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Pestome

MoHnMaHne $paKTOpPOB pUCKa pecTeHo3a CTeHTa KOPOHapPHbIX apTepuii nMeeT 0cobYyo BaXXHOCTb B OTHOLLEHUW /UL, NepPeHeCLIMX KOPOHaBUPYCHYIO
uHbekuymio (KBU). Takue naumeHTbl TpebytoT TLATeNbHOrO Hab1to4eHNs, MPUOPUTETHOTO NledeHns U NpodunakTuKK. Lienbto Halero ncciesosa-
HUA ABMNACh OLLeHKa CBA3M KAMHNYECKNX U NabopaTOPHbIX NMOKasaTesieil C NepeHeceHHO| KOPOHaBMPYCHOW MHEeKLIMel Y NaLUeHTOB C peCTeHO30M
KOpPOHapHbIX apTepuii. MaTepuansl u MeToAbl. [IpoBeAEHO MonepeyHoe UCCIeA0BaHME Ha CM/IOWHOM BbIGOpKe naumeHToB ¢ MBC (931 naumeHT),
npoLleAWwNX NOBTOPHYIO PeBacKy/fapu3aLmio Muokapaa B nepuog ¢ 2020 r. no 2023 r. 420 nauneHTOB OCHOBHOW FPyMrbl UMe/IN PecTeHO3 CTeHTa
KOpPOHapHbIX apTepuit, U3 Hux 162 (38,5 %) naumeHToB nepeHecw B npotuioM KBU. B KOHTpobHYt0 rpynmny Bowiu 511 naumeHToB ¢ NOBTOPHOM pe-
BacKy/sipu3aLmein Mokapaa 6e3 pecteHosa cTeHTa, u3 Hux 107 (20,9 %) neperecnn KBU. JlabopaTopHble aHanM3bl BKAOYaAW TPOMOHMH |, D-anmep,
KpeaTuHkuHa3sy (KK), kpeaTuHkuHasy-MB (KK-MB), cbIBOPOTOUHbIN KpeaTUHUH U FoKo3y, C-peakTuBHbIii 6enok (CPB), anaHuHamuHoTpaHcdepasy
(ANT), acnaptataMuHoTpaHcdepasy (ACT) n pubpuHoreH, aHTutena IgG u IgM k coronavirus 1 onpeaeservie PHK MeTogoM nosvMMepasHoii LenHowm
peakumn. CTaTUCTUYECKMe pacyeTbl MPOBOAW/IUCH C UCMO/Ib30BaHMEM NporpaMMHoro obecneyenmns SPSS Bepcun 20.0. PesysbTaThl. bbiso ycTaHoB-
NNeHO Ha/nyMe CTaTUCTMHECKM 3HaYMMOo 6osiee BbICOKMX NoKasaTesieit aHTuTen IgG K KopoHaBupycy U C-peakTUBHOro NpoTenHa B OCHOBHO rpynne
nccnes0BaHNA B CPaBHEHUM C FPYNNOW KOHTPoAA. [pu AeneHun rpynn ncciefoBaHUA Ha MOATPYNMbl NaLueHToB ¢ nepeHeceHHol KB 1 6e3 KBU
6b1/IM YCTAHOB/IEHbI CTATUCTUYECKU 3HAUMMbIE Pa3/IMYMSA MO YPOBHEIO TporoHuHa (p<0,001), B TOM uncae B rpynne ¢ pecteHo3oM 1 KBU B cpaBHeHMK
c rpynnamu 6e3 pecteHosa ¢ KBU, c pecteHo3om 6e3 KBM 1 B rpynnax ¢ peBackyspusaumeit 6e3 KBU u ¢ pecteHosom 6e3 KBU. YposHu D-gumepa,
K®K, KOK-MB, CPB 1 AHTB 1Menn cTaTUCTUYECKM 3HauYMMble pas/inyumA B rpynmnax ¢ nepeHeceHHbiM KBW B cpaBHeHum ¢ rpynnamm 6e3 KBU. Pesynb-
TaTbl MHOXECTBEHHOIO PerpecCMOHHOr0 aHa/n3a CBUAETENIbCTBOBA/IM O HAa/IMUYUM CTaTUCTUYECKM 3HAYMMON NONOKNTEIbHON B3aUMOCBA3W B rpyn-
nax uccieA0BaHNA MeXay pasBUTUEM MHPAPKTa MUOKapAa U TakUMK nokasaTenamu, kak CPB, rnokosa KpoBu, IMNONPOTEN/bl HU3KON NNOTHOCTU
(MNHN), nepeHecenHas KBW, a Takxe oTpuLaTe/ibHO B3aUMOCBA3M C dpaKLMeit BbIBpOCa I€BOrO enyAoUKa U IMNONPOTENAaMM BbICOKOM MAOT-
HocTu (JINBIM). Posib AaHHbIX NPEAVKTOPOB B pa3BUTUM MHAPKTa MMOKapaa 6bl1a ycTaHoB/eHa ¢ noMoubto ROC-aHanu3a. 3akndeHue. Pesynbra-
Thl Halero Ucc/iel0BaHNA CBUAETENbCTBYIOT O Ha/IMYNM B3aMMOCBA3M NepeHeCceHHON KOPOHaBMPYCHOMN MHPEKLMM C MOBbILIEHNEM PUCKa pa3BUTUA
pecTeHo3a KOPOHapHbIX apTepuii y N, C NpeAWwecTByoLLel peBacKyaapr3aLnein MmoKapaa.

