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Background: Matrix metalloproteinase 9 (MMP9) has recently emerged as a risk predictor in patients 
with cardiovascular diseases. However, little is known about the significance of increased plasma MMP9 in 
patients with perioperative myocardial injury. We aimed to investigate the role of MMP9 in the occurrence 
of myocardial injury during off-pump coronary artery bypass grafting (OPCAB).
Methods: A total of 34 consecutive patients with coronary artery diseases (CAD) were recruited in this 
prospective, observational study. All patients were operated for OPCAB surgery. Serial blood samples 
were collected preoperatively and 12 hours after surgery. MMP9, together with cardiac troponin I (cTnI), 
creatinine kinase myocardial b fraction (CK-MB), C-reactive protein (CRP), and N-terminal pro B-type 
natriuretic peptide (NT-proBNP) levels in plasma were measured at each time-point. 
Results: MMP9 levels increased significantly at 12 hours after surgery, attaining nearly 2 times the baseline 
levels (P=0.0001). There was a significant correlation between preoperative (pre-OP) circulating levels of 
MMP9 and the left ventricular ejection fraction (LVEF) (r=0.48; P=0.004) as well as European System for 
Cardiac Operative Risk Evaluation (EuroSCORE) II (r=0.43; P=0.012). Patients were in New York Heart 
Association (NYHA) functional class III or IV heart failure showed a significantly higher MMP9 levels 
(1,348.0±337.2 vs. 630.4±93.0 ng/L, P=0.012) as compared to the patients in NYHA functional class I and 
II. No significant correlation was observed between MMP9 and age (P=0.612), serum creatinine (P=0.185), 
CRP (P=0.207), NT-proBNP (P=0.058). A significant correlation was observed in these data between the 
post-OP MMP9 and cTnI (r=0.35; P=0.003).
Conclusions: Our study first established a connection between MMP9 and OPCAB procedure, suggesting 
that MMP9 could be a novel biomarker for identifying perioperative myocardial injury in patients 
undergoing OPCAB.
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Introduction

Matrix metalloproteinases (MMPs) are zinc-binding 
endopeptidases with multifactorial actions in the outcome 
of various pathological and physiological processes 
including atherosclerosis and congestive heart failure (1,2). 
In the physiological condition, structure and function 
of the extracellular matrix are maintained by the MMPs 
family (3). Importantly, in pathophysiological conditions 
changes of ischemia in activity of the MMP enzymes are 
selective. The major causes of cardiac ischemia are due to 
low blood flow, hypothermia, hypotension, inflammatory 
response, and atheroembolism, which may be responsible 
for ischemia-reperfusion injuries (4). These factors exist 
widely in the pathophysiology of perioperative myocardial 
injury. Early detection of perioperative biomarkers may play 
an important role in the timely diagnosis and treatment of 
perioperative myocardial injury. 

The gelatinase MMP9 is specifically implicated in 
adverse left ventricular remodeling and involved in 
acute processes such as vascular tone regulation and the 
aggregation of platelets (5-7). In a former clinical study, 
brain natriuretic peptide (BNP) decreases collagen synthesis 
and overexpression increases MMPs activity (8). In addition, 
plasma MMP9 increases significantly at the early period 
after myocardial infarction (9,10). Myocardial injury is a 
common complication occurring during the perioperative 
period, and is related with adverse outcomes such as higher 
mortality (11). In response to ischemia reperfusion (I/R) 
as well as inflammation and oxidative stress, expression 
levels of MMP9 rise significantly (12). This biomarker in 
plasma seems particularly relevant in the coronary artery 
bypass grafts surgery procedure, in which most of the above 
mechanisms are involved.

Off-pump coronary artery bypass grafting (OPCAB) is 
one of the standard procedures for surgical revascularization 
in patients with coronary artery disease (CAD), especially 
in Asia. However, to our knowledge, no adequate analyzed 
data exist about the potential interest of role and impact 
of MMP9 in the occurrence of myocardial injury during 
OPCAB procedure. We therefore designed the present 
study to evaluate plasma levels of MMP9 and their 
diagnostic validity in patients undergoing OPCAB, and to 
assess its relations to the common biomarkers of myocardial 
injury and clinical cardiac dysfunction.

Methods

Patients population 

A prospective observational study was conducted in this 
research. During the period from June to October 2015,  
34 consecutive patients in total participated in this study 
at the Department of Cardiac Surgery, Ruijin Hospital, 
Shanghai Jiaotong University School of Medicine, Shanghai, 
China. Patients were excluded if they were matched 
with one or more of the criteria as follows: age <18 or  
>80 years, emergency operation, having suffered primary 
and secondary myocardiopathy, with the report of the acute 
coronary syndrome within 30 days, presence of infectious 
or malignant tumor, suffering inflammatory disease or 
autoimmune disease, patients treated with corticosteroids.

