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Brief Trial Summary 

In ST-segment elevation myocardial infarction (STEMI) patients treated with primary 

percutaneous coronary intervention (PPCI), current oral P2Y12 platelet inhibitors do 

not provide maximal platelet inhibition at the time of reperfusion due to delayed 

absorption and onset of action. This may increase risk of microvascular obstruction 

(MVO) and worsen clinical outcomes. In contrast, the administration of the 

intravenous P2Y12 platelet inhibitor, cangrelor, prior to reperfusion, offers maximal 

platelet inhibition at the time of reperfusion, potentially reducing the risk of MVO and 

limit myocardial infarct (MI) size. Moreover, administering cangrelor prior to 

reperfusion has been shown in experimental animal studies to reduce MI size. We 

hypothesize that administration of cangrelor prior to reperfusion will reduce the 

incidence of MVO and limit MI size in STEMI patients treated with PPCI. The Platelet 

Inhibition to Target Reperfusion Injury (PITRI) trial, is a phase 2A, multi-center, 

double-blinded, randomized controlled trial, in which 210 STEMI patients will be 

randomized to receive either an intravenous (IV) bolus of cangrelor (30μg/kg) 

followed by a 120 minutes infusion (4 μg/kg/min) or matching saline placebo, 

initiated prior to reperfusion (NCT03102723). The primary end-point will be MI size 

quantified by cardiovascular magnetic resonance (CMR) on day 3 post-PPCI. 

Secondary endpoints will include markers of reperfusion, incidence of MVO, MI size 

and adverse left ventricular remodelling at 6 months, and major adverse cardiac and 

cerebrovascular events.  
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Structured Abstract 

Background 

In ST-segment elevation myocardial infarction (STEMI) patients treated with primary 

percutaneous coronary intervention (PPCI), current oral P2Y12 platelet inhibitors do 

not provide maximal platelet inhibition at the time of reperfusion. Furthermore, 

administration of cangrelor prior to reperfusion has been shown in pre-clinical studies 

to reduce myocardial infarct (MI) size. Therefore, we hypothesize that cangrelor 

administered prior to reperfusion in STEMI patients will reduce the incidence of 

microvascular obstruction (MVO) and limit MI size in STEMI patients treated with 

PPCI.  

Methods 

The Platelet Inhibition to Target Reperfusion Injury (PITRI) trial, is a phase 2A, multi-

center, double-blinded, randomized controlled trial, in which 210 STEMI patients will 

be randomized to receive either an intravenous (IV) bolus of cangrelor (30μg/kg) 

followed by a 120 minutes infusion (4 μg/kg/min) or matching saline placebo, 

initiated prior to reperfusion (NCT03102723).  

Results 

The study started in October 2017 and the anticipated end date would be July 2020.  

The primary end-point will be MI size quantified by cardiovascular magnetic 

resonance (CMR) on day 3 post-PPCI. Secondary endpoints will include markers of 

reperfusion, incidence of MVO, MI size and adverse left ventricular remodelling at 6 

months, and major adverse cardiac and cerebrovascular events.  

Summary 
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The aim of the PITRI trial is to assess whether cangrelor administered prior to 

reperfusion would reduce acute MI size and MVO, as assessed by CMR.  
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Introduction 

Although timely reperfusion by primary percutaneous coronary intervention (PPCI), 

and secondary preventative therapies, have resulted in a substantial decline in 

mortality following ST-segment myocardial infarction (STEMI), significant morbidity 

and mortality remain, with 7% death and 22% heart failure at one year.(1) This is due, 

in part, to the existence of ‘myocardial reperfusion injury’, a phenomenon in which 

the restoration of coronary blood flow to acutely ischemic myocardium, results, 

paradoxically, in further myocardial injury and cardiomyocyte death.(2) The main 

irreversible components of reperfusion injury include: (1) Microvascular obstruction 

(MVO), which is defined as an inability to reperfuse previously ischemic myocardium 

at the microvascular level despite a patent epicardial coronary artery, occurs in up to 