KnrouyeBbie c/10Ba: pecmeros KopoHapHbix apmepull, KOpoHaBUPYCHas UHPeKYUS, 1a6opamopHbIe NoKa3ameu, OMHOWeHUS WaHCOB, PeBacKy-
Afpu3ayus MuoKapoa




Apxub BHyTpeHHel MepuumHbl ® Ne 1 o 2025 OPUTVHAABHBIE CTATbHU

KoH$AukT nHtepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa607a, eé TeMa, npeaMeT u cogepxaHue He 3aTparmBatoT KOHKYpPUPYHOLWKUX MHTepecoB

McToYHMKM puHaHCUpoBaHuA

WccnepoBaHue BbINONHEHO NpU GUHAHCOBOM noaaepxKe KomuteTa Hayku MuHucTepcTBa o6pasoBaHus U Hayku Pecny6auku Kasaxctan (rpaHT
N2 AP19677465 «CoBepLueHCTBOBaHWE CUCTEMbI OKa3aHMA MeMLIMHCKON NOMOLLM NLLaM C NpeALIeCcTBYIOLel peBacKynspusaL el MMoKapAa, nepe-
HECLUMM KOPOHABUPYCHYIO UHEKLMIO»)

CooTtBeTcTBUE npuHUUNaM 3TUKN

McecneaoBarve 0406peHo oKanbHbIM DTUYecknM kommuteToM ®TAOY BO PHMUMY um. H.W. Muporosa MuHsapaea Poccum (BbinUcKa M3 npoTokosa
N2 214 ot 24 sHBaps 2022 r.). TakxKe UccaeoBaHVe 0406PeHO N0KabHBIM ITUYecKUM KomnuTeToM HAO «MeauumnHckuii YHneepenutet CeMeit», Kasax-
cTaH (Bbinucka u3 npotokosa N2 7 ot 16 MapTta 2022 r.).

NupopmmposaHHoe cornacue 66110 NOMyYeHO OT BCeX Cy6beKTOB, y4acTBOBaBILMX B MCCeA0BaHNUN. [TMCbMeHHOe MHPOPMUPOBaHHOe coriacue 6bi10
TaKKe No/ly4eHO OT NaLMeHTOB AR Ny6AMKaL MM 3TOW CTaTbu.

CraTba nonyyexa 16.09.2024 r.
OpobpeHa peueHseHTom 04.11.2024 r.
MpuHaTa Kk nybankayum 23.12.2024 r.

Ana umTnposaHUA: barerosa I'.5., [leaos E.N., Opexos A.1O. u a4p. OLIEHKA B3AMMOCBA3W KNMHUYECKNX N IABOPATOPHbIX MOKA3A-
TE/IEN C NEPEHECEHHOW KOPOHABWPYCHOM MH®OEKLIMEA Y MALMEHTOB C PECTEHO30M KOPOHAPHbBIX APTEPUW. Apxuetb BHyTpeHHelt
MeauuumHbl. 2025; 15(1): 42-56. DOI: 10.20514/2226-6704-2025-15-1-42-56. EDN: NYAGOE

Abstract

Understanding the risk factors for coronary in-stent restenosis is particularly important in patients with coronavirus disease (COVID-19). Such
patients require careful monitoring, priority treatment, and prevention. The aim of our study was to assess the association between clinical and
laboratory parameters and previous coronavirus infection in patients with coronary artery restenosis. Materials and methods. A cross-sectional
study was conducted on a continuous sample of patients with coronary artery disease who underwent repeated myocardial revascularization in the
period from 2020 to 2023 (931 patients). 420 patients in the main group had coronary artery stent restenosis, of which 162 (38.5 %) had suffered
from coronavirus infection (CVI). The control group included 511 patients with repeated myocardial revascularization without stent restenosis, of
whom 107 (20.9 %) had undergone CVI. Laboratory tests included troponin I, D-dimer, creatine kinase (CK), creatine kinase-MB (CK-MB), serum
creatinine and glucose, C-reactive protein (CRP), alanine aminotransferase (ALT), aspartate aminotransferase (AST) and fibrinogen, 1gG and IgM
antibodies to coronavirus and RNA detection by polymerase chain reaction. Statistical calculations were performed using SPSS version 20.0 software.
Results: It was established that there were statistically significantly higher levels of IgG antibodies to coronavirus and C-reactive protein in the main
study group compared to the control group. When dividing the study groups into subgroups of individuals with and without previous CVI, statistically
significant differences in troponin levels were found (p<0.001): between the level in the group with restenosis and CVI compared to groups without
restenosis with CVI, with restenosis without CVI, and in groups with revascularization without CVI and with restenosis without CVI. The levels of
D-dimer, CPK, CPK-MB, CRP, and APTT had statistically significant differences in the groups with previous CVI compared to the groups without CVI.
The results of multiple regression analysis indicated a statistically significant positive relationship in the study groups between the development of
myocardial infarction and such indicators as CRP, blood glucose, low-density lipoproteins (LDL), previous CVI, as well as a negative relationship with
left ventricular ejection fraction and high-density lipoproteins (HDL). The role of these predictors in the development of myocardial infarction was
confirmed using ROC analysis. Conclusion: The results of our study indicated a relationship between previous coronavirus infection and an increased
risk of coronary artery restenosis in patients with previous myocardial revascularization.

Keywords: coronary artery restenosis, coronavirus infection, laboratory parameters, odds ratios, myocardial revascularization
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ALT — alanine aminotransferase; AST — aspartate aminotransferase; APTT — activated partial thromboplastin time; OMB — obtuse marginal branch;
DB — diagonal branch; CHD — coronary artery disease; MI — myocardial infarction; CAG — coronary angiography; CVI — coronavirus infection; CK —
creatine kinase; CK MB — creatine kinase MB; HDL — high-density lipoprotein; LDL — low-density lipoprotein; INR — International Normalized Ratio;
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LC — left circumflex coronary artery; RCA — right coronary artery; LAD — left anterior interventricular branch of the coronary artery; PCR — polymerase
chain reaction; RNA — ribonucleic acid; DM — diabetes mellitus; ESR — erythrocyte sedimentation rate; CRP — C-reactive protein; LVEF — left ventricular
ejection fraction; HR — heart rate; PCI — percutaneous coronary intervention, EchoCG — echocardiography; COVID-19 — new coronavirus infection

Introduction

In recent decades, due to progress in the field of
interventional cardiology, there has been a significant
increase in cardiac surgery for coronary artery steno-
sis and thrombosis, which has led to an increase in life
expectancy for patients with acute coronary syndrome
and an improvement in their quality of life. Thanks to
the development of new approaches to stenting and the
emergence of new-generation drug-eluting stents, the
number of complications of this intervention has been
significantly reduced; however, due to numerous rea-
sons, the risk of developing restenosis or thrombosis of
the installed stent remains [1].