Perioperative management 

In the operating room, after a radial artery hemodynamic 
monitoring system was set up, anesthesia was induced with 
intravenous midazolam (0.03 mg/kg), propofol (2.0 mg/kg), 
and sufentanil (0.5 mg/kg/h). Patients were intubated and 
ventilated with FiO2: 40%. Following median sternotomy, 
the saphenous vein graft and left internal mammary 
artery (LIMA) were harvested. Off-pump procedure was 
performed on the heart utilizing an intracoronary shunt 
(Guidant Axius Coronary Shunt, Guidant Corporation, 
Santa Clara, CA, USA) and a stabilizer (Octopus Medtronic, 
MN, USA). A side-biting aorta clamp was used when 
proximal anastomoses were performed. Flow measurements 
are carried out with transit time flow probes (Medtronic, 
Inc., USA). Patients were transferred to the postoperative 
intensive care unit (ICU) after closure of the sternum.

Clinical data collection 

On the basis of medical records, the collection of 
enrolled patients’ following clinical variables data was 
comprehensive, such as age, sex, usual cardiovascular risk 
factors, cardiovascular and pulmonary diseases, regular 
medication in the past, and the parameters of transthoracic 
echocardiography. Investors made assessment of the 
Echocardiographic data sets under the condition of not 
knowing the result of laboratory.
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played the role of the baseline reference values. Many 
measurements were proceeded, such as: C-reactive 
protein (CRP), N-terminal pro B-type natriuretic peptide  
(NT-proBNP), creatinine kinase myocardial b fraction  
(CK-MB), cardiac troponin I (cTnI),  low-density 
lipoprotein cholesterol and creatinine. All biochemical 
analyses were performed by investigators blinded to the 
clinical data of the patients.

Preoperative (pre-OP) time point and 12 hours after 
being sent to the ICU, the two points were used to measure 
the level of plasma MMP9 of all the patients. Blood 
collected from patients with the volume of 3 mL was stored 
in a heparin anticoagulant tube. After incubation at room 
temperature for 2 h, blood samples were centrifuged and the 
plasma was immediately stored at –80 ℃ until measurement. 
Plasma MMP9 concentrations were measured in duplicate 
by quantitative sandwich enzyme immunoassay (Sigma-
Aldrich, St Louis, MO, USA). 

Statistical analyses 

Data were analyzed using statistical software SPSS version 
19.0 (SPSS Inc., Chicago, Illinois, USA) and GraphPad 
Prism 6.0 (GraphPad Software Inc., California, USA). 
Continuous variables are presented as means ± standard 
error of mean (SEM) unless otherwise indicated; categorical 
variables as numbers (percentages). Normality was checked 
by the Kolmogorov-Smirnov test for continuous data, 
nonparametric variables were reported as medians with 
interquartile ranges (IQR). Differences between unpaired 
groups were analyzed using a Mann-Whitney U test for 
continuous variables. A double-sided P value <0.05 was 
considered statistically significant for all tests. Associations 
between MMP9 and laboratory parameters were tested by 
Spearman’s correlation rank test.

Results

Basic clinical characteristics of patients

The pre-OP clinical and laboratory information of the 34 
patients enrolled in the study are listed in Table 1. The mean 
age was 65.1±1.7 years and males constituted 79.4% of the 
total subjects. Factors, such as hypertension, diabetes mellitus, 
dyslipidemia and smoking were 61.8%, 38.2%, 26.5% 
and 44.1% respectively. Creatinine were 90.8±5.8 (range,  
56.0–250.0) mmol/L, cTnI were 0.01 (range, 0.01–1.78) ng/mL,  
CRP were 0.50 (range, 0.18–1.28) mg/L (range, 0.10–7.00 mg/L),  

Table 1 Demographic and perioperative characteristics of enrolled 
patients

Baseline parameter Data P value

Clinical data

Age (years) 65.1±1.7 0.612

Male gender 27 (79.4) 0.770

Body mass index (kg/m2) 22.8±2.5 0.350

Systemic hypertension 21 (61.8) 0.616

Diabetes mellitus 13 (38.2) 0.339

hyperlipidemia 8 (23.5) 0.683

Smoking 15 (44.1) 0.505

NYHA 2 [2–3] 0.012

LVESD (mm) 38.4±0.86 0.020

LVEDD (mm) 48.5±0.87 0.071

Preoperative LVEF 63.1±1.3 0.004

EuroSCOREII 2.47±0.14 0.012

Previous treatments

Aspirin 33 (97.1)

Beta blockers 28 (82.4)

Statins 30 (88.2)

ACE inhibitors 26 (76.5)

