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Does the level of myocardial injury differ in primary angioplasty 
patients loaded first with clopidogrel and the ones with ticagrelor?

Introduction

Current guidelines on ST segment elevation myocardial in-
farction (STEMI) recommend treatment with novel P2Y12 inhibi-
tors, prasugrel, or ticagrelor, if there is no contraindication (1). 
However, we encounter patients in routine daily practice of pri-
mary angioplasty loaded with clopidogrel, without contraindica-
tion to novel agents. This is mostly due to initial presentation to 
a nonpercutaneous coronary intervention (PCI)-capable center, 
no access to novel agents, or possible hesitation of the first-
contact doctor about the safety profile of novel agents. What-
ever the reason is, we prefer reloading with 180-mg ticagrelor in 
these STEMI patients first loaded with clopidogrel if there is no 
contraindication, as recommended by the recent dual antiplate-
let guidelines (2). Clopidogrel is a prodrug that requires activa-
tion with a large interindividual variability in platelet response. 
Majority of the variation in platelet response to clopidogrel still 
remains unexplained. CYP2C19 polymorphisms account for only 

12% of variability in clopidogrel platelet response (3). On the oth-
er hand, ticagrelor is a novel reversible rapid antiplatelet agent 
that does not require metabolic activation (4). In the Platelet In-
hibition and Patient Outcomes (PLATO) trial, ticagrelor was supe-
rior to clopidogrel in primary efficacy end points in 18.624 acute 
coronary syndrome patients (5).

Trials have shown high levels of platelet reactivity in clopi-
dogrel-loaded patients at a range of 5–44% (6). Prasugrel and ti-
cagrelor reloading after administering clopidogrel was shown to 
further decrease high platelet reactivity effectively (7-9). This dif-
ference gained by the novel antiplatelet agents led us to search if 
clopidogrel-loaded patients who were then switched to ticagrelor 
can gain the advantages of patients first loaded with ticagrelor. No 
trials have compared the possible myocardial damage difference 
in this frequently encountered patient group in clinics.

This study aimed to compare the level of myocardial injury 
between STEMI patients who were first loaded with clopidogrel 
and then switched to ticagrelor and the ones first loaded with 
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and continued on ticagrelor. Although patients loaded with clopi-
dogrel were switched to ticagrelor at the first hour of angioplasty, 
antiplatelet action may still be lower compared to those loaded 
with ticagrelor. Major bleeding rates and in-hospital major ad-
verse cardiac events (MACE) were also determined in these two 
groups.

Methods

This nonrandomized study retrospectively enrolled 105 STE-
MI patients who underwent primary angioplasty from January 
2016 to May 2017 and was approved by the Ethical Committee of 
our institution. Patients between 18 and 80 years old who were 
admitted to the catheterization laboratory with STEMI diagno-
sis within the first 3 h of symptom onset were evaluated for the 
study. STEMI diagnosis was made based on the recent universal 
definition of MI at that period, with at least 20 min of chest pain 
and ST elevation in two contiguous ECG leads of at least 1 mm 
(10). Only patients with total thrombotic occlusion at the proxi-
mal segment of one coronary artery were included in the study. 
Patients with the following conditions were excluded: left bundle 
branch block upon admission, paced rhythm, coronary artery 
bypass grafting, complete atrioventricular block, cardiogenic 
shock, history or sign of a previous MI, loaded with prasugrel, 
loaded with P2Y12 inhibitors at an outside clinic prior to being 
transferred to our clinic, need of cardiopulmonary resuscitation 
or defibrillation, renal failure (defined as glomerular filtration rate 
<60 mL/min), intracranial bleeding history or high bleeding risk, 
having more than one vessel intervention, left main coronary 
artery intervention, bifurcation lesions, multistent intervention, 
TIMI 0–1 flow after intervention, intervention to type C ACC/AHA 
lesion grade, and need of tirofiban and anticoagulant treatment. 

All patients were loaded with 300-mg aspirin and P2Y12 in-
hibitors at our emergency department; hence, the timing was 
accurately documented. Patients loaded with clopidogrel upon 
admission were reloaded with 180-mg ticagrelor within the first 
hour of primary angioplasty in our coronary care unit; suitability 
of the patient for ticagrelor was at the discretion of the attending 
physician. Patients loaded with ticagrelor upon admission were 
followed up on their medication. In both arms, 90-mg ticagrelor 
BID was administered 12 h after the loading dose. Intravenous 
unfractionated heparin was administered at the start of the in-
vasive procedure, and activated clotting time of 250–300 s was 
obtained. Primary angioplasty time was noted as the time from 
onset of pain to the restoration of blood flow by balloon. Stent 
implantation procedure was performed only by experienced op-
erators, according to standard clinical practice. All patients had 
proximal segment total thrombotic lesions, either type B1 or B2, 
according to the ACC/AHA lesion classification.