Restenosis can be defined as an angiographically
confirmed narrowing of the lumen of a coronary artery
by more than 50 %, localized in the area of a previously
implanted stent [2,3]. Most often, restenosis develops
within the first three months after previous revas-
cularization. After six months, the risks of restenosis
decrease, and the process remains, as a rule, stable,
since during this period, stent endothelialization and
remodeling of the coronary vessel wall are completed.
However, when using drug-eluting stents, the endo-
thelialization process can be delayed for up to 2 years
[4]. The mechanism of early restenosis development
is associated with trauma to the vascular wall during
device implantation, leading to the development of an
inflammatory reaction accompanied by the migration
of neutrophils, monocytes, and platelets and the release
of inflammatory mediators [5]. Subsequently, induc-
tion of smooth muscle cell migration into the vascu-
lar intima with their accumulation and proliferation
of fibroblasts is observed. Increased synthesis of extra-
cellular matrix causes thickening of neoadventitia and
neointima, narrowing the lumen of the coronary vessel
in the area of the previously implanted stent [6]. Thus,
there is a direct relationship between inflammation, the
formation of neointima, and the development of reste-
nosis at the site of the implanted stent [7].

At the peak of the COVID-19 pandemic, due to the
high burden on the healthcare system and the sharply
increased need for resources, the activity of interven-
tional cardiology worldwide significantly decreased,
and the number of cardiac catheterization procedures
decreased. At the same time, the need for repeated
cardiac surgery for coronary restenosis due to corona-
virus infection increased [8]. Understanding risk fac-
tors for stent thrombosis and restenosis is of particular
importance for individuals at risk for adverse outcomes,

especially elderly patients with previously revascularized
myocardium and associated medical conditions who
have had COVID-19. Such patients require close moni-
toring, priority treatment, and prophylaxis.

It has been established that coronavirus infection
promotes thrombus formation in arterial and venous
vessels and acts as a provoking factor in the development
of acute coronary syndrome (myocardial infarction (MI)
or unstable angina). Hypercoagulation risk can lead to
the development of stent thrombosis, which progresses
in the presence of other risk factors [4].

The aim of our study was to assess the interrelation-
ship between clinical and laboratory parameters and
previous coronavirus infection in patients with coronary
artery restenosis.

Material and Methods
Characteristics of the study groups

We conducted our study on a continuous sample
of patients with coronary artery disease who under-
went repeat myocardial revascularization between May
2020 and May 2023. Design of the study is cross-sec-
tional one. A total of 931 patients were included in the
study. Inclusion criteria: patients with coronary artery
stent restenosis aged 34 to 88 years with full informa-
tion on clinical signs of myocardial ischemia, labora-
tory and instrumental examination data. 420 patients
included in the main group had coronary artery stent
restenosis requiring repeat revascularization, of which
162 (38.5%) patients had a history of coronavirus
infection for one year. The control group included
511 patients with repeated myocardial revasculariza-
tion without stent restenosis. Of these, 107 (20.9 %)
patients had coronavirus infection for the previous
year.

The endpoints for the study were cardiovascular
mortality, hospital discharge, and the incidence of coro-
nary artery stent restenosis depending on the time of its
development.

Exclusion criteria: individuals with autoimmune
systemic diseases, oncological and hemato-oncological
patients, patients with acute infectious and inflamma-
tory diseases, coagulopathies, pregnancy and the post-
partum period, mental illness, as well as individuals who
refused to participate in the study.

After risk stratification, all patients underwent
coronary angiography (CAG) followed by myocardial
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Table 1. Social-demographic characteristics of patients included in the study (N = 931)

Indicators Absolute number %

<50 years 76 8.17
Age (years) 51-70 years 592 63.58

71> 263 28.25

male 700 75.18
Sex

female 231 24.82

disabled person 76 8.17

pensioner 508 54,56
Job status

unemployed 133 14.28

works 214 22.99
Have been vaccinated against COVID-19 504 54,1

Therapy received prior to hospitalization

Dual antiplatelet therapy

Triple antiplatelet therapy

Beta Blockers

RAAS Blockers

Statins

Mineralocorticoid receptor antagonists
Arterial hypertension

Diabetes mellitus

Obesity I-III degree

Chronic kidney disease

Chronic heart failure

738 79,2
193 20,8
705 75,7
814 87,4
837 89,9
524 56,2
911 97,9
191 20,5
217 23,3
248 26,6
768 82,5

revascularization with stenting. A study partici-
pant card was created for each patient. Patients were
informed that they were included in the study and that
the results of the study would be published in a scien-
tific journal with confidentiality of information. Writ-
ten consent to participate in the study was obtained
from each patient.

The average age of all patients included in the study
was 64.31 + 8.19 years. For women, this rate was 67.07
10.48 years, for men — 63.39 + 9.92 years. More than 60 %
of patients were in the age stratum of 51-70 years, there
was a predominance of males by more than three times.
More than 70 % of patients were retired in accordance
with age or disabled (Table 1). About half of the patients
were vaccinated against COVID-19. The vast majority
of patients had concomitant arterial hypertension and
chronic heart failure, diabetes mellitus was established in
20.5 %, chronic kidney disease — in 26.6 %, obesity — in
23.3% of patients.

Collection of clinical and laboratory
parameters

Patient clinical data were collected from an elec-
tronic medical database, including demographics, clin-
ical data, comorbidities, imaging results, laboratory
tests, clinical outcomes, and information on previous
myocardial revascularization and coronavirus infec-
tion. All registered events were reviewed from hospital
electronic records and assessed by two cardiologists by
consensus.

