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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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FEATURES OF ANATOMICAL LESIONS OF CORONARY ARTERIES DEPENDING ON THE
LEVELS OF ST2 AND TROPONIN I IN BLOOD PLASMA IN PATIENTS WITH NSTEMI

Valentyn I. Maslovskyi, Iryna A. Mezhiievska.

National Pirogov Memorial Medical University, Vinnytsya, Department of internal medicine, Vinnytsya, Ukraine.

Abstract.

Aim. The aim of the study is to evaluate the dependence of
associations of ST2, and Troponin I level on the nature of the
anatomical lesion of the coronary arteries.

Materials and methods. We examined 200 patients with
NSTEMI aged 38 to 80 years, who were urgently hospitalized
in the Vinnytsya Regional Clinical Center of Cardiovascular
Pathology. All patients underwent laboratory testing of ST2, and
Troponin I level in plasma by enzyme-linked immunosorbent
assay on the first day of hospitalization before coronary
angiography.

Results and discussion. In the association of relatively high
levels of ST2 and relatively high levels of Troponin I, there is
a positive correlation between the degree of coronary arteries
damage, while in the association of relatively low levels of ST2
and Troponin I, severe stenotic coronary arteries lesions can be
ruled out.

Conclusions. Determining the associations of ST2 and
Troponin I before coronary angiography allows to predict
the degree of stenotic lesions of the coronary arteries and to
determine the expected intervention strategy in patients with
NSTEMLI.

Key words. NSTEMI, Troponin I, ST2, coronary arteries.

Introduction.

A large number of adverse events and endpoints in non-ST
Segment Elevation Myocardial Infarction (NSTEMI) remain the
focus of study due to the leading role of myocardial infarction
(MI) among the causes of death [1]. In addition to the immediate
consequences after undergoing M1, it is of great interest to study
the long-term prognosis in this category of patients. Despite the
achievements of modern science in treatment, the percentage
of patients with an unfavorable prognosis remains quite high,
which encourages further search for clinical and prognostic
markers of destabilization of NSTEMI.

The already known markers of myocardial damage have
recently received increasing attention to the growth stimulating
factor expressed by gene 2 (ST2) [2]. ST2 plays a key role in
regulating the myocardial response to biomechanical overload in
cardiac fibroblasts and cardiomyocytes and is, in fact, a system that
controls cardiomyocyte hypertrophy and cardiac fibrosis [3].

The aim. The aim of the study is to evaluate the dependence
of associations of ST2, and Troponin I level on the nature of the
anatomical lesion of the coronary arteries.

Materials and methods.

All studies conform to the principles of the Declaration of
Helsinki of the World Medical Association. The study protocol,
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the form of informed consent of patients and other documents
related to the study were approved at the meeting of the
Academic Council of the National Pirogov Memorial Medical
University, Vinnytsya (excerpt from the protocol No. 2 from
27.02.2020). Informed consent to participate in the study was
discussed and signed by all study participants. We examined
200 patients with NSTEMI aged 38 to 80 (mean 62.0 + 0.71,
median — 62 and interquartile range — 55 and 70) years, who
were urgently hospitalized in the Vinnytsya Regional Clinical
Center of Cardiovascular Pathology. For all patients coronary
ventriculography (CVG) was performed.

The main criteria for inclusion of patients in the study were:
NSTEMI, which emerged for the first time; age of patients up
to 80 years and the patient’s informed consent to participate in
the study. Patients older than 80 years were excluded from the
study due to the excessive influence of comorbidities on the
studied parameters. The diagnosis of NSTEMI was established
according to the recommendations of ESC, 2020 [4]. The criteria
for exclusion from the study were: 1) STEMI, transferred in
the past and recurrent acute myocardial infarction; 2) age of
patients 80 years and older; 3) the presence of sinoatrial or
atrioventricular block II-III degree, implanted or the need
for implantation of an artificial pacemaker; 4) chronic heart
failure NYHA-III, IV before the incident of acute myocardial
infarction; 5) diseases of the respiratory system, kidneys and
liver, which were accompanied by signs of pulmonary, renal
and hepatic failure; anemic conditions with a hemoglobin level
below 110 g/L; 6) the presence of rheumatic and congenital
heart defects, idiopathic and inflammatory myocardial lesions
and 7) malignancies, severe neuropsychiatric disorders, alcohol
abuse. Laboratory testing of ST2 and Troponin I (Tp I) levels
in blood plasma was performed by quantitative enzyme-
linked immunosorbent assay in all patients on the first day of
hospitalization before CVG.

