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Abstract

Original Article

Introduction

Coronary artery disease is the most important cause of 
death worldwide.[1] ST‑segment elevation myocardial 
infarction  (STEMI) is a significant cause of cardiovascular 
morbidity and mortality. Successful treatment depends on 
rapid successful reperfusion therapy.[2] Primary percutaneous 
coronary intervention (PCI) is the preferred reperfusion strategy 

for patients presenting with STEMI, however periprocedural 
myocardial injury and coronary no‑reflow (CNR) can still occur 
and result in worse in‑hospital and long‑term outcomes. CNR 

Background: Diabetes mellitus is recognized as an independent risk factor for the development of Coronary No Reflow. Ticagrelor has a 
faster onset of action and a stronger antiplatelet effect as compared to clopidogrel. The aim of this study is to compare between ticagrelor 
and clopidogrel loading doses before primary percutaneous coronary intervention (PCI) in Type II diabetic patients presenting with anterior 
wall ST‑Segment Elevation Myocardial Infarction (STEMI) and their different effect on myocardial perfusion and in‑hospital Major Adverse 
Cardiac Events. Methods: The study included 170 patients with Type II diabetes, who presented with acute anterior wall STEMI who 
underwent primary PCI. They were randomized into two groups, the1st group 85 patients received clopidogrel loading dose (600 mg) and the 
2nd group 85 patients received ticagrelor loading dose (180 mg). Postinterventional thrombolysis in myocardial infarction (TIMI) flow grade 
and myocardial blush grade (MBG) were recorded as well as in‑hospital outcomes. Results: In the clopidogrel group, 80% of the patients had 
TIMI III flow score, 15.3% had TIMI II flow score and 2.4% had TIMI I and TIMI 0 flow score. In the ticagrelor group, 95% of the patients had 
TIMI III flow score, 2.4% had TIMI II flow score and 1.2% had TIMI I and TIMI 0 flow score (P = 0.01). Regarding MBG, in the clopidogrel 
group, 64.7% of the patients had MBG III, 13% had MBG II flow score, 2.3% had MBG 1, and 20% had MBG 0. In the ticagrelor group, 93% 
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MACE was 5.8% versus 3.5% in the ticagrelor group (P = 0.65). In the Clopidogrel group, in‑hospital bleeding was 3.5% versus 4.7% in the 
ticagrelor group (P = 0.7). Conclusion: Ticagrelor loading before primary PCI resulted in improved TIMI flow and MBG in Type II diabetic 
patients presenting with anterior wall myocardial infarction.
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is associated with more extensive myocardial injury, worse 
segmental and global left ventricular contractility, malignant 
arrhythmias, and higher mortality.[3] Diabetes mellitus   was 
recognized as an independent risk factor for the development 
of CNR,[4] thus diabetic patients are at higher risk of developing 
cardiovascular complications. Ticagrelor significantly reduced 
the rate of death from myocardial infarction, vascular causes, or 
stroke without an increased rate of major bleeding as reported 
by the PLATO trial.[5] Ticagrelor increases the circulatory 
level of adenosine, which may decrease the microcirculatory 
resistance and that may be protective against no‑reflow. The 
aim of this study is to compare the preoperative loading dose 
of Ticagrelor versus Clopidogrel on myocardial perfusion in 
Type II diabetic patients with anterior STEMI undergoing 
primary PCI.

Methods

The study was conducted on 170 patients with Type II Diabetes 
mellitus  presenting anterior STEMI who underwent primary 
PCI. Patients were randomized into two groups (85 patients 
each) according to the loading dose of P2Y12 inhibitor; 1st group 
received a clopidogrel loading dose (600 mg) and the 2nd group 
received ticagrelor loading dose (180 mg). Postinterventional 
thrombolysis in myocardial infarction (TIMI) flow grade and 
myocardial blush grade  (MBG) were recorded during the 
procedure and compared as the primary endpoint, and the 
patients were followed up for in‑hospital outcomes (including 
death, MACE, and bleeding) as a secondary endpoint.

Patients presenting with STEMI after 48 h from the onset of 
chest pain, those who received thrombolytic therapy, patients 
with hematological disorders, acute inflammatory diseases, 
hepatic failure, cancer, chronic renal disease on a hemodialysis 
program and patients with known allergy or intolerance to 
statin therapy or previously on statin therapy all were excluded 
from the study.

