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Abstract

Introduction. Understanding the risk factors for thrombosis and in-stent restenosis is of particular importance for the
people at risk for adverse outcomes, especially in older patients with previously revascularized myocardium and comorbid
conditions including coronavirus infection.

The purpose of the study was to assess the risk factors for restenosis and in-stent thrombosis of the coronary artery in
patients with previously revascularized myocardium who had suffered coronavirus infection.

Materials and methods. We conducted a retrospective epidemiological study of the prevalence of in-stent thrombosis
and restenosis, calculating the odds ratio for each risk factor in a continuous sample of individuals who underwent coronary
angiography followed by myocardial revascularization with stenting for the period from May 2020 to May 2023. During the
entire study period, 7,738 people underwent coronary angiography, of which 4,619 patients received coronary artery stenting
according to indications. Statistical analysis was performed using SPSS version 20.0 software (IBM Ireland Product
Distribution Limited, Ireland). To assess the contribution of each risk factor to the development of late postoperative
complications, odds ratios were calculated.

Results. The presence of diabetes mellitus more than doubles the chances of developing restenosis and coronary artery
stent thrombosis; for arterial hypertension, this rate was 1.5. Male gender is associated with a 2.9-fold increased chance of
in-stent restenosis. For D-dimer, troponin, ALT, AST, creatinine, C-reactive protein and CPK, the odds of coronary artery
restenosis increased more than twice (p<0.001). Age and left ventricular ejection fraction did not play a role in the
development of the pathology under study. The maximum increase in the odds of coronary artery restenosis was observed in
patients who had coronavirus infection — 3.176 (p <0.001).

Conclusion. Maximum efforts should be made to prevent restenosis, taking into account modifiable risk factors and the
possibility of an individualized approach to treatment.

Keywords: acute coronary syndrome, in-stent thrombosis, in-stent restenosis, coronavirus infection, odds ratio.
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Beepenue. [oHumanve daktopoB pucka ans Tpombo3a WM pecTeHo3a CTeHTa MMeeT 0cobyl BaXHOCTb ANs B
OTHOLLEHUM NUL, NOABEPXKEHHbIX PUCKY HebnaronpusTHbIX MCXOLOB, OCODEHHO Y MALMEHTOB MOXWNOrO BO3pacTa C
npeaBapuTEnbHO  PEBACKYMAPU3MPOBAHHBIM  MUOKApAOM Mpu  Hanuunum  komopbugHblx  3abonesaHuin. K - Takum
HebnaronpusTHbIM acCOLMMPOBaHHBLIM 3a60MeBaHNsIM OTHOCUTCS KOPOHABMPYCHAs MHGEKLKS.

Llenbto nccnepoBaHus siBUNack OLEHKa (hakToOpoB pyUCKa pecTeHo3a 1 TpoM603a CTeHTa KOPOHaPHBIX apTepuil y iy, ¢
paHee peBackynsprU3npoBaHHLIM MUOKapAOM, NEPEHECLLNM KOPOHABUPYCHYHO MHADEKLMIO.

Matepuanbi u meToabl. Mbl NpoBeENK PETPOCNEKTUBHOE 3MUAEMUONOTMYECKOE MCCNE0BaHNE PacnpoCTPaHEHHOCTH
Tpombo3a 1 pecTeHo3a CTEHTA C PaCYETOM OTHOLLEHUS LLIAHCOB ANS KaAO0ro 13 (pakTopoB pucka Ha CroLLHOW BbIGOpKE M3
nuy, KoTopbiM Oblna npoBefeHa KOpOHapoaHriorpadus C  MOCrnefylolwern  pesackynspusausen  Muokapaa Cco
CTeHTMpoBaHueM 3a nepuog ¢ mas 2020 roga no mait 2023 roga. 3a BeCb Nepuog 1CCNeaoBaHNs KOPOHapoaHrorpaduto
npowmu 7738 denosek, W3 Hux 4619 nauMeHTOB NOMYYMIM CTEHTUPOBAHME KOPOHAPHbLIX apTEpWit MO MOKa3aHMAM.
CratucTnyeckue pacyeTbl NPOBOAMINCL C UCMONb30BaHWeM nporpammHoro obecneyerns SPSS sepcum 20.0 (IBM Ireland
Product Distribution Limited, Ireland). [ns oueHkn Bknaga Kakmoro W3 (HaKTOPOB pucka B Pa3BUTME MO3AHMX
nocneonepawLyoHHbIX OCTOXHEHMIA OblNW paccunTaHbl OTHOLIEHMS LUAHCOB.

