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The aim of the study was to study biochemical factors of calcification in stable and unstable plaques of
coronary arteries and in the blood of patients with severe coronary atherosclerosis, to find associations
of biochemical factors of calcification with the development of unstable atherosclerotic plaque.

The study included 25 men aged 60,4+6,8 years who received coronary bypass surgery. In the course
of the operation intraoperative indications in men were from coronary endarteriectomy (s) artery (a-d)
and histological and biochemical analyses of the samples of the intima/media. Out of 85 fragments
of intima/media of coronary arteries, 15 fragments of unchanged intima/media, 39 fragments of
stable atheromatous plaque and 31 fragments of unstable plaque were determined. In homogenates
of samples of intima/media (after measurement of protein by the method of Lowry) and in blood
by ELISA were determined by biochemical factors of calcification: osteoprotegerin, osteocalcin, an
osteopontin, osteonectin, as well as inflammatory factors (cytokines, chemokines).

A significant direct correlation (Spearman coefficient =0.607, p<0.01) between the stages
ofatherosclerotic focus development to unstable plaque and the degree of calcification of atherosclerotic
focus development samples was found. There was an increased content of osteocalcin in stable and
unstable plaques by 3.3 times in comparison with the unchanged tissue of intima/media of coronary
arteries, as well as in samples with small and dust-like, with coarse-grained calcifications in comparison
with samples without calcifications by 2.8 and 2.1 times, respectively. According to multivariate
logistic regression analysis, the relative risk of unstable atherosclerotic plaque in the coronary artery
is associated with a reduced content of osteocalcin (OR=0.988, 95% CI 0.978-0.999, p=0.028). Also,
the relative risk of calcifications in the atherosclerotic plaque in the coronary artery is associated with
an increased content of osteocalcin (OR=1,008, 95% CI 1,001-1,015, p=0,035). In men with severe
coronary atherosclerosis, a significant inverse correlation was found (Spearman coefficient —0.386,
p=0.022) between the content of osteoprotegerin in the vascular wall and in the blood.

Atherosclerotic plaques have a higher level of osteocalcin compared to samples without atherosclerotic
lesions. The risk of developing unstable atherosclerotic plaques in the SC is associated with a reduced
content of osteocalcin in it. The risk of calcifications in ASB in CA is associated with an increased
content of osteocalcin in it.
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he study of etiological and pathophysiological
mechanisms of vascular calcification, atherosclerosis,
and their complications is a relevant, fundamental issue
in medicine. It is highly controversial whether vascular
calcification, particularly its severe form, activates or
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inhibits the formation of unstable atherosclerotic
plaques that are the pathogenetic basis for the risk
of acute coronary syndrome (ACS) and myocardial
infarction (MI). It is traditionally believed that in most
cases, unstable atherosclerotic plaques, which are
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responsible for the development of ACS, are lipid-rich,
noncalcified plaques with a soft, thin fibrous cap. It is
also believed that severe coronary calcification indicates
that atherosclerotic plaques are stable and not prone
to rupture. However, several studies demonstrated
that coronary calcification is an independent and
reliable predictor for the development of unstable
plaque, complications of atherosclerosis, and long-term
cardiovascular events (CVEs) [1-8].

Interpretation of coronary calcification in patients
with confirmed coronary atherosclerosis is based on the
ultrastructure of the calcified lesion. Thick calcification
may indicate stabilization of the atherosclerotic plaque. In
contrast, disseminated microcalcifications may indicate
the presence of unstable atherosclerotic lesions and a
high risk of rupture with development of complications
associated with atherothrombosis [9]. Davaine et al.
found that the prevalence of coronary artery calcifications
with atherosclerotic lesions can be as high as 90% and is
an independent risk factor for CVEs [10].

Osteoblast-like cells have been identified in the
calcified atherosclerotic plaque, and active resorption of
ectopic vascular calcifications has been detected [11, 12].
Osteoblasts are known to be involved in the synthesis
of essential components of intercellular substances,
e.g., collagen type I, osteocalcin, osteonectin, etc. [13].
Vascular calcifications contain substances characteristic
of bone tissue, e.g., calcium salts, phosphates, osteonectin,
osteopontin, osteoprotegerin, osteocalcin, collagen
type I, and other compounds. The process of vascular
calcification, which is largely comparable to osteogenesis,
is regulated by the same proteins [14, 15].

