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ABSTRACT

Background and Objectives: Ticagrelor is considered a potent antiplatelet agent compared
to clopidogrel. However, there are no studies regarding the effect of ticagrelor loading on
infarct size in patients with ST-segment elevation myocardial infarction (STEMI) in a primary
percutaneous coronary intervention (PCI) setting.

Subjects and Methods: In this single-center, randomized, open-label study, 188 patients
who underwent primary PCI for STEMI were enrolled (92 patients in the clopidogrel group
and 96 in the ticagrelor group) and compared the infarct size by technetium-99m (Tc-99m)
tetrofosmin single-photon emission computed tomography (SPECT) and serial cardiac
biomarker levels between the groups. SPECT was performed at a median of 2 days after PCI.
Results: Baseline clinical and procedural characteristics were similar between the groups.
Infarct size on SPECT, was similar between the 2 groups (28.1%%*34.5% vs. 32.8%:2+29.2%;
p=0.169). At all time-points after PCI (8, 24, and 48 hours), the peak levels of creatine
kinase-myocardial band (CK-MB) and troponin T were lower in the clopidogrel group. The
clopidogrel group showed lower cumulative troponin T levels than the ticagrelor group
(12.59+10.66 vs. 17.67+19.51 ng/mL; p=0.029).

Conclusion: Ticagrelor loading before primary PCI was not associated with reduced
myocardial infarct size during the first 48 hours, compared to clopidogrel loading.

Keywords: Angioplasty; Myocardial infarction; Blood platelets; Receptors, purinergic P2Y12

INTRODUCTION

Ticagrelor is considered a more potent antiplatelet agent than clopidogrel and is often

used in patients with acute coronary syndrome (ACS). Ticagrelor demonstrated significant
reduction in the composite incidence of death, myocardial infarction (MI), or stroke without
concomitant increases in major bleeding in the Platelet Inhibition and Patient Outcomes
(PLATO) trial, a multicenter, randomized study comparing ticagrelor with clopidogrel across
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a broad spectrum of ACS patients.” Although the mechanism of action resulting in superior
outcome with ticagrelor is not clear, several mechanisms have been suggested.

In addition to potent inhibition of platelets, ticagrelor increased adenosine plasma
concentration in patients with non-ST-elevation ACS compared to clopidogrel by inhibiting
adenosine reuptake by erythrocytes.? Extracellular adenosine has a wide spectrum of
positive physiological effects including vasodilation, release of endothelial factors,

and cardioprotective and anti-inflammatory effects. Moreover, some animal studies
demonstrated that ticagrelor reduced myocardial infarct size via adenosine-receptor
activation.”¥ However, there is limited data in humans, especially in patients undergoing
primary percutaneous coronary intervention (PCI).

We designed a prospective study to compare the effects of ticagrelor and clopidogrel on
myocardial infarct size assessed by technetium-99m (Tc-99m) tetrofosmin single-photon
emission computed tomography (SPECT) in patients with ST-segment elevation myocardial
infarction (STEMI) undergoing primary PCI.

SUBJECTS AND METHODS

Study population

The present study employed a single-center, randomized, open-label design to compare the
effect of ticagrelor loading dose with clopidogrel loading dose. From February 2014 to June 2016,
consecutive patients who underwent primary PCI for STEMI were enrolled. Patients who were at
least 20 years of age and who were within 24 hours of STEMI symptom onset with documented
ischemia due to significant lesion in a native coronary artery were recruited. Exclusion criteria
were patients more than 80 years of age, cardiogenic shock, oral anticoagulation therapy,
previous history of intracranial bleeding, and previous medication with P2Y12 receptor blocker.

Risk factors such as previous history of hypertension or current antihypertensive therapy,
diabetes treated with insulin or oral antihyperglycemic agent, baseline HbAlc >6.5%, and
any type of smoking in the last month were recorded. All patients provided informed consent
for processing their anonymous data according to a protocol approved by the Institutional
Review Board of Wonkwang University Hospital.