50% of reperfused STEMI patients, and its presence portends to a worse prognosis 

(3-5); and (2) Lethal myocardial reperfusion injury, which is a consequence of 

oxidative stress, calcium overload, adenosine triphosphate depletion and 

mitochondrial dysfunction, and which contributes up to 50% of the final MI size, 

thereby mitigating the full benefits of timely reperfusion in terms of MI size 

reduction.(2)  

Despite numerous cardioprotective agents showing promising results in the 

experimental setting for preventing reperfusion injury, their translation into the clinical 

setting for patient benefit has been challenging, and there is still no effective therapy 

for preventing MVO and reducing MI size following STEMI.(6) It has been shown that 

current oral P2Y12 platelet inhibitors, such as prasugrel and ticagrelor, administered 

to STEMI patients prior to PPCI, can sometimes take up to 4 to 6 hours to achieve 

maximal platelet inhibition,(7) particularly in situations of delayed gastric emptying, 

meaning that at the time of reperfusion, the platelets are not maximally inhibited, 
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resulting in an increased risk of MVO and worse clinical outcomes. In contrast, the 

intravenous (IV) P2Y12 platelet inhibitor, cangrelor, has a rapid onset of action and 

induces maximal platelet inhibition within 1 to 2 minutes of administration. As such, 

administration of cangrelor prior to PPCI would be expected to offer maximal platelet 

inhibition at the time of reperfusion, thereby reducing the risk of developing MVO. 

Moreover, a number of experimental small and large animal studies have 

demonstrated that administering cangrelor prior to reperfusion has the ability to 

reduce MI size through a cardioprotective effect on the cardiomyocyte involving the 

activation of established pro-survival signaling cascades such as Akt and Erk1/2.(8-

13)  

These findings suggest, that administering cangrelor prior to reperfusion in STEMI 

patients, has the therapeutic potential to target myocardial reperfusion injury through 

two distinct mechanisms – maximal platelet inhibition at time of PPCI thereby 

preventing MVO, and a cardioprotective effect on the cardiomyocyte, thereby 

reducing MI size.  

Cangrelor at dose of a single IV bolus (30 μg/kg) followed by an IV infusion (4 

μg/kg/min) for at least 120 minutes has been used in the CHAMPION trials (14-17) 

and this dose was also found to be cardioprotective in a pre-clinical model using 

rabbits. (18) Furthermore, a recent proof-of-concept study showed that cangrelor 

was safe to be administered in ticagrelor-loading STEMI patients, and cangrelor 

provided faster and stronger peri-procedural platelet inhibition than ticagrelor 

alone.(19) 

Cardiovascular magnetic resonance (CMR) is a robust tool to assess MI size as a 

surrogate marker in clinical cardioprotection studies. (20, 21) Therefore, in the 

Platelet Inhibition to Target Reperfusion Injury (PITRI) trial, we aim to investigate 
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whether administering cangrelor prior to reperfusion, can prevent MVO and reduce 

acute MI size, assessed by CMR, in STEMI patients treated with PPCI. 

 

Methods  

Trial design  

The PITRI trial is a Phase 2A, double-blind, randomized, placebo-controlled clinical 

trial (https://clinicaltrials.gov; NCT03102723). It will recruit 210 STEMI patients 

treated with PPCI from cardiac centers within Singapore. The study will be 

conducted in accordance with the Declaration of Helsinki and has been approved by 

the SingHealth Centralised Institutional Review Board. All patients will provide 

written informed consent. 

 

Overall objective 

The overall objective of the PITRI trial will be to investigate whether an IV infusion of 

cangrelor initiated prior to reperfusion will prevent MVO and reduce MI size in STEMI 

patients treated with PPCI. 

 

Patient inclusion and exclusion criteria 

On arrival at the hospital, patients presenting with a suspected STEMI will be 

screened for study eligibility and written informed consent will be obtained. Oral 

loading with 180mg of ticagrelor and 300mg of aspirin will be performed as per 

current standard of care. Patient inclusion and exclusion criteria are listed in Table 1. 

In brief, the patient inclusion criteria include those patients presenting within 6 hours 

of symptom onset with >20 min chest pain and ST-segment elevation on ECG.  
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https://clinicaltrials.gov/


A
cc

ep
te

d 
A

rti
cl

e
Patient randomization and treatment allocation 

Consented patients will be randomized to receive either cangrelor or placebo using 

web-based randomization through the Singapore Clinical Research Institute. 