This

of calcification of stable and unstable plaques in CAs and

study investigated biochemical factors
blood of patients with severe coronary atherosclerosis
and searched for associations between biochemical
factors of calcification and the development of unstable

atherosclerotic plaque.

Materials and Methods

The study was carried out under the Program of Joint
Research Projects of Research Institute for Internal
and Preventive Medicine and E.N. Meshalkin National
Medical Research Centerin 2017-2020 and was approved
by the Ethics Committees of both facilities. The study
included 25 male patients, mean age 60.4+6.8 years old,
with functional class III, stable exertional angina. All
patients had excessive body weight with body mass index
>25 kg/m2. All patients included in the study underwent
coronary bypass surgery in the clinical hospital of E.N.
Meshalkin National Medical Research Center. The
exclusion criteria were myocardial infarction within the
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previous six months, acute or exacerbation of chronic
infectious and inflammatory diseases, renal insufficiency,
severe liver diseases, cancer, and hyperparathyroidism.
Before surgery, all patients signed an informed consent
form to participate in the study.

Blood samples were taken at admission before
surgery. During surgery, endarterectomy of CAs was
performed if indicated intraoperatively. Each sample
of the postoperative material was longitudinally
and transversely divided symmetrically into several
fragments under visual control for histological and
biochemical examinations. Macroscopic descriptions
and histological analysis of 85 CA samples were
made using an Axiostar Plus binocular microscope.
Histological analysis provided a detailed description of
an atherosclerotic cap, e.g., thick, thin, thinning, fibrous,
loose, dense, hyalinized, thinned area, hemorrhages,
rupture, ulceration, calcification, and atherocalcinosis.
This analysis also described its endothelial surface, plaque
cores, and plaque/lesion periphery. The histological
analysis revealed 1S5 fragments without atherosclerotic
lesions, 39 fragments of stable atheromatous plaques,
and 31 fragments of unstable plaques. An unstable plaque
was considered to be a damaged plaque with a fibrous
cap thickness <65 pm, infiltrated with macrophages and
T-lymphocytes, more than 25 cells 0.3 mm in diameter
per field of view, and with a large lipid core >40%. The
CA samples were categorized into three types: 1) without
calcification; 2) with small and microcalcifications;
3) with macrocalcifications.

All patients were divided into two subgroups
according to the histological results: 1) without unstable
plaques in CAs (n=12); 2) with unstable plaques in CAs
(n=13). Between the subgroups, there were no significant
differences in age, presence of hypertension, abdominal
obesity, diabetes, smoking, history of myocardial
infarction, exertional angina functional classes, or drug
treatment.

For the biochemical examinations, vessel samples
frozen in liquid nitrogen were homogenized in phosphate-
buffered saline solution to obtain 1% homogenates,
which were aliquoted for further biochemical analyzes.
Biochemical factors of calcification, i.e., osteoprotegerin,
osteocalcin, osteopontin, osteonectin, and inflammation
factors, i.e., cytokines and chemokines, were analyzed in
the tissue homogenates, after protein quantification by
the Lowry method, and in blood samples by ELISA using
a Multiscan microplate reader.

Statistical processing was performed with an SPSS
v13.0 software package. The data are presented as
means and standard deviations (M*SD) or as medians
and percentiles (Me [25%; 75%]). The significance of
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Table 1. Presence of calcifications in atherosclerotic plaques of coronary arteries according to histological analysis

Plaque calcifications Stable plaques (n=39) Unstable plaque (n=31) P
None 12 (31%) 9 (29%) >0.05
Small and microcalcifications 23 (59%) 18 (58%) >0.05
Macrocalcifications 4 (10%) 4(13%) >0.0S

Table 2. Changes in the calcification factors at different stages of development of atherosclerotic lesions

Intact intima-media (n=15)

Stable plaque (n=39)  Unstable plaque (n=31)

Variable P
1 2 3
Osteoprotegerin, pg/mg protein 167.9+99.3 225.8+102.4 176.4£101.6 p>0.05
Osteopontin, ng/mg protein 6.914.0 7.31+4.1 4.0+£2.2 p>0.05
. . " ” P> =0.011
Osteocalcin, ng/mg protein 23.7 (10,7; 82.4+23.9 83.2+29.3
P1;=0.013
Osteonectin, pug/mg protein 7.1£3.1 3.4+3.5 3.4£3.0 p>0.05

The data are presented as the mean and standard deviation (M + SD).

differences was evaluated using the Student’s t-test or
the Mann-Whitney test, depending on the type of data
distribution. Multiple intergroup comparisons were
performed by one-way ANOVA using the Bonferroni test
for normal distribution or the Kruskal-Wallis criterion for
non-normal distribution. Spearman correlation analysis
and multivariate logistic regression analysis were also
utilized. Differences were considered to be significant if
p<0.0S.

