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Abstract

Objectives: We sought to investigate the safety and potential benefit of administrat-

ing glycoprotein IIb-IIIa inhibitors (GPIs) on top of more potent P2Y12 inhibitors.

Background: A number of clinical trials, performed at a time when pretreatment and

potent platelet inhibition was not part of routine clinical practice, have documented

clinical benefits of GPI in ST-segment elevation myocardial infarction (STEMI)

patients at the cost of a higher risk of bleeding.

Methods: We used the data of a prospective, ongoing registry of patients admitted

for STEMI in our center. For the purpose of this study only patients presenting for

primary percutaneous coronary intervention and pretreated with new P2Y12 inhibi-

tors (prasugrel or ticagrelor) were included. We compared patients who received GPI

with those who did not.

Results: Eight hundred twenty-four STEMI patients were included in our registry;

GPIs were used in 338 patients (41%). GPI patients presented more often with car-

diogenic shock and Thrombolysis in myocardial infarction (TIMI) flow grade <3. GPI

use was not associated with an increase in in-hospital or 3-month mortality. Bleeding

endpoints were similar in both groups.

Conclusions: Our study suggests that GPI may be used safely in combination with recent

P2Y12 inhibitors in STEMI patients in association with modern primary percutaneous cor-

onary intervention strategies (radial access and anticoagulation with enoxaparin) with simi-

lar bleeding and mortality rates at hospital discharge and 3-month follow-up.
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1 | INTRODUCTION

Fast and potent platelet inhibition is recommended at the time of per-

cutaneous coronary intervention (PCI) in patients with ST segment

elevation myocardial infarction (STEMI) in order to restore coronary

flow as soon as possible.1

Glycoprotein IIb/IIIa inhibitors (GPIs), currently recommended

only in highly thrombotic situations,1 have longtime been used on a

routine basis in the setting of primary PCI, when pretreatment with

oral potent platelet inhibition was not part of routine clinical practice,

with documented clinical benefits patients but also an increased risk

of bleeding.2–4 In the era of more potent and faster acting

P2Y12-inhibitors like prasugrel and ticagrelor, the benefit and, more

importantly, the safety of GPI, remains discussed. Moreover, the rec-

ommended use of GPIs in the presence of no-reflow or thrombotic

complications (Class IIa, level of evidence C) and in P2Y12-inhibitor

naïve patients undergoing PCI (Class IIb, level of evidence C)1,5 is not

supported by any randomized controlled trial. Data concerning the

use of GPI in association with prasugrel and ticagrelor are scarce and

limited to sub-analyses of original publications with mostly femoral

approaches.

We sought to investigate the safety and efficacy of GPI adminis-

tration in association with ticagrelor or prasugrel as recommended by

guidelines,1 in the setting of primary PCI in a prospective real-life

cohort of STEMI patients in an experienced radial-first center.

2 | METHODS

2.1 | Study population and protocol

The study is based on data from a prospective, observational, open,

ongoing registry of patients included in a regional multicenter STEMI

network and admitted in our center for primary PCI.

Follow-up is performed by a dedicated staff at hospital discharge

and, at 3 months, by a physical visit or phone call to the patients, rela-

tives or patients' physician. In case of hospitalization, medical records

are requested and reviewed. When data are unavailable, the national

mortality database is consulted to assess vital status. All clinical data

are prospectively recorded.

The study was approved by the French North-West-3 ethics board.

All patients gave informed consent to be included and followed up.

For the purpose of our study we only included patients who

received pretreatment with newer, potent P2Y12 inhibitors (prasugrel

or ticagrelor). Patients receiving fibrinolytic treatment were excluded.

2.2 | Pharmalogical treatment

All patients were pretreated following the regional STEMI protocol

with enoxaparin 0.5 mg/kg intravenous (iv), aspirin (250 mg intrave-

nous bolus) and P2Y12 inhibitor oral loading doses (ticagrelor 180 mg,

prasugrel 60 mg) prior to coronary angiography.

