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Abstract Oral inhibitors of the platelet P2Y12 receptor are indispensable in the treatment of ST-
elevation myocardial infarction (STEMI), improving outcomes and even reducing
mortality in some studies. However, these drugs are limited by delayed absorption
and suboptimal platelet inhibition at the time of primary percutaneous coronary
intervention. Despite efforts to achieve faster and more sustained platelet inhibition,
strategies such as prehospital administration, higher loading doses, and crushed
formulations have not led to improved coronary reperfusion. Parenteral glycoprotein
IIb/IIIa inhibitors act sooner and are more potent than oral P2Y12 inhibitors, but their
use has been limited by the increased risk of major bleeding and thrombocytopenia.
Hence, there is a clinical need to refine drugs that deliver rapid, effective, yet safe
platelet inhibition in the setting of STEMI. Novel parenteral antiplatelet drugs, such as
cangrelor, selatogrel, and zalunfiban, have been recently developed to achieve rapid,
potent antiplatelet effects while preserving hemostasis. We provide a description of
currently available parenteral antiplatelet agents and of those in clinical development
for prehospital administration in STEMI patients.
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Introduction

Atherothrombotic disease constitutes a major health care
problem and accounts for one in four deaths globally.1 ST-
elevationmyocardial infarction (STEMI) is a clinical manifes-
tation of atherothrombotic disease within the coronary
arteries and is characterized by intraluminal thrombus
formation after atherosclerotic plaque rupture or erosion.
In fact, thrombus formation due to platelet activation forms
the pharmacological basis for the institution of antiplatelet
therapy in STEMI. The management of STEMI is primarily
aimed to achieve rapid restoration of coronary artery blood
flow in the infarct-related vessel to ensure myocardial sal-
vage. Hence, timely initiation of appropriate reperfusion and
antiplatelet therapy is essential since a longer ischemic time
is associated with increased myocardial necrosis and mor-
tality.2 Despite temporal trends showing significant reduc-
tions in total ischemic time and subsequent improvements in
clinical outcomes over the past decades, mortality rates
among STEMI patients have stagnated in recent years.3

Consequently, physicians have focused on new antiplatelet
strategies to improve clinical outcomes. Current European
guidelines recommend treating STEMI patients undergoing
primary percutaneous coronary intervention (pPCI) with dual
antiplatelet therapy consisting of aspirin and an oral P2Y12

inhibitor at first medical contact to prevent recurrent throm-
botic events.4,5 Ticagrelor and prasugrel are preferred over
clopidogrel because of their faster onset, greater potency, and
lower interindividual variability.6,7 However, both prasugrel
and ticagrelor display suboptimal platelet inhibition during

thefirst hours in STEMI patients undergoing pPCI. In fact, high
on-treatment platelet reactivity (HPR), i.e., insufficient phar-
macodynamic response to antiplatelet therapy, is observed up
to 6hours after administration of prasugrel and ticagrelor in
STEMI.8–13 HPR before pPCI correlates with a greater throm-
botic burden, lower pre-PCI vessel patency, and worse clinical
outcomes.14–16 Opioids further increase HPR due to delayed
absorption of all oral P2Y12 inhibitors.10,17

On the other hand, the antithrombotic effect of oral P2Y12

inhibitors comes at the expense of bleeding complications,
and major bleeding is associated with an increased risk of
death to the same extent as ischemic events.18 Given the
irreversibility of all oral antiplatelet agents, except ticagrelor
(which however may take up to 20hours to be fully cleared
from the circulation of healthy subjects), the slow pharma-
codynamic offset of oral agents may have deleterious con-
sequences, including bleeding during urgent major invasive
procedures such as coronary artery bypass grafting, or
procedural delays because of unacceptably high bleeding
risk.19,20 Given the limitations of all oral P2Y12 inhibitors,
several strategies have been investigated to improve the
efficacy of these drugs.