Results and discussion

Histological analysis identified no difference between
stable and unstable atherosclerotic plaques in the
presence of calcifications (Table 1). However, correlation
analysis revealed a significant direct correlation of
average power (rs=0.607; p <0.01) between stages of
the development of atherosclerotic lesion into unstable
plaque and the degree of sample calcification.

Biochemical factors of calcification at different stages
of atherosclerotic lesion development are listed in Table.
2. The amount of osteocalcin in both stable and unstable

plaques was 3.3-fold higher (p<0.05) than in CA samples
without atherosclerotic lesions.

Concentrations of biochemical factors of calcification
in SC sample homogenates were evaluated depending
on the histological determination of the degree of
calcification (Table 3). Compared to samples without
calcifications, osteocalcin was increased 2.8-fold in
samples with small and microcalcifications and 2.1-fold
in samples with macrocalcifications.

Multivariate logistic regression analysis and the
identified a
only between osteocalcin

construction of multivariate models

significant relationship
concentrations in CA samples and either a) stage of
development of an atherosclerotic lesion into unstable
plaque or b) the development of calcification in the
atherosclerotic plaque. The results showed that the risk
of formation of unstable atherosclerotic plaque in CA is
associated with its reduced concentration of osteocalcin
(odds ratio [OR] 0.99, 95% confidence interval [CI]
0.978-0.999; p=0028). The risk of calcification of

unstable atherosclerotic plaques in CAs is also associated

Table 3. Calcification factors in coronary artery samples according to histological evaluation of the degree of calcification

Without calcifications Small and . .
. . . Macrocalcifications (n=8)
Variable (n=36) microcalcifications (n=41) p
1 2 3

Osteoprotegerin, pg/mg protein 134.9+100.3 204.7£109.0 197.4+111.3 p>0.0S
Osteopontin, ng/mg protein 5.3£3.3 7.1£4.0 3.6%2.1 p>0.05

. . . . p.,=0.045
Osteocalcin, ng/mg protein 39.2+20.1 108.3+25.2 83.3+28.0

Pis = 0.049
Osteonectin, p.g/mg protein 4.3+£3.0 4.0+3.1 1.8+£1.7 p>0.0S
The data are presented as the mean and standard deviation (M * SD).
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Table 4. Correlations between concentrations of biochemical factors of calcification and certain
inflammatory factors and chemokines in the coronary artery samples (Spearman’s coefficient)

Variable MCP-1 sVCAM S-selectine MMP-9 IL-18
Osteoprotegerin 0.783 0.50S = 0.477 0.51S
Osteopontin 0.830 0.673 0.524 0.607 0.636
Osteocalcin 0.426 0.512 - 0.290 0.460
Osteonectin 0.704 0.692 0.444 0.554 0.633

p<0.01 for all comparisons.

with increased osteocalcin (OR 1.01, 95% CI 1.001-
1.015; p=0.035).

Vascular calcifications contain calcium  salts,
phosphates, osteopontin, osteonectin, osteoprotegerin,
osteocalcin, and other components characteristic of
bone tissue. They are expressed in atherosclerotic
plaques mainly within vascular smooth muscle cells and
serve as markers of osteoblastic differentiation. In this
study, of the four biochemical factors of calcification
of atherosclerotic lesions, only osteocalcin showed
significant changes. The amounts of this factor in stable
and unstable plaques were significantly higher than in
samples without atherosclerotic lesions and calcified
plaques. These findings do not contradict other studies.
Along with the primary expression of osteocalcin by
vascular smooth muscle cells, it is expressed in plaques
by other cells. Thus, Zhang et al. [12] demonstrated
a positive the number of

osteocalcin carrying endothelial progenitor cells and

correlation between

the calcification of CA in patients with coronary artery
disease. Foresta et al. [16] concluded that platelets
contained in the atherosclerotic plaque area release
additional osteocalcin.

