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ABSTRACT
Objective: A strong correlation exists between myocardial fibrosis and heart failure (HF). Myocardial fibrosis can be detected by cardiac magnetic resonance (CMR), which is a crucial noninvasive imaging method with high specificity and sensitivity. Matrix metalloproteinases (MMPs)
are primary proteases responsible for the degradation of extracellular matrix (ECM) components, and they play a vital role in maintaining the
balance between anabolism and catabolism of ECM. This study aims to investigate the correlation between cardiac fibrosis detected on CMR
and serum MMP-9 levels in patients with HF.
Methods: We enrolled 53 patients (age: ≥18 years) with left ventricular ejection fraction (LVEF) ≤40%, who received CMR because of various
indications. All patients were divided into two groups-with cardiac fibrosis (n=32) and without cardiac fibrosis (n=21)-detected by CMR with
late-Gadolinium. Both groups were then compared according to MMP-9 levels.
Results: MMP-9 levels were significantly higher in patients with cardiac fibrosis than those without fibrosis (p<0.01). A correlation was determined between the diffusiveness of fibrosis and serum MMP-9 levels. Besides, a statistically significant correlation was determined between
MMP-9 measurements and the number of segments with fibrosis (p<0.05). In the group with cardiac fibrosis, LVEF measurements by CMR were
significantly lower (p<0.01), with left ventricular end-diastolic volume (LVEDV) and left ventricular end-systolic volume (LVESV) measurements
significantly higher (p<0.01), than the other group. Furthermore, we found a statistically significant correlation between MMP-9 levels and LVEDV
and LVESV.
Conclusion: MMP-9 levels correlate with cardiac remodeling in patients with HF and could be useful in predicting left ventricular fibrosis. In
clinical practice, the use of serum MMP-9 could provide early consideration of therapies for structural and functional pathology of the heart in
patients with HF. (Anatol J Cardiol 2020; 24: 303-8)
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Introduction
Cardiac fibrosis is a pathological process that could be triggered by ischemia, stress, inflammation, or neurohormonal activities. The etiology of heart failure (HF) determines the distribution and prevalence of fibrosis. Diffuse cardiac fibrosis occurs
in idiopathic dilated cardiomyopathy, diabetic cardiomyopathy,
hypertensive heart disease, and hypertrophic cardiomyopathy
(1). Fibrosis is the major component of myocardium remodeling
in ischemic cardiomyopathy; in these patients, focal cardiac fibrosis occurs in ischemic segments (2). In addition, fibrosis in HF
has been reported to be associated with mortality and hospitalization (3-5).

Enhanced protease activity in HF contributes to collagen
degradation, weakening of connective tissue, impaired myocardial integrity, and ventricular remodeling (1). Although endomyocardial biopsy remains the gold standard for detecting
cardiac fibrosis, some other modalities could also be used in
clinical practice such as echocardiography, cardiac magnetic
resonance (CMR), and biomarkers; indeed, one of the leading
methods is the measurement of collagen metabolism–induced
biomarkers in the serum. Matrix metalloproteinases (MMP) often perform physiological and pathological connective tissue
remodeling by maintaining a balance between collagen synthesis and degradation. MMPs are the primary matrix destructive
proteases capable of degrading all protein components of the
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extracellular matrix (ECM) (6). Lately, CMR has become the noninvasive gold standard method for detecting focal cardiac fibrosis (7). Furthermore, some studies have established a correlation
between fibrosis detected in T1 tissue-time CMR and endomyocardial biopsy in patients with HF (8).
This study aims to investigate the correlation between cardiac fibrosis detected on CMR and serum MMP-9 levels in patients with HF.

