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Coronary Flow Reserve in Non-Infarcted Myocardium 
Predicts Long-Term Clinical Outcomes in Patients  
Undergoing Percutaneous Coronary Intervention  
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Purpose: Coronary flow reserve (CFR) is recognized as an indicator of myocardial perfusion. The aim of this study was to assess 
the relationship between CFR in the non-infarcted myocardium and the incidence of major adverse cardiac events (MACEs).
Materials and Methods: 100 consecutive patients with acute myocardial infarction (AMI) undergoing percutaneous coronary in-
tervention (PCI) were enrolled in the present study, and divided into MACE and non-MACE groups according to the incidence of 
12-month MACEs. Left ventricular function and CFR were analyzed using two-dimensional echocardiography and myocardial 
contrast echocardiography at one week after PCI. Cardiac troponin I levels were assayed to estimate peak concentrations thereof.
Results: The MACE group was associated with lower CFR, compared to the non-MACE group (2.41 vs. 2.77, p<0.001). In the mul-
tivariable model, CFR in the non-infarcted myocardium was an independent predictor of 12-month MACE (hazard ratio: 0.093, 
95% confidence interval: 0.020–0.426, p=0.002) after adjustment for baseline demographic and clinical characteristics. 
Conclusion: CFR in the non-infarcted myocardium is a useful marker for predicting 12-month MACEs in patients with AMI un-
dergoing primary PCI.
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INTRODUCTION

Coronary flow reserve (CFR) is defined as the magnitude of 
increased coronary flow from the basal state to that achieved 
following maximal coronary vasodilation, and is recognized 
as an indicator of myocardial perfusion.1 Poor clinical out-
comes have been found to be closely related with dysfunction 
of microcirculation perfusion, both in patients with satisfactory 
and those with unsatisfactory revascularization of the infarct-
related artery.2-4 A large number of experiments have shown 

that myocardial infarction (MI) area and left ventricular func-
tion are largely affected by microcirculation function, which is 
closely related to recovery of left ventricular function and long-
term left ventricular remodeling.5-7 About 25% of patients who 
have successfully undergone angioplasty still suffer from mi-
crovascular dysfunction.8-10 It has been shown that microvas-
cular dysfunction is not only in the infarcted myocardium but 
also in the non-infarcted myocardium. However, the clinical 
importance thereof has not been fully elucidated.11-12

The purpose of this study was to evaluate the relationship be-
tween CFR in the non-infarcted myocardium and long-term 
clinical outcome in patients with acute myocardial infarction 
(AMI) and to analyze factors influencing the value of CFR in 
the non-infarcted myocardium.

MATERIALS AND METHODS

Study population
A total of 100 patients (74 males and 26 females) with first AMI 
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and single-vessel disease who were undergoing primary per-
cutaneous coronary intervention (PCI) within 12 hours after 
symptom onset were enrolled in the study and followed up for 
12 months. The study protocol was approved by the Institu-
tional Review Board of the Fourth Hospital of Harbin Medical 
University. Patients under unstable condition, severe extra-
cardiac disease, or severe valve disease were excluded. Informed 
consent was obtained from all patients.

Serum parameter
As the levels of creatinine kinase or cardiac troponin I (cTnI) in 
serum are important parameters to diagnose AMI, cTnI levels 
were chosen for assay in this study, and were measured on ad-
mission and every six hours during the first 24 hours. 

Percutaneous coronary intervention
PCI was performed with standard techniques and the stent 
was placed in all patients. All patients received aspirin (300 mg 
loading dose) and ticagrelor (180 mg loading dose) prior to 
PCI. A regimen of 180 mg ticagrelor per day was continued for 
at least 12 months after PCI, and 100 mg aspirin daily was pre-
scribed indefinitely. Successful primary angioplasty was de-
fined as a final thrombolysis in MI flow grade 3 in the infarct-
related artery and residual stenosis of <20%. 

Two-dimensional echocardiography
Two-dimensional echocardiography (Philips iE33, Philips 
Healthcare, Andover, MA, USA) was performed one week af-
ter PCI to measure left ventricular end diastolic volume, left 
ventricular end systolic volume, and calculated left ventricular 
ejection fraction (LVEF).