The study database included a description of the
coronary angiography and coronary artery stenting
procedure for each patient. Venous blood samples
were collected from all patients within 10 minutes of
admission. Laboratory tests included complete blood
count, high-sensitivity troponin I, D-dimer, creatine
kinase (CK), creatine kinase-MB (CK-MB), serum cre-
atinine and glucose, ESR, C-reactive protein, alanine
aminotransferase (ALT), aspartate aminotransferase
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(AST), and fibrinogen. Evidence of previous coronavi-
rus infection was provided by anamnesis data, as well
as laboratory parameters — IgG and IgM antibodies to
Coronavirus (SARS-CoV-2) and the determination of
Coronavirus COVID-19 RNA by the polymerase chain
reaction (PCR) method.

Methods of statistical analysis

Descriptive statistics were performed during the
study. For all continuous variables, the mean value
and corresponding confidence intervals were calcu-
lated depending on the type of data distribution. For
variables with a distribution deviating from normal,
the median and interquartile range were determined.
Qualitative variables were analyzed by calculating
absolute and relative indicators.

For categorical variables, data were presented as
absolute and relative numbers. For qualitative data, the
significance of differences in groups was determined
by performing the Chi-square (x 2) test. For quantita-
tive data, central tendencies were measured.

Comparison of laboratory parameters between
patient groups was performed using the nonparamet-
ric Mann-Whitney U test for samples with asymmetric
distribution. Nominal variables were compared using
the Pearson x> goodness-of-fit test, and rank variables
were analyzed using the Tau-s-Kendall test.

The relationship between clinical and laboratory
parameters and the probability of MI development was
studied using multiple linear regression analysis. Sta-
tistical significance was established at p < 0.05. ROC
curve analysis was used to assess the diagnostic signifi-
cance of quantitative features in predicting the outcome.

A comparative analysis of socio-demographic data, stent restenoses by the time of their
occurrence was performed. A regression analysis of the relationship between clinical,
laboratory parameters and the probability of MI development in the study groups was

performed. A paired regression analysis was performed between laboratory, instrumental
parameters of the compared groups.

Figure 1. Study design

Note: CVI — coronavirus infection; MI — Myocardial infarction
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The separating value of the quantitative feature at the
cut-off point was determined by the highest value of the
Youden index. Differences were considered statistically
significant at p < 0.05. All statistical calculations were
performed using SPSS version 20.0 software (IBM Ire-
land Product Distribution Limited, Ireland).

The study design is presented in Figure 1. The obser-
vation period was 1 year.

Results and discussion

In the main study group, the majority of patients
were males — 315 (75%) people; 25% (105 people)
were women. The control group included 385 (75.3 %)
men and 126 (24.7%) women. No statistically signifi-
cant differences in gender and social status were found
in the study groups. Arterial hypertension was present
as a comorbid condition in the vast majority of patients
in both study groups. Diabetes mellitus was diagnosed
in approximately one-fifth of patients in both study
groups, although no statistically significant differences
were found between the study groups for these indica-
tors. In the main study group, there were more deceased
individuals compared to the control group — 19 (57.6 %)
vs. 14 (42.4 %) patients, respectively, but the values did
not have statistically significant differences (x2 = 3.597;
p =0.166) (Table 2). At the same time, in the main group,
among deceased individuals, coronavirus infection in
the anamnesis was in 13 out of 19 individuals (68.4 %),
and in the control group — in 7 patients out of 14 (50 %).

In the main group, at the time of inclusion in the
study, more than half of the patients had very late stent
restenosis (more than a year after previous stenting): 231
(55.0%), 152 (36.2%) patients had late stent restenosis
(from one month to one year after stenting), 37 (8.8 %)
had subacute stent restenosis (up to one month after
previous stenting). In the control group, the structure of
restenosis periods was identical; no statistically signifi-
cant differences were found in the study groups (Table 3).

It was found that in more than half of the cases in
both groups, interventions were performed on the ante-
rior interventricular branch of the left coronary artery
(LAD) (522 cases or 56.1 %), followed by the right coro-
nary artery (RCA) (268 cases or 28.8 %), then the circum-
flex branch of the left coronary artery (LC) (121 cases
or 12.9%). No statistically significant differences in the
study groups regarding stent localization were found
(Table 4). In 326 (33.1 %) of the cases listed in the table,
multivessel coronary vascular disease was observed, with
two or more stents being implanted.

There were no statistically significant differences in
the study groups concerning clinical parameters such as
systolic and diastolic blood pressure, heart rate, and left

ventricular ejection fraction according to echocardio-
graphic examination. The median values of these param-
eters in both groups did not exceed normal values.

Analysis of laboratory parameters in patients
included in the study groups demonstrated the presence
of statistically significantly higher values of IgG antibod-
ies to coronavirus and C-reactive protein in the main
study group compared to the control group. No signifi-
cant differences were found in other laboratory param-
eters in the study groups (Table 5). Non-zero values of
antibodies to IgM and IgG in individuals in the control
group can be explained by possible contact with patients
with a history of coronavirus infection without any clini-
cal manifestations of the disease or previous vaccination;
it should be noted that the average values in the control
group were within normal values (<10 for antibodies to
IgG and <2 for antibodies to IgM).

