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Objectives: The aim of this study was to investigate the effect of no-reflow phenomenon 

on ventricular systolic synchrony via myocardial blush grades (MBGs) in patients with acute 

anterior myocardial infarction after percutaneous coronary intervention (PCI).

Patients and methods: All patients were divided into two groups and assessed by MBGs. To 

observe the parameters of the left ventricular function and left ventricular systolic synchrony, 

equilibrium radionuclide angiography was performed 1 week after PCI and repeated 6 months 

after acute myocardial infarction (AMI). Measurement data were compared and analyzed by 

the Student’s t-test, and the count data were evaluated by the χ2 test. A multivariate regression 

analysis was performed to assess the contribution of confounding factors.

Results: A total of 100 patients were enrolled in this study: 26 in the no-reflow and 74 in 

the reflow group. There was no significant difference in terms of age, sex, hypertension his-

tory, diabetes history, hyperlipidemia history, and smoking history between the two groups. 

However, the incidence rate of heart failure with Killip’s grade $2 in the no-reflow group was 

significantly higher than that in the reflow group (38.46% vs 18.92%, P,0.05). Six months after 

the AMI-PCI, the left ventricular ejection fraction, peak ejection rate, and peak filling rate in 

the no-reflow group were significantly lower than those in the reflow group (t=2.21, 2.29, and 

2.03, P,0.05 for all comparisons), but the values of the time to peak ejection rate, time to peak 

filling rate, phase shift, full width at half maximum, and peak phase standard deviation were all 

higher (t=2.41, 2.46, 2.00, 2.55, and 2.49, P,0.05 for all comparisons), and the incidence rate 

of major adverse cardiac events in the no-reflow group was also more elevated than that in the 

reflow group (53.85% vs 8.11%, χ2=34.49, P,0.001).

Conclusion: The no-reflow phenomenon identified by MBGs reflects the no-reperfusion status 

in the myocardium in the infarction-related zone after AMI. The directly caused reduction in 

the left ventricular systolic synchrony performance leads to adverse long-term outcomes in 

patients with AMI.

Keywords: acute anterior myocardial infarction, angioplasty, no-reflow, myocardial blush 

grades, synchrony

Introduction
The purpose of the treatment strategy for acute myocardial infarction (AMI) is to rescue 

the dying heart tissues by completely opening the occluded blood vessels. Thus, once 

the diagnosis of AMI is made, the initiation of reperfusion therapy with primary percu-

taneous coronary intervention (PCI) is one of the early and effective management plans. 
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However, studies have shown that .25% of myocardial tissue 

blood flow does not completely recover with revasculariza-

tion, even in areas of the patients body in whom thrombolysis 

in myocardial infarction (TIMI) flow grade 2 or lower has been 

achieved at least 10 minutes after the end of the PCI procedure 

in coronary angiography (CAG) imaging.1–3 It has also been 

reported that for some patients with AMI, after PCI, there 

still exists poor myocardial reperfusion in blood vessels that 

have reached TIMI grade 3 blood flow.4 Therefore, the value 

of TIMI grade in accurately assessing myocardial reperfusion 

after PCI has been put into question. Meanwhile, the use of 

myocardial blush grades (MBGs) for the assessment of myo-

cardial reperfusion in AMI after PCI has been established as 

an effective and clinically feasible approach.5,6 Nevertheless, 

the mid- and long-term effects of no-reflow phenomenon after 

PCI on ventricular systolic synchrony assessed with MBG in 

patients with AMI have been rarely reported so far. In this 

study, patients with AMI with no-reperfusion phenomenon 

after PCI, defined by MBG, were enrolled. The effect of no-

reflow phenomenon on ventricular systolic synchrony was 

studied by the application of the computer-assisted equilib-

rium blood-pool imaging approach.

Patients and methods
Study subjects
A total of 100 patients (67 males and 33 females, aged 

62.91±11.68 years) were enrolled in this prospective study. 

