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Material a metoda: Do studie bylo zafazeno 88 pacientd, ktefi splnili kritéria pro zafazeni a neméli zadna vy-
lu¢ovaci kritéria, jimz byl diagnostikovan STEMI a podstoupili primarni PCl. Muzd bylo 66 (75,0 %), s pramér-
nym vékem 60,84 + 9,68 roku. Doba sledovani ¢inila 12 mésicli. Byl pouzit sloZeny cilovy ukazatel, ktery zahr-
noval vyskyt srdecniho selhdni, které si vyzadalo hospitalizaci, umrti z kardiovaskularnich pficin, recidivujici
infarkt myokardu, akutni cerebrovaskularni piihodu. Koncentrace MMP-9 byla stanovena pomoci ELISA.
Vysledky: Kaplanova-Meierova analyza kfivek ukdzala vyznamnou souvislost mezi zvysenou MMP-9 a stu-
dovanym slozenym cilovym ukazatelem, p = 0,0229. Pacienti s koncentracemi MMP-9 > 201,7 ng/ml méli
signifikantné vice cilovych ukazatel(. Jednorozmérna regresni analyza zjistila, ze MMP-9 byla indikovana
jako nezavisla proménnd pro nepfiznivy vysledek s pomérem Sanci (OR): 1,017, 95% interval spolehlivosti
(CI): 1,001-1,033, p = 0,037. Multivaria¢ni logisticka regresni analyza ukézala, Ze MMP-9 (OR: 1,019; 95%
Cl: 1,005-1,033; p = 0,009) spolu s glukdzou nalacno (OR: 1,246; 95% Cl: 1,010-1,538; p = 0,040) a leukocyty
(OR: 0,751; 95% Cl: 0,558-1,011; p = 0,057) zlstaly vyznamnymi nezavislymi prediktory slozeného cilového
ukazatele u studovanych subjekt( po Upravé dalsich zkoumanych zkreslujicich faktord, véku, pohlavi, indexu
télesné hmotnosti, lipidovych a glukdzovych profilu.

Zavér: U pacientl se STEMI po PCl existuje vyznamny vztah mezi nezaddoucimi Gcinky a zvysenymi koncent-
racemi MMP-9. MMP-9 se béhem ro¢niho sledovéni prokézala jako vysoce citlivy marker pro predikci nepfi-
znivého prubéhu onemocnéni u pacientt se STEMI.
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ABSTRACT

Objective: The use of matrix metallopeptidase-9 (MMP-9) in patients with acute myocardial infarction with
ST-segment elevation (STEMI) after percutaneous coronary intervention (PCl) as a prognostic indicator has
a lot of gaps and the medical community has very limited experience with it. The study aimed to evaluate
the prognostic role of MMP-9 in STEMI patients after successful revascularization within a 12-month follow-
-up period.

Material and method: 88 patients met the inclusion criteria and had no exclusion criteria diagnosed with
STEMI who underwent primary PCl were enrolled in the study. 66 (75.0%) were men, with a mean age of
60.84+9.68 years. A follow-up period was 12 months. The combined endpoint was used and it included the
occurrence of heart failure, which required hospitalization, cardiovascular death, recurrent myocardial in-
farction, acute cerebrovascular event. The level of MMP-9 was determined by ELISA.
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Results: Kaplan-Meier curves analysis showed significant association between increased MMP-9 and stu-
died combined endpoint, p = 0.0229. The patients with MMP-9 levels over 201.7 ng/ml had significantly
more endpoints. Univariate regression analysis found that MMP-9 was indicated as independent variable
for unfavorable outcome with odds ratio (OR): 1.017, 95 confidence interval (Cl) %: 1.001-1.033, p = 0,037.
The multivariate logistic regression analysis showed that MMP-9 (OR: 1.019; 95% Cl: 1.005-1.033; p = 0.009)
together with fasting glucose (OR: 1.246; 95% Cl: 1.010-1.538; p = 0.040) and leucocytes (OR: 0.751; 95% Cl:
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0.558-1.011; p = 0.057) remained significant independent predictors of combined endpoint in the studied
subjects after adjusting other investigated confounders, age, sex, BMI, lipid and glucose profiles.
Conclusion: There is a significant relationship between adverse events and elevated MMP-9 levels in STEMI
patients after PCl. MMP-9 was evinced as a highly sensitive marker for predicting the adverse course of the
disease in patients with STEMI during the one-year follow-up.

