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Abstract

Background. Considering the wide prevalence of COVID-19 (SARS-CoV-2)
worldwide and in the Russian Federation, high frequency of its mutations and
non-persistent post-infection and post-vaccination immunity, the epidemic
potential of COVID-19 persists. The experience of the pandemic demonstrated
high mortality among individuals with coronavirus and ACS (acute coronary
syndrome), specifically, from myocardial infarction (MI).

Aim: to create a multifactorial model for prediction of myocardial infarction using
laboratory and instrumental data of progression of COVID-19 in ACS patients.
Material and methods. The open prospective non-randomized study included
104 patients with ACS due to severe COVID-19 hospitalized in 2022. To solve
the problem of early prediction of MI among patients, observation groups were
formed: Group 1 (n=35), patients with unstable angina and Group 2 (n=69)
with MI. All patients underwent round-the-clock monitoring of vital functions
using a dynamic bedside monitor. Laboratory parameters (general clinical and
biochemical), cytokine levels (1b, 2, 4, 6, 10, interleukins, 7y interferon, tumor
necrosis factor ) and instrumental parameters (CT of chest organs, EchoCG)
were studied. Scores were calculated using the SOFA (Sepsis-related Organ
Failure) and SAPS II (Simplified Acute Physiology Score) scales. Statistical
data processing was performed in the SPSS 25.0 software suite. Mathematical

modeling was performed using multidimensional logistic regression. An
analysis of the characteristic curves (ROC curves) in the predicted probability
of developing MI in the multidimensional model was performed. The results
were considered statistically significant at p<0.05. Based on the data obtained,
a multidimensional logistic regression model was constructed with step-by-step
inclusion or exclusion of predictors using the Wald algorithm.

Results. The prognostic model included SAPS II scores, cytokines (y
interferon, TNFa), and CT scans. The analysis revealed that the developed
mathematical model for assessing the risk of MI in patients with ACS on the
background of severe COVID-19, created by the method of multidimensional
logistic regression based on cytokine profile, lung CT and SAPS II scale, has
a sensitivity of 98.6% and a specificity of 85.7%.

Conclusion. Early predictors of MI development have been established in
COVID-19 patients with ACS: the degree of lung damage according to CT
data, the number of points on the SAPS II scale, levels of interferon and tumor
necrosis factor, on the basis of which a mathematical model has been built that
allows predicting MI in patients with severe COVID-19.
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B03MOXHOCTU NPOrHo3nMpoBaHus pa3BUTUa UH(apkKTa
MUOKapAaa Yy 60J/ibHbIX HOBOW KOPOHAaBUPYCHOW
UHdeKkumen c oCTpbiM KOPOHAPHbIM CUHAPOMOM

A.B. JlyHuHa, [O.10. KoHcTtaHTuHOB, J1.J1. NonoBa

Prb0OY BO «Camapckuii rocynapCTBeHHbIA MeAULMHCKUIA yHUBepcuTeT» Munsapasa Poccun
(Camapa, Poccuiickasg depepaums)

AHHOTauusa

O6ocHoBaHue. B cBsi3u ¢ mmpokum pacripocrpanenueM Bupyca SARS-CoV-2
B Mupe U B Poccum, ero moCTOSHHBIMU MyTallUsIMH, a TaK)Ke HeCTOMKUM
[IOCTBAKIIMHAJIBHBIM U MTOCTUHPEKIIHOHHBIM UMMYHHUTETOM y HaCelleHus, B
HACTOsiIIlee BPeMsi COXPaHseTCsl SIMAeMUYeCKuUii IOTeHInal HOBOM KOPOHa-
BupycHo uHdekuuu (COVID-19). OnbIT naHneMuy NpogeMOHCTPUPOBA
BBICOKYO JIeTaJIbHOCTb cpefy 6onbHbIx COVID-19 ¢ ocTphiM KOpOHapHBIM
curgpomoM (OKC), B yacTHOCTH, OT MHpapkTa Muokapaa (MM).

Ienb: Ha OCHOBAHMM J1aOOPAaTOPHO-UHCTPYMEHTAJIbHBIX 0COOEHHOCTEH Te-
yenust COVID-19 y 6ombHbix ¢ OKC paspaboTarb Mozienb IPOrHO3UPOBaHHUs
pasButust UM y naHHO# KaTeropuu 60JIbHbIX.