They were admitted to The Second Hospital of Hebei Medi-

cal University from October 2009 to October 2011 and were 

treated directly with urgent PCI within 12 hours after the first 

onset of the symptoms of acute anterior myocardial infarc-

tion. The diagnosis of all patients was made in accordance 

with the World Health Organization (WHO) diagnostic 

criteria. Inclusion criteria were: 1)  first onset of AMI; 2) 

diagnosis made in accordance with the WHO diagnostic 

criteria; 3) PCI performed within 12 hours after the onset of 

symptoms; and 4) voluntary participation. Exclusion criteria 

were: 1) presence of cerebrovascular accidents or transient 

ischemic attack history within 6 months; 2) known bleeding 

history or bleeding tendency; 3) a history of major surgery 

or head trauma within 15 days; 4) aortic dissection; 5) blood 

pressure $180/90 mmHg; 6) severe renal insufficiency; 7) 

cardiac function Killip’s grade 4; and 8) severe arrhythmia 

or bundle branch block, so that equilibrium radionuclide 

angiocardiography (ERNA) cannot be performed or the 

relevant parameter analysis was affected. Written informed 

consent was obtained from all the participants. This study 

was approved by the Ethics Committee of Second Hospital 

of Hebei Medical University.

Methods
PCI was performed in all patients within 12 hours after the 

onset of symptoms in accordance with the standard protocol, 

with residual stenosis #10% as the success criterion. CAG 

images were obtained at 30 frames per second from multi-

projection angle using the CAS-330B digital subtraction 

angiography system (Toshiba, Tokyo, Japan). A complete 

range of images with the optimal projection angle and effects 

were selected and assessed by MBG criteria. Angiographic 

imaging was recorded until the contrast agent (Ultravist® 

370, a total of 10–15 mL; Schering, Kenilworth, NJ, USA) 

filled the coronary vein and flowed back into the coronary 

sinus. Meanwhile, the slow blood flow caused by coronary 

artery spasms was excluded through a conventional injection 

of nitroglycerin (100 μg) into the coronary artery. MBG was 

determined by two experienced physicians using the MBG 

method:7 grade 0: no contrast agent in the infarction-related 

zone (IRZ) of the myocardium; grade 1: mild staining with 

contrast agent of the myocardium in IRZ, but significantly 

lower than that of the myocardium in the ipsilateral or con-

tralateral non-IRZ; grade 2: moderate staining of the myocar-

dium in IRZ with the contrast agent, but lower than that of the 

myocardium in the ipsilateral or contralateral non-IRZ; grade 

3: normal staining of the myocardium, referring to staining 

in the IRZ of the myocardium with an extent of the contrast 

agent identical to that in the ipsilateral or contralateral 

non-IRZ side. According to the no-reflow MBG standards, 

patients with an MBG within the range 0–1 were classified as 

the no-reflow group, and as the reflow group when the MBG 

was 2–3.7 The patients in each group were routinely treated 

with aspirin, clopidogrel, heparin, nitroglycerin, angiotensin-

converting enzyme inhibitor, and β-blockers.

One week and 6 months after PCI, all patients underwent 

ERNA using a DST (digital signal technology) dual-head 

SPECT (single photon emission computed topography) com-

puter system (Sopha, Buc, Cedex, France), and parameters, 

such as left ventricular systolic function, diastolic function, 

and synchronization function, were obtained automatically 

through the software in the computer. The patients were fol-

lowed up for 6 months for major complications and major 

cardiovascular events, including postinfarction angina, rein-

farction, heart failure, cerebrovascular accident, vital organs 

bleeding, puncture site hematoma, and death.

Statistical analysis
ERNA-related parameter measurements were conducted by 

two nuclear medicine physicians. Statistical analysis was 

performed using software SPSS 13.0 (SPSS Inc., Chicago, 

IL, USA). A comparison of measurement data was conducted 
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using the Student’s t-test and of count data by the χ2 test. 

A multivariate regression analysis was employed to assess the 

implications of confounding factors. P,0.05 was considered 

statistically significant.

Results
The flowchart of the study design is illustrated in Figure 1.

Comparison of clinical characteristics
There were 26 patients in the no-reflow group (17 males and 

nine females, mean age 63.23±11.21 years) and 74 patients 

in the reflow group (50 males and 24 females, mean age 

62.81±12.27 years). No significant difference in age, sex, 

hypertension history, diabetes history, hyperlipidemia history, 

and smoking history was observed between the two groups. 

However, in the no-reflow group, the interval between symptom 

onset and balloon time was significantly longer than that in the 

reflow group (9.06±5.23 hours vs 6.76±4.27 hours, P,0.05), 

and the incidence rate of heart failure with Killip’s grade $2 

in the no-reflow group was also significantly more augmented 

than that in the reflow group (38.46% vs 18.92%, P,0.05).

