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CONCEPTUAL GUIDELINES OF RESEARCH

Actuality. ST-elevation acute myocardial infarction (STEMI) is the most severe form of
myocardial infarction associated with increased morbidity and mortality.

Primary mechanical revascularization of the myocardium by coronary angioplasty in
patients with STEMI performed in the first 12 hours after the onset of infarction has become the
therapeutic option of choice, leading according to data from various meta-analyzes, to the
decrease of in hospital mortality and in time distance mortality, as well [1,2]. However, STEMI
remains a current and intricate problem of cardiology, dictated by the unstable clinical evolution
in the post-infarction period caused by exacerbation of heart failure and the high incidence of
major cardiovascular events (MACE), such as repeated acute myocardial infarction (Ml),
unstable angina, arrhythmias or stroke. The results of several studies demonstrate the evolution
of MACE over a post-infarction period of 1-10 years at rates of 4.2-51% [3,4].

One of the determining factors of post-infarction MACE risk in patients with STEMI is the
quality of post-infarction myocardial remodeling. The remodeling involves a set of structural and
geometric changes of the heart, which are triggered by cardiomyocyte necrosis and end on
average after 4-6 months from the time of revascularization [5,6]. LV dilatation at the end of
post-infarction remodeling of the myocardium is the echocardiographic predictor of the
pathological pattern of remodeling and is manifested by an increase of > 20% in indices, which
characterizes the phenomenon of dilation, compared to admission parameters: end-diastolic
volume and end-diastolic pressure of LV [7,8]. Assessment of the factors that contribute the
development of PMR or AMR is important for the reinforcement of the algorithm for the post-
infarction prognosis predictors in patients with STEMI favorable in the optimization of long-
term therapeutic management [9].

The hypothesis of the study is based on the evidence of the presence of the inflammatory
response triggered by myocardial necrosis in the first hours after the onset of ischemic injury.
Inflammation defines the extension of the necrotic area. On the other hand, inflammation triggers
and governs the process of removing dead cells by phagocytosis, as well as the repair of damaged
myocardium by stimulating collagen synthesis through the action of cytokines (primarily
interleukins and growth factors) and activation of cardiomyocyte hypertrophy genes [10, 11].

Although the role of inflammation is certified in the genesis of coronary heart disease and
heart failure, as well as in the pathogenesis of ischemia-reperfusion impact [12], studies evaluating
the link between the inflammatory response and the pattern of post-myocardial remodeling in
patients with STEMI with the purpose of assessing the ratio between the dynamic of pro- and anti-
inflammatory markers especially in the acute phase of infarction were not realized. At the same
time, the correlation between the type of change of inflammatory markers in the acute phase and
the markers of fibrillar collagen type Ill and type | turnover at the distance of 1- and 3-months
post-infarction were not determined.

Although the pathogenesis of post-infarction HF is studied over several decades, some
conceptual issues such as: the mechanism of compensation and decompensation of the heart in
hemodynamic effort, the impact of ischemia-reperfusion, the peculiarities of myocardial
inotropism to the action of neuroendocrine factors and the coronary phenomenon, the plausibility
of the functional benefit in attenuating the inflammatory response and / or potentiating the action
of anti-inflammatory markers, remain unclear.



Some answers can be found through experimental research, using in vitro isolated heart
perfusion models, which allow the reproduction of different types of effort with volume,
resistance, or ischemic impact. More other, particularities of the functional benefit of the
inflammatory response modulation, based on the principles of anti-cytokine treatment, could be
studied.

Aim: to evaluate the serum level of inflammation markers during the development of post-
myocardial remodeling in patients with STEMI, as well as the particularities of the reactive effort
of the heart and coronary system in experimental myocardial infarction, to predict the type of
myocardial remodeling.

Research objectives:

1. Evaluation of the dynamic of serum levels of pro- and anti-inflammatory markers in the
acute phase of infarction in patients with STEMI who develop adaptive or pathological post-
infarction remodeling.

2. Evaluation of serum levels of pro- and anti-inflammatory markers at a distance of 1 and 3
months after revascularization in patients with STEMI who develop adaptive or pathological post-
infarction remodeling.

3. Evaluation of serum levels of type 1l and type | fibrillar collagen turnover markers at a
distance of 1 and 3 months, respectively, from revascularization of patients with STEMI in
contiguity with the particularities of quantitative changes of pro- and anti-inflammatory markers
in the acute phase of heart attack.

4. Evaluation of the mechanisms of danger of cardiac and coronary reactivity in experimental
myocardial infarction, as well as of the effect of the anti-inflammatory treatment performed by the
TNF-o and IL-10 antagonist.

5. Strengthening of the algorithm of biochemical markers with predictive value on the pattern
of development of post-infarction remodeling in patients with STEMI, as well as functional
predictors on the exacerbation of post-infarction heart failure.

Scientific novelty and originality. For the first time, a complex clinical-experimental study
designed on acute myocardial infarction was performed to highlight the biochemical predictors of
the pattern of post-myocardial remodeling of the myocardium (adaptive vs. pathological) in
patients with STEMI undergoing angioplasty, as well as for in vitro evaluation of reactive features
hemodynamic and neuroendocrine exertion of the heart and coronary system in experimental
myocardial infarction (EMI). The daily dynamic for 1 week (acute infarction phase) of the pro-
and anti-inflammatory markers were determined in patients with adaptive or pathological post-
infarction remodeling to strengthen the marker algorithm with predictive value in this sense. For
the first time, serum levels of markers of synthesis and degradation of type 111 (PIIICP and CIIITP)
and type I fibrillar collagen (PICP and CITP) were estimated at a distance of 1 and 3 months after
revascularization in correlation with the changes of acute anti-inflammatory markers. For the first
time in vitro, the Vanhoutte phenomenon was assessed related to coronary reactivity in the model
of EMI reproduced in rats, as well as the effect of attenuating inflammation by repeated
administration of TNF-a and IL-10 antagonist.

Theoretical significance. The conceptual aspect regarding the role of the inflammatory
response in the acute phase of the infarction regarding the evolution of the pattern of post-
myocardial remodeling of the myocardium in STEMI patients undergoing angioplasty is
completed. The pathophysiological contribution of the anti-inflammatory markers, I1L-4 and 1L-10
in the acute phase of infarction is proven, they indicate the character of the post-infarct remodeling:
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adaptive remodeling, when the circulating level of these markers rises by more than 50% from the
3 day (expression of macrophages M1) to the 7" day (expression of macrophages M2) or
pathological remodeling if the increase in their circulating level <5.5%. Certain evidences
regarding the role of excessive activation of extracellular matrix (MEC) metalloproteinases are
shown, in the pathogenesis of pathological myocardial post-infarction remodeling, and elevation
of more than 50% of normal CHHITP and CITP at 1 and 3 months after revascularization of STEMI
patients has a predictive meaning of PMR risk. The dynamic of anti-inflammatory markers (IL-4
and IL-10) that elevates <5.5% between the 3" and 7th day post-infarction is connected to the
increase by over 50% of interstitial fibrillar collagen degradation markers. At the same time, the
mechanisms underlying the worsening of the evolution of post-infarct heart failure in the stress
tests reproduced on the isolated heart, which are imposed by the incompetence of the isovolumic
phase of relaxation and contraction, and negative myocardial inotropism to endothelin (ET-1) are
not disturbed, as well as the involvement of the Gregg coronary phenomenon dependent on the
vascular endothelium or the coronary response mediated by the mechanism of repolarization of
the muscular environment.

Applied value. Strengthening the algorithm for predicting the risk of pathological
myocardial remodeling in patients with STEMI by determining the dynamic of anti-inflammatory
markers, IL-4 and IL-10, in the acute phase of the infarction, as well as the serum content of the
degradation marker type | and Il collagen at a distance of 1-3 months after revascularization.
Highlighting the functional predictors of the exacerbation of the evolution of post-infarction heart
failure, through echocardiographic indices that characterize the isovolumic phase of relaxation and
contraction of the myocardium. Elevation of the circulating level of ET-1 is announced to be a
danger factor for the adaptation of the heart to resistance exercise, given the negative inotropic
effect of the myocardium on the action of the oligopeptide. The reduction of inflammation by
TNF-a and IL-10 antagonist improves the functionality of the heart and the ability of its adaptation
to hemodynamic and neuroendocrine changes and may thus be an important element of the
therapeutic strategy applied in the acute phase of STEMI patients to prevent PMR development,
when the elevation of circulating levels of IL-4 and IL-10 between day 3 and day 7 has an increase
<5.5%.

Implementation. The results of the study were implemented in the clinical activity of the
Institute of Cardiology, Polyvalent Hospital "Novamed” and in the teaching process at the State
University of Medicine and Pharmacology "Nicolae Testemitanu".

Scientific results approval. The research results were presented and discussed at the
following national and international scientific forums: State Program 2020-2023 "Evaluation of
instrumental and biochemical markers in the management of patients with acute myocardial
infarction without ST-segment elevation, as well as in assessing the degree of microvascular
coronary impairment” ; Congresses of the European Society of Cardiology (2017, 2018, 2019,
2020); V11 th Congress of the Society of Cardiologists of the Republic of Moldova, October 9-10,
2020; "European Congress of Cardiology" and "World Congress of Cardiology", Paris, France
August 31 - September 4, 2019; Theoretical course “Acute coronary syndrome through the prism
of the guide for myocardial revascularization ”, USMF* Nicolae Testemitanu ”, February 2019;
National Congresses of the Romanian Society of Cardiology (Sinaia 2017, 2018, 2019); Annual
Scientific Conference of the Medical University, at the State University of Medicine and a
“Nicolae Testemitanu” Pharmacy, Chisinau, October 15-18, 2019; Conference “Cardio Forum



2018, Multidisciplinary Approach in Medical Practice”, Chisinau October 12-13, 2018;
Bucovinian International Medical Congress, Chernivtsi, April 5-7, 2017.