Strategies Investigated in the Past to
Accelerate Platelet Inhibition

Prehospital use of oral P2Y12 inhibititors was first investigat-
ed in the ATLANTIC (Administration of Ticagrelor in the Cath
Laboratory or in the Ambulance for New ST-Elevation
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Myocardial Infarction to Open the Coronary Artery) trial,
which randomized 1,862 patients with ongoing STEMI and
symptom onset within 6 hours to prehospital versus in-
hospital administration of ticagrelor.21 The ATLANTIC trial
showed no significant difference in terms of thrombolysis in
myocardial infarction (TIMI) flow grade 3 and ST-segment
elevation resolution assessed at initial ECG monitoring, nor
in platelet reactivity between treatment arms. However, the
median time difference in treatment administration be-
tween the prehospital and in-hospital groups was only
31minutes, whichmay have attenuated any benefit of earlier
antiplatelet treatment. Subgroup analysis according to treat-
ment with morphine suggested a potential benefit of pre-
hospital ticagrelor in thosewhodid not receivemorphinebut
not in those who did, consistent with prior studies showing
delayed onset of action of prasugrel and ticagrelor in mor-
phine-treated patients.10,21,22 Notably, prehospital treat-
ment in the ATLANTIC trial did significantly reduce
definite early stent thrombosis (0% vs. 0.8%, p¼0.008 in
thefirst 24hours) and did not lead to increased bleeding risk.

More recently, prehospital treatment with crushed versus
integral oral prasugrel was assessed in the COMPARE CRUSH
(COMPARison of pre-hospital CRUSHed versus uncrushed
Prasugrel tablets in patients with STEMI) trial,8,23 which
randomized 727 STEMI patients within 6hours of symptom
onset. The COMPARE CRUSH showed no significant benefit of
crushed prasugrel in terms of TIMI 3 flow in the infarct-
related artery at initial coronary angiography, nor any signif-
icant difference in complete ST-segment resolution 1-hour
post-PCI. Regarding safety, there was no increase in major
bleeding, which was in accordance with the ATLANTIC trial.
Interestingly, the COMPARE CRUSH trial showed a significant
reduction in platelet reactivity at the beginning of coronary
angiography in the crushed prasugrel arm (median time after

loading administration: 45minutes). However, a consider-
able proportion still exhibited HPR at the beginning of
angiography (crushed 43.3% vs. integral 62.6%, p<0.01),
underscoring the need for faster and more potent agents
to improve early platelet inhibition.

Parenteral antiplatelet agents may provide a bridging
alternative to achieve optimal platelet inhibition and to
prevent ischemic complications in the early phase of STEMI.
It is known that parenteral antiplatelet agents achieve faster
and greater platelet inhibition in comparison to oral P2Y12

inhibitors.24 In fact, only intravenous glycoprotein IIb/IIIa
inhibitors (GPIs) have shown to improve pre-PCI myocardial
reperfusion, while oral P2Y12 inhibitors did not.21,23,25 Cur-
rently available parenteral antiplatelet agents include the
intravenously administered GPIs eptifibatide and tirofiban
and the recently approved intravenous P2Y12 inhibitor can-
grelor. Novel agents under clinical development are the
subcutaneous P2Y12 inhibitor selatogrel and the subcutane-
ous GPI zalunfiban. This article aims to summarize the
current evidence on parenteral antiplatelet agents for STEMI
patients.

Currently Available Parenteral Antiplatelet
Agents

Intravenous Glycoprotein IIb/IIIa Inhibitors
Eptifibatide and tirofiban are both reversible, small mole-
cules that competitively prevent fibrinogen and/or von Wil-
lebrand factor from binding to the platelet glycoprotein
IIb/IIIa receptor (►Table 1). Eptifibatide is a cyclical hepta-
peptide with a KGD (Lys-Gly-Asp) binding motif, whereas
tirofiban is a nonpeptide tyrosine derivative with an RGD
(Arg-Gly-Asp) binding motif. Both agents require an intrave-
nous bolus followed by continuous infusion, exhibit fast

Table 1 Traditional and novel parenteral antiplatelet drugs in clinical development

Feature Cangrelor Eptifibatide Tirofiban Zalunfiban Selatogrel

Class P2Y12 inhibitor GPIIb/IIIa inhibitor GPIIb/IIIa inhibitor GPIIb/IIIa inhibitor P2Y12 inhibitor

Description Adenosine
triphosphate analog

Cyclical KGD-containing
heptapeptide

Nonpeptidic
RGD mimetic

Displaces the Mg2þ

ion in the
metal-ion–dependent
adhesion site thereby
locking the GPIIb/IIIa
receptor in an
inactive state

