.m., IQR; Q3-Q1 88.5 (80.0; 98.0) 128 90.0 (82.0; 96.0) 183 | 0.9229
WBC, 10%/L, IQR; Q3-Q1 8.25 (6.3; 11.65) 124 7.6 (5.05; 10.9) 176 | 0.0417
RBC, 10'2/L, mean = SD IQR; Q3-Q1 4.46+0.86 122 4.69 (4.1; 5.1) 171 | 0.0544
Hemoglobin, g/dL IQR; Q3-Q1 mean + SD 134.0 (120.5; 144.5) | 100 139.87+19.35 92 0.0090
Platelets, 10°/L, IQR; Q3-Q1 204.0 (150.5; 277.5) | 108 | 209.0 (173.0; 274.0) | 146 | 0.3089
Prothrombin time, s., IQR; Q3-Q1 13.0 (12.0; 17.0) 35 11.7 (11.5; 12.5) 32 | 0.0196
Prothrombin index, % mean £ SD 92.67+19.10 79 97.77+16.58 75 0.0196
fibrinogen, g/L IQR; Q3-Q1 5.5 (4.09; 6.99) 98 5.52 (4.19; 7.47) 145 | 0.7363
Glucose, mmol/lI IQR; Q3-Q1 6.3 (5.0;8.7) 170 5.5 (4.5; 7.6) 228 | 0.0032
Alanine aminotransferase, U/L IQR; Q3-Q1 29.0 (20.7; 41.6) 83 30.3 (18.0; 48.7) 83 0.9331
Aspartate aminotransferase, U/L IQR; Q3-Q1 31.0 (25.2; 43.5) 83 28.45 (22.4; 39.0) 82 0.1935
Creatinine, pmol/L, IQR; Q3-Q1 112.0 (93.0; 134.0) | 173 | 97.0 (86.45; 116.0) | 236 | 0.00001
D-dimer, ng/mL IQR; Q3-Q1 499.5 (190.0; 1704.0) | 49 |383.0(244.7; 897.8)| 63 | 0.5399
CRP, mg/L IQR; Q3-Q1 63.0 (36.0; 96.0) 46 54.0 (18.0; 96.0) 53 | 0.3544
Ferritin, ng/dL IQR; Q3-Q1 mean £ SD 454.5 (254.9; 547.85) | 32 524.44+226.90 22 | 0.4030
Procalcitonin, ng/mL IQR; Q3-Q1 0.05 (0.02; 0.1) 31 0.05 (0.01;02) 33 | 0.7018
IL-6, pg/mL IQR; Q3-Q1 11.5 (4.2; 41.1) 49 4.2 (1.1; 14.9) 49 | 0.0041
Troponin, ng/ml IQR; Q3-Q1 0(0;0,03) 47 0 (0;0) 45 0.1868
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BasiM NPOBECTW AOAATKOBWI aHani3a KpoBi Ha
NT-proBNP Ta exokapaiorpaMmy Ana piarHoc-
TUKKW Y HUX AekoMneHcoBaHoi CH. MNMoBTOpHWUI
3abip KpoBi NpoBOAMBCA MicNa MiANMCAHHS iH-
¢dopMoBaHOi 3roan. TakuM YMHOM MU 3anyyun-
nun 85 nauieHTiB. MNauieHTiB, aKi 6 BiaMoOBUAKXCS
BiJ 4OAATKOBOro aHanily Kposi, He 6yno. lic-
NS UbOro B AOCAIAXEHHS 6yno BKAKOYEHO Lie
5 nauieHTiB.

TakMM YMHOM, Yy MPOCNEKTMBHMIN aHanis 6yno
BrkatoveHo 90 nauieHTiB i3 XCH. Ona pospa-
XYHKY nnowi nig kpusoto (AUC) ansa ouiHKu
AiarHocTu4yHoI UiHHOCTI NT-proBNP B aiarHoc-
Tuui gekomneHcosaHoi CH (Puc. 1) 6yno Ha-
ManbOBaHO KpuBY pob6OUYMX XapaKTepucTuk
npuinmada (ROC).
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PucyHok 1. ROC-kpuvBa OUiHKW AiarHOCTUYHOI LiHHOCTI
NT-proBNP ans agiarHoctukmn gekomneHcosaHoi CH

AUC NT-proBNP pnsa giarHOCTUKKM AeKOMMeH-
coBaHoi CH craHosuna 0,94034 3 4yTnuBsicTiO
84,00% (95% A1 63,92% pno 95,46%), cneun-
iyHicT0 98,46% (95% A191,72% 10 99,96%)
i TouHicTio 94,44% (87,51% po 98,17%), wo
[03BONIMIO 3aCTOCyBaTU Len niaxia ons otpu-
MaHHS nojasblUnX pesynbTaTis.

3a nepiog pocnigpkeHHs 21 (23,3%) nauieHTa 3
nigTBepmxeHoto iHdekuieto COVID-19 Bignosi-
Jann KpUTEPISIM BKJIIOYEHHST A0 [AEeKOMMNEeHCcoBa-
Hoi XCH. CepenHs TpwviBanicTb rocnitanisauii Ta
CMNOCTEPEXEHHS 3a XBOpUMW CTaHoBwia 16,56
+0,83 nobu. CepeaHili£SD Bik KOrOpTU CTAHOBUB
70,14+11,24pokis, i 9 (42,86%) 6ynn 4onosi-
kamn. 3 Hux 10 (47,62%) Manu NeBHWA CTyNiHb
CUCTONMIYHOI ANCAYHKLT NiBOro WyHOYKa A0 Aia-
rHoctukm COVID-19, pewTa - CH 3i 36epexeHoto
dpakuieto BUKMAY 3 IHWMMKM 3HAYHUMK exoKapai-
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orpadiyHMMM aHOManisiMM, TakKUMW SK riNepTpo-
dig niBoro wnyHouka abo 3axXBOPKOBAHHS Kia-
MaHiB cepefHboro Ta TAXKOro CTyrneHsa. 4 mManu
MaTosIoOriYHi 3HaXiaKW, Taki $IK 3HAYHMA CTEHO3
aopTanbHOro KianaHa, a 2 — nepuKapaianbHUi
BUNIT. OCHOBHI XapaKTeEpPUCTUKM MNauiEHTIB HaBe-
AeHi B Tabnuui 2.

