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BACKGROUND: Cangrelor is approved for oral P2Y12 inhibitor-naïve patients undergoing percutaneous coronary 
intervention (PCI). Pharmacodynamic (PD) investigations in various clinical settings, with various assays, have 
shown contrasting data in terms of the extent of platelet inhibition and rates of high residual platelet reactivity 
(HRPR).

AIMS: We aimed to assess the PD effects of cangrelor in all patients receiving it during PCI.

METHODS: PharmacOdynaMic Effects of Cangrelor in PatiEnts wIth Acute or chronIc Coronary Syndrome 
Undergoing Percutaneous Coronary Intervention (POMPEII Registry; ClinicalTrials.gov: NCT04790032) is an 
investigator-initiated, prospective study assessing PD effects at 4 timepoints with 3 assays. Clinical outcomes at 
30 days were also assessed.

RESULTS: From March 2021 to June 2024, 150  patients undergoing PCI and receiving cangrelor were enrolled 
(64  patients underwent elective PCI; 30 had non-ST-elevation acute coronary syndrome; and 56 had ST-segment 
elevation myocardial infarction [STEMI], of whom 24 were pretreated with ticagrelor). Most patients switched 
from cangrelor to either clopidogrel or ticagrelor. Inhibition of platelet aggregation was moderate during cangrelor 
infusion (light transmittance aggregometry with adenosine diphosphate 20 µM: 57.6±16.5%), with rates of 3.2% 
for HRPR and 1.3% for bailout tirofiban. Rates of HRPR were relevant at 3 h (37.9%) and 4-6 h (15.3%), and 
HRPR occurred significantly more frequently in patients switching to clopidogrel compared with ticagrelor. Rates of 
ischaemic and bleeding events were low. 

CONCLUSIONS: Cangrelor provided effective platelet inhibition in most patients with ACS or CCS undergoing 
PCI, including those with STEMI who were pretreated with ticagrelor. Switching from cangrelor to an oral P2Y12 
inhibitor, mainly clopidogrel, exposed a large number of patients to a variable period of on-treatment HRPR.
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POMPEII data on cangrelor in ACS and CCS

Percutaneous coronary intervention (PCI) is the 
cornerstone of treatment for patients with acute 
coronary syndrome (ACS) or chronic coronary syndrome 

(CCS), and antiplatelet therapy is essential in all these patients 
to prevent periprocedural and postprocedural thrombotic 
complications1,2. In addition to the effects of aspirin, inhibiting 
the platelet adenosine diphosphate (ADP) P2Y12 signalling 
pathway reduces the incidence of ischaemic events; however, 
oral agents require several hours to achieve their full antiplatelet 
effect, particularly in patients presenting with ACS3-7.

Cangrelor is an intravenous P2Y12 receptor inhibitor 
with rapid onset and offset of platelet inhibition that has 
been shown to reduce the risk of thrombotic complications 
compared with clopidogrel in patients undergoing elective 
or emergent PCI8. It is currently approved in oral P2Y12 
inhibitor-naïve patients with CCS or ACS undergoing PCI 
with a Class IIb recommendation in European guidelines1,2.

Pharmacodynamic (PD) investigations have been conducted 
in various clinical settings, with various assays of platelet 
reactivity assessment and with some contrasting data in 
terms of the extent of platelet inhibition and rates of high 
residual platelet reactivity (HRPR), particularly in patients 
with ST-segment elevation myocardial infarction (STEMI)9-12. 
Additionally, switching from cangrelor to an oral P2Y12 inhibitor 
may raise concerns in some patients due to potential drug-drug 
interactions (DDI), depending on the type of drug selected13-15, 
and in daily practice, cangrelor is used in an off-label setting 
(i.e., not in P2Y12-naïve patients) and with varying switching 
strategies16-19; therefore, contemporary PD data are warranted. 
We conducted a prospective registry to carefully investigate the 
PD effects of cangrelor in all patients receiving it during PCI.

Editorial, see page 497

Methods
STUDY DESIGN AND PATIENT POPULATION
PharmacOdynaMic Effects of Cangrelor in PatiEnts 
wIth Acute or chronIc Coronary Syndrome Undergoing 
Percutaneous Coronary Intervention (POMPEII Registry;  
ClinicalTrials.gov: NCT04790032) is an investigator-initiated, 
prospective, single-centre study conducted at Federico II 
University of Naples. All adult patients undergoing PCI 
and receiving cangrelor at the operator’s discretion were 
eligible20,21. Patients were included if they provided consent to 
blood/data collection, and the study team was available for 
analyses. No specific exclusion criteria were applied.

All demographic, clinical, procedural and therapeutic data 
of patients were collected. The Research Electronic Data 
Capture system (REDCap; developed at Vanderbilt University) 

was used. The study complied with the Declaration of 
Helsinki, was approved by the internal ethics committee, and 
all patients gave their written informed consent. 

MEDICATIONS AND PROCEDURES
All patients received aspirin, unfractionated heparin, and 
cangrelor (30 µg/kg bolus followed by 4 µg/kg/min infusion 
for 2  hours) prior to the start of PCI per standard of care. 
PCI procedures were performed according to the most 
recent guidelines and standard of care. If needed as bailout, 
the glycoprotein IIb/IIIa inhibitor (GPI), tirofiban, was 
administered at a 25 μg/kg bolus with or without an infusion 
of 0.15 μg/kg per minute (or 0.075 μg/kg per minute if 
creatinine clearance was <30 mL/min); the decision to use an 
infusion and its duration were at the operator’s discretion. 
Ticagrelor, prasugrel or clopidogrel were administered as 
loading doses and maintenance doses according to guidelines. 
The type of oral P2Y12 inhibitor and the timing of its loading 
dose in the transition from cangrelor were at the operator’s 
discretion.

PHARMACODYNAMIC ASSESSMENT
PD assessments were performed with 3 assays: (1) the gold 
standard light transmittance aggregometry (LTA; 5 µM and 
20 µM ADP stimuli); (2) multiplate electrode aggregometry 
(MEA) ADP test; and (3) VerifyNow P2Y12 test (Werfen).

Impact on daily practice
Cangrelor was shown to be effective and safe in most 
patients with acute or chronic coronary syndrome 
undergoing percutaneous coronary intervention (PCI). 
The degree of inhibition of platelet aggregation during 
cangrelor infusion was moderate, with most patients 
showing inhibition of platelet aggregation ≤80% and 
limited cases of high residual platelet reactivity (HRPR). 
Switching from cangrelor to an oral P2Y12 inhibitor 
exposed a  large number of patients to a  variable period 
of on-treatment HRPR; this was predominantly observed 
in patients receiving clopidogrel instead of ticagrelor as 
an oral P2Y12 inhibitor. Ticagrelor-pretreated patients 
with ST-segment elevation myocardial infarction (STEMI) 
undergoing primary PCI showed high rates of HRPR 
at baseline. However, the administration of cangrelor 
effectively inhibited platelet activity in most patients, with 
limited HRPR observed, thus confirming the absence of 
drug-drug interactions and supporting the feasibility of 
such a strategy.