After catheterization, patients were admitted to the coronary 
intensive care unit for follow-up. Blood was drawn routinely for 
troponin I upon admission to the emergency department and at 

intervals of 6 h after admission. Admission and 6th-hour troponin 
I levels were analyzed, and absolute Δtroponin level (6th-hour 
troponin–admission troponin) was calculated to compare the 
level of myocardial cell loss between the two groups. Cardiac 
troponin I was measured using AccuTnI assay and UniCel DxI 
device (Beckman Coulter, CA, USA). The detection limit of the 
assay was 0.01 ng/mL, and the quantitation limit was 0.04 ng/mL 
with an imprecision of less than 10%. 

MACE during the hospitalization period were evaluated and 
recorded, which was defined as in-hospital mortality, stroke, 
and recurrence of MI. Major bleeding events were recorded 
in hospital follow-up charts based on the Bleeding Academic 
Research Consortium (BARC), and BARC 3 or 5 bleeding events 
were considered major bleeding (11).

SPSS software package (version 20 for Windows, SPSS Inc., 
Chicago, Illinois, USA) was used for statistical analyses. The Kol-
mogorov–Smirnov test was used to determine the continuous 
data distribution normality. Discrete variables were expressed 
as numbers and percentages, whereas continuous variables 
were expressed as mean±standard deviation. Chi-squared anal-
ysis or Fisher’s exact test for categorical variables and Student’s 
t-test or the Mann–Whitney U test for continuous variables were 
performed to compare patients who were loaded with ticagrelor 
and those with clopidogrel and then shifted to ticagrelor. Lon-
gitudinal data (i.e., baseline and 6th-hour troponin levels) were 
analyzed by repeated measures of ANOVA to examine whether 
or not a group-by-time interaction effect was statistically sig-
nificant. The mean difference in adjusted troponin levels be-
tween groups were also evaluated with analysis of covariance 
(ANCOVA) after adjustment for covariates (e.g., age and baseline 
troponin levels). Paired sample t-test was used to determine the 
difference between baseline and 6th-hour troponin levels within 
groups. P<0.05 was considered statistically significant. 

Results

This study included 105 eligible STEMI patients; 52 patients 
were loaded with 180-mg ticagrelor, and 53 patients were loaded 
with 600-mg clopidogrel and then switched to 180-mg ticagrelor 
and reloaded in the first hour of angioplasty. The mean age of the 
patient population was 60±13 years old, and 11% of the entire 
population was female. Nine patients died (six due to pulmonary 
edema and cardiogenic shock, two due to intractable cardiac ar-
rhythmia, and one due to sepsis after aspiration pneumonia), and 
two had recurrent MI during the mean 5±4 days of hospital stay; 
these events were considered as MACE. In-hospital MACE rates 
were not statistically different between the two groups. In terms 
of major in-hospital bleedings events, two were retroperitoneal 
(both in the ticagrelor-loaded group), and two were gastrointes-
tinal in nature (one in the clopidogrel-loaded group and one in 
the ticagrelor-loaded group), and one patient who had massive 
hemoptysis was later diagnosed with pulmonary adenocarcino-
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ma (clopidogrel-loaded group). Statistical comparison in bleed-
ing rates was not possible due to a small sample size. Table 1 
presents the baseline characteristics of patients. There were 
significantly more complex lesions, defined as type B2 lesions, 
in the ticagrelor-loaded group (p=0.011). Δtroponin levels were 
significantly higher in the clopidogrel-loaded group compared 
with the ticagrelor-loaded group (53.23±34.01 vs. 37.95±27.28; 
p=0.013) (Fig. 1). We analyzed the difference between the groups 
using ANCOVA after adjustment for age. The statistical signifi-
cance was still consistent after age adjustment (53.19±34.01 vs. 
38.00±27.23; p=0.014). Repeated measures of ANOVA also yield-
ed statistical significant results on the change of troponin levels 
in time between the groups (p=0.013).

