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Abstract 
 

The study was to investigate the changes in matrix metalloproteinase-9 (MMP-9) and tissue 
inhibitors of metalloproteinase-1 (TIMP-1) in acute myocardial infarction (AMI) patients af-
ter percutaneous coronary intervention (PCI) and to explore their correlation to recent left 
ventricular remodeling (LVRM) and cardiac function. A total of 98 AMI patients were re-
cruited of whom 51were admitted within 12 h and treated with PCI immediately (Group A), 
22 were admitted at 12 h after AMI and treated with delayed PCI when the disease condition 
was stable(Group B), and the remaining 25 received conservative therapy(Group C). In 
Group D, 20 healthy subjects were enrolled. Two-dimensional echocardiography was per-
formed to detect the end diastolic volume (EDV), end systolic volume (ESV), left ventricular 
ejection fraction (LVEF), left ventricular end diastolic diameter (LVDd) and ventricular an-
eurysm. In Group A, MMP-9 significantly increased after PCI, but returned to nearly normal 
level at 7 days after AMI. The MMP-9 level in Group A was markedly different from that in 
Groups B and C (P<0.05). At 90 days after AMI, examination revealed the EDV, ESV, LVDd 
and LVEF in Groups A and B were superior to those in Group C (P<0.05). The MMP-9 on 
day 7 was positively related to the EDV (r=0.261, P<0.05) and ESV(r=0.340, P<0.05) but nega-
tively to LVEF (r=-0.218, P<0.05) on day 90. So we concluded that expression increases at 
early stage of AMI. During the LVRM, MMP-9 is positively associated with EDV and ESV 
but negatively with LVEF.  
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Introduction  
 

After acute myocardial infarction (AMI), compensation 
process is initiated and left ventricular remodeling 
(LVRM) is also activated which is characterized by thin-
ning and elongation of infarct ventricular wall resulting in 
protrusion of infarct ventricular wall. However, the 
non-infarct ventricular wall thickens and elongates as a 
response. Both processes lead to progressive dilation and 
transformation of left ventricle accompanied by compro-
mised cardiac function. During the LVRM, apart from the 
abnormalities in structure, metabolism and function of 
myocardial cells, the production and deposition of ex-
tracellular matrix (ECM) are also aberrant. In the pres-
ence of hydrolysis by matrix metalloproteinases (MMPs), 
the production and degradation of ECM remain at a bal-

anced level. Tissue inhibitors of metalloproteinases 
(TIMPs) are endogenous specific inhibitors of MMPs 
(1-3). Coronary artery recanalization and myocardial 
reperfusion therapy such as thrombolysis and percutane-
ous coronary intervention (PCI) may savage the ischemic 
myocardium, reduce infarct area and protect left cardiac 
function if this treatment can be applied soon after AMI. 
In the present study, the effects of emergency PCI, de-
layed PCI and conservative therapy on LVRM and car-
diac function was compared in the AMI patients. This 
study aimed to explore the biological mechanisms under-
lying the prevention of LVRM by PCI, which was further 
elucidated at the level of MMPs and their inhibitors. In 
our study, the changes in MMP-9 and TIMP-1 were in-
vestigated in AMI patients and their relations to LVRM 
and cardiac function were also evaluated. Our findings 
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suggest that MMP-9 and TIMP-1 play important role in 
the prediction of post-AMI LVRM and cardiac function.   
 