The thesis was discussed, approved and recommended for defense at the meeting of the
Laboratory of Interventional Cardiology (protocol no.3 of 28/01/2019), at the Scientific 321.03
Cardiology Seminar (protocol no.3 of 01/07/2019) , Scientific Council of the Consortium (protocol
no. 5/4.7 0£ 03/07/2020), IP “Nicolae Testemitanu” State University of Medicine and Pharmacy,
Republic of Moldova.

Publications. The scientific results were reflected in 33 scientific papers (11 national, 21
international, 1 single author), 3 of which, in the international databases ISI and SCOPUS, 2
articles in journals from the National Register of profile journals, category B +; 10 articles in
unreviewed national journals, 18 abstracts in national and international conferences.

Keywords. STEMI infarction, anti-inflammatory markers, myocardial infarction by
isoproterenol, biochemical markers, functional indices, anticytokinic treatment.

Volume and structure. The thesis is presented on 110 pages, includes annotation (in
Romanian, Russian, English), list of abbreviations, list of figures and tables, introduction, 4
chapters, results, general conclusions and practical recommendations, bibliography of 115 titles, 3
annexes, 32 tables, 15 figures, 3 implementing acts, the statement regarding the assumption of
responsibility, and the author's CV.

1. RESEARCH METHODOLOGY

1.1 General characteristic of the research and design of the sample volume

The research project was realized the IMSP Institute of Cardiology and the Multipurpose
Hospital ,, NovaMed”, on 110 admitted patients with acute myocardial infarction with ST-segment
elevation (STEMI) exposed to coronary angioplasty. In order to achieve the goal and objectives,
the study was divided in two parts, a prospective observational clinical cohort study and an
experimental study.

The hypothesis of this study derives from the entity of the evidentiary material obtained in
the retrospective clinical study conducted in our laboratory previously, which highlighted the
markers of inflammation of the acute phase of myocardial infarction with predictive value on the
pattern of post-myocardial infarction remodeling [13]. Applying the inclusion /exclusion criteria,
110 patients were selected. The study groups were formed depending on the development of the
myocardial remodeling pattern, assessed at 6 months post-infarction, according to
echocardiographic criteria. Group | consisted of 55 patients with adaptive myocardial remodeling
(AMR); group 11, 55 patients with pathological myocardial remodeling (RPM). A group of 20
healthy people was also formed, which served as a control group. The inclusion criteria were:
patients over 18 years of age with acute STEMI, according to the 4th universal definition of
myocardial infarction in 2018 [14]; primary revascularization in the first 12 hours after the onset
of MI by coronary angioplasty with stent implantation; artery responsible for heart attack — left
anterior descending artery (LAD). Exclusion criteria: repeated MI; non ST segment elevation Ml,
unstable angina; previously stented or intrastent restenosis; active liver disease; renal impairment
with creatinine> 130 mcmol/l; severe diseases of the gastrointestinal tract; advanced heart failure
(FE <30%); identifiable source of inflammation (Systemic diseases, acute bacterial and viral
infections or those taking long-term treatment with corticosteroids, anti-inflammatory drugs or
immunosuppressants);



According to the first objective, the daily content of the main pro-inflammatory markers (IL-
1, IL-6, TNF-a, MCP-1 and hcPCR) in the acute phase of the infarction (first 7 days) by ELISA
method were determined, thus highlighting the role of the inflammatory response triggered by
myocardial necrosis in the prediction of the remodeling pattern. The evaluation of the dynamic of
the main anti-inflammatory markers (IL-o receptor antagonist (AR-IL-a), IL-4, IL-10, IL-33 and
heregulin-1P) aimed to estimate the feasibility of the anti-inflammatory genetic program in the
onset of the inflammatory response in the necrotized myocardium, the ratio of pro- / anti-
inflammatory markers, as well as their predictive value regarding the pattern of development of
post-infarction remodeling of the myocardium.

The pattern of post-infarction myocardial remodeling (adaptive or pathological) is closely
related to the process of synthesis of type | and type Il fibrillar collagen, triggered by the acute
inflammatory response to the infarction, influenced respectively, by the ratio of pro-inflammatory
cytokines/ anti-inflammatory and orchestrated by extracellular matrix metalloproteinases (MMP).

At this point, we determined the serum content of the type 1l collagen turnover markers at
a distance of 1 month and of type 11 collagen markers at a distance of 3 months from the moment
of myocardial revascularization, by ELISA method (figure 1). Synthesis markers of type | and type
I11 collagen: PICP and PIHICP (carboxy segment of the collagen propeptide), respectively. Type |
and type 111 collagen degradation markers: CITP and CIITP, respectively (the carboxy segment
of the telopeptide detached from the collagen peptide under the action of collagenases, ie, MMP-
2 and MMP-8). The collagen turnover markers of the control group were estimated as reference
indices, with which the indices from the 2 groups of patients with STEMI were compared.

At a distance of 6 months from the time of myocardial revascularization, echocardiographic
indices were assessed in these 2 groups, including those accepted as landmarks for assessing the
pattern of myocardial remodeling. Increase by more than 20% compared to the intake value of LV
end-diastolic volume or LV end-sistolic volume, served as the criteria for pathological remodeling
of the myocardium.

A part of clinical research was realized in the Central Laboratory of State University of
Medicine and Pharmacy ,Nicolae Testemitanu” (eg, serum level of pro- and anti-inflammatory
markers on 1- and 3-months distance from revascularization). Another part was realized in the
laboratory of Phillips University, Marburg, Germany (eg, serum level of markers inherent to type
| and type lll collagen synthesis as well as type | and type lll collagen degradation, collagenase A
and collagenase B on 1- and 3-months distance from revascularization).

The experimental study embraced 49 laboratory animals (white rats, ratta albicans), used

for experimental model of isoproterenolic infarction reproduction. A part of research was
realized in the laboratory of Interventional Cardiology of Institute of Cardiology (eg, isolated
working heart perfusion), and another part in the laboratory of fundamental investigations ,,Max

Delbriick”, Berlin (eg, isovolumic heart perfusion).



110 STEMI patients undergoing angioplasty

Control group
'} s
Evaluation of the dynamics of inflammation
markers in the acute phase of Ml (first 7 days)

) 4

Prospective biochemical and functional evaluations:
15! month: type lll collagen synthesis and degradation markers
3" month: markers of synthesis and degradation of type | collagen

¥

Echocardiographic evaluation in dynamics:
at 6 months: echocardiographic parameters to establish the pattern of

myocardial remodeling

Division into groups

55 patients with adaptive 55 patients with pathologic
myocardial remodeling myocardial remodeling

¥

Analysis
Confirmation of the predictive value of inflammation markers on the
remodeling pattern

Figure 1. Design of the prospective observational cohort clinical study

1.2. Experimental study

The study was performed on white laboratory rats, maintained in the ad libitum regime, in
which the model of experimental myocardial infarction (EMI) was reproduced by administering
intraperitoneally two doses of isoproterenol (150 mg/kg) at a distance of 24 hours (the classic
model of isoproterenolic infarction). The group with EMI consisted of 9 rats.

In 2 other study groups, the effect of the anti-inflammatory treatment performed by
intraperitoneal administration was estimated: 1. TNF-a antagonist (am-TNF-a) at a dose of 50
mg/kg (IME + am-TNF-a group) for 7 days after 24 hours from the last isoproterenol injection (n
=9). 2. IL-10 at a dose of 50 mkg/kg (IME + IL-10 group) for 7 days after 24 hours after the last
isoproterenol injection (n = 9). Rats that did not receive the mentioned medications served as the
control group (n =9).



The experiments were performed on the isovolumic isolated heart infusion model according
to the Langendorff method [15] or in external working mode according to the Neely-Rovetto
method [16], which allows the evaluation of the effort reactivity of the heart as well as the
reactivity of the coronary system, by the Gregg coronary phenomenon and the VVanhoutte coronary
phenomenon (Figure 2). Functional indices of the left ventricle were recorded via the Bio-Shell
(Australia) real-time parameter monitoring device and computer-fixed in the experimental
protocol.

White laboratory rats maintained in ad libitum conditions

<~ § Il Y

EMI + am-TNFa EMI +IL-10

Control group EMI group
(n=9) (n=9)

group (n=9) group (n=9)

Study of the hemodynamic and
neuroendocrine effort reactivity of the
isolated heart:
- increase the filling volume of LV
- increase in peripheral resistance
- inotropic response to NE and ET-1
- the impact of ischemia-reperfusion
- degree of arrhythmogenicity in Ca%*

Study of the coronary reactivity, the
Gregg and Vanhoutte phenomenon:
- the action of Ach, Br and adenosine
- H20; action
- the action of epoxy-satrens
- NE, Ang Il and ET-1 action

3 3

Evaluation of post-infarction HF compensation and decompensation mechanisms
Evaluation of the effectiveness of anti-inflammatory treatment

End points

Figure 2. Design of the experimental study

Ethical considerations. The study was performed considering the international norms of
medical ethics, established by the Helsinki Declaration, in terms of maintaining the confidentiality
of participants’ personal data. The research protocol received the approval from the Ethical
Research Committee of the State University of Medicine and Pharmacy "Nicolae Testemitanu™
(protocol no. 57, dated 29/04/2020, President of the committee C- Prof. Vovc Victor).

Statistical analysis. The statistical processing was performed using the Microsoft Excel
program (Statistics). The data obtained were calculated using descriptive statistics (median,
interquartile range deviation, minimum and maximum, standard deviation), the extremes were
identified by estimating the "z" scores. Nonparametric tests were applied for multiple comparisons,
depending on the number of evaluated groups. The Chi square test was applied to some nominal
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variables. The estimation of the effect size was assessed by the “statistical significance”. The
graphic representation of the material was performed by constructing box-plot graphics, bar charts,
line charts and pie charts.

2. CHAPTERS SYNTHESIS

2.1. Clinical feature of STEMI patients

According to the inclusion and exclusion criteria, 110 patients were selected. Depending on
the type of cardiac remodeling, the patients were divided into 2 groups: those with adaptive
myocardial remodeling and those with pathological myocardial remodeling. The mean age of the
patients in both groups was not significantly different, being 60.23 + 1.42 in the AM group and
62.74 + 1.58 in the PMR group (> 0.05). In both groups, men predominated in a quantity higher
than 80% (> 0.05).

