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Abstract
The use of intravenous antiplatelet therapy during primary percutaneous coronary intervention (PPCI) is not fully standard-
ized. The aim is to evaluate the effectiveness and safety of periprocedural intravenous administration of cangrelor or tirofiban 
in a contemporary ST-segment elevation myocardial infarction (STEMI) population undergoing PPCI. This was a multicenter 
prospective cohort study including consecutive STEMI patients who received cangrelor or tirofiban during PPCI at seven Ital-
ian centers. The primary effectiveness measure was the angiographic evidence of thrombolysis in myocardial infarction (TIMI) 
flow < 3 after PPCI. The primary safety outcome was the in-hospital occurrence of BARC (Bleeding Academic Research 
Consortium) 2–5 bleedings. The study included 627 patients (median age 63 years, 79% males): 312 received cangrelor, 
315 tirofiban. The percentage of history of bleeding, pulmonary edema and cardiogenic shock at admission was comparable 
between groups. Patients receiving cangrelor had lower ischemia time compared to tirofiban. TIMI flow before PPCI and TIMI 
thrombus grade were comparable between groups. At propensity score-weighted regression analysis, the risk of TIMI flow < 3 
was significantly lower in patients treated with cangrelor compared to tirofiban (adjusted OR: 0.40; 95% CI: 0.30–0.53). The 
risk of BARC 2–5 bleeding was comparable between groups (adjusted OR:1.35; 95% CI: 0.92–1.98). These results were con-
sistent across multiple prespecified subgroups, including subjects stratified for different total ischemia time, with no statistical 
interaction. In this real-world multicenter STEMI population, the use of cangrelor was associated with improved myocardial 
perfusion assessed by coronary angiography after PPCI without increasing clinically-relevant bleedings compared to tirofiban.

Keywords Bleedings · Cangrelor · Outcomes · TIMI · Tirofiban

Introduction

Immediate platelet inhibition by adjunctive intravenous 
antiplatelet therapy may mitigate the pro-thrombotic milieu 
during primary percutaneous coronary intervention (PPCI) 
and improve clinical outcome in patients with ST-segment 
elevation myocardial infarction (STEMI) [1].

Third-generation oral  P2Y12 inhibitors (ticagrelor or prasug-
rel) have a more sustained antiplatelet activity than clopidogrel 
and represent the first-line therapy together with aspirin in the 
majority of patients with acute coronary syndromes (ACS) [2, 
3]. However, oral agents require several hours to induce an effec-
tive platelet inhibition, exposing the patient to the risk of early 
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• The use of intravenous antiplatelet therapy during primary 

percutaneous coronary intervention (PPCI) is not fully standardized.
• This is the first multicentre study comparing the effectiveness 

and safety of cangrelor and tirofiban in a real-world population of 
patients with ST-segment elevation myocardial infarction (STEMI).

• Compared to tirofiban, the use of cangrelor was associated with 
a higher chance of successful myocardial reperfusion after PPCI, 
with no difference in terms of clinically-relevant bleedings 
during the hospitalization.

• Our study reinforces the role of cangrelor for periprocedural 
platelet inhibition during PPCI in patients with STEMI. These 
findings should be confirmed by future randomized clinical trials.
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ischemic events [4, 5]. Intravenous antiplatelet agents have the 
theoretical advantage of a rapid and sustained action in the first 
few hours and may overcome the drawbacks of oral therapy [6].

Cangrelor is a non-thienopyridine intravenous  P2Y12 
inhibitor with the unique pharmacokinetic property of a 
rapid onset/offset of action. In the CHAMPION PHOENIX 
trial, cangrelor reduced early ischemic events in patients 
undergoing urgent or elective PCI compared to clopidogrel, 
without increasing the risk of major bleedings [7].

Glycoprotein IIb/IIIa inhibitors (GPI; i.e., tirofiban and 
eptifibatide) have shown to reduce major adverse cardiovas-
cular events compared to heparin alone in patients undergoing 
PCI for ACS, but these ischemic benefits were partially offset 
by a significant increase in major bleedings [8, 9]. Unfortu-
nately, these studies did not selectively enroll STEMI patients 
undergoing contemporary pharmacological and PPCI treat-
ments, including the administration of potent  P2Y12 inhibitors 
and the use of radial access as the standard of care [10].