2-Phenyl-pyrimidine-4-
carboxamide analog

Reversibility Yes Yes Yes Yes Yes

Onset of action 2min <5min <10 min <15 min 15 min

Duration of action 30–60 min 4–8 h 4–8 h 90–120 min 4–12 h

Plasma half-life 3–9min 2–2.5 h 2–2.5 h Unknown Unknown

Dose Bolus:
30 µg/kg
Infusion:
4 µg/kg/min (2 h)

Bolus:
double bolus of
180 µg/kg (in 10 min)
Infusion: 2 µg/kg/
min (24–48 h)

Bolus:
25 µg/kg (30 min)
Infusion: 0.10 µg/kg/
min (48 h)

T.B.D. T.B.D.

Renal adjustment No Yes Yes Unknown Unknown

Abbreviations: GP, glycoprotein; T.B.D., to be determined.
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onset of action, and have a plasma half-life of 2 to 2.5 hours.26

Abciximab, a chimeric monoclonal antibody irreversibly
directed at the glycoprotein IIb/IIIa receptor, with a shorter
double phase half-life, albeit a long functional half-life, was
withdrawn from the market in 2019.

Early administration of GPI improves patency of the
infarct-related vessel PCI, reduces infarct size, and improves
clinical outcomes in STEMI patients.25,27–30 Greater efficacy
was observed with earlier administration and this is in part
explained by the relatively high platelet content during the
first hours of thrombus formation, which makes antiplatelet
therapy particularly effective in this early stage.31–33 TheON-
TIME 2 (Ongoing Tirofiban in Myocardial Evaluation ON-
TIME 2) trial, which randomized 984 STEMI patients to
prehospital high bolus dose of tirofiban or placebo, showed
that early, prehospital initiation of tirofiban improved ST-
segment resolution before angiography and improved clini-
cal outcomes without an increase in major bleeding at
30 days and 1 year.25,34

In contrast, therewere also studies that reported negative
results with early administration of GPIs.35–37 However,
these findings likely reflect an attenuated antiplatelet effect
due to a longer median time from symptom onset to
study drug administration, which was more than twice as
long as in the ON-TIME 2 trial (median time from symptom
onset to study drug administration: 76minutes vs.
150minutes).25,36,37 Despite the observed ischemic benefit
of early administration of a GPI in several trials, pretreatment
is currently not recommended due to bleeding risk concerns
and the development of alternative safer strategies.5,38How-
ever, it must be considered that this recommendation is
based on evidence from trials that randomized patients late,
often within the hospital, using prolonged postbolus GPI
infusion and femoral access during PCI. Notably, post-pPCI
infusion of a GPI offers a potential strategy for addressing
delayed absorption of oral P2Y12 inhibitors in opiate-treated
patients, with observational data on a 6-hour infusion of
tirofiban suggesting that this may reduce the risk of acute
stent thrombosis.39

Intravenous P2Y12 Inhibitors
Cangrelor is a rapid-acting, reversible analog of adenosine
triphosphate that inhibits the platelet P2Y12 receptor
(►Table 1). It requires continuous intravenous infusion given
its half-life of 3 to 9minutes and platelet function rapidly
recovers within 1 hour after administration.40 Cangrelor has
been investigated in three large randomized controlled trials
that assessed different strategies of cangrelor infusion in the
catheterization laboratory compared with (oral) clopidogrel
administration in both stable and acute coronary syndrome
(ACS) patients.41–43 A patient-level meta-analysis of these
three trials, which included 24,910 patients of which 11.6%
were STEMI patients, reported that cangrelor significantly
reduced thrombotic complications at 48 hours after PCI
including stent thrombosis without an increase in major
bleeding.44However, cangrelor was combinedwith or tested
against clopidogrel, which has been replaced in the most
recent guidelines by ticagrelor and prasugrel. Ergo, the

CANTIC study (Platelet Inhibition with Cangrelor and
Crushed TICagrelor in STEMI Patients Undergoing Primary
Percutaneous Coronary Intervention) was initiated to pro-
vide information on the use of cangrelor in combinationwith
crushed ticagrelor in STEMI patients undergoing pPCI.38