Patients and Methods  
 
Patients 
A total of 98 patients with initial AMI were recruited 
from the Department of Cardiology in our hospital from 
March 2010 to November 2010. There were 70 
males(71.4%) and 28 females (28.6%). Of these patients, 
51 were admitted within 12 h after AMI and emergency 
PCI was administered (Group A); 22 were admitted at 12 
h after AMI and delayed PCI was performed (Group B); 
25 patients received conservative therapy (Group C). In 
the same period, 20 subjects without evident stenosis of 
coronary artery on coronary angiography served as con-
trols (Group D). There were no marked differences in 
gender, age, concomitant diseases (diabetes, hypertension, 
hyperlipidemia) and risk factors of AMI (smoking) 
among groups. Inclusion criteria included 2 of 3 items: 
patients had typical chest pain; electrocardiography (ECG) 
showed elevation of ST segment was ≥ 0.2 mv (millivolt) 
in chest lead and ≥ 0.1 mv in limb lead; creatine kinase 
isoenzyme was two folds higher than that of upper limit 
of normal. Exclusion criteria: AMI patients had old myo-
cardial infarction, underwent thrombolysis, had connec-
tive tissue diseases, secondary myocardial rup-
ture/perforation or chordal rupture and severe valvular 
diseases, received invasive cardio- pulmonary resuscita-
tion, had severe liver and kidney dysfunction, active 
hemorrhage, contrast agent allergy, trauma and malignan-
cies and underwent major surgery. Patients who had in-
fective of inflammatory state or scurvy who could not 
recall the time of sustained chest pain were also excluded. 
Criteria for success PCI: thrombolysis in myocardial in-
farction (TIMI) III flow was present in the coronary artery, 
the diameter of stenotic artery was reduced by ≤20%, pa-
tients had no operation related complications (such as 
death) and a second AMI was not noted.  
 
Treatment  
In Group A, patients were administered with oral aspirin 
(300 mg) and oral clopidogrel (600 mg) immediately after 
admission and PCI was subsequently performed for the 
recanalization of stenotic arteries (Innova 2000 cardio-
vascular imaging machine). In Group B, patients received 
delayed PCI. Patients in Group C underwent conservative 
pharmacotherapy. For each patient, medical history was 
reviewed, physical examination performed and measure-
ment of myocardium specific enzymes as well as ECG 
was also done. Patients also received intensive pharma-
cotherapy once they had no contradictions: aspirin, 
clopidogrel, nitrates, angiotensin-converting enzyme in-
hibitors, angiotensin receptor inhibitors, β receptor block-
ers, Statins, etc. Following PCI, patients were treated with 
aspirin at 300 mg/d and thereafter 100 mg/d 3 months 
later and with clopidogrel at 75 mg/d for at least 1 year.  

Observations and evaluation 
 
Peripheral venous blood (6 ml) was collected on admis-
sion and at 12 h, 7 d and 90 d after AMI followed by cen-
trifugation at 3000 r/min for 10 min. The supernatant was 

collected and stored at -80℃. Enzyme-linked immu-
nosorbnent assay (ELISA) was employed to measure the 
MMP-9 (detection limit: 0~10 ng/ml) and TIMP-1 (detec-
tion limit: 0~10ng/ml) according to the manufacturer’s 
instructions (Wuhan Boster, Biotech Co., Ltd). 
Two-dimensional echocardiography and detection of car-
diac function (Agilent HP5500 Cardiac Ultrasound De-
tector; probe frequency: 2-4MHz) were performed within 
7~10 d after admission and 3 months after AMI. 
Two-plane or Simpson method was applied to calculate 
the end diastolic volume (EDV), end systolic volume 
(ESV), left ventricular ejection fraction (LVEF) and left 
ventricular end diastolic diameter (LVDd). In addition, 
myocardial ventricular aneurysm was also detected.  
 
Statistical analysis 
Statistical analysis was performed with SPSS version 13.0 
statistics package. Quantitative data were expressed as 
mean ± standard deviation ( sx± ). Comparisons were 
done with Games Howell (heterogeneity of variance) or 
LSD method (homogeneity of variance) between two 
groups or with one way analysis of variance (ANOVA) 
among 3 groups. t test or repeated measures analysis of 
variance was employed for comparisons between before 
and after treatment. Qualitative data were compared with 
chi square test. Correlation was evaluated with Pearson 
linear correlation analysis. A value of P<0.05 was con-
sidered statistically significant.  
 
