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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: In this study, we assessed the impact of
COVID-19 on the course of HFmrEF by determining the
biomarkers furin and NT-proBNP, questionnaires (EQ-5D-5L),
and cardiac ultrasound.

Methods: A comprehensive examination of 72 patients with
HFmrEF (main group) and 18 apparently healthy individuals
(control group). The main group was divided into two subgroups
depending on the history of coronavirus disease. All patients
gave their consent to participate in the study.

Results: In the group of patients with a history of coronavirus
infection compared to the patients without a COVID-19 history
were established: significantly higher concentrations of NT-
proBNP (1002.794215.94 pg/ml and 405.37+99.06 pg/ml,
respectively, p-value 0.01), uric acid (429.084+27.01 mmol/l vs.
354.44+28.75 mmol/l, p-value 0.04) and a lower furin to NT-
proBNP ratio (0.87+ 0.26 and 1.38 + 1.16, p-value 0.045) in
blood serum; using the EQ-5D-5L questionnaire, a significant
deterioration of quality of life indicators (64.214+3.04 points
vs. 72.81£1.82 points by VAS, p-value 0.02); higher indicators
of LVMMIi (157.39+6.14 g/m? and 138.68+6.02 g/m?, p-value
0.03), LA dimensions (43.74+0.95 mm and 41.12+0.85
mm, p-value 0.04) and RA dimensions (40.76+1.23 mm and
37.75+0.85 mm, p-value 0.04).

Conclusion: Coronavirus infection in patients with HFmrEF
leads to disorders of intracardiac hemodynamics and persistent
negative structural changes of the heart. The ratio of furin to
NT-proBNP serum levels can be used to determine the impact
of the HF syndrome itself on the patients' subjective assessment
of their quality of life.

Key words. Heart failure, COVID-19, NT-proBNP, furin.

Introduction.

The presence of CHF in the context of COVID-19 leads to
complications in the diagnosis, treatment, and prognosis of these
diseases. Viral infections can exacerbate pre-existing CHF, with
multiple studies showing an increase in readmissions due to HF
during influenza-like disease seasons [1].

The mutually aggravating CHF course with concomitant
COVID-19 is well-known. On the one hand, CHF increases
the probability of acquiring COVID-19 and high severity of
the infection, on the other hand — COVID 19 contributes to the
development of HF exacerbation due to various mechanisms,
including ischemia or myocardial infarction, increased oxygen
dependence, increased pressure in the pulmonary artery or its
thrombosis, myocarditis, stress cardiomyopathy or diffuse
cytokine release [2].

According to various authors, the prevalence of CHF in
patients with coronavirus infection varies significantly. Thus, in
a study by Shi at al., 4.1 % (17 individuals) of the population of
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COVID-19 patients already had CHF syndrome [3]. In another
Chinese cohort, CHF was present in 23 % of patients with
COVID-19 [4].

Chronic heart diseases, including CHF syndrome, are the
factors which can contribute to the severe phenotype of
COVID-19, characterized by poorer prognosis and increased
patient mortality [5].

The object of special attention are patients with HF with
moderately reduced left ventricular ejection fraction (HFmrEF),
which is due to the lack of a convincing evidence base regarding
the tactics of follow-up and treatment of this patient category
and significant "lability" of LVEF [6].

Considering the well-known mutually aggravating course
of CHF under the conditions of COVID-19, questions arise
what laboratory, hemodynamic, and structural changes should
be expected among patients with HFmrEF who have suffered
from COVID-19. The factors that affect the higher incidence
of coronavirus disease in patients with HF and the predictors
of the adverse course of CHF in patients having suffered from
COVID-19 remain unknown.

From this point of view, it is interesting to study the activity of
furin, which was identified in 2015 as a convertase of biologically
inactive pro-BNP into bioactive BNP and inactive NT-proBNP,
in patients with HFmrEF [7]. In addition, the relevance of the
study is due to the proven significantly higher level of furin in
patients with CHF [8,9] and the active involvement of furin in
the process of penetration of the SARS-CoV-2 virus into a cell
for replication [10].

