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Abstract: Background: Primary percutaneous coronary intervention (PCI) is the preferred method of ST-segment elevation 

acute myocardial infarction (STEMI) management but no-reflow phenomenon is one of its major complications that affects 

patient's outcome. Objective: Identification of possible clinical, angiographic and procedural predictors for no-reflow in 

patients with AMI after primary percutaneous coronary intervention (PCI). Methods: A total of hundred patients with AMI 

who had been treated by primary PCI at the National heart institute (NHI) and cardiology department, Menoufia University 

hospital were enrolled in this study, according to thrombolysis in myocardial infarction (TIMI) flow grade, patients were 

divided into a reflow group (TIMI 3) and a no-reflow group (TIMI ≤ 2). The clinical, angiographic and procedural data were 

compared between both groups. Discussion: Sixteen patients (16%) developed no-reflow phenomenon after primary PCI. 

Statistical analysis showed that time from onset to reperfusion, low initial TIMI flow grade, high thrombus burden, long lesion 

length and large reference luminal diameter were correlated with no-reflow (P < 0.05 for all) and were considered to be 

independent predictors of no-reflow. Conclusion: The occurrence of no-reflow after primary PCI for acute myocardial 

infarction can be predicted by certain clinical, angiographic and procedural features. 
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1. Introduction 

The treatment of ST-segment elevation myocardial 

infarction (STEMI) is directed toward rapid and proper 

restoration of normal blood flow in the infarct related artery 

(IRA) to decrease ischemic damage to the myocardium as 

early as possible [1]. Percutaneous coronary intervention (PCI) 

is the most suitable method to achieve this goal in addition to 

limitation of infarction size and improvement of prognosis in 

patients with acute myocardial infarction (AMI) [2]. Patency 

of the infarct-related artery does not always mean restoration 

of normal coronary blood flow as in certain group of patients 

epicardial coronary artery reperfusion is achieved but without 

myocardial reperfusion after primary PCI, this condition is 

known as no-reflow [3]. Patients who develop this 

phenomenon are subjected to more myocardial damage and 

higher risk of cardiac morbidity and mortality [4]. 

2. Patients and Methods 

2.1. Patients Populations 

Total of hundred AMI patients who underwent primary PCI 

between January 2016 and June 2016 at the National heart 

institute (NHI) and cardiology department, Menoufia University 

hospital were enrolled in the study. AMI was defined as typical 

chest pain with either ST-segment elevation of >1 mm in 2 



 Cardiology and Cardiovascular Research 2018; 2(3): 68-74 69 

 

consecutive leads or the new onset of left bundle-branch block 

with 2-fold elevation of creatine kinase (CK) and creatine 

kinase-myocardial band (CK-MB) fraction [5]. 

2.2. Inclusion Criteria 

1. Patients underwent primary PCI within 12 hours after 

onset of symptoms. 

2. Patients with ongoing chest pain for more than 12 hours 

who underwent primary PCI within 24 hours after onset of 

symptoms. 

2.3. Exclusion Criteria 

1. Patients with coronary artery spasm or < 50% diameter 

stenosis of the culprit lesion. 

2. Patients who required emergency surgical 

revascularization for significant left main coronary 

artery disease or multi-vessel disease. 

3. Patients with saphenous vein grafts or left internal 

mammary artery lesions. 

4. Patients did not achieved coronary artery patency. 

5. Presence of mechanical complications such as 

dissection or angiographically evident distal 

embolization after completion of the procedure. 

2.4. Methods 

All the study population was subjected to the following: 

Full history taking including age, gender, risk factors for 

coronary artery disease such as diabetes mellitus, 

hypertension, smoking, dyslipidemia and family history of 

premature coronary artery disease. 

Physical examination to detect signs of heart failure and 

mechanical complications. 

12-Lead ECG documented either ST-segment elevation 

of >1 mm in 2 consecutive leads or new onset left bundle-

branch block. 