Results  
 
Levels of MMP-9 and TIMP-1  
When compared with controls, the levels of MMP-9 and 
TIMP-2 were marked increased in Groups A, B and C 
after admission (F=4.306 and 9.541, respectively, 
P<0.05). In Group A, the MMP-9 increased again after 
PCI but returned to the level on admission at 7 d after 
AMI, which was markedly different from that in Groups 
B and C (P<0.05). The TIMP-1 level in Group A at 7 d 
after AMI was still significantly higher than that in con-
trols (P<0.05), and but that at 90 day (d) after AMI re-
duced to a certain extent. In Group B, the MMP-9 level at 
7 d after AMI was still higher than that on admission and 
that on day 90 returned to the level on admission, which 
was still marked higher than that in Group C (P<0.05). 
The TIMP-1 level was consistently higher than that in 
controls (P<0.05). In Group C, the levels of MMP-9 and 
TIMP-1 were consistently higher than that in Group D 
(P<0.05) (Table 1). Meanwhile, we found that MMP-9 
and TIMP-1 data at each time point were not easy to 
analysis and also made no sense. 
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Table 1.  Levels of serum MMP-9 in four groups at different time points (ng/ml, sx± , n=98) 
 

Variables Time points 
Group A 
(n=51) 

Group B 
(n=22) 

Group C 
(n=25) 

Group D (F;  
intergroup)  

(n=20) 
 

F P 

0 4.76±2.76■ 4.51±1.71■ 4.94±2.27■ 3.07±0.87 4.306 0.219 0.8043 

12h 7.08±3.24▲       

3d 8.44±3.50▲ 7.38±2.50▲ 8.47±2.27▲  1.337 1.337 0.2686 

7d 4.20±1.73● 6.19±2.67▲ 7.70±2.46▲  18.910 18.910 0.000 

90d 4.33±1.88● 4.01±1.58● 5.79±1.82▲  7.199 7.199 0.001 

F (intragroup) 70.433 28.090 34.066     

MMP-9 

P 0.000 0.000 0.000     

0 256.0±143.1■ 238.1±96.13■ 251.4±79.12■ 131.4±39.41 9.541 0.171 0.843 

12h 271.8±120.4       

3d 284.6±122.7 262.1±117.9 266.4±78.13▲  0.408 0.408 0.666 

7d 250.0±82.59 249.6±85.43 242.5±56.45  0.085 0.085 0.919 

90d 179.4±42.44▲ 190.7±60.87▲ 187.0±36.60▲  0.482 0.482 0.621 

F (intragroup) 16.350 8.217 21.401     

TIMP-1 
 
 

P 0.000 0.002 0.000     

Note: ▲P<0.05 vs 0 h (on admission in same group); ●P<0.05 Group C vs Group A/B at same time point; ■P<0.05 vs 
Group D on admission. 
 
 
Table 2.  Findings on echocardiography in four groups at different time points ( sx± , n=98)  
 

Variables 
Time points 

(d) Group A (n=51) 
Group B 
(n=22) 

Group C 
 

F 
(intergroup) 

(n=25) 
 

P 

7 57.67±13.45 55.04±11.55 51.43±12.62 1.996 0.142 
90 
 

59.54±10.10● 58.0499±6.77● 47.56±10.38▲ 13.784 
0.000 

t (intragroup) -1.879 -1.900 2.613   

LVEF 
 
 

P 0.066 0.071 0.015   
7 134.29±37.63 127.68±36.39 143.16±47.70 0.889 0.414 
90 118.27±25.71▲● 118.41±28.39▲● 148.44±40.81▲ 8.926 0.000 

t (intragroup) 4.349 2.385 -2.131   
EDV 

P 0.000 0.027 0.044   
7 57.16±25.22 56.37±19.44 70.53±34.18 2.424 0.094 
90 47.59±15.39▲● 49.23±12.32▲● 78.08±26.97▲ 21.726 0.000 

t (intragroup) 3.954 3.527 -2.697   
ESV 

P 0.000 0.002 0.013   
7 
 

49.71±4.09 
 

50.36±4.64 
 

50.92±8.06 
 

0.354 
 

0.704 

90 48.73±3.97▲● 48.50±4.88▲● 53.48±6.758▲ 8.645 0.000 
t (intragroup) 