Comparison of parameters of cardiac 
function
At the 6-month follow-up after AMI-PCI, the values of the 

cardiac function parameters in the no-reflow group, such 

as left ventricular ejection fraction, peak ejection rate, and 

peak filling rate, were significantly lower than those in 

the reflow group (t=2.21, 2.29, and 2.03; P,0.05 for all 

comparisons), but the time to peak ejection rate, time to 

peak filling rate, phase shift, full width at half maximum, 

and peak phase standard deviation were higher (t=2.41, 

2.46, 2.00, 2.55, and 2.49, P,0.05 for all comparisons), 

whereas the incidence rate of major adverse cardiac events 

(MACEs) in the no-reflow group was more elevated than 

that in the reflow group (53.85% vs 8.11%, χ2=34.49, 

P,0.001; Table 1).

Discussion
The purpose of our study was to investigate the effect of the 

no-reflow phenomenon on ventricular systolic synchrony 

by MBG in patients with AMI after PCI. We found that no-

reflow identified by MBG reflects the no-reperfusion status 

in the myocardium in the post-AMI IRZ, causing directly a 

decrease in left ventricular systolic synchrony performance 

with adverse long-term outcomes in patients with AMI.

The aim of reperfusion treatment of AMI by PCI is to 

quickly and fully restore myocardial blood flow to avoid 

further myocardial necrosis and dysfunction; therefore, 

the incidence of no-reflow after PCI affects the efficacy 

of clinical treatment.8,9 No-reflow is generally defined as a 

residual stenosis of ,10% after responsible coronary stent 

Figure 1 Flowchart of the study design.
Abbreviations: AMI, acute myocardial infarction; PCI, percutaneous coronary intervention.
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implantation with no vascular dissection and little to no 

advanced blood perfusion into the myocardium.10 As a com-

plication, no-reflow can lead to blood pressure decreases and 

cardiogenic shock as well as increased in-hospital mortality 

and re-myocardial infarction.11 No-reflow is also a predic-

tor of continued ischemia, infarction extension, ventricular 

remodeling, and cardiac dysfunction as well as a marker 

of serious cardiac and microvascular injury.12 Currently, 

angiography is the most common and valuable method for 

detecting no-reflow.13 However, studies have shown that the 

use of MBG is an effective and clinically feasible approach 

for assessing myocardial reperfusion in AMI after PCI,5,6 and 

our results confirmed this finding.

TIMI grade 3 blood flow has been revealed to indicate 

only that the velocity of blood flow in the large epicardial 

vessels and branches has reached a normal level. However, 

it did not reflect the state of perfusion of the small coronary 

artery.14,15 Therefore, a no-reflow process exists even in the 

IRZ of the myocardium, whose blood was supplied by blood 

vessels that underwent PCI and reached TIMI grade 3 blood 

flow, indicating that TIMI grade 3 blood flow does not fully 

reflect the reperfusion status of the IRZ of the myocardium 

after successful opening of the supplying blood vessels.4 

This phenomenon has been confirmed by positron emission 

tomography, myocardial contrast echocardiography, and 
99mtechnetium-methoxyisobutylisonitrile myocardial perfu-

sion SPECT imaging of the infarct zone.16,17 Currently, it is 

believed that the status of poor reperfusion or its absence, 

which can lead to the so-called “no-reflow phenomenon”, is 

caused by damages to the integrity and permeability of the 

micro-vessels during ischemia and reperfusion. Under the 

background of interventional therapy, its mechanism also 

includes blockage of distal blood vessels by debris of the 

plaque.4,5,7,14,18 Stone et al19 speculated that the MBG system 

was more accurate than the TIMI grade system and was 

also closely associated with MACE. Meanwhile, MBG is an 

independent predictor of MACE in hospital settings. With 

the improvement of image quality and resolution of CAG, 

MBG has achieved a broad clinical application.

Some reports18,20 suggest that regardless of the size of 

the infarct, adequate blood flow in the IRZ could reduce the 

ventricular volume at a later post-cardiac infarction stage, and 

the blood flow velocity in the IRZ also affects the procedure of 

ventricular remodeling. In chronic ischemia, abnormalities in 

the synthesis and degradation of myocardial collagen matrix 

could cause a decrease in the production of collagen,21 pro-

mote ventricular remodeling, and ultimately lead to ventricu-

lar dilation in no-reflow patients. In the current study, through 

ERNA, we accurately and directly compared the cardiac 

functions of the two groups and quantitatively analyzed the 

changes in ventricular systolic synchrony using radionuclide 

phase analysis. After AMI, the contractibility of the infarcted 

myocardium was reduced, no movement was detected, and 

no contradictory ventricular wall motion was manifested. 