HalrvacTiwmmMm (OHOBUMM 3aXBOPIOBAHHSAMM,
AKi npu3Benu Ao po3suTtky XCH 6ynn: B 85,7%
BMMNagKax iwemiyHa xsBopoba cepus, 30kpeMa
B 23,3% nepeHecnu B MUHYIOMY iHDAPKT Mi-
okapaa; y 76,19% — rinepToHi4yHa xBopoba,
we y 33,3% XBOpUX BUSIBNEHO LIYKPOBWUI Ai-
abet, 4 nauieHTiB Manu nNaTonoriyHi 3Haxigku,
Taki 1K 3HAaYHUN CTEHO3 Aa0pTasnbHOro OTBOPY.

CMepTHIiCTb Npun gekomneHcoBaHin XCH BaBiui
rnepesuulyBana aHanoriyHy B nNaui€HTiB 3 KOM-
neHcosaHot XCH Ta malixe B n'aTb pasiB — y
xBopux 6e3 XCH. MNpubNM3HO KOXeH ApYyrui
(42,86%) nauieHT 3 gekomneHcoBaHow XCH
nommpas (OR=5,72; 95% AI: 1,84, 17,81;
p=0,0026).

OvHamiyHe pocnigXxeHHa piBHa NT-proBNP
[ano 3MOry BWOKPEMUTW MOMITHI dakTopu
PpU3NKY PO3BUTKY MOripwaHHA cepueBoi Ai-
ANbHOCTI. BianoBigHO A0 3anucCiB WOAEHHUKIB
MeANYHUX KapT CTauioOHapHOro XBOpPOro MoX-
NVBUMK KapAaianbHUMU NpeauKkTopamMu cepue-
BOI gekoMmneHcauii y 14,29% Bunagkax cra-
JIN NOpPYLUEHHS cepueBoro putMy, we y 9,5%
NauieHTIB - riNepTOHIYHMA KPMU3 Ta B TaKoOi X
KiNbKOCTI - nepukapaianbHUin BUNIT.

[lo HecnpuATANBUX YUHHUKIB MOripLIaHHA cep-
ueBoi dyHKUii y XBOPUX Ha MHEBMOHIO BHacC-
nigok iHdikyBaHHi SARS-CoV-2 Hanexanwu:
HM3bKi MOKA3HMKW caTypauid KpOBi KUCHEM i
remornobiHy (p=0,0016), aKki B KoMnaeKci mor-
N NpU3BOAUTU A0 NMOOKMX MOpYyLUeHb TKa-
HMHHOIO AMXaHHS | MeTabonisMy B Miokapai.

Mo-gpyre, y umx XBopux 3HayeHHs IL-6 - me-
JiaTopa UMTOKIHOBOrO LUTOPMY, SKWUIA BUKIWU-
KAE MOLWIKOAXKEHHA TKaHWH i MporpecyBaHHSA
COVID-19, foCTOBIpHO YacTiwe nepesuLLyBasno
aHanorivyHi y nauieHTis i3 koMmneHcoBaHoto CH.

[Mo-TpeTe, y XBOpMUX 3 O3HAKaMW AEKOMMeH-
cauii XCH Bia3Ha4yeHO OOCTOBipHE 3pOCTaHHS
KMl0O4OBOro MiokapaianbHoro 6iomMmapkepa
BMCOKOYYT/IMBOrO TPOMOHIHY. JlMwWwe B KiflbKOX
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AUC of NT-proBNP for diagnosing decompen-
sated HF was 0.94034 with a sensitivity of
84.00% (95% CI 63.92% to 95.46%), spec-
ificity 98.46% (95% CI 91.72% to 99.96%),
and accuracy 94.44% (87.51% to 98.17%)
that made it possible to apply this approach to
obtain further results.

During the study period, 21 (23.3%) patients
with confirmed COVID-19 infection met the
inclusion criteria for decompensated CHF. The
average duration of hospitalization and obser-
vation of patients was 16.56 +0.83 days. A
total of 9 patients (42.86%) died during hos-
pitalization (OR=5.72; 95% CI: 1.84, 17.81;
p=0.0026). The mean+SD age of the cohort
was 70.14+11.24years, and 9 (42.86%) were
male. Of those, 10 (47.62%) had some degree
of left ventricular systolic dysfunction prior to
COVID-19 diagnosis. The remaining 11 had
HF with preserved ejection fraction and oth-
er significant echocardiographic abnormalities
such as left ventricular hypertrophy or moder-
ate-to-severe valvular disease. Four had patho-
logical findings such as significant aortic valve
stenosis and 2 - pericardial effusion. Baseline
patient characteristics are shown in Table 2.

85.7% of CHF patients had a history of isch-
emic heart disease, and 23.3% of them had a
myocardial infarction in the past. During hos-
pitalization, 33.3% of patients were diagnosed
with diabetes, 76.19% with hypertension, and
38.1% with arrhythmia. The hypertensive
crisis was a possible predictor of cardiac de-
compensation in 9.5% of patients and heart
arrhythmic disorders in 14.29%.