The study was approved by the Research Ethics Committee, and 
all patients signed informed written consent for participation 
in the study in accordance with the declaration of Helsinki. All 
patients were subjected to: (1) Detailed medical history and 
complete clinical examination (2) 12 lead surface ECG before 
and after primary PCI to determine the extent of ST‑segment 
resolution (STR) calculated as the sum of ST‑segment elevation 
on initial Electrocardiography  (ECG) minus the sum of 
ST‑segment elevation on the ECG at 90 min after PCI, divided 
by the sum of ST‑segment elevation on the initial ECG, and 
was presented as a percentage. The complete early STR was 
defined as ≥70% STR. (3) Coronary angiography was done, 
patients with preoperative TIMI 0 grade and preoperative 
TIMI Thrombus Grade 5 (total occlusion) were included in the 
study while those with higher preoperative TIMI flow grade or 
with TIMI thrombus grade <5 were excluded from the study. 
All patients received 300 mg Aspirin as a loading dose at the 
time of admission and Enoxaparin 0.5 mg/kg intravenous 
as a preantral anticoagulant at the time of the procedure. 

Patients who received Aspiration therapy, Glycoprotein IIb/
IIIa inhibitors, Morphine were excluded from the study. 
After primary PCI TIMI flow score and TIMI MBG were 
identified. (4) Transthoracic echocardiography: Routine echo 
study will be performed with special emphasis on ejection 
fraction measured by the modified Simpson method by expert 
operators blinded from the study protocol using a GE Vivid 
E95 machine  (5) In‑Hospital death, bleeding, and MACE 
such as nonfatal stroke, nonfatal myocardial infarction, and 
cardiovascular death.

Data were collected and entered into the Statistical Package 
for the Social Science (IBM SPSS) version 20, USA. The data 
were presented in the form of numbers and percentages for 
the qualitative data, mean, standard deviations, and ranges for 
the quantitative data with parametric distribution Chi‑square 
test was used to in comparison of qualitative data between 
the two groups. The comparison between two groups with 
quantitative data and parametric distribution was done by using 
Independent t‑test. The confidence interval was set to 95% and 
the margin of error accepted was set to 5%.

Ethical statement
The study was approved by the Research Ethics 
Committee  (Faculty Of Medicine, Ain Shams University, 
FWA 0006444), and all patients signed informed written 
consent for participation in the study in accordance with the 
declaration of Helsinki.

Results

This study was conducted on 170 patients with Type II Diabetes 
mellitus   presented with anterior STEMI who underwent 
primary PCI. Patients were divided into two groups; the first 
group included the patients who received a loading dose of 
clopidogrel. The second group included patients who received 
a loading dose of ticagrelor. Regarding baseline characteristics, 
there was no statistically significant difference between the 
2 groups as regards age, gender, smoking, body mass index, 
history of hypertension, previous history of ischemic heart 
disease, chronic obstructive pulmonary disease, Previous 
PCI, previous coronary artery bypass graft surgery, history 
of Cerebrovascular stroke, Receiving Aspirin before the 
incident event, peripheral vascular disease, serum creatinine 
level, hemoglobin level, Killip class, and door to balloon 
time [Table 1].

As regards the procedural details, there were no statically 
significant differences between the two groups regarding the 
site of total occlusion, predilatation, postdilatation, length 
of the stent, diameter of the stents, number of the stents 
implanted [Table 2].

In the clopidogrel group, 80% of the patients had TIMI III 
flow, 15.3% had TIMI II flow, 2.3% had TIMI I and 2.3% had 
TIMI 0 flow. In the ticagrelor group, 95% of the patients had 
TIMI III flow, 2.4% had TIMI II flow, 1.2% had TIMI I, and 
1.2% had TIMI I flow, with a significant P = 0.01.
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patients in the clopidogrel group versus 4.7% in the ticagrelor 
group, P = 0.700 [Table 4].

