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Aims. In order to study the levels of matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1, intracardiac hemodynamics,
frequency of acute cardiac aneurysm development in patients with Q-wave myocardial infarction after thrombolysis, 74 patients were
examined.

Methods and results. All participants underwent clinical and laboratory examination, echocardiography, determination of serum levels
of matrix metalloproteinase-9 and tissue inhibitor of metalloproteinase-1.

Conclusion. Patients, who got thrombolysis in 6 to 12 hours period, had excessive activation of the proteolysis system on the background
of relative deficit of tissue inhibitor of metalloproteinase-1, the prevalence of dilatation and restrictive diastolic dysfunction, cardiac
aneurysm was detected frequently and thrombogenic potential was higher.

Perynsuis excTpane/rojsipHOro MaTpUKEy y XBOpuX Ha Q-iHdapkT miokapaa micjst TpoMOoaiTHYHOT Tepamii
B. /1. Cusonan, C. M. Kucenvos

3 METO0 BUBYEHHSI PiBHIB MATPHKCHOI METAJIONPOTEiHA3U-9, TKAHHHHOTO iHTi0ITOpa MeTajonpoTeinasu-1, craHy BHyTPIIIHbOCEPIIEBOT
reMOJMHAMIKH, 9aCTOTH BUHUKHEHHS TOCTPO] MicIsTiH(papKTHOT aHEBPU3MHU cepIis y XBOpHX Ha Q-iHdapKT Miokapza micist TpoMOoIIi3uCy
obcTexeHno 74 XBopux. YCIM TMaIllieHTaM MPOBEICHO KIHIKO-Ta0opaTopHEe OOCTEKEHHS, eXOKapaiorpadiro, BU3HAYCHO CHPOBATKOBI
PIiBHI MaTPUKCHOI MeTanoNpoTeiHa3nu-9 Ta TKAHKHHOTO IHribiTopa MeTajIonpoTeinasu-1. Y XBOpHUX, KM MPOBOIHIH TPOMOOII3UC Y
CTPOKH Bixt 6 10 12 TOMH, BCTAHOBHJIM HaIMipHY aKTHBALiI0 CUCTEMH IIPOTEOJIi3y Ha TIIi BIAHOCHOTO Je(ilUTy TKAaHMHHOTO iHribiTOpa
MeTaJonpoTeiHas3n-1, mepeBary mporecis AuiaTamii Ta peCTPUKTUBHAN THIT TIaCTOJIYHOT AUCHYHKIIT JTIBOTO NITYHOYKA, YAaCTIllle BH-
SIBIISUT @HEBPHU3MY CepIsl Ta BU3HAYMIHM OLIBIINIT TPOMOOT€HHHUIT MOTEHIaI.

Kniouogi crosa: mampurkcha Memaionpomeinasa, ingapkm miokapoa, anespusma cepysl.
Ilamonozin. — 2014. — Ml (30). — C. 56-58

Perynsinusi 3KCTPaLeTIOIAPHOT0 MAaTPUKCa Y 001bHBIX Q-HH(APKTOM MHOKAP/A MOC/Ie TPOMOOTUTHYECKOH Tepanuu
B. J[. Cuisonan, C. M. Kucenes

C menpio M3y4eHHUS YPOBHEH MATPUKCHON METaJJIONPOTEHHA3bI-9, TKAHEBOTO MHTHOHWTOpa METaNIONpOTeHHa3bl-1, cocTo-
SIHUSI BHYTPUCEPJCYHOW IeMOAMHAMUKH, 4aCTOTHl BOSHMKHOBEHUS OCTPOH NMOCTHH(APKTHOW aHEBPU3MBI ceplla y OOJIBHBIX
Q-uHbapkToM MHOKapaa mocie tpombonusuca obcnenoBaHo 74 GoibHBIX. BeeM maieHTaM MpOBEIeHO KIMHUKO-Tab0paTopHOe
o0cieioBaHue, 9X0KapaArorpaduio, onpeieaeHbl CHIBOPOTOYHBIE YPOBHH MAaTPUKCHONW METAIIONPOTEHHA3bI-9 U TKAHEBOTO HHTMOUTOPa
MeTaJUIONPOTEeNHa3bI-1. Y OOJIBHBIX, KOTOPEIM IPOBOMIN TPOMOOJIN3KC B CPOKH OT 6 110 12 4acoB, yCTaHOBUIIM YPE3MEPHYIO aKTHBALIUIO
CHCTEMBI TPOTEO0NIN3a Ha ()OHE OTHOCHTEIHFHOTO Ae(UIINTa TKAHEBOrO HHIMONTOPA METAJIIONPOTenHa3bI- 1, IpeobiaiaHue quiaTtanim
U PECTPUKTUBHBII THI IHACTOIMYCCKOI AMCHYHKIMU JIEBOTO JKEylOuKa, Yalle OOHapyKMBAaJIW aHEBPU3MY CEpALd H ONPEACIIIN
OOoJNBIINI TPOMOOTESHHBIH ITOTEHIINAI.