It was observed, when determining the anthropometric indices, that the average values
between the studied groups are placed at the limit between the overweight group with high risk
and high risk obesity, differing only by two units (28.44 + 0.54 vs 30.09 £ 0, 69 kg / m2,> 0.05).
When analyzing the ratio of patients with diabetes, no differences were observed between the
studied groups: in group | were detected 29.1% (16) patients and 27.3% (15) subjects in group II,
(> 0.05 ). Most cardiovascular risk factors were estimated in a similar proportion in both cases,
9.1% in the first group and 7.3% in the second group (> 0.05). The status of current smoker, lightly
but insignificant, differs between groups being 23.6% (13) and 14.5% (8), respectively (> 0.05).
At admission 99.1% (109) patients presented with angina or retrosternal discomfort. The same
percentage of subjects mentioned increased fatigue. Dyspnoea was present in 66.4%. Palpitations
and nausea were less common in 6.4%, and syncope was described in 2 subjects. The assessment
of the severity of heart failure in relation to MI, was estimated according to the Killip classification,
47.3% (52) at presentation showed signs of moderate heart failure, pulmonary congestion, 40%
(44) had no clinical signs of heart decompensation and the remaining about 13 % were hospitalized
with severe heart failure (Killip class Il or IV).

2.2. Characteristic between groups by comparison of biochemical parameters in the first
stage of the study

Upon presentation, the level of biomarker of myocardial necrosis, quantitative troponin,
was statistically significantly higher in the PMR group vs. the AMR group, 17.06 + 5.35 ng/ml
vs. 9.46 + 3.44 ng/ml, respectively ( p <0.05). The CK-MB value was also significantly higher in
the group of patients with PMR compared to those with AMR, 83.34 + 16.24 U/L vs 48.15 +
8.10UJ/L respectively (p <0.05) (Tab 6). Inflammatory status markers at first presentation did not
show significant differences between groups. The mean creatinine value was also close in the
two groups 101.23 + 10.8 mcmol/l in the first group and 95.54 + 3.31 mcmol/l in the second
group (p> 0.05). The evaluation of the lipid spectrum, showed that at the initial stage LDL
cholesterol values did not differentiate between groups being 3.0 = 0.15 in group I and 3.18 +
0.12 in group Il (p > 0.05).
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2.3. The characteristic of echocardiographic parameters by groups

The analysis of echocardiographic indicators at the initial stage showed homogeneity
between the two groups studied. The sizes of the ascending aorta were insignificantly increased in
the group of patients with PMR 35.00 + 0.59 mm compared to the AMR group 33.00 + 0.59 mm
(p <0.05). The mean values of the end-systolic and end-diastolic diameters of the left ventricle
were similar in both samples (p> 0.05). The left ventricular end-diastolic volume was slightly
different in group I 146.29 + 4.90 ml compared to group II 129.87 + 4.47 ml (p <0.05), while the
mean value of end-systolic volume in the left ventricle varied insignificantly in the 2 groups 76.82
+ 4.25 ml and 70.50 £ 4.07 ml (p> 0.05), respectively. The ejection fraction, similarly, at
hospitalization balanced around the same average in both AMR group and PMR group (p> 0.05).

2.4. Evaluation of the dynamic of pro-inflammatory markers in the acute phase of
infarction in STEMI patients who developed the adaptive or pathological pattern of post-
myocardial infarction remodeling

Circulating levels of IL-1 and IL-6 in the acute phase of MI do not differ significantly in the
groups of STEMI patients who developed AMR or PMR (Table 1).
Table 1. Serum levels of IL-1 and IL-6 in STEMI patients in the acute phase of infarction

Cytokine Time Control (n=20) AMR (n=55) PMR (n=55)
IL-1, Admission 5,134+0,6 6,87+0,6& 6,83+0,5&
pg/ml 1 day 7,86+0,7*& 7,93+0,8*&

2 day 8,86+0,6*& 8,93+0,7*&
3 day 8,97+0,6*& 8,95+0,6*&
4 day 8,14+0,9*& 8,24+0,8*&
5 day 7,65+0,8*%& 7,75+0,9*%&
6 day 6,96+0,9& 6,92+0,6&
7 day 6,68+0,5& 6,71+0,8&
IL-6, Admission 4,84+0,5 6,56+0,6& 6,68+0,7&
pg/ml 1 day 7,04+0,9& 7,14+0,8&
2 day 8,23+0,9*& 8,39+0,9*&
3 day 8,87+0,8*& 8,94+0,7*&
4 day 8,11+0,8*& 8,19+0,9*&
5 day 7,21+0,8*& 7,19+0,9*&
6 day 6,87+0,8& 6,83+0,9&
7 day 6,48+0,9& 6,56+0,8&

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling;
& - significant (p <0.05) versus control; * - significant (p <0.05) versus admission

Worth mentioning that already at admission the serum content of IL-1 and IL-6 was
significant in both groups above the control level (markers estimated in the group of healthy
people, ie, the control group) by: 34% (IL-1, AMR), 33% (IL-1, PMR), 36% (IL-6, AMR) and
38% (IL-6, PMR). The increase in IL-1 and IL-6 was detected at day 3 of the acute phase of
myocardial infarction, measuring the following similar relative elevation in groups: 30.5% (IL-1,
RAM), 31.5% (IL-1, PMR), 36% (IL-6, RAM) and 34% (IL-6, PMR). Correspondingly, the
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relative gap in the serum content of pro-inflammatory markers compared to the control level also
became maximal on the 3" day, as follows: 75% (IL-1, RAM), 76% (IL-1, PMR) , 84% (IL-6,
RAM) and 85% (IL-6, PMR).

From the 4" day, in both groups of STEMI patients, was a progressive decline in circulating
levels of 1L-1 and I1L-6 until the 7" day, when they practically reached the admission values.

The dynamic of the serum content of TNF-a in the acute phase of the infarction excelled
through a common pattern in the dynamic of IL-1 and IL-6, namely the culmination of the
circulating level on the 3™ day after the onset of STEMI (Table 2).

Table 2. Serum level of TNF-a in the acute phase of STEMI patients

Cytokine Time Control (n=20) AMR (n=55) PMR (n=55)
TNF-a, Admission 5,68+0,6 7,23+0,8& 7,35+0,9&
pg/ml 1 day 7,63+0,7& 7,81+£0,8&

2 day 8,87+0,7*& 9,13+0,9*&
3 day 9,64+0,9%& 9,83+0,9*%&
4 day 9,18+0,8*%& 9,11+0,9*&
5 day 8,78+0,9%* 8,86+0,9%&
6 day 8,14+0,8*& 8,26+0,9*&
7 day 7,48+0,8& 7,52+0,9&

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling; &
- significant (p <0.05) versus control; * - significant (p <0.05) versus admission

24 hours after the infarction, the serum admission content of TNF-a, which exceeded the
control value by 28 and 30% in the groups of patients with AMR and PMR, respectively, increased
insignificantly. On the 2" day, the increase is significant in both groups and is 23% in the group
of patients with AMR and 25% in the group of patients with PMR. The peak level of cytokine on
the 3" day was marked by an increase from the admission level of 34% in the group of patients
with AMR and 35% in the group of patients with PMR. Similar to the dynamic of interleukins
explored the serum TNF-a content is in both groups of patients is declining from day 4 to day 7,
when it was established that the cytokine reached an insignificant difference versus the admission
value: 7.48 + 0.8 pg/ ml in patients with AMR and 7.52 + 0.9 pg/ ml in patients with PMR.

Estimation of the dynamic of serum MCP-1 content in the acute phase of infarction revealed
a significant elevation of cytokine in both groups later, compared to the admission level of IL-1,
IL-6 and TNF-a (Table 3).

Table 3. Serum MCP-1 content in STEMI patients in the acute phase of infarction

Cytokine Time Control (n=55) AMR (n=55) PMR (n=55)
MCP-1, Admission 348,5+36 432,3+45& 444 5+46&
pg/ml 1 day 457,6+48& 473,2+49&

2 day 490,4+52& 493 8+54&
3 day 549,6+58*& 558, 7+£57*&
4 day 543,4+59*& 544,6+61*&
5 day 527,8+62*& 533,24+58*&
6 day 480,2+46& 488,4+51&
7 day 447,5+45& 451,6:48&

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling; &

- significant (p <0.05) versus control; * - significant (p <0.05) versus admission
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The admission level of MCP-1 is practically equal in both groups and significantly exceeds
the control value of the marker by an average of 28%. On the 3" day, MCP-1 reaches the maximum
circulating level for the acute phase of the infarction and is significant compared to the admission
value, and the relative increase reaches levels of 28% for patients with AMR, as well as 26% for
patients with PMR. Compared to the control marker, the MCP-1 gap at this period of the acute
phase of the infarction is 58% in the RAM group and 61% in the PMR group. Similarly to the
dynamic of IL-1, IL-6 and TNF-a in the acute phase of myocardial infarction, the serum content
of MCP-1 is progressively depreciated, starting with the 41" day, and the imminent estimation of
day 6 already indicates circulating levels of the marker without significant difference compared to
the admission value. However, the serum content of MCP-1 on the 7" day remains significantly
above the control value of the marker by 28-30%.

Remarkably, the serum level of hsCRP demonstrated a similar dynamic, with only one
notable difference: the marker on day 7 remains significantly higher than the admission value
(Table 4).