Introduction

The discovery and further implementation of new evi-
dence-based treatments for patients with acute myocar-
dial infarction (AMI) with ST-segment elevation (STEMI)
in recent decades have led to a sharp reduction in the
risk of recurrent cardiovascular events and a significant
improvement in prognosis.’ However, there is still an in-
creased risk of future cardiovascular events, and it stimu-
lates further searches for ways to optimize the prognosis
for each patient who underwent AMI with ST-segment
elevation and additional novel biomarkers have been in-
tensively studied in recent years.*>

Identification of biomarkers that have prognostic
value is necessary for a better risk stratification in ST-
segment elevation AMI. There is evidence that ST-seg-
ment elevation AMI is predicted by a variety of factors,
such as dyslipidemia, smoking, hypertension, diabetes,
age, male gender, and plasma levels of natriuretic pep-
tide (NUP) and possibly by the level of matrix metallo-
proteinase-9 (MMP-9).6 Among the studied biomarkers
MMP-9 is unique because it is closely related to the de-
velopment of atherosclerosis and plaque instability and
ACS consequently.” Moreover, MMP-9 plays a key role in
heart attack healing, tissue repair, and remodeling of
the extracellular matrix after AMI with ST-segment el-
evation.?

The search for new biomarkers continues in STEMI, al-
though in recent years the spread of new prognostic bio-
markers in acute coronary syndrome has been impressive,
only a few have convincingly proven their clinical value.
Only some of them are promising in this regard, their role
in clinical decisions has not yet been determined, in par-
ticular, treatment decisions.?

At the same time, very limited experience has been
accumulated on the possibility of clinical use of MMP-
9 in patients with STEMI after percutaneous coronary
intervention (PCl) as a prognostic marker (indicator) in
a one-year perspective. While this issue is very important
in terms of the management of such patients and im-
proving their survival and post-infarction recovery. Ac-
cumulated preliminary data allow us to hypothesize that
the level of MMP-9 may be a significant predictor of the
course of the disease and the post STEMI patient’s condi-
tion after PCI.

The study aimed to evaluate the prognostic role of
MMP-9 in STEMI patients after successful revasculariza-
tion within a 12-month follow-up period.

Methods

Study design

130 patients diagnosed with STEMI were enrolled in the
study. Patients were hospitalized in the intensive care
unit of the Government Institution “L.T.Malaya Therapy
National Institute of the National Academy of Medical
Sciences of Ukraine” (Gl “L.T.Mala NIT NAMSU") during
the first two days after PCl stenting of the infarct-depen-
dent coronary artery, which was held at the Government
Institution “V.T. Zaycev Institute of General and Urgent
Surgery NAMSU". 88 patients met the inclusion criteria
and had no exclusion criteria out of 130 enrolled pati-
ents. Among these 88 subjects, 66 (75.0%) were men and
22 (25.0%) were women, with a mean age of 60.84+9.68
years.

Patients were under supervision in a 12-month fol-
low-up period. The combined endpoint was used and it
included the occurrence of heart failure (HF), which re-
quired hospitalization, cardiovascular death, recurrent
myocardial infarction, acute cerebrovascular event. The
complicated course of the disease (STEMI) in the acute
period was assessed by the severity of acute HF (lI-1ll) ac-
cording to Killip grade, cardiac arrhythmias (paroxysms of
atrial fibrillation, ventricular tachycardia, transient atrio-
ventricular block II-111). The diagnosis of STEMI was estab-
lished in accordance with the guidelines of the European
Society of Cardiology (2018).'° The diagnosis of HF was
established according to current ESC Guidelines." The
diagnosis of arterial hypertension was established in ac-
cordance with the current recommendations of the 2018
ESC/ESH Clinical Practice Guidelines for the Management
of Arterial Hypertension.™

Ethical disclosure

The research was conducted in accordance with the pro-
visions of the Declaration of Helsinki, and the protocol of
the study was agreed with the GI “L.T.Mala NIT NAMSU"”
Commission on Ethics and Deontology (Protocol Ne 6 of
30.05.2017). All patients signed informed consent to par-
ticipate in the study accordingly to the latest GMP ICH
procedures.