Methods
This retrospective study was approved by a Local Ethics
Committee, which waived the need for obtaining informed consent for the investigation and presentation of deanonymized
medical data. We retrospectively examined patients (age: ≥18
years) diagnosed with HF who had left ventricular ejection fraction (LVEF) ≤40%, were admitted to İstanbul Mehmet Akif Ersoy
Thoracic and Cardiovascular Surgery Training and Research
Hospital from January 2017 to June 2018, and received CMR because of various indications, such as cardiac mass-thrombus
investigation, viability, and ejection fraction calculation, related
to ischemic cardiomyopathy. Of note, we excluded patients who
had intracardiac mass or thrombus, etiology of non-ischemic
cardiomyopathy, and moderate to severe valvular heart disease
on CMR.
We retrospectively assessed our image and archive communicating system (ExtremePacs, Ankara/Turkey) on a daily basis.
In addition, we assessed the images of patients with HF scheduled for CMR examination. In this study, HF was defined according to the 2016 ESC guidelines (9).
All patients eligible for this study were recalled to the hospital for blood sampling. Blood samples were obtained from patients 12–72 h of time interval after performing CMR. In addition,
blood samples for plasma MMP-9 levels were obtained from the
antecubital vein and stored in ethylenediaminetetraacetic acid
tubes. Then, the samples were centrifuged (4°C, 5 min, 2000×g),
and the supernatant was stored in a freezer at –40°C until the
measurement. All measurements were performed with a medical device (Roche Diagnostics, GmbH, Mannheim, Germany) to
detect MMP levels for every patient. Of note, patients with HF
were compensated and were taking optimal medical therapy for
their condition. All patients’ functional classes were New York
Heart Association class 1 or 2.
All CMR studies were performed with a 1.5-T scanner (Aera,
Siemens Medical Systems, Erlangen, Germany), and all CMR acquisitions were performed using phased-array body coils. All the
sequences were obtained using prospective cardiac gating. The
CMR protocol, in the order of first to last, comprised breath-hold
black-axial blood fast spin-echo, multiple breath-hold long-axis
four-chamber, long-axis two-chamber, 9–12 stack of short-axes
cine images breath-hold using balanced steady-state free precession imaging (SSFP), two-dimensional late gadolinium–en-
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hanced (LGE) sequences in four-chamber, two-chamber, and
short-axis views covering the entire left ventricle myocardium.
The parameters for SSFP cine images were as follows: TR/TE,
3.8/1–3 ms; slice thickness, 5 mm with 5-mm interslice gap; and
temporal resolution, 35 m. We obtained LGE sequences nearly 12
(range: 10–15) min after the administration of 0.10–0.12 mmol/kg
gadolinium-DTPA (Magnevist; Schering AG®, Berlin, Germany).
Furthermore, the parameters for LGE sequences were as follows: TR/TE, 9.0/3.0 ms; slice thickness, 5 mm; and inversion time,
200–300 ms, which were adjusted as required for each patient to
null the normal myocardial signal completely.
Using software systems and functional analysis methods,
endocardial and epicardial borders were monitored manually.
In addition, the end-diastolic and end-systolic stages were determined in each study using the Argus (Siemens Healthcare,
Erlangen, Germany) software system. The observer evaluated
the left ventricular functions by calculating the LVEF using the
modified Simpson’s method on short-axis cine images with the
software. Moreover, the observer semi-automatically traced
the largest and narrowest ventricular diameters in the middle
of the ventricle; this method was used for each stage. Besides,
endocardial and epicardial margins were monitored manually on
short-axis images at both stages. We divided the left ventricular
myocardium into 17 segments-6 regions at the basal level; 6 regions at the midventricular level; 4 regions at the apical level; and
1 apex-based on the American Heart Association segmentation
model for the left ventricle (10). Notably, patients with an ejection
fraction >40%, HF with preserved ejection fraction, and HF without CMR images were excluded from this study.
Statistical analysis
All statistical analyses were performed using the Number
Cruncher Statistical System (NCSS) 2007 (Kaysville, UT, USA).
We investigated all continuous variables using the Kolmogorov–
Smirnov test to determine their normality. The normally distributed continuous variables are presented as means and standard
deviations, while the categorical variables are expressed in frequencies and percentages. We compared all normally distributed continuous variables using the Student’s t-test. In addition,
Pearson χ2 and Fisher’s Exact test were used to compare the
qualitative data. Using Spearman’s correlation coefficient, we
analyzed the correlation. Furthermore, we performed the binary
logistics regression analysis to explore correlation with the presence of LGE. In this study, p<0.05 was considered statistically
significant.

Results
We enrolled 53 patients, of whom 32 with cardiac fibrosis
were grouped as LGE (+), while the remaining 21 patients without cardiac fibrosis were grouped as LGE (–). Table 1 shows the
characteristics and biochemical parameters of the study groups.
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Table 1. Demographic characteristics and laboratory findings of the patients
		
Sex (Male)
Age
Diabetes mellitus (n-%)
Hypertension (n-%)
Hyperlipidemia (n-%)
LBBB (n-%)
Body mass index (kg/m2)
Hemoglobin (g/dL)
White blood cell count (109/L)
Creatinine (mg/dL)
Glomerular filtration rate (mL/min/1.73 m2)
MMP-9

LGE (+) (n=32)

LGE (–) (n=21)

P

30 (56.6%)
61.6±8.3
11 (20.7%)
29 (54.7%)
22 (41.5%)
5 (9.4%)
25.9±2.9
13.3±2
11.8±10
1.3±0.5
62.9±21
1699±254