GPI treatment could be considered at the discretion of the opera-

tor for bail-out (no reflow or thrombotic complications) or in case of

high thrombus burden after angiography was performed. Abciximab

(0.25 mg/kg iv-bolus, 0.125 μg/kg/min infusion for 12–36 h), tirofiban

(25 μg/kg over 3 min followed by 0.15 μg/kg/min infusion for 18–

24 h) or eptifibatide (180 μg/kg iv-bolus repeated after 10 min

followed by 2 μg/kg/min infusion for 18–96 h) could be used. Doses

were adapted to renal function if needed.

2.3 | Study Outcomes and definitions

Routine (or planned) GPI use was defined as initiation of GPI infusion

prior to PCI guidewire insertion in patients with heavy thrombotic

burden, in opposition to bail-out use, where GPI was used after initia-

tion of PCI for the management of angiographic or clinical complica-

tions. Cardiogenic shock was defined as persistent systolic

hypotension <100 mmHg requiring the use of inotropic drugs.

Bleeding events were classified using the Bleeding Academic

Research Consortium (BARC) definition.6 The primary efficacy end-

point was all-cause in hospital-mortality. The primary safety outcome

of our study was the onset of in-hospital major bleeding defined as

BARC ≥2.

Secondary endpoints included 3-month all-cause mortality and

major bleeding, radiologically confirmed stroke, recurrent MI,7 proba-

ble or definite stent thrombosis, rehospitalization for cardiovascular

causes and final post-PCI TIMI flow grade and minor bleeding, defined

as BARC <2.

2.4 | Statistical analysis

We divided the patients into two groups: Those who received GPI

(routine or bail-out) and those who did not.

Continuous and categorical variables were expressed as mean

± SD and numbers (%), respectively. The distribution of variables was

visually assessed. Continuous variables were all normally distributed

and compared between groups by the Student's t test. Categorical

variables were compared using the χ2 or Fisher's exact tests when

adequate.

We calculated a propensity score to account for the pre-PCI

propension of patients to receive GPI using a logistic regression model

including pre-defined variables: age, gender, prior PCI, known renal

failure, oral anticoagulant treatment, pretreatment with aspirin, pra-

sugrel or ticagrelor, stent thrombosis at presentation, mechanical

thrombus aspiration, and initial TIMI flow grade. We also performed a

post hoc complementary analysis using a secondary propensity score

including variables diabetes, body mass index and cardiogenic shock,

on top of those included in the latter model.

The association between GPI use and 3-month mortality was esti-

mated using unadjusted and adjusted Cox regression models with cal-

culation of HRs (95% CI). All other outcomes were compared between

groups using unadjusted and adjusted logistic regression models with
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calculation of ORs (95% CI). All models were adjusted on the propen-

sity score, age and gender. GRACE8 and CRUSADE9 scores were

forced into the models for the assessment of mortality and bleeding,

respectively.

We also performed a propensity score tertile-matched analysis

using similar models.

All tests were 2-sided and p < .05 was considered to be significant.

R software version 3.0.0 (2013-04-03) for MacOS (R Foundation

for Statistical Computing) was used for statistical analyzes.

3 | RESULTS

Among 1225 patients prospectively included in our database

between July 2015 and December 2018, 401 were excluded

(161 with fibrinolysis, 213 without newer P2Y12-inhibitor pre-treat-

ment, 27 without confirmed STEMI diagnosis). A total of 824 STEMI

patients were finally included for the current analysis. GPI was used

in 338 patients (41%) (Figure 1). Tirofiban, eptifibatide, and

abciximab were used in 95.3%, 3.3%, and 1.2% of patients,

respectively.

The indication for GPI use was routine in 175 (52%) and “bail-
out” in 156 (46.2%) patients.

3.1 | Patient characteristics (Table 1)

Table 1 summarizes baseline characteristics of the studied population.

Mean age was 62.1 ± 13.1 years and 76% of patients were men.

Patients treated with GPI were younger (p < .001), had higher

BMI (p = .04), more frequently a current smoker status (60.7% vs.