Inclusion and exclusion criteria

Criteria for inclusion in the study were: established AMI
with ST-segment elevation, age >35 years, no contraindi-
cations to PCI, written informed consent to participate in
the study, and restore coronary blood flow at the level
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of TIMI Ill. Exclusion criteria were age >80, severe con-
comitant chronic diseases (anemia, chronic obstructive
pulmonary disease, bronchial asthma, liver cirrhosis, chro-
nic kidney disease with glomerular filtration rate <35 ml/
min/1.73 m?, bleeding), known malignancy, cancer, ina-
bility to understand the study and informed consent and
vulnerable segments of the population.

Patient management

Patients underwent primary PCl using a bare-metal co-
ronary stent (BMS). The TIMI scale was used to assess
the restoration of blood flow in the infarct-dependent
coronary artery. 88 patients were able to restore co-
ronary blood flow at the level of TIMI lll, they were
selected for further study. All patients received drug
therapy in accordance with current recommendations:
enoxaparin in a therapeutic dose of 0.1 mg/kg body
weight twice a day, acetylsalicylic acid 100 mg once
a day, ticagrelor 90 mg twice a day, rosuvastatin 40
mg or atorvastatin 80 mg once a day, B-blockers (bis-
oprolol or nebivolol), ACE inhibitors (ramipril or ena-
lapril).

Ultrasound examination of patients was performed
within 48 hours after hospitalization using the Toshi-
ba Aplio 500, model TUS-A500, with the evaluation of
next parameters: end-diastolic volume (EDV) of the left
ventricle (LV) and end-systolic volume (ESV) of the left
ventricle, myocardial mass LV (MMLV), LV ejection frac-
tion (EF), left atrial volume (LAV), LV diastolic dysfunc-
tion — maximum early diastolic filling rate E (m/s), maxi-
mum atrial diastolic filling rate A (m/s), their E/A ratio.

Determination of troponin I, total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-den-
sity lipoprotein cholesterol (HDL-C), and triglycerides
(TG) was carried out by the enzymatic method. The lev-
el of MMP-9 was determined by enzyme-linked immu-
nosorbent assay using a set of Human MMP reagents
— ELISA KIT, Invitrogen, Austria. Blood for determina-
tion of MMP-9 in serum was taken on day 3 after STEMI
beginning.

Statistical processing of the normality of the distri-
bution was done by Kolmogorov-Smirnov and Lilliefors
tests. Normally distributed variables are presented in the
form of mean (M) and standard deviation (SD) and were
compared using the Student’s t-test, otherwise, vari-
ables with not normal distribution are presented as me-
dians and interquartile ranges and compared using the
Mann-Whitney test and qualitative variables are pre-
sented as percentages and compared by the chi-square
test (y?). Multivariate analysis was used to indicate the
factors associated with adverse events (combined end-
point). Univariate analysis was performed for the mea-
sured variables. Predictor variables that were statistically
significant when evaluated individually against a com-
bined endpoint were included in the forward stepwise
multiple logistic analysis. The results were calculated
and presented as p-coefficient, standard errors (SE),
odds ratio (OR), and 95% confidence interval (Cl) for
each factor. The level of statistical significance was set
to a p <0.05. Statistical analysis was performed using the
software package Statistica 8.0 (StatSoft Inc, USA), and
MedCalc Statistical Software version 20.111 (Belgium).

Results

All studied patients were divided into two groups de-
pending on the level of MMP-9 (median 201.7 ng/ml).
The first group 1 included 44 patients with MMP-9
>201.7 ng/ml. The second one was with MMP-9 <201.7
ng/ml and included the same number of patients. The
main clinical, socio-demographic, anamnestic, car-
diac instrumental and laboratory parameters of these
groups are presented in Table 1.