13 (61.5%)
59.9±8.5
9 (16.9%)
20 (37.7%)
15 (28.3%)
3 (5.7%)
26.9±4.7
12.7±1
8.2±2
1±0.4
79.4±18
1356±335

0.562
0.632
0.573
0.479
0.542
0.609
0.339
0.317
0.140
0.015
0.006
<0.001

MMP-9 - matrix metalloproteinase-9; LGE - late gadolinium–enhanced; LGE (+) - patients with cardiac fibrosis group; LGE (–) - patients without cardiac fibrosis group

We observed no significant differences in the patients’ characteristics. In both groups, creatinine and glomerular filtration rate
(GFR) were in the normal range. However, the levels of MMP9 (1699±254 vs. 1356±335; p<0.001) and creatinine (1.3±0.5 vs.
1±0.4; p=0.015) were significantly higher in the LGE (+) group;
GFR (62.9±21 vs. 79.4±18; p=0.006) was lower in the LGE (+) group
compared with the LGE (–) group (Table 1).
Table 2 presents the CMR findings for the left ventricular volume and LVEF. The left ventricular end-diastolic volume (LVEDV;
257±62 vs. 188±42; p<0.001) and left ventricular end-systolic volume (LVESV; 178±54 vs. 116±39; p<0.001) were significantly highTable 2. Cardiac magnetic resonance findings of the
patients

LVEDV (mL)
LVESV (mL)
LVEF (%)
Quantity of LGE

er in the LGE (+) group, and the LVEF (28.1±3 vs. 35.5±4; p<0.001)
was significantly lower in the LGE (+) group compared with the
LGE (–) group.
We observed positive correlations between MMP-9 levels
and LVEDV (r=0.711; p≤0.001) and LVESV (r=0.655; p<0.001). A
negative correlation was found between MMP-9 and LVEF (r=–
0.634; p<0.001; Table 3). Accordingly, MMP-9 levels significantly
increased when the left ventricular diastolic and systolic volumes increased. Figure 1 shows a positive correlation between
MMP-9 levels and the quantity of LGE in CMR. In binary logistic
regression analyses, the LVEF and MMP-9 levels remained as
independent predictors in the presence of LGE (Table 4). OverTable 3. The positive and negative correlation between
MMP-9 levels and CMR findings of the patients

LGE (+) (n=32)

LGE (–) (n=21)

P

257±62
178±54
28.1±3
4.9±1.8

188±42
116±39
35.5±4

<0.001
<0.001
<0.001

LGE - late gadolinium–enhanced; LGE (+) - patients with cardiac fibrosis group;
LGE (–) - patients without cardiac fibrosis group

Left ventricular end-diastolic volume
Left ventricular end-systolic volume
Left ventricular ejection fraction
Quantity of LGE

r

P

0.711
0.655
-0.634
0.589

<0.001
<0.001
<0.001
<0.001

MMP-9 - matrix metalloproteinase-9; LGE - late gadolinium–enhanced

Table 4. Binary logistics regression analysis for the presence of LGE

Gender
Left ventricular end-diastolic volume
Left ventricular end-systolic volume
Left ventricular ejection fraction
MMP-9

Odds ratio

95% CI

P

6.086
1.007
0.949
0.498
7.287

0.544-88.807
0.935-1.1084
0.859-1.047
0.283-0.787
3.820-13.902

0.134
0.862
0.295
0.016
<0.001

MMP-9 - matrix metalloproteinase-9; LGE - late gadolinium–enhanced; CI - confidence interval
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Figure 1. A positive correlation between increased matrix
metalloproteinase-9 (MMP-9) levels and the quantity of late
gadolinium–enhanced (LGE) in cardiac magnetic resonance

all, these findings suggested that the MMP-9 level increment
significantly predicted the presence of LGE in patients with HF,
independent of ventricular dilatation.

Discussion
Cardiac fibrosis is a critical component of HF owing to the
strong correlation between cardiac fibrosis and HF progression.
This study investigated the correlation between MMP-9 and
cardiac fibrosis detected on CMR in patients with HF related to
ischemic cardiomyopathy. Our findings revealed that the MMP9 levels increased in patients with fibrosis, as well as correlated
with the quantity of LGE, which directly demonstrated the amount
of fibrosis. Our study supports the strong correlation between cardiac fibrosis and HF. As a marker of cardiac fibrosis, MMP-9 has
a good relationship with the amount of fibrosis in HF patients with
ischemic cardiomyopathy.
In energy-dependent cardiomyocytes, ischemia-driven cardiomyopathy occurs secondary to decreased blood flow; Burch et
al. (11) termed this clinical syndrome as ischemic cardiomyopathy.
If ischemic state and persistent impairment in perfusion continue,
myocardial damage and structural and functional changes occur,
which result in cardiac fibrosis and remodeling. Some previous
studies have documented the correlation between ischemic cardiomyopathy, fibrosis, and cardiovascular adverse event (12, 13).
Thus, studies lately indicated that slowing and reversal of remodeling is the key chain in the treatment of HF (14, 15). Based on this
research and changing management strategies, the value of early
or easier diagnosis of fibrosis and diagnosis of the amount of fibrosis have become crucial.