4

Marepuai u MeTofbl. B 0TKpBITOE [IPOCIEeKTUBHOE HEPAHIOMHU3UPOBAHHOE
uccrenoBanue 6bun BKodenbl 104 manuenta ¢ OKC Ha ¢omne Tskenoro
Tedenns: COVID-19, rociuranusupoBanHbix B 2022 ropy. [is pemenust 3a-
Jlayy nporHosupoBanust UM cpenu nanmeHToB 6bUTH CHOPMHUPOBAHbI TPYIIIIEI
HaOmonenust: rpymmna 1 (n=35) — manyeHTsl C HeCTabWIIbHOM CTeHOKap/iuen
(HC) u rpynmna 2 (n=69) — ¢ UM. BceM nanueHTaM npOBOAMIICS KPYIJIO-
CYTOYHBIA MOHHUTOPUHT BUTAIbHBIX QYHKIHIA C TIOMOIIBIO TPUKPOBATHOTO
MOHHTOPA B IHaMuKe. HcciepoBanuch jtlabopatopHble (001IeKIMHUYeCKye,
BGHOXMMUIECKHE) [T0KA3aTeNH, YPOBeHb IIMTOKUHOB (MHTepiedkuHbL: 1b, 2, 4,
6, 10, uaTepdepoH Y, GpakTop HEKpo3a OIyX0JH o); UHCTpyMeHTajbHbIe (KT
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opraHoB IpyfaHou kietky, DxoKI'); paccuutsiBanu 6asuisl 1o mkanam SOFA
(Sepsis-related Organ Failure) u SAPS II (Simplified Acute Physiology Score).
Craructrdeckast 06paboTKa JaHHBIX BBINOJIHEHA B cpefie ITakeTa SPSS 25.0.
BrinonHsim MareMaTU4deckoe MOJeJIMPOBaHue C IIOMOIIbI0 MHOT'OMepPHON
JIOTUCTUYeCKOH perpeccud. IIpoBoaniIv aHanyu3 xapakTepuCTUYeCKUX KpH-
BbIX (ROC-KpUBBIX) B IIpe/ICKa3aHHOW B MHOI'OMepHOW MOJIeJI BepOSITHOCTH
passutust UM. Pesynbrarsl cauTamm CTaTUCTUYECKU 3HAYMMbIMU 11py p<0,05.
ITo nosny4eHHbIM AaHHBIM ObljIa IOCTPOEHA MHOTOMepHasi MOZlellb MeTO/IOM
JIOTUCTUYEeCKON PerpecCH C IOMIaroBbIM BKJIIOYEHHEeM WM UCKIIIoYeHHueM
IIPeIMKTOPOB I10 aIrOpUTMy Basbna.

Pesynrbrarsl. B nporaoctrdeckyio Mozieltb Bolui 6asuisl o mxane SAPS 11,
IIUTOKUHBI (MHTepdepoH ramMMa, GakTop HeKpo3a OIyXoJI aibda) U CTelleHb
MOpa)keHHs1 JIeTKUX I10 IAaHHBIM KOMITbIOTepHOM ToMorpaduu. B xone npose-

JIeHHOTO aHAJIM3a YCTAHOBJIEHO, YTO pa3paboTaHHasl MaTeMaTHiecKast MoJenb
oreHkH prcka pazsutust UM y 6onbhbix ¢ OKC Ha done Tspxesnoi GopMbl
COVID-19, co3naHHast METOIOM MHOTOMEPHOH JIOTHCTUYECKOH perpeccuH,
o6raiaeT IyBCTBUTENIBLHOCTLIO 98,6% 1 cienuduaHOCTEIO 85,7%.
BriBoasl. YcTaHOBIIEHB! paHHHe IIPeIUKTOPE! pa3BuTis UM y manvieHToB ¢
OKC Ha pone COVID-19: crenenb nopaxkeHus Jierkux 1o gaHHbiM KT, ko-
syectBo 6ayutoB 1o mikajge SAPS II, ypoBHU IMTOKHUHOB (MHTEpdepoHa 1
dakTopa Hekposa omyxonu). Ha ocHoBaHMM JIJaHHBIX IPEUKTOPOB pa3pabo-
TaHa MaTeMaThdeckKasl MOJiellb, IT03BOJISIOIAs IporHo3upoBath MM Ha ¢one
Tspresioit popmer COVID-19.