Abbreviations
ACS acute coronary syndrome 

ADP adenosine diphosphate

AUC area under the curve

BARC Bleeding Academic Research Consortium

CCS chronic coronary syndrome

DDI drug-drug interaction

GPI glycoprotein IIb/IIIa inhibitor

HRPR high residual platelet reactivity

IPA inhibition of platelet aggregation

LTA light transmittance aggregometry

MEA multiplate electrode aggregometry

MPA maximum platelet aggregation

PCI percutaneous coronary intervention

PD pharmacodynamic

PRU P2Y12 reaction units

STEMI  ST-segment elevation myocardial 
infarction
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Blood samples for PD assessments were collected at 
baseline (before cangrelor bolus administration) as well as at 
30 minutes, 3  hours (i.e., 1 h after stopping the cangrelor 
infusion) and 4-6  hours (i.e., 2-4 h after stopping the 
cangrelor infusion) after cangrelor initiation. All PD tests 
were performed within 30 minutes of blood collection by 
experienced laboratory personnel. HRPR standard definitions 
were used9,22.

1) LTA: LTA was performed as previously described9,23. 
Briefly, ADP (5 µM and 20 μM) was used as a pro-aggregatory 
stimulus. The results as a  percentage of maximum platelet 
aggregation (MPA) were collected and used to calculate the 
percentage of inhibition of platelet aggregation (IPA). HRPR 
was defined as an MPA >59% (LTA 20 μmol/L ADP) or an 
MPA >46% (LTA 5 μmol/L ADP).

2) MEA: MEA was assessed in whole blood by the 
Multiplate analyzer (Roche Diagnostics). Briefly, the ADP 
test was used to assess the ADP-induced pathway. The mean 
values of two independent determinations were expressed as 
the area under the curve (AUC) in arbitrary units (U; 1 U=10 
AU min, aggregation unit minutes), maximal aggregation 
(AU), and velocity (AU/min). HRPR was defined as an AUC 
>46 U (MEA-ADP).

3) VerifyNow: The VerifyNow P2Y12 assay measures 
ADP-induced platelet agglutination as an increase in light 
transmittance and utilises a  proprietary algorithm to report 
values in P2Y12 reaction units (PRU). HRPR was defined as 
a PRU value >208. 

More details are reported in Supplementary Appendix 1.

STUDY PHARMACODYNAMIC AND CLINICAL OUTCOMES
The primary outcome was the 30-minute percentage 
of IPA (%IPA) assessed with LTA after stimulation of 
platelet-rich plasma with 20  μmol/L ADP as previously 
described9. The %IPA is defined as follows: 100%×(baseline 
platelet aggregation − platelet aggregation at time t)/baseline 
platelet aggregation. Secondary outcomes included all the 
values of maximum platelet aggregation and %IPA measured 
at various timepoints with LTA using 20  μmol/L ADP and 
5  μmol/L ADP, as well as PRU values measured with the 
VerifyNow P2Y12 test and AUC values (residual platelet 
reactivity) measured with the Multiplate analyzer after 
stimulation with ADP at all timepoints.

Also, data on clinical outcomes (death, cardiovascular death, 
myocardial infarction [MI], stent thrombosis, stroke, transient 
ischaemic attack [TIA], urgent revascularisation, bleeding) 
in the periprocedural period and up to 30  days (telephone 
or follow-up visit) were collected. Standard definitions were 
used for these clinical events that were blindly adjudicated by 
an independent clinical event committee, composed of two 
cardiologists who were not involved in patient recruitment or 
management (Supplementary Appendix 1). 

STATISTICAL ANALYSIS
For the present registry, there was no specific sample size. 
Up to now, the majority of PD studies on P2Y12 inhibitors, 
including cangrelor, have enrolled a  variable number of 
patients or group of patients, ranging from 15-50, to explore 
differences in platelet inhibition3-7,9-11. Given the objective of 
this registry to include all various clinical scenarios (CCS 

and ACS subtypes), as well as different combinations of 
oral P2Y12 inhibitors, we aimed to prospectively enrol at 
least 100 patients to be able to explore PD effects in various 
settings.

Data were presented as proportions, medians, or 
mean±standard deviation, as appropriate. Differences in 
categorical variables between respective comparison groups 
were analysed using the chi-square (χ2) statistic test or 
Fisher’s exact test as appropriate. Continuous variables were 
compared using the Student’s t-test. IPA was calculated as 
stated above; for these analyses, ticagrelor-pretreated patients 
with STEMI (n=24) were excluded, because IPA is calculated 
using the baseline platelet aggregation, which is affected by 
ticagrelor pretreatment. In order to assess platelet aggregation 
after switching from the cangrelor infusion to an oral P2Y12 
inhibitor, a dedicated analysis was performed to compare PD 
values in patients given clopidogrel (n=61) versus ticagrelor 
(n=61), thus excluding the one patient who did not receive 
an oral P2Y12 inhibitor due to the need for coronary artery 
bypass graft (CABG) and the 3 patients receiving prasugrel. 
Statistical analyses were performed using SPSS, version 29.0 
(IBM) and R statistical software, version 4.1.2 (R Foundation 
for Statistical Computing). A  2-tailed α value of <0.05 was 
considered significant.

Results
From March 2021 to June 2024, 150  patients undergoing 
PCI and receiving cangrelor were enrolled in the study, of 
whom 86 (57%) presented with ACS (STEMI=56 [37%] and 
non-ST-elevation ACS=30 [20%]) and 64 (43%) with CCS. 

The mean age of the study population was 66.7±10.7 years, 
and 23.3% were female. Overall, 2  patients required 
bailout with tirofiban due to intraprocedural thrombotic 
complications. Clinical and procedural characteristics are 
reported in Table 1 and Table 2.

Among STEMI patients, 24 received pretreatment 
with ticagrelor 180  mg oral loading dose. Ticagrelor was 
administered at an average of 41.9±14.7 (min: 10, max: 60) 
minutes prior to cangrelor bolus administration.

Among the non-pretreated patients (n=126), all switched to 
an oral P2Y12 inhibitor after the start of cangrelor infusion, 
apart from one patient who received prolonged cangrelor 
infusion and was transferred for CABG. Specifically, 61 of 
125 (48.8%) patients received ticagrelor (32 STEMI, 23 non-
STEMI [NSTEMI], and 6 elective PCI) at a mean time after the 
start of cangrelor infusion of 51.4±37.2 minutes; 61 (48.8%) 
received clopidogrel (5 NSTEMI and 56 elective PCI) at the 
end of cangrelor infusion with a  loading dose of 600 mg in 
59 patients and 300 mg in 2 patients; and 3 (2.4%) received 
prasugrel (2 NSTEMI and 1 elective PCI) at the end of the 
cangrelor infusion. 