All patients with COVID-19 pneumonia had
shortness of breath. However, oxygen saturation
at the first measurement was significantly lower
in patients who developed decompensated CHF
(p=0.0076) and had a lower body temperature
(p=0.00001). Only six (28.57%) patients had
peripheral edema during hospitalization.

In patients with decompensated HF, the level of
hemoglobin probably decreased (p=0.0026;),
and the levels of creatinine (p=0.0034) and
IL-6 increased (p=0.003) significantly. The
risk of HF decompensation for a hemoglobin
value below the upper limit of the norm was
OR=3.54; 95% CI 1.04, 12.09; p=0.0434 for
a creatinine value exceeding the upper lim-
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it of normal OR=4.14; 95% CI: 1.43, 11.99;
p=0.009; and for the parameter IL-6 above
the upper limit of the norm x 5 OR=3,25; 95%
CI: 1,09, 9,66; p=0,0345.

Changes in the coagulation potential (de-
crease in prothrombin index in patients with
decompensated CHF), which developed along
with the previous antithrombotic therapy in
patients with a high cardiovascular risk, were
recorded. At the same time, D-dimers in both
groups did not differ significantly (p=0.6970).

Patients with decompensated CHF had higher
levels of troponin I (IQR; Q3-Q1 0.02 (0; 0.07)
vs 0 (0; 0); P<0.0061; OR=4.43; 95% CI:
1.48, 13.21; p=0.0077) and aspartate amino-
transferase (IQR; Q3-Q1 35.0 (27.8; 43.5) vs
26.4 (22.0; 33.4); p=0.0035; OR=3.25; 95%
CI: 1.09, 9.66; p=0.0345).

Direct correlations of NT-proBNP with the levels
of IL-6 (r=0.31, p=0.003), troponins (r=0.39,
p=0.000), age (r=0.46, p=0.000), creatinine
values (r=- 0.60, p=0.000) and inversely pro-
portional between NT-proBNP and hemoglobin
(-r=0.37, p=0.002) have been determined.

Discussion

In this study, we examined the prevalence and
prognostic implications of HF in patients with
COVID-19. The prevalence of CHF among pa-
tients with COVID-pneumonia who were admit-
ted to Lviv Clinical Hospital of Emergency Med-
ical Care with a diagnosis of COVID-pneumonia
in September - November 2020 constituted
42.9% of cases, and mortality during hospital
stay equaled 23.95% of cases without a statisti-
cally significant gender difference (p = 0.0644).

In our retrospective study, we encountered
high diagnostic uncertainty in the assessment
of decompensated CHF in COVID-19 pneumo-
nia after clinical evaluation. The most com-
mon manifestation of HF is dyspnea, a com-
plaint that is neither specific nor sensitive for
predicting the presence of HF exacerbation. In
addition, physical signs of HF, such as bilateral
basal end-inspiratory crackles, were present
in both diseases and increased jugular venous
pressure and leg edema have limited sensi-
tivity. Similar limitations were found in other
studies, and they also concerned electrocardi-
ography and chest radiography [9].
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Tabanys 2

ba30Bi XxapaKTepuCTUKMN, XKUTTEBO BaXKJINBi NOKa3HUKMK, NabopaTopHi AaHi
Ta KJiHIYHi pe3ynbTatTn y XBopux Ha COVID-19 i3 po3BUTKOM fiAeKOMNeHcayil
cepuesBoi HegocTtaTHocTi (FCH) Ta 6e3 Hel nig yac rocnitanisauii

€KOMMNeHCcoBaHa
B B XCH+ COVID-19 .
Mean + SD/IQR; N Mean + SD/IQR; N
Q3-Q1 Q3-Q1
OemorpadiuHi gaHi:

Bik, poku, mean £ SD 70.14+11.24 21 66.73+7.87 69| 0.1205
Yonosiva ctatb, n (%) 9 (42.86%) 21 28 (40.58%) 69| 0.8525
CepueBO-CyAMHHI 3aXBOPIOBaHHA:

