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Platelets localize, amplify, and sustain the coagulant response at an injury site and
release procoagulant platelet-derived microparticles. Abnormalities in platelet size and
function may be present in acute coronary syndromes and following percutaneous
coronary intervention (PCI). Platelet functional assessment prior to PCI is a predictor
for the subsequent occurrence of adverse clinical events. Trials of glycoprotein IIb-IIIa
inhibitors as adjunctive pharmacotherapy for PCI show that the magnitude of platelet
inhibition achieved by therapy correlates with the degree of clinical benefit observed.
In general, optimal periprocedural outcomes require high levels of platelet inhibition.
Combined administration of antiplatelet therapies may produce additive or synergistic
inhibition of platelet-mediated thrombosis.
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Formation of the hemostatic plug at sites of vascular injury begins with the
arrest of circulating platelets on exposed collagen and continues with the
recruitment of additional platelets into a growing platelet mass that will

eventually be stabilized with cross-linked fibrin.1 Formation of a platelet plug
can be thought of as occurring in 3 phases: initiation, extension, and perpetua-
tion (Figure 1). Initiation occurs when circulating platelets arrest and are
activated by exposed collagen and von Willebrand factor (VWF), allowing the
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accumulation of a platelet mono-
layer that supports thrombin genera-
tion and the formation of platelet
aggregates. Key to this phase of
platelet activation is the presence of
receptors on the platelet surface that
can bind to collagen (integrin �2�1
and glycoprotein [GP] VI) and VWF
(GPIb-IX-V and GPIIb-IIIa [integrin
�IIb�3]), initiating intracellular sig-
naling.1 Extension occurs when
additional platelets accumulate on
the initial monolayer, a process for
which GPIIb-IIIa activation is cer-
tainly essential, but not necessarily
sufficient. Key to this phase is the
presence of receptors on the platelet
surface that can respond rapidly to
locally generated thrombin, secreted

adenosine diphosphate (ADP), and
released thromboxane A2 to activate
phospholipase C, increase the cytoso-
lic Ca�� concentration, and sup-
press synthesis of cyclic adenosine
monophosphate.1 Perpetuation refers
to the late events of platelet plug for-
mation that stabilize the platelet plug
and prevent premature disaggrega-
tion (Figure 1). Perpetuation is less
well understood than initiation and
extension, but recent studies point to
a central role for outside-in signaling
through cell-surface integrins and to
the signals generated by receptor
tyrosine kinases, including members
of the Eph and Axl families.1 Platelets
localize, amplify, and sustain the
coagulant response at the injury site

and release procoagulant platelet-
derived microparticles. Platelets
contain a variety of inflammatory
modulators (such as CD40 ligand
[CD40L]2), which are released upon
platelet activation.

Platelet Size and Function
Abnormalities in platelet size and
function may be present in acute
coronary syndromes (ACSs) and fol-
lowing percutaneous coronary inter-
vention (PCI). Both of these clinical
scenarios are accompanied by plaque
rupture (either spontaneous or iatro-
genic), with denudation of the
endothelium and exposure of suben-
dothelial thrombogenic matrix
proteins (VWF and collagen; see
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Figure 1. Steps in platelet plug formation. (A) Prior to vascular injury, platelets are maintained in the resting state by a combination of inhibitory fac-
tors that place a “threshold” that must be surmounted in order for platelets to be activated. These factors include prostaglandin (PG) I2 and nitric
oxide (NO) released from endothelial cells, and CD39, an ADPase on the surface of endothelial cells that hydrolyzes any small amounts of adenosine
diphosphate (ADP) that might otherwise cause inappropriate platelet activation. (B) The development of the platelet plug is initiated by the exposure
of collagen and the local generation of thrombin. This causes platelets to adhere via collagen and von Willebrand (VWF) factor and spread on the
connective matrix, forming a monolayer. (C) The platelet plug is extended as additional platelets are activated via the release or secretion of throm-
boxane (Tx) A2, ADP, and other platelet agonists, most of which are ligands for G protein–coupled receptors on the platelet surface. (D) Finally, close
contacts between platelets in the growing hemostatic plug, along with a fibrin meshwork, help to perpetuate and stabilize the platelet aggregate. Re-
produced with permission from Woulfe D, et al.1 www.medreviews.com
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Figure 1B), cholesterol clefts, etc. Sim-
ilarly, both scenarios are associated
with tissue factor production and
thrombin generation (Figure 1),
which provide additional potent stim-
uli for platelet activation and
aggregation. Patients with ACS have
increased platelet activation, as
determined by increased platelet sur-
face P-selectin (CD62P), platelet sur-

