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redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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COURSE OF POST COVID-19 DISEASE IN HEART FAILURE PATIENTS WITH 
MODERATELY REDUCED LEFT VENTRICULAR EJECTION FRACTION

I.S.Rudyk, D.P.Babichev, O.O.Medentseva, S.M.Pyvovar, T.D. Shcherban.
Government Institution “L.T. Malaya Therapy National Institute of the National Academy of Medical Sciences of Ukraine”, Kharkiv, Ukraine.

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 (1002.79±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; using the EQ-5D-5L questionnaire, a significant 
deterioration of quality of life indicators (64.21±3.04 points 
vs. 72.81±1.82 points by VAS, p-value 0.02); higher indicators 
of LVMMi (157.39±6.14 g/m2 and 138.68±6.02 g/m2, 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.
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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 СHF, 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 

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 is 
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))2. 
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 

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 х [(IVSTd + EDD + LVPWTd)
3 – EDD3] + 0.6.

Body surface area (BSA) was calculated using the formula:
BSA = 0.007241 * weight (kg)0.725 * height (cm)0.425

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 
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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
COVID-19
(n = 38)

HFmrEF
(n = 34) p-value

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/m2 31.10±1.53 30.74±1.11 0.18
BSA, m2 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 
a history 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.

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

HFmrEF and a 
history of
COVID-19
(n = 38)

HFmrEF
(n = 34) p-value

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 1.38±0.16 0.045
Creatinine, µmol/l 97.54±4.16 100.8±7.69 0.71
Glycated hemoglobin, % 6.64±0.43 6.04±0.26 0.24
Erythrocytes, х1012/l 4.54±0.13 4.78±0.15 0.08
Hemoglobin, g/l 136.63±4.62 143.65±5.12 0.10
Leukocytes, х109/l 6.67±0.39 6.69±0.38 0.48
Platelets, х109/l 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±27.01 354.44±28.75 0.04
Total cholesterol, 
mmol/l 4.27±0.26 4.40±0.28 0.38

According to our results, the levels of furin in patients with 
HFmrEF were significantly higher than in the control group 
(412.43±49.71 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 2.29±0.31, 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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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 cTnI 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 

(157.39±6.14 g/m2 and 138.68±6.02 g/m2, 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
COVID-19
(n = 38)

HFmrEF
(n = 34) Р-value

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/m2 39.69±1.68 36.12±1.59 0.06
LVMM, g 320.47±13.41 290.37±13.07 0.06
LVMMi, g/m2 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/m2 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 

Figure 1. Correlation between quality-of-life score and furin/NT-proBNP ratio.
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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/m2 and 
138.68±6.02 g/m2, 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.
Disclosure.

The authors declare no conflict of interest.

REFERENCES
1. Kytömaa S, Hegde S, Claggett B, et al. Association of 
influenza-like illness activity with hospitalizations for heart 
failure: the atherosclerosis risk in communities study. JAMA 
Cardiol. 2019;4:363-369. 
2. DeFilippis EM, Reza N, Donald E, et al. Considerations for 
Heart Failure Care During the COVID-19 Pandemic. J Am Coll 
Cardiol HF. 2020;8:681-910.  
3. Reddy YN, Rikhi A, Obokata M, et al. Quality of life in heart 
failure with preserved ejection fraction: importance of obesity, 
functional capacity, and physical inactivity.  Eur J Heart Fail. 
2020;22:1009-1018.
4. Zhou F, Yu T, Du R, et al. Clinical coucourse,d risk factors 
for mortality of adult inpatients with COVID-19 in Wuhan, 
China: a retrospective cohort study. Lancet. 2020;6736:1-9.
5. Yu Y, Gupta A, Wu C, et al. Outcomes of patients hospitalized 
for heart failure in China: the China PEACE retrospective heart 
failure study. J Am Heart Assoc. 2019;8:e012884. 
6. Tsuji K, Sakata Y, Nochioka K, et al. CHART-2 Investigators. 
Characterization of heart failure patients with mid-range left 