We identified significant, direct correlations of
average power between concentrations of biochemical
factors of calcification and certain inflammatory factors
and chemokines in CA samples (Table 4).

On the one hand, severe coronary calcification is
known to be a strong and independent predictor for
long-term CVEs [17], but on the other hand, regression
of the atherosclerotic plaque under statin therapy

and its strengthening due to increasing amount of
deposited calcium may be a favorable prognostic factor.
Apparently, it is essential to not only detect vascular
calcifications, but also to assess related factors. These
include the activity of vascular inflammatory factors,
and in particular, microscopic features of calcification,
including their location within the plaque and their
prevalence [7, 8]. Several publications suggest that
atherosclerotic calcifications are closely associated
with the inflammatory processes. There is evidence that
vascular calcification may initiate inflammation and, thus,
further progression of calcification [18, 19]. Chatrou
et al. [20] demonstrated an increase in inflammatory
processes at the stage of microcalcification.

Analyses of blood concentrations of biochemical
factors were performed in male patients with
atherosclerotic calcification of CAs (Table S). The blood
concentration of osteonectin in patients with unstable
atherosclerotic CA plaques was 1.4-fold greater (p<0.05)
than in patients without unstable plaques.

Correlation analysis revealed a significant inverse
correlation of average power (rs=-0.386; p =0.022)
between vascular wall and blood concentrations of
osteoprotegerin. There were no other correlations
between these concentrations of biochemical factors of
calcification.

When discussing this result, it is essential to note that
osteoprotegerin is a modulator of vessel wall calcification.
This was demonstrated by the formation of calcification
in relevant arteries of mice with osteoprotegerin gene
deletion [10].

Table S. Blood levels of biochemical factors of calcification in male patients with coronary atherosclerosis

. No unstable plaques Unstable plaques
Variable in coronary arteries (n=12) in coronary arteries (n=13) p
Osteoprotegerin, pg/ml 66.2[54.5;78.2] 62.1[43.9; 80.3] p>0.05
Osteopontin, ng/ml 28.9[5.4; 50.1] 24.4[19.3; 34.2] p>0.05
Osteocalcin, ng/ml 13.2 [9.0; 23.4] 14.3[9.9; 16.2] p>0.05
Osteonectin, pg/ml 6.5[3.4;7.9] 8.9 [7.5;9.8] p=0.034

The data are presented as the median and percentiles [25%; 75%].
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Krzanowski et al. [21] concluded that increased
blood concentration of osteoprotegerin may be a marker
of CA calcification and is associated with risk of CVEs in
patients with severe arterial calcification. The mechanism
of osteoprotegerin regulation of arterial calcification is
very complex and not fully understood.

Conclusion

1. A significant positive correlation (rs=0.607; p<0.01)
was observed between the stages of the development
of atherosclerotic lesion to unstable plaque and the
degree of calcification of atherosclerotic samples.

2. Comparedto coronaryarteries without atherosclerotic

the of osteocalcin in stable

and unstable plaques was 3.3-fold greater. It

was also 2.8-fold greater in samples with small/

lesions, amount

microcalcifications and 2 1-fold greater in samples
with macrocalcifications.

3. Multivariate logistical regression analysis showed
that the risk of formation of unstable atherosclerotic
plaque in the coronary artery is associated with
reduced levels of osteocalcin (odds ratio 0.99, 95%

confidence interval [0.978-0.999; p=0.028). The
risk of calcification of atherosclerotic plaque in the
coronary artery is also associated with the increased
levels of osteocalcin (odds ratio 1.01, 95% confidence
interval 1.001-1.015; p=0.035).

4. Male patients with severe coronary atherosclerosis had
a significant inverse correlation (rs=-0.386; p=0.022)
between the vascular wall and blood concentrations
of osteoprotegerin.

The study was carried out under the state-financed research
project on State Assignment #0324-2018-0001 and with
the financial support through grant #19-015-00055a

of the Russian Fund of Fundamental Investigations (RFFI)
“The role of vascular calcification in the stability and
instability of atherosclerotic plaques.” Biological material
from the collection of Research Institute for Internal and

Preventive Medicine was used in the study.
No conflict of interest is reported.