Owing to the lack of evidence from randomized studies, 
the optimal use of intravenous antiplatelet therapy during 
PPCI is not fully standardized. In this study, we aimed to 
evaluate the effectiveness and the safety of periprocedural 
intravenous administration of cangrelor or tirofiban in a real-
world population of STEMI patients undergoing contempo-
rary pharmacological and PPCI treatments.

Methods

Study population

The INVEST-STEMI (Investigating intravenous antiplate-
let therapy in patients with ST-Segment elevation myocar-
dial infarction) is an Italian multicenter registry including 
STEMI patients treated with intravenous antiplatelet therapy 
during PPCI at seven Italian centers.

All consecutive STEMI patients undergoing PPCI 
between January 2020 and January 2022 and receiving either 
cangrelor or tirofiban according to the physician's decision 
were prospectively enrolled in the study. STEMI diagnosis 
was performed according to current guidelines and system-
atically confirmed by coronary angiography [11, 12].

Patients treated with both cangrelor and tirofiban, if 
any, were excluded. In all patients, demographic, clinical, 
laboratory, echocardiographic, angiographic and PCI data 
were systematically collected and reported in an electronic 
dataset. The study population was divided into two groups 
according to the intravenous antiplatelet agent used (cangre-
lor or tirofiban) during PPCI.

The local Ethical Committees approved the study. The 
investigation conforms to the principles outlined in the 
Declaration of Helsinki. All patients were informed of the 

nature and aims of the study and asked to sign an informed 
consent for the anonymous management of their data.

Patient and public involvement statement

Eligible patients were asked to participate in the INVEST-
STEMI registry after the confirmation of STEMI diag-
nosis. Participants were not involved in determining the 
research question or outcome measures, nor were they 
involved in recruitment, design or implementation of the 
study. Participants were not asked for advice on the inter-
pretation of results.

Angiographic and procedural features

All the coronary angiograms were systematically reas-
sessed offline by two experienced operators at each center. 
The extension and the severity of coronary artery disease 
was expressed as type and number of coronary vessels 
involved, and by using the SYNTAX (Synergy Between 
Percutaneous Coronary Intervention with Taxus and Car-
diac surgery) score (SS) as previously described [13].

For each patient, the infarct-related artery (IRA) was 
reported. Data on thrombolysis in myocardial infarction 
(TIMI) flow grade of the IRA at baseline and after PPCI 
were systematically collected (Online Table 1) [14].

Angiographic coronary thrombus burden was visually 
evaluated through the TIMI thrombus grade, which was 
scored from 0 to 5 based on the initial diagnostic angio-
gram, as previously described (Online Table 2) [15].

PPCI was performed according to the standard tech-
niques. Data on minimum and maximum stent diameter 
and on the total length of stents implanted in the IRA were 
collected.

Myocardial blush grade (MBG) at the end of the pro-
cedure was assessed using the semiquantitative densito-
metric method as previously described (Online Table 3) 
[16, 17]. Successful myocardial reperfusion was defined 
as MBG grades 2 or 3.

Medications

Intravenous antiplatelet therapy was administered in all 
cases once the coronary anatomy was defined.

Tirof iban was administered at  a  25  μg/kg 
bolus + 0.15 μg/kg per minute infusion for 2 h (or infu-
sion at 0.075 μg/kg per minute if creatinine clearance 
was < 30 mL/min). Cangrelor was administered at a 30 μg/
kg bolus + 4 μg/kg per minute infusion for 2 h.
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Study outcome measures

The primary outcome measure of effectiveness was the 
angiographic evidence of TIMI flow < 3 after PPCI. The 
primary safety outcome was the occurrence of clinically-
relevant bleedings during the hospitalization, defined as 
BARC (Bleeding Academic Research Consortium) ranging 
from 2 to 5 [18].

The secondary outcome measures were TIMI flow < 2 and 
MBG < 2 after PPCI, the occurrence of BARC 3–5 bleeding 
during the hospitalization, and in-hospital mortality.

The relative change in left ventricular ejection fraction 
(LVEF) assessed by transthoracic echocardiography from 
admission to discharge was considered as an exploratory 
outcome measure.