Patients were randomized in-hospital to a blinded 2-hour
infusion of either cangrelor or placebo and platelet reactivity
was measured with the VerifyNow assay. Cangrelor led to
prompter and more potent antiplatelet effects compared
with crushed ticagrelor alone, with significant differences
in platelet reactivity apparent as early as 5minutes with no
patients demonstrating HPR during cangrelor infusion.
These findings are in line with other studies and suggest
that cangrelor might be used for bridging until ticagrelor
achieves its full antiplatelet effect.45

Prehospital use of cangrelor in STEMI may be able to
achieve rapid onset of platelet inhibition after symptom
onset, possibly leading to improvements in vessel patency
in the infarct-related artery and a reduction in thrombotic
complications. However, it is currently unknown whether
prehospital treatment of cangrelor can improve pre-PCI
myocardial reperfusion and clinical outcomes, in part be-
cause cangrelor is only indicated in P2Y12 inhibitor-naïve
patients undergoing PCI.46 Moreover, cangrelor requires
continuous infusion with an electronic pump which cannot
be performed universally by ambulance services. Another
potential issue concerns the transition from cangrelor to oral
P2Y12 inhibitors since cangrelor blocks the binding of thie-
nopyridine-active metabolites to the P2Y12 receptor, so
timing of the prasugrel (or clopidogrel, but not ticagrelor)
loading dose relative to timing of cangrelor cessation is
critical.47,48Notably, in a randomized head-to-head compar-
ison, tirofiban showed superior inhibition of platelet aggre-
gation compared with cangrelor at 30minutes after infusion
measured with light transmission aggregometry (LTA) in
response to 20 µmol/L adenosine diphosphate (ADP;
95.0�8.9 vs. 34.1�22.5%; p<0.001), suggesting that GPI
might be preferable over cangrelor in STEMI to reduce
thrombotic risk.24

Parenteral Agents under Clinical
Development

Zalunfiban
Zalunfiban (RUC-4) is a novel, reversible, subcutaneously
administered, small-molecule GPI that is being developed
for prehospital administration in STEMI (►Table 1). At the
molecular level, zalunfiban binds to both the αIIb and β3
subunits of platelet glycoprotein IIb/IIIa receptor and displaces
the Mg2þ ion from the metal ion–dependent adhesion site of
the β3 subunit required for binding to fibrinogen and von
Willebrand factor; this locks the β3 subunit of the receptor in
its inactive state without exposing neoepitopes.49 It is postu-
lated that this mechanism may reduce the likelihood of GPI-
induced thrombocytopenia because evidence suggests that
much of the thrombocytopenia caused by GPI results from
presenceof auto-antibodies tonewly formedepitopes induced
by a conformational change after ligand binding.
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Following preclinical studies, zalunfiban has been inves-
tigated in a phase I clinical trial in 14 healthy volunteers and
in 28 patients with chronic coronary syndrome (CCS) on a
background of aspirin to assess the safety, tolerability, phar-
macodynamics, and pharmacokinetics of escalating doses of
subcutaneous zalunfiban (0.04, 0.05, and 0.075mg/kg) until
a weight-adjusted biologically effective dose was identified,
as determined by LTA in response to 20 µmol/L ADP.50,51

Zalunfibanwas well tolerated, and no serious adverse events
or severe bleeding complications occurred. Bleeding events
were uncommon (7%), mild, limited to the injection site, and
did not lead to study drug discontinuation. All three tested
doses showed rapid (<15minutes), dose-dependent inhibi-
tion of platelet aggregation, and platelet function resolved to
normal within 90 to 120minutes.