Pe3ynbTartbl. Hanuume caxapHoro grnabeta 6onee yem B iBa pasa MOBbILIAET LWaHChl Pa3BUTUs pecTeH03a M Tpombo3a
CTEHTa KOpPOHapHbIX apTepwit; ANa apTepuanbHOW rMnepTeH3uW 3TOT nokasaTenb cocTtasun 1,5. Myxckoit non cessaH C
MOBLILLIEHMEM LUAHCA pecTeHo3a CTeHTa B 2,9 pa3. B otHowenun D-gumepa, TpononwHa, ANT, ACT, kpeatuHuHa, C-
peakTuBHOro 6enka n KOK yctaHOBNEHO MOBbILIEHWE LIAHCOB PECTeHO3a KOPOHApHbIX apTepuit bonee yem B fBa pasa
(p<0,001). BospacT u cpakuns BbiOpoca NEBOrO Xenygouka He Chirpanu PONKM B Pa3BUTMM W3y4aemoi NaTonoruu.
MakcumarnbHoe MOBbIWEHME LIAHCOB PECTeHO3a KOPOHapHbIX apTepuii Habnioganoch Yy  6OMbHbIX, NEPEHECLUNX
KopoHaBuMpYycHyto UHekumio — 3,176 (p<0,001).

3aknioyeHune. Heobxopumo npunaratb MakCUMarbHble YCUNUS MO MPEAOTBPALLEHWI0 PECTEH03a, MPUHUMAs BO
BHUMaHWe MoauuLmpyemMble akTopbl pUcka 1 BO3MOXHOCTM WHAMBUAYANbHOMO NOAX04a K NeYeHNo

Knroyeebie cnoea: ocmpbill KOPOHaPHbIU CUHOPOM, MPOMO03 8HYMPU CMeHMa, PECMEH03 CMeHma, KOpOHagupyCcHas
UHGheKyUsi, OMHOWEHUEe WaHCo8s.
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Kipicne. Tpom003 *@He CTEHT PEeCTEeHO3bIHbIH, Kayin (hakToprapbl XaFbiMCbi3 HaTWkKenepre yiibipay kayni 6ap
ajampapra, acipece komopbuati aypynapbl 6ap, angbiH ana peBackynspusauusnaHFaH MUOKApAneH ayblpaTbiH erge
XacTafFbl emaenyLinepre KatbiCTbl epekile MaHbl3gbl. MyHaai XKaicbl3 aypynapFa KOpoHaBMPYCTbIK MHODEKLMS XaTagpbl.
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3epTTeyaiH MaKcaTbl: KOPOHABUPYCTLIK MHEKLNSHBI ©TKepreH, BypbiH peBackynspusauusnaqFaH muokapasl bonfFax
ajampaapa kopoHapriblK apTepus CTEHTIHIH pecTeH03bl MeH TpoMBO03bIHbIH, Kayin (akTopnapbiH baranay 6ongs!.

Matepuanpap meH agictep. 2020 xbinabiH, MambipbiHaH 2023 XKbingblH MamblpbliHa AeiHri ke3eHae xannan TaHaay
apKbinbl KOpOHapaHruorpadus xacanFaH, SFHU OHbIH, iLLiHAE MUOKApA PEeBAcKynspU3auusCbl MeH CTEHTTeydi eTKepreH
ajamzapgblH Kayin daktopnapblHblH, 9pKanNChIChl YLUIH bIKTUManAbIK KOIPQULMEHTIH ecenTelt OTbipbIn, TpoMb03 GeH
CTEHT PeCTeHO3bIHbIH, TapanyblHa PETPOCNEKTUBTI ANUAEMUONOTMANBIK 3epTTeY XKypridaik. 3epTTeyaiH 6apnbik ke3eHiHae 7
738 apam kopoHapaHruorpacusigaH eTTi, OHbIH, iliHae 4619 naumeHT kepceTkiwTep GobIHILA KOPOHAaPNbIK apTepusnapab
cteHTTeyaeH otTi. Ctatuctukansik ecenteynep SPSS 20.0 6argapnamanslk xacakramachiHblH, kemeriMeH xyprisingi (IBM
Ireland Product Distribution Limited, Ireland). Toyeken akTopnapbiHblH, SpKaiCbICbIHbIH, OnepauusigaH  KewiHri
acKbIHynapAblH AaMyblHa KOCKaH yneciH 6aFanay yLliH koadhduuneHTTEp ecenTensi.