Endomyocardial biopsy remains the gold standard for detecting fibrosis, although biochemical measurements and noninvasive
imaging methods are critical in determining cardiac fibrosis. CMR
has become the noninvasive gold standard method for detecting
focal cardiac fibrosis since Wu et al. (4) Gradually, CMR is becoming more accessible and more frequently used in routine clinical
practice. However, the disadvantage of CMR is that the interpretation requires experience and it is still expensive. Perhaps, costeffective and less invasive evaluation of fibrosis could be advantageous in the early prediction of possible poor endpoints, which
could provide an opportunity to benefit from new therapeutic approaches targeting fibrosis in HF. Hence, various biomarkers have
been investigated in the literature to predict fibrosis. MMPs and
their inhibitors (TIMP) are promising candidates for the treatment
of patients with HF (16, 17). Our study reported that MMP-9 was
significantly elevated in HF patients with ischemic cardiomyopathy who had cardiac fibrosis on CMR, and this increase positively
correlated with the amount of fibrosis detected by CMR.
Fibrosis is associated with cardiac remodeling and structural
changes in the myocardium; both cardiomyocytes and ECM are
involved in these pathophysiological changes (18). In the ECM,
MMPs play a major role in the pathophysiological changes during remodeling (19). The expression and activity of MMPs, especially MMP-2 and MMP-9, have been reported to be upregulated
in patients with end-stage HF (20). In our study, MMP-9 correlated
with fibrosis, and the MMP-9 level increase correlated with the
increased left ventricular volumes in these patients. In addition, a
significant correlation was found between the increased MMP-9
levels and decreased LVEF; this finding is, perhaps, because fibrosis is closely related to remodeling, which is the result of decreased LVEF and increased left ventricular volumes. Consistent
with our study, Yan et al. (21) explored left ventricular remodeling
in patients with chronic HF with plasma MMP levels and found
that the plasma MMP-9 levels correlated with LVESV increment
and LVEF reduction. In their study, volume and LVEF measurements were performed by radionuclide angiography. In our study,
we performed volume and LVEF analyses by a noninvasive and
radiation-free method of CMR.
MMP-9 has been explored in other cardiovascular diseases,
except for HF. Indeed, MMP-9 was shown to be related to the increased risk of adverse cardiovascular events. Blankenberg et al.
(22) reported that, when MMP-9 levels are increased, the risk of
fatal cardiovascular event increases and MMP-9 could be a prognostic marker in patients with cardiovascular disease. In addition,
Hlatky et al. (23) reported that elevated MMP-9 levels and genetic
polymorphism could be related to acute myocardial infarction in
patients with coronary artery disease. Furthermore, Jong et al. (24)
stated that MMP-9 could be used as a diagnostic marker in postmyocardial infarction patients to predict the development of HF.
Study limitations
This study has some limitations worth acknowledging. First,
this study had a small sample size and was a single-center re-
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search. Moreover, because of ethical and economic reasons,
CMR could not be performed on healthy individuals to build a control group; thus, this study had no control group. Second, MMP-9
is the only explored MMP in this study. Fibrosis is detected with a
noninvasive imaging method, and biopsy was not possible in this
study. Third, biomarkers of BNP and NTproBNP were not routinely
used during follow-ups and diagnosis of these patients. Furthermore, as the study was not a long-term study, we could not gather
patients’ data in the long term and did not have adverse cardiovascular event rates in the study group.
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Conclusion
This study establishes that MMP-9 significantly correlates
with cardiac remodeling and increased left ventricular volumes,
along with the presence of fibrosis in patients with HF. Thus,
MMP-9 level monitoring could provide detailed information
about cardiac remodeling and possible adverse outcomes. Perhaps, gaining a better understanding of MMPs and intervening
the ECM restructuring could lead to different treatment strategies and treatment options in the near future. Hence, further investigations of MMP-9 and its inhibitors are warranted for the
development of new cardiovascular treatments.
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