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Abstract
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Background: Early treatment with a potent oral platelet P2Y12 inhibitor is recommended in
patients presenting with ST-segment elevation myocardial infarction (STEMI) planned to
undergo primary percutaneous coronary intervention (pPCI). The impact on coronary reperfusion
of crushed P2Y12 inhibitor tablets, which lead to more prompt and potent platelet inhibition, is
unknown.
Methods: We conducted a randomized controlled, multicenter trial in the Netherlands, enrolling
STEMI patients planned to undergo pPCI. Patients were randomly allocated to receive in the
ambulance, before transfer, a 60 mg loading dose (LD) of prasugrel either as crushed or integral
tablets. The independent primary end points were thrombolysis in myocardial infarction (TIMI)
3 flow in the infarct-related artery (IRA) at initial coronary angiography, and complete (≥70%)
ST-segment resolution one hour post-pPCI. The safety end points were TIMI major and bleeding
academic research consortium (BARC) ≥3 bleedings. Secondary end points included platelet
reactivity and ischemic outcomes.
Results: A total of 727 patients were assigned to either crushed or integral tablets of prasugrel
LD. The median time from study treatment to wire-crossing during pPCI was 57 [47 – 70]
minutes. The primary end point TIMI 3 flow in the IRA pre-pPCI occurred in 31.0% in the
crushed group vs. 32.7% in the integral group (OR 0.92 [95% CI 0.65 – 1.30], P=0.64).
Complete ST-segment resolution one hour post-pPCI was present in 59.9% in the crushed group
vs. 57.3% in the integral group (OR 1.11 [95% CI 0.78 – 1.58], P=0.55). Platelet reactivity at the
beginning of pPCI, measured as P2Y12 reactivity unit, differed significantly between groups
(crushed, 192 [132 – 245] vs. integral, 227 [184 – 254], P=<0.01). TIMI major and BARC ≥3
bleeding occurred in 0% in the crushed group vs. 0.8% in the integral group, and in 0.3% in the
crushed group vs. 1.1% in the integral group, respectively. There were no differences observed
between groups regarding ischemic events at 30 days.
Conclusions: Pre-hospital administration of crushed prasugrel tablets does not improve TIMI 3
flow in the IRA pre-pPCI or complete ST-segment resolution 1h post-pPCI in patients
presenting with STEMI planned for pPCI.
Clinical Trial Registration: URL: https://www.clincialtrials.gov; Unique identifier:
NCT03296540.
Key Words: ST-segment elevation myocardial infarction; primary percutaneous coronary
intervention; crushed tablets; pretreatment; P2Y12 receptor inhibitor
Non-standard Abbreviations and Acronyms
BARC
bleeding academic research consortium
BMI
body mass index
BMS
bare metal stent
CABG
coronary artery bypass graft
CCU
cardiac care unit
CEC
clinical event committee
CI
confidence interval
CVD
cardiovascular diseases
Cx
circumflex
DAPT
double anti-platelet therapy
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Clinical Perspective
What is new?
•

Pre-hospital administration of crushed compared with integral tablets of a loading dose of
prasugrel in STEMI patients undergoing primary PCI does not improve TIMI 3 flow in
the infarct-related artery at initial angiography or complete ST-segment resolution one
hour after pPCI.

•

However, crushed tablets of prasugrel lead to more potent platelet inhibition compared
with integral tablets.

•

Despite the favorable impact on pharmacodynamic profiles of pre-hospital administration
of crushed prasugrel tablets, a considerable number of STEMI patients experiences high
levels of platelet reactivity at the start of primary PCI.

What are the clinical implications?
•

It appears unlikely that oral P2Y12 inhibitors will be able to bridge the gap in platelet
inhibition in STEMI patients undergoing primary PCI.

Downloaded from http://ahajournals.org by on October 14, 2020

•

However, early and potent antiplatelet therapy initiation in STEMI patients remains the
cornerstone of pharmacology therapy to reduce intra- and early postprocedural ischemic
complications such as stent thrombosis.

•

Whether faster and more potent platelet inhibition with parenteral antiplatelet agents - on
the background of contemporary STEMI treatment regimen – can improve early coronary
reperfusion and clinical outcomes without excess in bleeding complications warrants
investigation.
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Introduction
Primary percutaneous coronary intervention (pPCI) is the treatment of choice for patients
presenting with ST-segment elevation myocardial infarction (STEMI), directed at restoring
infarct-related epicardial vessel patency and microvascular perfusion, thus limiting myocardial
damage 1-3. Dual antiplatelet therapy (DAPT) consisting of aspirin and an oral P2Y12 inhibitor is
critical to reduce ischemic complications and represents the mainstay of pharmacological STEMI
treatment 4, 5. Potent oral P2Y12 inhibitors, including prasugrel and ticagrelor, which induce
faster and stronger platelet inhibition compared with clopidogrel, reduce ischemic risk in patients
undergoing pPCI 6, 7. High platelet reactivity (HPR) during the acute phase of myocardial
infarction correlates with the extent of myocardial damage, suboptimal flow of the infarct-related
artery after pPCI, and extent of microvascular obstruction (MVO) 8-10. Accordingly, early
platelet inhibition with P2Y12 inhibitors has been proposed to exert a protective effect against
Downloaded from http://ahajournals.org by on October 14, 2020