Discussion

In this cohort of 105 patients who underwent primary per-
cutaneous intervention for STEMI, we compared the absolute 
Δtroponin level (6th-hour troponin–admission troponin) between 
the groups according to the initially loaded drug, i.e., ticagrelor 
or clopidogrel. Δtroponin level, which represented myocardial in-
jury in our study, was significantly higher in patients first loaded 
with clopidogrel, although they were switched and reloaded with 
ticagrelor in the first hour of angioplasty (p=0.013). To the best of 
our knowledge, this is the first study to compare the level of myo-
cardial injury by using Δtroponin levels in patient groups initially 
loaded with and switched later to a novel P2Y12 inhibitor.

Table 1. Characteristics of patients first loaded with clopidogrel and then switched to ticagrelor and ticagrelor-loaded patients

 Clopidogrel loaded and then Ticagrelor P value

 switched to ticagrelor (n=53) loaded (n=52)

Age (years) 60.5±14.3 59.6±11.8 0.739

Women, n (%) 7 (13%) 5 (10%) 0.356

Family history of coronary artery disease, n (%) 21 (39%) 18 (35%) 0.595

Hypertension, n (%) 23 (43%) 17 (32%) 0.259

Hyperlipidemia, n (%) 29 (54%) 21 (40%) 0.141

Diabetes mellitus, n (%) 13 (24%) 11 (21%) 0.466

Current smokers, n (%) 20 (38%) 26 (50%) 0.205

Statin use, n (%) 16 (31%) 13 (26%) 0.620

Aspirin use, n (%) 10 (18%) 8 (15%) 0.899

GFR (mL/min/1.73 m2), mean±SD 82.66±13.15 85.48±16.20 0.329

Basal troponin I (ng/mL) mean±SD 0.52±0.47 0.58±0.52 0.493

Troponin I 6th-hour, mean±SD 53.75±34.11 38.54±27.53 0.014

ΔTroponin (Trop6-Trop0) mean±SD 53.23±34.01 37.95±27.28 0.013

Primary angioplasty time* (hours), mean±SD 2.49±0.74 2.38±0.77 0.469

Door to balloon time (minutes), mean±SD 40.45±21.48 42.03±20.52 0.700

Radial vascular access, n (%) 33 (62%) 30 (58%) 0.282

Lesion site (all proximal segment)   

LAD, n (%) 12 (23%) 12 (23%) 0.958

CX, n (%) 17 (32%) 21 (40%) 0.376

RCA, n (%) 24 (45%) 19 (37%) 0.362

Lesion type   

B2 type lesion, n (%) 12 (23%) 24 (46%) 0.011

DES, n (%) 43 (81%) 43 (82%) 0.795

Stent length (mm), mean±SD 22.52±6.26 21.03±5.49 0.762

Stent diameter (mm), mean±SD 2.90±0.65 3.01±0,51 0.823

Inflation pressure (atm), mean±SD 14.26±0.96 15.34±1.41 0.765

Ejection fraction (%) in echocardiography, mean±SD 42.11±12.01 43.55±10.47 0.847

In-hospital MACE, n (%) 7 (13%) 4 (8%) 0.361

*Primary angioplasty time is the time from the onset of pain to balloon time.
GFR - glomerular filtration rate, LAD - left anterior descending artery, Cx - circumflex artery, RCA - right coronary artery, DES - drug-eluting stent, MACE - major adverse cardiac events
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In daily clinical practice, in-hospital switching of antiplate-
let drugs has emerged with the availability of more potent novel 
P2Y12 inhibitors, prasugrel and ticagrelor. In the PLATO trial, a 
significant portion of the patients (46%) randomized to ticagrelor 
received clopidogrel at first presentation, without any specific 
safety concerns (5). Ticagrelor is the recommended novel P2Y12 
inhibitor, as class IB recommendation based on guidelines for 
loading in patients with acute coronary syndrome pretreated 
with clopidogrel and without contraindication (2). However, 
there are still hesitations due to safety concerns during routine 
application, and real-life data on switching is still scarce. Greek 
antiplatelet registry had investigated the prevalence, predic-
tive factors, and short-term safety of in-hospital switching in 
1794 patients with acute coronary syndrome (12). One-third of 
the patients were initially loaded with clopidogrel, and half of 
them were switched to a novel agent in the hospital. Switching 
was not accompanied by differences in MACE rate or bleeding 
events when compared with patients initially loaded with novel 
agents. Age of more than 75 years old emerged as the main fac-
tor against selecting a novel agent, despite the favorable data of 
ticagrelor at this group of patients (13). 