Hotuxenep. KaHT guabeTiHiH Oonybl pecTeHo3dbliH KOHE KOPOHapNblK apTepusi CTEHTIHIH TpOMOO3bIHbIH, gamy
MYMKIHZiMH eKi eceleH acTam apTTblpafbl; an apTepusinbIK r1nepTeHans yiwiH 6yn kepceTkiw 1,5 Kypaabl. Epkek XbIHbICbI
CTEHT PECTEHO3bIHbIH, 2,9 ece XoFapbinaybiMeH GainaHbicTbl. D-gumepre, TponoHuHre, AJIT, ACT, kpeaTuHuhre, C-
peakTuBTI aKyblara xoHe KPK-Fa KaTbiCTbl KOPOHAPIbIK apTepUsnapabiH PECTEHO3b! bIKTUMANZbIFbIHBIH, €Ki ecefjeH acTam
XoFapbinaybl aHblkrangel (p<0,001). 3epTTeneTiH NaTONOMMAHbLIH, AaMybIHAA COM Xak KapblHLUAHbIH, LWbiFapy ¢pakumschb
MEH HayKac acbl MaHbI3abl pen atkapMagabl. KopoHapnblK apTepusinapiblH PECTEHO3bI bIKTUMANAbIFbIHbIH, Makcumangbl
KOFapblnaybl KOPOHABMPYCTLIK MH(DEKLMAMEH aybipaTblH HaykacTapaa barkangbl — 3,176(p<0,001).

KopbITbiHAbI. PecTeHo3abiH, angblH any yLUiH TypreHaipywi Kayin (aktoprapbiH XaHe Xeke emaey MYMKIHIKTEPIH
eckepe OTbIpbin, HapbIHLLA KyLU Cany Kaxer.

Tytlin ce3dep: Keden kopoHaprbIK CUHOPOM, cCmeHm iwiHdeai mpombo3, CMeHm pPecmeHo3bl, KOPOHasUPYCMbIK
UHGheKyuS, WaHcmap KambIHach!.
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Introduction system, since it is platelets that can make a decisive
In recent decades due to progress in the field of  contribution to the development of vessel restenosis [2, 3].
interventional cardiology, there has been a significant Understanding the risk factors for thrombosis and in-

growth in the number of cardiac surgeries for coronary  stent restenosis is of particular importance in those at risk
artery stenosis and thrombosis, which has led to an  for adverse outcomes, especially in older patients with
increase in the life expectancy of patients with acute  previously revascularized myocardium and comorbid
coronary syndrome and an improvement in their quality of ~ conditions [5]. Such unfavorable associated diseases
life. Due to the development of new approaches to stenting include coronavirus infection, which is accompanied by
and the emergence of new generations of drug-eluting  activation of the thrombus formation process and the
stents, the number of complications of this intervention has  development of hypercoagulation, thus acting as a trigger
significantly decreased; however, for numerous reasons,  for the development of acute coronary syndrome and stent
the risk of developing restenosis or thrombosis of the  thrombosis even in the long-term period after COVID-19
installed stent is preserved. [2,3].

Restenosis is the process of repeated narrowing of the The aim of our study is to assess risk factors for
lumen of a previously implanted stent by more than 50%  restenosis and coronary artery stent thrombosis in
[10]. Stent endothelialization is usually completed within six  individuals with previously revascularized myocardium after
months, but drug coating of stents, which protects against  coronavirus infection.

thrombus formation, can delay this process by up to two Materials and methods

years [2]. The development of restenosis may be directly Characteristics of the study group

related to the presence of inflammation in a previously In order to study the main risk factors for the
stented coronary vessel [4, 6]. development of coronary artery stent thrombosis and

According to international recommendations, after stent  restenosis, we conducted a retrospective epidemiological
implantation, the patient is required to take antiplatelet  study of the prevalence of stent thrombosis and restenosis
therapy, which reduces the activity of the blood coagulation  with calculation of odds ratios for each of the risk factors in
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a continuous sample of individuals who underwent coronary
angiography followed by myocardial revascularization with
stenting.