PCI

In all patients, aspirin (300 mg/day) was loaded before the procedure. An intravenous bolus
0f 5,000 U of unfractionated heparin was given, and then additional heparin boluses were
given to maintain activated clotting time >300 seconds during the procedure. Coronary
angiography and stent implantation were performed using standard interventional
techniques. Platelet glycoprotein IIb/IIla inhibitors (GPIs) were administered according to
operator decision. Aspirin (100 mg/day), clopidogrel (75 mg/day), or ticagrelor (180 mg/day)
and statins were prescribed to all patients after the procedure.

Myocardial infarct size and angiography analyses

Pre- and post-PCI angiograms were reviewed. The thrombolysis in myocardial infarction
(TIMI) flow grade before and after PCI, corrected TIMI frame count (cTFC), and myocardial
blush grade (MBG) were analyzed by 2 experienced observers who were blinded to patient
groups, as described previously.”®
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Myocardial infarct size was measured by SPECT imaging and enzymatic methods. Creatine
kinase-myocardial band (CK-MB) isoenzyme and troponin T were measured before and at
8, 24, and 48 hours after primary PCI. Peak concentrations were identified, and the area
under time-concentration curves was estimated from cardiac biomarker levels measured at
individual time-points.

SPECT imaging with Tc-99m tetrofosmin was performed by a standardized technique. After
injection of adenosine, 370 MBq of Tc-99m tetrofosmin was intravenously injected, and stress
myocardial images were obtained. After 4 hours, another 1,110 MBq of Tc-99m tetrofosmin
was intravenously administered, and resting myocardial images were obtained. The SPECT
images were acquired on a dual-headed gamma camera (Vertex 60, Philips ADAC, Milpitas,
CA, USA) equipped with high-resolution collimators. Myocardial perfusion defects (infarct
size) were quantified and expressed as percentage of involved left ventricle by a specialist who
was unaware of the patient groups. Patients underwent SPECT imaging for a median of 2 days
(interquartile range [IQR], 2-3 days) after PCI.

Study endpoints

The primary endpoint was myocardial infarct size, as assessed by SPECT. Secondary
endpoints included 1) TIMI flow grade, cTFC, MBG after PCI; and 2) infarct size assessed by
serial cardiac biomarker measurement.

Statistical analysis

Based on previous data from Wonkwang Medical Center, the infarct size of the control group
was expected to be 20% (standard deviation [SD] 15%).” The sample size was selected to
demonstrate reduced infarct size from 20% in the clopidogrel group to 14% in the ticagrelor
group (30% relative reduction) based on a previous statin study.”®) A minimal sample size of
85 patients in each group provided 85% power with a 2-sided alpha of 0.05.

All measurements were represented as mean+SD or absolute number (percentage). Inter-
group analysis was performed using independent t-test and ¥ test, which were conducted
using Statistical Package for the Social Sciences (SPSS) version 19.0 for Windows (SPSS Inc.,
Chicago, IL, USA). To compare changes in cardiac biomarkers before and after PCI, paired
t-test was used. Statistical significance was set at p<0.050.

RESULTS

Baseline characteristics

A total 0194 patients were eligible; of these, 97 patients received 300 mg clopidogrel as a
loading dose (clopidogrel group), and 97 patients received 180 mg of ticagrelor as a loading
dose before primary PCI (ticagrelor group). Two patients died before undergoing SPECT
imaging, 2 patients were excluded due to absence of a significant coronary lesion, 1 patient
was excluded for refusal to undergo SPECT, and 1 patient was excluded because of inadequate
imaging. Therefore, 92 patients in the clopidogrel group and 96 patients in the ticagrelor
group were finally evaluated for myocardial infarct size (Figure 1).

The baseline clinical characteristics of patients in both groups are shown in Table 1. The

clopidogrel group had a higher incidence of diabetes (30.4% vs. 14.6%; p=0.014) than the
ticagrelor group, and the ticagrelor group had a higher level of low-density lipoprotein (LDL)
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Figure 1. Study flow chart.