It was of considerable interest to us to compare the
results of clinical data and laboratory tests in the com-
parison groups depending on the presence of a history of
coronavirus infection. For this purpose, we divided the
main and control groups into subgroups of individuals
with and without a history of COVID-19: group 1 — indi-
viduals with restenosis and COVID-19, group 2 — with
restenosis without COVID-19, group 3 — with repeated
myocardial revascularization without restenosis with
COVID-19, and group 4 — with repeated myocardial
revascularization without restenosis without COVID-
19. No statistically significant differences were found for
parameters such as age, gender, presence of comorbid
diseases, and left ventricular ejection fraction according
to echocardiography. Regarding laboratory parameters,
statistically significant differences were found in tropo-
nin levels (p < 0.001), including by study group between
the level in the group with restenosis and CVI compared
with the groups without restenosis with CVI, with reste-
nosis without CVI and in the groups with revasculariza-
tion without CVI and with restenosis without CVI. The
D-dimer level had statistically significant differences in
the groups with previous CVI compared to the groups
without CVI. The same trend was found for CPK, CPK-
MB, and CRP (regarding this indicator, it should be
noted that statistically significant differences were estab-
lished even for the groups with restenosis without CVI
compared to the group without restenosis and CVI) and
APTT. For such parameters as fibrinogen and AST, sta-
tistically significant differences were found only in the
main group between the subgroups with a history of CVI
compared to patients without CVI. No statistically sig-
nificant differences were found in the study groups for
the other laboratory parameters (Table 6).

Multiple regression analysis was performed to assess
the independent relationship between the development

47



48

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 1 e 2025

of MI and in-stent restenosis of the infarction-related
coronary artery. The results of the analysis are presented
in Table 7. Adjusted odds ratios (AOR) indicated a sta-
tistically significant positive relationship between the
risk of developing myocardial infarction in individu-
als with previous revascularization and such indicators
as blood glucose, CRP, LDL, and previous CVTI (1.114;
1.014; 1.199; 1.621, respectively). Left ventricular ejec-
tion fraction and HDL were statistically significantly
negatively associated with the risk of MI (AOR 0.954;
0.638, respectively).

When assessing the probability of developing MI
among the studied patients from the values of labo-
ratory parameters using ROC analysis, the following
curves were obtained (Figure 2). The area under the
curve (AUC) for LDL was 0.542 (0.504-0.581, p=0.03),
for CRP 0.6 (0.562-0.637, p=0.0001), blood glucose 0.649
(0.612-0.685, p=0.0001), and COVID-19 infection 0.558
(0.519-0.596, p=0.003). With an increase in the values of

two variables — LVEF and HDL — a decrease in the risk
of MI was shown. Thus, the AUC for LVEF was 0.343
(0.308-0.378, p=0.0001), for HDL — 0.46 (0.422-0.498,
p=0.038).

It is known that stent restenosis remains a problem
for patients with coronary artery disease who have
undergone myocardial revascularization using stents,
and the risk factors for its occurrence have not yet
been fully studied. After stent implantation, resteno-
sis develops mainly within the first three months [9].
Restenosis occurs due to intimal hyperplasia within
the stent, which leads to myocardial ischemia. With
the introduction of drug-eluting coronary stents, the
incidence of restenosis and, consequently, re-interven-
tions has been significantly reduced. The incidence of
restenosis after bare metal coronary stent implantation
is approximately 20-35 %, while the use of drug-eluting
stents has further reduced the incidence of restenosis
to 5%-10 % [2].

Table 2. Comparative characteristics of social and demographic data in the study groups

Study groups Statistical test for the
Characteristics of study groups Main group Control groups significance of differences
n % n % X2 P

discharged 392 93.3 491 96.1

Outcome died 19 4.5 14 2.7 3.597 0.166
transferred 9 2.1 6 1.2
male 315 75 385 75.3

Sex 0.014 0.904
female 105 25 126 24.7
invalid 30 7.1 46 9.0
pensioner 238 56.7 270 52.8

Social status 3.765 0.288
unemployed 52 12.4 81 15.9
works 100 23.8 114 22.3

Diabetes mellitus 91 21.7 100 19.6 0.622 0.430

Arterial hypertension 414 98.6 497 97.3 1.885 0.170

* Discharged after current hospitalization when stent restenosis was diagnosed
Table 3. Characteristics of stent restenoses depending on the timing of their development
Studied groups
Timing of restenosis Main Control X2 P
n % n %

Subacute 37 8.8 48 9.4
Late 152 36.2 179 35.0

0.187 0.911
Very late 231 55.0 284 55.6
Total 420 46.1 511 53.9
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Table 4. Characteristics of the localization and number of implanted stents

n= 420 n=511
Total Mai C 1
Localization of stent ain group ontrol group P
n % n % n %
OMB 8 0,9 2 0,5 6 1,2
RCA 268 28,8 117 27,9 151 29,5
DB 12 1,3 6 1,4 6 1,2 0,679
Cx 121 12,9 52 12,4 69 13,5
LAD 522 56,1 243 57,9 279 54,6
Number of implanted stents

1 605 64,9 269 64,0 336 65,8

0,587
2 and> 326 33,1 151 36,0 175 34,2

Note. OMB — obtuse marginal branch; RCA — right coronary artery; DB — diagonal branch; Cx — circumflex branch of the left coronary artery; LAD — left anterior interventricular
branch of the left coronary artery

Table 5. Characteristics of laboratory parameters in patients of study groups

Main group Control group
Rate P
Me Q1-Q3 Me Q1-Q3
Troponin I mkg/1 0,10 0,1-0,26 0,10 0,1-0,28 0,831
D-dimer ng/ml 452,0 295,0-619,0 437,0 293,5-613,5 0,580
CPK (U/1) 190,0 117,75-289,0 186,0 109,1-304,5 0,816
CPK-MB (U/1) 18,95 15,0-32,78 19,0 15,0-34,4 0,796
Platelets 10%/1 233,0 197,75-272,0 231,0 193,0-272,0 0,533
Antibodies IgG 8,6 6,5-67,3 6,9 5,4-9,31 0,001
Antibodies IgM 0,9 0,79-1,6 0,90 0,7-1,5 0,084
CRP mg/1 10,7 5,97-17,55 9,06 4,5-17,78 0,003
Fibrinogen g/1 3,18 2,61-3,81 3,20 2,60-3,95 0,661
APTT 29,0 25,4-33,7 29,4 25,42-33,8 0,609
Creatinine mkmol/l 82,25 72,0-102,0 87,0 72,0-102,1 0,794
Urea 5,85 4,8-7,4 5,7 4,75-7,26 0,546
ALT U/1 25,0 17,47-35,95 25,6 18,0-37,9 0,430
AST U/ 23,1 17,38-33,51 23,52 17,36-36,3 0,681
Leucocytes 10%/1 8,0 6,5-10,11 8,20 6,7-10,68 0,199
Hemoglobin (g/1) 141,0 131,0-153,0 143,0 131,5-153,0 0,528
INR 1,0 0,92-1,09 1,0 0,92-1,10 0,401
Triglycerides mmol/I 1,67 1,17-2,38 1,60 1,12-2,36 0,677
HDL mmol/l 1,00 0,89-1,23 1,02 0,89-1,24 0,527
LDL mmol/l 2,78 2,19-3,45 2,78 2,17-3,49 0,882
Glucose mmol/1 6,10 5,42-7,66 6,01 5,4-7,5 0,583
Neutrophils * % 64,86+ 10,61 65,98+10,38 0,106
Lymphocytes * % 25,85+9,33 25,11+9,34 0,229