Kniouesvie cnosa: mampukchas MEmaiionpomeunasa, uHpapkm Muokapod, anespusma cepoyd.
Ilamonozua. — 2014. — Ml (30). — C. 5658

it is well known fact, that the synthesis and degradation
of extracellular substance is controlled by systems MMP/
TIMP, the ratio of which influence to the character of extra-

A chievements and successes of modern cardiology
in recent years have led to a significant reduction in
morbidity and mortality from myocardial infarction (MI),

as in Ukraine, as abroad [3, 4, 5]. However, remains a high
probability of myocardial infarction complicated course,
even if the modern treatment strategy isused [3]. One of the
most dangerous complications of MI is the occurrence of
an aneurysm of the left ventricle (LV) [10]. In this course
of postinfarction remodeling in the pathological process in-
volved both cellular and extracellular morphologic substrate
[5]. Modification of extracellular matrix in the myocardium
leads to increased rigidity and changes in cardiac chamber
geometry [7]. As a consequence of changes in the spatial
organization of the heart chambers, disrupt filling and ex-
pulsion of blood from the heart, leading to the development
of systolic and diastolic dysfunction [6]. At present time,

© V. D. Syvolap, S. M. Kyselov, 2014

cellular matrix of myocardium restructuring [8]. The study
of the diagnostic and prognostic value of MMP-9 showed
increased activity of this gelatinase in serum of patients with
myocardial infarction compared with controls and patients
with unstable angina and preference of proteolytic processes
during postinfarction remodeling [7, 8, 9]. Similar effects
were found after experimental myocardial infarction in
mice with deficit of TIMP-1 [4]. Still unclear is the impact
of treatment strategy on the state of the MMP/TIMP system
and development of postinfarction remodeling.

The purpose of the study

To investigate the levels of MMP-9, TIMP-1, the status of
intracardiac hemodynamics, frequency of acute postinfarc-
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tion left ventricular aneurysm development in patients with
Q-wave myocardial infarction after thrombolytic therapy.

Patients and methods

74 patients (43 males and 31 females, mean age — 61.2
+ 3.5 years) were examined. They were delivered to the
intensive care unit of Municipal Institution «City Clinical
Hospital of Emergency and Urgent Care of Zaporizhzhyay
with a diagnosis of acute Q-wave myocardial infarction
of anterior wall of left ventricle (LV). The diagnosis was
determined according to the recommendations of the Asso-
ciation of Cardiologists of Ukraine (2013). Drug treatment
was performed according to the order of Ministry of Public
Health of Ukraine Ne436 from 03.07.2006 «Protocols of care
for patients with Acute Coronary Syndrome with segment
ST elevation (Q-wave myocardial infarction). All patients
received thrombolytic therapy (TLT) using Streptokinase
(Farmakinase, Farmak, Ukraine) and basic therapy that
included statins, anticoagulants (unfractionated or low
molecular weight heparin), antiplatelet agents (aspirin and
clopidogrel), beta-blockers, ACE inhibitors at target doses,
nitrates by demand. Depending on the exposure of onset
of thrombolytic therapy all patients were divided to such
groups: the first group consists of 24 patients who received
thrombolytic therapy within the first 2 hours from onset, the
second — 32 patients with an exposure of 2 to 6 hours, third —
18 persons who got thrombolytic therapy from 6 to 12 hours.