Table 4. Serum content of hsPCR-1 in STEMI patients in the acute phase of infarction

Cytokine Time Control (n=20) AMR (n=55) PMR (n=55)
hsCRP, Admission 0,87+0,1 4,17+0,4& 4,224+0,4&
mg/L 1 day 4,58+0,5& 4,65+0,5&

2 day 6,73+0,6*& 6,35+0,7*&
3 day 8,92+0,9*& 9,23+0,8*&
4 day 8,12+0,8%& 8,46+0,9*&
5 day 7,39+0,7*& 7,84+0,8*&
6 day 6,84+0,7*& 7,16+0,5*&
7 day 6,20+0,7*& 6,58+0,8*&

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling; &
- significant (p <0.05) versus control; * - significant (p <0.05) versus admission

The hsPCR level on the 2" day demonstrated a conclusively significant elevation rate of
62% in patients with AMR and 51% in patients with PMR, which correlates with the significant
increase in IL-1, IL-6 and TNF- a. On the 3™ day, the elevation in serum hsCRP content is greater
than 100% in both groups (114% in patients with AMR and 119% in patients with PMR). The
decrease in the circulating level of hsCRP from day 3 to day 7 is, compared to that attested for IL-
1, IL-6 and TNF-a, much more reserved, thus, at the last estimation of the acute phase of the
infarction it remains significant in both groups above the value by 50 and 56% in patients with
AMR and PMR, respectively.

Therefore, neither hsCRP does not demonstrate in the acute phase of infarction notable
differences between patients who developed adaptive post-infarct remodeling and patients who
developed PMR. Therefore, the influences of pro-inflammatory markers in the acute phase of the
infarction on the patterns of post-infarction remodeling of the myocardium are not determinative,
and the markers do not have the predictive value in this regard.

2.5. Evaluation of the dynamic of anti-inflammatory markers in the acute phase of
infarction in patients with STEMI who developed the adaptive or pathological pattern of
post-myocardial infarction remodeling
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The evaluation of the dynamic of the serum content of the main anti-inflammatory markers
in STEMI patients in the acute phase of the infarction aimed to estimate the feasibility of the anti-
inflammatory genetic program in triggering the inflammatory response in the necrotized
myocardium, the ratio of pro-/anti-inflammatory markers, as well as their predictive value vis-a-
vis the developmental pattern of post-myocardial infarction remodeling. The admission value of
the anti-inflammatory marker antagonist receptor of the IL-la (AR-IL-1a) does not differ
significantly from the control value (Table 5).

Table 5. Serum content of AR-IL-1a in patients with STEMI in the acute phase of infarction

Cytokine Time Control (n=20) AMR (n=55) PMR (n=55)
AR-IL-10, Admission 5,78+0,5 5,33+0,6 5,37+0,7
pg/ml 1 day 5,2540,7 5,2140,8

2 day 5,14+0,6 5,17+0,5
3 day 4,72+0,5&* 4,79+0,6&*
4 day 4,96+0.,6 4,93+0,7
5 day 5,224+0,8 5,11+0,7
6 day 5,30+0,9 5,27+0,8
7 day 5,45+0,8 5,38+0,7

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling; &
- significant (p <0.05) versus control; * - significant (p <0.05) versus admission

In the first 3 days of the acute phase of infarction, a decrease of AR-IL was observed, so that
on the 3rd day the lowest circulating level of the marker was observed in both groups: 4.72 £ 0.5
pg/ ml for AMR and 4.79 + 0.6 pg/ ml for PMR. Starting on day 4, there was a tendency to increase
the circulating level of AR-IL-10, so that on the 7" day the serum content of the marker reached
the control level in both groups (5.78 + 0, 5 pg/ml) and the level of admission without significant
discrepancy.

The growth rate of AR-1L-1 from day 3 to day 7 in patients who developed AMR was 16%
(from 4.72 + 0.5 to 5.45 £ 0.8 pg/ ml). In patients who developed PMR, the growth rate of AR-IL-
1o was similar and was 13% (from 4.79 + 0.6 to 5.38 + 0.7 pg/ ml). The quantitative values of AR-
IL-1o do not differ between groups even during the acute phase of the infarction, when the
inflammatory response is marked by the expression of anti-inflammatory macrophages, M2.
Therefore, the anti-inflammatory marker, AR-1L-1a, estimated in the acute phase of infarction has
no predictive value on the pattern of development of post-infarction myocardial remodeling in
STEMI patients.

The IL-4 dynamic, common for both groups, was the significant decrease at similar levels
of the admission value of the content of the anti-inflammatory marker compared to the control
level by an average of 19% (Table 6).
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Table 6. Serum IL-4 content in STEMI patients in the acute phase of infarction

Cytokine Time Control (n=20) AMR (n=55) PMR (n=55)
IL-4, Admission 4,88+0,6 3,91+0,4& 3,93+0,4&
pg/ml 1 day 3,84+0,4& 3,80+0,5&

2 day 3,79+0,5& 3,73+0,5&
3 day 3,74+0,4& 3,7140,3&
4 day 421+0,4& 3,85+0,5&
5 day 4,73+0,5* p<0,05 3,884+0,4&
6 day 4,94+0,5* p<0,05 3,82+0,4&
7 day 5,73+0,6* p<0,05 3,92+0,5&

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling
& - significant (p <0.05) versus control; * - significant (p <0.05) versus admission; p - the
significance of the discrepancy vs PMR

The distinction of IL-4 dynamic was detected after the 3™ day of the acute phase of the
infarction. Its entity consists in the fact that in the group of patients, who developed adaptive post-
infarct remodeling of the myocardium, the circulating level of IL-4 increased markedly and
progressively starting from the 4™ day, reaching on the 7" day a growth rate of 54% compared to
the minimum value imminent on the 3" day. Moreover, already on the 5" day the circulating level
of IL-4 significantly exceeds the admission value and does not differ significantly from the control
value.

In the group of patients who developed post-myocardial infarction remodeling, the
circulating level of IL-4 increased after the 3™ day to the 7" day by only 6%: from 3.71 + 0.3 to
3.92 £ 0.5 pg/ ml. In terms of this pattern of dynamic, the serum IL-4 content in patients with AMR
becomes significantly higher compared to the marker in the group of patients with PMR: by 22%
on the 5 day, by 30% on the 6™ day, and with 47% on the 7" day.

Therefore, IL-4 can be estimated as an anti-inflammatory marker with predictive value for
the pattern of development of post-myocardial infarction remodeling, so that its elevation of
circulating level by more than 50% in the period from the 3" day to the 7" day of the acute phase
of the infarction, AMR is imminent, and in the case of an average growth rate of 6%, the risk of
developing PMR is predicted.

It is important to note that in addition to the similarities of IL-4 and IL-10 in the pathogenetic
interface of the control and regulation of the inflammatory response, the results of our study also
showed a similar dynamic of these 2 anti-inflammatory interleukins in the acute phase of
myocardial infarction in patients with STEMI (Table 7).
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Table 7. Serum IL-10 content in STEMI patients in the acute phase of infarction

Cytokine Time Control (n=20) AMR (n=55) PMR (n=55)
IL-10, Admission 6,92+0,7 5,1240,6& 5,16+0,5&
pg/ml 1 day 5,244+0,4& 521+0,4&

2 day 5,16+0,6& 5,20+0,5&
3 day 4,85+0,4& 4,83+0,4&
4 day 5,7840,6& 4,76+£0,5&
5 day 6,26+0,7* p<0,05 4,85+0,5&
6 day 6,98+0,7* p<0,05 5,08+0,6&
7 day 7,53+0,8* p<0,05 5,11£0,5&

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling
& - significant (p <0.05) versus control; * - significant (p <0.05) versus admission; p - the
significance of the discrepancy vs PMR

The dynamic of IL-10 is similar to that of IL-4 in the acute phase of myocardial infarction
(Table 7). At admission the circulating level of 1L-10 is practically equal in both groups and
significantly depreciated to the control value on average by 26%, on the 3" day the serum content
of IL-10 does not differ significantly from the admission value. The dynamic of IL-10 after the 3
day is notably different in groups. There was a marked elevation of IL-10 in the AMR group from
the 3™ day to the 7™ day by 56%, so a growth rate practically equal to that attested in the dynamic
of the circulating level of IL-4: 56 vs 54%.

Due to this considerable elevation, the circulating level of IL-10 becomes significantly
higher compared to the level of admission to the estimates of the 5%, 6™ and 7" days of the acute
phase of the infarction and, similar to IL-4, does not really differ from the control value.

The serum content of IL-10 in patients with AMR becomes, as in the case of IL-4 evaluation,
significantly higher compared to the marker in the PMR group, the attested gap being even larger
compared to the imminent IL -4: 29% on the 5" day, 38% on the 6™ day and 48% on the 7" day.

Therefore, 1L-10 also has predictive value on the pattern of post-myocardial infarction
remodeling in STEMI patients, so that its elevation of circulating level by more than 50% in the
period from the 3™ to the 7™ day of the acute phase of the infarction is related to AMR, and in the
case of an average growth rate of 6%, predictably the risk of developing PMR is announced.

2.6. Evaluation of inflammation markers in STEMI patients, echocardiographic
parameters, and extracellular matrix remodeling markers at a distance of 1, and 3 months
after angioplasty in relation to the imminent prediction of IL-4 and IL-10 dynamic

The predictive relevance of the change in the serum levels of IL-4 and IL-10 during the
repolarization of macrophages (day 4 - day 7) in the acute phase of infarction was verified, to
predict the development of adaptive or pathological post-infarction remodeling in patients with
STEMI subjected to angioplasty.

At 6 months post-MI (the period of completion of the post-myocardial infarction
remodeling) the nature of the echocardiographic change compared to the admission value of
LVESD, LVEDV, EF and others was evaluated. The increase of the value of LVESV or LVEDV
by more than 20% indicates a pathological remodeling of the myocardium. The insignificant
increase or decrease of their value represents an echocardiographic signal of the adaptive post-
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infarct remodeling of the myocardium. According to these criteria, 2 groups of patients were
formed: 1) Patients with AMR (n = 55), with end-systolic and/or end-diastolic volumes of LV
increased up to 20% compared to baseline; 2) Patients at risk of developing PMR (n = 55), with
end-systolic and/or end-diastolic volumes of LV increased by 20% and more, compared to the
initial value. The results that conclusively confirm the predictive value of IL-4 and IL-10 regarding
the pattern of post-myocardial remodeling in patients with STEMI are shown in the following table
(Table 8).