PHARMACODYNAMIC ASSESSMENT
PD values were available for analysis in all patients at every 
timepoint, except for the 2 patients in whom bailout GPI was 
necessary. For these 2  patients, blood samples at 3 h and 
4-6 h were not collected, as the presence of tirofiban may 
have affected the platelet function results.

Among the 126 patients not pretreated with ticagrelor, at 
30 minutes after the start of cangrelor infusion, the mean 
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IPA was 57.6±16.5% at LTA 20 µM ADP (94% of patients 
with IPA ≤80%) and 62.7±14.9% at LTA 5 µM ADP (89% 
with IPA ≤80%) (Central illustration). There were 4 cases 

(3.2%) of HRPR in both assays (Figure 1A). The MEA AUC 
was 23.9±10.4, while PRU was 40.6±43.1 with both tests 
showing 2 cases (1.6%) of HRPR (Figure 1A, Figure 2). At 3 
h, the mean IPA was 43.9±29.0% at LTA 20 µM ADP and 
49.4±30.2% at LTA 5 µM ADP (Central illustration). There 

Table 1. Baseline characteristics of the study population.

Characteristics
Population 
(n=150)

Age, years 66.7±10.7

Female 35 (23.3)

Body mass index, kg/m2 28.0±4.4

Current smoking 60 (40.0)

Hypertension 119 (79.3)

Diabetes mellitus 45 (30.0)

Hyperlipidaemia 91 (60.7)

Family history of premature CAD 27 (18.0)

Peripheral arterial disease 9 (6.0)

Carotid artery disease 15 (10.0)

Prior MI 25 (16.7)

Prior PCI 31 (20.7)

Prior CABG 7 (4.7)

Prior stroke 5 (3.3)

Prior TIA 4 (2.7)

Previous bleeding requiring medical attention 3 (0.7)

Congestive heart failure 16 (10.7)

Left ventricular ejection fraction, % 48.3±9.3

Chronic kidney disease (eGFR <60 mL/min) 19 (12.7)

Chronic obstructive pulmonary disease 23 (15.3)

Baseline medications

Aspirin (daily dose ≤100mg) 82 (54.7)

Oral anticoagulant 10 (6.7) 

Statins 73 (48.7)

Other lipid-lowering drug 23 (15.3)

ACE inhibitor 40 (26.7)

Angiotensin receptor blocker 54 (36.0)

Beta blocker 61 (40.7)

Amiodarone 6 (4.0)

Ca antagonist 43 (28.7)

Nitrates 3 (2.0)

Diuretics 42 (28.0)

Insulin 14 (9.3)

Oral antidiabetic 37 (24.7)

NSAID 3 (2.0)

Antidepressant drug 5 (3.3)

Proton pump inhibitor 81 (54.0)

Haemoglobin, g/dL 13.7±1.9

Creatinine, mg/dL 1.1±0.6

Platelet count, x1,000/mm3 228.1±82.7

Data are numbers (%) or mean±standard deviation. ACE: angiotensin II 
converting enzyme; Ca: calcium; CABG: coronary artery bypass graft; 
CAD: coronary artery disease; eGFR: estimated glomerular filtration rate; 
MI: myocardial infarction; NSAID: non-steroidal anti-inflammatory drug; 
PCI: percutaneous coronary intervention; TIA: transient ischaemic attack

Table 2. Clinical presentation and procedural characteristics of 
the study population.

Characteristics Population (n=150)

Clinical presentation

Elective PCI 64 (43)

STEMI 56 (37)

NSTE-ACS 30 (20.0)

 NSTEMI 26 (17)

 Unstable angina 4 (3)

Systolic arterial pressure, mmHg 136.3±19.9

Diastolic arterial pressure, mmHg 78.7±13.9

Heart rate, beats/min 72.2±14.4

Killip class

I 113 (75.3)

II 32 (21.3)

III 2 (1.3)

IV 3 (2.0)

Rhythm at presentation

Sinus rhythm 146 (97.3)

Atrial fibrillation 3 (2.0)

Other rhythm 1 (0.7)

Intraventricular conduction defects

Left bundle branch block 7 (4.7)

Right bundle branch block 9 (6.0)

Other conduction defect 0 (0)

Catheterisation

Radial artery access 135 (90.0)

Haemodynamic support 2 (1.4)

Multivessel disease 89 (59.3)

Vessel treated

LM 8 (5.3)

LAD 82 (54.7)

LCx 25 (16.7)

RCA 35 (23.3)

LIMA/RIMA 0 (0)

SVG 0 (0)

PCI success 148 (98.7)

Total number of lesions treated 1.4±0.7

Total number of stents implanted 1.6±1.0

Total length of stents implanted, mm 40.8±23.9

Data are numbers (%) or mean±standard deviation. LAD: left anterior 
descending artery; LCx: left circumflex artery; LIMA: left internal 
mammary artery; LM: left main coronary artery; NSTE-ACS: non-ST-
elevation acute coronary syndrome; PCI: percutaneous coronary 
intervention; RCA: right coronary artery; RIMA: right internal mammary 
artery; STEMI: ST-segment elevation myocardial infarction; 
SVG: saphenous vein graft
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were 47 (37.9%) and 46 (37.1%) cases of HRPR, respectively 
(Figure 1A). The MEA AUC was 30.0±16.1, with 33 (26.6%) 
cases of HRPR, while the PRU value was 104.7±89.9, with 
26 cases (21.0%) of HRPR (Figure 1A, Figure 2). At 4-6 h, 
the mean IPA was 55.7±26.2% at LTA 20 µM ADP and 
63.0±26.6% at LTA 5 µM ADP (Central illustration); there 
were 19 (15.3%) and 20 (16.1%) cases of HRPR, respectively 

(Figure 1). The MEA AUC was 22.3±14.5, with 14 (11.3%) 
cases of HRPR, while the PRU value was 77.2±76.2, with 6 
cases (4.8%) of HRPR (Figure 1A, Figure 2). When stratifying 
the analyses by clopidogrel (n=61) or ticagrelor (n=61) as the 
switching drug, clopidogrel was shown to be significantly less 
effective in platelet inhibition at the 3 h and 4-6 h timepoints, 
with significantly higher rates of HRPR (Figure 1B, Figure 3).