With an aggressive COVID-19 infection, patients with
HF have a significantly higher risk of exacerbations, many
mechanisms may be responsible for initiating and intensifying
this process. The acute infectious process leads to the release
of pro-inflammatory cytokines and the involvement of pro-
inflammatory macrophages and granulocytes, which 1is
accompanied by a pronounced inflammatory storm that can
increase the primary damage. All this contributes to the
development of acute decompensation of chronic HF [11,12].

The study of the consequences of COVID-19 for the
cardiovascular system of patients in the remote period continues,
which will help to develop strategies for the effective treatment
of such patients and the prevention of the development of
cardiovascular complications in them.

Purpose. to evaluate the impact of coronavirus disease on the
general condition, laboratory, and echocardiographic parameters
in patients with HFmrEF, to investigate the activity of furin.

Materials and methods.

The research study was planned for 2021 and was initiated
in January 2022. Completion of the study is scheduled for
February 2024. This is a retrospective cohort research study.

This study was conducted in accordance with the requirements
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of the Declaration of Helsinki of Human Rights (1964), the
Council of Europe Convention for the Protection of Human
Rights and Dignity of the Human Being with Regard to
the Application of Biology and Medicine (Convention on
Human Rights and Biomedicine) (ETS-164), including the
additional protocol to the Convention on Human Rights and
Biomedicine dated 25.01.2005, the International Conference on
Harmonization of Good Clinical Practice (ICH GCP E6(R2),
2016) and the legislation of Ukraine. The study was reviewed
and approved by the Committee on Ethics and Deontology at
the State Institution "L.T. Malaia National Institute of Therapy
of the National Academy of Sciences of Ukraine".

The sample size was calculated in advance so that it could
guarantee the validity of the result. All patients who participated
in the study were given information about the purpose and
methods of the examination, benefits, and risks before initiation
of the study procedures. The patients were informed that
participation in the study was entirely voluntary, and emphasis
was placed on the possibility to withdraw from the study at any
time without loss of benefits. Each of the patients who agreed to
participate in the study signed an informed consent.

A comprehensive examination of 72 patients with HFmrEF
(main group), of whom 54 were men, 18 women, and 18
apparently healthy individuals (control group), which included
anthropometric, laboratory, instrumental examinations,
and surveys to assess the quality of life, was conducted at
the clinical-diagnostic therapeutic department of the State
Institution "L.T. Malaia National Institute of Therapy". The
main group was divided into two subgroups depending on
the history of coronavirus disease: 38 patients were included
in the group of patients who had a history of COVID-19, and
34 patients were included in the group of those who had not
suffered from COVID-19. One of the criteria for inclusion of
patients in the study (the group of those who had COVID-19)
was the course of coronavirus disease with confirmed mild to
moderate pneumonia.

The average age of patients was 63.6+4.1 years. The study
group mainly included patients with coronary heart disease
(91.7 %) and essential hypertension (86.1 %).

Before starting the examination procedures, all patients
completed the EQ-5D-5L Quality of Life questionnaire, which
is one of the most commonly used general health questionnaires
[13]. The EQ-5D-5L includes five parameters: mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression.
It also has a visual analog scale (EQ-VAS) that rates health on
a scale of 0 to 100, with a higher score indicating better health.
The validity of the obtained data of the EQ-5D-5L questionnaire
has been psychometrically confirmed for a large number of
diseases and conditions, including cardiovascular ones.

Anthropometric studies were conducted using conventional
methods with the calculation of the body mass index (BMI)
according to the formula:

BMI = (body weight (kg))/(height (m))*.

Laboratory tests were carried out in the clinical and diagnostic
laboratory with the bacteriological department and in the
laboratory of immuno-biochemical and molecular genetic
studies of the State Institution "L.T. Malaia National Institute of
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Therapy of the National Academy of Sciences of Ukraine". To
study the laboratory parameters, blood sampling was performed
in the morning under fasting conditions from the ulnar vein.
Laboratory tests included clinical blood count, blood chemistry
panel with measurements of AST, ALT, creatinine, glucose,
lipid spectrum, potassium, sodium, and magnesium. Also, the
blood levels of NT-proBNP and glycated hemoglobin were
measured by enzyme-linked immunoassay (ELISA).