To determine the study group, we conducted a preliminary
analysis of all cases of patients with signs of acute coronary
syndrome who underwent coronary angiography for the period
from May 2020 to May 2023 (the period of the officially
declared coronavirus pandemic). All patients before and
after percutaneous coronary intervention (PCl) received
dual or ftriple antiplatelet therapy depending on the
indications. The sample was complete; all patients meeting
the inclusion criteria were included in the study.

Exclusion criteria: persons with autoimmune systemic
diseases, cancer patients, patients who refused the study.
All participants signed an informed consent form.

Methods of examination

All patients underwent coronary angiography, a
specialized X-ray examination that provides detailed
information about the patency of the coronary arteries and
assesses blood flow. Based on the results of coronary
angiography, PCI (balloon angioplasty or stenting) was
performed. If a thrombus was present, the thrombus was
aspirated.

Venous blood samples were collected from all patients
within 10 minutes of admission. Laboratory tests included
complete blood count (hemoglobin, neutrophils, platelets,

lymphocytes), high-sensitivity troponin I, D-dimer, creatine
kinase (CK), creatine kinase-MB (CK-MB), serum creatinine
and glucose, ESR, C-reactive protein, alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
and fibrinogen.

Statistical analysis methods

Descriptive  statistics were performed. Statistical
analysis was performed using SPSS version 20.0 software
(IBM Ireland Product Distribution Limited, Ireland). To
assess the contribution of each risk factor to the
development of late postoperative complications, odds
ratios were calculated, which are a characteristic for
quantitatively describing the closeness of the relationship
between signs in a certain statistical population.

Results and discussion

The results of the age and sex characteristics of the
patients who underwent coronary angiography for the
indicated period of time are presented in Table 1. Over the
entire study period, 7,738 people underwent coronary
angiography, of which 1,122 patients in 2020 (8 months),
2,556 people in 2021, 2786 people in 2022, 1274 patients in
2023 (4 months). Males were in the majority among the
studied patients, on average their proportion was 66.04%.
More than 60 percent of all patients were in the 50-70 age
group, while only approximately 10 percent of patients were
under 50 years of age.

Table 1.

Age and sex characteristics of persons who underwent coronary angiography in 2020-2023.

N of coronary 2L o

Year . . Female Male <50 years 50-70 years >70 years

angiographies N % N % N % N % N %
2020 1122 338 | 30.12 784 69.88 | 130 | 1159 | 740 | 6595 | 252 | 22.46
2021 2556 924 | 36.15 1632 63.85 | 256 | 10.02 | 1654 | 64.71 | 666 | 26.06
2022 2786 912 | 32.74 1874 6726 | 344 | 12.35 | 1560 | 55.99 | 700 | 25.13
2023 1274 454 | 35.64 820 6436 | 118 | 9.26 | 8386 | 6954 | 270 | 2119
Total 7738 2628 | 33.96 5110 66.04 | 848 | 10.96 | 4840 | 62.55 | 1888 | 24.40

About 60% (4619) of patients received stenting of the
coronary arteries according to indications (clinical
characteristics, presence of complications, vessel stenosis
of more than 70 percent, anatomical features of the vessels,
presence of thrombosis or atherosclerotic plaques, study
result on the GRACE scale). Of these, about a quarter
received stenting of two or more coronary arteries. Acute
coronary syndrome with ST elevation, including myocardial
infarction, was diagnosed in an average of 12.23% of
patients; acute coronary syndrome without ST elevation —in
38.5%; the most common diagnosis was angina pectoris -

about half of all patients. However, when analyzing the
indicators over time, it is of interest that in 2020, during the
first, most intense peak of the coronavirus infection
pandemic, the rate of ACS with ST elevation reached
15.5%, while by 2023 it had halved (table 2). This fact may
be due to the reluctance of patients in the midst of a
pandemic to go to hospitals for help even if there are clear
indications, a lack of resources aimed at combating the
pandemic and the impossibility of conducting cardiac
interventions for patients who were being treated for
coronavirus infection at that time.