further myocardial injury and MVO, in addition to the reduction of ischemic complications 11, 12.
Although the evidence of clinical benefits associated with pre-treatment of oral P2Y12
inhibitors in STEMI patients with planned pPCI is scarce, guidelines recommend their
administration as soon as possible 1, 2, 13, 14. The largest contemporary randomized controlled trial
examining pre-hospital compared to in-hospital treatment initiation with ticagrelor in STEMI
patients did not show improvement in markers of coronary reperfusion as assessed pre-pPCI 15.
These findings can be attributed to reduced absorption and drug bioavailability of oral P2Y12
inhibitors in STEMI patients leading to a time delay (i.e., 3 to 6 hours) in reaching therapeutic
platelet inhibition 16-19. Crushing tablets of oral P2Y12 inhibitors before administration has been
shown to enhance drug absorption and achieve therapeutic platelet inhibition more promptly than
integral tablets in STEMI patients undergoing pPCI 20, 21. However, the impact on markers of
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coronary reperfusion with early platelet inhibition attained by pre-hospital administration of
crushed oral P2Y12 inhibitors is not known.

Methods
Study design and population
COMPARison of pre-hospital CRUSHed vs. uncrushed Prasugrel tablets in patients with STEMI
undergoing primary percutaneous coronary (COMPARE CRUSH, NCT03296540) was an
investigator initiated, multicenter, randomized controlled trial of patients presenting to the
ambulance service with suspected STEMI and were planned to undergo pPCI. Patients were
randomized to oral administration of a loading dose (LD) of 60 mg of prasugrel administered as
either crushed or integral tablets. The study was conducted in the STEMI network of Rotterdam
(the Netherlands) by the two regional interventional centers (Erasmus University Medical Center
Downloaded from http://ahajournals.org by on October 14, 2020

and Maasstad Hospital). The study design and rationale as well as the inclusion and exclusion
criteria have been reported previously 22. Briefly, all consecutive patients with suspected STEMI
and symptom onset within six hours, who were initially managed by a mobile emergency
medical care unit and planned for pPCI, were screened for eligibility. Patient were excluded if
they had a history of a cerebral vascular accident, recent gastrointestinal bleeding, recent major
surgery, an indication for chronic oral anticoagulation therapy, were dependent on hemodialysis,
unable to swallow oral medication, or presented with cardiogenic shock or cardiac arrest. In this
study, a deferred informed consent procedure was used which was approved by the local medical
ethical committee. Written informed consent was obtained within four hours after randomization.
All patients who provided informed consent were included in the primary and secondary efficacy
analysis. All randomized patients entered the primary safety analysis.
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Interventions and procedures
Study assignments were concealed in numbered, sealed envelopes provided to all mobile
emergency medical care units in batches of 8. The allocation sequence was generated by a
clinical research organization (Medwave / the Netherlands) not affiliated with the conduct of the
study and remained concealed for the study staff during the conduct of the study. Subjects were
randomly assigned by the ambulance personnel in a 1:1 ratio to receive crushed or integral
tablets of prasugrel 60 mg LD orally. Crushing of the tablets was performed using a syringe
crusher (Welcon, Fort Worth, Texas). All patients were additionally treated as per national
ambulance STEMI protocol with aspirin (500 mg intravenously) and heparin (5000 international
units intravenously). Patients were transferred to the interventional centers for emergency
coronary angiography and pPCI. All catheterization laboratory personnel including the operator
were blinded to the allocation sequence. The Rapamycin target eluting stent (Firehawk™
Downloaded from http://ahajournals.org by on October 14, 2020

MicroPort Medical, Shanghai, China) was used as the preferred stent device during pPCI. DAPT
with aspirin and prasugrel was recommended for 12 months following pPCI. The prescribed
prasugrel maintenance dose was 10 mg daily in all patients except those aged 75 or older or
weighing less than 60 kg in whom a 5 mg daily dose was used.
Data collection and management
The Castor Electronic data capture system (EDC) version 1.4 was used for data collection and
management. Baseline characteristics and procedural details were collected at first medical
contact (FMC). Five prespecified time points were used to collect ECG data (i.e. first medical
contact, arrival at the catherization laboratory, directly after pPCI, one hour after procedure, and
three hours after procedure). Simultaneously blood samples were collected for sub-analysis on
platelet reactivity using the VerifyNow

system (Werfen - Instrumentation Laboratory /
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Barcelona, Spain) and expressed as P2Y12 reactivity units (PRU). HPR was defined as PRU
values above 208 23, 24. Data on clinical outcomes and adverse events were collected during index
hospitalization and at 30 days. Ambulance and hospital ECGs were downloaded into a digital
ECG archive. Analysis was performed using dedicated measurement software (CalECG version
4.1.0, AMPS LLC, NY, USA). ST-segment resolution was defined as the reduction of STsegment deviation of the ECG lead with maximal deviation on the ECG from the ambulance
compared with the deviation in the same ECG lead at one hour after the pPCI procedure. STsegment deviation was measured 60 ms after the J-point.
The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the manuscript, and its final contents. Three authors (G.J.V.;
R.F.V.; R.D.) had full access to all the data in the study and take responsibility for its integrity
and the data analysis.
Downloaded from http://ahajournals.org by on October 14, 2020