The furin level in blood serum was also determined by the
ELISA method using the set of reagents "Human Fur (Furin)
ELISA kit" manufactured by "Wuhan Fine Biotech Co., Ltd.",
the detection range was 0-1000 pg/ml, the sensitivity was 9.375
pg/ml.

To assess the lipid spectrum, the levels of total cholesterol
(TC), high-density lipoprotein  cholesterol (HDL-C),
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C)
were determined using the formula by W.T. Friedewald: LDL-C
=TC — (HDL-C + TG/2.22).

Instrumental methods included electrocardiography (ECG)
in standard leads and transthoracic Doppler echocardiography
(EchoCG). ECG at rest was recorded in 12 standard
leads. Echocardiography was performed according to the
recommendations of standard approaches on a Toshiba Aplio
500 device with measurements of: end-diastolic dimension
(EDD), end-diastolic volume (EDV), end-systolic dimension
(ESD), end-systolic volume (ESV), stroke volume (SV), left
ventricular ejection fraction (LVEF), interventricular septal
thickness (IVST), left ventricular posterior wall thickness
(LVPWT), left atrium (LA) size, LA volume, right heart
chamber dimensions (right ventricle (RV) and right atrium
(RA)) [14].

LV myocardial mass (LVMM) was calculated using the
formula:

LVMM = 0.8 x [(IVST, + EDD + LVPWT,)’ — EDD’] + 0.6.

Body surface area (BSA) was calculated using the formula:

BSA =0.007241 " weight (kg)*’ " height (cm)®4*

LVMM index (LVMMi) was calculated using the formula:

LVMMi =LVMM / BSA

LA volume index (LAVi) was calculated using the formula:

LAVi=LA volume / BSA

LV diastolic function was assessed using the latest
recommendations of the American Society of Echocardiography
(2021).

The patients received conventional therapy.

Statistical processing of the obtained data was carried out
using the SPSS v.19.0 statistical program package. The mean
(M) and standard error of the mean (m) were calculated. The
differences between the compared values were considered
reliable if the value of the Student's t-test was greater than or
equal to 95 % (p<0.05).

Results and Discussion.

The clinical characteristics of the patients included in the study
are shown in Table 1.

The majority of the examined patients in both groups were
men. Women make up 25 % of the total patient cohort. During
comparison, no significant differences were found between



groups of patients in terms of such indicators as age, height,
weight, BMI, BSA, systolic (SBP) and diastolic blood pressure
(DBP), heart rate (HR).

Table 1. Clinical characteristics of patients with HFmrEF depending
on the history of coronavirus disease.

HFmrEF and a

history of HFmrEF

COVID-19 (n=34) p-value

(n=38)
Age, years 64.68 £ 1.86 63.56 £2.11 0.39
Sex, % of women (n) 26.3 (10) 23.5(8) 0.48
Height, cm 172.47+1.32 175.25+1.76 0.45
Body weight, kg~ 92.97+£5.32 94.43+3.49 0.21
DM type 2, % 57.9 41.18 0.18
SBP, mm Hg 135.27+17.96 133.19+£17.22 0.26
DBP, mm Hg 84.51+8.84 85.65+8.79 0.31
HR, bpm 79+11.45 73+12.06 0.09
BMI, g/m? 31.10+1.53 30.74+1.11 0.18
BSA, m? 2.05+0.06 2.09+0.07 0.27
EQ-5D-5L" 64.21+3.04 72.81+1.82 0.02

Interrogating of patients with HFmrEF using the EQ-5D-5L
questionnaire demonstrated that the quality-of-life indicators
were significantly worse in the group of patients who have
suffered from the coronavirus disease compared to those without
ahistory of COVID-19 (64.21+3.04 points vs. 72.81+1.82 points
according to VAS, p-value 0.02). At the same time, there was
no difference in terms of age and LVEF between the indicated
groups of patients. The RECODE-HF study, conducted in 3778
patients with HF, has proven the reliability and validity of the
EQ-5D-5L questionnaire with visual analogue scale (VAS) for the
assessment of quality of life in patients with HF. According to the
data of this study, patients with comorbid pathology and a higher
NYHA class [15], had lower VAS scores, in other words, patients
with a more severe course of the disease were characterized by
worse quality of life indicators according to EQ-5D-5L.