Preoperative biological data

Serum creatinine (mmol/L) 90.8±5.8 0.185

Hemoglobin 126.9±2.3 0.641

NT-proBNP (ng/L) 537.4±103.7 0.058

Troponin I (ng/mL) 0.01 (0.01–0.36) 0.240

Creatine kinase MB (U/L) 1.9±0.3 0.562

CRP (mg/L) 0.50 (0.18–1.28) 0.207

Data are shown in mean ± SEM, mean [IQR] and number 
(percentage). BMI, body mass index; NYHA, New York Heart 
Association grade for heart failure; ACE, angiotensin-converting 
enzyme; LVESD, left ventricular end-systolic dimensions; 
LVEDD, left ventricular end-diastolic dimensions; LVEF, left 
ventricular ejection fraction; EuroSCOREII, European System for 
Cardiac Operative Risk Evaluation II; ICU, intensive care unit; 
CRP, C-reactive protein.

Blood sampling and biochemical analyses 

On the morning of the second day after being admitted 
to hospital (before the surgery), enrolled patients’ blood 
samples were collected and analyzed. The blood samples 
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and NT-proBNP levels were 537.4±103.7 (range,  
5.0–2,036.0) ng/L. All patients adopted off-pump cardiac 
surgery. Pre-OP left ventricular ejection fraction (LVEF) (%) 

was 63.1±1.3 and the mean European System for Cardiac 
Operative Risk Evaluation (EuroSCORE) II was 2.47.

Relationship between plasma pre-OP MMP9 
concentrations and baseline characteristics

Mean MMP9 levels were 786.4±106.6 (range, 120.3–
2,796.0) ng/L. Associations between laboratory parameters 
and MMP9 plasma concentrations were tested using 
Spearman’s correlation rank test. There was a significant 
correlation between pre-operative (pre-OP) circulating 
levels of MMP9 and the LVEF (r=0.48; P=0.004, Figure 1A) 
as well as EuroSCOREII (r=0.43; P=0.012, Figure 1B). In 
contrast, no significant correlation was observed between 
MMP9 and age (P=0.612), serum creatinine (P=0.185), CRP 
(P=0.207), NT-proBNP (P=0.058), and cTnI (P=0.240). 
Moreover, regarding categorical variables, MMP9 levels 
were insignificantly related to the hypertension (799.5±138.4 
vs. 688.4±167.0 ng/L, P=0.48) and diabetes (908.4±210.1 vs. 
663.3±110.5 ng/L, P=0.34), hyperlipemia (695.8±205.4 vs. 
775.9±124.6 ng/L, P=0.68). At enrollment, 6 of 34 patients 
were in New York Heart Association (NYHA) functional 
class III or IV heart failure and showed a significantly 
higher MMP9 levels (1,348.0±337.2 vs. 630.4±93.0 ng/L, 
P=0.012) as compared to the patients in NYHA functional 
class I and II (Figure 2).

Relationship between levels of post-OP MMP9 and 
myocardial injury

The postoperative laboratory and clinical data of all the 
patients in the study are listed in Table 2. The circulating 
levels of MMP9 were highly increased at 12 h after surgery 
in OPCAB patients as indicated by the fold change values. 
Mean postoperative 12 h MMP9 levels were 1,464±154.8 

Table 2 The postoperative clinical and laboratory information of 
the patient

Postoperative parameter Data P value

Operation time (h) 3.4±0.5 0.470

Distal coronary anastomose 3 [2–4] 0.962

Hemoglobin 111.8±16.6 0.061

Troponin I (ng/mL) 1.0±1.1 0.041

Creatine kinase MB (U/L) 11.3±12.7 0.110

Postoperative LVEF (%) 63.3±7.1 0.612

In-hospital stay after surgery (days) 8.1±2.9 0.527

ICU stay (days) 2.2±0.7 0.140

Data are shown in mean ± SEM or mean [IQR].

P
er

-O
P

 M
M

P
9 

le
ve

ls
 (n

g/
m

L)

P
er

-O
P

 M
M

P
9 

le
ve

ls
 (n

g/
m

L)

Pre-OP LVEF EuroSCORE II

r=0.48
P<0.01

r=0.38
P<0.05

3500

3000

2500

2000

1500

1000

500

0

3500

3000

2500

2000

1500

1000

500

0
30 35 40 45 50 55 60 65 70 76 80 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