The participant subjects were predominantly male
(75.0%) with a median age of 60.84+9.68 years, with
coexistent commonplace risk factor for STEMI like in-
creased blood pressure/arterial hypertension (HTN)
(86.4%), followed by smoking (48.9%). On the other
hand type 2 diabetes mellitus (2TDM) and increased
body mass index (BMI) (>30 kg/m?) were present only in
23.9% and 26.1% of patients consequently. It is essen-
tial to point out that all investigated indicators — age,
blood pressure, glucose and lipid metabolic balance,
smoking, HbA,, serum creatinine and echocardio-
graphic parameters were not significantly different
between the groups with higher MMP-9 and the lower
MMP-9 one. The differences in the concentration of
the studied biomarker -MMP-9 indicate the activation
of MMP-9 synthesis due to acute myocardial damage,
p = 0.0001. Comparing the localization of infarction
and atherosclerotic vascular lesions in the groups, no
statistically significant differences were found.

To identify the MMP-9 role in the development of
adverse cardiovascular events (combined endpoint)
and the relationship between the course of the dis-
ease and the concentration of MMP-9, a cumulative
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Fig. 1 - Kaplan-Meier curves showing the development of a com-
bined endpoint in STEMI patients in a 12-month follow-up period
depending on MMP-9 concentration.
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Table 1 - Baseline characteristics of patients with STEMI depending on the level of MMP-9
All patients (n = 88)

Parameters

Age, years (SD)
Males, n (%)
Females, n (%)
HTN, n (%)
2TDM, n (%)
HbA
Smoking, n (%)
BMI >30 kg/m?, n (%)
EDV LV, ml
LVEF, %

LAV

E/E’

Tnl, ng/mL

TC, mmol/l
HDL-C, mmol/l
LDL-C, mmol/I
TG, mmol/l

Creatinine clearance, ml/min

MMP-9, ng/ml

60.84+9.68
66 (75.0)

22 (25.0)

76 (86.4)
21(23.9)
6.71+2.01

43 (48.9)

23 (26.1)
123.40+24.74
46.63+5.50
35.95+9.26
13.72+4.89
7.56 [2.17-9.20]
4.67+1.23
1.03+0.29
2.57+1.08
1.99+1.11
77.08+28.94
193.09+59.32

Group 1
MMP-9 > median
(n=44)

60.68+9.02
32 (72.7)

12 (27.3)

38 (86.4)

12 (27.3)
6.89+1.78

20 (45.5)
8(18.2)
121.66+26.02
46.62+4.64
35.81£10.35
12.67+4.28
7.45 [2.75-9.54]
4.70+1.15
1.06+0.37
2.69+1.05
1.81+0.86
77.71£29.08
238.25+31.29

Group 2
MMP-9 < median
(n = 44)

61.00+10.39
34 (77.3)

10 (22.7)

38 (86.4)

9 (20.5)
6.51£1.99

23 (52.3)

15 (34.1)
125.01+23.70
46.63+6.33
36.09+8.17
14.70+5.29
6.81[3.35-8.80]
4.64+1.31
1.00+0.19
2.46+1.11
2.15+1.28
76.46+29.14
147.93+44.34

X2 p

0.878
0.623

1.0
0.617
0.678
0.522
0.0895
0.551
0.990
0.896
0.120
0.362
0.844
0.397
0.358
0.164
0.846
0.0001

2TDM - type 2 diabetes mellitus; BMI — body mass index; E/E’ - ratio between early mitral inflow velocity and mitral annular early diastolic
velocity; EDV LV - end-diastolic volume of the left ventricle; HDL-C - high-density lipoprotein cholesterol; HTN - arterial hypertension; LAV
— left atrium volume; LDL-C - low-density lipoprotein cholesterol; LVEF - left ventricular ejection fraction; MMP-9 — matrix metalloprotei-
nase 9; TC - total cholesterol; TG - triglycerides; Tnl - troponin |.

Table 2 - Univariate and multivariate logistic analysis of factors influencing the development of adverse events after AMI with ST

segment elevation

Parameter B-coefficient OR 95% Cl p
Univariate logistic analysis

MMP-9, ng/ml 0.017 1.017 1.001-1.033 0.037
SAP, mm Hg 0.007 1.007 0.974-1.041 0.684
DAP, mm Hg 0.0113 1.01 0.936-1.093 0.775
BMI, kg/m? -0.138 0.871 0.716-1.060 0.168
Complications in the acute period 0.829 2.293 0.211-24.893 0.495
2TDM 0.883 2.419 0.310-18.867 0.399
Fasting glucose, mmol/l 0.193 1.213 0.927-1.586 0.159
EDV LV, ml 0.007 1.007 0.970-1.046 0.702
Leucocytes, *10%I -0.299 0.741 0.524-1.049 0.091
TC, mmol/l 0.282 1.326 0.689-2.549 0.398
TG, mmol/l -0.617 0.539 0.161-1.805 0.317
Creatinine, mmol/l 0.0163 1.016 0.998-1.041 0.177
Multivariate logistic analysis