Statistical analysis

The normal distribution of continuous parameters was tested 
with the Kolmogorov-Smirnov test. Normally distributed 
variables were expressed as mean ± standard deviation (SD), 
whereas non-normally distributed ones as median and inter-
quartile range (IQR). Categorical variables were reported as 
numbers and percentages. Continuous normally distributed 
variables were compared using the Student t-test; continuous 
non-normally-distributed variables were compared with the 
Mann-Whitney U test. Categorical variables were compared 
with the chi-squared test, or Fisher exact test, as appropriate. 
Ordinal variables were compared with the Kendall’s Tau-c test.

The association between treatments and the study out-
come measures was assessed using logistic regression 
analysis and reported as unadjusted and adjusted odds 
ratios (OR) with their 95% confidence intervals (CI). 
We used the propensity score weighting technique to 
account for potential selection bias in treatment assign-
ment between patients receiving cangrelor or tirofiban 
(average effect weights). The propensity score model 
was developed using a non-parsimonious approach and 
by incorporating a pre-procedural covariates potentially 
related to the treatment decision and/or outcome regard-
less of their statistical significance or collinearity with 
other covariates included in the model [19, 20]. The list 
of variables included in the propensity score model are 
reported in Online Table 4. After weighting, a standard-
ized mean difference (SMD) below 0.10, which reflects 
an optimal balance for all covariates included in the pro-
pensity score model, was achieved (Online Fig. 1).

The rate of missing baseline values, if any, is shown in 
Online Table 5. Missing data were handled using multiple 
imputations with the method of chained equations. Twenty 
imputed data sets were generated and combined using 
Rubin’s rules [21].

A sensitivity analysis was conducted to verify the con-
sistency of the main results for the primary outcomes of the 
study was investigated in prespecified subgroups of clinical 
interest: males or females, age ≥ 65 or < 65 years, presence 
or not of diabetes, presence or not of chronic kidney disease, 
clinical presentation with or without cardiogenic shock, use 
of radial or femoral access for PCI, and total ischemia time 
ranges.

A further sensitivity analysis was conducted to test the 
association between study treatments and BARC 2–5 bleed-
ings within 48 h.

Heterogeneity between centers of the treatment effect 
for both primary outcome measures was assessed using the 
Q-statistic and  I2 tests. Significant heterogeneity was con-
sidered present for p values < 0.10 or  I2 > 50%. For all the 
other tests, a p-value < 0.05 was considered statistically sig-
nificant. Analysis was performed using SPSS software ver-
sion 28.0 (SPSS Inc., Chicago, Illinois) and R version 4.3.1 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Study population

Of 3,556 STEMI patients undergoing PPCI at the participat-
ing centers, 646 (18.2%) received intravenous antiplatelet 
therapy during procedure; 19 patients (2.9%) who received 
both cangrelor and tirofiban as a bailout strategy were 
excluded. The final study population included 627 patients 
(median age 63 years, 79.1% males): 312 (49.8%) received 
cangrelor and 315 (50.2%) tirofiban. The clinical character-
istics of the study population are summarized in Table 1.

Patients treated with tirofiban had a higher prevalence of 
prior myocardial infarction (MI; 6.8% vs. 15.9%, p < 0.001) 
and prior PCI (8.5% vs. 16.5%, p = 0.002) compared to 
patients treated with cangrelor. There was no difference 
between groups in terms of history of bleeding or atrial 
fibrillation. The estimated glomerular filtration rate was sig-
nificantly higher in patients treated with cangrelor compared 
to those treated with tirofiban (p < 0.001). The percentage of 
pulmonary edema or cardiogenic shock at clinical presenta-
tion, and the need for inotropic agents or mechanical circula-
tory support during the hospitalization, were not statistically 
different between groups.

The angiographic and procedural characteristics of 
the study population are summarized in Table 2. Patients 
receiving cangrelor had lower ischemia time than patients 
treated with tirofiban (p = 0.016); however, the proportion of 
patients with total ischemia time lower than 6 h was com-
parable between groups. The proportion of  P2Y12 recep-
tor blockers preloading was comparable between groups. 
No difference was reported in terms of vascular access for 
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PPCI between groups. SS score was higher in the tirofiban 
than in the cangrelor group (p < 0.001). TIMI flow before 
PPCI and TIMI thrombus grade were comparable between 
groups. Moreover, there was no difference in terms of mini-
mum stent diameter, total stent length, and number of stents 
implanted per procedure. The type of lesions treated at the 
index PPCI was not significantly different between groups.