Note. * The variable has a normal distribution (Cp [SD])
CRP — C-reactive protein; CPK — creatine phosphokinase; HDL — high-density lipoprotein; LDL — low-density lipoprotein; ALT — alanine aminotransferase; AST — aspartate
aminotransferase; APTT — activated partial thromboplastin time, INR — International Normalized Ratio
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Table 6. Clinical and laboratory characteristics of patients in the main and control groups depending on the status of the
transferred COVID-19

50

Main group Control group
(Me, Q1-Q3) (Me, Q1-Q3)
Rate p*
CVI+ CVI- CVI+ CVI-
(group 1) (group 2) (group 3) (group 4)
Age 64 (59-70) 63 (57-72.5) 65 (60-69) 64 (57-72) 0.992
Male gender 115 (71.4%) 200 (77.2%) 78 (73.6 %) 307 (76.0 %) 0.556
AH 158 (98.1 %) 256 (98.8%) 105 (99.1 %) 391 (96.8) 0.241
DM 39 (24.2%) 52 (20.1%) 28 (26.4 %) 72 (17.8%) 0.142%*
LVEF 51 (45.0-56.0) 53 (46.0-58.0) 52 (46.0-57.0) 51.5 (45.0-56.0) 0.354
0.001
) P3-1=0.001
Troponin I mcg/1 0.1 (0.1-3.39) 0.1 (0.1-0.12) 0.1 (0.1-0.62) 0.1 (0.1-0.22) PA1-0.005
P3-2=0.037
0.001
d-dimer P2-1=0.005
ne/ml 490.0 (350.6-719.0) 415.0 (287.5-574.0) 489.0 (346.75-694.0)  418.0 (283.75-597.25) P4-1=0.006
& P3-2=0.02
P4-3=0.021
0.001
P2-1=0.003
CPK (U/1) 199.0 (147.0-374.0) 183.0 (102-268.0) 196.5 (158.25-364.0) 183.2 (102.0-284.0) P4-1=0.005
P3-2=0.003
P4-3=0.005
0.001
P2-1=0.001
CPK -MB (U/1) 22.6 (17.3-48.1) 17.8 (14.1-24.4) 23.65 (16.92-45.75) 18.25 (14.78-29.55) P4-1=0.001
P3-2=0.001
P4-2=0.002
Platelets 109/1 237.0 (201.0-272.0) 231.0 (194.0-272.0) 231.5 (195.5-271.0) 230.5 (193.0-272.0) 0.466
0.001
P2-1=0.001
CRP mg/1 12.45 (4.8-19.3) 9.8 (4.79-28.3) 10.2 (4.9-21.7) 6.8 (3.5-11.0) P3.2<0.001
P4-2=0.001
Fibrinogen g/1 3.32 (2.75-4.18) 3.10 (2.5-3.73) 3.22 (2.71-4.12) 3.18 (2.6-3.8) 0.039
gen g . . . . .5-3. . . . . .6-3. P2-1=0.039
0.001
APTT 31.3 (26.76-34.7) 28.0 (24.8-33.0) 31.2 (26.55-34.33) 29.0 (25.3-33.73) P2-1=0.003
P3-2=0.026
Creatinine mkmol/l 83.5 (72-103) 86.0 (72-101.0) 79.85 (69.93-95.2) 88.0 (74.0-103.0) 0.055
ALT U/l 27.4 (18.99-37.2) 22.27 (17.0-34.15) 25.05 (17.21-34.0) 25.65 (18.0-38.0) 0.102
0.009
AST U/l 25.00 (18.3-39.0) 21.9 (17.0-32.0) 25.45 (18.5-40.5) 23.04(17.27-35.0) P2.1-0.021
Leucocytes 109/1 8.4 (6.5-10.9) 7.87 (6.5-9.9) 8.01 (6.37-9.93) 8.3 (6.73-10.86) 0.132
Hemoglobin (g/1) 141.0 (128.0-152.0) 142.0 (132.0-153.0) 140.0 (128.0-153.5) 143.0 (132.0-153.0) 0.394
INR 1.0 (0.91-1.1) 0.99 (0.92-1.08) 1.0 (0.9-1.13) 1.0 (0.93-1.1) 0.862
Triglycerides mmol/l 1.6 (1.12-2.2) 1.7 (1.2-2.45) 1.60 (1.11-2.40) 1.60 (1.12-2.34) 0.802
HDL mmol/l 0.98 (0.88-1.2) 1.02 (0.9-1.24) 1.0 (0.88-1.25) 1.02 (0.9-1.24) 0.783
Glucose mmol/l 6.18 (5.44-8.51) 6.1 (5.4-7.38) 6.35(5.42-8.8) 6.01 (5.4-7.37) 0.078
Urea mmol/l 5.9 (4.8-7.5) 5.8 (4.8-7.3) 5.8 (4.7-6.88) 5.8 (4.79-7.3) 0.773
Neutrophils % 65.69 + 11.1 64.35 +10.28 66.09 + 11.06 65.96 + 10.22 0.234*
Lymphocytes % 24.4 (19.4-33.3) 25.8 (20.7-31.6) 25.0 (17.55-32.05) 24.25(19.68-31.6) 0.590
LDL mmol/l 2.85 (2.15-3.4) 2.74 (2.2-3.46) 3.0 (2.22-3.49) 2.7 (2.17-3.48) 0.658