Statistical analysis of the research results was carried out using
the methods of variational statistics using the STATISTICA 6.0
program. Comparison of relative values (%) was performed
using the y? test, quantitative values of independent samples —
using the Mann-Whitney test and Kruskal-Wallis ANOVA test.
Spearman's non-parametric correlation rank analysis was used
to determine the relationship between individual parameters.

Results.

Using the variation statistics method, the ST2 level gradations
group were selected. Thus, the relatively low (RL) corresponded
to less than 25, and the relatively high (RH) level of ST2 to
more than 75 persons in the group, respectively. For patients
in the main group, these levels were <26 and> 56 ng / ml,
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respectively. Instead, the relatively moderate (or intermediate)
ST2 level (RM) for these patients was 26-56 ng/ml [5].

Also, using the variation statistics method the Tp I level
gradations group were selected. Similar calculations made for
the level of Tp I in plasma showed that the average level of the
factor was 7.07 ng/ml at the minimum and maximum values of
0.31 and 18.41 ng/ml, respectively, and the standard deviation
of the mean value (o) — 4.84. The median was 5.96 and the
interquartile range was 3.49 and 10.11 ng/ml, respectively.
Therefore, the obtained data showed that in 75% of the examined
NSTEMI patients the level of Tp I in plasma ranged from 3.49
to 10.11 ng/ml.

We calculated an indicator that characterized the severity of
atherosclerotic stenosis of coronary arteries (CA) in points,
where 0 points — the absence of atherosclerotic plaques in the
CA, 1 —the presence of hemodynamically insignificant stenosis
up to 50%, 2 — the presence of stenosis from 50% to 90% and 3
points — from 90% to complete occlusion. To assess the degree
of CA damage, we used our own severity of atherosclerotic
stenosis score in points [5].

The distribution of the value of the total score of the CA lesion
at different associations of ST2 and Tp I levels in plasma (Figure
1) showed the following patterns. Thus, at different associations
of ST2 and Tp I in plasma milder lesions of the CA (< 3 points)
were registered from 65.8% to 40.5%, while more severe (> 3
points) — from 34.3 to 59 , 5% of cases. The largest number of
cases with more severe and, accordingly, the smallest — with
milder lesions of the CA, was observed in the association of RH
ST2/RH Tp 1(59.5% vs. 34.2%, 35.0% and 24 , 4% and 40.5%
against 65.8%, 65.0% and 75.6%, p according to the criterion y2
was 0.03, 0.03 and 0.002, respectively).

It was observed that the largest number of different correlations
with CVG indicators was determined for associations of ST2
and Tp I levels, which combined the same category of plasma

factor level — RL ST2 /RL Tp I and RH ST2/RH Tp L. A
positive was determined correlation of RL ST2 / RL Tp I
association with the absence of atherosclerotic plaques in the
pool left anterior descending artery (LAD) (R =0.15, p=0.04),
left circumflex artery (LCx) (R = 0.21, p = 0.003) and the
absence of hemodynamically significant stenosis (HSS) CA (R
=0.19, p = 0.01). In addition, this association found a negative
correlation with the presence of HSS LAD (R =-0.17, p =0.02)
and the presence of 2 vascular lesions CA (R =-0.18, p = 0.01
), as well as the nature of the LCx lesion in points (R = -0.16,
p = 0.01) and the total CA lesion score (R = -0.16, p = 0.02)
(Table 1).

The highest correlations of the RL ST2 / RL Tp I association
were registered with the absence of atherosclerotic plaques in
LCx and the absence of HSS CA. Based on the data obtained,
it should be assumed that the presence of RL ST2 / RL Tp I
association in NSTEMI patients precludes severe CA lesions.

In turn, the presence of the association RH ST2 / RH Tp I
revealed positive correlations with the presence of HSS right
coronary artery (RCA) (R =0.17, p = 0.01), LAD (R = 0.15,
p=0.03) and LCx (R = 0.21, p = 0.003) and the presence of 3
vascular lesions CA (R=0.23,p=0.001), as well as the nature of
the lesion LCx in points (R =0, 23, p =0.0009) and the total CA
score (R = 0.21, p = 0.004). In addition, a negative correlation
was found between the RH ST2 / RH Tp I association and the
absence of atherosclerotic plaques in the LCx (R =—-0.27,p =
0.0001).

Thus, the results of the analysis showed that the biochemical
association RH ST2 / RH Tp I identified in NSTEMI patients
is accompanied by more severe CA lesions compared to other
analyzed associations.

Discussion.