Study outcomes

TIMI flow < 3 after PPCI was reported in 140 patients 
(22.3%) and was less frequent in patients treated with can-
grelor compared to those treated with tirofiban (14.1 vs. 
30.5%, p < 0.001; Table 3). Furthermore, TIMI flow < 2 
and MBG < 2 after PPCI were less frequently observed in 
patients treated with cangrelor.

The percentage of BARC 2–5 bleedings during the hospi-
talization was comparable between groups. No difference in 

terms of periprocedural MI, stent thrombosis and in-hospital 
death was observed between groups.

The unadjusted and adjusted OR for the study outcomes 
are shown in Fig. 1. At propensity score-weighted adjusted 
regression analysis, there was a lower risk of TIMI flow < 3 
in patients treated with cangrelor compared to those treated 
with tirofiban (adjusted OR:0.40; 95% CI:0.30–0.53). No 
difference was detected for the risk of BARC 2–5 bleeding 
between groups (adjusted OR:1.35; 95% CI:0.92–1.98).

A low degree of heterogeneity between centers of the 
treatment effect was observed for both primary outcomes 
of effectiveness  (I2 = 31.3%; p = 0.188) and safety  (I2 = 0%; 
p = 0.427).

The results for the primary outcomes were consistent 
across multiple subgroups, with no significant interac-
tions in the propensity score-weighted regression analy-
ses (Online Table 6 and 7). Patients treated with cangre-
lor also showed a lower risk of TIMI flow < 2 (adjusted 

Table 1  Clinical characteristics of the study population

AF, atrial fibrillation; CABG, coronary artery bypass graft; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; IABP, 
intra-aortic balloon pump; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention
* Obesity was defined by a body mass index > 30 kg/m2

** Times the 99th percentile upper reference limit

Overall population
(N = 627)

Cangrelor
(N = 312)

Tirofiban
(N = 315)

p-value

Age, years 63.0 (56.0–71.6) 63.0 (55.0–71.0) 63.0 (56.0–72.0) 0.669
Male sex, N (%) 496 (79.1) 245 (78.5) 251 (79.7) 0.722
Diabetes, N (%) 124 (19.9) 59 (19.1) 65 (20.6) 0.630
Hypertension, N (%) 397 (63.6) 203 (65.7) 194 (61.6) 0.286
Dyslipidemia, N (%) 338 (54.2) 174 (56.3) 164 (52.1) 0.287
Active smoking N (%) 323 (55.0) 160 (58.8) 163 (51.7) 0.086
Family history of CAD, N (%) 159 (25.5) 84 (27.2) 75 (23.8) 0.333
Obesity*, N (%) 157 (25.2) 82 (26.5) 75 (23.8) 0.432
Prior MI, N (%) 71 (11.4) 21 (6.8) 50 (15.9)  < 0.001
Prior PCI, N (%) 78 (12.5) 26 (8.5) 52 (16.5) 0.002
Prior CABG, N (%) 11 (1.8) 4 (1.3) 7 (2.2) 0.384
Active malignancy, N (%) 7 (1.3) 4 (1.3) 3 (1.3) 0.953
History of major bleeding, N (%) 2 (0.3) 0 2 (0.7) 0.155
History of AF, N (%) 32 (5.1) 14 (4.5) 18 (5.7) 0.509
eGFR, mL/min 86.0 (67.0–98.2) 89.0 (70.3–103.0) 82.1 (64.0–95.0)  < 0.001
Hemoglobin, g/dL 14.6 (13.3–15.5) 14.7 (13.3–15.5) 14.5 (13.3–15.6) 0.640
Hematocrit, % 43.0 (40.1–45.9) 43.0 (40.2–45.4) 43.1 (40.1–46.0) 0.581
Peak troponin 4055.0 (84.6–27576.0) 5229.0 (88.2–41012.9) 2883.0 (76.1–21913.0) 0.325
LVEF at admission, % 45.0 (40.0–50.0) 45.0 (38.0–50.0) 45.0 (40.0–50.0) 0.351
Pulmonary edema at admission, N (%) 56 (8.9) 34 (10.9) 22 (7.0) 0.086
Cardiogenic shock at admission, N (%) 59 (9.4) 32 (10.3) 27 (8.6) 0.470
Inotropic agents during the hospitalization, N (%) 66 (10.5) 39 (12.5) 27 (8.6) 0.109
IABP during the hospitalization, N (%) 23 (3.7) 16 (5.2) 7 (2.2) 0.051
Impella during the hospitalization, N (%) 1 (0.2) 0 1 (0.3) 0.315
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OR:0.41; 95% CI:0.24–0.71) and of MBG < 2 (adjusted 
OR:0.39; 95% CI:0.29–0.52) compared to patients treated 
with tirofiban.