Randomization will be stratified according to each recruiting center. Once 

randomized, the patient will be started on either cangrelor or placebo as soon as 

possible, prior to reperfusion of the culprit artery, but without delaying the procedure. 

The treatment allocation will be concealed from the patient, the interventional 

cardiologist, the blinded research staff collecting the data and clinical endpoints, and 

the core lab staff analyzing the CMR and platelet aggregation data.  

 

The eligible consented patient will then be randomized to receive either:  

1. Cangrelor treatment: Cangrelor will be administered as a single IV bolus (30 

μg/kg) followed by an IV infusion (4 μg/kg/min) for at least 120 minutes or until PPCI 

procedure has ended (whichever is longer) – this will be initiated prior to reperfusion 

and will not delay the onset of reperfusion. This dosing regimen is identical to that 

used in the CHAMPION trials.(14-17) Furthermore, this dose was also found to be 

cardioprotective in a pre-clinical model using rabbits. (18) 

2. Placebo control: IV normal saline as a single IV bolus followed by an infusion of 

at least 120 minutes or until PPCI procedure has ended (whichever is longer) - this 

will be initiated prior to reperfusion, and will not delay the onset of reperfusion. 

 

PPCI will be performed according to local practice with the use of thrombectomy, 

bivalirudin or heparin at the discretion of the interventional cardiologist. The use of 

glycoprotein IIb/IIIa inhibitors will be discouraged except for bail-out procedures (to 

treat new or persistent thrombus formation, slow or no reflow, or distal embolization).  
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Each site will be encouraged to continue oral ticagrelor (90mg BD) as oral P2Y12 

agent of choice together with aspirin for at least 6 months post-PPCI.  

 

Outcomes  

Efficacy outcomes  

The primary endpoint will be MI size at 3 days post-PPCI, as quantified on CMR and 

expressed as the mass of late gadolinium enhancement (LGE) as a percentage of 

the LV mass.  

The secondary endpoints will include the incidence and extent of MVO, myocardial 

salvage index, markers of successful myocardial reperfusion (ST-segment resolution 

at 90 minutes, thrombolysis in myocardial infarction (TIMI) flow grade, TIMI frame 

count and TIMI blush grade), MI size by CMR at 6 months, post-MI LV remodeling at 

6 months, major adverse cardiac and cerebrovascular event (MACCE - all-cause 

death, hospitalization for heart failure (HHF), stent thrombosis, ischemia-induced 

coronary revascularisation, re-infarction, and stroke), incidence of definite stent 

thrombosis at 48 hours (as defined by the Academic Research Consortium), platelet 

function tests (subset of 70 patients), blood biomarkers, six-minute walk test (SMWT) 

and quality of life (using the EuroQol EQ-5D Health-Related Quality of Life 

questionnaire) will be collected at 30 days and 6 months (these data will be collected 

by telephone and review of medical notes at 30 days and at the time of the 

outpatient CMR scan at 6 months).   

 

Safety outcomes  
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The primary safety endpoint will be bleeding not related to coronary artery bypass 

grafting (CABG), and classified according to the Bleeding Academic Research 

Consortium (BARC),(22) at 48 hours.  

 

CMR protocol  

Each patient will undergo two CMR scans: the first scan will be performed on day 3 

post-PPCI and the second scan will be performed at 6 months post-PPCI. Please 

SEE Table 2 for CMR protocols. Before each scan, a blood sample will be taken 

prior to the scan to measure the hematocrit, a parameter that is required to calculate 

extracellular volume fraction by T1-mapping CMR. The CMR scans use standard 

published protocols.(23) 

 

Platelet function testing  

This will be assessed with the point-of-care platelet function test (VerifyNow System) 

according to manufacturer instructions to ensure maximum platelet inhibition at the 

time of PPCI in a subset of 70 STEMI patients. The VerifyNow System (Accumetrics 

Inc, San Diego, California) is a point-of-care turbidimetry-based optical detection 

system that measures platelet-induced aggregation.(24, 25) It has received 

clearance from the FDA for measurement of the level of P2Y12 receptor blockade 

and uses a proprietary algorithm to report values in P2Y12 reaction units (PRU).(26) 