52.5%, p = .02) and prior PCI (13.6% vs. 8.6%, p = .02). Unlike those

without GPI, no patient in the GPI group had oral anticoagulant

treatment.

Systolic blood pressure (SBP) was lower (p < .01) and rates of car-

diogenic shock were twice as high in the GPI group (9.8% vs. 4.3%

p = .002). Cardiac arrest during PCI was also more frequent in the GPI

group (2.4% vs. 0.6%, p = .03).

First medical contact (defined by the qualifying ECG) to balloon

times were similar between the two groups. Pretreatment with

ticagrelor was less frequent (70.1% vs. 79.0%, p = .004), whereas pre-

treatment with prasugrel was more frequent in the GPI group (29.9%

vs. 21.0%, p = .003).

Arterial access site was predominantly radial (overall 98%) and

equally distributed between the two groups.

GPI patients were more likely to be admitted for a stent thrombo-

sis (2.1% vs. 0.2%, p = .007) and to be treated with thrombus aspira-

tion (45.0% vs. 12.3%, p < .001).

F IGURE 1 Flowchart. STEMI, ST segment elevation myocardial infarction; GPI, glycoprotein IIb-IIIa inhibitor
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The number, length and average diameter of stents were signifi-

cantly higher in the GPI group.

Baseline rates of TIMI flow Grade 3 were lower in the GPI group

(11.5% vs. 32.9%, p < .001) but final post-PCI TIMI flow Grade 3 rates

were similar between groups (90.2% vs. 90.7%, p = .81).

Other characteristics were comparable between groups.

Six hundred and seventy-six patients were included in the

propensity-matched cohort to account for the pre-PCI propension of

patients to receive GPI.

3.2 | Outcomes (Tables 2 and 3)

All patients completed 3-month follow-up. Thirty-five (4.2%) deaths were

recorded at hospital discharge and 46 (5.6%) at 3-month follow-up. All

outcomes were similarly distributed between groups at hospital discharge

and 3-month follow-up in both global and propensity-matched analyses.

In-hospital and 3-month mortality was similar in the two groups

and was mostly cardiovascular related in both groups (Table 2).

Major in-hospital and 3-month bleeding was not different between

groups (0.9% vs. 2.1%, p = .22, 2.1% vs. 3.6%, p = .26) with only one

patient presenting in-hospital intracranial bleeding (in the GPI group).

Minor bleeding was similar between GPI and no-GPI patients (0.6% vs.

0.3%, p = .57). In hospital and 3 month major bleeding were not differ-

ent in the logistic regression model between GPI and no-GPI patients

(OR: 0.43 [0.11; 1.66], p = .22, HR 0.58 [0.23; 1.48], p = .26).

The sensitivity post hoc analysis using the secondary propensity

model provided similar matching and consistent results as reported in

Table 3.

4 | DISCUSSION

Our study showed that, in an experienced radial-first center, the per-

procedure use of GPI, with respect to current guidelines,1 on top of

potent recommended oral inhibitors of P2Y12, ticagrelor or prasugrel,

is not associated with increased in-hospital or 3-month mortality or

bleeding.

GPIs were used in 41% of patients, in a real-life cohort, all pre-treated

with potent P2Y12 inhibitors. Such rates are comparable with those

reported in pivotal trials PLATO-STEMI,10 TRITON-TIMI 38 STEMI11 and

ATLANTIC trial12 (37%, 64%, and 43% of GPI-use, respectively). In the

more recent French FAST-MI real-life cohort, however, GPI were used in

only 24% of patients.13 This “snapshot” registry, conducted over a speci-

fied 1-month period every 5 years in France, including consecutive willing

MI patients, likely leads to underrepresentation of more severe patients

explaining the less use of GPI agents. Patients treated medically, or with

fibrinolysis were also included, when taking into account only primary PCI

patients, GPI was used in 31% of them.