The article was received on 18/09/19

REFERENCES

1. Borissoft JI, Joosen IA, Versteylen MO, Spronk HM, ten Cate
H, Hofstra L. Accelerated In Vivo Thrombin Formation Inde-
pendently Predicts the Presence and Severity of CT Angiograph-
ic Coronary Atherosclerosis. JACC: Cardiovascular Imaging.
2012;5(12):1201-10. DOI: 10.1016/j.jcmg.2012.01.023

2. Alexopoulos N, Raggi P. Calcification in atherosclerosis. Nature
Reviews Cardiology. 2009;6(11):681-8. DOI: 10.1038/nrcar-
di0.2009.165

3. Shaw L], Giambrone AE, Blaha MJ, Knapper JT, Berman DS, Bel-
lam N et al. Long-Term Prognosis After Coronary Artery Calcifica-
tion Testing in Asymptomatic Patients: A Cohort Study. Annals of
Internal Medicine. 2015;163(1):14-21. DOI: 10.7326/M14-0612

4. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, Mintz GS
et al. A Prospective Natural-History Study of Coronary Athero-
sclerosis. New England Journal of Medicine. 2011;364(3):226-3S.
DOI: 10.1056/NEJMo0a1002358

S.  Hofmann Bowman MA, McNally EM. Genetic Pathways of Vascular
Calcification. Trends in Cardiovascular Medicine. 2012;22(4):93—
8.DOI: 10.1016/j.tcm.2012.07.002

6. O’Donnell CJ, Kavousi M, Smith AV, Kardia SLR, Feitosa MF,
Hwang S-J et al. Genome-Wide Association Study for Coronary
Artery Calcification With Follow-Up in Myocardial Infarction. Cir-
culation. 2011;124(25):2855-64. DOI: 10.1161/CIRCULA-
TIONAHA.110.974899

7. ZhanY, ZhangY, Hou J, Lin G, Yu B. Relation Between Superficial
Calcifications and Plaque Rupture: An Optical Coherence Tomog-
raphy Study. Canadian Journal of Cardiology. 2017;33(8):991-7.
DOI: 10.1016/j.cjca.2017.05.003

8. Oliveira-Santos M de, Castelo-Branco M, Silva R, Gomes A, Chich-
orro N, Abrunhosa A et al. Atherosclerotic plaque metabolism in
high cardiovascular risk subjects — A subclinical atherosclerosis im-
aging study with 18 F-NaF PET-CT. Atherosclerosis. 2017;260:41-
6.DOI: 10.1016/j.atherosclerosis.2017.03.014

9. Kashtalap VIV, Hryachkova O.N., Barbarash O.L. Clinical Signifi-
cance of Coronary Calcification for the Assessment of Cardiovas-
cular Risk. Atherosclerosis and Dyslipidemias. 2016;1(22):5-14.

ISSN 0022-9040. Kardiologiia. 2020;60(2). DOI: 10.18087/cardio.2020.2.n775

[Russian: Kamraaan B.B., Xpstaxosa O.H., Bap6apam O.A. Kau-
HHMYeCKas 3HaYUMOCTh KOPOHAPHON KaAbIIUQHKALIMU AASI OLieH-

KU CEPAEYHO-COCYAMCTOTO PHCKA. ATEPOCKAEPO3 U AUCAUIIHAEMHUH.
2016;1(22):5-14]

10. Davaine J-M, Quillard T, Chatelais M, Guilbaud F, Brion R, Guy-
omarch B et al. Bone Like Arterial Calcification in Femoral Ath-
erosclerotic Lesions: Prevalence and Role of Osteoprotegerin and
Pericytes. European Journal of Vascular and Endovascular Surgery.
2016;51(2):259-67. DOI: 10.1016/j.¢jvs.2015.10.004

11. Inaba M, Ueda M. Vascular Calcification - Pathological Mechanism
and Clinical Application - The significance of arterial calcification
in unstable plaques. Clinical Calcium. 2015;25(5):679-86. DOI:
CliCal505679686

12. Zhang H, Wang L, Si D, Wang C, Yang J, Jiang P et al. Correla-
tion between osteocalcin-positive endothelial progenitor cells
and spotty calcification in patients with coronary artery dis-
ease. Clinical and Experimental Pharmacology and Physiology.
2015;42(7):734-9.DOI: 10.1111/1440-1681.12366