Myocardial contrast echocardiography
Myocardial contrast echocardiography (MCE) was performed 
one week after PCI, using intravenous injection of sonovue at 
baseline and during hyperemia. Meanwhile, dobutamine was 
injected by intravenous infusion during hyperemia (at a start-
ing dose of 5 μg/kg/min, followed by an increasing dose of 10 
μg/kg/min up to a dose of 20 μg/kg/min in 3-minute stages). 
MCE images were acquired both at baseline and hyperemia. 
Sonovue (Bracco, Milan, Italy) was used as the intravenous con-
trast agent and administered by an infusion syringe-pump.13 

CFR measurement
The left ventricular was divided into 17 segments. The non-in-
farcted myocardium far away from the infarcted myocardium 
was selected to ensure that there was no interaction between 
these two. Regions of interest (ROIs) were placed and tracked 
manually within the myocardium at baseline and after hyper-
emia. The software package automatically calculated the 
mean acoustic intensity of each ROI and generated time-in-
tensity curves that were subsequently fitted to a monoexpo-
nentially function: y=A(1-e-βt)(q). Myocardial blood flow (MBF) 

Table 1. Distribution of Patients with MACE

Type of MACE n=15
Death 4
Non-fatal MI 2
Advanced heart failure 8
Repeat target vessel revascularization 1
Ischemic stroke 0
MACE, major adverse cardiac event; MI, myocardial infarction.

was calculated as the product of A×β. Basal and hyperemic 
MBF was derived, and CFR (MBF at hyperemia/MBF at base-
line) was calculated for each patient.14-16 All images were inde-
pendently analyzed by two experienced observers, who were 
blinded to the clinical data, angiographic results, and other 
respective imaging.

Clinical outcomes and definitions
The primary endpoint of this study was the 12-month com-
mutative incidence of major adverse cardiac event (MACE). 
MACE comprised all causes of death, non-fatal MI, advanced 
heart failure, repeat target vessel revascularization, and isch-
emic stroke. All patients were divided into MACE and non-
MACE groups according to the incidence of 12-month MACE.

Statistical analysis
Statistical analysis was performed using SPSS 20.0 software 
(IBM Corp., Armonk, NY, USA). Continuous variables are ex-
pressed as means±standard deviations, and were analyzed by 
Student’s t-tests. Categorical variables are expressed as per-
centages and counts, and were analyzed by the chi square test. 
p-values less than 0.05 were considered statistically significant. 
Variables with a p value <0.05 in univariate analysis were in-
cluded in the multivariate cox regression model, and results 
are presented as hazard ratios (HRs) with 95% confidence in-
tervals (CIs). Multivariate cox regression analysis was per-
formed to assess the independent predictors of MACE. A re-
ceiver-operating characteristic (ROC) curve was drawn to 
evaluate the diagnostic value of CFR in the non-infarcted myo-
cardium and peak cTnI in MACE and to determine the opti-
mum cutoff level for CFR. Survival analysis was conducted 
using Kaplan-Meier survival curves, and the differences were 
compared using the log-rank test. 

RESULTS

Patients 
Among all patients in our study, MACEs occurred in 15 patients 
(15%) (all causes of death, n=4; non-fatal MI, n=2; advanced 
heart failure, n=8; repeat target vessel revascularization, n=1; 
and ischemic stroke, n=0) (Table 1). 
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Clinical variables in the MACE and non-MACE groups
Mean peak cTnI in the MACE group was significantly higher 
than that in the non-MACE group (23.67 vs. 12.71 μg/mL, p< 
0.001). Mean CFR in the non-infarcted myocardium in the 
MACE group was significantly lower than that in the non-
MACE group (2.412 vs. 2.771, p<0.001) (Table 2). There were no 
differences in the other variables between these two groups.

ROC curve and cut-off values
When predicting MACE by ROC curves, the sensitivity and 
specificity of CFR <2.305 were 91% and 86%, respectively [area 

under the curve (AUC)=0.958], and the sensitivity and speci-
ficity of peak cTnI >18.50 were 80% and 94%, respectively (AUC= 
0.935) (Fig. 1).