 
2.550 3.014 -3.681   

LVDd 
 

P 0.014 0.007 0.001   
Note: ▲P<0.05 among different groups; ●P<0.05 Group C vs Group A/B at same time point. 
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Table 3.  Correlation between MMP-9 level and findings on echocardiography (n=98) 
 

 LVEF EDV ESV LVDd 
r -0.218 0.261 0.340 0.118 
P 0.031 0.009 0.001 0.249 

 
Findings on echocardiography 
At 7 d after AMI, there were no marked differences in 
LVEF, EDV, ESV and LVDd among Groups A, B and C. 
At 90 d after AMI, the levels of LVEF, EDV, ESV and 
LVDd in Groups A and B were markedly higher than 
those in Group C (P=0.000). The LVEF level in Group A 
and B was significantly increased when compared with 
Group C at 90 d after AMI (P=0.000). No significant dif-
ferences were noted in the LVEF, EDV, ESV and LVDd 
between Group A and Group B (P>0.05). In Groups A 
and B, the levels of EDV, ESV and LVDd at 90 d after 
AMI were dramatically reduced when compared with 
those at 7 d after AMI, but the increase of LVEF was not 
statistically significant. In Group C, the levels of EDV, 
ESV and LVDd at 90 d after AMI were significantly in-
creased when compared with those at 7 d after AMI, but 
LVEF level dramatically reduced. There was no signifi-
cant difference in the myocardial ventricular aneurysm 
among Groups A, B and C(Table 2). 
 
Correlation between MMP-9 level and findings on 
echocardiography 
The MMP-9 at 7 days after AMI was positively related to 
EDV (r=0.261, P=0.009) and ESV (r=0.340, P=0.001) 
but negatively to LVEF (r=-0.218, P=0.031) at 90 days 
after AMI, and not related to LVDd (P=0.249)(Table 3). 
 
Discussion  
 
Following AMI, the LVRM may lead to progressive dila-
tion and transformation of left ventricle and subsequent-
compromise of cardiac function. During the post-AMI 
LVRM, there are abnormalities in not only myocardial 
cells but ECM. The ECM is crucial for the maintenance 
of arrangement of myocardial cells, coordination of myo-
cardial contractibility, and the maintenance of geometrical 
shape of left ventricle. Under the hydrolysis of MMPs, the 
re-arrangement and degradation of ECM is maintained at 
a balanced level. TIMPs are endogenous inhibitors of 
MMPs. Few clinical studies have been conducted to in-
vestigate the role of ECM and MMPs in the LVRM fol-
lowing AMI [1-3]. 
 
Our findings indicated that the levels of MMP-9 and 
TIMP-1 on admission in different patients with AMI were 
markedly higher than those in controls (P<0.05), which 
suggests MMP-9 may be related to the instability of 
coronary plaques [4] and has promise to become an im-
portant predictor of AMI. In Group A, the MMP-9 in-
creased again following PCI, which may be attributed to 

the plaque rupture and damage to blood vessels after bal-
loon dilation and stenting. In Group A, the MMP-9 at 7 d 
after AMI returned to the level on admission and signifi-
cantly different from that in Groups B and C (P<0.05), 
but the TIMP-1 level was still significantly higher than 
that in controls and reduced at 90 d after AMI. In Group 
B, the MMP-9 level at 7 d after AMI was markedly higher 
than that on admission and retuned to the level on admis-
sion at 90 d after AMI but was significantly different from 
that in Group C (P<0.05). The TIMP-1 level began to 
reduce at 90 d after AMI. In Group C, the levels of 
MMP-9 and TIMP-1 remained higher than those on ad-
mission and in the controls, and the TIMP-1 level start to 
reduce at 90 d after AMI. These findings suggest PCI can 
shorten the duration of increased MMP-9 and promote the 
reduction of MMP-9 when compared with pharmacother-
apy alone, and this effect is more evident following 
emergency PCI as compared to selective PCI. 
 