EuroIntervention Central Illustration

Main findings of the POMPEII Registry with LTA data and HRPR rates among P2Y12 inhibitor-naïve and 
ticagrelor-pretreated patients. 
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Platelet inhibition assessment at baseline, 30 min, 3 h and 4-6 h was performed with 3 assays: LTA with 20 μM and 5 μM ADP 
stimuli; VerifyNow P2Y12 test (Werfen); and multiplate electrode aggregometry (MEA) ADP test. Percentage of inhibition of 
platelet aggregation (left) and maximum platelet aggregation (right) at LTA with ADP 20 μM and5 μM stimulation are reported 
above the rates of HRPR for P2Y12 inhibitor-naïve and ticagrelor-pretreated patients. ACS: acute coronary syndrome; 
ADP: adenosine diphosphate; BARC: Bleeding Academic Research Consortium; HRPR: high residual platelet reactivity; 
LTA: light transmittance aggregometry; NSTE-ACS: non-ST-elevation ACS; PCI: percutaneous coronary intervention; 
STEMI: ST-segment elevation myocardial infarction



EuroIntervention 2025;21:560-570 • Giuseppe Gargiulo et al. 565

POMPEII data on cangrelor in ACS and CCS

Among the 24 pretreated STEMI patients, at baseline (after 
ticagrelor pretreatment), MPA was 67.5±22.2% at LTA 20 µM 
ADP and 53.7±22.0% at LTA 5 µM ADP (Central illustration, 
Figure 4). HRPR was observed in 18 (75%) and 16 (67%) 
patients, respectively. Most patients showed low MPA at 
30 minutes after the start of cangrelor infusion, with a mean 
MPA of 34.7±16.4% at LTA 20 µM ADP and 25.4±13.3% 
at LTA 5 µM ADP (Central illustration, Figure 4), but there 
were 2 (8.3%) cases of HRPR. Similarly, MPA at 3 h was 
35.3±18.3% at LTA 20 µM ADP and 25.0±14.9% at LTA 
5 µM ADP and progressively reduced at 4-6 h (27.6±19.3% 
at LTA 20 µM ADP and 19.0±19.3% at LTA 5 µM ADP) 
(Central illustration, Figure 4) with 2 (8.3%) cases of HRPR at 
3 h and 1 (4.2%) case at 4-6 h with both methods. MEA and 
VerifyNow showed 13 (54.2%) and 5 (20.8%) cases of HRPR 
at baseline, with no cases at later timepoints under treatment.

CLINICAL OUTCOMES
At 30  days, 2 deaths (1.3%) were recorded, 1 (0.7%) of 
which was a  cardiovascular death. One case (0.7%) of MI 

was observed, and this was at day 1 after elective PCI and 
defined as periprocedural. No stroke or TIA events were 
collected. There were 18 (12%) episodes of bleeding, 2 of 
which required transfusion: 1 (0.7%) was classified as 
Bleeding Academic Research Consortium (BARC) Type 1 (not 
access site related), 14 (9.3%) were BARC Type 2 (4 were 
access site related, of which 3 were radial and 1 femoral), 
and 3 (2%) were BARC Type 3a (2 were access site related, 
of which 1 was radial and 1 femoral). Most of these bleeding 
events (n=15, 10%), including 1 of the BARC Type 3a, 
occurred within 48 h of the procedure. 

Discussion
The POMPEII Registry is a  prospective study designed to 
assess PD profiles in patients undergoing PCI and receiving 
cangrelor. The main findings are as follows: (1) Cangrelor was 
shown to be effective in platelet inhibition in most patients 
with ACS or CCS undergoing PCI. 2) The mean inhibition 
of platelet aggregation during cangrelor infusion was 57.6%, 
with most patients showing IPA ≤80%; limited cases of HRPR 
were seen. 3) Switching from cangrelor to an oral P2Y12 
inhibitor exposed a  large number of patients to a  variable 
period of on-treatment HRPR, and this was predominantly 
observed in patients receiving clopidogrel instead of ticagrelor 
as an oral P2Y12 inhibitor. 4) Ticagrelor-pretreated patients 
with STEMI undergoing primary PCI showed high rates of 
HRPR at baseline, but administering cangrelor provided 
effective platelet inhibition in most patients, with limited 
HRPR observed. This confirms the absence of DDI and 
supports the feasibility of such a strategy. 

Facilitation Through Aggrastat or Cangrelor Bolus 
and Infusion Over prasugreL: a  mUlticenter Randomized 
Open-label Trial in patientS With ST-elevation Myocardial 
inFarction Referred for primAry percutaneouS inTERvention 
(FABOLUS-FASTER) has generated a  lot of discussion in 
terms of the magnitude of platelet inhibition and relevant 
rates of on-treatment HRPR as assessed with the LTA with 
cangrelor9,24-28. The trial enrolled STEMI patients undergoing 
primary PCI and compared cangrelor, tirofiban and prasugrel 
in terms of IPA. The primary hypothesis was that cangrelor 
may be non-inferior to tirofiban, because preclinical PD data 
had shown very high degrees (>80%) of platelet inhibition29. 
However, the trial did not confirm this hypothesis;  rather, 
it showed that cangrelor was inferior to tirofiban with an 
IPA of 34.1% (as compared with 95.0% with tirofiban) and 
was also associated with a rate of around 50% for HRPR as 
assessed by LTA 20 µM ADP. For these reasons, POMPEII 
was designed to collect contemporary data with different 
assays of platelet aggregation in various clinical settings. 
Accounting for differences among patients enrolled, we 
observed a  slightly higher IPA with limited, but detectable, 
HRPR during cangrelor infusion at LTA, but IPA was 
moderate and well below 80% in most patients. 

The transition from cangrelor to an oral P2Y12 inhibitor 
is still a  debated issue. Indeed, cangrelor and oral P2Y12 
inhibitors have different pharmacological properties, 
thus DDI may potentially occur when concomitantly 
administrated. Notably, DDI may determine the reduction 
of platelet inhibition, potentially hindering the prevention of 
thrombotic complications in the peri-PCI phase. Cangrelor 
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Figure 1. Rates of HRPR in P2Y12 inhibitor-naïve patients. 
A) Rates of HRPR at 30 minutes, 3 hours and 4-6 hours 
with all tests defined as follows: 20 µM ADP-induced 
maximal platelet aggregation >59%, 5 µM ADP-induced 
maximal aggregation >46% AUC >46 U, and PRU >208, 
respectively. B) Rates of HRPR at 3 hours and 4-6 hours by 
clopidogrel or ticagrelor with all tests. ADP: adenosine 
diphosphate; AUC: area under the curve; HRPR: high 
residual platelet reactivity; LTA: light transmittance 
aggregometry; MEA: multiplate electrode aggregometry; 
PRU: P2Y12 reaction unit; VN: VerifyNow (Werfen)
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binds platelet P2Y12 receptors during its infusion, which 
may impede further binding with oral agents such as 
thienopyridines. The active metabolites of thienopyridines 
(clopidogrel and prasugrel) have half-lives that are shorter 
than the duration of cangrelor infusion and, therefore, are 
mostly cleared once cangrelor infusion is discontinued. 
Consequently, to prevent DDI, clopidogrel and prasugrel 
should be administered at the end of the cangrelor infusion. In 
contrast, ticagrelor has a half-life of 6 to 12 hours and, thus, 
is still available for P2Y12 receptor binding after cangrelor 
interruption, allowing for these agents to be concomitantly 
administered without any DDI. This evidence was recently 