End points
The independent primary end points were the proportion of patients presenting with thrombolysis
in myocardial infarction (TIMI) 3 flow in the infarct related artery (IRA) at initial coronary
angiography, and the proportion of patients with ≥70% ST-segment resolution one hour after
pPCI. The primary safety end points were TIMI major bleeding and bleeding academic research
consortium (BARC) ≥3 bleeding 25. The secondary safety end point was the composite of death,
myocardial infarction, stroke and bleeding in the first 48 hours after LD administration. Clinical
end points were death, myocardial infarction, stroke, stent thrombosis, bailout with glycoprotein
inhibitors (GPI), urgent revascularization and bleeding events, all assessed in-hospital and at 30
days. Myocardial infarction was classified based on the fourth universal definition of myocardial
infarction and the ATLANTIC myocardial infarction definition 15, 26. Bailout was defined as per-
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procedural GPI administration in case of no flow, slow flow or thrombotic complications. Urgent
coronary revascularization was defined as repeated PCI or coronary artery bypass graft surgery
(CABG) within 24 hours after a new ischemic event of the culprit vessel that was identified
during the index event (see supplemental methods) for more details regarding clinical end point
definitions). Platelet reactivity was assessed from blood samples acquired at the beginning of
coronary angiography directly after arterial sheath insertion.
All cases were reviewed by a blinded, independent committee to assess whether the final
discharge diagnosis of STEMI based on ECG and angiographic findings was confirmed 2.
Primary efficacy analysis was performed on the modified intention-to-treat (mITT) population
(all randomized patients who had final diagnosis of STEMI and provided informed consent).
Secondary efficacy analysis was performed in the intention-to-treat (ITT) population (all
randomized patients who provided informed consent). Safety analysis was performed in all
Downloaded from http://ahajournals.org by on October 14, 2020

randomized patients who received at least one dose of study medication. Centralized, blinded
reviews of angiographic data and ECG recordings were conducted by an independent core
laboratory (Thorax B.V.). An independent clinical event adjudication committee, whose
members were unaware of the treatment assignments, reviewed all clinical end points.
Statistical analysis and sample size
Normally distributed data were reported as means with standard deviations (SD). Skewed and
categorical data were reported as medians with interquartile ranges (IQR) and as proportions
with percentages, respectively. The primary end points as well as all clinical end points were
analyzed using logistic regression to assess differences in proportions between the crushed and
integral groups and to calculate odds ratios with 95% confidence intervals. In case of rare events
(i.e., expected counts of less than five in each category), Fishers exact test was used to calculate
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p-values and likelihood based confidence intervals were applied. Kaplan-Meier curves for the
composite end points were added for descriptive purposes with p-values calculated based on logrank-test. Subgroup analyses were performed using logistic regression and p-values for
interaction were reported. For comparison of median PRU values Mann-Whitney-U tests were
used. IBM SPSS Statistics 25.0.0.2 software was used to conduct the statistical analyses, and
GraphPad Prism version 8.3 to generate the figures.
Because there are no published data on crushed prasugrel on clinical outcomes, the effect
size in our study was arbitrarily determined. In brief, we assumed based on the ATLANTIC trial
that 83% and 43% of the patients that were treated with integral tablets would not have TIMI 3
flow in the IRA at first angiography and complete ST-segment resolution one hour after pPCI,
respectively 15. A sample size of 546 and 520 patient would be needed to detect an increase of
11% for TIMI 3 flow and 13% for complete ST-segment resolution with 80% power and twoDownloaded from http://ahajournals.org by on October 14, 2020

sided alpha of 0.025. To account for an expected dropout rate of approximately 10% for patients
with absence of STEMI diagnosis and an additional 12% for missing primary end point data or
informed consent, a target enrolment of 674 patients was determined.
Study oversight
Safety and quality monitoring were performed by an independent data safety monitoring board
(DSMB). This study was conducted in accordance with the Declaration of Helsinki (64th WMA
General Assembly, Fortaleza, Brazil, October 2013), the Medicinal Research Involving Human
Subjects Act (WMO) and ICH-Good Clinical Practice. The study protocol and all study
procedures were approved by the local medical ethics committee. The data that support the
findings of this study are available from the corresponding author upon reasonable request.
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Results
Demographic and procedural details
Between November 28, 2017 and March 15, 2020, an overall of 1.669 patients with suspected
STEMI on the first ECG presented in the region of Rotterdam. In total 942 patients were
excluded from enrolment. Reasons for study exclusion and further details are listed in the
supplemental table I. A total of 727 patients with suspected STEMI were randomly assigned in
the ambulance to either crushed or integral tablets of prasugrel LD (Figure 1).
Baseline characteristics are summarized in Table 1. Participants were on average 62 years of age
and 23% were female. 15% of the participants had diabetes mellitus and approximately 40%
were active smokers. Anterior STEMI was the most common infarct pattern seen on the first
ECG in 38% of the patients. Opioids were administered in 17% of all patients in the ambulance.
The radial artery was used as access site in 93% of patients (Table 2). After initial coronary
Downloaded from http://ahajournals.org by on October 14, 2020