Groups were comparable by age, sex and comorbidities.
All patients were examined by clinical, laboratory, ECG
and echocardiography methods on the fifth day. ECG was
recorded using diagnostic complex «Cardiolab» («HAI —
Medicay, Kharkov, Ukraine). Intracardiac hemodynamics
was investigated using two-dimensional transthoracic echo-
cardiography with the help of ultrasound diagnostic scanner
MyLab 50 CV XVision (Esaote, Italy). Using echocardio-
graphy we assessed such parameters of the heart, as diastolic
diameter of left atrium (LA), interventricular septum in
diastole (IVSd), end-diastolic diameter of LV (LVIDd), pos-
terior wall of LV in diastole (PWLV), end-systolic diameter
of LV (LVIDs), relative thickness of walls of LV (RTW),
LV myocardium mass index (LVMMI), ejection fraction
(EF), stroke volume (SV), stroke index (SI), cardiac output
(CO), cardiac index (CI), early LV filling velocity (VE),
atrial systole flow velocity (VA) and their ratio (VE/VA),
deceleration time of E velocity (DT), isovolumic relaxation
time (IVRT), pressure in pulmonic artery (Pr. A.pulm.).
Serum levels of matrix metalloproteinases-9 (MMP-9) and
tissue inhibitor of metalloproteinases-1 (TIMP-1) were
determined using ELISA kits reagents of «Elisa» company
(Austria) microplate photometer DigiScan-400 in the Cen-
tral Research Laboratory of Zaporizhzhya State Medical
University (Head - Prof. A.V. Abramov).

Statistical analysis of the results was performed on a per-
sonal computer using the licensed program “Statistica” (ver-
sion 6.0, StatSoftInc, USA). The distribution of the variables
in the ranks of variation was determined by Shapiro-Wilk
test. With a normal distribution of signs descriptive statistics
presented as mean and standard deviation (M + SD), with

an abnormal distribution - as the median and interquartile
range - Me (IQR). The significance of differences was
evaluated by parametric (t-test, ANOVA) and nonparametric
(Wald-Wolfowitz test, Kolmogorov-Smirnov two-sample
test, Mann-Whitney U-test). Significant differences were
in case of p<0.05.

Results and discussion

Analysis of indicators which characterize the MMP/TIMP
system (tabl. I) showed the lowest level of MMP-9 in patients
of the first group. The level of MMP-9 was significantly
higher in the second (25.7%, p = 0.01) and third (47.5%, p =
0.001) groups than in the first. The level of MMP-9 in the third
group prevailed also in comparison with the second group
(17.3%, p = 0.04). Serum level of TIMP-1 in the first group
was the highest and dominated in comparison with patients
of the second (33.8%, p =0.03) and third (58.3%, p = 0.006)
groups. In the second group the level of TIMP-1 was higher
than the same index in the third group (36.9%, p = 0.05).

Table 1
MMP/TIMP system characteristic
2 group
n=24 n=32 n=18
73.4+2.1 92.3+5.4* 108.3+1.7**
113500.4+269.3 |75150.8+74.2*| 47350.2+126.3*

1 group 3 group

Index

MMP-9, ng/ml
TIMP-1, pg/ml

Note: * — differences are significant in comparison with the first
group (p<0.05), # — differences are significant in comparison with
the second group (p<0.05).

Obtained data, in case of thrombolytic therapy application
in later periods, are the evidence of excessive activation
of proteolysis on the background of relative deficiency
of TIMP-1, which is an inhibitor of excessive activity of
MMP-9. However, in patients with less period before the
beginning of thrombolytic therapy lower levels of MMP-
9 in the background of increased activity TIMP-1 were
observed. By data of Ferrony P. et al. (2003), high activity
of proteolysis associated with the processes of disintegration
of extracellular matrix [7].

During Doppler echocardiography (mabl. 2) in the third
group in comparison with the first and second groups were
registered higher indexes of LVIDd (14.3%, p = 0.03 and
9.6%, p = 0.05), LVIDs (23.8%, p = 0.01 and 18.9%, p
= 0.04 appropriately), the frequency of left ventricular
aneurysm detection (85.2%, p = 0.03 and 66,4%, p =
0.001 appropriately) and the phenomenon of spontaneous
ventricular contrasting (44.1%, p = 0.03 and 74.4%, p =
0.001 appropriately), higher than in the first group were
such indexes as LVMMI (15.2%, p = 0.05), SV (31.2%,
p = 0.008), SI (30.4%, p = 0.02), CO (19.2%, p = 0.05),
CI (25.2%, p = 0.04), VE (42.4%, p = 0.001) , VT/VA
ratio(51.5%, p=0.006), left ventricular aneurysm (85.2%, p
=0.001), smaller than the first and second groups values of
LV EF (23.3%, p=0.04 and 11.2%, p=0.05, appropriately),
lower than in the first group of indicators VA (25.0%, p =
0.002), DT (25.0% p=10.002) and IVRT (94.3%, p=0.001)
of LV. In the second group, compared with the first, there
were determined higher values of SV (26.5% , p = 0.03),
S1(22.1 %, p=10.01), CI (17,2%, p=10.05) VE (31.1%,
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p = 0.02), VE/VA ratio (40.2%, p = 0.04) and lower values
of LV EF (10.8%, p = 0.05), VA (61.2%, p = 0.05), DT
(29.4%, p = 0.008) and IVRT(69.9%, p = 0.002) of LV.