confirmed by the Switching Antiplatelet (SWAP)-5 and -6 
trials. Specifically, the SWAP-5 randomised trial recently 
ruled out DDI in 20  patients with coronary artery disease 
who had been pretreated with ticagrelor within 1 h and were 
receiving cangrelor14. Conversely, the SWAP-6 randomised 
trial, including 77 patients undergoing PCI, confirmed a DDI 
between prasugrel and cangrelor by showing that their 
concomitant administration determined a  marked increase 
in platelet reactivity after stopping cangrelor infusion15. 
In the POMPEII Registry, we provide data from patients 
undergoing PCI. Most patients undergoing PCI due to CCS 
received clopidogrel at the end of cangrelor infusion, and 
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a large proportion of these patients were exposed to HRPR 
during the next few hours, as previously described. These 
findings suggest that ticagrelor − preferably administered 
during cangrelor infusion − might be considered to mitigate 
this rebound effect20. In the present analysis, we observed an 

overall HRPR rate of 37.9% at 3 h and 15.3% at 4-6 h in 
P2Y12 inhibitor-naïve patients who switched from cangrelor 
to an oral P2Y12 inhibitor. However, HRPR was significantly 
lower when ticagrelor was used compared with clopidogrel, 
thus supporting previous evidence that ticagrelor might be 
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the preferable option to overcome the HRPR and DDI issues 
related to transitioning from cangrelor.

Although evidence from randomised trials on pretreatment 
in STEMI patients has been discouraging, and European 
guidelines have recently downgraded this recommendation, 
pretreatment with oral P2Y12 inhibitors before PCI remains 
an option that can be considered and is still used in daily 
practice. A  recent observational study refuelled the interest 
in this strategy by showing that STEMI pretreatment with 
P2Y12 inhibitors was associated with a  significant time-
dependent reduction of 30-day major adverse cardiovascular 
events without increasing bleeding risk30. However, despite 
it being formally approved only for P2Y12 inhibitor-naïve 
patients, some registries show that, in daily practice, 
cangrelor has been used in pretreated patients16,17. There 
is, however, a paucity of PD and clinical data on cangrelor 
in pretreated patients. The above-mentioned SWAP-5 
included patients with stable coronary artery disease, 
while contemporary data in STEMI patients pretreated 
with ticagrelor are limited. In a  recent preliminary analysis 
including 13  patients from our POMPEII Registry, we 
assessed the PD profiles of patients presenting with STEMI 

and receiving cangrelor after pretreatment with ticagrelor 
within 1 hour21. Here, we provide an analysis of 24 patients 
confirming that adding cangrelor was effective and safe, with 
most patients achieving adequate platelet inhibition during 
and after primary PCI; however, we observed a  limited 
number of cases of HRPR up to 6 hours. While our study 
was not specifically designed to assess DDI, these findings 
may support a  strategy already used in clinical practice 
and,  moreover, confirm that this strategy may be a safe and 
potentially viable option to fill the gap that remains with 
ticagrelor.

Overall, the rates of ischaemic and bleeding complications 
were similar to those previously reported. We observed only 
1 periprocedural MI in an elective patient, resulting in a low 
rate (1.6%) for this complication31. The role of elective 
PCI in stable patients remains debated, and periprocedural 
MI is crucial in the risk-benefit ratio between medical 
therapy and myocardial revascularisation. Preventing such 
a complication might be important to maximise the benefits 
of PCI, and cangrelor could be an option for this, particularly 
in the challenging setting of complex PCI, as we previously 
suggested20. Bleeding events (12%) were higher than those 
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reported in some case series16-18,32 but lower than in others19. 
Such discrepancies may be related to different populations 
and event monitoring/adjudication; however, our bleeding 
events were mostly non-severe. Therefore, clinical outcomes 
indicate limited ischaemic complications with an acceptable 
risk of bleeding.

Limitations
This is an observational study which is underpowered for 
clinical events. The clinical implications of these findings 
warrant investigation in adequately powered clinical trials.

This is a single-arm study without a control group. However, 
in terms of PD assessments, it is intuitive that a placebo group 
would clearly show absence of platelet inhibition, while it is 
well-established that an oral P2Y12 inhibitor group would 
have limited (and inferior to cangrelor) platelet inhibition in 
the periprocedural phase3,4,9,10.

This is a single-centre study with its inherent limitations; 
however, this also represents a  strength due to the limited 
variability in PD assessments. Similarly, some bias was 
related to the fact that the use of cangrelor as well as 
the selection of the type and timing of the oral P2Y12 
inhibitor was decided by the physicians; however, this too 
can be considered a  strength, as it mirrors daily practice 
and incorporates new scientific evidence (e.g., the early 
administration of ticagrelor after cangrelor, despite not 
yet being approved in Europe, based on the encouraging 
data from the CANTIC trial, or the use of cangrelor in 
ticagrelor-pretreated patients after encouraging results from 
the SWAP-5 trial); this allows a more effective generalisation 
of the results to current real-world practice.

Some selection bias exists as a  result of the enrolment of 
non-consecutive patients, since cangrelor is not routinely 
used in all consecutive patients, and PD analysis requires 
a dedicated team working for up to 6 hours.

Finally, PD assessments during cangrelor infusion were 
performed only at 30 minutes; however, in the FABOLUS-
FASTER trial, samples at 15 minutes, 1 h and 2 h were also 
analysed, and all timepoints provided overlapping IPA values.

Conclusions 
This study provides pharmacodynamic data in a contemporary 
treated population of ACS or CCS patients undergoing PCI 
and shows that cangrelor can be an effective and safe option 
to rapidly inhibit platelet aggregation. Our data confirm that 
this option could also be considered for ticagrelor-pretreated 
patients with STEMI undergoing primary PCI. After cangrelor 
interruption, the transition to an oral P2Y12 inhibitor might 
expose patients to some risks of platelet aggregation rebound, 
but, in our study, this issue seemed to be overcome by using 
ticagrelor as the oral P2Y12 inhibitor instead of clopidogrel; 
further studies are needed.

Authors’ affiliations
1. Department of Advanced Biomedical Sciences, Federico 
II University of Naples, Naples, Italy; 2. Cardiovascular 
Department, Azienda Ospedaliera Regionale “San Carlo”, 
Potenza, Italy; 3. Cardiocentro Institute, Ente Ospedaliero 
Cantonale, Università della Svizzera Italiana (USI), Lugano, 
Switzerland

Funding
This study was internally supported by Azienda Ospedaliera 
Universitaria Federico II and University Federico II of Naples. 
No direct or indirect external funding was received.