More recently, a phase IIa open-label clinical study was
conducted in 27 STEMI patients (mean age: 62 years) to assess
the tolerability, pharmacodynamics, and pharmacokinetics of
evenhigherescalating,weight-adjusteddosesof subcutaneous
zalunfiban.52 The primary pharmacodynamic endpoint was
defined as�77%or greater inhibitionof iso-thrombin receptor
activating peptide (iso-TRAP)-induced platelet aggregation
measured at 15minutes after zalunfiban administration in
the cardiac catheterization laboratory with the VerifyNow
assay. In comparison, 77% inhibition after stimulation with
3 to 4 µmol/L iso-TRAP corresponds to approximately 80%
inhibition with LTA stimulated by 20 µmol/L ADP, the value
that has been most closely correlated with antithrombotic
effects in vivo using other GPIs.53 Single zalunfiban doses
(0.075, 0.090, and 0.110mg/kg) demonstrated potent platelet
inhibition, i.e., �77% inhibition of the iso-TRAP-induced
response in3/8 subjects treatedwith0.075mg/kg, 7/8 subjects
treated with 0.090mg/kg, and 7/8 subjects treated with
0.110mg/kg. The mean (min–max) inhibition of platelet
aggregation at 15minutes after administration was 77.5%
(65.7–90.6%), 87.5% (73.8–93.1%), and 91.7% (76.4- 99.3%,
p for trend¼0.002), respectively. A 50% recovery of platelet
function was established after 89.1, 104.2, and 112.4minutes
in the three cohorts, respectively. Zalunfibanwas well tolerat-
ed by all STEMI patients, with injection site bruising (11/27)
and vascular access site hematoma (6/27) representing the
most frequently reported adverse events of interest. Both
hemoglobin levels and platelet counts remained stable as
did kidney and liver function tests.

Selatogrel
Selatogrel (ACT-246475) is a novel, subcutaneously admin-
istered, reversible, 2-phenylpyrimidine-4-carboxamide ana-
logue that rapidly inhibits the platelet P2Y12 receptor
(►Table 1).54 Preclinical studies compared ticagrelor with
selatogrel infusions in a rat thrombosis model and reported
that both P2Y12 antagonists fully prevented FeCl3-induced
thrombus formation in the carotid artery. Interestingly,
selatogrel caused 2.6 times less blood loss than ticagrelor
at doses of equivalent antithrombotic efficacy.55 Also, it was
observed that selatogrel did not influence vascular tone,
while ticagrelor caused vasodilation, which may explain
the higher blood loss.

Following these results, subcutaneous selatogrel was in-
vestigated in a first-in-human randomized, double-blind,
placebo-controlled trial to evaluate the safety, tolerability,
pharmacokinetics, and pharmacodynamics.56 Six escalating
doses (1, 2, 4, 8, 16, or 32mg) were evaluated in healthymale
subjects (N¼8 per dose). Selatogrel showed rapid (<30
minutes), dose-dependent inhibition of platelet aggregation
and dose-dependent duration to at least 12 hours in the
32mg group. Selatogrel was well tolerated, with no
injection-site reactions and no bleeding complications.

Later, two phase II trials havebeen conducted to assess the
safety, pharmacodynamics, and pharmacokinetics of subcu-
taneous selatogrel in CCS and ACS patients.57,58 In the first
phase II study, 345 CCS patients on aspirin were randomized
in a 1:1:1 ratio to selatogrel 8mg, 16mg, or placebo. Phar-
macodynamics were assessed with the VerifyNow assay and
with ADP-induced LTA. Both doses showed potent inhibition
within 30minutes after administration in approximately
90% of patients. Inhibition of platelet aggregation was
observed for up to 8 hours with both doses and platelet
reactivity to ADP returned to normal or near-normal within
24 hours, with similar results using VerifyNowassay and LTA.
Concerning safety, minor bleeding complications occurred in
9.6 and 4.3% with 8 and 16mg, respectively.57 No major
bleeding complications nor deaths occurred during the study
period. However, transient dyspnea occurred in 5.3 and 8.7%
with selatogrel 8 and 16mg, respectively, versus none with
placebo. Interestingly, selatogrel provided an additive effect
in patients already receiving oral P2Y12 inhibitors.

In the other phase II study, 47 patients (median age: 69
years) with type 1 acute myocardial infarction (62% STEMI)
were randomized to 8 or 16mg selatogrel within the hospi-
tal.58 Similarly to the phase II trial in CCS patients, selatogrel
showed consistent, rapid, dose-dependent platelet inhibi-
tion, was well tolerated, and did not cause major bleeding
complications. However, it is difficult to appreciate the
contribution of selatogrel to the observed platelet inhibition,
as a placebo arm was not included and patients were
concomitantly treated with a loading dose of ticagrelor or
clopidogrel. As with cangrelor, care needs to be taken when
switching from selatogrel to thienopyridines in view of the
potential negative interaction between selatogrel and the
thienopyridine-active metabolites.59