face–activated GPIIb-IIIa, monocyte-
platelet aggregates, and soluble
CD40L.3-7 The platelets of patients
with ACS demonstrate an exaggerated
response to low levels of agonist (eg,
ADP, collagen)3 and, therefore, a di-
minished response to standard doses
of platelet-inhibitor therapies, such as
clopidogrel and tirofiban.8 These
observations are consistent with an
intrinsic state of platelet hyperacti-
vation and aggregability. Platelet
activation in ACS is protracted. For ex-
ample, patients with ACS in the
Thrombolysis in Myocardial Infarc-
tion (TIMI)-12 study demonstrated in-
creased levels of platelet activation at
1-month follow-up.9

Platelet functional assessment
prior to PCI is a predictor for the sub-
sequent occurrence of adverse clini-
cal events.10 For example, both
platelet hyperactivity and platelet
surface–activated GPIIb-IIIa are asso-
ciated with stent thrombosis and/or
post-PCI coronary occlusion.11-13 Pre-
procedural platelet function has also
been directly correlated with late
angiographic restenosis and the re-
quirement for target vessel revascu-
larization (TVR).14,15

Mean platelet volume (MPV) cor-
relates with the degree of platelet
activation and is increased in pro-

portion to the severity/acuity of the
clinical syndrome.16 MPV is greatest
in the presence of unstable angina or
ST-segment elevation myocardial in-
farction (STEMI), particularly follow-
ing PCI with stent deployment.16,17

In fact, MPV assessed prior to
primary PCI for STEMI is directly cor-
related with the occurrence of post-
procedural angiographic no-reflow

and diminished epicardial coronary
blood flow (ie, corrected TIMI frame
count � 40), as well as mortality in
follow-up to 6 months.17

PCI is inherently thrombogenic and
provokes both thrombin generation
and platelet activation, despite the
periprocedural administration of un-
fractionated heparin (UFH) and as-
pirin.4,18 In fact, UFH directly activates
platelets in a dose-dependent fashion
and augments platelet responsiveness
to low levels of agonists.19 Further-
more, UFH is incapable of binding to
either clot-bound thrombin (factor

IIa) or factor Xa that has been incor-
porated into the platelet prothrombi-
nase complex. These “bound” sources
of further thrombin generation, in
combination with UFH-mediated rela-
tive depletion in the anticoagulant co-
factor antithrombin III, result in the
occurrence of thrombin rebound and
a hypercoagulable state following UFH
administration.20 The platelet activa-
tion that follows UFH administration
can be eliminated by the concomi-
tant administration of a GPIIb-IIIa
inhibitor.21

Platelet Inhibitor Therapies
After more than a decade of experi-
ence with platelet inhibitor thera-
pies for both ACS and PCI, several
basic tenets have emerged. First,
across multiple placebo-controlled,
randomized clinical trials of GPIIb-
IIIa inhibitors as adjunctive pharma-
cotherapy for PCI, the magnitude of
platelet inhibition achieved by ther-
apy correlates with the degree of
clinical benefit observed (Figure 2).
In general, the magnitude of reduc-
tion in the composite clinical
endpoint of death and periproce-
dural myocardial infarction is in-
versely proportional to the degree of
platelet inhibition achieved by the
specific dose of the antiplatelet
agent administered. This relation-
ship is tempered by the frequency of
major hemorrhagic events, which
can negate the net clinical benefit of
platelet inhibitor therapy. There-
fore, in the absence of significant
bleeding events, the relationship be-
tween platelet inhibition and clini-
cal outcomes has been a basic thera-
peutic tenet that has contributed to
the development of targeted levels
for therapeutic platelet inhibition.
For example, the increase in eptifi-

batide dose that was adopted for the
Enhanced Suppression of the
Platelet IIb/IIIa Receptor with Inte-
grilin Therapy (ESPRIT) trial,22 when
compared with the dose of eptifi-
batide used in the Integrilin to Min-
imize Platelet Aggregation and
Coronary Thrombosis (IMPACT)
trial,23 was associated with a signifi-
cantly greater magnitude and con-
sistency (less interindividual vari-
ability) in platelet inhibition as well
as further improvement in clinical
outcomes. The reduction with

The platelets of patients with ACS demonstrate an exaggerated response to
low levels of agonist (eg, ADP, collagen) and, therefore, a diminished re-
sponse to standard doses of platelet-inhibitor therapies, such as clopidogrel
and tirofiban.