IwemiyHa xBopoba cepus, n (%) 18 (85.7%) 21 49 (71.01%) 691 0.1766
IHdapkT Miokapaa B MuHynomy, n (%) 5 (23.8%) 21 9 (13.04%) 691 0.2336
ApTepianbHi rinepTteHsisa, n (%) 16 (76.19%) 21 65 (94.2%) 69| 0.0157
CrteHo3 rupna aoptu, n (%) 4 (19.05%) 21 4 (5.8%) 69| 0.0618
IHdapkT Miokapaa, n (%) 3 (14.29%) 21 0 (0%) 69| 0.0014
FinepToHiyHMM kpu3, n (%) 2 (9.5%) 21 0 (0%) 69 | 0.0096
ApuTmMist, (%) 3 (14.29%) 21 0 (0%) 69| 0.0014
LlykpoBuit giabet, n (%) 7 (33.3%) 21 28 (40.58%) 69| 0.5325
KniHiko-na6opaTopHi aaHi
3aavwka, n (%) 21 (100%) 21 69 (100%) 69| 1.0000
[B06iuHi 3acTiliHi xpunu, n (%) 21 (100%) 21 59 (85.5%) 69 | 0.0642
MNepudepunyni Habpsakn, n (%) 6 (28.57%) 21 0 (0%) 69 | 0.0000
Temnepatypa, °C  mean £ SD 37.42+0.49 21 37.88+0.68 69| 0.0047
IHpekc macu Tina, kg/m2 mean £ SD IQR; Q3-Q1 30.88+7.91 20 27.7(23.1;36.5) 69| 0.6482
CaTypauis kucHem, %, IQR; Q3-Q1 87.0 (84.0; 90.0) 21 90.0 (88.0; 92.0) 69| 0.0076
CuctoniyHmi aptepianbHuin Tuck, mmHg, IQR; Q3-Q1 | 145.0 (130.0; 160.0) | 21| 145.0 (120.0; 160.0) | 69 | 0.9278
YacToTa cepueBux ckopo4eHb, b.p.m., IQR; Q3-Q1 90.0 (90.0; 98.0) 21 88.0 (83.0; 98.0) 69| 0.9126
NenkoumnTtun, 10°/L, IQR; Q3-Q1 9.6 (6.5; 11.3) 21 6.7 (4.3; 11.6) 69| 0.1725
EputpounTn, 10*?2/L, mean = SD 4.43+1.08 21 4.72+0.63 691 0.1284
emornobiH, g/dL mean £ SD 124.05+18.65 21 138.6+18.6 63| 0.0026
TpombounTtn, 10°/L, mean £ SD IQR; Q3-Q1 224.43+116.12 21| 198.0 (166.0; 237.0) |67 | 0.9727
MpoTpombiHOBMI iHAeKC, % mean £ SD 89.42+21.25 20 101.17+£17.58 61| 0.0161
noko3a, mmol/l IQR; Q3-Q1 7.5 (5.6; 9.3) 21 6.7 (5.1; 10.36) 67| 0.8410
AnaHiHaMiHOTpaHcdepasza, U/L IQR; Q3-Q1 28.7 (25.1; 36.7) 21 24.9 (14.5; 35.5) 5710.1283
AcnapTaTamiHoTpaHcdepasa, U/L IQR; Q3-Q1 35.0 (27.8; 43.5) 21 26.4 (22.0; 33.4) 57| 0.0035
KpeaTtuHiH, umol/L, IQR; Q3-Q1 122.0 (110.0; 144.0) | 21| 105.0 (84.0; 125.0) |67 | 0.0034
D-aumep, ng/mL IQR; Q3-Q1 4891'80(01.%?'9' 19 3881'3850(_;5;'3' 44| 0.6970
C-peaktuBHuii npoTeid, mg/L IQR; Q3-Q1 69.56+34.20 21 56.0 (30.0; 96.0) 45| 0.4246
®eputuH, ng/dL IQR; Q3-Q1 mean = SD 450.0 (227.6; 527.5)| 19 458.24+£260.66 29| 0.4416
MpokanbumnToHiH, ng/mL IQR; Q3-Q1 0.05 (0.02; 0.095) |21 0.05 (0.01; 0.2) 29| 0.9513
IHTepnelikiH-6, pg/mL IQR; Q3-Q1 10.0 (4.7; 78.0) 21 6.6 (1.4; 17.4) 69| 0.0300
TponoHiH, ng/ml IQR; Q3-Q1 0.02(0; 0.07) 21 0 (0; 0) 69| 0.0061
MepBuHHe NT-proBNP, pg/mL 474.92+73.11 21| 214.30 (154.7; 271.1) | 69| 0.0067
MosTopHe NT-proBNP, pg/mL 1583.294+224.70 21 295.0 (201; 400) 69 | 0.0000
IHCTpyMeHTanbHi AaHi:

Kapaiomeranis, n (%) 15 (71.43) 21 14 (20.29%)1 69 | 0.0000
®pakuis BUKMAy NiBoro wnyHouka<40%, n (%) 10 ( 47.62%) 21 2 (17.39%) 69 | 0.0048
linepTpodisa nisoro wnyHouka, n (%) 16 (76.19%) 21 49 (71.01%) 69 | 0.6426
MepukapaianbHuin BUNIT, n (%) 2 (9.5%) 21 0 69 | 0.0096
KniHiyHi Hacnigku, n (%)

CmepTb, n (%) 9 (42.86%) 21 8 (11.59%) 69| 0.0027
JNereHeBa Tpomboembonis, n (%) 7 (33.3%) 21 11 (15.9%) 69| 0.087
Aputmisa, n (%) 8 (38.1%) 21 6 (8.7%) 69| 0.0011
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Table 2

Baseline characteristics, vital signs, laboratory data and clinical outcomes
in patients with COVID-19 with and without the development
of Advanced heart failure (AHF) during admission

AHF patients Non-AHF patients
Variable Mean * SD/IQR; N Mean * SD/IQR; N P
Q3-Q1 Q3-Q1
Demographics:

Age, years, mean *+ SD 70.14+11.24 21 66.73+7.87 69 | 0.1205
Male sex, n (%) 9 (42.86%) 21 28 (40.58%) 69 | 0.8525
History of cardiac disease:

Coronary artery disease, n (%) 18 (85.7%) 21 49 (71.01%) 69 | 0.1766
History of Myocardial infarction, n (%) 5 (23.8%) 21 9 (13.04%) 69 | 0.2336
Hypertension, n (%) 16 (76.19%) 21 65 (94.2%) 69 | 0.0157
Aortic Valve Stenosis, n (%) 4 (19.05%) 21 4 (5.8%) 69 | 0.0618
Myocardial infarction, n (%) 3 (14.29%) 21 0 (0%) 69 | 0.0014
Hypertensive crisis, n (%) 2 (9.5%) 21 0 (0%) 69 | 0.0096
Arrhythmic disorders, (%) 3 (14.29%) 21 0 (0%) 69 | 0.0014
Diabetes, n (%) 7 (33.3%) 21 28 (40.58%) 69 | 0.5325
Vital signs, laboratory data
Dyspnea, n (%) 21 (100%) 21 69 (100%) 69 | 1.0000
Bilateral basal end-inspiratory crackles, n (%) 21 (100%) 21 59 (85.5%) 69 | 0.0642
Peripheral edema, n (%) 6 (28.57%) 21 0 (0%) 69 | 0.0000
Temperature, °C  mean = SD 37.42+0.49 21 37.88+0.68 69 | 0.0047

Body mass index, kg/m2 mean £+ SD .