Table 8. Dynamic of echocardiographic parameters in patients with STEMI

Parameter AMR (n=55) PMR (n=55)
Rate of serum IL-4 elevation in 53,6+6,8% 5,7+5,2%
the acute phase
Rate of serum IL-10 elevation 54,1+£6,9% 5,5+4,9%

in the acute phase
LV end-diastolic diameter, mm

Initial (M£SD) 54,07+0,82 52,36+0,82

Initial (Median) [P25-P75] 53,4 [51,3-57,8] 51 [49-53,4]

6 months (M£SD) 54,12+0,75 59,09+0,95 (+11%)

Initial (Median) [P25-P75] 52 [50,2-55] 57 [53,7-61,25]
LV end-systolic volume, ml

Initial (M+SD) 76,824+4.25 70,5+4,07

Initial (Median) [P25-P75] 73 [56-94] 70 [51,5-98]

6 months (M+SD) 74,88+4,71 (-3%) 106,35+5,58 (+50%)

Initial (Median) [P25-P75] 75 [59-91] 104 [80-112]

p=0,00254 vs RAM

LV end-diastolic volume, ml

Initial (M+SD) 146,294,90 129,874,47
Initial (Median) [P25-P75] 150 [174-166] 138 [111,3-165,8]
6 months (MSD) 147,585,024 188,94+6,09 (+45%)
Initial (Median) [P25-P75] 151 [134-169,7] 190 [176-208]

p=0,00281 vs RAM
Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling

Indeed, STEMI patients who showed worsening echocardiographic parameters (increase of
LV end-systolic volume and LV end-diastolic volume compared to the initial value by 50% and
45%, respectively, as well as the decrease of FE by 7%) 6 months after the procedure and
developed PMR, had very modest modification of IL-4 and IL-10 (5.7% and 5.5%) during the
acute phase of the infarction.

On the other hand, patients who showed an improvement of echocardiographic parameters
(with the LV end-systolic volume and LV end-diastolic volume having a decreasing tendency and
the ejection fraction increasing by 8%) 6 months after the procedure and developed AMR, had a
more than 50% increase of 1L-4 and IL-10 levels during the acute phase of infarction.

The estimation of pro-inflammatory markers at a distance of 1 and 3 months did not detect
any noticeable differences between the AMR and PMR pattern (Table 9).
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Table 9. Serum content of pro-inflammatory markers in patients with STEMI at 1 and 3 months

after angioplasty

Marker AMR (n=55) PMR (n=55)

1 month 3 months 1 luna 1 month
IL-1 (M£SD) 5,26+0,6 5,19+0,6 5,32+0,6 5,21+0,6
ME [P25-P75] 5,1[4,9-5,3] 5,3 [5,10-5,52] | 5,37 [5,29-5,45] 5,1[4,9-5,3]
IL-6 6,18+0,5%* 5,75+0,5% 6,29+0,5% 5,83+0,5%
ME [P25-P75] 6,71 [5,9-6,34] | 5,7 [5,65-5,92] | 6,26 [6,12-6,37] | 5,83 [5,74-5,96]
TNF-a 7,23+0,7* 6,56+0,6* 7,44+0,8* 6,85+0,7*
ME [P25-P75] 7,28 [7,21-7,38] | 6,49[6,3-6,67] | 7,46 [7,36-7,54] | 6,86 [6,74-6,94]
MCP-1 416,4+39% 367,7+32 424 4441 % 378,4+42
ME [P25-P75] 411 [400-422] 364 [344-379] 421 [408-427] 375 [373-388]
hsPCR 5,1+0,6%* 4,3+0,5%* 5,8+0,7%* 4,8+0,6**
ME [P25-P75] 5,11 [4,95-5,19] | 4,29 [4,19-5,35] | 5,88 [5,79-5,98] | 4,89 [4,78-4,96]

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling
ME- median; P25 si P75 — percentile 25% si 75%; * p<0,01 vs control * p<0,01 vs control * -
significant (p<0,05) versus the control marker; ** - significant (p<0,001) versus the control marker

The estimation of anti-inflammatory markers at a distance of 1 and 3 months did detect a
noticeable difference between the AMR and PMR pattern only for IL-4 and IL-10 (Table 10).
Table 10. Serum content of anti- inflammatory markers in patients with STEMI at 1 and 3 months
after angioplasty

Marker AMR (n=55) PMR (n=55)
1 month 3 months 1 month 3 months
AR-IL-1a 5,89+0,6 5,61+0,5 5,79+0,5 5,68+0,6
ME [P25-P75] 5,87 [5,75-5,86] | 5,64[5,61-5,82] | 5,8 [5,77-5,85] | 5,66 [5,53-5,79]
IL-4 5,21+0,6 4,95+0,5 4,08+0,4* 4,19+0,4*
ME [P25-P75] | 5,22 [5,12-5,29] | 4,97[4,88-5,14] | 4,12 [3,92-4,22] | 4,22 [4,11-4,27]
p=0,00321 p=0,00182
IL-10 7,08+0,7 6,89+0,6 5,83+0,6* 6,11+0,7*
ME [P25-P75] 7,04 [6,94-7,21] | 6,85[6,79-6,95] | 5,88 [5,79-5,95] | 6,19 [5,98-6,26]
p=0,00574 p=0,00756
IL-33 3,83+0,3 3,91+0,3 3,64+0,3 3,81+0,3
ME [P25-P75] 3,81[3,76-3,89] | 3,94[3,85-4,06] | 3,66 [3,59-3,69] | 3,83 [3,75-3,91]
Heregulina-1p 5,17+0,5 5,47+0,4 5,07+0,5 5,33+0,5
ME [P25-P75] 5,14 [5,07-5,20] | 5,45[5,39-5,52] | 5,08 [5,05-5,13] | 5,31 [5,28-5,41]

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling
ME- median; P25 si P75 — percentile 25% si 75%; * p<0,01 vs control * p<0,01 vs control * -
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significant (p<0,05) versus the control marker; ** - significant (p<0,001) versus the control
marker; p — significance vs AMR

Regarding the serum content of pro- and anti-inflammatory markers at a distance of 1 and 3
months, the following features are important:

1. The circulating level of hsCRP in both groups remains above the critical value of 3.0 mg/L, both
at a distance of 1 and 3 months.

2. The circulating level of IL-1 has decreased in both groups to the values of the control group
already after 1 month and remains within the permissible error and at a distance of 3 months.

3. The circulating level of IL-6 and TNF-a is significantly increased compared to the control
markers in both groups of patients at both cases 1 and 3 months, with no significant difference
between groups.

4. The serum content of the chemokine MCP-1 is found to be significantly increased in both groups
only at a distance of 1 month. After 3 months the marker decreases to values without significant
difference from the control value.

5. Anti-inflammatory markers, which have no predictive value on the pattern of post-myocardial
infarction remodeling (ie, AR-IL-1a, IL-33 and heregulin-1B) were imposed by imminent
circulating levels on control markers in both groups, both at a distance of 1 and 3 months.

6. The serum content of IL-4 and IL-10 remains significantly underlying the control value only in
the group of patients with PMR, both at a distance of 1 month and after 3 months from the time of
angioplasty.

7. No significant differences in inflammation markers were found between the groups of patients
with AMR and PMR at a distance of 1 and 3 months post-infarction, with the exception of IL-4
and IL-10. In PMR, the serum content of IL-4 is below the AMR level by 21.7% at a distance of
1 month and 15.36% at a distance of 3 months. The I1L-10 recoil is 17.66% at a distance of 1 month
and 11.32% at a distance of 3 months after angioplasty.

The post-infarction period of 1 month is conceptually required by completing the synthesis
of type 3 collagen. The feasibility of this process depends on the activity of fibroblasts and
myofibroblasts, as well as the activity of collagenase A (MMP-1) which has proteolytic properties
compared to this fibrillar collagen. We determined in both groups the serum content of MMP-1 at
a distance of 1 month of post-infarction evolution in correlation with the markers of synthesis and
degradation of type Il collagen (table 11).

Table 11. Serum content of MMP-1, PIHICP and CHITP in patients with STEMI after 1 month

Marker Control (n=20) AMR (n=55) PMR (n=55)

MMP-1 (ug/ml) 4,5+0,5 5,1+0,5 8,8+0,8*

ME [P25-P75] 4,48 [4,41-4,49] 4,95 [4,9-5,3] 8,85 [8,5-9,2]
p=0,00214 vs RAM

PHICP (ng/ml) 7,240,6 14,1+1,3* 13,9+1,3*

ME [P25-P75] 7,19 [7,15-7,28] 14,2 [13,9-14,2] 13,9 [13,7-14,2]
p=0,05588 vs RAM

CHITP (ng/ml) 5,8+0,5 6,1+0,6 11,4+1,2%

ME [P25-P75] 5,77 [5,73-5,84] 5,95 [5,7-6,25] 11,45 [10,7-11,5]
p=0,00182 vs RAM
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Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling
ME- median; MMP-1 — metalloproteinase 1; PIIICP - Procollagen Il C-Terminal Propeptide;
CIHITP - Collagen Ill Carboxy-Telopeptide; P25 si P75 — percentile 25% si 75%; * p<0,01 vs
control * p<0,01 vs control

Regarding the turnover of type Il fibrillar collagen estimated at a distance of 1 month, is
important to mention the significant increase of the circulating level of the degradation marker,
CIHITP by 97% compared to the control marker in the group of patients with PMR. In support of
this important evidence, a significant increase in the circulating level of collagenase A is
announced, which preferentially cleaves type 11l collagen (ie, MMP-1) by 96%.

If the type Il fibrillar collagen synthesis marker (PIIICP) increases significantly in both
groups by 96% in AMR and 93% in PMR compared to the control marker, then significant changes
in MMP-1 and CIHITP in the group of patients with AMR were not found.

Remarkably, similar changes in ECM markers are also detected 3 months after angioplasty
(Table 12).