It should be noted that in our study, in a certain proportion of
patients, the deterioration of the quality of life was caused by the
deterioration of the course of angina, and not by manifestations
of HF decompensation. That is, a low VAS score indicates only
the severity of the patient's condition without indicating the
probable cause of its occurrence.

A comparison of the results of laboratory tests among groups
of patients is shown in Table 2. It can be seen that the groups
do not differ in terms of such parameters as furin, creatinine,
glycated hemoglobin, AST, ALT, and clinical blood count
indicators. A significant difference was noted in NT-proBNP,
furin/NT-proBNP ratio and uric acid.

Our study demonstrates a significantly higher level of uric
acid in the blood serum in the group of patients with HFmrEF
and with a history of COVID-19 (429.08+27.01 mmol/l vs.
354.44+28.75 mmol/l, p-value 0.04). Similar results were
obtained by Mohammed Ali Gameil et al. in their study looking
for the delayed outcomes of the coronavirus disease [16].
Hyperuricemia is known to be associated with more pronounced
hemodynamic disorders and is an independent predictor of all-
cause mortality among patients with HF.

59

Table 2. Results of laboratory tests in patients with HFmrEF depending
on the history of coronavirus disease.

HFmrEF and a

history of HFmrEF

COVID-19 (n=34) p-value

(n =38)
NT-proBNP, pg/ml 1002.79£215.94 405.37+£99.06 0.01
Furin, pg/ml 426+57.81 382+81.66 0.33
Furin/NT-proBNP”* 0.87+0.26 1.3840.16 0.045
Creatinine, pmol/l 97.54+4.16 100.8+7.69 0.71

Glycated hemoglobin, % 6.64+0.43 6.04+0.26 0.24

Erythrocytes, x10'%/1  4.54+0.13 4.78+0.15 0.08
Hemoglobin, g/l 136.63+4.62 143.65+5.12  0.10
Leukocytes, x10°/1 6.67+£0.39 6.69+0.38 0.48
Platelets, x10%/1 225.05+11.87 239.56+12.02 0.20
AST, U 29.26+2.33 30.18+3.18 0.40
ALT, U 29.21+£1.98 31.01+2.54 0.34
Uric acid, mmol/l” 429.08+27.01 354.44428.75 0.04
Total cholesterol, - 57,4 56 440028 038

mmol/l

According to our results, the levels of furin in patients with
HFmrEF were significantly higher than in the control group
(412.43449.71 pg/ml vs. 113.80+£35.18 pg/ml, p 0.0001),
while the ratio of furin to NT-proBNP was significantly lower
(0.93+0.24 and 2.2940.31, p-value 0.002). When comparing
the furin levels in patients with HFmrEF and with a history
of coronavirus disease with a group of patients with HFmrEF
who did not suffer from COVID-19, no significant difference
was found (426+57.81 pg/ml and 382+81.66 pg/ml, p-value
0.33). At the same time, a significantly lower ratio of furin to
NT-proBNP (0.87 £ 0.26 and 1.38 + 1.16, p-value 0.045) was
established in the group of patients suffering from COVID-19.

The study of furin levels in blood serum was performed in
order to determine its possible connection with the course of
HFmrEF in patients after coronavirus disease in connection
with its known involvement in the conversion of pro-BNP and
in the process of the penetration of the SARS-CoV-2 virus into
the cell for further replication [17]. Considering the possible
pathogenetic relationship between furin and NT-proBNP, as the
final product of pro-BNP conversion, we calculated their ratio
as a possible more sensitive indicator of the severity of HF in
patients after a past coronavirus infection.

When we examined the entire group of patients with HFmrEF,
regardless of the history of coronavirus disease, a strong positive
correlation was found between the indicators of the quality of
life according to the EQ-5D-5L questionnaire and the ratio of
furin to NTproBNP (r= 0.76, p < 0.001) (Figure 1), while the
negative correlation between the indicators of the quality of life
and the level of NT-proBNP in blood serum was weaker (r=-
0.61, p <0.01). That is, the determination of the ratio of furin
to NTproBNP in the blood serum of patients who filled out a
fairly simple and quick EQ-5D-5L questionnaire would allow
to determine the degree of influence of HF on their subjective
assessment of the quality of life. In clinical practice, the serial
measurement of the ratio of furin to NT-proBNP can allow
timely identification of HF as the cause of the deterioration of
the patient's condition, which will allow timely optimization of
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Figure 1. Correlation between quality-of-life score and furin/NT-proBNP ratio.