Cardiac biomarkers including cardiac troponins, CK and 

CK-MB and serum creatinine. 

All patients received oral aspirin (300 mg) and clopidogrel 

(600 mg) as well as intravenous 8.000–10.000 IU of 

unfractionated heparin. 

Standard coronary angiograms was carried out through the 

femoral approach with assessment of the following 

angiographic data: 

Identification of the IRA, angiographic features of the 

culprit lesion, TIMI flow grade before and after primary PCI, 

target lesion length, reference luminal diameter, type of total 

occlusion if present (tapered or cut-off lesion), type of 

subtotal occlusion if present (eccentric or concentric lesion), 

lesion location (proximal, mid or distal), thrombus burden 

degree (mild, moderate or high) was scored according to the 

thrombus scoring system proposed by the TIMI group, it was 

classified as mild if the TIMI thrombus grade was class 0 or 

1, moderate if the TIMI thrombus grade was class 2 or 3, and 

high if the TIMI thrombus grade was more than class 3 [6]. 

All patients were treated by bare metal stents restricted to 

the culprit lesion according to the insurance policy. 

Platelets glycoprotein IIb/IIIa inhibitors were used on 

downstream basis according to the thrombus burden degree. 

The whole study group was classified into two groups 

according to the post-PCI TIMI flow: Group I with 

angiographically documented TIMI flow 3 (reflow) and Group 

II with angiographically documented TIMI flow ≤ 2 (no-reflow). 

The patient was considered to exhibit a no-reflow 

phenomenon if blood flow in the IRA was TIMI ≤ 2 flow 

despite successful dilatation and absence of mechanical 

complications such as dissection or angiographically evident 

distal embolization after completion of the procedure. 

3. Results 

As shown in table 1 and 2 and figure 1 the two study 

groups were compared regarding demographic and clinical 

data with statistically significant longer reperfusion time 

which is defined as time from the onset of symptoms to the 

onset of reperfusion in the No-reflow group. 

Table 1. The demographic and clinical categorical data of both study groups. 

Variables 

Post-PCI TIMI flow 
Chi-square 

Reflow No-reflow 

N % N % X2 P-value 

Male 57 67.9% 12 75% 0.331 0.565 

Current smoking 51 60.7% 9 56.3% 0.111 0.739 

DM 31 36.9% 6 37.5% 0.002 0.964 

HTN 44 52.4% 9 56.3% 0.081 0.776 

Dyslipidemia 41 48.8% 7 43.8% 0.138 0.710 

Family history 27 32.1% 6 37.5% 0.172 0.679 

Prior PCI 30 35.7% 5 31.3% 0.119 0.730 

Prior MI 24 28.6% 5 31.3% 0.046 0.830 

Killip class 

Killip I 57 67.9% 7 43.8% 

3.462 0.326 
Killip II 20 23.8% 6 37.5% 

Killip III 5 6.0% 2 12.5% 

Killip IV 2 2.4% 1 6.3% 

DM: Diabetes Mellitus 

HTN: Hypertension 

PCI: Percutaneous coronary intervention 

MI: Myocardial infarction 
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Table 2. The demographic and clinical continuous data of both study groups. 

Variables 

Post-PCI TIMI flow 
T-test 

Reflow No-reflow 

Mean ± SD Mean ± SD t P-value 

Age (Y) 53.310 ± 10.236 57.313 ± 9.443 -1.450 0.150 

HR (bpm) 100.905 ± 20.150 99.875 ± 21.731 0.185 0.854 

SBP (mmHg) 112.381 ± 27.369 116.875 ± 31.563 -0.587 0.558 

DBP (mmHg) 69.226 ± 15.878 72.813 ± 18.883 -0.803 0.424 

Peak CK-MB (IU/ml) 51.345 ± 17.081 46.625 ± 18.807 0.997 0.321 

Reperfusion time (hours) 5.857 ± 3.038 8.000 ± 4.082 -2.439 0.017* 

HR: heart rate 

Bpm: beat per minute 

CK-MB: Creatine kinase myocardial band 

SBP: systolic blood pressure 

DBP: diastolic blood pressure 

 
Figure 1. The demographic and clinical data of both study groups. 