Blood samples will be taken at 4 time-points: prior to cangrelor or placebo, at time of 

final coronary angiography acquisition post-PPCI, end of cangrelor or placebo 

infusion, and 120 minutes following the termination of the cangrelor or placebo 

infusion. Patients subsequently receiving glycoprotein IIb/IIIa inhibitors for bail-out 

will be excluded from the platelet function sub-study. 
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Blood biomarkers 

Blood samples will be taken to measure blood biomarkers for myocardial fibrosis and 

inflammation, and other factors related to cangrelor treatment or adverse post-

STEMI LV remodeling. Blood markers for myocardial fibrosis will include matrix 

metalloproteinases (MMPs) 1, 2 3, 8, 9, Tissue inhibitor of metalloproteinases 

(TIMP)-1 and -4, galectin-3 and osteopontin. Blood biomarkers for inflammation will 

include CRP, IL-6, IL-1, IL-10, sCD40 ligand, and TNF-α. Blood samples will be taken at 

2 time-points in total: prior to cangrelor or placebo treatment and at 6 months. At 

each of the time-points, 30ml of blood will be obtained. 

 

Six-minute walk test (SMWT) 

Functional capacity of patients will be measured using the SMWT. The test will be 

carried out twice, the first measurement before discharge from the index admission, 

and the second measurement will be done at 6 months follow-up.  

 

Statistical analysis 

Sample size  

The primary endpoint will be MI size quantified by LGE expressed as a percentage 

of LV mass measured on day 3 by CMR. In recently published studies in STEMI 

patients, presenting within 6 hours of chest pain onset, treated with PPCI, the 

weighted mean MI size (as a percentage of the LV) in the control group was 22% 

(standard deviation of 12%).(21) Experimental animal studies have reported that 

cangrelor administered prior to reperfusion reduce MI size by 50% in the in situ 

rabbit heart.(8) We estimate a more conservative effect size with cangrelor in STEMI 
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patients of 25% given patient variability in terms of ischemic time, and presence of 

co-morbidities (age, diabetes) and co-medications (nitrates, statins, morphine) which 

may impact on cardioprotective efficacy. In order to demonstrate a 25% reduction in 

MI size from 22% to 16.5%, 76 STEMI patients per treatment group or 152 in total 

would be required (80% power, 2-sided test at 5% significance level). However, the 

patients most likely to benefit from cardioprotection against reperfusion injury are 

those presenting with pre-PPCI TIMI grade flow ≤ 1.(21) Because the intervention or 

placebo would be initiated prior to knowing the TIMI flow grade, then the sample size 

is inflated to a total of 190 patients (given that 25% of the STEMI patients may be 

expected to have a pre-PPCI TIMI coronary flow 2 to 3). To allow for a 10-12% 

dropout rate,(27-32) we intend to recruit 210 patients in total. After 100 PPCI patients 

have been recruited (about 50% of target), a pre-specified interim analysis of acute 

MI size data on the first scan will be undertaken by the study statistician to 

investigate the effect of cangrelor on MI size. If there is <5% difference in MI size 

with patients randomised to receive cangrelor then the PITRI study may be 

terminated on the basis of futility. The DSMC charter will provide details on how the 

study would be terminated on grounds of futility. 

 

Primary outcome analysis  

The primary endpoint is MI size as a percentage of LV mass measured by CMR at 

day 3. The statistical analysis will be performed by analysis of covariance with the MI 

size as the response variable with the treatment group included as a binary covariate 

in the model. If the data are non-normally distributed, a transformation may be 

applied to the primary endpoint or a non-parametric analysis performed such as 

Mann-Whitney-Wilcoxon test or permutation test. The primary analyses will be by 
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intention to treat analysis but there will also be a per protocol analysis. If important 

differences in the baseline and angiography characteristics are noted between the 2 

groups, an adjusted comparison of the primary analysis will also be performed.  