Predictive value of CFR in the non-infarcted 
myocardium on 12-month MACE
In univariate analysis, CFR in the non-infarcted myocardium 
and peak cTnI showed a significant association with 12-month 
MACE (p<0.001). These two factors with a p<0.05 were includ-
ed in a multivariate cox regression analysis, and the interac-
tion between the two factors was corrected. Therein, the risk 

Table 2. Comparison of the Two Study Groups according to Clinical Variables (n=100)

Variables MACE group (n=15) Non-MACE group (n=85) p value
Age (yr) 59.131±7.049 58.004±7.784 0.600
Gender (M/F) 12/3 62/23 0.798
Risk factors, n (%)

Hypertension 6 (40.0) 23 (27.1) 0.478
Diabetes mellitus 4 (26.7) 14 (16.5) 0.560
Hypercholesterolemia 4 (26.7) 24 (28.2) 1.000
Smoking 7 (46.1) 27 (31.8) 0.261

Culprit lesion, n (%) 0.797
Left anterior descending 9 (53.3) 38 (44.7)
Left circumflex 2 (13.3) 16 (18.8)
Right coronary artery 5 (33.3) 31 (36.5)

Peak cTnI (µg/mL) 23.669±7.844 12.713±3.380 <0.001
CFR in the non-infarcted myocardium   2.412±0.160   2.771±0.262 <0.001
LVEF (%)   0.473±0.034   0.480±0.031 0.328
MACE, major adverse cardiac event; cTnI, cardiac troponin I; CFR, coronary flow reserve; LVEF, left ventricular ejection fraction.
Values are presented as number (%) or mean±standard deviation.
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Fig. 1. The best cut-off values of CFR in the non-infarcted myocardium and peak cTnI were analyzed using ROC curves. CFR in the non-infarcted re-
gion (AUC=0.958), cut-off=2.305, sensitivity=0.91, specificity=0.86). Peak cTnI (AUC=0.935), cut-off=18.50, senstivity=0.80, specificity=0.94. CFR, coronary 
flow reserve; cTnI, cardiac troponin I; ROC, receiver-operating characteristic; AUC, area under the curve.
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of MACE in patients with high CFR (CFR≥2.305) was lower 
than that in patients with low CFR (CFR<2.305) (HR=0.093, 
95% CI: 0.020–0.426, p=0.002) (Table 3).

Kaplan-Meier curves of cumulative survival rate 
(one-year survival)
Kaplan-Meier curves revealed median survival times of 7.353 
±0.802 months in the CFR <2.305 group and 11.795±0.133 
months in the CFR ≥2.305 group (p<0.001) (Fig. 2).

The impact factors of CFR
According to the CFR cut-off value of 2.305 in the non-infarct-
ed myocardium, all patients were divided into two subgroups: 
Group I (CFR<2.305) and Group II (CFR≥2.305). Peak cTnI 
was higher in Group I than in Group II (p<0.001), while LVEF 
was lower in Group I than in Group II (p=0.001) (Table 4).
   

Table 3. Factors Associated with Major Adverse Cardiac Event in Univariate and Multivariate Cox Regression Analysis

Variables
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value
Age (≥55 vs. <55)   1.119 0.356–3.513   0.848
Gender (male vs. female)   1.401 0.395–4.968   0.601
Hypertension (yes vs. no)   1.601 0.570–4.499   0.372
Diabetes mellitus (yes vs. no)   1.563 0.498–4.911   0.444
Hypercholesterolemia (yes vs. no)   0.939 0.299–2.950   0.914
Smoking (yes vs. no)   1.677 0.608–4.626   0.318
Peak cTnI (≥18.50 vs. <18.50) 26.363 7.350–94.562 <0.001 7.698 1.685–35.161 0.008
CFR in the non-infarcted region (≥2.305 vs. <2.305)   0.031 0.009–0.114 <0.001 0.093 0.020–0.426 0.002
HR, hazard ratio; CI, confidence interval; CFR, coronary flow reserve; cTnI, cardiac troponin I.

1.0

0.8

0.6

0.4

0.2

0.0

Cu
m

 su
rv

iva
l

MACE time (months)

Overall survival

0 10 126 82 4

CFR
<2.305
≥2.305
<2.305-censored
≥2.305-censored

Fig. 2. Kaplan-Meier curves of cumulative survival (one-year survival). 
The results showed median survival times of 7.353±0.802 months in the 
CFR <2.305 group and 11.795±0.133 months in the CFR ≥2.305 group (p< 
0.001). MACE, major adverse cardiac event; CFR, coronary flow reserve.