IQR?’ Q301 9/ 30.88+7.91 20 27.7(23.1;36.5) 69 | 0.6482
Oxygen saturation, %, IQR; Q3-Q1 87.0 (84.0; 90.0) 21 90.0 (88.0; 92.0) 69 | 0.0076
SBP, mmHg, IQR; Q3-Q1 145.0 (130.0; 160.0) | 21 145.0 (120.0; 160.0) 69 | 0.9278
Heart rate, b.p.m., IQR; Q3-Q1 90.0 (90.0; 98.0) 21 88.0 (83.0; 98.0) 69 | 0.9126
WBC, 10°/L, IQR; Q3-Q1 9.6 (6.5; 11.3) 21 6.7 (4.3; 11.6) 69 | 0.1725
RBC, 10'?/L, mean * SD 4.43+1.08 21 4,72+0.63 69 | 0.1284
Hemoglobin, g/dL mean £ SD 124.05+18.65 21 138.6+18.6 63 | 0.0026
PLT, 10°/L, mean £ SD IQR; Q3-Q1 224.43+£116.12 21 198.0 (166.0; 237.0) 67 | 0.9727
Prothrombin index, % mean £ SD 89.42+21.25 20 101.17+17.58 61 | 0.0161
Glucose, mmol/I IQR; Q3-Q1 7.5 (5.6; 9.3) 21 6.7 (5.1; 10.36) 67 | 0.8410
Alanine aminotransferase, U/L IQR; Q3-Q1 28.7 (25.1; 36.7) 21 24.9 (14.5; 35.5) 57 | 0.1283
Aspartate aminotransferase, U/L IQR; Q3-Q1 35.0 (27.8; 43.5) 21 26.4 (22.0; 33.4) 57 | 0.0035
Creatinine, pmol/L, IQR; Q3-Q1 122.0 (110.0; 144.0) | 21 105.0 (84.0; 125.0) 67 | 0.0034
D-dimer, ng/mL IQR; Q3-Q1 489.0 (190.9; 1000.0) | 19 |388.45 (157.3; 1880.65) | 44 | 0.6970
CRP, mg/L IQR; Q3-Q1 69.56+34.20 21 56.0 (30.0; 96.0) 45 | 0.4246
Ferritin, ng/dL IQR; Q3-Q1 mean * SD 450.0 (227.6; 527.5) | 19 458.24+260.66 29 | 0.4416
Procalcitonin, ng/mL IQR; Q3-Q1 0.05 (0.02; 0.095) 21 0.05 (0.01; 0.2) 29 | 0.9513
IL-6, pg/mL IQR; Q3-Q1 10.0 (4.7; 78.0) 21 6.6 (1.4; 17.4) 69 | 0.0300
Troponin, ng/ml IQR; Q3-Q1 0.02(0; 0.07) 21 0 (0; 0) 69 | 0.0061
First NT-proBNP, pg/mL 474.92+73.11 21 | 214.30 (154.7; 271.1) | 69 | 0.0067
Last NT-proBNP, pg/mL 1583.294+224.70 21 295.0 (201; 400) 69 | 0.0000

Radiologic, Echocardiographic Data:
Cardiomegaly, n (%) 15 (71.43) 21 14 (20.29%)1 69 | 0.0000
LVEF<40%, n (%) 10 ( 47.62%) 21 2 (17.39%) 69 | 0.0048
Left ventricular hypertrophy, n (%) 16 (76.19%) 21 49 (71.01%) 69 | 0.6426
Pericardial effusions, n (%) 2 (9.5%) 21 0 69 | 0.0096
Clinical outcomes, n (%)

Death, n (%) 9 (42.86%) 21 8 (11.59%) 69 | 0.0027
Pulmonary embolism, n (%) 7 (33.3%) 21 11 (15.9%) 69 0.087
Arrhythmias during admission, n (%) 8 (38.1%) 21 6 (8.7%) 69 | 0.0011
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BMMNaAKaxX 3pOCTaHHA TPOMOHiIHY acouitoBano-
CS 3 pO3BWUTKOM iH(ApPKTy Miokapaa, B iHLWKNX
K, MMOBIPHO, MOr0 CBIAYUTU NPO MOCUSIEHHS
NnpoLeciB LUTOMI3Yy B MioKapAi Ha TNi 3ananeH-
Ha cnpuynHeHoro COVID 19.

[Mo-ueTBepTe: y nMauieHTIB 3 AeKOMMeHcoBa-
Hoto XCH Ha Tni COVID-19 Big3HayeHO 4a-
cTiwmy nosasy TEJA (p=0,0344) nonpu 3MiHK
KoarynsauinHoro noteHuiany (3HMXEHHS piBHSA
NI y xBopux i3 gekomneHcoBaHoto XCH), wo
pPO3BUHYNNCA Ha T/i nonepeaHbol aHTUTPOM-
60TMYHOI Tepanii y NauieHTIB i3 BUCOKUM Cep-
LEeBO-CYAMHHMM PU3MKOM, TOAI AK 3HAYEHHSA
D-gumMepiB B 060X rpynax BiporigHoO He Bigpi3-
Hanucsa (p > 0,05).

MopylweHHs cepueBoi dyHKLii cniBBiAHOCUNO-
CS 3 iHWO — peHasbHOo AncdhyHkuieo, To6To
Yy UMX NaUiEHTIB YacTiwe AiarHOCTyBanu noni-
OpraHHy HeaOoCTaTHICTb.