 

Secondary outcome analysis  

In the case of secondary endpoint, Fisher’s exact test will be used to compare 

categorical variables. Continuous variables will be compared with a mixed effects 

model to account for repeated measures. Time-to-event analyses (secondary clinical 

endpoints), based on all available follow-up data, will be performed with the use of 

Kaplan–Meier estimates and will be compared between groups with the use of the 

log-rank test. A generalized linear model will be used to calculate risk ratios in the 

subgroup analyses and to test for interactions.  

 

Sensitivity and other planned analyses  

A sensitivity analysis will be performed to understand the implications of missing 

data. In addition, the following subgroup analyses will be performed: patients with 

pre-PPCI TIMI flow ≤1 versus >1; LAD STEMI versus non-LAD STEMI; below and 

above the median age; diabetes versus non-diabetes. Subgroups will be analyzed 

using an interaction test by fitting an interaction term of treatment and the relevant 

subgroups in the appropriate regression model.  

 

Trial governance, data management and funding 

The trial management group will meet regularly to discuss the execution of the trial. 

The SingHealth Clinical Trials Compliance Unit will ensure full safety monitoring of 

the research study is performed in compliance with Singapore Guidelines for Good 
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Clinical Practice and local regulatory requirements.  

Data will be collected by a paper case report form and entered onto the Web-based 

electronic RedCap database. An independent data and safety monitoring committee 

(DSMC) has been installed to monitor the progress of the study as well as to raise 

any safety concerns. All expected or unexpected adverse events will be reviewed 

continuously by the investigators, the sponsor and the DSMC according to the 

sponsor’s regulations.  

The PITRI trial is funded by a clinical trial grant from the National Medical Research 

Council, Singapore. 

 

Results 

The study started in November 2017 and it is anticipated that it would be completed 

in July 2020. To date (October 2018), 47 patients have been recruited from the 3 

sites. 

 

 

 

Discussion 

Cangrelor, a nonthienopyridine adenosine triphosphate analog, is an IV antagonist of 

the adenosine diphosphate receptor P2Y12. It offers rapid-onset reversible and 

predictable platelet inhibition. This promises an ideal pharmacokinetic profile for 

emergency patients presenting with an acute coronary syndrome (reviewed in (33)). 

It has a plasma half-life of 3 to 5 minutes with platelet function rapidly returning to 

baseline levels, within 60 minutes, respectively, upon completion of an IV 

infusion.(34, 35)  
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 The first experimental study to provide evidence of a direct cardioprotective 

effect with P2Y12 receptor antagonists was by Yang et al (18) who demonstrated 

that administering Cangrelor prior to reperfusion reduced MI size by 30% in rabbits. 

Crucially, cangrelor was only effective at limiting MI size if it was administered prior 

to reperfusion, confirming that cangrelor targeted myocardial reperfusion injury.(18) 

Interestingly, the MI limiting effects of cangrelor but not its platelet inhibitory effects 

were abrogated by pharmacological inhibitors of PI3K and MEK1/2, known signaling 

mediators of cardioprotection, suggesting a dissociation between the MI-limiting 

effect of cangrelor and its antiplatelet effects. Pre-treatment of rabbits with 

clopidogrel was also shown to reduce MI size and again this cardioprotective effect 

was abrogated by signal pathway inhibitors. The interpretation of these findings was 

that the platelet P2Y12 inhibitors might reduce MI size independent of their 

antiplatelet effect. The MI limiting effects of platelet P2Y12 inhibition have been 

confirmed using pre-treatment with oral Ticagrelor in rats,(10, 36) and cangrelor in 

primates. (9) More recently, it has been shown that intraperitoneal ticagrelor 

administered 5 minutes prior to reperfusion reduced MI size in an in vivo rat model of 

acute reperfusion injury, confirming that cardioprotective strategy can target 

myocardial reperfusion injury.(37) Furthermore, pre-treatment with ticagrelor was 

also shown to reduce MI size in a porcine MI model.(38) The mechanism underlying 

cardioprotection by P2Y12 inhibition by cangrelor or ticagrelor is unclear but may be 

due to the activation of protective signalling of postconditioning via sphingosine-1 

phosphate. (18, 39) 

However, due to reduced bioavailability of the oral P2Y12 platelet inhibitors 

that are given to STEMI patients, platelet inhibition is not maximal during PPCI. Up to 

90% of STEMI patients have been shown to have negligible levels of platelet 
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inhibition at the beginning of the procedure after pre-hospital administration of 

600mg of clopidogrel.(40, 41) These findings have been attributed to impaired 

bioavailability of clopidogrel which characterises STEMI patients due to delayed 

intestinal absorption, systemic vasoconstriction and hemodynamic disturbances. 