4.1 | Ischemic endpoints

The use of GPI on top of new antiplatelet regimens did not impact

ischemic endpoints. The use of rapid-onset and more potent P2Y12

inhibitors with less interpatient variability can explain the lack of ben-

efit of GPI use that has been reported with clopidogrel in former stud-

ies.2–4

Similarly, in the subanalysis of the PLATO trial, the ischemic end-

points were not influenced by the administration of GPI. Interestingly,

TABLE 2 Primary and secondary endpoints in the overall study population and the propensity-matched population

Outcomes
Overall study population Propensity-matched Cohort

All
824 (100%)

No GPI
N = 486 (59%)

GPI
N = 338 (41%)

p
value

No
GPI N = 338

GPI
N = 338

p
value

In-hospital mortality 35 (4.2%) 17 (3.5) 18 (5.3) .20 11 (3.3) 18 (5.3) .20

In-hospital CV mortality 35 (4.2%) 17 (3.5) 18 (5.3) .20 11 (3.3) 18 (5.3) .20

In-hospital major bleeding 11 (1.3%) 8 (1.6) 3 (0.9) .35 7 (2.1) 3 (0.9) .22

3-month mortality 46 (5.6%) 26 (5.3) 20 (5.9) .73 17 (5.0) 20 (5.9) .62

3-month CV mortality 37 (4.5%) 18 (3.7) 19 (5.6) .19 11 (3.3) 19 (5.6) .14

3-month major bleeding 23 (2.8%) 16 (3.3) 7 (2.1) .30 12 (3.6) 7 (2.1) .26

In-hospital mortality or bleeding 43 (5.2%) 24 (4.9) 19 (5.6) .66 17 (5.0) 19 (5.6) .74

3-month mortality or bleeding 64 (7.8%) 40 (8.2) 24 (7.1) .55 27 (8.0) 24 (7.1) .67

Minor bleeding 5 (0.6%) 3 (0.6) 2 (0.6) .96 1 (0.3) 2 (0.6) .57

Stroke 11 (1%) 6 (1.2) 5 (1.5) .76 6 (1.8) 5 (1.5) .76

New ACS 27 (3%) 15 (3.1) 12 (3.6) .71 13 (3.8) 12 (3.6) .84

Definite or probable stent

thrombosis

11 (1%) 4 (0.8) 7 (2.1) .12 2 (0.6) 7 (2.1) .12

Definite stent thrombosis 7 (1%) 2 (0.4) 5 (1.5) .10 1 (0.3) 5 (1.5) .14

Hospitalization CV 30 (4%) 14 (2.9) 16 (4.7) .16 10 (3.0) 16 (4.7) .24

Note: There was only one patient presenting intracranial bleeding (GPI group, intracranial bleeding was in-hospital).

Abbreviations: ACS, acute coronary syndrome; CV, cardiovascular.
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the rate of definite stent thrombosis was lower with ticagrelor versus

clopidogrel in patients not receiving GPI but comparable among those

receiving GPI. A possible explanation for this finding is that ticagrelor

is more efficacious than clopidogrel in preventing early stent throm-

bosis, but the relative difference between GPI use or not becomes

less relevant when ticagrelor or prasugrel are used because they

already offer a rapid onset and high level of platelet aggregation inhi-

bition. Still, in the sub-analysis of ATLANTIC trial, stent thrombosis

was numerically more frequent in the group without GPI but the dif-

ference did not reach statistical significance (1.1% vs. 0.2%,

p = .13).14 Conversely our study did not show any benefit nor trend

in favor of GPI to prevent stent thrombosis.