Note. *Kruskal-Wallis test; **Pearson chi-square; ***Fisher F-test

AG — arterial hypertension, DM — diabetes mellitus; CRP — C-reactive protein; LVEF — left ventricular ejection fraction, CPK — creatine phosphokinase; HDL — high-
density lipoproteins; LDL — low-density lipoproteins; ALT — alanine aminotransferase; AST — aspartate aminotransferase, APTT — activated partial thromboplastin time,
INR — International Normalized Ratio
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Table 7. Characteristics of the relationship between model predictors and the probability of detecting MI

Unadjusted indicator Adjusted indicator
Rate
OR; 95 % CI p AOR;95% CI p
LV ejection fraction, % 0.945; 0.93 -0.960 <0.001* 0.954; 0.938-0.969 <0.001*
Glucose, mmol/l 1.154; 1.099-1.212 <0.001* 1.114; 1.059-1.174 <0.001*
CRP, g/l 1.015; 1.009-1.021 <0.001* 1.014; 1.008-1.019 <0.001*
LDL, mmol/l 1.158; 1.009-1.328 0.036* 1.199; 1.034-1.392 0.017*
HDL, mmol/l 0.599; 0.401-0.896 0.013* 0.638;0.411-0.989 0.045*
COVID-19 1.742;1.305-2.326 <0.001* 1.621; 1.189-2.212 0.002*

Note. * — the influence of the predictor is statistically significant (p < 0,05); OR — odds ratio; AOR — adjusted odds ratio. CRP — C-reactive protein; HDL — high-density lipoproteins;

LDL — low-density lipoproteins. COVID-19 — new coronavirus infection
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Figure 2. Estimation of the probability of developing MI using ROC analysis

specificity

Note. CRP — C-reactive protein; LVEF — left ventricular ejection fraction; LDL — low-density lipoproteins; COVID-19 — coronavirus infection
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A comparative analysis of the results of our study
with the data of other similar studies showed the
comparability of the data. Thus, a retrospective study
conducted in southern China to assess the incidence
and risk factors of coronary artery restenosis included
341 patients with acute coronary syndrome who had
previously been implanted with at least one stent.
The follow-up was carried out for 3 years. It turned
out that 18.2% of such patients had in-stent resteno-
sis throughout the monitoring period, which could
form, on average, over a period of 32 months; the fre-
quency of restenosis for the left main coronary artery,
left anterior descending coronary artery, left circum-
flex coronary artery and the right coronary artery was
6.7 %, 20.9%, 19.4%, and 14.4 %, respectively); left
ventricular ejection fraction, the number of stents,
the type of stent, and antiplatelet therapy made a sig-
nificant contribution to the development of coronary
artery restenosis. Multivariate logistic analysis showed
that left ventricular ejection fraction and the number
of stents significantly correlated with the incidence
of coronary artery restenosis [10]. In our study, very
late in-stent restenosis was predominant in both study
groups, its proportion was more than 50 %, about a
third of patients had late restenosis, and only about
10 % of patients had subacute in-stent restenosis, no
statistically significant differences were found in the
study groups. In our study, the predominant stent loca-
tion was also the left LAD, but the second place was
the RCA, followed by the left LCA. Multiple coronary
vessel lesions were observed in a third of cases. The
results of our study similarly indicate the presence of
an inverse statistically significant relationship with the
risk of myocardial infarction in patients with previous
revascularization.

The conducted studies show that patients with
previous myocardial revascularization who have had
coronavirus infection have a higher risk of develop-
ing severe complications [10, 11]. Thus, Polish scien-
tists in their study came to the conclusion that stent
thrombosis is more common in patients with multiple
comorbidities and in patients with complex athero-
sclerotic lesions, diabetes mellitus, chronic kidney dis-
ease, diffuse and bifurcation lesions of small arteries
requiring the installation of more than one stent [11].
During SARS-CoV-2 infection, a cytokine storm occurs
5-10 days after the onset of symptoms, leading to endo-
thelial damage, platelet activation, and the coagulation
cascade. The presence of a stent in the coronary artery
should be considered a local stasis factor that completes
Virchow’s triad [11].

According to the results of the study by Giustino G
et al., which included 305 patients with previous

revascularization who had coronavirus infection, myo-
cardial injury was observed in 190 patients (62.3 %).
Compared with patients without myocardial injury,
patients with myocardial injury had more electro-
cardiographic manifestations, higher inflammatory
biomarkers, and an increased prevalence of major
echocardiographic abnormalities, which included left
ventricular wall motion abnormalities, global left ven-
tricular dysfunction, left ventricular diastolic dysfunc-
tion and pericardial effusions [12].

Severe coronavirus infection is characterized by an
increase in some biochemical parameters responsible
for inflammatory reactions (ferritin, C-reactive pro-
tein), thrombus formation (D-dimer, fibrinogen, pro-
longation of PT), and damage to myocardial muscle
tissue (troponin, creatine phosphokinase). Thus, serum
ferritin levels are important for the immune response,
which increases in severe cases of COVID-19, and ele-
vated ferritin levels can cause a cytokine storm, exert-
ing a direct immunosuppressive and proinflammatory
effect [13].