Discussion

STEMI is a leading cause of morbidity and mortality. Primary 
PCI is the recommended therapy for STEMI. No‑reflow is an 
independent predictor of in‑hospital mortality.[6] No‑reflow 
refers to myocardial under‑perfusion in the absence of 
mechanical obstruction. CNR is associated with worse left 
ventricular contractility, more extensive myocardial necrosis, 
malignant arrhythmias, and increased mortality.[3] Type  2 
diabetes mellitus is associated with poorer outcomes in 
coronary artery disease than nondiabetic counterparts after 

Regarding MBG, in the clopidogrel group, 64.7% of the 
patients had MBG III, 13% had MBG II, 2.3% had MBG I and 
20% had MBG 0. In the ticagrelor group, 93% of the patients 
had MBG III, 1.1% had MBG II, 1.1% had MBG 1 and 4.8% 
had MBG 0, with a significant P = 0.007.

No reflow occurred in 22.4% in the clopidogrel group and 5.8% 
in the ticagrelor group with a significant P = 0.002 [Table 3].

Regarding in‑hospital death 3.5% of patients in the 
clopidogrel group died during the in‑hospital stay versus 
2.4% in the ticagrelor group, P  =  0.468, Regarding 
in‑hospital MACE occurred in 5.8% of patients in the 
clopidogrel group versus 3.5% in the ticagrelor group, 
P = 0.65, Regarding in‑hospital bleeding occurred in 3.5% of 

Table 1: Baseline characteristics  (total number=170)

n (%)
Age, mean±SD (range) 55.58±10.19 (31‑80)
Male gender 117 (68.8)
Smoker 119 (70.0)
BMI (kg/m2), mean±SD (range) 27±5 (18‑35)
HTN 44 (25.9)
History of IHD 22 (12.9)
COPD 35 (20.6)
Pervious PCI 34 (20)
Previous CABG 4 (2.4)
History of CVS 17 (10)
Receiving aspirin before incident event 50 (29.4)
Peripheral vascular disease 36 (21.2)
Killip class

I 153 (90)
II 10 (5.9)
III 4 (2.4)
IV 3 (1.8)

Ticagrelor group (n=85), n (%) Clopidogrel group (n=85), n (%) P
Age, mean±SD (range) 55.27±10.30 (31‑80) 55.89±10.13 (34‑79) 0.691
Male gender 56 (65.9) 61 (71.8) 0.408
Smoker 63 (74.1) 56 (65.9) 0.241
Hypertension 22 (25.9) 22 (25.9) 1.00
History of IHD 10 (11.8) 12 (14.1) 0.648
COPD 19 (22.4) 16 (18.8) 0.569
Previous PCI 16 (18.8) 18 (21.2) 0.384
Previous CABG 2 (2.35) 2 (2.35) 1
History of CVS 8 (9.4) 9 (10.6) 0.795
Receiving aspirin before incident event 28 (32.9) 22 (25.9) 0.313
Peripheral vascular disease 19 (22.4) 17 (20) 0.704
Serum creatinine level (mg/dl) 1.2±0.3 1.1±0.2 0.552
Hemoglobin level (g/dl) 12.2±3.1 14±2.2 0.321
Killip class

I 78 (91.8) 75 (88.2) 0.441
II 5 (5.9) 6 (7.1) 0.757
III 2 (2.4) 2 (2.4) 1
IV 2 (2.4) 1 (1.2) 0.562

Door to balloon time (min) 58±16 60±12 0.357
No statistically significant difference between the 2 groups as regards baseline characteristics. SD=Standard deviation; BMI=Body mass index; 
IHD=Ischemic heart disease; COPD=Chronic obstructive pulmonary disease; PCI=Precautious coronary intervention; CABG=Coronary artery bypass 
graft; CVS=Cerebrovascular stroke; HTN=Hypertension; AF=Atrial fibrillation; DM=Diabetes mellitus
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coronary intervention.[7] This might be related to vessel wall 
inflammation, endothelial dysfunction, and the development 
of vulnerable plaques liable for distal embolization. We 