There was no difference between study treatments for 
the risk of BARC 2–5 bleedings within 48 h both at unad-
justed (OR:1.01; 95% CI:0.55–1.84) and adjusted (adjusted 
OR:0.98; 95% CI:0.63–1.55) regression analyses.

Patients treated with cangrelor showed a statistically 
significant improvement in LVEF at discharge compared 
to patients treated with tirofiban (p = 0.008; Online Fig. 2).

Discussion

The in-hospital outcome of STEMI patients is closely time-
dependent and the gap in the onset of action of oral  P2Y12 
inhibitors may influence the effectiveness of myocardial 
revascularization during PPCI, particularly in patients at 
higher thrombotic risk or with compromised gastrointestinal 
absorption due to hemodynamic impairment [1, 6].

This is the first multicenter study evaluating the effective-
ness and safety of cangrelor and tirofiban in a real-world 

Table 2  Angiographic and procedural characteristics of the study population

ISR, in-stent restenosis; LAD, left anterior descending; LCx, left circumflex; LM, left main; PCI, percutaneous coronary intervention; RCA , right 
coronary artery; ST, stent thrombosis; TIMI; Thrombolysis in Myocardial Infarction
* Time from onset of symptoms to reperfusion (wire crossing)

Overall
(N = 627)

Cangrelor
(N = 312)

Tirofiban
(N = 315)

p-value

Total ischemic  time*, N (%) 0–3 h 209 (33.3) 120 (38.5) 89 (28.3) 0.016
3–6 h 126 (20.1) 43 (13.8) 83 (26.6)
6–12 h 51 (8.1) 24 (7.7) 27 (8.6)
 > 12 h 79 (12.6) 38 (12.2) 41 (13.0)

Total ischemic  time* 0–6 h, N (%) 335 (71.7) 163 (71.8) 172 (71.7) 0.973
Total ischemic  time* > 6 h, N (%) 130 (27.8) 62 (27.3) 68 (28.3) 0.806
P2Y12 receptor blockers preloading, N (%) 127 (20.3) 59 (18.9) 68 (21.6) 0.404
Arterial access, N (%) Radial 517 (82.5) 257 (82.4) 260 (82.5) 0.956

Femoral 109 (17.4) 55 (17.6) 54 (17.1) 0.873
Other 1 (0.2) 0 1 (0.3) 0.319

Multivessel disease, N (%) 298 (47.5) 142 (45.5) 156 (49.5) 0.315
SYNTAX score 14.5 (8.0–21.5) 12.0 (8.0–19.1) 15.0 (9.0–23.0)  < 0.001
Treated vessel, N (%) LAD 282 (45.0) 162 (53.8) 120 (50.2) 0.404

LCx 91 (14.5) 49 (16.3) 42 (17.6) 0.690
RCA 214 (34.1) 116 (38.5) 98 (41.0) 0.561
LM 24 (3.8) 16 (5.3) 8 (3.3) 0.270
Graft 4 (0.6) 1 (0.3) 3 (1.3) 0.208

TIMI flow before PCI, N (%) 0 407 (64.9) 189 (60.6) 218 (69.2) 0.126
1 102 (16.3) 65 (20.8) 37 (11.7)
2 90 (14.4) 43 (13.8) 47 (14.9)
3 28 (4.5) 15 (4.8) 13 (4.1)

TIMI thrombus grade, N (%) 0 19 (3.0) 3 (1.0) 16 (5.1) 0.074
1 12 (1.9) 9 (2.9) 3 (1.0)
2 24 (3.8) 17 (5.5) 7 (2.2)
3 75 (12.0) 40 (12.9) 35 (11.1)
4 96 (15.3) 54 (17.4) 42 (13.3)
5 400 (63.8) 188 (60.5) 212 (67.3)