As shown in table 3 and figure 2 both groups were compared regarding the angiographic data with statistically significant 

higher thrombus burden degree and lower initial TIMI flow grade in the No-reflow group. 

Table 3. The angiographic categorical data of both study groups. 

Variables 

Post-PCI TIMI flow 
Chi-square 

Reflow No-reflow 

N % N % X2 P-value 

Infarction location 

anterior 55 65.5% 10 62.5% 

0.231 0.891 inferior 26 31.0% 5 31.3% 

other 3 3.6% 1 6.3% 

IRA 

LAD 55 65.5% 10 62.5% 

0.209 0.794 LCX 10 11.9% 2 12.5% 

RCA 19 22.6% 4 25.0% 

Target lesion location 

Proximal 31 36.9% 7 43.8% 

0.264 0.608 mid 45 53.6% 7 43.8% 

distal 8 9.5% 2 12.5% 

Thrombus burden 

High 33 39.3% 9 56.3% 

4.984 0.047* Moderate 21 25.0% 4 25.0% 

Low 30 35.7% 3 18.8% 

Total 

occlusion morphology 

Cut-off 33 39.3% 8 50.0% 
0.529 0.487 

Tapered 27 32.1% 4 25.0% 

Subtotal occlusion 

morphology 

Concentric 11 13.1% 2 12.5% 
0.097 0.755 

Eccentric 13 15.5% 2 12.5% 

Initial TIMI flow 
T0/1 53 63.1% 13 81.2% 

5.342 0.043* 
T2/3 31 36.9% 3 18.8% 

IRA: Infarct related artery 

LAD: Left anterior descending 

LCX: Left circumflex 

RCA: Right coronary artery 

TIMI: Thrombolysis in myocardial infarction 
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Figure 2. The lesion morphology of both study groups. 

As shown in tables 4 and 5 and figure 3 both groups were compared regarding the procedural data with statistically 

significant larger reference luminal diameter and longer lesion length in the No-reflow group. 

Table 4. The procedural categorical data of both study groups. 

Variables 

Post-PCI TIMI flow 
Chi-square 

Reflow No-reflow 

N % N % X2 P-value 

Stenting after predilatation 34 40.5% 7 43.8% 0.059 0.808 

Direct stenting 50 59.5% 9 56.3% 0.059 0.808 

Single stent 67 79.8% 12 75.0% 0.177 0.674 

Multiple stents 17 20.2% 4 25.0% 0.177 0.674 

Aspiration device use 49 58.3% 10 62.5% 0.097 0.755 

GP IIb/IIIa inhibitors use 55 65.5% 11 68.8% 0.065 0.799 

GP: Glycoprotein 

Table 5. The procedural continuous data of both study groups. 

Variables Post-PCI TIMI flow T-test 

Reflow No-reflow 

Mean ± SD Mean ± SD t P-value 

Reference diameter mm 3.247 ± 0.361 3.500 ± 0.365 -2.565 0.012* 

Target lesion length mm 22.583 ± 5.811 25.625 ± 4.646 -1.974 0.05* 

 
Figure 3. The procedural data of both study groups. 
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4. Discussion 

This study included one hundred patients who underwent 

primary percutaneous coronary intervention at the National 

heart institute (NHI) and cardiology department, Menoufia 

University hospital within the period between January 2016 

and June 2016. 

All patients were treated by bare metal stents (BMS). In 

the Norwegian Coronary Stent (NORSTENT) trial, 9013 

patients underwent PCI (26% with STEMI) were randomized 

to DES or BMS with no differences in the incidence of the 

primary endpoint (Death from any cause or non-fatal MI) 

after a median follow-up of 5-years [7]. 