Discussion

Rapid restoration of epicardial flow is cardinal to reduce the
extent of myocardial necrosis and improve early and late
survival of STEMIpatients. It iswell established that prolonged
ischemic time is associated with worse outcomes. Oral dual
antiplatelet therapy is thecurrent treatmentofchoice inSTEMI
patients undergoing PCI for the prevention of thrombotic
events. However, the platelet inhibition achieved by this
regimenduring thefirst hours after STEMIonset is suboptimal,
owing to hemodynamic changes and/or delayed intestinal
absorption as a result of vomiting or opioids. Insufficient
inhibition of platelets is a significant predictor of periproce-
dural and late thrombotic complications, including stent
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thrombosis and death, respectively.4,12,15 Also, there is no
evidence that oral P2Y12 inhibitors can expedite myocardial
reperfusion before pPCI. Thus, it is fundamental to focus on
newstrategies in the early period after STEMIonset to improve
platelet inhibition and clinical outcomes.

One emerging strategy to mitigate the impact of subopti-
mal early platelet inhibition involves the administration of
parenteral antiplatelet agents. Unlike oral antiplatelet drugs,
these agents provide immediate platelet inhibition by cir-
cumventing gastrointestinal absorption. Therefore, paren-
teral antiplatelet therapy is more effective to achieve rapid
platelet inhibition. Despite demonstrated superior and faster
platelet inhibition of the approved intravenous GPIs over oral
P2Y12 inhibitors, their role has diminished over the past
years due to an unfavorable safety profile.24 However, it is
arguable that this recommendation is based on inconclusive
evidence, because the data for GPIs when administered early
and as high-dose bolus in the prehospital setting are favor-
able.25,27,36,37,60 Notwithstanding the concerns on bleeding
risk, various new parenteral antiplatelet agents, like cangre-
lor, zalunfiban, and selatogrel, have been developed to
overcome the disadvantages of intravenous GPIs.

Selatogrel and cangrelor are both P2Y12 inhibitors that
inhibit platelet activation, while zalunfiban inhibits platelet
aggregation by locking the glycoprotein IIb/IIIa receptor in its
inactive state. All three agents are characterized by fast onset
—and short duration—of high-grade platelet inhibition, with
the GPI having broader inhibitory effects on platelet function
than P2Y12 inhibitors.43,52,58 The pharmacodynamic profiles
of cangrelor and zalunfiban make these drugs particularly
promising with regards to safety as the antiplatelet effects of
these drugs wear off roughly at the time when oral P2Y12

inhibitors become effective, thereby decreasing hemorrhagic
risk and allowing for emergency cardiac surgery when
indicated.52,57 Also, the risk of GPI-induced thrombocytope-
nia by zalunfiban is expected to be lower or absent when
compared with currently available GPIs, given the molecular
mechanism responsible for locking the GPIIb/IIIa receptor.
However, large randomized clinical trials will need to estab-
lish the true safety and efficacy profile of this agent.

Zalunfiban and selatogrel are designed to be adminis-
tered subcutaneously to facilitate use in the prehospital
setting, while cangrelor requires continuous infusion with
an electronic pump which effectively constrains it to in-
hospital use. Importantly, cangrelor is only permitted in
P2Y12 inhibitor-naïve patients, while selatogrel and zalun-
fiban are intended as adjunct to P2Y12 inhibitors.46 Pre-
hospital administration of cangrelor has not yet been
investigated. Zalunfiban and selatogrel are intended for
prehospital administration, yet both drugs were adminis-
tered in an in-hospital setting in their respective phase II
trials.52,58 Despite rapid platelet inhibition within 15 to 30
minutes achieved by both agents, selatogrel and zalunfi-
ban have different prehospital timing of administration.
Zalunfiban is to be given in the ambulance after STEMI
diagnosis has been confirmed while selatogrel in intended
for self-administration after onset of symptoms suggestive
of acute myocardial infarction. The ongoing randomized,