To compensate for the abnormal systolic function in the IRZ 

and to maintain normal cardiac output, the contraction of the 

non-infarcted myocardium was increased, resulting in a loss 

of coordination of contraction/dilation of the adjacent myo-

cardium and causing a shift of the local relevant phase and 

delay of the contraction phase. With time, scars will be formed 

in the infarct zone, myocardial collagen will be deposited in 

the non-infarct zone, myocardial stiffness will increase, and 

ventricular systolic synchrony will decline further.

In this article, we report our ERNA results showing that 

PCI performed after AMI in the patients in the reflow group 

was therapeutically effective and resulted in achieving more 

timely and long-lasting beneficial effects, such as an improve-

ment in hemodynamics, recovery of ventricular wall move-

ment, and inhibition of ventricular remodeling. In the group 

of patients with reflow, the effective and sustained opening of 

Table 1 Changes of ERNA parameters in the two groups

LVSF LVDF LVSS

LVEF (%) PER (EDV/s) TPER (ms) PFR (EDV/s) TPFR (ms) PS (°) FWHM (°) PSD (°)

No-reflow (cases: 26)
1 week 28.29±3.77 1.37±0.05 211±25 1.52±0.23 223±32 59.99±20.16 33.88±10.71 15.23±3.15
6 months 36.82±3.79# 1.60±0.04 179±22# 2.05±0.09# 186±16# 54.68±16.51# 25.23±8.37# 13.57±3.27

Reflow (cases: 74)
1 week 37.89±3.24* 1.59±0.06* 176±12* 1.71±0.21* 210±23* 51.09±15.15* 27.03±6.67* 13.43±3.21
6 months 50.26±6.17*,# 2.86±0.09*,# 150±16*,# 2.32±0.33*,# 162±15*,# 41.92±16.05*,# 19.35±5.66*,# 9.24±1.19*,#

Notes: Comparison between no-reflow and reflow groups, *P,0.05. Comparisons were made within each group at two time points after the intervention, 1 week and 
6 months, #P,0.05. Data presented as mean ± standard error.
Abbreviations: EDV, end diastolic volume; ERNA, equilibrium radionuclide angiocardiography; FWHM, full width at half maximum; LVDF, left ventricular diastolic function; 
LVEF, left ventricular ejection fraction; LVSS, left ventricular systolic synchrony; LVSF, left ventricular systolic function; PER, peak ejection rate; PFR, peak filling rate; PS, phase 
shift; PSD, phase standard deviation; TPER, time to PER; TPFR, time to peak filling rate.
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IRZ decreased the preload and afterload of the heart, reduced 

infarct size, and improved the ventricular contraction/dilation 

function in the acute phase after AMI. It was also favorable 

for the coordination of contraction/dilation in various parts 

of the ventricle and the left ventricular systolic synchrony, as 

well as for the overall ventricular ejection effect, serving as an 

effective repressor of ventricular remodeling. Furthermore, 

over time, this effect became more pronounced.

A recent discussion on the emerging bioresorbable vas-

cular scaffolds (BVS) is also noteworthy.22 Compared with 

the conventional metal stents, BVS have many advantages, 

including the maintenance of the normal physiological and 

anatomic structure of the stented blood vessel, the significant 

decrease in inflammation compared to that caused by the use 

of conventional stents, and their eventual absorption and 

achievement of a normal vasomotor tone. Our future plan is 

to study how BVS affect the no-reflow phenomenon observed 

after the utilization of conventional stents and to elucidate 

the underlying mechanism.

There are a few potential limitations of this current study. 

First of all, the number of study subjects was small; we man-

aged to recruit a total of only 100 patients, and there were 

only 26 cases in the no-reflow group. Second, the follow-up 

time (only 6 months) was not sufficiently long to observe the 

overall lasting impacts; a longer follow-up period is needed 

to assess the long-term effect of the intervention. We plan 

to recruit more patients in future studies, and we are cur-

rently still following the patients included in this study, and 

additional results will be published in the future.

Conclusion
The no-reflow phenomenon determined by MBG after direct 

PCI reflects the status of a loss of reperfusion in the IRZ of the 

myocardium, which leads to a decrease in the left ventricular 

systolic function and synchronization, and directly affects 

the long-term prognosis in patients with AMI.

Disclosure
The authors report no conflicts of interest in this work.
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