ventricular ejection fraction— a report from the CHART-2 
Study. Eur J Heart Fail. 2017;19:1258-1269.  
7. Akhmerov A, Marban E. COVID-19 and the heart. Circ Res. 
2020;126:1443-1455.
8. Fernandez C, Rysä J, Almgren P, et al. Plasma levels of 
the proprotein convertase furin and incidence of diabetes and 
mortality. J Intern Med. 2018;284:377-387. 
9. Fernandez C, Rysä J, Almgren P, et al. Plasma levels of 
the proprotein convertase furin and incidence of diabetes and 
mortality. J Intern Med. 2018;284:377-387. 
10. Dorothea Bestle,  Miriam Ruth Heindl,  Hannah Limburg, 
et al. TMPRSS2 and furin are both essential for proteolytic 
activation of SARS-CoV-2 in human airway cells. Life Sci 
Alliance. 2020.
11. Tufan A, Avanoğlu Güler A, Matucci-Cerinic M. COVID-19, 
immune system response, hyperinflammation and repurposing 
antirheumatic drugs. Turk J Med Sci. 2020;50:620-632.    
12. Dellinger RP. Inflammation and coagulation: implications 
for the septic patient. Clin Infect Dis. 2003;36:1259-1265.    
13. Katsoularis I, Fonseca-Rodriguez O, Farrington P, et al. EQ-
5D: a measure of health status from the EuroQol Group. Ann 
Med. 2001;33:337-343.  
14. Fayssoil A, Mustafic H, Mansencal N. The right ventricle in 
COVID-19 patients.  Am  J  Cardiol. 2020;130:166-167.  
15. Boczor S, Daubmann A, Eisele, et al. Quality of life 
assessment in patients with heart failure: validity  of the German 
version of the generic EQ-5D-5L™. BMC public health. 
2019;19:1464. 
16. Mohammed Ali Gameil, Rehab Elsayed Marzouk, Ahmed 
Hassan Elsebaie,  et al. Long-term clinical and biochemical 
residue after COVID-19 recovery. Egypt Liver J. 2021;11:74. 
17. Bikdeli B, Madhavan MV, Jimenez D. COVID-19 and 
thrombotic or thromboembolic disease: implications for 
prevention, antithrombotic therapy, and follow-up: JACC State-
of-the-Art Review. J Am Coll Cardiol. 2020;75:2950-2973. 
18. Ruan Q, Yang K, Wang W, et al. Clinical predictors of 
mortality due to COVID-19 based on an analysis of data of 150 
patients from Wuhan, China. Intensive Care Med. 2020;46:846-
848.
19. Shi S, Qin M, Shen B, et al. Association of cardiac injury 
with mortality in hospitalized patients with COVID-19 in 
Wuhan, China. JAMA Cardiol. 2020;1-8.  
20. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 
hospitalized patients with 2019 novel coronavirus-infected 
pneumonia in Wuhan, China. JAMA. 2020;323:1061-1069.
21. Frangogiannis NG. The inflammatory response in 
myocardial injury, repair, and remodeling. Nat Rev Cardiol. 
2014;11:255-265.  
22. Agricola E, Beneduce A, Esposito A, et al. Heart and Lung 
Multimodality Imaging in COVID-19. JACC Cardiovasc 
Imaging. 2020;13:1792-1808.

Течение болезни после COVID-19 у пациентов с 
сердечной недостаточностью с умеренно сниженной 
фракцией выброса левого желудочка.
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Резюме
Цель: оценить влияние COVID-19 на течение СНуснФВ 

путем определения биомаркеров фурина и NT-proBNP, 
анкетирования (EQ-5D-5L) и ЭхоКС.

Методы: комплексное обследование 72 пациентов с 
СНуснФВ (основная группа) и 18 практически здоровых лиц 
(контрольная группа). Основная группа была разделена на 
две подгруппы в зависимости от наличия коронавирусной 
болезни в анамнезе. Все пациенты дали согласие на участие 
в исследовании.

Результаты: В группе пациентов, перенесших 
коронавирусную болезнь, по сравнению с пациентами без 
COVID-19 в анамнезе были установлены: значительно 
более высокие концентрации NT-proBNP (1002,79±215. 
94 пг/мл и 405,37±99,06 пг/мл, соответственно, p- 
0,01), мочевой кислоты (429,08±27,01 ммоль/л против 
354,44±28,75 ммоль/л, p- 0,04) и более низкое соотношение 
фурина к NT-proBNP (0,87± 0,26 и 1,38 ± 1. 16, p- 0,045) 
в сыворотке крови; при использовании опросника EQ-5D-
5L значительное ухудшение показателей качества жизни 
(64,21±3,04 балла против 72,81±1,82 балла по ВАШ, p-0,02); 
более высокие показатели индекса ММЛЖ (157,39±6,14 г/
м2 и 138,68±6,02 г/м2, p- 0,03), размеров ЛП (43,74±0,95 мм 
и 41,12±0,85 мм, p-0,04) и ПП (40,76±1,23 мм и 37,75±0,85 
мм, p-0,04).