placebo-controlled, blinded SOS-AMI (Selatogrel Outcome
Study in Suspected Acute Myocardial Infarction) trial will
assess the clinical efficacy and safety of subcutaneous self-
administered selatogrel 16mg in 14,000 patients with
occurrence of symptoms suggestive of an acute myocardial
infarction. Eligible patients are those with a history of
recent ST or non-ST elevation acute myocardial infarction
(within 4 weeks) and presence of high-ischemic risk
factors (NCT04957719). Participating subjects will be
trained on how to recognize acute myocardial infarction
symptoms. Self-administration could potentially achieve
very early platelet inhibition, but such a strategy has never
been investigated, which makes this trial design unique.
The safety endpoint will be crucial, as patient-initiated
self-medication carries the inherent risks of overtreatment
and may increase bleeding complications. The primary
efficacy outcome (death within 7 days or myocardial
infarction of different severities within 2 days of adminis-
tration) will be quantified on an ordinal scale. The primary
safety outcome will be BARC (Bleeding Academic Research
Consortium) 3 and 5 bleeds within 2 days of administra-
tion. Secondary outcome measures will involve follow-up
up to 1 month.

Unlike selatogrel, zalunfiban is intended to be adminis-
tered in the ambulance by ambulance staff. The ongoing
international, double-blinded, randomized, placebo-con-
trolled CELEBRATE trial is enrolling 2,499 STEMI patients
to assess the effects of zalunfiban on safety and efficacy
clinical endpoints as well as the restoration of coronary
artery blood flow before pPCI and resolution of ST segment
deviation 1hour post-pPCI (NCT04825743). After diagnosis
of STEMI and informed consent, eligible subjects are ran-
domized in the ambulance in 1:1:1 ratio to receive either a
single subcutaneous injection of weight-adjusted zalunfiban
0.110mg/kg, 0.130mg/kg, or placebo. Safety outcomes in-
clude injection-site reactions, platelet count up to 72 hours,
and GUSTO (Global Use of Strategies to Open Occluded
Coronary Arteries) severe bleeds up to 1 month after
randomization.

Other Approaches to Improve Suboptimal
Early Platelet Inhibition

Delayed gastric emptying related to opioid administration
has prompted other interesting approaches to mitigate the
unfavorable opioid–oral P2Y12 interaction.61 The proki-
netic agent metoclopramide was investigated in the
METAMORPHOSIS (METoclopramide Administration as a
Strategy to Overcome MORPHine–ticagrelOr Interaction in
PatientS with Unstable Angina PectorIS) trial to counteract
the effects of opioids and showed a beneficial effect on
both plasma levels and platelet reactivity at 30minutes
after administration in patients with unstable angina.62

However, HPR due to delayed absorption remains a risk
despite metoclopramide use in STEMI patients.63 Another
approach aimed to antagonize the delayed gastric empty-
ing with the use of methylnaltrexone, a peripheral opioid-
receptor antagonist, but showed no differences in platelet
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reactivity determined by the VerifyNow assay nor by LTA
or vasodilator-stimulated phosphoprotein assay.64 Also,
nonopioid analgesics have been investigated to increase
bioavailability of oral P2Y12 inhibitors and reduce HPR. The
impact of intravenous acetaminophen on the level of
platelet inhibition was assessed in the ON-TIME 3 (The
Opioids aNd crushed Ticagrelor In Myocardial infarction
Evaluation) trial.65 This study did not report lower levels of
platelet reactivity compared with intravenous fentanyl in
STEMI patients, although plasma levels were significantly
increased. Another trial, the LOCAL trial, investigated the
use of intravenous lignocaine as an alternative to intrave-
nous fentanyl and showed a significantly lower rate of HPR
at 60minutes after administration in non-STEMI patients
(lignocaine 6 vs. fentanyl 59%, p<0.001 measured with the
VerifyNow assay).66 Although the results of the LOCAL
study are promising, the results should be interpreted
with some caution as STEMI patients were excluded,
pain levels were very low at baseline, and the study had
a small sample size.

Conclusion

The present review has described the limitations of current
antiplatelet regimens for the early management of patients
with STEMI and the evolving landscape of parenteral anti-
platelet drugs. New agents like cangrelor, zalunfiban, and
selatogrel show promising results and might overcome the
drawbacks of currently available antiplatelet drugs. How
these new parenteral antiplatelet drugs will fit in the antith-
rombotic arena and whether they will improve clinical
efficacy while preserving hemostasis, remains to be
determined.
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