Minimum stent diameter, mm 3.0 (2.5–3.5) 3.0 (2.5–3.5) 3.0 (2.7–3.5) 0.885
Total stent length, mm 32.0 (23.0–48.0) 32.0 (23.0–52.0) 32.5 (23.0–46.0) 0.779
Number of stents/procedure 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.530
Bifurcation PCI, N (%) 106 (16.9) 49 (15.8) 57 (18.1) 0.446
ISR PCI, N (%) 15 (2.4) 5 (1.6) 10 (3.2) 0.202
Stent thrombosis PCI, N (%) 39 (6.2) 14 (4.5) 25 (7.9) 0.075
Complete revascularization at the index PCI, N (%) 386 (67.1) 200 (66.0) 186 (68.4) 0.545
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STEMI population. The main findings of the study are as 
follows:

i) patients treated with cangrelor had a higher chance of 
successful myocardial reperfusion assessed by coro-
nary angiography indices after PPCI compared to those 
treated with tirofiban;

ii) the use of cangrelor or tirofiban did not influence the risk 
of clinically-relevant bleedings during the hospitaliza-
tion;

iii) the use of tirofiban was preferred over cangrelor in 
patients with prior MI and prior PCI; cangrelor was 
preferred in patients with early presentation within 3 h 
from symptoms onset;

iv) the thrombus burden and the type of coronary lesion did 
not influence the choice of the intravenous antiplatelet 
agent during PPCI;

v) patients treated with cangrelor showed a slightly greater 
improvement of LVEF at discharge.

Current guidelines recommend the use of GPI as a bailout 
strategy and in the setting of high-risk PCI in patients who 
have not been pre-treated with  P2Y12 inhibitors. On the other 
hand, cangrelor may be considered in  P2Y12 inhibitor-naïve 

patients [11, 12]. Therefore, the use of GPIs should be pre-
ferred in STEMI patients with high thrombotic burden, who 
have higher chance of no-reflow or thrombotic complica-
tions during PPCI. Cangrelor should be used before PPCI, 
particularly in whom oral therapy with  P2Y12 inhibitors is 
not feasible or desirable [6].

In this study including a contemporary cohort of STEMI 
patients, preloading with  P2Y12 inhibitors was performed 
in about one fifth of patients, with no difference between 
cangrelor and tirofiban groups. Clinicians considered feasi-
ble the co-administration of cangrelor with  P2Y12 receptor 
blockers in patients with STEMI, as well as the combination 
with GPI. This result was consistent with an observational 
study by Grimfjӓrd et al. including 899 STEMI patients 
from the Swedish Coronary Angiography and Angioplasty 
Registry, which reported ticagrelor preloading in 35% of 
cases [22]. The use of cangrelor in patients pre-treated with 
 P2Y12 inhibitors is supported by the CANTIC trial, a phar-
macodynamic study on 50 STEMI patients randomized 
to treatment with either cangrelor or matching placebo 
co-administered with ticagrelor 180 mg loading [23]. The 
use of cangrelor was associated with an early reduction of 
 P2Y12 reaction units, which persisted during the entire dura-
tion of drug infusion, without drug-drug interaction. This 

Table 3  Study outcome measures

BARC , Bleeding Academic Research Consortium; CI, confidence interval; MI, myocardial infarction; OR, odds ratio; TIMI; Thrombolysis in 
Myocardial Infarction

Overall population 
(N = 627)

Cangrelor (N = 312) Tirofiban (N = 315) p*

TIMI flow < 3, N (%) 140 (22.3) 44 (14.1) 96 (30.5)  < 0.001
TIMI flow 0–1, N (%) 34 (5.4) 9 (2.9) 25 (7.9) 0.005
TIMI flow 0 15 (2.4) 5 (1.6) 10 (3.2)  < 0.001

1 19 (3.0) 4 (1.3) 15 (4.8)
2 106 (16.9) 35 (11.2) 71 (22.5)
3 487 (77.7) 268 (85.9) 219 (69.5)

MBG 0–1, N (%) 121 (19.3) 38 (12.2) 83 (26.3)  < 0.001
MBG, N (%) 0 40 (6.4) 12 (3.8) 28 (8.9) 0.001

1 81 (12.9) 26 (8.3) 55 (17.5)
2 179 (28.5) 97 (31.1) 82 (26.0)
3 327 (52.2) 177 (56.7) 150 (47.6)