Выводы. коронавирусная инфекция у пациентов с 
СНуснФВ приводит к нарушениям внутрисердечной 
гемодинамики и стойким негативным структурным 
изменениям сердца. Соотношение уровней фурина и NT-
proBNP в сыворотке крови может быть использовано для 
определения влияния самого синдрома СН на субъективную 
оценку пациентами качества своей жизни.

Ключевые слова: сердечная недостаточность, COVID-19, 
NT-proBNP, фурин.

დაავადების მიმდინარეობა COVID-19-ის შემდეგ 
პაციენტებში გულის უკმარისობით მარცხენა პარკუჭის 
განდევნის ფრაქციით ზომიერად შემცირებული.

იუ.ს. რუდიკი, დ.პ. ბაბიჩევი, ე.ა. მედენცევა, ს.ნ. 
ბრუერი, თ.დ. შჩერბანი.

სახელმწიფო დაწესებულება „თერაპიის ეროვნული 
ინსტიტუტის სახ L.T. Malaya NAMS of Ukraine”, ხარკოვი, 
უკრაინა

Შემაჯამებელი
მიზანი: COVID-19-ის გავლენის შეფასება HFrEF 

კურსზე ფურინის და NT-proBNP-ის ბიომარკერების, 
კითხვარის (EQ-5D-5L) და EchoCS-ის განსაზღვრით.

მეთოდები: 72 პაციენტის ყოვლისმომცველი 
გამოკვლევა HFrEF-ით (მთავარი ჯგუფი) და 18 
აშკარად ჯანმრთელი ინდივიდი (საკონტროლო 
ჯგუფი). ძირითადი ჯგუფი დაიყო ორ ქვეჯგუფად 
კოროვირუსული დაავადების ისტორიის მიხედვით. 
ყველა პაციენტი დათანხმდა კვლევაში მონაწილეობაზე.

შედეგები: პაციენტების ჯგუფში, რომლებმაც 
გადაიტანეს კოროვირუსული დაავადება, COVID-19-
ის ანამნეზის მქონე პაციენტებთან შედარებით, NT-
proBNP-ის მნიშვნელოვნად მაღალი კონცენტრაცია 
(1002.79±215.94 pg/ml და 405.37±99.06 pg/ml, შესაბამისად, 
p-0.01). შარდმჟავა (429,08±27,01 მმოლ/ლ 354,44±28,75 
მმოლ/ლ, p-0,04) და ფურინის უფრო დაბალი 
თანაფარდობა NT-proBNP-თან (0,87±0,26 და 1,38±1,16, 
p-0,045 სისხლის შრატში) EQ-5D-5L კითხვარის 
გამოყენებისას, ცხოვრების ხარისხის მაჩვენებლების 
მნიშვნელოვანი გაუარესება (64,21±3,04 ქულა VAS-ის 
მიხედვით 72,81±1,82 ქულა, p-0,02); უმაღლესი LVMM 
ინდექსი (157.39±6.14 გ/მ2 და 138.68±6.02 გ/მ2, p-0.03), 
LA ზომები (43.74±0.95 მმ და 41.12 ±0.85 მმ, p-0.04) და PP 
(40.73 მმ და 7±31). 0,85 მმ, p-0,04).

დასკვნები. კორონავირუსული ინფექცია პაციენტებში 
HFrEF იწვევს ინტრაკარდიული ჰემოდინამიკის 
დარღვევას და გულში მუდმივ უარყოფით 
სტრუქტურულ ცვლილებებს. სისხლის შრატში 
ფურინის და NT-proBNP დონის თანაფარდობა შეიძლება 
გამოყენებულ იქნას თვით HF სინდრომის გავლენის 
დასადგენად პაციენტების ცხოვრების ხარისხის 
სუბიექტურ შეფასებაზე.

საკვანძო სიტყვები: გულის უკმარისობა, COVID-19, 
NT-proBNP, ფურინი.
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