Stenting was restricted to the culprit lesion only and timing 

of non-IRA revascularization (before or after hospital 

discharge) was determined by the treating physician. Recent 

data recommend that revascularization of non-IRA lesions 

should be considered in STEMI patients with multi-vessel 

disease before hospital discharge. The ideal timing of 

revascularization (immediate or staged) has not been 

properly investigated [8]. 

Platelets glycoprotein IIb/IIIa inhibitors were used on 

downstream basis according to thrombus burden degree. The 

routine upstream use of glycoprotein (GP) IIb/IIIa inhibitors 

before primary PCI was not associated with clinical benefit 

and it was associated with higher bleeding risk compared 

with downstream use in the catheterization laboratory [9]. 

Deferred stenting strategy was not employed according to 

the physician discretion. 

This strategy was investigated as a method to reduce 

micro-vascular obstruction (MVO) and to preserve 

microcirculatory function but it was associated with higher 

rate of target vessel revascularization. So, its routine use is 

not recommended [10]. 

The whole study group was classified into two groups 

according to the post-PCI TIMI flow grade: Group I included 

84 patients with angiographically documented TIMI flow 

grade 3 (reflow) and Group II included another 16 patients 

with angiographically documented TIMI flow grade ≤ 2 (no-

reflow). 

Coronary angiography is the simplest method to diagnose 

no-reflow in the catheterization laboratory. TIMI flow grade 

and myocardial blush grade (MBG) are the most commonly 

used methods to define angiographic no-reflow. TIMI flow 

grade refers to the intensity and extent of visualization of 

IRA and the speed of flow of dye. TIMI flow is graded 0–3. 

MBG refers to the intensity of radio-opacity of the 

myocardial tissue and the speed with which the enhancement 

clears. MBG is also graded as 0–3 [16]. 

Myocardial blush grade was not used as most angiogram 

films were not acquired long enough to estimate the MBG 

and the TIMI flow grade classification system was used only 

to assess epicardial coronary blood flow. This was 

concordant to many studies [1, 5, 11-14] but discordant to 

Chen who used TIMI flow grade system and MBG to define 

no-reflow [15]. 

In the present study, no-reflow occurs in 16.0% of study 

population. This incidence is lower than that reported by 

Watanabe (26.0%), Chen (25.3%), Mazhar (25.0%), 

Morishima (25.0%) and Kirma (24.3%), close to that 

reported by Zhou (17.3%) and higher than that reported by 

Tanaka (13.0%) [1, 5, 11-15,]. 

Many experimental and clinical data have shown that the 

incidence of no-reflow ranging from 5% to 25% according to 

the methods of assessment and the population under study 

[17]. 

The two study groups were compared regarding 

demographic and clinical data with statistically significant 

longer reperfusion time in the No-reflow group (8.0 ± 4.0 vs. 

5.8 ± 3.0 hours for no-reflow and reflow, respectively). 

Significant longer reperfusion time in patients with no-

reflow was concordant to many studies [1, 5, 14] but 

discordant to others [11-13, 15]. 

Delayed presentation is a potentially preventable factor 

and associated with more ischemic injury that results in 

swelling of myocardial cells, edema of capillary bed and 

neutrophil plugging [18]. 

In the early stages of AMI, the thrombus contains more 

thrombocytes and is more vulnerable to lyses but with longer 

reperfusion time, the rigidity of the thrombus increases and it 

tends to fragment with balloon dilatation which can lead to 

distal coronary embolization during primary PCI [19]. 

The rate of no-reflow in patients with AMI was lower in 

those with short reperfusion time even in the presence of high 

thrombus burden, which explain the possible correlation 

between thrombus burden degree and duration of reperfusion 

[20]. 

However, the no-reflow phenomenon can still occurs in 

patients with AMI and low thrombus burden and long 

reperfusion time. Even if the material potential to embolize is 

small, prolonged ischemia can disrupt the micro-vascular 

circulation and this disruption is known to be a key factor in 

the pathogenesis of no-reflow which is why an increased rate 

of no-reflow is seen in cases of prolonged reperfusion [21]. 