Table 12. Serum content of MMP-1, PICP and CITP in patients with STEMI at a distance of 3
months

Marker Control (n=20) AMR (n=55) PMR (n=55)
MMP-8 (pug/ml) 8,7+0,8 8,2+0,8 15,5+1,3%
ME [P25-P75] 11,45 [10,7-11,5] 8,25 [10,7-11,5] 15,60 [14,92-15,5]
p=0,00042 vs RAM
PICP (ng/ml) 12,3+1,8 18,3+1,8* 17,941,3*
ME [P25-P75] 12,26 [12,23- 18,25 [18,2-18,38] 18,00 [17,65-18,2]
12,34] p=0,0595 vs RAM
CITP (ng/ml) 14,615 15,2+0,6 23,442 4%
ME [P25-P75] 14,5 [14,4-1461] | 15,16 [15,11-15,25] 23,35 [22,8-23,5]
p=0,00091 vs RAM

Note: AMR — adaptive myocardium remodeling; PMR — pathological myocardium remodeling;
MMP-8 — metalloproteinase 8; PICP - Procollagen I C-Terminal Propeptide; CITP - Collagen |
Carboxy-Telopeptide; ME- median; P25 si P75 — percentile 25% si 75%; * p<0,01 vs control

Similarly, to the type I11 collagen, the circulating level of the type I collagen synthesis marker
is at a distance of 3 months significantly higher with 49% in AMR and 46% in PMR compared to
the control marker, understandable associated phenomenon with significantly increased values of
IL-6, TNF-a and hsCRP at this period of post-infarction progression. This evidence is consistent
with the current concept of post-infarction myocardial remodeling that strengthens the marked
profibrotic effect of these pro-inflammatory cytokines.

Patients who developed adaptive post-infarct remodeling of the myocardium had normal
values of MMP-1 and CITP at a distance of 3 months. This phenomenon is in agreement with the
normal circulating levels of IL-4 and IL-10 at a distance of 3 months. In contrast, in patients with
PMR the serum content of these anti-inflammatory interleukins is significantly reduced compared
to the control value.
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Therefore, the dynamic evaluation of the inflammatory response in patients with STEMI
who develop AMR or PMR revealed the determinant value of IL-4 and IL-10. Anti-inflammatory
cytokines with different content depending on the remodeling pattern, has a beneficial influence
on the remodeling of the extracellular matrix and the quality of myocardial remodeling.

2.7. Experimental study

In the experimental myocardial infarction (EMI) classically induced by isoproterenol, the
vulnerability of the left ventricular function (LV) has already been attested in the physiological
infusion regime. Thus, the value of the parameters of the pump function, aortic jet (AJ), coronary
flow (CF) and cardiac output (CO) was up to 30% lower than the control, and the developed
systole pressure in the LV was only 65.3% of the control level. Characteristic for EMI was the
diastole dysfunction, which was manifested by an increase of 84,1% end-diastolic pressure in LV
and an increase of over 44% in diastolic stiffness (DS).

The adaptive capacity of the isolated heart in EMI was impaired compared to the control in
various hemodynamic and neuroendocrine tests.

Thus, in conditions of minimal filling of the left atrium and 38% pressure increase in the
aortic estuary, the decline in pump function indices became even higher than in the control, due
to the worsening of the relaxation and isovolumic contraction of the heart (Table 13).

Table 13. Pump parameters of the isolated heart in hemodynamic effort with volume and
resistance

Parameter Control EMI
Volume Resistance effort | Volume effort Resistance effort
effort

Aortic jet, 5,7+0,45 2,3+0,22 16,8+1,7 7,3+0,7
ml/min -59,6% (p<0,001 -56,5% (p<0,001)
Coronary 16,2+1,4 9,6+0,85 29,4+3,1 15,8+1,6
output, mi/min -40,7% (p<0,001) -46,3% (p<0,001)
-dP/dT max, 8206172 6124+167 82424227 5665+£226
mm Hg/sec -25,4% (p<0,05) -31,3% (p<0,05)
+dP/dT max, 6387+163 4836+147 7196+219 5123+164
mm Hg/sec -24,3% (p<0,05) -28,8% (p<0,05)

Note: EMI — experimental myocardium infarction; -dP/dT max — velocity of isovolumic
relaxation; +dP/dT max — velocity of isovolumic contraction

The aortic jet decreased by 59,6% in effort with minimal volume, and in effort with
resistance the recoil from the control was 56,5%. The 30% impairment rate of cardiac output
detected in the physiological infusion regime increased by 36% in effort with minimal volume and
by 55% in effort with resistance. Remarkably, in these tests of hemodynamic effort increased the
decline in the value of the maximum speed of relaxation and isovolumic contraction of the heart
by up to 50% and up to 26%, respectively, which calls into question the role of these phases of the
cardiac cycle in control and in affecting the hetero- and homeometric regulation of the heart.
Another important part of the pathophysiology of heart failure caused by EMI is the negative
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inotropic response of the heart to the action of ET-1, appreciated by the decrease of systolic
pressure of the LV stimulation peak by 4,1%, associated with the reduction of CO by 12,5%. In
the control group, the dynamic of these parameters reflected the positive inotropic effect of the
heart on the ET-1 action: their increase by 17,7% and 16,8%, respectively. The evolution of EMI
excelled by affecting endothelial-mediated coronary reactivity (Table 14).

Table 14. Coronary functional reserve of the isolated isovolumic heart

Group | Coronary function reserve (%) at the action of vasodilator stimuli (10-6M (10°M)
Ach Br Ad H20:2 EPC
Control 35,6+3.4 22,3+2.4 24.8+2.4 14,4+1,4 13,8+1,5
EMI 21,2422 15,8+1,7 16,9+1,8 15,5+1,5 13,7+1 4
-40,4% vs control | -29,1% vs control | -31,8% vs control +7,6%
p<0,01 p<0,05 p<0,05

Note: EMI — experimental myocardium infarction; Ach — acetylcholine; Br — Bradykinin; Ad —
adenosine; H20. — peroxide of hydrogen; EPC — epoxieicosatriens

Attenuation of inflammation in IME by administration of either am-TNF-a or IL-10
improved the cardiac function (Table 15).

Table 15. Functional indices of cardiac exertion at the action of am-TNF-a or IL-10

Group AJ (ml/min)in | AJ (ml/min) in | Systolic pressure | Coronary flow
minimal effort of LV (mm Hg) reserve (%)
volume resistance action of ET-1 action of Ach

Control (n=9) 5,7+0,45 16,8+1,7 170,3+10.,4 35,6134
+17,7% vs initial
IME (n=9) 2,34+0,22% 7,3+0,7%* 91,749,2%* 21,242,2%
-4,1% vs initial
IME + am- 3,4+0,27* 12,6£1,2% 132,3+£10,4* 27,8+£2,6*
TNF-a (n=9) p<0,05 p<0,05 +10,8% vs initial p<0,05
p<0,05
IME + IL-10 3,7+£0,25%* 12,9+1,1%* 134,5+10,2* 28,3+2,5%
(n=9) p<0,05 p<0,05 +11,1% vs initial p<0,05
p<0,05

Note: EMI — experimental myocardium infarction; AJ — aortic jet; Ach — acetylcholine * -
significant vs control (p <0.05); p - value of significance vs EMI

Thus, the AJ value in the effort with volume and resistance increased by up to 77% in the
treatment groups, and the ET-1 action was imposed by the appearance of the positive inotropic
effect. It is also important to increase by over 32% the coronary flow reserve under the action of
acetylcholine, and on the other hand to reduce by over 23% the LV end-diastolic pressure at the
impact with ischemia (attestation at min 30), as well as by over 25% in reperfusion (min 45).

This imminent functional reversal of both formulas of anti-inflammatory treatment indicates
with certainty the role of inflammation in the evolution of post-infarction heart failure and
basically reflects data obtained in the clinical study showing that the elevation of over 50% of
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circulating levels of IL-4 and IL-10 in the acute phase of infarction in STEMI patients is related
with adaptive myocardial remodeling. Due to its proved benefit, the TNF-a antagonist and 1L-10
deserves an appropriate approach in the clinical management of STEMI.

CONCLUSIONS

1. Due to a similar dynamic of the main pro-inflammatory markers (PCRhs, IL-1, IL-6, TNF-
a, MCP-1) estimated daily in the serum, in the acute phase of infarction in both groups of patients
with adaptive and pathological remodeling, there is not any predictive value regarding the post-
infarction remodeling pattern.

2. Among the explored anti-inflammatory makers, only the dynamic of IL-4 and IL-10 in the
acute phase of infarction was markedly different between groups, the increased serum content of
these interleukins from the 3" day to the 7" day, over than 50% was imminent to the adaptive
post-infarct remodeling of the myocardium, and their elevation less than 5% was characteristic
for patients with the pathological pattern of remodeling, proving the predictive value on the post-
infarction myocardial pattern of remodeling.

3. The inflammatory response in the acute phase of the infarction is correlated with the
extracellular matrix remodeling markers. The elevation of IL-4 and IL-10 characteristic for
patients with adaptive remodeling, is associated with normal circulating levels of type 111 (CIIITP)
and type | (CITP) collagen degradation markers at a distance of 1 and 3 months, respectively. In
pathological remodeling their serum content is significantly above the control value and therefore
can be its predictor.

4. The experimental study provided important evidence on the mechanisms of exacerbation
of heart failure in post-infarction myocardium, in hemodynamic and neuroendocrine exertion, as
well as the estimated efficacy of anti-inflammatory treatment in isolated rat heart. Decreased rate
of relaxation and isovolumic contraction of the heart up to 33.5%, negative inotropic response to
ET-1 action, endothelium-dependent coronary heart disease Gregg are the main pathogenetic
mechanisms of the progressive decline of the pump function of the left ventricle.