BARC 2–5 bleeding, N (%) 56 (8.9) 31 (9.9) 25 (7.9) 0.380
BARC 3–5 bleeding, N (%) 24 (3.8) 14 (4.5) 10 (3.2) 0.392
BARC bleeding, N (%) 1 40 (6.4) 24 (7.7) 16 (5.1) 0.117

2 32 (5.1) 17 (5.4) 15 (4.8)
3 22 (3.5) 14 (4.5) 8 (2.5)
5 2 (0.3) 0 2 (0.6)

BARC 2–5 bleeding within 48 h, N (%) 46 (7.3) 23 (7.4%) 23 (7.4%) 0.973
Periprocedural MI, N (%) 32 (5.1) 16 (5.1) 16 (5.1) 0.970
Stent thrombosis, N (%) 6 (1.0) 3 (0.3) 3 (0.3) 1.000
Death, N (%) 32 (5.1) 19 (6.1) 13 (4.1) 0.264
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pharmacokinetic and pharmacodynamic profile of cangrelor 
in patients pretreated with a 180 mg ticagrelor loading dose 
was confirmed by the SWAP-5 study, a recent randomized 
trial including 20 patients with coronary artery disease [24].

In our study, the use of tirofiban was higher in patients 
with history of prior MI or PCI compared to cangrelor. This 
different use of intravenous antiplatelet agents was not influ-
enced by preloading with P2Y12 inhibitors, which was com-
parable between groups. Moreover, the thrombus burden, the 
TIMI flow before PPCI and the type of coronary lesion did 
not orient toward the use of either drug during procedure. 
Thus, we hypothesized that these differences reflect a differ-
ent behavior of the interventional cardiologists in the use of 
these agents in real-world PPCI practice.

Cangrelor was preferred over tirofiban in patients under-
going PPCI in the first three hours from symptoms onset. 
This result is consistent with the study by Grimfjӓrd et al., 
who reported a preferential use of cangrelor in patients 

undergoing PPCI within 3 h from the first ECG, reflecting 
the pharmacodynamic profile of cangrelor and the theoreti-
cal benefit in patients with very early presentation [22].

There are limited data about the use of cangrelor in the 
clinical scenario of STEMI patients with hemodynamic 
instability. In this real-world study, intravenous antiplatelet 
therapy was widely used in patients with cardiogenic shock 
who required infusion of inotropic agents or mechanical cir-
culatory support, reflecting the intention to achieve more 
potent and rapid antiplatelet activity. In these very high-risk 
patients, we found a numerically higher use of cangrelor 
than tirofiban, albeit in absence of statistical differences. 
This suggests that the use of cangrelor is preferred in these 
patients who have a higher likelihood of ischaemic compli-
cations in the first hours after PPCI [25, 26].

The main finding of this real-world study was the associa-
tion of cangrelor with better myocardial reperfusion assessed 
by coronary angiography indices after PPCI compared to 

Fig. 1  Unadjusted and adjusted analysis for the risk of the study out-
comes in patients receiving cangrelor or tirofiban. aOR, adjusted odds 
ratio; BARC, Bleeding Academic Research Consortium; CI, confi-

dence interval; MBG, myocardial blush grade; OR, odds ratio; TIMI; 
Thrombolysis in Myocardial Infarction
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tirofiban. Of note, this result was consistent among prespeci-
fied patients’ subgroups, including patients with different 
ischemia time and patients with or without chronic kidney 
disease.

The angiographic assessment of reperfusion in the IRA at 
the end of the procedure has a major prognostic significance 
in STEMI and has been routine in most centers for decades 
[14, 27, 28]. However, there is no study assessing the angio-
graphic indices of myocardial reperfusion as measures of 
effectiveness in STEMI patients undergoing either cangrelor 
or tirofiban treatment during PPCI.

The FABOLUS-FASTER trial was a multicenter, rand-
omized, pharmacodynamic study including 122  P2Y12-naïve 
patients with STEMI randomized to cangrelor, tirofiban, 
or 60-mg loading dose of prasugrel [29]. At 30 min from 
administration, tirofiban yielded a higher inhibition of plate-
let aggregation than cangrelor, and both were superior to 
prasugrel.