Then both groups were compared regarding the 

angiographic data with statistically significant higher 

thrombus burden degree (56.3% vs 39.3% for no-reflow and 

reflow, respectively) and lower initial TIMI flow grade 

(81.2% vs 63.1% for no-reflow and reflow, respectively) in 

the No-reflow group. 

These data were exactly the same as Mazhar and Chen [14, 

15] and close to Kirma and Zhou [1, 5] who demonstrated 

that in addition to lower initial TIMI flow grade and higher 

thrombus burden degree, significantly more prevalence of 

total occlusion in the no-reflow patients but discordant to 

Tanaka who demonstrated that no statistically significant 

difference between reflow and no-reflow patients regarding 

all angiographic data [12] and Morishima who demonstrated 

that anterior infarction location was significantly higher in 

the no-reflow patients [13]. 

Thrombus burden was estimated using the thrombus 

scoring system [6] which was also used by [1, 5, 15]. 
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A high thrombus burden commonly occurs in the setting of 

an occluded infarct artery and had been found to increase the 

risk of no-reflow as distal embolization of thrombotic debris 

can decrease myocardial perfusion and increase infarct size 

[22]. 

Pre-PCI good TIMI flow grade was strongly related to 

post-procedural TIMI 3 flow as patency of the IRA before 

PCI suggests a lower thrombus burden, resolution of 

vasospasm, spontaneous endogenous lysis of the thrombus 

and smaller infarct size [23]. 

Finally both groups were compared regarding the 

procedural data with statistically significant larger reference 

luminal diameter (3.5 ± 0.3 vs. 3.2 ± 0.3 mm for no-reflow 

and reflow, respectively), and longer lesion length (25.6 ± 4.6 

vs. 22.5 ± 5.8 mm for no-reflow and reflow, respectively) in 

the No-reflow group. 

These data were close to Kirma and Zhou who 

demonstrated that in addition to significant larger reference 

diameter and longer lesion length in the no-reflow group, the 

incidence of no-reflow was significantly lower in the patients 

treated by direct stenting than patients treated by stenting 

after balloon dilatation [1, 5] but discordant to Chen who 

demonstrated that target lesion length and reference luminal 

diameter were not statistically significant [15] and Mazhar 

who demonstrated that downstream use of platelet GP 

IIb/IIIa inhibitors was significantly higher in the no-reflow 

patients [14]. 

Large vessels are able to contain large amounts of plaques 

containing lipid or thrombus and long lesions leads to slowing 

of the flow velocity. This would explain the high risk for no-

reflow observed in these patients after primary PCI [24]. 

5. Limitations 

Single angiographic parameter was used to define no-

reflow. The microcirculation was not directly evaluated, for 

example by contrast echocardiography. 

6. Conclusions 

In the present study, no-reflow occurred in 16% of STEMI 

patients undergoing primary PCI and was more likely to be 

related to delayed reperfusion, low initial TIMI flow grade, 

high thrombus burden degree, large reference luminal 

diameter and long lesion length. 

7. Recommendations 

As there is no effective treatment for no-reflow once it has 

occurred, it is important to try, predict and prevent no-reflow 

from occurring especially among patients with one or more 

risk factors of no-reflow development. 

Every attempt should be done to decrease reperfusion time 

as it’s the most possible preventable predictor for no-reflow. 

Education the public about heart attack symptoms and 

early presentation to hospital is very important. 

Efforts to minimize delay due to diagnosis, transfer and 

intervention in STEMI patients is beneficial in reduction of 

no-reflow risk. 

Interventional strategies such as deferred stenting, direct 

stenting, aspiration thrombectomy and longer antithrombotic 

therapy should be tested in a large controlled randomized 

trials and still to be considered in patients who are at higher 

risk of no-reflow such as patients with delayed presentation, 

low initial TIMI flow grade, high thrombus burden degree, 

large reference luminal diameter and those with long lesion 

length. 
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