Unfractionated heparin directly activates platelets in a dose-dependent
fashion and augments platelet responsiveness to low levels of agonists.
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eptifibatide compared with placebo
in the composite occurrence of
death, myocardial infarction, and
urgent TVR to 30 days post-PCI was
35.3% in ESPRIT versus 16.7% in
IMPACT (combined dosing regi-
mens).22,23 In addition, in the AU-
Assessing Ultegra (GOLD) trial,
periprocedural platelet inhibition
was measured and correlated with
clinical outcomes following GPIIb-
IIIa inhibitor therapy.24 The 2 time
points and measured levels of
platelet inhibition that best corre-
lated with a lower incidence of
major adverse cardiovascular events
were at 10 minutes (� 95% vs
� 95% inhibition) and at 8 hours
(� 70% versus � 70% inhibition)
following initiation of GPIIb-IIIa in-

hibitor therapy.24 Finally, in a ran-
domized controlled trial of peripro-
cedural abciximab versus tirofiban
following elective coronary stent de-
ployment (Do Tirofiban And ReoPro
Give Similar Efficacy Trial [TAR-
GET]), tirofiban was demonstrated
to be inferior to abciximab for pre-
venting the composite occurrence of
death, myocardial infarction, or ur-
gent TVR to 30 days.25 The relative
ineffectiveness of the tirofiban dose
administered in TARGET (10 �g/kg
bolus; 0.15 �g/kg/min per minute
infusion) for reducing adverse clini-
cal events has been explained by a
lesser relative magnitude of platelet
inhibition achieved (when com-
pared with the standard bolus and
12-hour infusion of abciximab).26

As previously noted, platelet
activation is markedly increased in
patients with STEMI, and a direct
relationship between the degree of
platelet activation and the subse-
quent extent of myocardial necrosis
has been observed.27 A relationship
also exists between the magnitude
of pharmacologic platelet inhibition
and the adequacy of coronary/
myocardial reperfusion in STEMI.
The patients with the greatest
platelet inhibition following adjunc-
tive pharmacotherapy for primary
PCI of STEMI have improved para-
meters of both epicardial blood flow
(higher TIMI flow grades) and
myocardial perfusion (higher TIMI
myocardial blush grades; � 50%
to 70% ST-segment resolution)
postprocedure.28,29

Combined Therapies
Additive or synergistic inhibition of
platelet aggregation may accompany
combined administration of an-
tiplatelet therapies.29-32 In the Clopi-
dogrel Loading With Eptifibatide to
Arrest the Reactivity of Platelets
Study (CLEAR-PLATELETS), a combi-
nation of eptifibatide and clopido-
grel administered prior to PCI ex-
erted a greater magnitude of platelet
inhibition than did clopidogrel
alone, an effect that was associated
with lower periprocedural occur-
rence of elevated myocardial necro-
sis markers (eg, troponin, myoglo-
bin).31 A similar observation was
made in the Intracoronary Stenting
and Antithrombotic Regimen Rapid
Early Action for Coronary Treatment
(ISAR-REACT) 2 trial.33 In the ISAR-
REACT 2 trial, 2022 high-risk ACS
patients received treatment with
clopidogrel 600 mg oral loading dose
prior to undergoing coronary an-
giography with the intent of PCI.
Following angiography, patients
were randomly assigned to receive
either abciximab (0.25 mg/kg bolus,
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Figure 2. Incidence of the composite clinical endpoint of death or myocardial infarction (MI) to 30 days in placebo-
controlled randomized trials of glycoprotein (GP) IIb-IIIa inhibitor therapy during percutaneous coronary interven-
tion. The Evaluation of 7E3 for the Prevention of Ischaemic Complications (EPIC), Evaluation of PTCA to Improve
Long-term Outcome by c7E3 GP IIb/IIIa Receptor Blockade (EPILOG), Chimeric 7E3 Antiplatelet Therapy in Unsta-
ble Angina REfractory to Standard Treatment (CAPTURE), and Evaluation of Platelet IIb/IIIa Inhibitor for Stenting
(EPISTENT) trials administered abciximab, the Integrilin to Minimize Platelet Aggregation and Coronary Thrombo-
sis-II (IMPACT-II) and Enhanced Suppression of the Platelet IIb/IIIa Receptor with Integrilin Therapy (ESPRIT) trials
administered eptifibatide, and the Randomized Efficacy Study of Tirofiban for Outcomes and Restenosis (RESTORE)
trial administered tirofiban. In general, the incidence of death or MI was inversely proportional to the magnitude
of platelet inhibition achieved. Platelet inhibition was least in the IMPACT-II and RESTORE trials, which demon-
strated the least relative benefit of GPIIb-IIIa inhibition versus placebo. Similarly, the increased dose of eptifibatide
administered in the ESPRIT trial (compared with the IMPACT-II trial) was associated with greater platelet inhibition
as well as greater clinical benefit. www.medreviews.com
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followed by a 0.125 �g/kg/min infu-
sion for 12 hours) in conjunction
with heparin 70 U/kg bolus or
placebo (bolus and 12-hour infusion)
with heparin 140 U/kg bolus.
Periprocedural abciximab adminis-
tration was associated with a 25%
reduction in the composite clinical
endpoint of death, myocardial in-
farction, and urgent TVR (11.9%
with placebo vs 8.9% with abcix-
imab; P � .03; Figure 3). Those
non–ST segment–elevation ACS pa-
tients at higher risk as reflected by an
elevated preprocedural troponin
level derived preferential benefit
from procedural abciximab adminis-
tration despite pretreatment with
clopidogrel. All of these observations
are consistent with the premise that
“more is better” with respect to
periprocedural platelet inhibition
for improving procedural outcomes,
as long as periprocedural bleed-
ing events can be controlled or
prevented.
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Figure 3. Cumulative incidence of the composite primary endpoint (death, myocardial infarction, or urgent target
vessel revascularization) to 30 days in the Intracoronary Stenting and Antithrombotic Regimen: Rapid Early Action
for Coronary Treatment 2 (ISAR REACT 2) trial. All patients received a clopidogrel 600 mg oral loading dose at least
2 hours prior to percutaneous coronary intervention and were randomly assigned to receive either abciximab or
placebo following coronary angiography. Abciximab therapy was associated with a 25% reduction in the primary
endpoint. Thus, abciximab provides clinical benefit in excess of that provided by the combination of aspirin and
clopidogrel. Reproduced with permission from Kastrati A, et al.33