KortoueBsie cioBa: COVID-19, nndapkT MHOKapyia, DIUTOKUHBI, MOZIeNb,
[IPOrHO3UPOBAHKUE.
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m INTRODUCTION
Due to the wide prevalence of the SARS-CoV-2 virus
worldwide and in Russia, its continued mutations and
the unstable post-vaccination and post-infection immunity
among the population, the epidemic potential of the new
coronavirus infection (COVID-19) still persists. The
experience of the pandemic showed a high level of lethality
(up to 40%) from cardiovascular complications among
COVID-19 patients [1]. N.R. Smilowitz et al. (2020) report
that a third of patients hospitalized with COVID-19, already
had signs of myocardial damage as early as on admission;
follow-ups showed that the share of such patients reached
47%, which resulted in a quadruple increase of intra-hospital
mortality, from 9.7% to 39.1% [2]. A 3.3-fold increase of
mortality in the event of an acute coronary syndrome (ACS)
in COVID-19 patients is reported by Turkish researchers
T. Cinar et al. (2022) [3]. Currently, a number of direct and
indirect mechanisms are studied by which SARS-CoV-2
influences the development of cardiovascular complications:
from tissue penetration to induction of a massive systemic
inflammatory reaction [4]. Cytokine-mediated myocardial
damage, as the leading cause of cardiac damage under
COVID-19, is reported in a study of American authors [5].
SARS-CoV-2 disrupts the interaction of the angiotensin
converting enzyme 2 (ACEZ2), renin-aldosterone and
kinin-kallikrein systems that balance the inflammation,
cell proliferation and platelet aggregation resulting in
the hemostasis disorder and myocardial damage [6]. The
work of Russian researchers shows a multi-component
mechanism of ischemia/infarction of the myocardium
under COVID-19 that includes the dysfunction of the renin-
angiotensin-aldosterone system, hyperinflammation and
‘cytokine storm’, endothelial dysfunction and coagulopathy,
hypoxemia and hypoxia [1]. The clinical diagnostics of the

ACS against the background of an acute infectious disease
may be complicated: pains in the chest, respiratory and
cardiovascular failure are characteristic both for a severe
form of COVID-19 and for ACS including unstable
angina (UA) and myocardial infarction (MI). According to
cardiologists’ recommendations, diagnostics of the ACS
shall include ECG and blood serum troponin test; however,
some authors point out that the test is not always specific,
especially in the event of an acute infectious disease [7, 8].
Therefore, the search for laboratory indicators and data of
instrumental analysis of the predictors to predict MI, that
would be available in practical healthcare, still remains a
vital question.

m AIM

To create a model for prediction of myocardial infarction
using laboratory and instrumental data of progression of
COVID-19 in ACS patients.

m MATERIAL AND METHODS

The open prospective non-randomized study included 104
patients with ACS on the background of severe progression
of COVID-19 (predominantly, Omicron strain), hospitalized
throughout the year 2022. The diagnosis of COVID-19 and
ACS, their verification, and patient treatment was performed
according to the effective provisional methodological
recommendations “Prevention, diagnostics and treatment
of the new coronavirus infection (COVID-19)” and clinical
recommendations of the Society of Cardiology'.

Inclusion criteria: men and women aged 50 to 80 years
with severe form of COVID-19 combined with ACS who
received no glucocorticosteroids and anticoagulants on the
pre-hospitalization stage, availability of a signed informed
consent.

1 Provisional methodological recommendations “Prevention, diagnostics and treatment of the new coronavirus infection (COVID-19)”, version 16, 2022; Clinical recommendations “Acute
coronary syndrome without ST segment elevation of the cardiogram” 2020; Clinical recommendations “Acute coronary syndrome with ST segment elevation of the cardiogram” 2020.
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Age 63.00 (54.00; 68.00)
CT of lung involvement, % 40.00 (35.00; 45.00)
SAPS Il score 16.00 (15.00; 18.00)
SOFA score 16.00 (14.00; 17.00)

Thickness of the pericardium cavity, mm
Systolic pressure in the PA (mm Hg)
Pulmonary acceleration time, ms
Banded neutrophils, %
Segmentonuclear neutrophils, %
Lymphocytes, %