BusasneHo npami kopensauii NT-proBNP 3 piB-
HAaMu IL-6 (r=0,31, p=0,003), TPOMOHIHIB
(r=0,39, p=0,000), Bikom (r=0,46, p=0,000),
3Ha4YeHHsAMU KpeaTuHiHy (r= - 0,60, p=0,000)
i o6bepHeHo nponopuiliHi Mix NT-proBNP i re-
morno6iHom (-r=0,37, p=0,002).

O6roBopeHHA

Lle pocnimkeHHs1 A4ano MOXMBICTb BUBYUTU MO-
LWUMPEHICTb i NpOrHoCTUYHI Hacnigku CH y na-
uienTis 3 COVID-19. TMowwupeHictb XCH cepen
xBopux Ha COVID-nHeBMOHI0, SKi MOCTYNWInN A0
J1bBIBCbKOI KNiHIYHOI MliKapHi WBWUAKOI MeauyHOl
gornomoru 3 giarHo3om COVID-NHeBMOHiA y Be-
pecHi-nucronagi 2020 poky craHoBuia 42,9%
BMMNaZAKiB, @ NeTanbHICTb Nig Yac nepebyBaHHS B
nikapHi — 23,95% Bunagakis 6e3 CTaTUCTUYHO 3Ha-
yyLloi cTaTeBoi pisHui (p = 0,0644).

Y HaWwoMy peTpoCneKTUBHOMY AOCNIAXKEHHI
MU 3iTKHY/IMCA 3 BUCOKOK AiarHOCTUYHOK He-
BU3HAYeHICTI0 B ouiHUi AekomneHcauii XCH
Ha ¢OHi pecnipaTopHMX po3NnaAiB BHACNIAOK
COVID-19 nHeBMOHIi Ha OCHOBI KNiHIYHNX Aa-
HuX. Hanbinbw nowwnpeHnm nposisom CH € 3a-
AVLLIKa, cKapra, sika He € Hi cneundivyHoto, Hi
YyTNIMBOIKO ANA NPOrHO3yBaHHA HAABHOCTI 3a-
roctpeHHs CH. Kpim Toro, dismMkanbHi 03Haku
CH, Taki ik ABOCTOPOHHI 6a3anbHi Xpunun Ha-
NpuKiHUi BAMXY, 6ynun NpucyTHi npn obox 3a-
XBOPIOBAHHAX, @ NiIABULLEHHSA TUCKY B APEMHUX
BeHaX i HabpsKu Hir MaloTb 0B6MeXeHy vyTaun-
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BiCTb. MNMoAibHi obMexxeHHs 6ynu BUsBNeHi i B
IHWKWX [OCNIAXEHHAX, BOHM TaKOX CTOCyBa-
nncs enekTpokapgaiorpadii Ta peHTreHorpadii
OpraHiB rpygHoi knitku [8].

Y nnaHoBOMY MPOCNEKTUBHOMY aHanili Ha oc-
HOBi BMBYEHHA AMHaMikn piBHA NT-proBNP mMu
nokasanu, Wwo npmban3sHoO y KoxHoro 4-5 na-
uieHta 3 XCH COVID-19 nHeBMOHis cnpusana
po3BUTKY AekoMmneHcauii. Cepen dakTopis, sKi
MO BMJIMHYTW Ha MOTipLIeHHA cepueBoi Ai-
ANbHOCTI, 6YNN: 3HMXKEHHS HACUYEHHS KPOBI
KMCHEM Ha (OHiI pO3BUTKY aTUMNOBOI MHEBMO-
Hii Ta AmMxanbHOI HeAOCTAaTHOCTI, BUHUKHEHHA
rocTporo iHgapkTy Miokapga, apuTMii, 3Ha4YHO
pigwe - rinepTtoHiYHOro Kpusy. Y nauieHTIB 3
nekomneHcosaHoto XCH IQR Q3-Q1 Bucoko-
YYT/IMBOrO TPOMOHiHY 6YB AOCTOBIPHO BULLUUM
MOPIBHAHO 3 MOKA3HMKOM Yy MaUi€EHTIB 3 KOM-
neHcosaHotw CH, Wwo, MMOBIpHO, MOI/I0 CBiAYN-
TV NMPO MOCUNEHHSA MpoLeciB MioKapaiounToni-
3y Yy umMx nauieHTiB Ha ¢doHi COVID 19. Cepen
iHWKX pe3ynbTaTiB N1abopaTOpHOro CKPUHIHIY
BUSABJIEHO 3HMXEHHSA remornobiHy (p=0,0016)
Ta niaBuweHHs KpeatuHiHy (p=0,0011). O6u-
ABa Ui NOKa3HWKK, 3@ pe3ynbTaTaMWU KiNbKOX
MeTaaHasnisiB, HanexaTtb A0 BM3Ha4dasbHUX
NpeauKTopiB HECNPUATINBOIO CepLEeBO-CYANH-
HOro MpoOrHo3y, rocnitasibHOIi CMEPTHOCTI $K
nNpu CUCTOMIYHIN, Tak i Npu aiacTonivHin CH, ak
i 3HMXKEeHHS TemnepaTypm Tina [9,10,11,12].