According to current guidelines, determination of
high-sensitivity troponin I is mandatory in the diag-
nosis of ischemic cardiac injury, since troponin I is a
protein of the heart muscle [14]. The results obtained
in our study indicate statistically significant differ-
ences in troponin levels (p <0.001) in the study groups
after dividing them depending on the previous coro-
navirus infection in both the main and control groups,
whereas no such differences were found when compar-
ing the main and control groups without taking into
account the previous COVID-19. In a study conducted
on a sample of patients with current COVID-19 in five
hospitals in New York, an increase in cardiac troponin
concentration was found in 36 % of patients. Tropo-
nin I levels in the range of 30-90 ng/L corresponded to
an adjusted hazard ratio (HR) of 1.76 (95% CI: 1.37-
2.24), and troponin concentrations >90 ng/L increased
the adjusted HR to 3.03 (CI: 2.42-3.80) [15]. However,
some authors explain the increase in troponin I levels
in COVID-19 not by ischemic injury, but by inflamma-
tory changes in the myocardium [16].

After COVID-19, a common complication is a high
prothrombotic status, which contributes to the devel-
opment of thrombosis, heart attacks or strokes [14].
Elevated D-dimer levels are observed in thrombosis,
thromboembolism, heart failure, coronavirus infection,
etc. A high concentration of this laboratory indicator
is a predictor of death [17]. Initial coagulopathy in
patients with COVID-19 is manifested by an increased
content of D-dimers. In the late period after corona-
virus infection, an increase in prothrombin time and
APTT, an increase in platelet and fibrinogen levels
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are observed [17]. Assessment of the progression of
COVID-19 is carried out, among other things, through
regular monitoring of laboratory parameters, including
D-dimer and fibrinogen [17]. Regarding the results of
our study, it should be noted that statistically significant
differences in the D-dimer level were found only when
dividing the study groups into subgroups depending on
the previous COVID-19, whereas a comparison of the
indicator in the main and control groups did not show
such differences.

C-reactive protein increases at the onset of COVID-
19 [14,18]. There is a direct relationship between
C-reactive protein concentration and adverse outcomes
according to study results [18]. Patients with coronavi-
rus infection with high levels of D-dimer and C-reac-
tive protein have the highest risk of adverse outcomes
[19]. The results of our study are consistent with these
data: differences in C-reactive protein levels in the
study groups remained statistically significant depend-
ing on both the presence of stent restenosis compared
to patients with repeat myocardial revascularization
without restenosis, and depending on the history of
COVID-19.

The causes of elevated liver transaminases in
inflammatory processes include impaired cell mem-
brane permeability. In COVID-19 patients, liver lym-
phocyte infiltration, centrilobular sinusoidal dilation,
and focal necrosis could be observed, and SARS-
CoV-2 could directly bind to ACE2-expressing chol-
angiocytes [20,21]. Liver damage can also be drug-
induced [22]. IL-6 is a potent cytokine that serves to
transmit inflammatory signals. IL-6 production can
occur from immune cells, fibroblasts, endothelial cells,
and hepatocytes, which causes the acute phase of liver
damage [23]. Increased AST and ALT activity are asso-
ciated with a severe course and worse prognosis, the
risk of death in patients with coronavirus infection.
Thus, a systematic review with meta-analysis Wang Y
et al., 2021 that included 1370 patients with COVID-
19 showed a significant relationship between elevated
AST levels and an increased risk of mortality in patients
with COVID-19 (SMD = 0.75, 95% CI: 0.33-1.17,
p <0.001). The same relationship was found for ALT
(SMD = 0.35, 95% CI: 0.13-0.57, P = 0.002) [24]. The
results of our study demonstrate statistically significant
differences in the level of liver transaminases when
dividing the study groups into subgroups depending on
the previous COVID-19.

The results of a systematic review with meta-anal-
ysis conducted by Chinese scientists in 2023 showed
an increased level of pro-inflammatory biomarkers
(CRP, LDH, D-dimer, interleukin-6, leukocytes) for
six months after COVID-19 [25], which may explain

the results obtained in our study among patients who
had COVID-19. A study conducted by Spanish scien-
tists studying patients with myocardial revasculariza-
tion (stenting) who had COVID-19 described cases of
stent thrombosis associated with hypercoagulability
due to the COVID-19 virus. In this study, there was
an increase in D-dimer (more than 500 mg/1 in 100 %
of patients), an increase in C-reactive protein (more
than 5 mg/lin 100 % of patients), an increase in ferritin
(more than 400 ng/ml in 75 % of patients), lymphocy-
topenia (in 50 % of patients), an increase in troponin in
100 % of patients, and a decrease in the estimated glo-
merular filtration rate in 75 % of patients [26]. A group
of American scientists examined 5,700 patients admit-
ted to infectious disease departments with COVID-
19. The following changes in the laboratory tests of
patients were noted: lymphopenia (60 % of patients),
an increase in D-dimer (56 %), ferritin (76 %), C-reac-
tive protein (79 %), and lactate dehydrogenase (70 %)
[27]. In a study from a hospital in Wuhan, China,
187 patients showed leukocytosis, increased neutro-
phils, and decreased lymphocytes with high tropo-
nin T levels [28].

The results of our work when comparing laboratory
parameters in the study groups showed statistically
significant differences in the C-reactive protein and
IgG antibodies to coronavirus, which is probably due
to the large proportion of patients who had coronavi-
rus infection in the main group, even in the late period.
Of considerable interest is the fact that after dividing
the study groups by the presence of coronavirus infec-
tion in the anamnesis, statistically significantly higher
values were found not only for the C-reactive pro-
tein indicator, but also for troponin, CPK, CPK-MB,
D-dimer and APTT for individuals who had COVID-
19. The results of multiple regression analysis indicate
the presence of a statistically significant positive rela-
tionship between the likelihood of myocardial infarc-
tion in patients with previous revascularization and
such laboratory parameters as CRP, blood glucose,
LDL, and previous COVID-19.

Conclusions.

The results of our study allow us to conclude that
there is a statistically significant positive association
between the likelihood of myocardial infarction and
previous coronavirus infection, increased levels of
C-reactive protein, LDL and glucose in the blood, as
well as a decrease in LVEF and HDL. These data allow
us to judge the unfavorable role of previous coronavirus
infection in the process of formation of coronary artery
stent restenosis.
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