Main Points
• Abnormalities in platelet size and function may be present in both acute coronary syndromes (ACS) and following

percutaneous coronary intervention (PCI). Platelet activation in ACS is protracted and shows a diminished response
to standard doses of platelet-inhibitor therapies such as clopidogrel and tirofiban. Platelet functional assessment prior
to PCI is a predictor for the subsequent occurrence of adverse clinical events, including stent thrombosis and/or post-
PCI coronary occlusion. 

• Unfractionated heparin (UFH) directly activates platelets in a dose-dependent fashion and augments platelet respon-
siveness to low levels of agonists; furthermore, UFH is incapable of binding to either factor IIa or Xa. This, in combi-
nation with UFH-mediated relative depletion of antithrombin III, results in thrombin rebound and a hypercoagulable
state following UFH administration. However, platelet activation associated with UFH administration can be elimi-
nated by the concomitant administration of a glycoprotein IIb-IIIa inhibitor.

• The magnitude of platelet inhibition achieved by therapy correlates with the degree of clinical benefit, an observation
that has led to the development of targeted levels for therapeutic platelet inhibition; however, this correlation is
tempered by the frequency of occurrence of major hemorrhagic events, which can negate the net clinical benefit of
platelet inhibitor therapy.

• Combined administration of antiplatelet therapies can lead to synergistic as well as additive inhibition of platelet
aggregation. It thus appears that “more is better” with respect to periprocedural platelet inhibition for improving
procedural outcomes, as long as bleeding events can be controlled or prevented.

www.medreviews.com
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Conclusion
Plaque disruption or other vascular
injury results in platelet adhesion,
activation, and aggregation. The
level of preprocedural platelet reac-
tivity is directly related to the occur-
rence of postprocedural adverse clin-
ical outcomes. Specific patient
subgroups (ACS, diabetes mellitus34)
demonstrate abnormalities in base-
line platelet size and function.
Periprocedural platelet inhibitor
therapies reduce the incidence of
adverse clinical outcomes in direct
proportion to the magnitude of
platelet inhibition achieved. Opti-
mal periprocedural outcomes require
high levels of measured platelet
inhibition. Additive or incremental
platelet inhibition can be achieved
by the concomitant administration
of aspirin, a thienopyridine, and a
GPIIb-IIIa inhibitor. These observa-
tions set the stage for the construct
and development of novel and im-
proved antiplatelet regimens for
both ACS and PCI.
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