Platelets, 10"9/L

Total protein, g/L

5.00 (2.00; 7.00)
49.90 (35.00; 54.60)
61.00 (45.00; 80.00)
2.00 (1.00; 4.00)
55.00 (49.00; 70.00)
30.00 (19.00; 36.00)

63.80 (59.40; 69.90)
C-reactive protein, mg/L 76.00 (35.20; 129.70)

CPK, U/L

322.00 (224.00; 416.00)

1179.00 (765.00; 1504.00)

64.00 (54.50; 76.50) 0.121
45.00 (40.00; 60.00) <0.001
24.00 (21.00; 25.50) <0.001
16.00 (14.00; 18.00) 0.462

5.00 (3.00; 7.00) 0.912
51.60 (46.00; 58.50) 0.118
47.00 (36.00; 69.00) 0.004

8.00 (6.00; 10.00) <0.001
72.00 (64.55; 78.50) <0.001
11.40 (7.80; 20.00) <0.001
175.00 (126.00; 234.00) <0.001
54.10 (48.95; 61.35) <0.001
157.80 (110.95; 252.00) <0.001
2088.00 (1974.50; 2394.50) <0.001

Table 1. Characteristics of potential predictors (instrumental and laboratory) of Ml in ACS patients with severe COVID-19
Tabnuuya 1. Xapakmepucmuka nomeHyuasbHbiX NPedUKmMopoB (UHCMpPyMeHmanbHbIX U 1abopamopHbix) UM 'y nayuenmoB ¢ OKC Ha ¢oHe

msixenotl popmbl COVID-19

Exclusion criteria: patients with severe and terminal
concomitant pathologies, oncological, autoimmune
and allergic diseases, patients with co-infections (viral
hepatitis, type B, C, and HIV infection), mental disorders,
pregnancy, refusal from examination. To address the task
of IM prediction among COVID-19 patients admitted for
hospitalization, two groups were formed according to ACS
progression type: Group I (n=35), patients with unstable
angina, and Group II (n=69), patients with myocardial
infarction.

All patients underwent 24-hour monitoring of vital
functions using the bedside monitor Nihon Kohden PVM-
2703 (Japan) taking the electrocardiogram (ECG), heart rate
(HR), arterial blood pressure (BP), respiratory rate (RR),
saturation (Sp02), body temperature (T°). The ECG was
registered daily on the “Aksion EC3TC-3/6-04” (Russian
Federation). Transthoracic echocardiography (EchoCG)
was taken for each patient at least twice using the portable
ultrasonic examination device GE HealthCare LOGIQ E,
manufactured by General Electric (USA). Scores were
calculated using the SOFA (Sepsis-related Organ Failure)
and SAPS II (Simplified Acute Physiology Score) scales.
Computed tomography (CT) of the chest organs was
performed on the CT scanner GE Revolution EVO (Russian
Federation). Laboratory tests were performed on the
hematological (Mindray BC-6800, China) and biochemical
(Roche Cobas c 311, Switzerland) analyzers, the cytokine
tests (interleukins (IL): 1b, 2, 4, 6, 10, interferon y (IFN-y),
tumor necrosis factor a (TNF-a) were tested using diagnostic
kits (R and D Diagnostics Inc., USA) with the sensitivity
of 1 pg/mL.

Statistic processing of data was performed in the SPSS
25.0 suite (IBM Corporation, Armonk, New York, USA,
License No.5725-A54). Normality of distribution was
assessed using the Shapiro-Wilk test. Descriptive statistics
are presented as median and quartiles: Me (Q1; Q3). The
Mann-Whitney U test was used for group comparisons.
Multivariate logistic regression modeling was performed.
Receiver operating characteristic (ROC) curve analysis
was conducted using the probability of MI development
predicted by the multivariate model. Results were
considered statistically significant at p < 0.05.