DISCUSSION

To the best of our knowledge, this is the first study to investigate 
the association between CFR in the non-infarcted myocardium 
and 12-month adverse clinical outcomes in patients with AMI 
undergoing PCI. The non-MACE group was more likely to 
have lower peak cTnI and higher CFR in the non-infarcted 
myocardium than the MACE group. Multivariate analysis iden-
tified CFR in the non-infarcted myocardium as an indepen-
dent predictor of 12-month MACE after adjusting for multiple 
cardiovascular risk factors. Additionally, we found the mean 
survival time of the low CFR group (CFR<2.305) to be signifi-
cantly shorter than that of the high CFR group (CFR≥2.305). 
Moreover, we further analyzed factors related with CFR value, 
among which only peak cTnI and LVEF were statistically sig-
nificant. Thus, we inferred that CFR value is closely associated 
with the MI size and left ventricular function. 

MCE is the gold standard method to assess myocardial mi-
crocirculation.17 The predictive value of CFR measured by MCE 
for no reflow phenomenon and left ventricular remodeling af-
ter PCI has been revealed by several clinical studies.6,18 De-
crease in CFR in the non-infarcted myocardium was correlated 
with an increase in the extent of ischemia. Alterations in CFR 
in the non-infarcted myocardium had important clinical im-
plications after revascularization.19 Furthermore, some rele-
vant biomarkers and other easily available clinical parameters 
have also been studied to predict the incidence of MACE, such 
as mean platelet volume and neutrophil counts.20

Microvascular dysfunction is found not only in the infarcted 
region but also in the remote region, which has been discov-
ered long before. In MI animal models, CFR and coronary re-
sistance changes were found in the non-infarcted areas, which 
were independent of changes in hemodynamic parameters.21 
Similar studies in humans also verified that coronary vasodi-
lator responses decreased in patients with non-infarcted myo-
cardium after PCI.22,23 However, the etiology and clinical impor-
tance of microvascular dysfunction in the non-infarcted myo-
cardium are not fully understood. 

Several mechanisms for CFR in the non-infarcted myocar-
dium seem to have a correlation with MACE. The decrease of 
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CFR in the non-infarcted myocardium is representative of more 
extensive necrosis and deterioration of cardiac function, which 
was also proved in our study.24 Microvascular dysfunction in 
the non-infarct area is an indicator of enlargement of the isch-
emic range, which can reduce myocardial collateral circula-
tion to the infarction area and increase the area of MI. Also, the 
cardiospecific overexpression of angiotensin II type I receptor 
and decrease in microvessel density in the non-infarcted myo-
cardium may lead to some cardiovascular events, mainly cardi-
ac remodeling and heart failure.25 Moreover, investigators have 
also suggested that alterations in CFR in the non-infarcted 
myocardium also could be attributed to increased sympathetic 
nervous system activity, leading to coronary vasoconstriction 
and decreased vasodilator reserve.26 Furthermore, some schol-
ars indicate that microvascular dysfunction after MI is associ-
ated with impaired sympathetic innervation and function 
even in the non-infarcted myocardial tissues. Impaired sym-
pathetic innervation might be associated with electrical insta-
bility. Adverse structural and electrophysiological remodeling 
at non-infarcted regions after MI are responsible for clinically 
ventricular arrhythmias, leading to sudden cardiac death even-
tually. Ventricular tachyarrhythmias are life threatening cardiac 
arrhythmias and the most common causes of sudden cardiac 
death.27 

In our study, the incidence of MACE after PCI was 15%, slight-
ly higher than that in other studies, which may be related to 
the small sample size of patients selected. Moreover, CFR was 
measured only once after PCI, and we could not evaluate chang-
es in microvascular perfusion. Also, some problems in the ex-
amination of MCE are still difficult to figure out at present, such 
as a number of segments appearing as acoustic shadow and 
artifacts.28 In addition, the relevant mechanism between CFR 
in the non-infarcted myocardium and MACE is planned to be 
explored in future study. We should also draw more attention 
to apparently “normal” non-infarction regions for further un-

derstanding of the mechanism of sudden cardiac death.
In conclusion, our results clearly show that CFR in the non-

infarcted myocardium is associated with prognostic signifi-
cance for 12-month MACE in patients with AMI undergoing 
primary PCI. The use of CFR is advised in contemporary clini-
cal practice.
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