5. Attenuating the inflammation by administration of TNF-o antagonist (am-TNF-a) or IL-
10 led to favorable functional changes of the heart, the main manifestations were the appearance
of a positive inotropic response to the action of ET-1, increased coronary function reserve to the
action of acetylcholine with up to 25% and the tolerance of the myocardium to the impact of
ischemia-reperfusion, the increase of the arrhythmogenic threshold of the myocardium and the
maintenance of the functional nativity of the Vanhoutte coronary phenomenon. At the same time,
the functional benefit of EMI treatment with IL-10 confirms the clinical data, as well as its
predictive value on the development of the adaptive post-infarction remodeling pattern of the
myocardium.

6. Based on the results of the clinical and experimental study, an algorithm for the prediction
of the pathological post-infarction myocardial remodeling pattern can be strengthened, the main
elements are: (i) low increase in IL-4 and IL-10 in the acute phase of infarction , (ii) elevated serum
levels of fibrillar collagen degradation markers type Ill and | at a distance of 1 and 3 months,
respectively, (iii) an increase of more than 20% from baseline in VTDVS, VTSVS and DTDVS
during - myocardial infarction;
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PRACTICAL RECOMMENDATIONS

1. Estimating the dynamic of IL-4 and IL-10 in the acute phase of infarction in STEMI
patients provides the predictive value on the pattern of post-infarction myocardial remodeling, so
that its increase from the 3™ to the 7" day with over 50% indicates the prognosis of adaptive
remodeling, and the increase in interleukins <5% - indicates the risk of pathological remodeling.
In this context, it is announced that the post-infarction pharmacological treatment will be
facilitated in terms of approaching the personalized or individual treatment.

2. The notable functional benefit of TNF-o antagonist (am-TNF-a) and IL-10 found in the
experimental study with isoproterenolic infarction model justifies the plausibility of applying these
anti-inflammatory remedies in the acute phase of infarction in STEMI patients, where inert
dynamic of IL-4 and IL-10 predicts the risk of developing pathological post-myocardial infarction
remodeling.

25



BIBLIOGRAPHY (SELECTIVE)

1.1banez B, James S, Agewall S et al. 2017 ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation: The Task Force
for the management of acute myocardial infarction in patients presenting with ST-
segment elevation of the European Society of Cardiology (ESC). Eur Heart J. 2018;
39(2):119-177.

2.Chapman AR, Adamson PD, Shah ASV. High-sensitivity cardiac troponin and the
universal definition of myocardial infarction. Circulation. 2020;141:161-171

3. Moloi S, Chandrasekhar J, Farshid A. Mortality pattern and cause of death in a long-term
follow-up of patients with STEMI treated with primary PCI. British Medical J. 2016;
http://orcid.org/0000-0003-1344-6821.

4. Garcia-Garcia C, Oliveras T, Ouaddi N et al. Short- and Long-Term Mortality Trends in
STEMI-Cardiogenic Shock over Three Decades (1989-2018): The Ruti-STEMI-Shock
Registry. J Clin Med. 2020; 9(8):2398. doi: 10.3390/jcm9082398.

5.Poudel I, Tejpal C, Jahan N. Major Adverse Cardiovascular Events: An Inevitable
Outcome of ST-elevation myocardial infarction? A Literature Review. Cureus. 2019;
11(7): €5280. doi: 10.7759/cureus.5280.

6.Liu H, Jin Z, Yang S. Five-year outcomes of ST-elevation myocardial infarction versus
non-ST-elevation acute coronary syndrome treated with biodegradable polymer-coated
sirolimus-eluting stents: Insights from the CREATE trial. J Cardiol. 2017; 69(1):149-155.

7. Bochaton T, Claeys MJ, Garcia-Dorado D, Mewton N, Bergerot C, Jossan C, et al.
Importance of infarct size versus other variables for clinical outcomes after PPCI in
STEMI patients. Basic Res Cardiol. 2019; 115:4. doi: 10.1007/s00395-019-0764-8.

8. Plugaru, A., lvanov, M., Litvinenco, N., Ivanov, V.; Popovici, M.

Provocirile in managementul pacientilor cu NTEMI. Buletinul de stiinte a Moldovei,
Stiinte medicale. 2020, vol 1(65), 48-59. ISSN 1857-0011.

9. Ivanov, M.; Ciobanu, L.; Popovici, I.; Ivanov, V.; Cobet, V.; Popovici, M. Paternul de
remodelare post-infarct a miocardului si evenimentele cardiovasculare majore la pacientii
cu STEMI: relatii si predictori. Congresul National de Cardiologie, Romanian Journal of
Cardiology, 2019, vol. 29, p. 159-160 (Poster 122).

10. Frangogiannis NG. The inflammatory response in myocardial injury, repair, and
remodeling. Nat Rev Cardiol. 2014; 11:255-65. doi:10.1038/nrcardio.2014.28.

11. Ong SB, Hernandez-Resendiz S, Crespo-Alvilan GE, et al. Inflammation following acute
myocardial infarction: multiple players, dynamic roles and novel therapeutic
opportunities. Pharamacol Therapeut. 2018;186:73-87. doi:10.1016/j.
pharmthera.2018.01.001.

12. Cobet, V., lvanov, M., Tacu, L., et al. The TNF-alpha and ET-1 inhibition mitigates
ischemia-reperfusion impact in diabetes induced heart failure. In: European Journal of
Heart Failure. 2015, vol.17 (Suppl. S1), p.238 (IF 5,135).

13. Mganog, M. B.; Ilonosuu, M. U.; Yebany, JI. M.; MBanos, B. M.;

[Tonouy, M. M.; KoGer, B. A. IIpenuxkTopHasi 3Ha4MMOCTh MapKEPOB BOCIIAJICHHUS B

OTHONICHHUH TTATTePHA OCTUH(APKTHOTO PEMOJICITUPBOAHIS MHOKAp/a.
Kapouosackynapnas mepanus u npogunraxmuxa, 2018, 17(5), 17-24. SCOPUS IF

26


http://orcid.org/0000-0003-1344-6821
https://dx.doi.org/10.3390%2Fjcm9082398
https://dx.doi.org/10.7759%2Fcureus.5280

1.145.

14. Kristian Thygesen, Joseph S Alpert, Allan S Jaffe, Bernard R Chaitman, Jeroen J Bax,
David A Morrow, Harvey D White, ESC Scientific Document Group, Fourth universal
definition of myocardial infarction (2018), European Heart Journal, Volume 40, Issue 3,
14 January 2019, Pages 237—-269, https://doi.org/10.1093/eurheartj/ehy462

15. Langendorff O. Untersuchungen am unverlebenden augetierherzev. Pflugers Arch. 1985;
vol. 61, p. 291-32

16. Neely J., Rovetto M. Techniques for perfusing isolated rat heart. Methods Enzymol.
1975; vol. 39, p. 43-60.

27


https://doi.org/10.1093/eurheartj/ehy462

LIST of scientific publications and scientific events
where the research results were presented
doctoral thesis in medical sciences, on the topic: *Inflammatory response in patients with
acute myocardial infarction with ST segment elevation during the development of adaptive
and pathological remodeling of the myocardium™
performed in the Interventional Cardiology Laboratory of the Institute of Cardiology
Ms Mihaela Munteanu (Ivanov)

SCIENTIFIC PUBLICATIONS
e Articles in scientific journals abroad:
v' Articles in scientific journals ISI, SCOPUS and other international databases*

1.TTormoBuu M., Uebany JI., Taky JI., UBanor B., [lonosuu U., UBanoB M., Potapy B.,
Muxamgan JI., Ko6er B. KapauonporekruBHbIii 23Q ekt aHTaronucra pakropa HeKpo3a
OITyXOJH anb(ha mpu JOKCOPYOUIIMHOBOM NOpakeHUH Muokapa. B KapauoBackymnspHas
tepanus u npodmiakruka. 2018; 17(1): 54-60. ISSN 1728-8800 (Print)ISSN 2619-0125
(Online) (IF: 1.145)

2.WBanoB M., [lonoBuu M., Uebany JI., MBanos B., ITomosuu U., KobGem B.
[MpeauKTOpHAs 3HAYMMOCTh MapKePOB BOCIIAJICHHUS B OTHOIICHUH MaTTEPHA
MOCTUH()APKTHOTO peMOICTMPBOAHUs MUOKap/a. B KapauoBackyisipHas Tepamnus u
npodmnakruka. 2018; 17(5), 17-24. ISSN 1728-8800 (Print)ISSN 2619-0125 (Online)
(IF 1.145)

3.Lofredo L., Ivanov V., Ciobanu N., Deseatnicova E., Gutu E., Mudrea L., lvanov M.,
Nocella C., Commisotto V., Orlando F., Panunzio A., Palumbro I., Cosenza M.,
Bartimoccia S., Carnevale R., Violi F. Is There an Association between Atherosclerotic
Burden, Oxidative Stress, and Gut-Derived Lipopolysaccharides? in Antioxidants &
Redox signaling. 2020,33:11 doi.org/10.1089/ars.2020.8109 (IF: 5,59)

e Articles in accredited national scientific journals:

v’ articles in category B journals
4. Popovici M., Anton E., lvanov M. Disfunctia coronariana microvasculara: sinteza de

aspecte actualizate. Buletinul Academiei de Stiinte a Moldovei. Stiinte medicale. 2019,
vol.1 (61), 24-33. ISSN 1857-0011.

5. Plugaru A., lvanov M., Ivanov V., Ciobanu L. Tratamentul inflamatiei in ateroscleroza
si aterotromboza, intre experiment si realitate. Buletinul Academiei de Stiinte a Moldovei.
Stiinte medicale. 2019, 1(61), 65-78. ISSN 1857-0011.

v articles in unreviewed national journals

6. Plugaru A., lvanov M., Litvinenco N., Ivanov V., Popovici M. Provocarile in
managementul pacientilor cu NTEMI. Buletinul Academiei de stiinte a Moldovei, Stiinte
medicale. 2020, 1(65), 48-59. ISSN 1857-0011

7. Plugaru A., Ivanov V., Popovici M., Ilvanov M. SCA-NSTE si NSTEMI - lupii in blana
de oaie. Buletinul Academiei de Stiinte a Moldovei. Stiinte medicale. 2019, vol.1 (61), 44-
60. ISSN 1857-0011.