HF treatment, especially among patients with comorbidities.
This statement requires further research.

Reddy et al. investigated the relationship of the quality of life in
HF patients with preserved LVEF, with HF severity determined
by physical capacity, amount of daily activity, functional class,
echocardiography at rest, and plasma natriuretic peptide level.
Quality of life was found to be the worst in young patients with
obesity and diabetes and was not associated with NTproBNP or
echocardiographic parameters [3].

According to our data, significantly higher concentrations of
NT-proBNP in blood serum were established in the group of
patients with HFmrEF and with a history of coronavirus disease
(1002.79+215.94 pg/ml and 405.37+99.06 pg/ml, respectively,
p-value 0.01) compared to patients with HFmrEF who did
not suffer from COVID-19. Our data are consistent with the
results of an analysis of 120 patients with COVID-19, which
showed elevated levels of NTproBNP in 27.5 % of cases and
high-sensitivity troponin c¢Tnl in 10 % of deceased patients,
respectively, indicating the presence of myocardial damage
[18,19].

Similar results were obtained in another study conducted in
Wuhan, China, which included 138 patients with COVID-19. It
was shown that the levels of biomarkers of myocardial damage
were significantly higher in patients who required intensive care
unit treatment compared to those who did not require intensive
care [20]. The authors argue that the monitoring of treatment
efficacy in HF patients after recovery from COVID 19 should
include a series of laboratory tests, including myocardial
damage biomarkers.

The analysis of our data demonstrated that in the group
of patients with HFmrEF who suffered from COVID-19,
significantly more pronounced indicators of LVMMi
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(157.394£6.14 g/m? and 138.68+6.02 g/m?, p-value 0.03), LA
dimensions (43.74+0.95 mm and 41.12+0.85 mm, p-value
0.04) and RA dimensions (40.76+1.23 mm and 37.75+0.85
mm, p-value 0.04) were found, according to the transthoracic
echocardioscopy results (Table 3). The groups of patients did not
differ by other parameters. Pro-inflammatory cytokines, causing
the development of cytokine storm syndrome, can damage
cardiomyocytes and participate in pathological remodeling of
heart cavities, as well as negatively affect myocardial inotropic
function and metabolism [21,22].

Table 3. Results of echocardioscopy examination among patients with
HFmrEF, depending on the history of coronavirus disease.

HFmrEF and a

history of HFmrEF Povalue

COVID-19 (n=34)

(n=238)
LV EDD, mm 59.52+1.29 57.08+1.06 0.07
LV EDV, ml 181.21+8.48 165.31+£7.18 0.08
LV ESD, mm 45.21+1.18 42.68+1.10 0.09
LV ESV, ml 99.54+5.68 90.13£5.01 0.11
LV EF, % 45.05+1.38 45.81+1.25 0.39
LV SV, ml 81.47+2.92 75.18+2.49 0.06
LV SVi, ml/m? 39.69+1.68 36.12+1.59 0.06
LVMM, g 320.47+13.41 290.37+£13.07 0.06
LVMMi, g/m? 157.39+6.14 138.68+6.02 0.03
LA dimension, mm | 43.74+0.95 41.12+0.85 0.04
LAVi, ml/m? 34.85+1.10 34.09+0.99 0.61
RA dimension, mm [40.76+1.23 37.75+0.85 0.04
RV EDD, mm 30.63+1.09 29.43+0.94 0.41

Therefore, the data we have obtained demonstrate intracardiac
hemodynamic disorders and persistent negative structural




changes of the heart, which are a consequence of the coronavirus
disease in patients with HFmrEF.

Conclusion.

1. According to the results of interrogating the patients with
HFmrEF using the EQ-5D-5L questionnaire, a significant
deterioration of quality-of-life indicators was established in the
group of patients with a history of coronavirus disease compared
to those without a history of COVID-19 (64.21£3.04 points vs.
72.81+1.82 points by VAS, p-value 0.02). The indicated groups
of patients did not differ by age and LVEF.