Table 2
Doppler echocardiography indexes
Index e I v AT
LA, sm 3.94+0.31 4.12+0.36 4.29+0.18
IVSd, sm 0.94+0.17 1.04+0.10 0.98+0.09
LVIDd,sm 5.34+0.12 5.63+0.20 6.23+0.11*#
PWLVd,sm 1.10+£0.07 1.12+0.05 1.14+£0.12
LVIDs,sm 3.06+0.15 3.26%0.11 4.02+0.12**
RTW, U 0.45+0.03 0.42+0.04 0.38+0.06
LVMMI,g 119.3%4.1 129.5£5.7 140.7+£3.4*
EF, % 48.2+0.2 43.5+0.3* 39.1+1.0*
SV,ml 52.3£3.7 71.216.2* 76.0+£3.2*
S|, ml/m? 32.5£3.1 41.7£1.8* 46.7+2.4*
CO,l/min 4.83+0.33 5.61+£0.13 5.98+0.16*
Cl,l/min/m? 2.78+0.18 3.36+0.22* 3.72+0.38*
VE, m/sec (0.4%;4 3.51) (0.585%1.64)* (0.62{703.74)*
VA m/sec O'Sg.é%)47’ (0.28;%1.37)* (0.3&%944)*
VE/VA, U 0.79+0.08 1.324+0.04* 1.63+£0.07*
DT, msec 152.4+1.3 117.8+1.0* 128.5+1.3*
IVRT, msec 121.3£3.4 71.414.2* 62.4+3.8*
PrA.pulm,mmHg | 27.5+5.2 31.9+3.4 41.5£2.3
Phenomenon
of spontaneous 8.1% 3.7% 14.5%**
contrast
Aneurism of LV 4.1% 9.3% 27.7%**
Thrombus of LV 4.1% 6.2% 16.6%

Note: * - differences are significant in comparison with the first
group (p<0.05), # - differences are significant in comparison with
the second group (p<0.05).

From the obtained material it is understandable, that an
increase of time before the TLT, directs the LV remodeling
mainly to dilatation way and associate it with lower LV

systolic function on the background of higher volume values
of intracardiac hemodynamic indexes. The same results
were obtained by Shliahto E.V. et al. (2007), who showed
that overload by volume is associated with elevation of
MMP-9/TIMP-1 ratio predominantly due to MMP-9 [5].
At the same time Blenkenberg S. et al. (2003) showed
that prevalence of proteolytic processes followed to the
development of prognostically unfavorable types of LV
remodeling [6]. Violation of diastolic function of LV typical
for all patients, but its type varied from impaired relaxation
in the first group to the restrictive type with increasing of
exposure before usage of thrombolytic therapy. On the
background of described disturbances in patients, with the
longest period before usage of thrombolytic therapy, often
showed an aneurysm of left ventricle and the phenomenon
of spontaneous ventricular contrast, that confirms the high
thrombogenic potential. In this cohort of patients was also
found a precise tendency to thrombus formation in the left
ventricle cavity. Our observations were confirmed in works
of other scientists (Berezin A.E. at.al., 2011), who proved
the high risk of complications of Q-wave MI in patients with
high level of MMP-9 [1].

Conclusions

In patients with Q-wave myocardial infarction, who got
thrombolytic therapy in 6 to 12 hours period, excessive
activation of proteolysis system on the background of
relative deficit of TIMP-1was revealed.

Increasing of time before usage of thrombolytic therapy
till 12 hours, in patients with Q-wave myocardial infarction,
directs LV remodeling to dilation way predominantly.

Violation of diastolic function of LV typical for all
patients with Q-wave myocardial infarction, but in exposure
prolongation before usage of thrombolytic therapy changes
it from impaired relaxation till the restrictive type.

In patients with Q-wave myocardial infarction with
longest period before usage of TLT most frequently was
revealed aneurysm of left ventricle and the phenomenon
of spontaneous ventricular contrast, that confirms the high
thrombogenic potential.
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