No difference in the mean age of patient groups was observed 
in our trial. Our patients were loaded with P2Y12 inhibitors at our 
emergency department, and the drug type was chosen by the 
first-contact doctor. Although it is a PCI-capable hospital, doc-
tors at the emergency department may still have safety concerns 
against novel agents. It may be due to unfamiliarity with the new 
drug, delay in guideline implementation, aim to load P2Y12 drug 
as fast as possible while remaining at the safe side, or lack of 
time or possibility to check the suitability of the patient to novel 
agents. In real-world practice, increasing age of patients with 
comorbidities, such as atrial fibrillation and chronic kidney dis-
ease, also keeps the doctors distant to first loading with novel 
agents. In a very recent meta-analysis of 22,500 acute coronary 

syndrome patients, the use of clopidogrel as a first-line agent 
was still high (65%). The analysis revealed higher rate of short-
term bleeding in switched patients and suggested that prescrip-
tion of the most appropriate agent upon admission is of utmost 
importance for clinical benefit (14).

In the literature, the benefit of switching was shown on the 
basis of platelet reactivity. In addition, studies have shown a 
consistent enhancement of platelet inhibition when escalated 
from clopidogrel to ticagrelor, regardless of the clinical setting 
(15-17). Vilahur et al. (8) studied platelet activity, troponin, and 
infarct size progress in clopidogrel- and ticagrelor-loaded pigs. 
Ticagrelor reduced the infarct size to a significant extent com-
pared with clopidogrel, and this effect was supported by tropo-
nin I assessment and histopathologic analysis. In conclusion, the 
authors suggested that ticagrelor exerts cardioprotective effects 
beyond its antiplatelet efficacy by reducing necrotic injury and 
edema formation via adenosine-dependent mechanisms. In a 
trial comparing the infarct size by cardiac magnetic resonance 
imaging in STEMI patients loaded with clopidogrel or ticagrelor, 
reduced myocardial infarct size and microvascular obstruction 
was demonstrated in the ticagrelor-loaded group (18). Platelet 
inhibition level was comparable between groups just before re-
perfusion; hence, the authors suggested a platelet-independent 
cardioprotective effect of ticagrelor. Alexopoulos et al. (9) stud-
ied platelet reactivity at 2 h of ticagrelor and clopidogrel loading, 
which showed lower reactivity in the ticagrelor-loaded patients. 
In addition, when clopidogrel-loaded patients were reloaded 
with ticagrelor, platelet reactivity became similar to patients first 
loaded with ticagrelor. Area under the curve analysis of cardiac 
enzymes in these two groups was shown to be similar (9). In our 
trial, when we consider the first contact time in the emergency 
department and reloading in the coronary care unit, there was 
approximately 2 h of delay at the ticagrelor onset of action be-
tween the two groups. We believe that this time delay should 
not have led to a difference in myocardial injury just because 
of more effective antiplatelet action or vessel patency success 
of ticagrelor. The two groups in our trial showed no difference 
at vessel patency or angiographic success rates; hence, other 
mechanisms at microvascular or cellular level may be playing 
a role at this difference of myocardial damage. Armstrong et al. 
(19) had compared the ST segment resolution of ticagrelor- and 
clopidogrel-loaded patients in the PLATO trial. The authors found 
that ticagrelor did not modify ST segment resolution at discharge; 
thus, they concluded that the short-term main effect of ticagrelor 
may not be related to rapidity or completeness of acute reperfu-
sion and additional beneficial effects may be at play. They sug-
gested that inhibition of adenosine uptake by red blood cells may 
favorably influence myocardial perfusion and that it may be one 
of the mechanisms. 