2. Significantly higher concentrations of NT-proBNP
(1002.79£215.94 pg/ml and 405.37+99.06 pg/ml, respectively,
p-value 0.01), uric acid (429.08+27.01 mmol/l vs. 354.44+28.75
mmol/l, p-value 0.04) and a lower furin to NT-proBNP ratio
(0.87+£0.26 and 1.38 = 1.16, p-value 0.045) in blood serum were
established in the group of patients with a history of coronavirus
infection compared to the patients without a COVID-19 history.

3. According to the results of transthoracic echocardioscopy,
individuals with HFmrEF and a history of coronavirus infection
showed higher indicators of LVMMi (157.39+6.14 g/m? and
138.68+6.02 g/m?, p-value 0.03), LA dimensions (43.74+0.95
mm and 41.12+0.85 mm, p-value 0.04) and RA dimensions
(40.76+1.23 mm and 37.75+0.85 mm, p-value 0.04) compared
to patients who have not suffered from COVID-19, which
indicates disorders of intracardiac hemodynamics and persistent
negative structural changes of the heart as a consequence of the
coronavirus disease in this category of patients.

4. The ratio of furin to NT-proBNP serum levels in patients
with HFmrEF is significantly lower compared to the control
group individuals, positively correlates with the quality-of-life
indicators according to the EQ-5D-5L questionnaire and can be
used to determine the impact of the HF syndrome itself on the
patients' subjective assessment of their quality of life.
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Tocyoapcmeennoe yupescoenue «Hayuonanvhuiii uncmumym
mepanuu  um. JIL.T.Manou HAMH Yxpaunery, eo.Xapvros,
Yrpauna

Pesrome

Heasn: ouenuts Biugaue COVID-19 na teuenue CHycun®B
myteM onpezeneHus OuomapkepoB ¢ypuHa u NT-proBNP,
ankeruposanus (EQ-5D-5L) u DxoKC.

MeToapl: KOMIUIEKCHOE 0O0cienoBaHue 72 TMaIUeHTOB C
CHycu®B (ocHoBHas rpymia) 1 18 mpakTHYECKH 3{0POBBIX JIUI]
(xoHTpOnBHas rpynna). OCHOBHAs rpymia Oblia pas3zesieHa Ha
JIBE TIOATPYIIIBI B 32aBUCUMOCTH OT HaJIM4YHsl KOPOHABUPYCHOU
OoJie3HM B aHaMHe3e. Bce maryeHThl 1anu coriiacue Ha y4acTue
B MICCJIEZIOBaHUU.

Pesyabrareli: B rpynme  nanmeHToB,  INEpeHECIIMX
KOPOHABHPYCHYIO 00JI€3HB, 110 CPABHEHHIO C MalUeHTaMH 0e3
COVID-19 B aHamHe3e ObUIM YCTAQHOBJICHBI: 3HAYMTEIBLHO
6osiee Bbicokne KoHueHtpanun NT-proBNP (1002,79+215.
94 ur/mMn u 405,37£99,06 nr/mi, COOTBETCTBEHHO, pP-
0,01), moueBoit kucnotsl (429,08+27,01 MMOaB/T TPOTUB
354,44+28,75 mmodns/1, p- 0,04) 1 Oostee HU3KOE COOTHOIICHUE
¢ypuna k NT-proBNP (0,87+ 0,26 u 1,38 + 1. 16, p- 0,045)
B CBIBOPOTKE KPOBHM; IIPU HCIIOJIb30BaHUU onpocHuka EQ-5D-
SL 3HauyMTenpHOE yXY[IICHHE IOKa3aTeliell KauecTBa XKU3HU
(64,21£3,04 6amna mpotus 72,81£1,82 6ama mo BAILL, p-0,02);
Oosee BhICOKHE MoKa3aTenu uuaekca MMITXK (157,39+6,14 1/
M2 u 138,68+6,02 r/m2, p- 0,03), pazmepos JIII (43,74+0,95 Mmm
n 41,12+0,85 mmM, p-0,04) u I1I1 (40,76+1,23 mm u 37,75+0,85
MM, p-0,04).