6
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IL-1b, pg/mL 8.51 (8.25; 8.92) 9.17 (8.58; 9.74) <0.001
IL-2, pg/mL 0.05 (0.04; 0.08) 0.08 (0.05; 0.11) 0.019
IL-4, pg/mL 10.91 (10.63; 11.23) 10.31 (9.79;10.77)  <0.001
IL-10, pg/mL 86.60 (84.22; 89.68) 84.44 (81.72;87.16)  0.003
IFN-y, pg/mL 9.75(9.36; 11.41)  8.88 (8.32; 9.56) <0.001
TNF-o, pg/mL  22.21 (21.46; 23.92) 23.69 (21.56; 25.53)  0.026
IL-6, pg/mL 14.90 (13.90; 15.50) 15.84 (15.05; 16.53)  <0.001

Table 2. Characteristics of potential predictors (cytokine profile) of
Ml in ACS patients with severe COVID-19

Tabnuya 2. Xapakmepucmuka nomeHyuasbHbiX NPedUKmMopoB
(uumokuHoBbIl npogpusb) MM y nayueHmos ¢ OKC Ha ¢poHe
mspxenoti popmel COVID-19

m RESULTS

The average age of patients with the severe form of
COVID-19 and ACS was 63.00 (54.25; 72.75) years, there
were 56.7% women. The patients were admitted in the end
of the first or beginning of the second week of the disease
(days of admission in the comparison groups: 9.00 (7.00—
11.00) and 9.00 (7.00-12.00), respectively, p=0.369). The
groups were comparable in sex and age, duration of the
disease and structure of concomitant pathology. The level
of blood saturation with oxygen on admission was from
78.00% to 99.00%, the median values between the groups
did not differ statistically (95.00% in patients of Group I
and 94.00%, in Group I, p=0.178). More than 70 laboratory
and instrumental indicators were analyzed in patients with
ACS against the background of severe COVID-19; the most
significant of them follow in Tables 1 and 2.

Using the obtained data, the risk of MI was evaluated
using logistic regression method. On the first stage,
univariate models were constructed, when each equation
forcibly included only one risk factor (predictor). Using
the results of these models, exponential coefficients of
regression were derived interpreted as odds ratio (OR) and
their 95% confidence intervals (95% CI) (Table 3). As
expected, the indicators that had no differences in paired
comparisons, turned out to be statistically insignificant
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Age 1.02 (0.99-1.05) 0.260
CT lung involvement, % 1.07 (1.02-1.11) 0.002
SAPS Il score 3.62 (2.01-6.49) <0.001
SOFA score 1.06 (0.88-1.28) 0.559
Thickness of the pericardium cavity, mm  0.99 (0.84-1.17) 0.929
Systolic pressure in the PA (mm Hg) 1.03 (0.99-1.06) 0.155
Pulmonary acceleration time, ms 0.97 (0.96-0.99) 0.005
Banded neutrophils, % 1.80 (1.45-2.24) <0.001
Segmentonuclear neutrophils, % 1.11 (1.06-1.17) <0.001
Lymphocytes, % 0.88 (0.83-0.93) <0.001
Platelets, 10"9/L 0.99 (0.98-0.99) <0.001
Total protein, g/L 0.88 (0.82-0.93) <0.001
C-reactive protein, mg/L 1.02 (1.01-1.03) <0.001
CPK, U/L 1.00 (1.00-1.01) <0.001
IL-1b, pg/mL 3.71 (1.79-7.67) <0.001
IL-2, pg/mL 5.31 (1.42-19.89) 0.013
IL-4, pg/mL 0.33 (0.16-0.67) 0.002
IL-10, pg/mL 0.83 (0.73-0.94) 0.002
IFN-y, pg/mL 0.36 (0.22-0.57) <0.001
TNF-a, pg/mL 1.33 (1.06-1.68) 0.014
IL-6, pg/mL 1.95 (1.33-2.85) 0.001

Table 3. Assessment of Ml risk in ACS patients with severe
COVID-19 by univariate logistic regression: combination of models

Tabnuuya 3. OyeHka pucka M y 6onbHbix ¢ OKC Ha ¢poHe
mspkenol ¢popmel COVID-19 Memodom o0HoMepHoU
nozucmuyeckol pezpeccuu: COBOKynHocms Moodernel

predictors in the equations. The majority of studied
laboratory and instrumental indicators manifested as risk
factors with OR above one (1). Elevated values of the
following indicators are associated with poor prognosis:
lung involvement as seen on CT, SAPS II score, percentage
of banded ans segmentonuclear neutrophil leukocytes,
concentration of the C-reactive protein, IL-1b, IL-2, TNF-a,
IL-6 and activity of CPK in the blood serum. Indeed,
all of these signs are markers of severity of COVID-19
progression. Conversely, the lower pulmonary acceleration
time and lower concentrations of total protein, IL-4, IL-10,
IFN-y are associated with more favorable prognosis: the OR
of these indicators in below one (1).