Here, we aimed to work on a very specific group, i.e., only 
patients with proximal segment total thrombotic occlusion pre-
senting in the first 3 h of chest pain onset. By using a wide range 
of exclusion criteria in these basally similar patient groups, we 

Figure 1. Δtroponin levels (6th-hour troponin–admission troponin) were 
significantly higher in the clopidogrel-loaded group compared with the 
ticagrelor-loaded group
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aimed to decrease the factors affecting troponin levels and sole-
ly examine the effect of P2Y12 inhibitors as much as possible. 
It was not possible to totally attribute the troponin difference 
between the groups to the initially loaded drug; however, we 
believe our results may give a clue of more advanced myocar-
dial injury in clopidogrel-loaded patients, despite the switch to 
ticagrelor. An important detail we need to mention was that the 
ticagrelor-loaded group achieved this difference despite having 
more complex lesions upon coronary angiography compared 
with the clopidogrel-loaded group. Thus, we believe that patients 
who were first loaded with clopidogrel, though switched, may 
not be catching the same level of antiaggregant and the myo-
cardial protective efficacy compared with patients first loaded 
with ticagrelor. We know that patients who switched to a novel 
agent have less ischemic events in the long-term follow-up com-
pared with patients on clopidogrel. However, our results indicate 
that switching to ticagrelor may still be disadvantageous in the 
short term compared with those initially loaded with ticagrelor. 
The initial time period during PCI and reperfusion may be the key 
and critical period that the reloaded patients had missed. These 
results could be attributed to anti-inflammatory and protective 
effects of ticagrelor, aside from its potent antiaggregant action. 
Nonetheless, more studies with large patient size are definitely 
needed to discuss about this topic. 

In our trial, we aimed to show the level of myocardial injury 
by the change in troponin levels, measured during admission 
and at specific intervals. Dynamic changes in concentration of 
troponin over a specified period, quantified as delta (Δ), have 
been used especially to differentiate various causes of myocar-
dial injury (20). Absolute Δtroponin values, as used in our trial, 
were shown to be superior to relative (%) values (21, 22). Buber 
et al. (23) described the troponin release and elevation curve in 
STEMI patients who underwent primary PCI. Cardiac troponin I 
showed a single-peaked pattern with a median peaking time of 8 
h, depending on the timing and success of PCI (23). 

Two patient groups in our trial were similar with regard to 
their MACE rates; however, one cannot conclude any result due 
to a small number of events in the small patient population.

Study limitations
Our study has several limitations. It had a retrospective de-

sign that might lead to selection bias, and our patient number 
was limited due to the highly specific selection criteria. Limited 
sample size resulted in the inability to compare small-numbered 
data such as bleeding rates. We knew there were so many fac-
tors acting on troponin levels, and we tried to reduce the con-
founding factors as much as possible. We also knew that it is 
not totally possible due to the different types of culprit lesions at 
different vessels for different patients. To evaluate myocardial 
injury, we could not use a gold standard technique, such as mag-
netic resonance imaging. Additionally, troponin levels could give 
us the level of myocardial injury much less directly and specifi-
cally, which was the other limitation of our study.

Conclusion

In STEMI patients with two different P2Y12 inhibitor load-
ings, we showed that the degree of cell injury, measured by the 
change in troponin level, was more prominent in clopidogrel-
loaded patients, despite switching to ticagrelor in the first hour 
of intervention. Although they had more complex lesions, the 
ticagrelor-loaded group had significantly less damage. We may 
conclude that clopidogrel is slow and modest and that variable 
platelet inhibition may continue to be a negative factor for pro-
tection from myocardial injury, even after switching to ticagrelor. 
Aside from that, the anti-inflammatory and protective effects of 
ticagrelor on the myocardium could be other contributing fac-
tors. Thus, we suggest that recent recommendations for dual 
antiplatelet loading in STEMI should be implemented into daily 
practice more effectively and that first loading with novel P2Y12 
inhibitors, instead of needing to switch, should be carefully ap-
plied in all eligible patients.

Conflict of interest: None declared.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept – N.Ö., H.G., Y.A.; Design – N.Ö., 
Y.A.; Supervision – Y.A., Ç.E.; Fundings – H.G., T.S.T., K.E.; Materials – H.G., 
T.S.T., K.E.; Data collection and/or processing – N.Ö., H.G., T.S.T., K.E., Y.A.; 
Analysis and/or interpretation – N.Ö., H.G., K.E., Y.A.; Literature search – 
N.Ö., T.S.T., Ç.E.; Writing – N.Ö., H.G., Y.A.; Critical review – K.E., Y.A., Ç.E.