A B

Figure 1 The association between pre-OP MMP9 levels and baseline characteristics. Plasma GDF-15 was significant correlated with (A) 
LVEF (r=0.48; P<0.01), (B) EuroSCOREII (r=0.38; P<0.05).
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Figure 2 The association between pre-OP MMP9 levels with 
NYHA. Patients suffering from NYHA functional class III or IV 
showed a significantly higher MMP9 levels (1,348.0±337.2 vs. 
630.4±93.0 ng/L, P=0.012) as compared to patients in NYHA 
functional class I and II.
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(range, 183.8–4,870.0) ng/L. The 12 h MMP9 levels were 
2-fold (P<0.0001) higher than the pre-OP control level. To 
further document an association between levels of MMP9 
and myocardial injury, we correlated cTnI, CK-MB levels 
with MMP9 levels. As illustrated in Figure 3, a significant 
correlation was observed in these data between the post-OP  
12 h MMP9 and cTnI (r=0.35; P<0.05, Figure 3A). 
However, an association statistic between the post-OP 12 h  
MMP9 and CK-MB shows no significant association 
(R=0.28; P>0.05, Figure 3B). Thus, the release level of the 
cardiac-enriched MMP9 reflected the extent of cardiac 
injury as measured by cTnI release into circulation.

Discussion

Perioperative myocardial injury has been thought as a 
kind of serious complication for CABG, which is also 
related to a high level of morbidity and mortality during 
a long period (13). Under the circumstance that no 
effective pharmacological therapy can be used to treat the 
perioperative myocardial, but early preventive measures, 
like pre-OP risk predication and perioperative optimization, 
could be a good choice in reducing the myocardial injury to 
some degree (14). What’s more, due to a novel biomarker, 
myocardial injury prediction is of great use in providing 
the valuable information in the management during the 
perioperative period (15). After experiencing ischemia/
reperfusion, MMP9 expression induced with a high level 
under the experimental conditions (16). 

According to the clinical literature, some studies have 
stated that MMP9 has a strong correlation with cardiac 
injury. It has been demonstrated that MMP9 concentration’s 
changes could reflect both cardiovascular inflammation and 

other pathophysiological processes (17,18). Indeed, it is also 
reported that higher level of plasma MMP9 in patients who 
are with cardiovascular pathologies, like CAD or chronic 
heart failure (19-21). 

For patients with acute myocardial infraction, MMP9 
is a reliable biomarker when facing the fatal events (22). 
Furthermore, for patients with CAD, MMP9 concentration 
has the correlation with other inflammation biomarkers (18). 
Common risk factors of organ dysfunction caused by cardiac 
surgery have been revealed such as hypertension, diabetes, 
peripheral vascular disease, chronic obstructive pulmonary 
disease, cardiogenic shock, congestive heart failure. 
However, as for the particular setting of perioperative 
myocardial injury, and from the perspective of predict value, 
there is few studies can be used as reference.

The present study revealed that pre-OP MMP9 
levels in patients undergoing OPCAB were significantly 
associated with LVEF and NYHA. This is in agreement 
with previous studies showing that MMP9 was a novel 
independent biomarker in cardiovascular disease (23,24). 
Apart from the pre-OP clinical markers, we also found a 
positively association between MMP9 and cTnI during 
the postoperative period. However, it was interesting that 
there was no substantial correlation between MMP9 and 
CK-MB. Persisting elevated MMP9 levels closely related 
to postoperative myocardial injury, revealed by the plasma 
cTnI levels. To our knowledge, this is the first study to 
demonstrate that increased MMP9 levels are significantly 
associated with biomarkers of postoperative cardiac injury 
after OPCAB. 

We propose that it is valuable to measure and identify 
MMP9 levels combined with cardiac troponin as a more 
sensitive and effective biomarker than traditional cardiac 

Figure 3 The correlation between post- SURG 12 h circulating GDF-15 levels and markers of cardiac injury. A significant correlation was 
observed between the post-OP 12 h MMP9 and cTnI (r=0.35, P<0.05) (A), the post-OP 12 h GDF-15 and CK-MB shows no significant 
association (r=0.28, P>0.05) (B).
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troponin to diagnose perioperative myocardial injury, 
enabling an accurate therapeutic interventions and reducing 
postoperative adverse cardiac outcome. 

A few limitations of this study deserve to be addressed. 
First, only the plasma MMP-9 concentrations and clinical 
parameters were analyzed during the acute phase in this 
study, needing further experimental data to verify the 
biological changes of acute cardiac injury and myocardial 
remodeling in future. Second, a relatively small sample size 
in this study may diminish its significance of correlation. 
More participants with various groups are essential to verify 
MMP-9 as a clinical indicator for cardiac dysfunction after 
off pump cardiac surgery.

Conclusions

A perioperative measurement of plasma MMP9 levels added 
a significant predictive value to the classical risk factors of 
cardiac surgery. MMP9 can be used as a novel biomarker 
combined with cTnI for the detection of perioperative 
myocardial injury of the OPCAB surgery in patients with 
CAD.
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