13. Wookey PJ, Zulli A, Hare DL. The elevated expression of calcito-
nin receptor by cells recruited into the endothelial layer and neo-
intima of atherosclerotic plaque. Histochemistry and Cell Biology.
2009;132(2):181-9. DOL: 10.1007/s00418-009-0600-6

14. Qiao J-H, Mishra V, Fishbein MC, Sinha SK, Rajavashisth TB. Mul-
tinucleated giant cells in atherosclerotic plaques of human carot-
id arteries: Identification of osteoclast-like cells and their specif-
ic proteins in artery wall. Experimental and Molecular Pathology.
2015;99(3):654-62. DOI: 10.1016/j.yexmp.2015.11.010

15. Higgins CL, Isbilir S, Basto P, Chen IY, Vaduganathan M, Vaduga-
nathan P et al. Distribution of Alkaline Phosphatase, Osteopon-
tin, RANK Ligand and Osteoprotegerin in Calcified Human Ca-
rotid Atheroma. The Protein Journal. 2015;34(5):315-28. DOLI:
10.1007/s10930-015-9620-3

16. Foresta C, Strapazzon G, De Toni L, Fabris F, Grego F, Gerosa G et
al. Platelets express and release osteocalcin and co-localize in hu-
man calcified atherosclerotic plaques. Journal of Thrombosis and
Haemostasis. 2013;11(2):357-65. DOI: 10.1111/jth.12088

87



§ ORIGINAL ARTICLES

17.

18.

19.

88

Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR

et al. Coronary Calcium as a Predictor of Coronary Events in
Four Racial or Ethnic Groups. New England Journal of Medicine.
2008;358(13):1336-45. DOI: 10.1056/NEJMo0a072100

Kiechl S, Schett G, Wenning G, Redlich K, Oberhol-

lenzer M, Mayr A et al. Osteoprotegerin Is a Risk Fac-

tor for Progressive Atherosclerosis and Cardiovascular Dis-

ease. Circulation. 2004;109(18):2175-80. DOI: 10.1161/01.
CIR.0000127957.43874.BB

Polonskaya Ya.V,, Kashtanova E.V., Murashov L.S., Volkov A.M.,
Kurguzov A.V., Chernjavskii A.M. et al. Associations of osteocal-
cin, osteoprotegerin, and calcitonin with inflammation biomark-
ers in atherosclerotic plaques of coronary arteries. Bulletin of Ex-
perimental Biology and Medicine. 2016;162(12):691-4. [Rus-
sian: IToaonckas S.B., Kamranosa E.B., Mypamos H.C., Boaxos
A.M,, Kyprysos A.B., Yepusasckuit A.M. u Ap. ACCOITHAIIUH OCTEO-

20.

21.

KaABI[HA, OCTEONPOTErepPUHA M KAABLJATOHUHA C BOCIIAANTEABHbI-
Mu 6HOMapKepaMU B aTePOCKAEPOTHYECKUX GASIIKAX KOPOHAPHBIX
aprepuii. BroareTeHDb 9KCIIePUMEHTAAPHON OMOAOTHY U MEAULIUHDL.
2016;162(12):691-4]

Chatrou MLL, Cleutjens JP, van der Vusse GJ, Roijers RB, Mut-
saers PHA, Schurgers L]. Intra-Section Analysis of Human Cor-
onary Arteries Reveals a Potential Role for Micro-Calcifications

in Macrophage Recruitment in the Early Stage of Atherosclero-
sis. PLOS ONE. 2015;10(11):e0142335. DOI: 10.1371 /journal.
pone.0142335

Krzanowski M, Krzanowska K, Dumnicka P, Gajda M, Woziwodz-
ka K, Fedak D et al. Elevated Circulating Osteoprotegerin Levels
in the Plasma of Hemodialyzed Patients With Severe Artery Calci-
fication: Elevated OPG Levels in HD Patients With Artery Calci-
fication. Therapeutic Apheresis and Dialysis. 2018;22(5):519-29.
DOI:10.1111/1744-9987.12681

ISSN 0022-9040. Kardiologiia. 2020;60(2). DOI: 10.18087/cardi0.2020.2.n775