angiography, 97% of the participants underwent pPCI. Drug eluting stents were used in 96% of
patients and peri-procedural GPI administration was recorded in 12% of the patients, with 9%
fulfilling the criteria for bailout. The median times from onset of symptoms to first medical
contact, first medical contact to study treatment, and from study treatment to pPCI were 59 [30 –
130], 22 [15 – 29] and 57 [47 – 70] minutes, respectively. These times did not differ
significantly between treatment groups.
Efficacy
We found no significant difference between the study groups with regards to the primary end
points of TIMI 3 flow in the IRA at initial angiography and complete ST-segment resolution one
hour after pPCI. TIMI 3 flow in the IRA at initial coronary angiography was present in 96
patients (31.0%) in the crushed group and in 92 patients (32.7%) in the integral group (OR 0.92
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[95% CI 0.65 – 1.30], P=0.64) (Figure 2a, Table 3). Complete ST-segment resolution at one
hour post-pPCI was found in 161 patients (59.9%) in the crushed group and 142 patients (57.3%)
in the integral group (OR 1.11 [95% CI 0.78 – 1.58], P=0.55) (Figure 2b, Table 3). Primary end
point rates in patients with confirmed STEMI diagnosis were consistent with those in the overall
randomized study population (Supplemental tables II-V). Moreover, exploratory analysis
showed mostly consistent results among different subgroups in relation to the independent
primary end points. Moreover, subgroup analysis suggested a greater benefit regarding improved
TIMI 3 flow in the crushed group in patients who were older than 75 years of age (P-value for
interaction 0.04), presented with anterior infarction (P-value for interaction 0.03), or had a
medical history of previous PCI (P-value for interaction <0.01) (Figure 3).
Platelet reactivity assessment was performed at the beginning of coronary angiography
(median 45 [34 – 57] minutes after LD administration) and was significantly reduced in the
Downloaded from http://ahajournals.org by on October 14, 2020

crushed group (PRU 192 [132 – 245] vs. 227 [184 – 254], P<0.01) (Figure 4a). This resulted in
a substantial decrease of the proportion of patients with HPR at the beginning of coronary
angiography (crushed 78 (43.3%) vs. integral 102 (62.6%), P<0.01) (Figure 4b).
Clinical outcomes between the two groups were similar during index hospitalization and
at 30-day follow-up (Table 4). Cardiovascular death rate at 30 days was low at approximately
1% and did not differ significantly between groups. The composite end point of death,
myocardial re-infarction and urgent revascularization at 30 days occurred in 14 patients (4.3%)
in the crushed group vs. 11 patients (3.7%) in the integral group (OR 1.16 [95% CI 0.52 – 2.59]
P=0.84) (Supplemental figure Ia). The composite end point of death, myocardial re-infarction,
stroke, urgent revascularization, definite or probable stent thrombosis and bailout with GPI
inhibitors was reported in 40 patients (12.3%) in the crushed group and in 36 patients (12.2%) in
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the integral group (OR 1.01 [95% CI 0.62 – 1.63] P=1.00) (Supplemental figure Ib). Definite
stent thrombosis occurred in one patient in the crushed group and in two patients in the integral
group.
Safety
The primary safety end point TIMI major and BARC ≥ 3 bleeding within 48 hours after study
treatment occurred in 3 patients (0.4%) and 5 patients (0.7%), respectively. TIMI major bleeding
in the first 48 hours occurred in 0 patient in the crushed group and in 3 patients (0.8%) in the
integral group. Bleeding categorized as BARC ≥ 3 in the first 48 hours occurred in 1 patient
(0.3%) in the crushed group vs. 4 patients (1.1%) in the integral group (OR 0.24 [95% CI 0.03 –
2.16] P=0.21). TIMI major and BARC ≥3 bleeding at 30 days was reported in 1 patient (0.3%) in
the crushed group versus 3 patients (1.0%) in the integral group, and 4 patients (1.2%) in the
crushed group versus 6 patients (2.0%) in the integral group, respectively.
Downloaded from http://ahajournals.org by on October 14, 2020

Discussion
The present trial is the first to assess the efficacy of pre-hospital crushed oral P2Y12 inhibitors in
the setting of a prospective randomized study of patients with STEMI undergoing pPCI. Our
study did not find differences between crushed and integral tablets of prasugrel administered as a
60 mg LD on the primary endpoints of markers of early coronary reperfusion, i.e. TIMI 3 flow in
the IRA at initial coronary angiography and complete ST-segment resolution one hour after
pPCI. This observation occurred despite the enhanced degree of platelet inhibition achieved with
crushed tablets as assessed at the start of pPCI.
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Overall mortality related to STEMI has decreased drastically during the past decades 27.
We observed in our study a low rate in mortality at 30 days which was comparable to other
contemporary STEMI trials 6, 15, 28. Almost all deaths were due to cardiogenic shock or
mechanical complications of myocardial infarction. Also, stent thrombosis rates in our study
were low and did not differ significantly between treatment groups. Moreover, pre-hospital
administration of crushed prasugrel tablets appeared to be safe overall, with low rates of bleeding
irrespective of the bleeding definition applied.
Interestingly, subgroup analysis indicates higher occurrence of TIMI 3 flow in the IRA at
first angiography in patients receiving crushed tablets of prasugrel LD and either present with a
large area of myocardium at risk (anterior infarction) or possibly more widespread or diffuse
coronary disease (older than 75 age, or history of previous PCI). However, these results should
be regarded as hypothesis-generating. Opioids use in the ambulance was remarkably low in our
Downloaded from http://ahajournals.org by on October 14, 2020

study compared with the ATLANTIC trial which might explain that we did not observe any
significant interaction.
Adjunctive therapy with a platelet P2Y12 inhibitor is pivotal for reduction of thrombotic
risk in patients with STEMI undergoing pPCI, and the more potent oral inhibitors prasugrel and
ticagrelor are recommended over clopidogrel 4, 5. Although results of a randomized trial
demonstrated superiority of prasugrel over ticagrelor in reducing ischemic events in patients
presenting with acute coronary syndrome, a recent network meta-analysis suggests equipoise
between the two agents 29, 30. Nevertheless, in patients presenting with STEMI and scheduled to
undergo pPCI prasugrel or ticagrelor compared to clopidogrel reduce ischemic events such as
myocardial infarction and stent thrombosis without apparent excess in bleeding complications 6
31