MMP-9, ng/ml 0.018 1.019 1.005-1.033 0.009
Fasting glucose, mmol/l 0.220 1.246 1.010-1.538 0.040
Leucocytes, *10%I -0.287 0.751 0.558-1.011 0.057
Creatinine, mmol/| 0.012 1.012 0.997-1.029 0.180

2TDM - type 2 diabetes mellitus; BMI — body mass index; DAP - diastolic arterial pressure; EDV LV — end-diastolic volume of the left vent-
ricle; MMP-9 — matrix metalloproteinase 9; SAP - systolic arterial pressure; TC - total cholesterol; TG - triglycerides.
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Kaplan—-Meier curves analysis was performed. And
it showed significant association between increased
MMP-9 and studied endpoint, F-criteria Cox, F (12.30)
= 2.848, p = 0.0099 and Log-rank criteria, p = 0.0229
(Fig. 1). Significantly more endpoints were recorded in
the patients with MMP-9 levels over 201.7 ng/ml, the
vast majority of which were HF decompensation, which
required hospitalization. Thus wise, increased MMP-9
concentrations showed a significant direct influence
on unfavorable one-year prognosis in STEMI patients
after PClI (Fig. 1).

Univariate with consequent multivariate logistic re-
gression analyses were performed to investigate inde-
pendent predictors of the adverse outcome presented
as reaching the combined endpoint. After providing
the univariate regression analysis it was found that
MMP-9 was indicated as independent variable for un-
favorable outcome OR: 1.017, 95 Cl%: 1.001-1.033, p
= 0,037. The multivariate logistic regression analysis
showed that MMP-9 (OR: 1.019; 95% Cl: 1.005-1.033; p
= 0.009) together with fasting glucose (OR: 1.246; 95%
Cl: 1.010-1.538; p = 0.040) and leucocytes (OR: 0.751;
95% Cl: 0.558-1.011; p = 0.057) remained significant
independent predictors of combined endpoint (bad
prognosis in patients with STEMI) in the studied sub-
jects after adjusting other confounders as is shown in
Table 2.

Discussion

We consider it important to point out that our investi-
gation was focused on the MMP-9 role in prognosis in
STEMI patients who underwent PCl and this issue was
not previously fully described. It was established in our
work that increased level of MMP-9 at admission in tho-
se patients is an important marker for further progno-
sis and a concentration of this enzyme over 201.7 ng/
ml is prognostically unfavorable for the post-infarction
one-year follow-up period. There are some works that
presented the close results with accordant patients.’>'>

Even though MMP-9 belongs to the family of metal-
loproteinase and is considered to be widely studied,
researchers continue to study the role of this enzyme
in atherosclerosis, ACS, Ml and other cardiovascular dis-
eases (CVD).'&1?

The most recent studies continue to investigate the
MMP-9 role as a player in pathways of myocardial in-
jury and its place in the field of prognostic markers
in cardiovascular pathology.?*?*> And its role is under
investigation not only in cardiovascular pathology,
but also in chronic Chagas disease, ocular pathology,
ischemic stroke, in diabetes.?*?8 |t is worth mention-
ing the work studying MMP-9 in renal diseases. For
example, O. Zakiyanov et al. examined the dynamics
of MMPs in patients with kidney disease.?® The au-
thors state that metalloproteinases are one of the
key players in a variety of acute and chronic variants
of kidney diseases. In their review, the authors argue
that a deeper understanding of the MMPs' role in
the development of renal pathology will open novel
ideas for advanced therapeutic approaches. And we

consider that such a statement can be extrapolated to
patients with CVD.