—» No significant lesion (n=T1)

ICH = intracranial hemorrhage; MI = myocardial infarction; PCI = percutaneous coronary intervention; SPECT = single-photon emission computed tomography;
STEMI = ST-segment elevation myocardial infarction.

Table 1. Baseline clinical characteristics

Characteristics Clopidogrel (n=92) Ticagrelor (n=96) p value
Age (years) 63.6+12.5 60.6+10.3 0.078
Male 68 (73.9) 77 (80.2) 0.385
Hypertension 56 (60.9) 55 (57.3) 0.658
Diabetes 28 (30.4) 14 (14.6) 0.014
Current smoker 40 (43.5) 50 (52.1) 0.247
Prior angina 12 (13.0) 10 (10.4) 0.575
Anterior infarction 35(38.0) 44 (45.8) 0.303
Killip class 22 8 (8.7) 10 (10.4) 0.806
Ejection fraction (%) 50.6+9.7 50.4+9.1 0.910
Door-to-balloon time (minutes) 79.8+33.1 72.8+33.2 0.150
Onset-to-door time (minutes) 957.5+209.6 250.4+238.3 0.829
Baseline laboratory findings - - -
WBC (/pL) 1,649.7+3,634.3 11,943.8+3,961.6 0.597
Serum creatinine (mg/dL) 1.04+0.31 1.02+0.30 0.697
CK-MB (ng/mL) 22.6+43.8 30.0+64.0 0.355
Troponin T (ng/mL) 0.42+0.92 1.09+3.75 0.095
Total cholesterol (mg/dL) 181.7+48.8 193.2+49.9 on7
Triglyceride (mg/dL) 156.0+155.5 145.4+138.4 0.629
HDL cholesterol (mg/dL) 47.3£11.9 46.7+10.1 0.757
LDL cholesterol (mg/dL) 104.6+40.8 118.0+44.3 0.036

Values are presented as mean=SD or number (%).
CK-MB = creatine kinase-myocardial band; HDL = high-density lipoprotein; LDL = low-density lipoprotein; SD = standard deviation; WBC = white blood cell.

https://e-kcj.org

cholesterol (104.6+40.8 mg/dL vs. 118.0+44.3 mg/dL; p=0.036) than the clopidogrel group.
Other risk factors, including door-to-balloon time and baseline cardiac biomarker levels,
were similar between the groups. All patients received second-generation drug-eluting stents
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Table 2. Coronary angiographic and procedural characteristics

Characteristics Clopidogrel (n=92) Ticagrelor (n=96) p value
Culprit lesion - - 0.705
Left main 1(1.1) 1(1.0) =
Left anterior descending 34 (37.0) 43 (44.8) -
Left circumflex 21 (22.8) 17(17.7) -
Right coronary artery 36 (39.1) 35 (36.5) -
Multivessel disease 26 (28.3) 31(32.3) 0.548
Use of GPI 22 (23.9) 9 (9.4) 0.007
Thrombus aspiration 10 (10.9) 13 (13.5) 0.576
Multivessel PCI 8 (8.7) 12 (12.5) 0.398
Type of stent - - -
Everolimus eluting stent 47 (51.1) 45 (46.9) 0.564
Zotarolimus eluting stent 16 (17.4) 24 (25.0) 0.203
Biolimus eluting stent 28 (30.4) 27 (28.1) 0.728
Stent number per patient 1.2+0.5 1.3+0.6 0.214
Stent diameter (mm) 3.0+0.4 3.1x0.4 0.619
Total stent length (mm) 30.3+13.0 34.9+18.7 0.052
Maximal pressure (atm) 14.2+3.5 15.1+£3.6 0.081
Procedural complications 14 (15.2) 10 (10.4) 0.324
Slow/no reflow 3(3.3) 3(3.7) 1.000
Distal embolization 6 (6.5) 4 (4.2) 0.530
Side branch occlusion 5(5.4) 3(3) 0.490

Values are presented as mean+SD or number (%).
GPI = glycoprotein IIb/Illa inhibitor; PCI = percutaneous coronary intervention.