.
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European guidelines recommend that oral P2Y12 inhibitors be given at time of first
medical contact 7. The American College of Cardiology/American Heart Association guidelines
recommend that oral P2Y12 inhibitors be given as early as possible or at the time of pPCI 3.
Whether earlier administration of a potent oral P2Y12 inhibitor, i.e. in a pre-hospital setting,
could further improve outcomes, was tested in the randomized controlled ATLANTIC trial 15.
While pre-hospital administration of ticagrelor LD compared with in-hospital administration was
associated with lower risk of stent thrombosis, the primary end points for improvement in
markers of pre-PCI coronary reperfusion were not met. It is noteworthy, that while the present
study and the ATLANTIC trial share similar end points, the time point of assessment of STsegment resolution in latter was pre-PCI while in the present study ST-segment resolution was
measured at one hour after PCI. Importantly, in the ATLANTIC trial, levels of platelet reactivity
were similar between the pre-hospital and in-hospital ticagrelor LD groups, with a median time
Downloaded from http://ahajournals.org by on October 14, 2020

difference of study treatment application of only 31 min between the two study groups.
This highlights the main drawback of oral P2Y12 receptor inhibitors in STEMI, which is
the slow onset of platelet inhibition due to diminished drug absorption, leading to decreased
bioavailability 5. Our data confirms improved pharmacodynamic profiles of oral P2Y12 inhibitors
in STEMI patients by crushing tablets. The faster platelet inhibition and reduction in HPR rates
with crushed tablets is comparable with the results reported in prior investigations 20, 21.
Nevertheless, despite the treatment strategy applied in the present study (i.e., pre-hospital
administration of crushed prasugrel LD) a considerable number of STEMI patients experience
levels of platelet reactivity above the thresholds associated with thrombotic events at the start of
coronary angiography. Whether the neutral findings of the present study are due to the modest
level of platelet inhibition or to the choice of pharmacological target remains unknown.
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Overall, these findings underscore the need for alternative strategies to achieve faster and
more potent platelet inhibition in patients undergoing pPCI. Strategies that have been tested
include high LD administration, use of opioid receptor antagonists to counteract impairment of
gastric motility induced by opioids commonly used in STEMI, and metoclopramide to enhance
gastric motility which have been associated with marginal or no effects 32-35.
Intravenous antiplatelet therapies thus represent the best option to bridge the gap in
platelet inhibition in STEMI patients. Cangrelor is an intravenous P2Y12 inhibitor associated
with prompt and potent platelet inhibitory effects and has been shown to reduce thrombotic
complications compared with clopidogrel in patients not pre-treated with an oral P2Y12 inhibitor
undergoing pPCI, including STEMI 36, 37. In STEMI patients undergoing pPCI, cangrelor has
been shown to induce near complete P2Y12 inhibition compared with crushed ticagrelor 38, 39.
However, clinical outcome studies of cangrelor used as a pre-treatment strategy as well as
Downloaded from http://ahajournals.org by on October 14, 2020

assessments compared with potent oral P2Y12 inhibitors remain unexplored. Novel subcutaneous
P2Y12 inhibitors (i.e., selatogrel), characterized by potent P2Y12 inhibitory effects, are under
clinical development and may represent a potential treatment opportunity in STEMI patients 40.
Glycoprotein IIb/IIIa receptor inhibitors also represent a treatment option to bridge the
gap in platelet inhibition in STEMI patients, including those treated with potent P2Y12 inhibitors
16

. A recent study indicates that glycoprotein IIb/IIIa receptor inhibitors can achieve therapeutic

platelet inhibition more effectively than cangrelor 41. Pre-hospital treatment studies, conducted in
an era in which potent oral P2Y12 inhibitors were not available, showed that glycoprotein IIb/IIIa
inhibitors have the potential to improve early coronary reperfusion in STEMI patients 28, 42, 43.
However, their use is limited by the increased risk of bleeding. Although using a short duration
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infusion of glycoprotein IIb/IIIa receptor inhibitors has emerged as a strategy to minimize the
risk of bleeding, the clinical benefits of this approach warrant investigation 44.
Study Limitations
Our study has several limitations. First, this data should be interpreted in the context of a robust
STEMI network including short intervals between first medical contact and pPCI. The short time
interval between treatment and pPCI might have blunted the effects of the study treatment and
might not reflect routine practice around the world. Second, COMPARE CRUSH was designed
to assess the efficacy of crushed versus integral tablets of prasugrel, both administered in a prehospital setting. Our data, therefore, does not address the difference between pre-treatment or no
pre-treatment strategies in STEMI. However, this study explores the maximal effectiveness of
oral P2Y12 inhibition by using the earliest time point of administration, and utilizing a
formulation (i.e., crushed tablets) with improved pharmacodynamic profile. Moreover, how our
Downloaded from http://ahajournals.org by on October 14, 2020