Then, different variants of multivariate models were
constructed by the logistic regression method with step-
by-step inclusion of predictors using the Wald algorithm.
The models differed not only in their construction approach
but also in their initial sets of potential predictors. The issue
is that many of these predictors are closely interrelated and

therefore cannot be simultaneously selected by a stepwise
algorithm for inclusion in the regression equation. Thus,
the SAPS II severity scale is statistically significantly
interrelated with all of the studied cytokines (correlation
coefficients from 0.3 to 0.6 in absolute values). Thus,
the inclusion of SAPS II score in the number of potential
predictors ‘displaced’ the other risk factors from the
equation, that were included in the prognostic model in
the univariate or multivariate version without this severity
scale. Some of the prognostic indicators were included in
all constructed mathematical models, and some varied from
one variant to another. In this paper, we make an example
of the model with the best analytical characteristics (Table
4). Thus, the area under the ROC curve (AUC) was 0.99 +
0.01, and Youden’s index at a threshold probability of 0.22
was 0.84. These results indicate that the constructed model
has excellent discriminatory performance.

According to the constructed multivariate logistic
regression, the probability of MI development in patients
with COVID-19 with ACS can be calculated using the
following equation:

p=1/(1+e—(1,71X1 + 0,16X2 - 1,10X3 + 0,77X4 - 45,99)),

where e — base of natural logarithms (rounded to 2.72); X1
— SAPS Il score; X2 — CT lung involvement percentage; X3 —
concentration of gamma-interferon in the blood serum in pg/
mL; X4 — concentration of the tumor necrosis factor alpha in
the blood serum in pg/mL.

The SAPS II scale turned out to be the most powerful
prognostic factor of MI with the odds ratio (OR)=5.52
(95% CI: 1.86-16.42) (p=0.002). The second most
influential predictor was the CT lung involvement
degree with OR=1.17 (95% CI: 1.00-1.36) (p=0.045).
TNF-a and IFN-vy, while keeping their roles of the risk
factor and protective factor, turned out statistically
insignificant (p=0.083 and p=0.056). Nevertheless, such
levels of significance (more than 0.05, less than 0.10) in
the exploratory mathematical models are viable, in the
opinion of some authors. The decrease of their prognostic
capacity is accounted for by the interrelation with two
more powerful predictors, which turn out to be sufficient
for the predicted variant of the ACS, viz. the myocardial
infarction. The model had high predictive accuracy. The
sensitivity, with the threshold probability of 0.22, was
98.6%, and the specificity was 85.7%.

At the next stage, this model was validated on a test
dataset. The test set comprised 30 patients with COVID-19
who presented with ACS, which subsequently resolved as

Predictors in the model ‘;eeéf'lif::t"g “ Wald’s statistics OR (95% Cl) m

SAPS Il score 1.71
CT lung involvement, % 0.16
TNF-a, pg/mL -1.10
TNF-a, pg/mL 0.77
Constant -45.99

0.56 9.45 5.52 (1.86-16.42) 0.002
0.08 4.00 1.17 (1.00-1.36) 0.045
0.58 3.66 0.33 (0.11-1.03) 0.056
0.44 3.01 2.16 (0.91-5.14) 0.083
19.12 5.79 = 0.016

Table 4. Assessment of Ml risk in ACS patients with severe COVID-19 by multivariate logistic regression using cytokine profile, lung CT

and SAPS Il score

Tabnuua 4. OueHka pucka IM y 6onbHbix ¢ OKC Ha cpoHe msxkenoli popmel COVID-19 MemodoM MHoz2oMepHoU ozucmuyeckol

pezpeccuu no yumokuHosomy npocusto, KT neekux u wkane SAPS Il
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Figure 1. ROC curves of Ml risk prediction in ACS patients with
severe COVID-19 by multivariate logistic regression models: a —
training sample, b — testing sample.