It is reasonable to assume that a drug with the highest 
inhibition of platelet aggregation would result in a better cor-
onary flow after PPCI. However, these divergent results need 
to be interpreted against some limitations of the FABOLUS-
FASTER study. Indeed, the rates of high platelet reactivity 
on cangrelor assessed with light transmittance aggregometry 
in the FABOLUS-FASTER were several-fold higher than 
shown with other assays requiring minimal sample process-
ing (eg. VerifyNow, Multiplate impedance aggregometry) 
[30]. Furthermore, the level of inhibition of platelet aggre-
gation assessed in the FABOLUS FASTER was extremely 
low for a highly selective and potent  P2Y12 receptor blocker 
such as cangrelor. This pharmacodynamic evidence also 
diverges from an exploratory analysis by Vaduganathan et al. 
on 2042 patients enrolled in the CHAMPION trials, show-
ing that cangrelor was at least as effective as GPI in reduc-
ing ischemic complications within 48 h after PCI, which is 
consistent with our results [31]. However, compared with 
our study, the analysis by Vaduganathan et al. included only 
12% patients with STEMI, the preferred GPI were eptifiba-
tide (78%) and abciximab (15%), and cangrelor was tested 
against clopidogrel as  P2Y12 inhibitor.

The angiographic evidence of an improved myocar-
dial reperfusion in the IRA at the end of the procedure in 
patients receiving cangrelor suggests a potentially higher 
clinical benefit from PPCI in these patients compared to 
those receiving tirofiban [32]. Although our study was not 
powered to evaluate clinical events, treatment with cangre-
lor was associated with a significantly higher improvement 
of LVEF at discharge compared to tirofiban. Although this 
analysis was merely exploratory and other mechanisms may 
have influenced the LVEF changes during hospitalization, 
it could provide a functional correlate of the more effec-
tive myocardial reperfusion observed in cangrelor-treated 
patients compared to tirofiban.

In our study, the use of either cangrelor or tirofiban was 
not associated with a different risk of clinically-relevant 
bleedings. Yerasi et al., in a recent study including 2072 
all-comers patients undergoing PCI and adjunctive therapy 
with either cangrelor or GPI (eptifibatide in 99%), reported a 
lower incidence of major bleedings in patients receiving can-
grelor [32]. This result, partially diverging from our study, 
may be explained by the different clinical scenario of STEMI 
and by the selective use of tirofiban as a GPI in our study. 
Moreover, our results were consistent with the propensity-
matched analysis by Vaduganathan et al., reporting at least 
comparable risk of moderate-to-severe bleedings in patients 
receiving cangrelor vs. GPI [31].

This study has some limitations that should be acknowl-
edged. Owing to the observational nature of the study, our 
results should be considered as hypothesis-generating and 
interpreted with caution. To account for potential selection 
bias in treatment assignment, we used the propensity score 
weighting technique to adjust for several baseline patient-
related characteristics. Although we included several vari-
ables in the model (non-parsimonious approach), we cannot 
exclude a residual selection bias related to other concealed 
confounders [33]. We also conducted a sensitivity analysis 
showing the consistency of the primary results among mul-
tiple prespecified subgroups.

The INVEST-STEMI registry protocol does not include 
the re-evaluation of coronary angiography indices by a cen-
tral core laboratory. The study does not provide information 
on the timing of administration of intravenous antiplatelet 
therapy (before PCI or during PCI as bailout treatment). 
However, we provided information on TIMI thrombus grade 
and TIMI flow before PCI, which do not seem to have influ-
enced the use of either cangrelor or tirofiban.

In this real-world study, we did not perform a formal cal-
culation of the sample size, but we included all consecutive 
patients meeting the study inclusion criteria at each partici-
pating center throughout the study period.

This study evaluated the safety and effectiveness of 
tirofiban and the results cannot be generalized to other GPIs. 
Another limitation is the lack of follow-up information.

Conclusions

In this real-world multicenter study including patients with 
STEMI, the use of cangrelor was associated with improved 
myocardial perfusion assessed by coronary angiography 
after PPCI, without increasing clinically-relevant bleedings 
compared to tirofiban.

Balancing individual haemorrhagic risk against the 
expected benefit of intravenous antiplatelet therapy is criti-
cal in patients with STEMI. Whether cangrelor is the best 
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choice in this high-risk clinical scenario needs confirmation 
by randomized studies.
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