References

1. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, 
Bueno H, et al.; ESC Scientific Document Group. 2017 ESC Guide-
lines for the management of acute myocardial infarction in patients 
presenting with ST-segment elevation: The Task Force for the man-
agement of acute myocardial infarction in patients presenting with 
ST-segment elevation of the European Society of Cardiology (ESC). 
Eur Heart J 2018; 39: 119-77. [CrossRef]

2. Valgimigli M, Bueno H, Byrne RA, Collet JP, Costa F, Jeppsson A, 
et al.; ESC Scientific Document Group; ESC Committee for Prac-
tice Guidelines (CPG); ESC National Cardiac Societies. 2017 ESC 
focused update on dual antiplatelet therapy in coronary artery dis-
ease developed in collaboration with EACTS: The Task Force for 
dual antiplatelet therapy in coronary artery disease of the Euro-
pean Society of Cardiology (ESC) and of the European Association 
for Cardio-Thoracic Surgery (EACTS). Eur Heart J 2018; 39: 213-60.

3. Shuldiner AR, O'Connell JR, Bliden KP, Gandhi A, Ryan K, Horen-
stein RB, et al. Association of cytochrome P450 2C19 genotype with 
the antiplatelet effect and clinical efficacy of clopidogrel therapy. 
JAMA 2009; 302: 849-57. [CrossRef]

4. Ferri N, Corsini A, Bellosta S. Pharmacology of the new P2Y12 re-
ceptor inhibitors: insights on pharmacokinetic and pharmacody-
namic properties. Drugs 2013; 73: 1681-709. [CrossRef]

5. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held 
C, et al. Ticagrelor versus clopidogrel in patients with acute coro-
nary syndromes. N Engl J Med 2009; 361: 1045-57. [CrossRef]

https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx419
https://doi.org/10.1001/jama.2009.1232
https://doi.org/10.1007/s40265-013-0126-z
https://doi.org/10.1056/NEJMoa0904327


Özyüncü et al.
Difference in myocardial injury with different antiplatelet loadings

Anatol J Cardiol 2020; 24: 107-12
DOI:10.14744/AnatolJCardiol.2020.22903112

6. Ferreiro JL, Angiolillo DJ. Clopidogrel response variability: current 
status and future directions. Thromb Haemost 2009; 102: 7-14.

7. Diodati JG, Saucedo JF, Cardillo TE, Jakubowski JA, Henneges C, 
Effron MB, et al. Transferring from clopidogrel loading dose to pra-
sugrel loading dose in acute coronary syndrome patients. High on-
treatment platelet reactivity analysis of the TRIPLET trial. Thromb 
Haemost 2014; 112: 311-22. [CrossRef]

8. Vilahur G, Gutiérrez M, Casani L, Varela L, Capdevila A, Pons-Lladó 
G, et al. Protective Effects of Ticagrelor on Myocardial Injury After 
Infarction. Circulation 2016; 134: 1708-19. [CrossRef]

9. Alexopoulos D, Kontoprias K, Gkizas V, Karanikas S, Ziakas A, 
Barampoutis N, et al. Ticagrelor vs clopidogrel followed by ticagre-
lor re-loading in patients with ST-segment elevation myocardial in-
farction undergoing primary percutaneous coronary intervention: 
A randomized, pharmacodynamic comparison. Platelets 2016; 27: 
420-6. [CrossRef]

10. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White 
HD; Joint ESC/ACCF/AHA/WHF Task Force for Universal Definition 
of Myocardial Infarction; Authors/Task Force Members Chairper-
sons. Third universal definition of myocardial infarction. J Am Coll 
Cardiol 2012; 60: 1581-98. [CrossRef]

11. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, 
et al. Standardized bleeding definitions for cardiovascular clinical 
trials: a consensus report from the Bleeding Academic Research 
Consortium. Circulation 2011; 123: 2736-47. [CrossRef]

12. Alexopoulos D, Xanthopoulou I, Deftereos S, Sitafidis G, Kanaka-
kis I, Hamilos M, et al. In-hospital switching of oral P2Y12 inhibitor 
treatment in patients with acute coronary syndrome undergoing 
percutaneous coronary intervention: prevalence, predictors and 
short-term outcome. Am Heart J 2014; 167: 68-76. [CrossRef]

13. Husted S, James S, Becker RC, Horrow J, Katus H, Storey RF, et al.; 
PLATO study group. Ticagrelor versus clopidogrel in elderly patients 
with acute coronary syndromes: a substudy from the prospective 
randomized PLATelet inhibition and patient Outcomes (PLATO) trial. 
Circ Cardiovasc Qual Outcomes 2012; 5: 680-8. [CrossRef]