8. Ivanov M., Plugaru A. Inflamatia in patologia coronariana. Buletinul Academiei de
Stiinte a Moldovei. Stiinte medicale. 2019, vol.1 (61), 79-83. ISSN 1857-0011.

28


https://doi.org/10.1089/ars.2020.8109

10.

11.

12.

13.

14.

15.

lvanov M., Tacu L., Todiras M., Cobet V. Atenuarea inflamatiei reduce cardiotoxicitatea
doxorubicinii. Buletinul Academiei de Stiinte a Moldovei. Stiinte medicale. 2019, vol.1
(61), 208-212. ISSN 1857-0011

Ivanov M. Remodelarea post-infarct a miocardului: mecanisme si predictori. Buletinul
Academiei de stiinte a Moldovei, Stiinte medicale. 2020, vol 1(65), 106 -113. ISSN 1857-
0011

lvanov M., Popovici M., Ciobanu L., Popovici L., Ivanov V., Todiras M., Cobet V., Tacu
L. Reactivitatea cardiaca post-infarct si efectele antagonistului TNF-o. Buletinul
Academiei de stiinte a Moldovei, Stiinte medicale. 2020, vol 1(65), 113-121. ISSN 1857-
0011

lvanov M., Dumanschi C., lvanov V., Popovici M. Noi aspecte privind implementarea
markerilor de necroza miocardica in infarctul acut de miocard fara elevarea segmentului
ST. In: Buletinul de stiinte a Moldovei, Stiinte medicale. 2020, 1(65), 140-145. ISSN
1857-0011

Tacu L., Ivanov M., Ciobanu L., Popovici 1., Ivanov V., Moraru I., Rotaru V., Cobet V.,
Popovici M. Efectele endotelinei 1 in afectiunea doxorubicinica a cordului. Buletinul de
stiinte a Moldovei, Stiinte medicale. 2020, 1(65), 145-152. ISSN 1857-0011

Surev A., Ciobanu L., Ivanov M., Popovici I., Cobet V., Popovici M. Myocardial
remodeling in NSTEMI patients with intermediate and low cardiovascular risk exposed
to delayed revascularization. Moldovan Medical Journal. 2021;64(2):26-32. ISSN 2537-
6373 /ISSNe 2537-6381.

Plugaru A., lvanov M., lvanov V., Popovici I., Ciobanu L., Dicusar O, Popovici M.
Preliminary data from the retrospective and prospective observational studies on
NSTEMI patient management in Moldova. Moldovan Medical Journal. 2021;64(1):56-
62. ISSN 2537-6373 /ISSNe 2537-638.

e Abstracts/ theses at national and international scientific conferences

16.

17.

18.

19.

20.

Cobet V., Popovici M., Ciobanu L., Tacu L., Ivanov V., Popovici I., Moraru I., Cobet E.,
Ivanov M., Panfile E., Rotaru V. Inflammation inhibition effects in diabetes induced
heart failure. European Journal of Heart Failure. 2017, vol.19 (Suppl. S1), 162-163 (IF:
6,968).

Popovici M., Cobet V., lvanov M., Ciobanu L., Tacu L., lvanov V., Popovici I., Moraru
|. Effect of TNF-alpha antagonist in doxorubicin induced cardiomyopathy. Al 56-lea
Congres National de Cardilogie, 20-23 septembrie 2017, Sinaia, Romania, Poster 292.
Popovici M., Ivanov M., Ciobanu L., Popovici 1., Cobet V., Ivanov V. Paternul
remodelarii post-infarct a miocardului se coreleaza cu citokinele anti-inflamatoare la
pacientii cu STEMI. Al 56-lea Congres National de Cardilogie, 20-23 septembrie 2017,
Sinaia, Romania, Poster 10.

L Tacu; M lIvanov; E Cobet; A Rotaru; L Ciobanu; V Rotaru; V Lutan; IU Feghiu; V
Cobet; M Popovici Vanhoutte and Bowditch phenomena in heart failure: their relation
to ischemia-reperfusion impact . Eur J Heart Failure. 2018, vol.20 (Supl.S1), 335. IF
10.683

Ciobanu L. Cobet E., Popovici M., Ivanov V., Ciobanu N., Popovici 1., Ivanov M., Cobet
V. Endothelin-1 receptor antagonist and adrenomedullin improve functional recovery

after myocardial infarction. ESC Congress, Barcelona. 2017, 26-30 august. P5299
29



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Popovici M., Ciobanu L., Ivanov V., Popovici I., Cobet V., Costin S., Ciobanu N., Ivanov
M. Early and late changes of multi-marker panel in patients with STEMI after
angioplasty. ESC Congress, Barcelona 2017, 26-30 august. P5547

Simionov L., Ilvanov M., Popovici M., Ivanov V., Dragoi D. Efectele tratamentului cu
nebivolol combinat cu ramipril vs. nebivolol asociat cu amlodipind asupra markerului
inflamatiei la pacientii cu angind pectorala stabila si hipertensiune arteriald supusi
angioplastiei coronariene. Al 56-lea Congres National de Cardilogie, 20-23 septembrie
2017, Sinaia, Romania, Poster 118.

Simionov L., Ivanov M., Popovici M., Ivanov V. Evolutia biomarkerului inflamatiei sub
tratamentul cu nebivolol la pacientii supusi angioplastiei coronariene in dependentd de
tipul stentului implantat. Al 56-lea Congres National de Cardilogie, 20-23 septembrie
2017, Sinaia, Romania, Poster 52.

Ivanov M., Rusanovschi, C., Grama E. The effect of Nutraceutical Complex based on
Monacolina K and bergamot on oxidative stress in hyperlipidemic patients. X4CT
8CEYKPAUHCKULL MEOUUHDBLU HCYPHAL MONI00bIX 64enu, BbIyck 19 (locul 2 la Bucovinian
International Medical Congress), Cernivti, 2017

Ivanov M., Popovici M., Ivanov V., Dragoi D., Cobet V. Early circulating predictors of
post-infarction myocardial remodeling pattern. Eur J Heart Failure. 2018, vol.20
(Supl.S1), 224. IF 10.683

Popovici M., Ivanov M., Ciobanu L., Popovici I., Ivanov V., Cobet V. Predictori
circulanti ai paternului de remodelare post-infarct a miocardului la pacientii cu STEMI.
Congresul National de Cardiologie 2018. Romanian Journal of Cardiology. 2018, vol.
28, 89-91 (Poster).

lvanov M., Tacu L., Ivanov V., Todiras M., Moraru I., Cobet V., Ciobanu L.; Popovici
M. IL-10 atenueaza cardiotoxicitatea doxorubicinii. Congresul National de Cardiologie
2018. Romanian Journal of Cardiology. 2018, vol. 28, 88-89 (Poster).

Ivanov M., Tacu L., Todiras M., Moraru, 1., Cobet V., Popovici M. Inflammation
mitigation improves post-infaction functional recovery of the heart. European Heart
Journal. 2019, vol. 40, issue suppl_1,1.P.6349 (IF 23,239) (Poster).

lvanov M., Tacu L., Ivanov V., Popovici I., Ciobanu L., Todiras M., Moraru 1., Cobet
V., Popovici M. Inhibitia TNF- alfa amelioreaza evolutia functionald post-infarct a
cordului. Congresul National de Cardiologie, Romanian Journal of Cardiology. 2019,
vol. 29, p. 313-314 (Poster 243).

lvanov M., Ciobanu L., Popovici 1., Ivanov V., Cobet V., Popovici M. Paternul de
remodelare post-infarct a miocardului si evenimentele cardiovasculare majore la pacientii
cu STEMI: relatii si predictori. Congresul National de Cardiologie. Romanian Journal
of Cardiology. 2019, vol. 29, p. 159-160 (Poster 122).

Ilvanov M., Turcan V., Plugaru A., Surev A., Derejovscaia S., Ivanov V. AVC
posprocedural: cand cauza evidentd nu e cea justd. Congresul National de Cardiologie.
Romanian Journal of Cardiology. 2019, vol. 29, p.229-230 (Poster 175).

Ciobanu L., Popovici 1., Ivanov V., Cobet V., lvanov M., Popovici M. Diagnostic and
prognostic value of neopterin and RNA-ase in patients with STEMI and NSTEMI
(abstract-poster). ESC Congress 2020 (online);

30



33.

34.

35.

36.

Ivanov M., Popovici M., Ciobanu L., Ivanov V., Popovici I., Cobet V., Todiras M.,
Acute vascular effects of the ang 1-7 in endothelial dysfunction. Poster 89th EAS
Congress, 2021 DOI: org/10.1016/j.atherosclerosis.2021.06.278

Patents, registration certificates, medals at invention salons

Popovici M., Moscalu V., Ivanov M., Ciobanu L., Ivanov V., Popovici I., Cobet V.
Dosage sanguin de SR-Ca-2A utilisant des anticorps monoclonaux purifies dans le test
ELISE visant a obtenir un marquer fable pour la necrose du myocarde Salon international
des inventions, Geneve, aprilie 2019 (Medalie de argint);

Ciobanu L., Moscalu V., Ivanov V., Popovici I., Costin S., Ivanov M., Cobet V.,

Popovici M., - The circulating endothelial progenithor cells — a predictor of coronay and
myocardial remodeling after coronary angioplasty. The world exhibition on inventions,
research and new technologies. Eureka, Bruxelles, march 2018 (Medalie de aur);
Ciobanu L., Moscalu V., Ilvanov V., Popovici I., Costin S., Ivanov M., Cobet V.,
Popovici M., Cellules Endotheliales de circulation d’ancetre — un facteur predictif de
transformation coronaire et myocardique apres [’angioplastie coronaire. Salon
international des inventions, Geneve aprilie 2018 (Medalie de argint);

31


https://doi.org/10.1016/j.atherosclerosis.2021.06.278