(Table 2). Most angiographic and procedural characteristics were similar between groups, but
patients in the clopidogrel group received more GPI than those in the ticagrelor group (23.9%

vs. 9.4%; p=0.007).

Primary endpoint

Median infarct size assessed by SPECT was 21.0% (IQR, 8.0%—-41.0%). There was no

difference in the time from PCI to SPECT between the groups (Table 3). Mean myocardial
infarct size was similar between the 2 groups (28.1%34.5% vs. 32.8%29.2%; p=0.169).
In subgroup analyses, there were no differences in infarct size with respect to age, gender,

presence of diabetes, anterior MI, use of glycoprotein inhibitor, onset-to-door time, and stent

length (Table 4).

Table 3. Radionuclide imaging and angiographic outcomes

Outcomes Clopidogrel (n=92) Ticagrelor (n=96) p value
SPECT results = = =
Follow-up time (days) 2.4+1.1 2.4+1.1 0.892
Infarct size 28.1+34.5 32.8+29.92 0.316
Summed motion score 14.5+14.9 17.7+16.4 0.169
Summed thickening score 11.0+10.6 13.5+10.7 0.112
Ejection fraction 53.4+12.5 50.7+12.2 0.134
Angiographic outcomes - - -
Angiographic no reflow 3(3.3) 3(3) 1.000
Baseline TIMI flow grade 0/1 27 (72.8) 72 (75.0) 0.734
Final TIMI flow grade <3 6 (6.5) 2 (2.1) 0.163
Baseline cTFC 118.0+79.3 19.1£75.7 0.924
Final cTFC 16.8+14.1 15.9£10.3 0.584
Baseline TIMI blush grade 1.0+1.3 0.9+1.2 0.735
Final TIMI blush grade 2.7+0.5 2.8+0.5 0.684

Values are mean=SD or number (%).

CTFC = corrected TIMI frame count; SPECT = single-photon emission computed tomography; TIMI = thrombolysis in myocardial infarction.
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Table 4. Comparison of infarct size (%) in specific risk subgroups

Subgroups Clopidogrel Ticagrelor p value Mean difference (95% CI)
Age” (years)

<65 35.6+42.9 37.3+31.4 0.854 -1.3 (-15.6, 13.0)

265 19.7+19.6 25.2+923.6 0.264 -5.5(-15.2, 4.2)
Gender

Male 31.1£38.9 34.8+30.0 0.527 -3.7 (-15.2, 7.8)

Female 20.0+16.4 25.0+£24.9 0.431 -5.0 (-17.8, 7.7)
Diabetes mellitus

Yes 20.5+28.6 31.2+32.7 0.283 -10.7 (-30.5, 9.2)

No 31.6+36.6 33.1£28.8 0.780 -1.5(-12.4, 9.3)
Anterior infarction

Yes 44.2+47.5 47.8+34.4 0.694 -3.7 (-22.2, 14.8)

No 17.7£15.9 20.4+15.9 0.378 -2.7 (-8.9, 3.4)
GPIs

Use 31.9+28.8 20.4+20.9 0.293 11.5 (-10.4, 33.4)

Do not use 26.9+36.2 34.1x29.7 0.178 -7.2 (-17.7, 3.3)
Onset to door time” (minutes)

<150 25.4+28.2 37.2+33.1 0.086 -11.8 (-25.2, 1.7)

>150 30.0+38.6 28.2+23.9 0.783 1.8 (-11.3,14.9)
Stent length™ (mm)

<28 31.9+41.7 31.5+27.4 0.952 0.4 (-13.5, 14.4)

228 23.0+20.9 34.3+31.3 0.053 -11.3 (-22.8, 0.2)

Cl = confidence interval; GPI = glycoprotein lib/Illa inhibitor.
*For continuous variables, the median value was used as a cut-off point.

Secondary endpoint
Angiographic no reflow and final TIMI flow grade <3 occurred at a similar rate in both groups
(Table 3). Final ¢cTFC and MBG were also similar between the 2 groups.