strategy of early oral administration of crushed tablets prasugrel LD compares with parenteral
antiplatelet drugs such as cangrelor or glycoprotein IIb/IIIa receptor inhibitors with regards to
markers of reperfusion in patients undergoing pPCI is currently unknown and warrant further
investigation. Third, this study was neither blinded nor placebo controlled. However, markers of
reperfusion and clinical end points were assessed by blinded and independent core laboratories
and a clinical event committee, respectively. Of note, we experienced a higher than expected
number of missing or non-interpretable ECG recordings, which however were equally distributed
between groups. In addition, the present study used a single method of pharmacodynamic
assessment for platelet reactivity, and there was no collection of pharmacokinetic data to broaden
the pharmacological analysis. Of note, a radial access approach was used almost exclusively in
this study, thereby reducing the risk of bleeding. Finally, we present our findings both in the
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STEMI population and the complete randomized population. While efficacy analysis in the
STEMI population aims at delineating the underlying pathophysiological mechanism, the
complete randomized population reflects the real-life patient population in which a treatment
strategy would be used. Importantly, there was no difference recorded between the two
populations with regard to primary and secondary safety and efficacy end points.
Conclusions
Pre-hospital administration of crushed tablets prasugrel LD in patients with STEMI planned for
pPCI is not associated with improvement of TIMI 3 flow in the IRA at initial angiography or
complete ST-segment resolution one hour after pPCI.
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Table 1. Demographics and pre-hospital characteristics in the modified intention-to-treat population.
Characteristic

Downloaded from http://ahajournals.org by on October 14, 2020

Demographics
Age
Mean age ± SD – yr
≥ 65 years – no. (%)
≥ 75 years – no. (%)
Gender
Female sex – no. (%)
Ethnicity
Caucasian
Body weight
Mean body weight ± SD – kg *
BMI ≥ 30 – no. (%) †
Cardiovascular risk factors – no. (%)
Diabetes mellitus ‡
Insulin dependent
Hypertension
Hypercholesterolemia §
Chronic renal insufficiency
Active tobacco usage
Positive family history for CVD ||
Medical history – no. (%)
Myocardial infarction
PCI
CABG
TIMI risk score – no. (%) #
0–2
3–6
>6
Killip class I – no. (%) **
Pre-hospital
Time from onset symptoms to FMC – min
Time from FMC to study treatment – min
Time from study treatment to sheath in – min ††
Anterior infarction – no. (%)
LBBB at presentation – no. (%)
Clopidogrel maintenance – no. (%)
Vomiting prior to/during PCI – no. (%)
Pain medication administration – no. (%) ‡‡
Fentanyl
Midazolam

Crushed prasugrel N=333

Integral prasugrel N=300

61.8 ± 12.2
138 (41.4)
57 (17.1)

63.0 ± 12.1
131 (43.7)
52 (17.3)

76 (22.8)

71 (23.7)

307 (92.2)

270 (90.0)

83.5 ± 15.1
58 (17.4)

84.2 ± 15.5
42 (14.0)

60 (18.0)
13 (3.9)
126 (37.8)
75 (22.5)
8 (2.4)
149 (44.7)
126 (37.8)

34 (11.3)
10 (3.3)
111 (37.0)
77 (25.7)
5 (1.7)
118 (39.3)
116 (38.7)

22 (6.6)
35 (10.5)
3 (0.9)

35 (11.7)
40 (13.3)
8 (2.7)

10 (3.0)
167 (50.2)
60 (18.0)
320 (96.1)

10 (3.3)
149 (49.7)
56 (18.7)
283 (94.3)

55 [31 - 130]
22 [15 – 29]
45 [36 – 57]
132 (39.6)
2 (0.6)
9 (2.7)
14 (4.2)

61 [28 – 145]
21 [15 – 29]
45 [35 -55]
111 (37.0)
3 (1.0)
4 (1.3)
13 (4.3)

53 (15.9)
2 (0.6)

56 (18.7)
1 (0.3)

Data are summarized as means ± standard deviation, medians with interquartile range or proportion with percentage, respectively.
* available in 237 vs 219 patients; † available in 218 vs 198 patients; ‡ available in 329 vs 293 patients; § available in 310 vs 283
patients; || available in 320 vs 282 patients; # available in 237 vs 215 patients; ** available in 320 vs 296 patients; †† available in
322 vs 286 patients ‡‡ available in 259 vs 232 patients. SD - standard deviation; BMI - body mass index; CVD - cardiovascular
disease; PCI - percutaneous coronary intervention; CABG - coronary artery bypass graft; TIMI - thrombolysis in myocardial
infarction; FMC – first medical contact; LBBB - left bundle branch block.
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Table 2. Procedural characteristics in the modified intention-to-treat population.
Characteristic