studied the difference between preoperative loading dose of 
Ticagrelor versus Clopidogrel on myocardial perfusion in type 
II Diabetic patients presenting with anterior wall myocardial 
infarction. Ticagrelor loading before primary PCI resulted in 
improved TIMI flow and MBG in this population. Ticagrelor 
inhibits cellular uptake of adenosine and thus, increasing 
the circulating adenosine levels. Adenosine has a potent 
vasodilator, anti‑inflammatory, and antiplatelet effect that may 
protect the myocardium from both ischemic and reperfusion 
injuries[8] and this might explain our results. Kim EK et al. 
showed that the Infarct size in STEMI patients assessed by 
cardiac MRI was reduced in patients receiving Ticagrelor 
versus clopidogrel. This protective effect was independent 
of ticagrelor‑induced platelet inhibition.[9] In the CV‑TIME 
trial ticagrelor loading dose reduced microvascular injury in 
comparison with a loading dose of clopidogrel, as assessed 
by the index of microcirculatory resistance immediately 
after primary PCI.[10] Wang et  al. demonstrated a higher 
MBG, lower corrected TIMI frame count, and a higher 
rate of complete STR with Ticagrelor in comparison to the 
clopidogrel.[11] Lui et al. showed that the use of ticagrelor in 
diabetic patients presenting with STEMI improves the level 
of myocardial microcirculation perfusion and improves the 
left ventricular function.[12]

Contradictory results from the MICAMI‑TICLO trial showed 
that ticagrelor did not significantly improve angiographic or 
electrocardiographic parameters of myocardial reperfusion 
in STEMI patients, in comparison to clopidogrel.[13] Di Vito 
et al. showed that TIMI flow, TIMI frame count, and STR 
were comparable between clopidogrel and ticagrelor groups.[14] 
These different results may be due to different populations 
included in different studies were in our study we included 
exclusively patients with Type II diabetes mellitus. Moreover, 
commonly co‑treatment with morphine may impair the rate of 
absorption of P2Y12 inhibitors, including ticagrelor in patients 
with STEMI.[15] This may deprive the ticagrelor of its rapid 
onset of action.

In our study, the rate of in‑hospital death and myocardial 
infarction was lower in the ticagrelor group although it did not 
reach statistical significance. In the sub‑study of the PLATO 
trial that includes only diabetic patients a significant reduction 
in the 30‑day rates of death from any cause and myocardial 
infarction in patients with the acute coronary syndrome.[16]

Conclusion

Ticagrelor loading before primary PCI resulted in improved 
TIMI flow and MBG in Type II diabetic patients presenting 
with anterior wall myocardial infarction.
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Table 4: Difference between clopidogrel and ticagrelor 
regarding in hospital outcomes  (n=85)

Clopidogrel 
group, n (%)

Ticagrelor 
group, n (%)

P

Death 3 (3.5) 3 (3.5) 0.468
MACE 5 (5.8) 5 (5.8) 0.650
Bleeding 3 (3.5) 3 (3.5) 0.700
There were no statistically significant differences between the two groups 
as regards in hospital death, MACE and bleeding, MACE=Major adverse 
cardiac events

Table 3: Difference between clopidogrel and ticagrelor 
regarding myocardial perfusion (n=85)

Clopidogrel 
group, n (%)

Ticagrelor 
group, n (%)

P

TIMI flow
0 2 (2.35) 1 (1.2) 0.01
I 2 (2.35) 1 (1.2)
II 13 (15.3) 2 (2.4)
III 68 (80.0) 81 (95.2)

MBG
0 17 (20) 4 (4.8) 0.007
I 2 (2.3) 1 (1.1)
II 11 (13) 1 (1.1)
III 55 (64.7) 79 (93)

Reflow
No reflow 19 (22.4) 5 (5.8) 0.002

TIMI flow grade, MBG were significantly higher in the ticagrelor group 
and the incidence of no reflow was lower in the ticagrelor group in 
comparison to clopidogrel group. MBG=Myocardial blush grade; TIMI 
flow=Thrombolysis in myocardial infarction flow

Table 2: Difference between clopidogrel and ticagrelor 
groups regarding procedural details (n=85)

Clopidogrel 
group

Ticagrelor 
group

P

Site of total occlusion
Left main 1 0 0.451
Proximal LAD 60 55
Mid LAD 24 29
Distal LAD 0 1

Predilatation 60 63 0.512
Postdilatation 14 19 0.381
Stent length (mm) 28.1±7 26.3±8 0.715
Stent diameter (mean±SD) 3.2±0.5 3.1±0.7 0.802
Number of stents

One stent 50 52 0.750
More than one stent 35 33

Patients who implanted more than one stent the length of the stent was 
taken as a sum of the length of the stents implanted, and the diameter 
was taken as the diameter of the largest stent. No statistically significant 
difference between the two groups as regards procedural details. 
LAD=Left anterior descending artery; SD=Standard deviation
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