3 iHWoro 60Ky, y XBOPMX i3 4EKOMNEHCOBAHOO
CH 3adikcoBaHO 3HauyHe NigBULLEHHS piBHSA IL-
6, OCHOBHOro MeziatTopa LMTOKIHOBOIO LUTOP-
My [13]. Ha aymky 6inblwoCTi BYEHUX, came
LMTOKIHOBWUI LWITOPM € HaMbinbll pyMHIBHUM Y
Bunagky COVID-19, a He Bipyc SARS-CoV-2
[14]. NiaBNWEHHS LbOro NOKa3HMKa y NaLi€EH-
TiB i3 CH 6inbwe Hixx Ha 50% Takox acouito-
€TbCHA 3 HECMPUATAMBUM KJiHIYHMM MPOrHO30M
BiAMOBIAHO A0 pe3y/ibTaTiB PO3LMPEHOro KO-
ropTHoro gocnigxeHHsa BIOSTAT-CHF [15].

PeectpyBanu 3MiHM KoarynsuinHOro noTeHuiany
(3HMXKEHHS MPOTPOMOIHOBOIO IHAEKCY Yy XBOPUX
i3 AekomneHcoBaHo XCH), WO pO3BUHYAMUCS Ha
TNi nonepeaHboi aHTUTPOMBOTMYHOI Tepanii y na-
LLIEHTIB i3 BUCOKUM CepLEBO-CYANHHUM PU3SUKOM.
Mpn ubOMY cnocTepiraBcs K/iHIYHMIA NapaaoKc
— TPV HU3bKUX 3HAYEHHSX MPOTPOMBIHOBOrO
iHaekcy TENA vacTtiwe (p=0,0344) BMHMKana y
XBOpUX 3 AexkomneHcosaHow CH, He3Baxawuu
Ha CynyTHIO @aHTUTPOMOOTUYHY Tepanito, ToAi K
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In a planned prospective analysis based on
studying the dynamics of the NT-proBNP level,
we showed that in approximately every 4-5
patients with CHF, COVID-19 pneumonia con-
tributed to the development of decompensa-
tion. Among the factors associated with the
deterioration of cardiac function was a de-
crease in blood oxygen saturation along with
the occurrence of atypical pneumonia and
respiratory failure, the development of acute
myocardial infarction, arrhythmia, and, much
more rarely - a hypertensive crisis. In pa-
tients with decompensated CHF IQR, Q3-Q1
of high-sensitivity troponin was significantly
higher compared to the level in patients with
compensated HF, which probably could indi-
cate an increase in the processes of myocar-
diocytolysis in these patients along with Covid
19. Among other results of laboratory screen-
ing, lower hemoglobin values (p=0.0016) and
increased creatinine (p=0.0011) were detect-
ed in patients with CHF. According to the re-
sults of several meta-analyses, both of these
indicators belong to the determining predic-
tors of an unfavorable cardiovascular prog-
nosis, in-hospital mortality in both systolic
and diastolic HF, and low body temperature
[10,11,12,13].

On the other hand, a significant increase in IL-6,
a key mediator of the cytokine storm, was re-
corded in patients with decompensated HF [14].
According to published studies 15, 16, it is the
cytokine storm that is most destructive in the
case of COVID-19, rather than direct damage
by SARS [17]. An elevation of IL-6 values great-
er than the previously determined 95th percen-
tile of normal values at baseline in patients with
HF by more than 50% was also associated with
an unfavorable clinical prognosis in the exten-
sive BIOSTAT-CHF cohort study [18].

Changes in the coagulation potential (decrease
in prothrombin index in patients with decom-
pensated CHF), which developed along with
the previous antithrombotic therapy in patients
with a high cardiovascular risk, were record-
ed. At the same time, a clinical paradox was
observed - with low values of the prothrom-
bin index, PE occurred more often (p=0.0344)
in patients with decompensated heart failure,
despite concomitant antithrombotic therapy,
while the values of D-dimers in both groups did
not differ significantly (p > 0.05).
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Mortality in patients with decompensated CHF
was extremely high - 42.86% (p=0.0027)
(OR=5.72; 95% CI: 1.84, 17.81; p=0.0026). In
our opinion, the increased mortality was influ-
enced by a number of prognostically unfavorable
clinical and laboratory factors of cardiovascular
risk and risk factors associated with the corona-
virus disease (the development of a hyper-in-
flammatory immune response, respiratory fail-
ure and, possibly, the direct effect of the virus
on the cardiovascular system). Thus, it is vital
in the management of CHF and COVID-19 to in-
fluence manageable risk factors for decompen-
sation in all patients with CHF and coronavirus
disease and timely diagnosis of CHF decompen-
sation, which is complicated in routine clinical
practice. For these reasons, the determination
of NT-proBNP is useful not only at the time of
the patient’s diagnosis/hospitalization but also
dynamically during the patient’s follow-up.

In conclusions: CHF is common in patients with
COVID-19 pneumonia and is often fatal, especial-
ly in patients with decompensated CHF. Factors
contributing to the decompensation of HF in pa-
tients with COVID-19 are a decrease in blood ox-
ygen saturation during COVID-19, myocardial in-
farction, arrhythmias, and hypertensive crisis. In
such patients, there is an increase in troponin I,
AST, and markers of an unfavorable cardiovascu-
lar prognosis — decreased hemoglobin, increased
creatinine and the pro-inflammatory cytokine
- IL-6. Direct correlations of NT-proBNP with
the levels of IL-6 (r=0.31, p=0.003), troponins
(r=0.39, p=0.000), age (r=0.46, p=0.000), cre-
atinine values (r=- 0.60, p=0.000) and inversely
proportional between NT-proBNP and hemoglobin
(-r=0.37, p=0.002) have been established.

COVID-19 patients with decompensated heart
failure should be identified early and actively
treated to improve outcomes in this patient
cohort.

Institutional Review Board Statement: The
study was conducted in accordance with the
Declaration of Helsinki, and approved by the Eth-
ical Commission on Experimental Development
and Research of Danylo Halytsky Lviv National
Medical University (No. 10 dated 12/16/2019).