Detection of cardiac function revealed there were no 
marked differences in LVEF, EDV, ESV and LVDd at 7 
d after AMI among Groups A, B and C. At 90 d after 
AMI, the levels of LVEF, EDV, ESV and LVDd in 
Groups A and B were markedly lower than those in 
Group C (P<0.05). However, the LVEF level in Groups A 
and B was higher than that in Group C. No marked dif-
ferences were not observed in LVEF, EDV, ESV and 
LVDd between Groups A and B (P>0.05). In addition, the 
levels of EDV, ESV and LVDd at 90 d after AMI were 
significantly lower than those at 7 d after AMI, and the 
LVEF level increased without marked difference. In 
Group C, the levels of EDV, ESV and LVDd at 90 d after 
AMI were significantly higher than those at 7 d after AMI 
and LVEF dramatically reduced. There was no significant 
difference in the ventricular aneurysm among Groups A, 
B and C. The ventricular aneurysm at 90 d after AMI was 
higher than that at 7 d after AMI but without significant 
difference. The principles for the treatment of AMI is to 
recanalize ischemia-reperfusion artery (IRA) to assure 
myocardial perfusion, prevent myocardial necrosis, pro-
tect cardiac function, reduce ventricular remodeling and 
improve the short-term and long-term prognosis [5]. At 
the early stage of acute IRA, recanalization is an impor-
tant predictor of survival [6,7]. Our findings indicated, 
when compared with pharmacotherapy, PCI could sig-
nificantly inhibit LVRM and improve cardiac function, 
but no marked difference was noted between emergency 
PCI and selective PCI in the therapeutic efficacy. This 
may be attributed to short follow up period (3 months). 
No marked differences in the LVEF and ventricular an 
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eurysm may also be related to the short follow up period. 
These findings suggest, at early stage of AMI, EDV, ESV 
and LVDd were more sensitive to treatment as compared 
to LVEF and ventricular aneurysm. When compared with 
pharmacotherapy, delayed PCI can significantly improve 
the cardiac function but the therapeutic efficacy of de-
layed PCI was comparable to that of emergency PCI. 
Thus, for patients unsuitable for emergency PCI, delayed 
PCI is still required and beneficial for the prognosis. 
There is evidence showing that delayed recanalization is 
beneficial for the improvement of prognosis although it 
may not benefit the reduction of AMI [8,9]. 
 
In addition, the correlation between serum MMP-9 and 
findings on ultrasonography was also evaluated. Results 
revealed the MMP-9 level at 7 d after AMI was positively 
to EDV and ESV but negatively to LVEF at 90 d after 
AMI. However, these were not associated with LVDd. 
These findings indicate serum MMP-9 at 7 d after AMI 
can be used to reflect the myocardial remodeling and pre-
dict the recovery of cardiac function following AMI. 
Moreover, this also demonstrates that MMP-9 plays an 
important role in the maintenance of myocardial structure 
and function. Whether MMP inhibitors can be applied in 
the prevention of ventricular remodeling following AMI 
is required to be further demonstrated [10-15]. 
 
Our findings indicate: 1) MMP-9 level increases at early 
stage of AMI and increased MMP-9 level may continue 
for 1 week to several months and reperfusion therapy may 
reduce the MMP-9 level and shorten the duration of in-
creased MMP-9; 2) During LVRM after AMI, MMP-9 
level is positively related to EDV and ESV and negatively 
to LVEF. MMP-9 may become an important predictor of 
AMI onset and ventricular remodeling after AMI; 3) 
Emergency PCI aiming to recanalize stenotic blood ves-
sels is helpful for improvement of cardiac function and 
delayed PCI is still beneficial for suppression of ventricu-
lar remodeling; 4) At early stage of ventricular remodel-
ing following AMI, the EDV, ESV and LVDd are more 
sensitive to treatment than LVEF and ventricular aneu-
rysm.  
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