More surprisingly, in a randomized study (42) comparing ticagrelor and prasugrel in 

STEMI patients undergoing PPCI, both agents showed an important delay of action 

with high on-treatment platelet reactivity (HPR) rates (46.2% and 34.6% respectively) 

2 hours after the loading dose. These findings were confirmed by Parodi et al (7) 

where prasugrel and ticagrelor provided similar platelet inhibition and this was 

effective in only half of the patients after 2 hours of the loading dose. At least 4 hours 

was required to achieve effective platelet inhibition in the majority of patients in that 

study. A similar finding was recently confirmed, where >2 hours were required to 

achieve adequate platelet inhibition with ticagrelor in STEMI patients treated with 

PPCI.(43) Although IV glycoprotein IIb/IIIa inhibitors (abciximab, eptifibatide, and 

tirofiban) would have a faster onset of action than oral P2Y12 inhibitors, they also 

increase the bleeding risk, and their offset of action is much longer than that of 

cangrelor.(44) In the PITRI trial, we intend to explore whether the fast-acting IV 

P2Y12 inhibitor, cangrelor, can reduce MI size and MVO due to its combination of 

potent antiplatelet (to mitigate against distal embolisation of platelet aggregation) and 

cardioprotective effects (to mitigate against reperfusion injury), when initiated prior to 

PPCI in STEMI patients.  

In the setting of PCI for acute coronary syndrome (ACS) and stable angina, 

none of the initial phase 3 trials (CHAMPION-PCI (14) and CHAMPION-PLATFORM 

(15)) showed any benefit of cangrelor over clopidogrel in reducing the primary 

endpoint but it was associated with reductions in secondary endpoints, including the 
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rate of stent thrombosis, and with no excess in severe bleeding. A pooled analysis of 

these 2 CHAMPION trials using the universal definition of MI was subsequently 

carried out and showed that cangrelor was associated with a significant reduction in 

early ischemic events when compared with clopidogrel in patients with non-ST-

elevation ACS undergoing PCI, and a lower rate of stent thrombosis was 

observed.(45) This led to the design of CHAMPION-PHOENIX trial (46) which 

randomized 11 145 patients undergoing urgent or elective PCI to receive cangrelor 

or a 600mg or 300mg loading dose of clopidogrel. Cangrelor significantly reduced 

the rate of ischemic events, including stent thrombosis, during PCI, with no 

significant increase in severe bleeding at 48 hours. However, many of the patients 

received 300mg of clopidogrel instead of the 600mg dose and 37% of patients 

received the loading dose during or after PCI rather than before the procedure.(47) 

So far, no study has assessed the benefit of IV cangrelor over oral ticagrelor in 

reducing MI size and MVO, in the setting of STEMI. 

Cangrelor administered in combination with ticagrelor has recently been 

shown to provide consistent and potent P2Y12 inhibition during PPCI in real-world 

patients.(48) Furthermore, a recent post-hoc analysis of the 3 CHAMPION studies 

showed that cangrelor's efficacy in reducing ischemic complications in patients 

undergoing PCI was maintained irrespective of whether there was concomitant use 

of glycoprotein IIb/IIIa inhibitors or not.(49) However, use of glycoprotein IIb/IIIa 

inhibitors was associated with higher bleeding rates, regardless of the randomization 

to cangrelor or clopidogrel.(49) In a study of South Korean patients with ACS, those 

treated with ticagrelor had the lowest on-treatment platelet reactivity (OPR) with 87.5% 

of the patients having OPR values in the range for increased risk of bleeding.(50) 

Therefore, to minimize the potential for harm, use of glycoprotein IIb/IIIa inhibitors 
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will be discouraged in the PITRI trial except for bail-out and the platelet function sub-

study will provide additional insights into the response of this Asian cohort 

(consisting predominantly of ethnic Chinese patients) to ticagrelor and cangrelor. 