14. Cerrato E, Bianco M, Bagai A, De Luca L, Biscaglia S, Luciano A, et 
al. Short term outcome following acute phase switch among P2Y12 
inhibitors in patients presenting with acute coronary syndrome 
treated with PCI: A systematic review and meta-analysis including 

22,500 patients from 14 studies. Int J Cardiol Heart Vasc 2018; 22: 
39-45. [CrossRef]

15. Storey RF, Angiolillo DJ, Patil SB, Desai B, Ecob R, Husted S, et al. 
Inhibitory effects of ticagrelor compared with clopidogrel on plate-
let function in patients with acute coronary syndromes: the PLATO 
(PLATelet inhibition and patient Outcomes) PLATELET substudy. J 
Am Coll Cardiol 2010; 56: 1456-62. [CrossRef]

16. Rollini F, Franchi F, Cho JR, DeGroat C, Bhatti M, Muniz-Lozano A, 
et al. A head-to-head pharmacodynamic comparison of prasugrel 
vs. ticagrelor after switching from clopidogrel in patients with coro-
nary artery disease: results of a prospective randomized study. Eur 
Heart J 2016; 37: 2722-30. [CrossRef]

17. Angiolillo DJ, Rollini F, Storey RF, Bhatt DL, James S, Schneider DJ, 
et al. International Expert Consensus on Switching Platelet P2Y12 
Receptor-Inhibiting Therapies. Circulation 2017; 136: 1955-75. [CrossRef]

18. Kim EK, Park TK, Yang JH, Song YB, Choi JH, Choi SH, et al. Ticagre-
lor Versus Clopidogrel on Myocardial Infarct Size in Patients Un-
dergoing Primary Percutaneous Coronary Intervention. J Am Coll 
Cardiol 2017; 69: 2098-9. [CrossRef]

19. Armstrong PW, Siha H, Fu Y, Westerhout CM, Steg PG, James SK, 
et al. ST-elevation acute coronary syndromes in the Platelet Inhi-
bition and Patient Outcomes (PLATO) trial: insights from the ECG 
substudy. Circulation 2012; 125: 514-21. [CrossRef]

20. Morrow DA, Bonaca MP. Real-world application of "delta" troponin: 
diagnostic and prognostic implications. J Am Coll Cardiol 2013; 62: 
1239-41. [CrossRef]

21. Reichlin T, Irfan A, Twerenbold R, Reiter M, Hochholzer W, Bur-
khalter H, et al. Utility of absolute and relative changes in cardiac 
troponin concentrations in the early diagnosis of acute myocardial 
infarction. Circulation 2011; 124: 136-45. [CrossRef]

22. Cullen L, Parsonage WA, Greenslade J, Lamanna A, Hammett CJ, 
Than M, et al. Delta troponin for the early diagnosis of AMI in emer-
gency patients with chest pain. Int J Cardiol 2013; 168: 2602-8.

23. Buber J, Laish-Farkash A, Koren-Morag N, Fefer P, Segev A, Hod 
H, et al. Cardiac troponin elevation pattern in patients undergo-
ing a primary percutaneous coronary intervention for ST-segment 
elevation myocardial infarction: characterization and relationship 
with cardiovascular events during hospitalization. Coron Artery Dis 
2015; 26: 503-9. [CrossRef]

https://doi.org/10.1160/TH09-03-0185
https://doi.org/10.1160/TH13-09-0747
https://doi.org/10.1161/CIRCULATIONAHA.116.024014
https://doi.org/10.3109/09537104.2015.1125874
https://doi.org/10.1016/j.jacc.2012.08.001
https://doi.org/10.1161/CIRCULATIONAHA.110.009449
https://doi.org/10.1016/j.ahj.2013.10.010
https://doi.org/10.1161/CIRCOUTCOMES.111.964395
https://doi.org/10.1016/j.jacc.2010.03.100
https://doi.org/10.1016/j.jacc.2010.03.100
https://doi.org/10.1093/eurheartj/ehv744
https://doi.org/10.1161/CIRCULATIONAHA.117.031164
https://doi.org/10.1016/j.jacc.2017.02.034
https://doi.org/10.1161/CIRCULATIONAHA.111.047530
https://doi.org/10.1016/j.jacc.2013.06.049
https://doi.org/10.1161/CIRCULATIONAHA.111.023937
https://doi.org/10.1016/j.ijcard.2013.03.044
https://doi.org/10.1097/MCA.0000000000000276