Table 2.
Number of stentings and diagnoses as the reason for stenting for 2020-2023.
Year Number of stenting Acute coronary syndrome | Acute coronary syndrome Unstable
1 2> with ST elevation without ST elevation angina

N % N % N % N % N %
2020 504 | 83.72 98 16.28 174 15.51 316 28.16 632 |56.33
2021 1214 | 8390 | 233 16.10 366 14.32 802 31.38 1388 [54.30
2022 1308 | 76.49 | 402 23.51 306 10.98 1286 46.16 1192 |42.79
2023 672 | 78.14 188 21.86 100 7.85 572 44.90 602  |47.25
Total 3698 | 80.06 | 921 19.94 946 12.23 2976 38.46 3814  ]49.29

Comparative characteristics of the number of coronary
angiographic studies and the number of stentings over time
from 2020 to 2023 is presented in Figure 1.

The number of stentings was more than half the number
of coronary angiographic studies.
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Figure 1. Comparative characteristics of the number of coronary angiographic studies
and the number of stentings for the period from 2020 to 2023.

To achieve the purpose of the study, we selected from
the specified database all patients with repeated
revascularization for in-stent thrombosis and restenosis.
There were 490 such patients, of which 47 patients had in-
stent thrombosis, the remaining patients were diagnosed
with stent restenosis according to coronary angiography.

It was of significant interest to us to clear the factors
that determine the risk of developing in-stent restenosis and
thrombosis of the coronary artery in this category of
patients. It was found that a fifth of patients with such
restenosis and thrombosis had comorbidity in the form of
diabetes mellitus, the vast majority of patients had arterial
hypertension, the majority of patients were in the age range
from 50 to 70 years (more than 60%); only 8% of patients
were in middle age up to 50 years; a quarter of the patients
were female (Table 3).

Analyzing clinical and laboratory parameters in patients
included in the epidemiological study, it can be noted that
about half of the patients had a decrease in ejection fraction
below 50%, according to echocardiography. About a third of
patients had elevated levels of D-dimer, CPK and ALT, and
more than a quarter had elevated levels of troponin and
AST. In 13% of patients, a decrease in glomerular filtration
rate was observed with an increase in creatinine levels
above normal levels, and the level of C-reactive protein was
elevated in more than 70%.

A history of coronavirus infection was found in 186
patients (38%) (Table 3). The vast majority of patients,
taking into account their medical history, PCR diagnostic
indicators and levels of IgG and IgM, suffered from COVID-
19 before admission to the cardiology department for acute
coronary syndrome. Only 33 patients had coronavirus
infection at the time of treatment for ACS and were
transferred to infectious diseases departments.

Table 4 presents the odds ratios for risk factors for
restenosis and coronary artery stent thrombosis in
individuals included in the epidemiological study. Analysis
of data obtained using univariate regression analysis
indicates that the presence of diabetes mellitus more than
doubles the chances of developing restenosis and coronary
artery stent thrombosis; for arterial hypertension this rate
was 1.5. Male gender is associated with a 2.9-fold

increased chance of in-stent restenosis. With regard to such
laboratory parameters as D-dimer, troponin, ALT, AST,
creatinine, C-reactive protein and CPK, one can note an
increase in the odds of coronary artery restenosis by more
than two times (p < 0.001). Age and left ventricular ejection
fraction did not play a role in the development of the
pathology under study. The maximum increase in the odds
of coronary artery restenosis was observed in patients who
had coronavirus infection — 3.176 (p <0.001).

Table 3.
Characteristics of risk factors for in-stent restenosis
and thrombosis of the coronary artery.