As a result of our study, we found a positive correlation
between ST2, and Tp I levels and the degree of coronary artery

O Total score of CA lesion <=3 (n=97)

ETotal score of CA lesion >3 (n=59)

65.8 65

75.6

RLST2/RLTpI (n=38) RLST2/RH Tp I (n=40)

RH ST2/RHTp|I (n=37)

Figure. 1. The total score of CA lesions depending on the association of ST2 and Tp I levels in plasma in patients with NSTEMI.

Notes:

- RL and RH — relatively low and relatively high levels in plasma, respectively,

- the age of patients is indicated on the vertical axis,
- the sensitivity of the analysis is 92%, the specificity is 97%.
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Table 1. Spearman's rank correlation between associations of levels
of ST2 and Tp I in plasma with CVG indicators in patients NSTEMI.
CVG indicators

RL ST2/RL Tp I in plasma (yes - 1, no - 0)
Absence of plaques in LAD (yes - 1, no - 0) 0,15 0,04
Availability HSS in LAD (yes - 1, no - 0) -0,17 0,02

Spearman R  P-value

Absence of plaques in LCx (yes - 1, no-0) 0,21 0,003
The nature of the LCx lesion in points (0-3) -0,16 0,01
The presence of 2-vascular lesions CA 0,18 0.01
(yes - 1,no0 - 0)

Absence HSS CA (yes - 1, no - 0) 0,19 0,01
Total CA score (0-9) -0,16 0,02
RL ST2/RL Tp I in plasma (yes - 1, no - 0)

No reliable relationships (p <0.05) were found

RH ST2/RH Tp I in plasma (yes - 1, no - 0)

The presence of 3-vascular lesions CA 0,19 0,007
(yes-1,n0-0)

RH ST2/RH Tp I in plasma (yes - 1, no - 0)

The presence HSS RCA (yes - 1, no - 0) 0,17 0,01
The presence HSS LAD (yes - 1, no - 0) 0,15 0,03
Absence of plaques in LCx (yes - 1, no-0) -0,27 0,0001
The presence of LCx (yes - 1, no - 0) 0,21 0,003
The nature of the lesion LCx (0-3) 0,23 0,0009
The presence of 3-vascular lesions CA 0.23 0,001
(yes - 1,n0 - 0)

Total CA score (0-9) 0,21 0,004

Note: CA — coronary artery, HSS — hemodynamically significant
stenosis, RCA — right coronary artery, LAD — left anterior descending
artery, LCx — left circumflex artery.

disease. The results of such studies were based on determining
the degree of damage to the coronary arteries on the Hensini
score and assessing the risk of major adverse cardiac events
(MACE) in this category of patients [6-9]. It was found that
increasing levels of these biomarkers directly affect the increase
in MACE and reduce the one-year survival of patients with
myocardial infarction.

Previous studies have also shown that marked increases in
Tp I in patients with NSTEMI have been associated with more
severe clinical manifestations and culprit stenotic lesions with
more complex morphological features on coronary angiography
[10]. However, these studies did not assess ST2 levels and there
are no data to predict the development of MACE. Instead, there
is information that apelin-12 affects Tp I levels in the acute
phase of MI, while in the non-acute phase low levels of apelin
are associated with a high frequency of MACE [11].

Also, some studies have found a significant moderate positive
correlation between high specific Tp I levels and the complexity
of coronary artery lesion, as assessed by the SYNTAX score.
However, a weak correlation was found between this biomarker
and the clinical prognostic scores of TIMI and GRACE [12].

Thus, there is an indisputable positive correlation between the
degree of CA damage and the increase in the levels of biomarkers
that characterize myocardial damage. Determination of these
biological markers will allow not only to predict the nature of
CA lesions, but also to predict the likelihood of MACE in this
category of patients.
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In addition, we first analyzed the associative relationship
of ST2 and Tp I levels, markers that reflect the processes of
myocardial damage and fibrosis, with the degree of coronary
arteries lesions. This analysis convincingly demonstrated not
only the relationship between these parameters, but also the fact
that the association of relatively elevated levels of ST2 and Tp I
should expect more significant damage of the coronary arteries,
which in turn is associated with an increased risk of adverse
events.

Conclusions.

It is established that at association of relatively high level
of ST2 and relatively high level of Tp I there is a positive
correlation of degree of lesions of CA. No correlations have
been established between relatively low ST2 and relatively high
Tp I associations. Associations of relatively low levels of ST2
and Tp I exclude severe stenotic lesions of the CA.

Conflict of interest. There is no conflict of interest.
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