Conflict of interest statement
M. Valgimigli received an institutional grant from Terumo; 
and consulting fees from AstraZeneca, Terumo, Alvimedica/
CID, Abbott, Daiichi Sankyo, Bayer, CoreFlow, Idorsia 
Pharmaceuticals Ltd., Vifor, Bristol-Myers Squibb SA, 
Biotronik, Boston Scientific, Medtronic, Vesalio, Novartis, 
Chiesi, PhaseBio, and ECRI, outside the submitted work. The 
other authors have no conflicts of interest to declare.

References
 1.  Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, 

Claeys MJ, Dan GA, Dweck MR, Galbraith M, Gilard M, Hinterbuchner L, 
Jankowska EA, Jüni P, Kimura T, Kunadian V, Leosdottir M, Lorusso R, 
Pedretti RFE, Rigopoulos AG, Rubini Gimenez M, Thiele H, Vranckx P, 
Wassmann S, Wenger NK, Ibanez B; ESC Scientific Document Group. 2023 
ESC Guidelines for the management of acute coronary syndromes. Eur 
Heart J. 2023;44:3720-826.

 2.  Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, 
Prescott E, Storey RF, Deaton C, Cuisset T, Agewall S, Dickstein K, 
Edvardsen T, Escaned J, Gersh BJ, Svitil P, Gilard M, Hasdai D, Hatala R, 
Mahfoud F, Masip J, Muneretto C, Valgimigli M, Achenbach S, Bax JJ; 
ESC Scientific Document Group. 2019 ESC Guidelines for the diagnosis 
and management of chronic coronary syndromes. Eur Heart J. 
2020;41:407-77.

 3.  Valgimigli M, Tebaldi M, Campo G, Gambetti S, Bristot L, Monti M, 
Parrinello G, Ferrari R; FABOLUS PRO Investigators. Prasugrel versus 
tirofiban bolus with or without short post-bolus infusion with or without 
concomitant prasugrel administration in patients with myocardial infarc-
tion undergoing coronary stenting: the FABOLUS PRO (Facilitation 
through Aggrastat By drOpping or shortening Infusion Line in patients 
with ST-segment elevation myocardial infarction compared to or on top of 
PRasugrel given at loading dOse) trial. JACC Cardiovasc Interv. 
2012;5:268-77. 

 4.  Parodi G, Valenti R, Bellandi B, Migliorini A, Marcucci R, Comito V, 
Carrabba N, Santini A, Gensini GF, Abbate R, Antoniucci D. Comparison 
of prasugrel and ticagrelor loading doses in ST-segment elevation myocar-
dial infarction patients: RAPID (Rapid Activity of Platelet Inhibitor Drugs) 
primary PCI study. J Am Coll Cardiol. 2013;61:1601-6.

 5.  Alexopoulos D, Xanthopoulou I, Gkizas V, Kassimis G, Theodoropoulos KC, 
Makris G, Koutsogiannis N, Damelou A, Tsigkas G, Davlouros P, 
Hahalis G. Randomized assessment of ticagrelor versus prasugrel antiplate-
let effects in patients with ST-segment-elevation myocardial infarction. Circ 
Cardiovasc Interv. 2012;5:797-804.

 6.  Parodi G, Xanthopoulou I, Bellandi B, Gkizas V, Valenti R, Karanikas S, 
Migliorini A, Angelidis C, Abbate R, Patsilinakos S, Baldereschi GJ, 
Marcucci R, Gensini GF, Antoniucci D, Alexopoulos D. Ticagrelor crushed 
tablets administration in STEMI patients: the MOJITO study. J Am Coll 
Cardiol. 2015;65:511-2.

 7.  Rollini F, Franchi F, Hu J, Kureti M, Aggarwal N, Durairaj A, Park Y, 
Seawell M, Cox-Alomar P, Zenni MM, Guzman LA, Suryadevara S, 
Antoun P, Bass TA, Angiolillo DJ. Crushed Prasugrel Tablets in Patients 
With  STEMI Undergoing Primary Percutaneous Coronary Intervention: 
The CRUSH Study. J Am Coll Cardiol. 2016;67:1994-2004.

 8.  Steg PG, Bhatt DL, Hamm CW, Stone GW, Gibson CM, Mahaffey KW, 
Leonardi S, Liu T, Skerjanec S, Day JR, Iwaoka RS, Stuckey TD, Gogia HS, 
Gruberg L, French WJ, White HD, Harrington RA; CHAMPION 
Investigators. Effect of cangrelor on periprocedural outcomes in percutane-
ous coronary interventions: a pooled analysis of patient-level data. Lancet. 
2013;382:1981-92.

 9.  Gargiulo G, Esposito G, Avvedimento M, Nagler M, Minuz P, Campo G, 
Gragnano F, Manavifar N, Piccolo R, Tebaldi M, Cirillo P, Hunziker L, 
Vranckx P, Leonardi S, Heg D, Windecker S, Valgimigli M. Cangrelor, 
Tirofiban, and Chewed or Standard Prasugrel Regimens in Patients With 



EuroIntervention 2025;21:560-570 • Giuseppe Gargiulo et al.570

ST-Segment-Elevation Myocardial Infarction: Primary Results of the 
FABOLUS-FASTER Trial. Circulation. 2020;142:441-54.

 10.  Franchi F, Rollini F, Rivas A, Wali M, Briceno M, Agarwal M, Shaikh Z, 
Nawaz A, Silva G, Been L, Smairat R, Kaufman M, Pineda AM, 
Suryadevara S, Soffer D, Zenni MM, Bass TA, Angiolillo DJ. Platelet 
Inhibition With Cangrelor and Crushed Ticagrelor in Patients With 
ST-Segment-Elevation Myocardial Infarction Undergoing Primary 
Percutaneous Coronary Intervention. Circulation. 2019;139:1661-70.

 11.  Alexopoulos D, Pappas C, Sfantou D, Xanthopoulou I, Didagelos M, 
Kikas P, Ziakas A, Tziakas D, Karvounis H, Iliodromitis E. Cangrelor in 
Ticagrelor-Loaded STEMI Patients  Undergoing Primary Percutaneous 
Coronary Intervention. J Am Coll Cardiol. 2018;72:1750-1. 

 12.  Angiolillo DJ, Schneider DJ, Bhatt DL, French WJ, Price MJ, Saucedo JF, 
Shaburishvili T, Huber K, Prats J, Liu T, Harrington RA, Becker RC. 
Pharmacodynamic effects of cangrelor and clopidogrel: the platelet func-
tion substudy from the cangrelor versus standard therapy to achieve opti-
mal management of platelet inhibition (CHAMPION) trials. J Thromb 
Thrombolysis. 2012;34:44-55.