PucyHok 1. ROC-kpuBble npoeHo3upoBaHusi pucka VIM'y
nayueHmos ¢ OKC Ha ¢poHe COVID-19 no MHo20MepHbIM MOdessiM
noeaucmuyeckoll pegpeccuu: a — no obyyarowell Bbibopke, 6 — no
mecmosoll BbIbOpPKe.

UA in 6 individuals and MI in 24. These patients were
not included in the construction of the mathematical model
described above. For all of them, the probability of MI risk
was calculated using the regression coefficients obtained
from the training dataset.

At the next stage, for patients in the main (training) and
testing samples the ROC-curves were plotted (Fig. 1). The
area under the ROC-curve for the testing sample was 0.98
+ (.02, and the Youden’s index was 0.79.

The areas under the curve of these models are shown
in Table 5.

m DISCUSSION

As of today, the available literature describes individual
models predicting ACS in COVID-19, despite the significant
contribution of this complication in the overall mortality
under the new coronavirus infection. Thus, M. Rashid et
al. (2021) used the analysis of 517 cases of COVID-19
with ACS to report high in-hospital mortality (24.2%) in
this group of patients and note its increase to 41.9% within
30 days after recovery from COVID-19 [9]. According to
L.I. Serebrennikov et al. (2023), the cumulative mortality
(60 days) in the COVID-19 with the ACS cohort was
48.3% [8]. There are several foreign and Russian studies

I T T 2T P

MI model: testing sample 0.99 0.01 <0.001 0.98-1.00

Testing of the MI model 0.98 0.02

on the testing sample <0.001 0.95-1.00

Notes: AUC — area under curve, SE AUC — standard error of AUC, p — statistic
significance of difference from a useless classifier.

MpumeyaHus: AUC — area under curve — nnowadb nod epacpukom, SE AUC —
standard error of AUC — cmaHdapmHas owubka AUC, p — cmamucmuyeckas
3HaYuUMoCcMb omuu4usi om 6ecnone3Hoe2o Knaccugpukamopa.

Table 5. Area under curve of the prediction model of Ml risk
assessment in ACS patients with severe COVID-19

Ta6nuua 5. Mnowaob nod ROC-kpuBoll npozgHocmuyeckol Moodenu
oueHku pucka MIM y nayueHnmos ¢ OKC Ha ¢poHe COVID-19

8

focusing on predictors of adverse outcomes of ACS under
COVID-19: level of ceramides (in the analysis of the
metabolome profile), complex of 8 parameters (age, atrial
fibrillation status, severe and extremely grave progression
of the SARS-CoV-2 infection, acute kidney injury, chronic
kidney failure of stage 2 and above, levels of ferritin,
albumen, glucose), that predict the risk of a lethal outcome
in the ACS but not its variant [10, 11]. In multicenter cohort
studies performed in China and Iran, in the acute period of
COVID-19 with the development of ACS, a correlation was
identified between the calcification of coronary arteries,
blood calcium level, and adverse outcome (in-hospital
death) [12, 13]. The retrospective study of N.R. Smilowitz
et al. (2020) demonstrated a close correlation between the
degree and the duration of increase of cardiac troponin in
COVID-19 patients with subsequent critical progression of
ACS and lethal outcome [2]. There are individual Russian
studies focusing on the outcome of ACS in the post-
COVID period. There is a multivariate regression model
of adverse outcomes of ACS in patients in the post-COVID
period with the following predictors: chronic heart failure,
presence of soluble fms-like tyrosine kinase-1, hypokynesis
zones on EchoCG, carrier status of the TT/AA genotype
of the rs2285666 genetic marker of the ACE2 gene. The
sensitivity of the model is 93.5%, specificity, 21.8%,
accuracy, 76.6% [14, 15]. We could not find in the available
literature a model that would have predicted the variant
of ACS development with high accuracy and specificity
using predictors available in practical healthcare at the peak
of the COVID-19 disease. Undoubtedly, such a model is
needed to prevent development of negative scenarios of
the acute coronary syndrome.

m CONCLUSION

The proposed mathematical model allows for prediction
of myocardial infarction in patients with a severe form of
COVID-19 with a sensitivity of 98.6% and specificity of
85.7%. This provides not only practical but also scientific
value, since the group of independent predictors includes
not only the known factors determining the severity of the
main disease, but also the two cytokines characterizing the
immune response to the infection. »=
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