Stent thrombosis is a rare complication, especially with newer

P2Y12 inhibitors. Most analyses, including ours, lack power to analyze

this endpoint; however, no benefit of GPI could be found neither on

other ischemic endpoints nor on mortality. One explanation to such

absence of effect may be the guideline-oriented selection of high-risk

patients who benefit from GPI use. In our study, although GRACE

score was not different between the two groups, patients had more

severe features in the GPI group even despite propensity matching:

blood pressure was lower, cardiogenic shock requiring inotropic drugs

at presentation and cardiac arrest during PCI were more frequent, cru-

sade score was higher and initial TIMI flow grade lower. Considering

such high-risk features in those receiving GPI, it may be speculated

that the absence of difference in rates of mortality could be a poten-

tial benefit of GPI use in high-risk patients. A meta-analysis showing

the benefit of GPI use in terms of mortality associated to patient's risk

profile supports such hypothesis.4 However, we need to be cautious

in interpreting these results as our study lacks power to demonstrate

a potential benefit of GPI. Moreover, despite propensity matching,

our groups are not comparable, and the use of GPI was left to the dis-

cretion of the operator. As a consequence, GPI patients were probably

selected and might have been at lower bleeding risk (despite similar

crusade scores) and at higher thrombotic risk with a global potential

benefit higher than in patients untreated by GPI. Our data support the

fact that GPI may be used safely in carefully selected patients, at low

bleeding and high thrombotic risks.

Current guidelines also recommend GPI treatment in P2Y12 naïve

STEMI patients at the time of PCI or “early presenters.” The theoretic

short delay of action of ticagrelor and prasugrel has been challenged

in recent studies, especially in STEMI patients. Several studies have

shown that effective platelet inhibition was achieved in only half of

patients 2 h after P2Y12 administration and at least 4 h were required

in a majority of patients.15,16 In the ATLANTIC trial antiplatelet inhibi-

tion was efficient only 3 h after the loading dose in the prehospital

group and after 7 h in patients who received in-hospital loading

dose.17 These findings support the potential benefit of GPI in the set-

ting of P2Y12 naïve patients. The relative long FMC to balloon time in

our real-life cohort (140.59 ± 184.18 min), explained by local condi-

tions (rural area), leaving more time to P2Y12 inhibitors to achieve

adequate platelet inhibition, may also be one explanation for the

absence of benefit of GPI administration.

4.2 | Bleeding outcomes

A number of clinical trials, prior to routine pretreatment with potent

P2Y12 inhibitors, have documented clinical benefits of GPI in STEMI

patients, in association with clopidogrel, at the cost of a higher risk of

bleeding.2–4 More potent P2Y12 inhibitors, have shown significant

benefits in terms of survival and ischemic endpoints and are rec-

ommended over clopidogrel in STEMI patients.18,19 However, such

treatments have also been associated with an increased risk of major

bleeding.18,19 Hence the association of potent P2Y12 inhibitors and

GPI may seem unnecessary or even deleterious.

To date, no clinical study has specifically assessed the benefit or

risk of GPI inhibitors in combination with prasugrel or ticagrelor. Sub-

group publications of the PLATO and TRITON-TIMI 38 trials and a

meta-analysis showed that the benefit of ticagrelor and prasugrel ver-

sus clopidogrel was independent of GPI use.20–22 The combination of

GPI with any oral antiplatelet regimen was consistently associated

with a higher risk of major bleeding regardless of which P2Y12 inhibi-

tor used. However, the magnitude of GPI-related bleeding-risk

increase seemed to be lower with new regimens (RR 1.27 for recent

TABLE 3 Regression models with GPI as a 3-category variable

Outcome
Overall population Matched cohort

Post hoc complementary
matched analysis

Univariable Multivariable Univariable Univariable

HR/OR p HR/OR p HR/OR p HR/OR p

In-hospital mortality 1.55 [0.78; 3.08] .20 1.39 [0.52; 3.72] .51 1.64 [0.77; 3.46] .20 1.64 [0.77; 3.47] .20

In-hospital cardiovascular mortality 1.55 [0.78; 3.08] .20 1.39 [0.52; 3.72] .51 1.64 [0.77; 3.46] .20 1.64 [0.77; 3.46] .20

In-hospital major bleeding 0.54 [0.12; 1.86] .36 0.61 [0.12; 2.43] .51 0.43 [0.11; 1.66] .22 0.50.[0.13; 2.00] .33

3-month mortality 1.13 [0.63; 2.02] .69 0.61 [0.22; 1.68] .34 1.33 [0.68; 2.60] .40 1.11 [0.59; 2.10] .75