 13.  Angiolillo DJ, Rollini F, Storey RF, Bhatt DL, James S, Schneider DJ, 
Sibbing D, So DYF, Trenk D, Alexopoulos D, Gurbel PA, Hochholzer W, 
De Luca L, Bonello L, Aradi D, Cuisset T, Tantry US, Wang TY, 
Valgimigli M, Waksman R, Mehran R, Montalescot G, Franchi F, Price MJ. 
International Expert Consensus on Switching Platelet P2Y12  Receptor-
Inhibiting Therapies. Circulation. 2017;136:1955-75.

 14.  Franchi F, Ortega-Paz L, Rollini F, Galli M, Been L, Ghanem G, Shalhoub A, 
Ossi T, Rivas A, Zhou X, Pineda AM, Suryadevara S, Soffer D, Zenni MM, 
Reiter B, Jilma B, Angiolillo DJ. Cangrelor in Patients With Coronary 
Artery Disease Pretreated With  Ticagrelor: The Switching Antiplatelet 
(SWAP)-5 Study. JACC Cardiovasc Interv. 2023;16:36-46.

 15.  Franchi F, Rollini F, Ortega-Paz L, Been L, Giordano S, Galli M, Ghanem G, 
Garabedian H, Al Saleh T, Uzunoglu E, Rivas A, Pineda AM, Suryadevara S, 
Soffer D, Zenni MM, Mahowald M, Reiter B, Jilma B, Angiolillo DJ. 
Switching From Cangrelor to Prasugrel in Patients Undergoing 
Percutaneous Coronary Intervention: The Switching Antiplatelet-6 (SWAP-
6) Study. JACC Cardiovasc Interv. 2023;16:2528-39. 

 16.  Grimfjärd P, Lagerqvist B, Erlinge D, Varenhorst C, James S. Clinical use of 
cangrelor: nationwide experience from the Swedish Coronary Angiography 
and Angioplasty Registry (SCAAR). Eur Heart J Cardiovasc Pharmacother. 
2019;5:151-7.

 17.  Rymer JA, Bhatt DL, Angiolillo DJ, Diaz M, Garratt KN, Waksman R, 
Edwards L, Tasissa G, Salahuddin K, El-Sabae H, Dell’Anna C, Davidson-
Ray L, Washam JB, Ohman EM, Wang TY. Cangrelor Use Patterns and 
Transition to Oral P2Y12  Inhibitors Among Patients With Myocardial 
Infarction: Initial Results From the CAMEO Registry. J Am Heart Assoc. 
2022;11:e024513.

 18.  Selvarajah A, Tavenier AH, Bor WL, Houben V, Rasoul S, Kaplan E, 
Teeuwen K, Hofma SH, Lipsic E, Amoroso G, van Leeuwen MAH, Ten 
Berg JM, van ‘t Hof AWJ, Hermanides RS. Feasibility and safety of cangre-
lor in patients with suboptimal P2Y12 inhibition undergoing percutaneous 
coronary intervention: the Dutch Cangrelor registry. Eur Heart J Open. 
2021;1:oeab028. 

 19.  Silverio A, Bellino M, Scudiero F, Attisano T, Baldi C, Catalano A, 
Centore M, Cesaro A, Di Maio M, Esposito L, Granata G, Maiellaro F, 
Muraca I, Musumeci G, Parodi G, Personeni D, Valenti R, Vecchione C, 
Calabrò P, Galasso G. Intravenous antiplatelet therapy in patients with 
ST-segment elevation myocardial infarction undergoing primary percuta-
neous coronary intervention : A report from the INVEST-STEMI group. 
J Thromb Thrombolysis. 2024;57:757-66.

 20.  Gargiulo G, Marenna A, Sperandeo L, Manzi L, Avvedimento M, 
Simonetti F, Canonico ME, Paolillo R, Spinelli A, Borgia F, Diserafino L, 
Franzone A, Stabile E, Piccolo R, Cirillo P, Valgimigli M, Esposito G. 
Pharmacodynamic effects of cangrelor in elective complex PCI: insights 
from the POMPEII Registry. EuroIntervention. 2023;18:1266-8.

 21.  Gargiulo G, Cirillo P, Sperandeo L, Forzano I, Castiello DS, Florimonte D, 
Simonetti F, Paolillo R, Manzi L, Spinelli A, Spaccarotella CAM, Piccolo R, 

Di Serafino L, Franzone A, Capranzano P, Valgimigli M, Esposito G. 
Cangrelor in contemporary patients with ST-segment elevation myocardial 
infarction pretreated with Ticagrelor: Pharmacodynamic data from the 
POMPEII study. Int J Cardiol Heart Vasc. 2024;50:101344. 

 22.  Sibbing D, Aradi D, Alexopoulos D, Ten Berg J, Bhatt DL, Bonello L, 
Collet JP, Cuisset T, Franchi F, Gross L, Gurbel P, Jeong YH, Mehran R, 
Moliterno DJ, Neumann FJ, Pereira NL, Price MJ, Sabatine MS, So DYF, 
Stone GW, Storey RF, Tantry U, Trenk D, Valgimigli M, Waksman R, 
Angiolillo DJ. Updated Expert Consensus Statement on Platelet Function 
and Genetic Testing for Guiding P2Y12 Receptor Inhibitor Treatment in 
Percutaneous Coronary Intervention. JACC Cardiovasc Interv. 2019;12: 
1521-37. 

 23.  Ilardi F, Gargiulo G, Schiattarella GG, Giugliano G, Paolillo R, Menafra G, 
De Angelis E, Scudiero L, Franzone A, Stabile E, Perrino C, Cirillo P, 
Morisco C, Izzo R, Trimarco V, Esposito G. Effects of Carvedilol Versus 
Metoprolol on Platelet Aggregation in Patients With Acute Coronary 
Syndrome: The PLATE-BLOCK Study. Am J Cardiol. 2018;122:6-11.

 24.  Angiolillo DJ, Bhatt DL, Stone GW. Letter by Angiolillo et al Regarding 
Article, “Cangrelor, Tirofiban, and Chewed or Standard Prasugrel 
Regimens in Patients With ST-Segment-Elevation Myocardial Infarction: 
Primary Results of the FABOLUS FASTER Trial”. Circulation. 
2021;143:e795-6. 

 25.  Gargiulo G, Nagler M, Valgimigli M. Response by Gargiulo et al to Letter 
Regarding Article, “Cangrelor, Tirofiban, and Chewed or Standard 
Prasugrel Regimens in Patients With ST-Segment-Elevation Myocardial 
Infarction: Primary Results of the FABOLUS FASTER Trial”. Circulation. 
2021;143:e797-8.