MMP-9 is regarded as a new effective marker and
a possible therapeutic target for diseases based on ath-
erosclerosis.3*3" In addition, MMP-9 also has potential as
an indicator of the early stages of atherosclerotic dam-
age, since an increase in the level of this substance most
likely evidences destabilization of the atherosclerotic
plague and destruction of myocardial tissue, and also
MMP-9 shows a significant prognostic value.”* MMP-9
levels increased in patients with acute myocardial infarc-
tion with ST-segment elevation and MMP-9 appeared to
be a significant biomarker for the diagnosis of acute
myocardial infarction with ST-segment elevation.*

MMP-9 levels have been studied as a possible predic-
tor of risk in patients with acute coronary syndrome
(ACS) by G.M. Hamed and M.F. Fattah.®® These inves-
tigators also took into account smoking status, blood
pressure levels, lipid and glucose balance, markers of
myocardial necrosis, and instrumental data. These au-
thors showed that MMP-9 levels were higher in patients
with ACS than in the stable CAD group. Importantly,
this study demonstrated that STEMI has the highest lev-
els of MMP-9. And this correlates with our data, that is,
the MMP-9 values were significantly higher in patients
who had an unfavorable outcome of the disease (recur-
rent ischemic attacks, congestive heart failure or death).
However, their data pointed to an MMP-9 cut-off value
of 3100 pg/mL as an indicator of the difference between
MI and unstable angina (UA). Such a difference in num-
bers is most likely due to the various reagents that were
used in the study, while the influence of the time of tak-
ing the material for the study is not excluded. This may
suggest that further research is needed to elucidate the
timing of peak MMP-9 levels in MI. The authors argue
that MMP-9 can serve as an early marker that differ-
entiates MI from UA, which we did not investigate in
our work. At the same time, this work, like our study,
showed the importance of MMP-9 as a predictor of an
unfavorable outcome of MI.

Another recent work by D. Opincariu et al. dedicated
to the role of MMP-9 in CVD showed the importance
of the mentioned enzyme in predicting the course
of STEMI.3* At the same time, the MACE indicator for
1 year was chosen as the endpoint in their work. Au-
thors showed that the most significant predictive indi-
cators of MACE were elevated levels of MMP-9 along
with I-CAM, V-CAM at 1-year follow-up. Interestingly,
none of the other investigated parameters was found
to be significant in this trial. The data by Opincariu et
al. also correlate with our results. In general, D. Opin-
cariu et al. emphasized that inflammatory biomarkers
are more important and significant predictors for MACE
than instrumental parameters such as LVEF. Noteworthy
is their conclusion that a high level of MMP-9 (greater
than 1155 ng/mL, AUC -0.786, p <0.001) was the stron-
gest predictor of STEMI recurrence even after adjusting
for left ventricular ejection fraction, diabetes mellitus,
acute phase complications, and other inflammatory bio-
markers.

The recent work by H. Kook et al. from Korea in
2020 confirmed that MMP-9 is an important prognostic
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marker in ACS.3> However, in this paper, the authors
improved the prediction model by adding soluble lec-
tin-like oxidized low-density lipoprotein receptor-1,
MMP-9, leukocyte levels, and peak levels of CK-MB
to the discriminative model. They showed that such
a complex model predicts plaque destabilization more
effectively than single biomarkers in patients with
ACS. However, their study was focused less on the
long-term prognosis after STEMI and predominantly
on the prognosis of plaque rupture in ACS, which dis-
tinguished this work from ours. However, in terms of
studying the effect of MMP-9 on the pathogenesis of
ACS, this work cannot be overestimated and it pro-
vides additional important information about the na-
ture of the MMP-9 effects on the prognosis in STEMI
patients. Their ROC analysis showed that MMP-9 (p =
0.0274) was a significant independent marker for sep-
arating the group with plaque rupture from the group
without plaque rupture.?®> The mentioned work from
Korea estimated that MMP-9, as an inflammatory bio-
marker, is actively involved in the process of destabili-
zation of atherosclerotic plaques, and this is the basis
for the development of both acute coronary syndrome
and the development of subsequent adverse conse-
quences in the post-infarction period.