Characteristics N %

Yes 100 204

Diabetes mellitus No 390 79.6

Yes 480 98

Hypertension No 10 >

Yes 186 38

Lot No 304 62

<50 40 8.2

Age 51-70 | 314 | 64.1

71> 136 27.8

male 369 75.3

Sex female 121 247

<50 224 45.7

Left ventricular ejection fraction 50> 266 543

<550 | 325 66.3

Brelluey 550> | 165 | 337

Trononn <03 | 364 | 743

P 03> | 126 | 257

<32 | 331 | 676

ALl 32> | 159 | 324

<34 | 359 | 733

AST 34> | 131 | 267

» <115 | 425 | 86.7
Creatinin

115> 65 13.3

<5mg/l| 140 28.6

C-reactive protein 5>mgl| 350 714

<294 | 364 74.3

Creatin kinase

294 > 126 25.7
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Table 4.
Odds ratios for risk factors for in-stent restenosis and thrombosis of the coronary artery.
Risk factors B OR 95% confidgnce interval folr QR o
Lower limit Upper limit
Diabetes mellitus 0.847 2.33 0.522 1.327 <0.001
Hypertension 0.405 1.5 0.42 5.431 0.530
KBW B aHamHese 1.156 3.176 0.287 0.631 <0.001
Age -0.083 0.921 0.995 1.033 0.893
Male sex 1.023 2.781 0477 1.196 <0.001
Left ventricular ejection fraction -0.146 0.864 0.999 1.040 0.780
D-dimer 0.825 2.283 1.000 1.000 <0.001
Troponin 0.809 2.245 0.98 1.000 <0.001
ALT 0.791 2.205 0.999 1.002 <0.001
AST 0.816 2.261 0.999 1.001 <0.001
Creatinin 0.857 2.357 0.606 0.997 <0.001
C-peakTuBHbI 6enok 0.815 2.260 0.099 1.000 <0.001
C-reactive protein 0.952 2.590 0.999 1.000 <0.001

It is known that in-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 are still not fully
understood. It was of significant interest to us to conduct a
comparative analysis of the results obtained with data from
other epidemiological studies. Thus, a retrospective study
conducted in southern China to evaluate 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. Follow-up was
carried out over 3 years. It turned out that in 18.2% of such
patients, throughout the entire monitoring period, in-stent
restenosis was established, which could form, on average,
over a period of 32 months. The restenosis rates for the left
main coronary artery, left anterior descending coronary
artery, left circumflex coronary artery, and right coronary
artery were 6.7%, 20.9%, 19.4%, and 14.4%, respectively.
Left ventricular ejection fraction (LVEF), number of stents,
stent type, and antiplatelet therapy significantly contributed
to the development of coronary artery restenosis.
Multivariate logistic analysis showed that left ventricular
ejection fraction and number of stents were significantly
correlated with the incidence of coronary artery restenosis
[7]. In our study, the number of patients with restenosis was
about 10% of all cases of coronary artery stenting. The
main risk factors for restenosis with high odds ratios were
male gender, diabetes mellitus, increased laboratory
parameters (creatinine, d-dimer, ALT, AST, troponin, CPK,
C-reactive protein). However, for ejection fraction, there
was no statistically significant association with restenosis
(OR=0.78).

In another study of risk factors for in-stent restenosis in
patients with unstable angina, the most significant (p < 0.05)
risk factors for in-stent restenosis = 50% were stent
diameter (OR 0.43), hypertension (OR 3.16), and neutrophil
count (OR 2.22) [8]. In our study, one of the main risk
factors for restenosis was the level of C-reactive protein,
which, like the level of neutrophils, serves as an indicator of
inflammation.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is capable of inducing a hypercoagulable
state, which may complicate the management of patients
with acute coronary syndrome. In the current literature,

there are insufficient studies to determine the contribution of
coronavirus infection to the formation of restenosis of
coronary artery stents; however, a number of studies have
demonstrated the connection between these two conditions
[9, 11]. In our study, COVID-19 was the most significant risk
factor for the development of in-stent restenosis (OR =
3.176), indicating the role of inflammation in this process.

Conclusion

The results of our epidemiological study indicate that
more than 10% of all patients admitted to the emergency
department during the study period with signs of ACS and
who underwent coronary angiography followed by stenting
of the coronary vessels had signs of in-stent thrombosis or
restenosis. The most significant risk factors for in-stent
restenosis were diabetes mellitus, male gender D-dimer,
troponin, ALT, AST, creatinine, C-reactive protein and CPK.
The maximum increase in the chances of restenosis was
observed in patients who had coronavirus infection.

Maximum efforts to prevent restenosis should be made,
taking into account modifiable risk factors and individualized
treatment options, as they are critical to prolonging the
length and improving the quality of life of patients who have
undergone previous myocardial revascularization.
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