 26.  Landi A, Gargiulo G, Valgimigli M. The Effects of Cangrelor on Platelet 
Aggregation in STEMI Patients: Methodological or Pharmacological 
Issues? JACC Cardiovasc Interv. 2022;15:229-30.

 27.  Franchi F, Rollini F, Galli M, Been L, Ghanem G, Shalhoub A, Rivas A, 
Zhou X, Pineda AM, Suryadevara S, Soffer D, Zenni MM, Bass TA, 
Angiolillo DJ. Impact of Timing of Pharmacodynamic Assessment on 
Platelet Reactivity in Patients Treated With Cangrelor. JACC Cardiovasc 
Interv. 2021;14:2410-2. 

 28.  Franchi F, Rollini F, Angiolillo DJ. Reply: The Effects of Cangrelor on 
Platelet Aggregation in STEMI Patients: Methodological or Pharmacological 
Issues? JACC Cardiovasc Interv. 2022;15:230-1.

 29.  Ferreiro JL, Ueno M, Angiolillo DJ. Cangrelor: a review on its mechanism 
of action and clinical development. Expert Rev Cardiovasc Ther. 
2009;7:1195-201.

 30.  Almendro-Delia M, Hernández-Meneses B, Padilla-Rodríguez G, Blanco-
Ponce E, Arboleda-Sánchez JA, Rodríguez-Yáñez JC, Soto-Blanco JM, 
Fernández-García I, Castillo-Caballero JM, García-Rubira JC, Hidalgo-
Urbano R. Timing of P2Y12  Inhibitor Administration in Patients With 
STEMI Undergoing Primary PCI. J Am Coll Cardiol. 2024;83:2629-39.

 31.  Piccolo R, Leone A, Simonetti F, Avvedimento M, Angellotti D, Manzi L, 
Verde N, Spaccarotella CAM, Di Serafino L, Cirillo P, Gargiulo G, 
Fortunato G, Franzone A, Esposito G. Periprocedural myocardial infarc-
tion in patients undergoing complex versus noncomplex percutaneous 
coronary intervention. Catheter Cardiovasc Interv. 2023;102:212-20.

 32.  De Luca L, Calabrò P, Capranzano P, Di Mario C, Chirillo F, Rolfo C, 
Menozzi A, Menichelli M, Bolognese L, Musumeci G. Safety of cangrelor 
and transition to oral P2Y12 inhibitors in patients undergoing percutaneous 
coronary intervention: the ARCANGELO study. Eur Heart J Open. 
2023;3:oead076.

Supplementary data
Supplementary Appendix 1. Supplementary methods.

The supplementary data are published online at:  
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-24-00757 



 

Supplementary data 

Supplementary Appendix 1. Supplementary methods. 

Pharmacodynamic assessment 

The pharmacodynamic assessments were performed as follows: 

a) LTA used a dual channel lumi-aggregometer (model 700; Chrono-Log, Havertown, PA). Blood 

samples were collected in sodium citrate anticoagulated tubes. Platelet-rich plasma (PRP) was 

obtained by centrifugation of blood at 150 g at room temperature for 15 minutes. Platelet-poor 

plasma (PPP) was obtained by re-centrifugation of the rest of the plasma at 1500 g for 10 minutes. 

Platelet aggregation was monitored at 37°C with constant stirring (1200 rpm) and measured as the 

increase in light transmission for 6 minutes, with the addition of ADP (5 and 20 μM) as a pro-

aggregatory stimulus. The results as a percentage of maximum platelet aggregation (MPA) were 

collected and used to calculate the percentage of inhibition of platelet aggregation (IPA%). HRPR 

was defined as MPA >59% (LTA 20 μmol/L ADP) and MPA >46% (LTA 5 μmol/L). 

b) MEA: MEA was assessed in whole blood by the Multiplate analyzer (Roche-Dynabyte Medical, 

Munich, Germany). Platelet aggregation was measured after addition of agonists in whole blood: 

platelets were activated and adhere on two electrode-set surfaces in the test cuvette, leading to a 

change of the electrical impedance. This instrument assessed the change in impedance caused by 

the adhesion of platelets into sensor units formed by silver-covered electrodes. ADPtest was used to 

assess ADP-induced pathways: first, 300 μl of hirudin-anticoagulated whole blood was incubated 

with 300 μl of NaCl 0.9 % for 3 min at 37°C; then, 20 μl of ADP (0.2 mM) was added. The mean 

values of 2 independent determinations were expressed as area under curve (AUC) in arbitrary units 

(U; 1 U = 10 AU min, aggregation units minutes), maximal aggregation (AU), and velocity 

(AU/min). HRPR was defined as AUC >46 U (MEA-ADP). 

c) VerifyNow: The VerifyNow-P2Y12 assay (Accumetrics, San Diego, California) is a whole-blood, 

light transmission-based optical detection system designed to measure platelet aggregation. It 

measures ADP-induced platelet agglutination as an increase in light transmittance and utilizes a 



 

proprietary algorithm to report values in P2Y12 reaction units (PRU). A higher PRU result reflects 

greater P2Y12-mediated platelet reactivity. Results from the device were reported as PRU, baseline 

value (BASE) for platelet function and % of inhibition. BASE values represent the pretreatment 

degree of platelet aggregation. The percentage of platelet inhibition was calculated as: ([BASE-

PRU]/BASE) × 100, which indicates the difference between pre- and post-treatment values. HRPR 

was defined as PRU >208. 

 

Clinical outcomes 

All deaths were categorized as cardiovascular or noncardiovascular. Cardiovascular death was 

defined as death resulting from an acute MI, sudden cardiac death, death from heart failure, death 

from stroke, death (immediate) from cardiovascular procedures, death from cardiovascular 

haemorrhage, and death from other cardiovascular causes. Noncardiovascular death was defined as 

any death not thought to be from a cardiovascular cause. MI was defined according to the fourth 

universal definition of MI. Stroke, categorized as ischemic or haemorrhagic or unknown, was 

defined as an acute episode of focal or global neurologic dysfunction caused by central nervous 

system (brain, spinal cord, and retina) vascular injury as a result of haemorrhage or infarction. 

Transient ischemic attack was defined as a new transient episode of neurologic dysfunction (usually 

1 to 2 hours), always within 24 hours, caused by focal brain, spinal cord, or retinal ischemia, 

without acute infarction. Stent thrombosis was defined according to the Academic Research 

Consortium. Urgent target vessel revascularization was defined as an urgent coronary 

revascularization in a target coronary vessel (ie, a vessel treated during the index PCI), and 

unplanned revascularization as any revascularization that was not prespecified or staged after index 

PCI. Bleeding events were defined according to BARC (Bleeding Academic Research Consortium), 

TIMI (Thrombolysis in Myocardial Infarction), and GUSTO (Global Utilization of Streptokinase 

and Tissue Plasminogen Activator for Occluded Arteries) classifications. 