Another important basic work for understanding our
results can be considered a recent review by T. Li et al.®
The authors note that increased production of MMP-9
most likely accentuates the destruction of the extracellu-
lar matrix and leads to destabilization of atherosclerotic
plaques. Their work showed that high MMP-9 values are
associated with greater plaque vulnerability. This review
demonstrates that MMP-9 may be a predictor of destabi-
lization of atherosclerotic plaques, and the further course
of cardiovascular disease, that is in concordance with our
results. The accumulated data make it possible to state
that in addition to the fact that MMP-9 is a significant
prognostic marker for predicting the course of athero-
sclerotic changes, this enzyme should also be investigated
as a therapeutic target to improve the management and
prognosis of such patients. It is also important that T. Li
et al noted the need to take into account the influence
of additional factors on the relationship between MMP-
9 and atherosclerotic lesions, such as ethnicity, MMP-9
gene polymorphism, and comorbidities.*® Further large-
scale works are still required to improve our understand-
ing of the role and place of MMP-9 in CVD.

The work of G. Jordakieva et al. is newsworthy since
it is somewhat similar in general meaning to our study.*’
The authors showed that the MMP-9 values are signifi-
cant in the prediction of short-term (30-day) mortality,
and this was applied more specifically to patients with
heart disease. However, their study design had 120 pa-
tients who were examined in the intensive care unit of
the internal medicine department, which, in addition to
cardiac essential patients, also included other critically ill
patients. This was very different from our work since we
investigated only STEMI patients after PCl. At the same
time, G. Jordakieva et al. obtained results also showed
that high MMP-9 values may be important prognostic
markers, as well as potential therapeutic targets in sys-
temic inflammation and the intensive care unit setting.?’

This testifies in favor of the fact that the increased
MMP-9 expression is an important pathogenetic link in
various critical conditions and especially in acute car-
diovascular conditions, such as STEMI or ACS.

There are several possible explanations for the asso-
ciation between elevated MMP-9 levels and subsequent
adverse events after STEMI. Coronary atherosclerotic
plaques are the pathological basis of coronary heart dis-
ease. From these considerations, we assume that the key
reason is that MMP-9 is closely associated with the rup-
ture of atherosclerotic plaques. An increased level of this
enzyme reduces the fibrous cover of the plaque due to
the degradation of the matrix of the fibrous cover of the
atheromatous plaque, which leads to the formation and
rupture of unstable plaques and the next clinical cardio-
vascular events. We consider that the increased synthesis
of MMP-9 in the lesions in patients with STEMI is likely
to suppress the rate of formation of a stable plaque and
this is what affects the further course of the disease and
the development of adverse events. High levels of MMP-9
support low gradient inflammation, which is the patho-
genetic basis for the presence of unstable plaques in post-
infarction patients.

The presented study had several limitations. First, it
is worth mentioning that the study had the compact
sample size to state definitive conclusions. Second,
there were no series of measurements of MMP-9, to
estimate the evolution of its minimum — maximum
ranges. In addition, only one clinical site was involved.
Also, the limitation is that predominantly males were
among the investigated subjects. Additionally, we
evaluated only exactly STEMI patients after PCl with-
out any other treatment, on the other hand, this nar-
row target group together with appropriate statistical
methods doing our best to avoid these possible biases.
It can be considered as a limitation that we used a com-
bined (composite) endpoint as an outcome, including
some conditions but not an exact firm (primary) end-
point. Therewithal, the relationship between the ob-
tained 12-month treatment and MMP-9 levels and the
final outcome was not assessed. At the same time, we
consider a trial’s strength that it was carried out under
conditions of routine clinical practice and granted us to
gain real relevant data.

Our consideration is that further studies are required
on the role of MMP-9 in the after PCI STEMI patients’
prognosis and its pathogenetic role needs more deep in-
vestigations. Further sizable, multicenter trials are need-
ed to confirm obtained relation between MMP-9 and
prognosis in STEMI patients.

Conclusion

Based on the studied data, it can be assumed that the-
re is a significant relationship between adverse events
and elevated MMP-9 levels in STEMI patients after PCI.
MMP-9 was evinced as a highly sensitive marker for
predicting the adverse course of the disease in pati-
ents with STEMI during the one-year follow-up. Future
investigations are needed to estimate whether MMP-9
is associated with myocardial infarction pathogenesis
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and prognosis, revealed as a protective mechanism
response, or unconcerned in the STEMI pathophysio-
logical processes. Elucidating its exact and valid me-
chanism promisingly can lead to increasing in STEMI
patients’ survival and recovery and better manage-
ment.
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