3-month cardiovascular mortality 1.54 [0.81; 2.94] .19 1.05 [0.31; 3.59] .94 1.73 [0.82; 3.63] .15 1.73 [0.82; 3.63] .15

3-month major bleeding 0.62 [0.24; 1.47] .30 0.68 [0.24; 1.78] .45 0.58 [0.23; 1.48] .26 0.64 [0.25; 1.64] .35

Abbreviations: GPI, glycoprotein IIb-IIIa inhibitor.
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-ticagrelor or prasugrel- and RR 2.01 for standard regimens

-clopidogrel-). Interestingly, in concordance with our findings, in the

PCI subgroups, GPI use was associated with a greater risk of major

bleeding, statistically significant in combination with clopidogrel but

not with more recent drugs. One explanation for these findings would

be that GPIs provide a high level of platelet inhibition and therefore

lead to an increased rate of bleeding complications with clopidogrel.

The use of more potent platelet inhibitors than clopidogrel, associated

with higher rates of bleeding in patients at high risk, may reduce the

differential impact of GPI use on bleeding as a consequence of con-

current risks. Such findings support the relative safety of GPI use in

combination with recent regimens. In the observational TRANSLATE-

ACS study, planned GPI use, regardless of P2Y12 inhibitor type, was

not associated with a significant difference in MACE but was associ-

ated with increased odds of BARC ≥2 bleeding. Similarly, the differ-

ence did not reach statistical significance in patients with prasugrel or

ticagrelor.23 The latter study focused on planned GPI while our study

included all GPI indications (i.e., routine and bailout). It is plausible, as

suggested in this article and in line with our findings and current

guidelines1 that the benefit/risk balance of GPI is in favor of a use in

bail-out situations.

Unlike other studies14,20–23 we did not find an increase in the

risks of in-hospital or 3-month major (BARC ≥2) bleeding associated

with GPI use. Several reasons may explain these findings. First, as GPI

administration was left to the discretion of the operators, patients at

lower risk of bleeding may have been preferentially selected. How-

ever, this hypothesis is not supported by the higher CRUSADE scores

in the GPI group. Second, the almost exclusive use of radial access in

our cohort (98% in our cohort vs. 68% in the ATLANTIC subanalysis

and 88% of femoral access in the TRANSLATE ACS subanalysis)14,23

may explain these differences, since the use of radial artery access is

associated with both less bleeding complications and lower mortality

in the setting of STEMI.14,24–26 Finally, following our local STEMI pro-

tocol, enoxaparin, which has been shown to be superior to UFH in

reducing ischemic endpoints, death and major bleeding, especially

in STEMI patients,27,28 was predominantly used as the adjunctive anti-

coagulant therapy (96% in our cohort vs. 27% in the ATLANTIC

subanalysis).14

4.3 | Limitations

Our data were collected as part of a single tertiary center observa-

tional quality control prospective registry. The use of a GPI was not

randomized and was left to the discretion of the operators at the time

of PCI. The decision to use GPI may have been influenced by multiple

known or unknown variables not included in the analysis and the

study may lack power to detect some significant associations. Despite

multivariable adjustments and propensity score matching to blunt

differences in our study groups, several variables remained signifi-

cantly different between groups and unmeasured confounding fac-

tors may not be excluded. The patient population treated by newer

P2Y12 inhibitors is already selected because of a lower bleeding risk

as compared to those treated with clopidogrel. Hence, our results

may not apply to patients at high bleeding risk. Finally, our data are

limited to a single center which affects the generalizability of our

findings.

5 | CONCLUSION

Our study shows that guideline-oriented GPI use in combination with

newer fast acting potent P2Y12 inhibitors in the setting of primary

PCI for STEMI in association with modern primary PCI strategies

(radial access and anticoagulation with enoxaparin) may be safely used

in carefully selected patients at low bleeding risk and high

ischemic risk.

Further studies are needed to adequately assess the benefit of

additional GPI on top of potent P2Y12 inhibitors and identify target

patients.
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