Informed Consent Statement: Informed
consent was obtained from all subjects in-
volved in the study.
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3HayeHHs D-gumepiB B 060X rpynax AOCTOBIpHO
He Bigpi3Hanuca (p > 0,05).

TakMM YMHOM, Ha OCHOBI AMHAMIYHOro BU3Ha-
yeHHa piBHA NT-proBNP Ham Bpganocsa nia-
TBEPAMUTU rinoTe3y Npo Te, WO KOPOHaBipyCHa
XBOpoba crnpuyMHeHa BaXXKMM rOCTpUM pec-
nipatopHum cuHapomoM, SARS-CoV-2 yvacto
ycknagHtoe nepebir XCH i npussoantb Ao ii
JeKoMreHcauii Ta BUMOKPEMUTU MNPOrHOCTUY-
HO-HecnpuaTnMei  GakTopu pPU3KKY MoOrip-
WaHHA cepueBoi dYHKUIT y xBopux Ha XCH.
CMepTHICTb NauieHTIB i3 AEKOMMNEHCOBAHOK
XCH 6yna Haa3BuuyaiHO BUCOKOKW — 42,86%
(p=0,0027) (OR=5,72; 95% AI: 1,8). 4,
17,81; p=0,0026). Ha Hawy AyMKYy, Ha poO3-
BUTOK CMEpPTHOCTI BMJIMHYNA HU3Ka MPOrHoc-
TUYHO HECMPUATAMBUX KIliHIKO-nabopaTopHMX
daKkTopiB cepueBo-CyaAMHHOro pn3nKy Ta dak-
TOpPiB pU3NKY, NOB'SA3aHMX 3 KOPOHaBipyCHOW
xBopo6oto (pO3BMTOK rinepsananbHOi iIMYHHOI
BiANOBIAl, AMXaNIbHOI HEAOCTAaTHOCTI Ta, MOX-
nnBo, 6e3nocepeaHbO BMIWB BipyCy Ha cep-
LeBO-CYAMHHY cucTemy). Buxoasum 3 uboro,
BKpan BaX/IMBUMU Y NiKyBasibHO-AiarHOCTUY-
HoMmy nigxoai wono XCH ta COVID 19 Ha Hawy
OYMKY € CBO€EYaCHe BUABNEHHA Ta BMJIMB Ha
KepoBaHi daKTopu pu3MKy AeKoMneHcauii y
BCiX nauieHTiB i3 XCH Ta KopoHaBipyCHO XBO-
poboto, CBOEYACHa AiarHOCTMKA AeKOMMeHca-
uii XCH, sika € obTSXMBOK B PYTUHHIN Kili-
HIYHIA NpakTuui. 3 UMX NPUYMH BU3HAYEHHS
NT-proBNP 3a 3anponoHOBaHOK METOAMKOK
€ KOPUCHMM He nuwe nmig 4yac AiarHoctuku /
rocnitanisauii, ane 1 nig 4Yac cnocTepexeHHs
3a NauieHTOM.
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Y BucHoBkax: XCH € nowwumpeHuM sBULLEM Y
nauieHTiB i3 nHeBMoOHieto COVID-19 i uyacTto
neTtanbHUM, 0CcO6NMBO Yy MAUIEHTIB i3 AEKOM-
neHcosaHoto XCH. ®akTopaMmu, WO CNpUSaIOTb
pekomneHcauii CH y xBopux Ha COVID-19, €:
3HMXEHHA HaCU4YeHHS KPOBi KWCHEM niA 4ac
COVID-19, po3BuTOoK iHdapKTy Miokapaa,
apuTMii, rinepToHIYHUI Kpu3. Y TakKux XBO-
puUX CrocCTepiraeTbCsa NiABULWEHHSA TPOMOHIHY
I, ACT, a TakoX MapKepiB HeCrnpusaTIMBOro
cepueBo-CyAMHHOro rMporHosy 3HUXKEHHS
remornobiHy, NiABULLEHHS KPeaTUHiIHY Ta nNpo-
3anasibHoro uUMTokiHy — IJ1-6. BuasneHo npsmi
kopensauii NT-proBNP 3 piBHsamu IL-6 (r=0,31,
p=0,003), TponoHiHie (r=0,39, p=0,000), Bi-
koM (r=0,46, p=0,000), 3Ha4YeHHAMM KpeaTun-
HiHY (r= - 0,60, p=0,000) i o6bepHeHO nponop-
LiriHi Mixk NT-proBNP i remorno6iHom (-r=0,37,
p=0,002).

MauienTiB i3 COVID-19 i3 nekoMneHCOBaHO
cepueBo0 HeAOCTATHICTIO CNnig BUABNATUM Ha
PaHHil CTagii Ta akTMBHO nikyBaTu, Wo6 no-
KpawnTK pe3ynbTaTy B Uil KOropTi NaLlieHTIB.

3asBa HarnsA[Ao0BOI pagn: 40C/iaAXeHHs 6yno
BMKOHaHO BiAMOBIAHO A0 NpUHLUMNIB [enbCiH-
CbKOI Aeknapauii Ta cxBaneHo ETM4YHOO KO-
Micielo 3 eKkcnepuMeHTanbHMX po3pobok Ta
nocnigxeHb J1bBiBCbKOro HauUioOHalbHOro Me-
ANYHOro yHiBepcuTeTy iMeHi [JaHuna MNanunub-
koro (N2 10 Big 16.12.2019).

3asaBa npo iHpopMoBaHy 3roay: iHpopMO-
BaHy 3rody OTpMMaHO BiA YCiX y4YacCHUKIB [0-
CNig>KeHHs.
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