 

Conclusion 

The aim of the PITRI trial is to assess whether cangrelor administered prior to 

reperfusion and concomitantly with ticagrelor, will not only provide effective platelet 

inhibition during the PPCI procedure but would also potentially reduce reperfusion 

injury, both factors that may lead to a reduction in MVO and MI size, as assessed by 

CMR.  
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Tables and Figure legend 
 
Table 1: Patient inclusion and exclusion criteria for PITRI trial 

Inclusion criteria  

1. Age 21 and <80 years of age  

2. STEMI as defined by:  

a. 2 mm ST-segment elevation in 2 or more precordial leads 1 mm ST-segment 

elevation in 2 or more limb leads (II, III and aVF, I, aVL) 

b. ST-segment elevation in II, III, aVF less than 1 mm with ST depression in aVL 

c. Posterior infarction ST-segment depression 1 mm over either V1, V2, or V3 and 

ST-segment elevation 1 mm in either V7, V8 or V9  

3. 6 hour of onset of chest pain  

Exclusion criteria 

1. History of previous myocardial infarction, stroke, transient ischemic attack or prior coronary 

artery bypass graft surgery 

2. Known contraindications to CMR (e.g. CMR contraindicated implanted devices, allergy to 

contrast, severe renal insufficiency (estimated glomerular filtration rate <40 mL/min/1.73 m2 

and claustrophobia) 

3. Prior therapy before admission within 7 days of anticoagulant (warfarin, phenindione, 

dabigatran, apixaban and rivaroxaban), glycoprotein IIb/IIIa inhibitor, oral P2Y12 inhibitor, 

or thrombolytic therapy 

4. Significant co-morbidities 

a. Severe hepatic failure (International Normalised Ratio>2) 

b. Cardiac arrest before randomization 

c. Cardiogenic shock 

d. Poor premorbid status 
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Table 2: CMR protocols for PITRI trial. 

e. Collapse/comatose/semi-conscious states 

f.  

5. Contraindications to heparin or antiplatelet therapy 

a. History of heparin-induced thrombocytopenia 

b. Increased bleeding risk (gastrointestinal bleeding, traumatic head injury, bleeding 

diathesis) 

6. Pregnancy 

7. Patients on strong CYP3A inhibitors or inducers (e.g. atazanavir, clarithromycin, indinavir, 

itraconazole, ketoconazole, nefazodone, nelfinavir, ritonavir, saquinavir, telithromycin and 

voriconazole, rifampicin, dexamethasone, phenytoin, carbamazepine and phenobarbital) 

First CMR scan at day 3 post-PPCI  

1. Left ventricle (LV) ejection fraction and indexed LV end systolic and diastolic volumes and 
mass using short-axis cine imaging. 
 

2. MI size measured by the mass of LGE (15 min after 0.15mmol/kg of Gadovist) expressed 
as a percentage of LV mass. 
 

3. Area-at-risk (AAR) measured as the increase in T2 values using a T2 mapping sequence.  
 

4. Myocardial salvage index = (AAR subtract MI size)/AAR.  
 

5. The incidence and extent of MVO (hypo-enhancement on LGE images acquired 15 min 
after administration of contrast). 
 

6. The incidence and extent of intramyocardial hemorrhage (hypo-enhancement on T2* 
mapping sequence <20 ms)  

 

Second CMR scan at 6 months post-PPCI 

1. LV ejection fraction and indexed LV end systolic and diastolic volumes and mass. 
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Figure 1 
Patient pathway in PITRI trial (for information see main text) 
 
CMR cardiovascular magnetic resonance, GIIAIIB glycoprotein 2B3A, IV intravenous, 
LV left ventricular, MACCE major adverse cardiac and cerebrovascular events, MI 
myocardial infarct, PPCI percutaneous coronary intervention, SMWT six minute walk 
test, STEMI ST-segment elevation myocardial infarction 
 
 

2. Final MI size as a percentage of LV mass. 
 

3. T2 mapping for persistence of myocardial edema or inflammation.  
 

4. T1 mapping for interstitial fibrosis.  
 

5. T2* mapping for residual myocardial iron.  
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