BeiBosibl.  KOpoHaBHpyCHast HMHQEKIHs Yy MalHUeHTOB C
CHycu®B nmpuBogMT K HapylIEeHHSIM BHYTpPUCEPACUHOMN
TEeMOJMHAMUKM M CTOMKHM HETaTHBHBIM  CTPYKTYPHBIM
n3MeneHusM cepana. CoorHorieHne ypoBHei gypuna u NT-
proBNP B chIBOpOTKE KPOBH MOXET OBITH HCIIOJIB30BAHO IS
olpezeseHus BiausHus camoro cunapoma CH Ha cyObeKTHBHYIO
OLICHKY MallieHTaMH Ka4eCTBa CBOEH KH3HHU.

KiroueBble cioBa: cepaeuHas Hegoctarounoctb, COVID-19,
NT-proBNP, dypus.

5535009006 d0d0bstgmds COVID-19-0b 89909y
35309639080 ol 38560H0LMmdom JoMbgbs doM3mFol
396009360l BMsg30000 BmdogMow da830MHgdMEO.
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0., O30, ©.3. ds00R)30, g.o. 990963939, U.b.
06960, m.. IBgMdsb0.

Lobgwdfogm  ©shgligdmwgds ,,009Ms300l  gMm3zbmero
0bLbEBHOGHMEBHOL Lob L.T. Malaya NAMS of Ukraine”, bsé3mgo,
360065

O98sx 509090

90%sbo:  COVID-19-0b  gogewgbols  9gx3sgds  HFrEF
3OLbY gMOHobol s NT-proBNP-ob d0mdst3gemgdol,
30mbgoMol (EQ-5D-5L) s EchoCS-ob 3s6Lsbug®oom.

09 Mmqdo: 72 353096¢0L  ym3zwolidmdsggero
390m33wg3s  HFrEF-om (00093500 xam530) ©o 18
503500  xobdIGmgmo  0bogoo  (Ly3MbEHGME™
X32IB0). J0MOMIO XJIBO Q0YM MO JIRBIBID
30OHM300MBMo 993500900l oLEGMGOOL  dobggom.
4395 353096@0 smMbHAWY 33003580 BMbHoEIgMdIBY.

09092900:  353096H00L  xawndo,  O®IgdIs3
239050@ MBIl 3MOMZOOMLME0 935 gds, COVID-19-
ol 5b65969Bol 8Jmbg 3530963 g0Msb FgsMgdom, NT-
proBNP-oll  36083b690mgbo  domowro  3mb3gb@®aios
(1002.79+215.94 pg/ml 05 405.37+99.06 pg/ml, 9glodsdolo,
p-0.01). 95605535 (429,08+27,01 90men/cw 354,44+28,75
90m/, p-0,04) @5 GMOobol M@EM  ©dSWO
056583560 Mds NT-proBNP-msb (0,87+0,26 s 1,38+1,16,
p-0,045 ULobbgool 3d6s@do) EQ-5D-5L  3oombgoMol
2590g9gbgdobsl, 3bmgMgdol bsGolbol  dsbzgbgdwgdol
3603369wm3560 gomaMglgds (64,21+3,04 Jmems VAS-ob
dobggom 72,81+1,82 Jmems, p-0,02); ¢dswegbo LVMM
0bgduo (157.39+6.14 /92 o5 138.68+6.02 ¢/02, p-0.03),
LA Bm0gd0 (43.74+0.95 90 s 41.12 +0.85 39, p-0.04) cos PP
(40.73 30 s 7+31). 0,85 309, p-0,04).

©513369%0. 3MOMbI30MMlmEo 0bggdEos 35309539080

HFrEF  ofj3938  0b6@6o3stommo  3gdmpobsdozol
©OMM3935L O gmdo 39303 91MHYMBOo
ULGHOMIGHIOME 330 gdgdL.  Lolbwol  Gms@do

530060 5 NT-proBNP combol 05659350m:0mds 890degds
24590yg9gbgden 0dbsll mgzgom HF Lobo®mdol as3cngbol
QLo 353096300l 3bmz®madol  bas®olbol
1993099 GH6 J9g39L90s%DY.

1533960 Lo@Yyzgdo: Mol m38s6mHobmds, COVID-19,
NT-proBNP, g6Hobo.
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