At all time-points after PCI (8, 24, and 48 hours), peak levels of CK-MB and troponin T were
lower in the clopidogrel group (Figure 2). The clopidogrel group showed lower cumulative
troponin T levels (12.59+10.66 vs. 17.67+19.51 ng/mL; p=0.029) compared to the ticagrelor group.

(ng/mL) (ng/mL)
300 - Cumulative CK-MB release 12 - Cumulative troponin T release
p=0.146  —— Ticagrelor: 387.1x724.6 ng/mL —— Ticagrelor: 17.67+19.51 ng/mL
----- Clopidogrel: 262.9+218.6 ng/mL p=0.048  ..... clopidogrel: 12.59+10.66 ng/mL

250 - 10 - p=0.029
200
150
100

50 |

0 1 1

T T T T T
Baseline 8 hours 24 hours 48 hours Baseline 8 hours 24 hours 48 hours

Figure 2. Time-concentration curve of CK-MB isoenzyme and troponin T.
CK-MB = creatine kinase-myocardial band.
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DISCUSSION

In this study, we fail to demonstrate that ticagrelor loading before primary PCI reduces
myocardial infarct size compared to clopidogrel loading. Despite the beneficial effects of
ticagrelor in previous experimental studies,?? ticagrelor did not improve infarct size in
patients with STEMI, as assessed by SPECT and cardiac biomarkers.

Ticagrelor is a potent P2Y12 antagonist and has clinically proven beneficial effects in patients
with ACS.? Its beneficial mechanism is explained by platelet inhibition and extra-platelet
effects. Ticagrelor increases plasma adenosine concentration. The maintenance dose of
ticagrelor was reported to augment adenosine-induced coronary blood flow velocity in non-
ST-elevation ACS patients undergoing PCL.” Similar to maintenance dose, a single 180 mg
loading dose of ticagrelor enhanced adenosine-induced coronary blood flow velocity in a
double-blind, randomized study including 40 healthy male subjects.!”)

Ticagrelor might be able to stabilize plaque. Lee et al. first reported the presence of P2Y12
receptor in human coronary atherosclerotic plaque. Apart from their antiplatelet actions, it
is likely that P2Y12 antagonists might also have anti-ischemic effects secondary to induced
plaque stabilization. Ticagrelor, due to its pharmacokinetic superiority over clopidogrel, is
probably more powerful in this regard.

Ticagrelor might also have a cardioprotective effect. One animal study demonstrated that
ticagrelor significantly reduced infarct size assessed by cardiac magnetic resonance imaging
(MRI) compared to clopidogrel.? Ticagrelor was demonstrated to reduce necrotic injury
and edema resulting from an adenosine-dependent mechanism. In patients with STEMI,
Park et al.'? reported that ticagrelor improved microvascular injury assessed by an index of
microcirculatory resistance and reduced infarct size assessed by cardiac biomarker assay.

Despite the extra-platelet effect of ticagrelor, it did not reduce myocardial infarct size in the
present study. In STEMI patients, a 180 mg loading dose of ticagrelor might be insufficient to
reduce infarct size due to the pharmacodynamic limitations of an oral agent. Further studies
with higher dose or intravenous agents are necessary.

Our study has several limitations. Infarct size was measured by SPECT. However, cardiac MRI
is currently used to measure infarct size because it provides superior resolution and detects
subendocardial infarction as well as microvascular obstruction.” Correlation between infarct
size measured using SPECT and MRI was good, and the prognostic significance was similar
between the 2 methods in patients with STEMI in previous studies.'¥ Another limitation of
our study was that imaging was conducted within a very short time period after STEMI. Early
SPECT imaging between 18 and 48 hours after the event often overestimates infarct size,
presumably due to biochemical stunning of the myocardium, which limits isotope uptake.'
Therefore, the size of the perfusion defect in this study did not reflect true infarct size.
Moreover, we did not measure serial ejection fraction or wall motion changes. Therefore,

the long-term effects of ticagrelor were not demonstrated. Additionally, baseline SPECT was
not performed. The difference between baseline and follow-up infarct size could be a better
variable to evaluate the protective effect of ticagrelor. Furthermore, the expected sample size
in the treatment group might be too small to demonstrate reduced infarct size. The SD of
infarct size was unexpectedly high in both groups. Finally, the loading dose of clopidogrel
was 300 mg. The lower dose of clopidogrel might have affected outcomes.