Crushed prasugrel N=333

Integral prasugrel N=300

Downloaded from http://ahajournals.org by on October 14, 2020

Coronary angiography
Radial excess – no. (%)
312 (93.7)
281 (93.7)
Culprit vessel – no. (%) *
LAD
135 (40.5)
126 (42.0)
RCA
133 (39.9)
122 (40.7)
Cx
54 (16.2)
39 (13.0)
Multivessel disease – no. (%) †
142 (42.9)
115 (38.3)
Percutaneous intervention
Primary PCI – no. (%)
323 (97.0)
288 (96.0)
DES
311 (93.4)
276 (92.0)
BMS
1 (0.3)
3 (1.0)
POBA/DEB
11 (3.3)
9 (3.0)
Thrombectomy
68 (20.4)
55 (18.3)
Multivessel procedure during primary PCI – no. (%) 53 (15.9)
41 (13.7)
TIMI flow at the end of procedure – no. (%) ‡
3
269 (89.1)
229 (84.8)
2
25 (8.3)
35 (13.0)
1
7 (2.3)
4 (1.5)
0
2 (0.7)
1 (0.3)
Staged multivessel revascularization – no. (%)
Re-PCI
46 (13.8)
27 (9.0)
CABG
16 (4.8)
16 (5.3)
Additional medication administration – no. (%)
Glycoprotein IIb/IIIa inhibitors
39 (11.7)
39 (13.0)
Opioids
52 (15.6)
56 (15.3)
Midazolam
7 (2.1)
7 (2.3)
Data are summarized as means ± standard deviation, medians with interquartile range or proportion with percentage,
respectively. * Available in 326 vs 294 patients; † ≥50% stenosis in non infarct-related arteries; ‡ Available in 302 vs
270 patients. LAD - left anterior descending; RCA - right coronary artery; Cx - circumflex; PCI - percutaneous
coronary intervention; DES - drug eluting stent; BMS - bare metal stent; POBA - plain old balloon angioplasty;
DEB - drug eluting balloon; TIMI – thrombolysis in myocardial infarction; CABG - coronary artery bypass graft.

28

10.1161/CIRCULATIONAHA.120.051532

Table 3. Primary end points in the modified intention-to-treat population.
Primary end points

Crushed
prasugrel

Integral
prasugrel

Odds Ratio
(95% CI)

p-value

TIMI flow before pPCI - no. (%)
Patients eligible
3
2
1
0

310 (93.0)
96 (31.0)
46 (14.8)
25 (8.1)
143 (46.1)

281 (93.7)
92 (32.7)
39 (13.9)
22 (7.8)
128 (45.6)

0.92 [0.65 – 1.30]
1.08 [0.68 – 1.71]
1.03 [0.57 – 1.88]
1.02 [0.74 – 1.42]

0.64
0.74
0.92
0.88

ST-segment resolution 1h after pPCI - no. (%)
Patients eligible
Complete (>70%)
Partial (30-70%)
Minimal (<30%)
>50% resolution

269 (80.8)
161 (59.9)
75 (27.9)
33 (12.3)
208 (77.3)

248 (82.7)
142 (57.3)
78 (31.5)
28 (11.3)
195 (78.9)

1.11 [0.78 – 1.58]
0.84 [0.58 – 1.23]
1.10 [0.64 – 1.88]
0.91 [0.60 – 1.38]

0.55
0.37
0.73
0.13

Met one or both independent primary endpoints – no. (%)
Patients eligible
One
Both

288 (86.5)
197 (68.4)
47 (16.3)

268 (89.3)
176 (65.7)
52 (19.4)

1.13 [0.79 – 1.61]
0.81 [0.52 – 1.25]

0.49
0.34
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Odds ratios and p-values were calculated using logistic regression. CI - confidence interval; TIMI - thrombolysis in
myocardial infarction; pPCI – primary percutaneous coronary intervention.
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Table 4. Bleeding events and composite safety end point at 48 hours after study medication and bleeding and
ischemic outcomes at 30 days in the modified intention-to-treat patient population.
Clinical end points
Bleeding End Points and primary safety End Points
(≤ 48h) – no. (%)
Patients eligible
Any bleeding
TIMI major
BARC ≥ type 3
Composite of BARC≥3 bleeding, death, MI and stroke

Crushed
prasugrel

Integral
prasugrel

Odds Ratio
(95%CI)

p-value

369 (100.0)
12 (3.3)
0 (0.0)
1 (0.3)
12 (3.3)

358 (100.0)
14 (3.9)
3 (0.8)
4 (1.1)
13 (3.6)

0.83 [0.38 – 1.81]
0.39 [0.07 – 2.27]
0.89 [0.40 – 1.98]

