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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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
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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 
NSTEMI.

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 MI, 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, 

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 χ2 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 (σ) – 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 (СA) 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  I (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 χ2 
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 I. 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 

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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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.

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.
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