https://doi.org/10.4070/kcj.2017.0044 vl
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In conclusion, in a small study of STEMI patients treated with primary PCI, ticagrelor loading
did not result in smaller infarct size than clopidogrel, as assessed by SPECT during the first 48
hours. Larger studies using better assessment methods for infarct size and clinical outcome
evaluation are necessary to resolve this question.

REFERENCES

1. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in patients with acute coronary
syndromes. N Engl ] Med 2009;361:1045-57.
PUBMED | CROSSREF
2. Bonello L, Laine M, Kipson N, et al. Ticagrelor increases adenosine plasma concentration in patients with
an acute coronary syndrome. ] Am Coll Cardiol 2014;63:872-7.
PUBMED | CROSSREF
3. Nanhwan MK, Ling S, Kodakandla M, Nylander S, Ye Y, Birnbaum Y. Chronic treatment with ticagrelor
limits myocardial infarct size: an adenosine and cyclooxygenase-2-dependent effect. Arterioscler Thromb
Vasc Biol 2014;34:2078-85.
PUBMED | CROSSREF
4. Vilahur G, Gutiérrez M, Casani L, et al. Protective effects of ticagrelor on myocardial injury after
infarction. Circulation 2016;134:1708-19.
PUBMED | CROSSREF
S. van’t Hof AW, Liem A, Suryapranata H, et al. Angiographic assessment of myocardial reperfusion in
patients treated with primary angioplasty for acute myocardial infarction: myocardial blush grade. Zwolle
Myocardial Infarction Study Group. Circulation 1998;97:2302-6.
PUBMED | CROSSREF
6. Gibson CM, Cannon CP, Daley WL, et al. TIMI frame count: a quantitative method of assessing coronary
artery flow. Circulation 1996;93:879-88.
PUBMED | CROSSREF
7. KimJW, Yun KH, Kim EK, et al. Effect of high dose rosuvastatin loading before primary percutaneous
coronary intervention on infarct size in patients with ST-segment elevation myocardial infarction. Korean
Circ ] 2014;44:76-81.
PUBMED | CROSSREF
8. Hahn]JY, Kim HJ, Choi Y], et al. Effects of atorvastatin pretreatment on infarct size in patients with ST-
segment elevation myocardial infarction undergoing primary percutaneous coronary intervention. Am
Heart ] 2011;162:1026-33.
PUBMED | CROSSREF
9. Alexopoulos D, Moulias A, Koutsogiannis N, et al. Differential effect of ticagrelor versus prasugrel on
coronary blood flow velocity in patients with non-ST-elevation acute coronary syndrome undergoing
percutaneous coronary intervention: an exploratory study. Circ Cardiovasc Interv 2013;6:277-83.
PUBMED | CROSSREF
10. Wittfeldt A, Emanuelsson H, Brandrup-Wognsen G, et al. Ticagrelor enhances adenosine-induced
coronary vasodilatory responses in humans. J Am Coll Cardiol 2013;61:723-7.
PUBMED | CROSSREF
11. Lee CW, Hwang I, Park CS, et al. Comparison of differential expression of P2Y,, receptor in culprit
coronary plaques in patients with acute myocardial infarction versus stable angina pectoris. Am J Cardiol
2011;108:799-803.
PUBMED | CROSSREF
12. Park SD, Lee MJ, Baek YS, et al. Randomised trial to compare a protective effect of Clopidogrel Versus
TlIcagrelor on coronary Microvascular injury in ST-segment Elevation myocardial infarction (CV-TIME
trial). Eurolntervention 2016;12:€964-71.
PUBMED | CROSSREF
13. Gibbons R]J. Tc-99m SPECT sestamibi for the measurement of infarct size. J Cardiovasc Pharmacol Ther
2011;16:321-31.
PUBMED | CROSSREF
14. Lund GK, Stork A, Saeed M, et al. Acute myocardial infarction: evaluation with first-pass enhancement
and delayed enhancement MR imaging compared with 201Tl SPECT imaging. Radiology 2004;232:49-57.
PUBMED | CROSSREF
https://doi.org/10.4070/kcj.2017.0044 712