0.63
0.12
0.21
0.78
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Ischemic and Bleeding End points (30d) – no. (%)
Patients eligible
325 (97.6)
294 (98.0)
Death
6 (1.8)
4 (1.4)
1.15 [0.69 – 1.91]
0.76
Cardiovascular
5 (1.5)
4 (1.4)
1.06 [0.60 – 1.91]
1.00
Cardiac
4 (1.2)
3 (1.0)
1.09 [0.57 – 2.08]
1.00
Myocardial infarction
8 (2.5)
7 (2.4)
1.04 [0.37 – 2.89]
0.95
Target lesion failure
4 (1.2)
3 (1.0)
1.09 [0.57 –2.08]
1.00
Coronary revascularization
7 (2.2)
5 [1.7)
1.27 [0.40 – 4.05]
0.68
Urgent
6 (1.8)
5 (1.7)
1.09 [0.33 – 3.60]
0.89
Stent thrombosis
2 (0.6)
2 (0.7)
0.95 [0.36 – 2.54]
1.00
Acute
1 (0.3)
2 (0.7)
0.63 [0.13 – 3.15]
0.61
Definite
1 (0.3)
2 (0.7)
0.63 [0.13 – 3.15]
0.61
Definite or probable
2 (0.6)
2 (0.7)
0.95 [0.36 – 2.54]
1.00
Thrombotic bailout with GPIIb/IIIa inhibitors
26 (8.0)
25 (8.5)
0.94 [0.53 – 1.66]
0.82
Stroke
5 (1.5)
1 (0.3)
4.58 [0.53 – 39.42] 0.22
Ischemic
3 (0.9)
1 (0.3)
1.43 [0.80 – 2.54]
0.63
Composite of death, MI and urgent revascularization
14 (4.3)
11 (3.7)
1.16 [0.52 – 2.59]
0.72
Composite of death, MI, stroke, urgent revascularization, 40 (12.3)
36 (12.2)
1.01 [0.62 – 1.63]
0.98
stent thrombosis and per-procedural thrombotic bail out
with GPIIb/IIIa inhibitors
Any bleeding
14 (4.3)
16 (5.4)
0.78 [0.38 – 1.63]
0.51
TIMI major
1 (0.3)
3 (1.0)
0.48 [0.09 – 2.60]
0.35
BARC ≥ type 3
4 (1.2)
6 (2.0)
0.76 [0.35 – 1.63]
0.53
Odds ratios and p-values were calculated using logistic regression. In case of rare events (less than five expected counts in each
category) Fishers exact test was used with likelihood based confidence intervals. CI - confidence interval; TIMI - thrombolysis
in myocardial infarction bleeding criteria; BARC - bleeding academic research consortium bleeding definition; MI myocardial infarction.
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Figure Legends

Figure 1. Participant flow chart.
Participants were randomized in a 1:1 ratio to receive either crushed or integral prasugrel loading
dose. Informed consent was not obtained in 15 patients in the crushed group and 33 patients in
the integral group. All patients who received at least one dose of study medication were included
in the safety analysis. All consented patients who received at least one dose of study medication
entered the efficacy analysis. Patients with final diagnosis of ST-segment elevation myocardial
infarction (STEMI) entered the modified intention-to-treat analysis of the primary efficacy end
points. 21 patients in the crushed group and 25 patients in the integral group had no STEMI but
alternative diagnoses. TIMI - thrombolysis in myocardial infarction.
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Figure 2a. Thrombolysis in myocardial infarction 3 flow in the infarct-related artery at initial
angiography.
Crushed group (N=310) versus integral group (N=281). Error bars represent standard errors.
TIMI – thrombolysis in myocardial infarction.
Figure 2b. Complete ST-segment resolution one hour after primary percutaneous coronary
intervention.
Crushed group (N=269) versus integral group (N=248). Error bars represent standard errors.
STR - ST-segment resolution.

Figure 3a. Subgroup analysis for thrombolysis in myocardial infarction 3 flow in the infarctrelated artery at initial angiography.
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Time interval between study treatment and primary percutaneous coronary intervention was
dichotomized based on the median value (57 min). CI – confidence interval; PCI –percutaneous
coronary angiography; Tx – study treatment.
Figure 3b. Subgroup analysis for complete ST-segment resolution one hour after primary
percutaneous coronary intervention.
Time interval between study treatment and primary percutaneous coronary intervention was
dichotomized based on the median value (57 min). CI – confidence interval; PCI – percutaneous
coronary angiography; Tx – study treatment.

Figure 4a. Median P2Y12 reactivity units at the beginning of primary percutaneous coronary
intervention.
Crushed group (N=180) versus integral group (N=163). The whiskers represent the minimum
Downloaded from http://ahajournals.org by on October 14, 2020

and maximum measured values.
Figure 4b. Occurrence of high platelet reactivity at the beginning of primary percutaneous
coronary intervention.
Crushed group (N=180) versus integral group (N=163). Error bars represent standard errors.
High-platelet reactivity is defined as P2Y12 reactivity units >208. pPCI - primary percutaneous
coronary intervention.
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727 Patients were enrolled

679 Patients provided informed
consent

358 Patients were included in
the safety analysis

358 Patients had received integral prasugrel

326 Patients were included in
the efficacy analysis

300 Patients were included in the
modified intention-to-treat analysis

369 Patients had received crushed prasugrel

326 Patients were included in
the intention-to-treat analysis

369 Patients were included in
the safety analysis

333 Patients were included in the
modified intention-to-treat analysis

354 Patients were included in
the efficacy analysis

354 Patients were included in
the intention-to-treat analysis

281 Patients could be evaluated
for TIMI flow analysis
6 missing
13 not analysable

248 Patients could be evaluated
for ECG analysis
25 missing
27 not analysable

304 Patients could be
evaluated for TIMI flow
analysis
9 missing
13 not analysable
257 Patients could be
evaluated for ECG analysis
42 missing
27 not analysable

310 Patients could be evaluated
for TIMI flow analysis
11 missing
12 not analysable
269 Patients could be evaluated
for ECG analysis
33 missing
31 not analysable

325 Patients could be
evaluated for TIMI flow
analysis
17 missing
12 not analysable
271 Patients could be
evaluated for ECG analysis
52 missing
31 not analysable
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