http://www.ncbi.nlm.nih.gov/pubmed/19717846
https://doi.org/10.1056/NEJMoa0904327
http://www.ncbi.nlm.nih.gov/pubmed/24291273
https://doi.org/10.1016/j.jacc.2013.09.067
http://www.ncbi.nlm.nih.gov/pubmed/25012137
https://doi.org/10.1161/ATVBAHA.114.304002
http://www.ncbi.nlm.nih.gov/pubmed/27789556
https://doi.org/10.1161/CIRCULATIONAHA.116.024014
http://www.ncbi.nlm.nih.gov/pubmed/9639373
https://doi.org/10.1161/01.CIR.97.23.2302
http://www.ncbi.nlm.nih.gov/pubmed/8598078
https://doi.org/10.1161/01.CIR.93.5.879
http://www.ncbi.nlm.nih.gov/pubmed/24653736
https://doi.org/10.4070/kcj.2014.44.2.76
http://www.ncbi.nlm.nih.gov/pubmed/22137076
https://doi.org/10.1016/j.ahj.2011.08.011
http://www.ncbi.nlm.nih.gov/pubmed/23735473
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000293
http://www.ncbi.nlm.nih.gov/pubmed/23312702
https://doi.org/10.1016/j.jacc.2012.11.032
http://www.ncbi.nlm.nih.gov/pubmed/21726836
https://doi.org/10.1016/j.amjcard.2011.05.008
http://www.ncbi.nlm.nih.gov/pubmed/27721212
https://doi.org/10.4244/EIJV12I8A159
http://www.ncbi.nlm.nih.gov/pubmed/21821535
https://doi.org/10.1177/1074248411414906
http://www.ncbi.nlm.nih.gov/pubmed/15166320
https://doi.org/10.1148/radiol.2321031127
https://e-kcj.org

C

Effect of Ticagrelor vs. Clopidogrel on Infarct Size Korean Circulation Journal

15. Hadamitzky M, Langhans B, Hausleiter J, et al. Prognostic value of late gadolinium enhancement in
cardiovascular magnetic resonance imaging after acute ST-elevation myocardial infarction in comparison
with single-photon emission tomography using Tc99m-Sestamibi. Eur Heart ] Cardiovasc Imaging
2014;15:216-25.

PUBMED | CROSSREF

16. Pellikka PA, Behrenbeck T, Verani MS, Mahmarian JJ, Wackers FJ, Gibbons R]J. Serial changes in
myocardial perfusion using tomographic technetium-99m-hexakis-2-methoxy-2-methylpropyl-isonitrile
imaging following reperfusion therapy of myocardial infarction. ] Nucl Med 1990;31:1269-75.

PUBMED

https://e-kcj.org https://doi.org/10.4070/kcj.2017.0044 713


http://www.ncbi.nlm.nih.gov/pubmed/24243144
https://doi.org/10.1093/ehjci/jet176
http://www.ncbi.nlm.nih.gov/pubmed/2143527
https://e-kcj.org

	Comparison of the Infarct Size between the Loading of Ticagrelor and Clopidogrel in Patients with Acute Myocardial Infarction Undergoing Primary Percutaneous Coronary Intervention
	INTRODUCTION
	SUBJECTS AND METHODS
	PCI
	Myocardial infarct size and angiography analyses
	Study endpoints
	Statistical analysis

	RESULTS
	Primary endpoint
	Secondary endpoint

	DISCUSSION
	REFERENCES


