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a b s t r a c t

Patients with non-ST segment elevation myocardial infarction (NSTEMI) are at high risk for atherothrombotic recurrences. Dual

antiplatelet therapy (DAPT) with aspirin and the P2Y12 receptor inhibitor clopidogrel significantly reduces the ischemic events in

NSTEMI patients and has represented the mainstay of treatment for over a decade. However, a considerable number of patients

continue to experience thrombotic complications, which may be in part due to inadequate platelet inhibition induced by this treatment

regimen. This underscores the need for more potent antithrombotic treatment regimens for the long-term prevention of athero-

thrombotic events in NSTEMI patients. These include novel generation P2Y12 receptor blockers, such as prasugrel and ticagrelor, or

adjunctive antiplatelet or anticoagulant therapies, such as vorapaxar [a protease-activated receptors (PAR)-1 receptor inhibitor] or

rivaroxaban (a factor Xa inhibitor), respectively. Since ischemic events accrue over time in NSTEMI patients, prolonging intensified

antiplatelet therapy beyond 1 year has also been investigated. However, although intensified and prolonged antithrombotic treatment

regimens reduce ischemic events, this occurs at the expense of an increased risk of bleeding complications. This article encompasses the

current state of the art on antithrombotic therapies for the secondary prevention of atherothrombotic events in patients with NSTEMI.
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Introduction

Acute coronary syndrome (ACS) is a potentially lethal con-
dition due to sudden reduction in coronary blood flow, which
is usually caused by a thrombotic occlusion of coronary
arteries [1–3]. ACS is categorized into ST elevation myocardial
infarction (STEMI), which has occlusive and persistent throm-
bus, and non-ST elevation ACS (NSTE-ACS), which usually

has non-occlusive or transient thrombus [4,5]. NSTE-ACS is
further subdivided into non-ST elevation myocardial infarc-
tion (NSTEMI) and unstable angina (UA) according to evidence
of myocardial necrosis (elevation of serum cardiac bio-
markers such as troponins) [4,5]. NSTEMI is the most fre-
quently reported among these disease entities [6]. NSTEMI is
one of the leading causes of death in the United States and
Europe [4–6]. Annually, more than 550,000 patients suffer
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from NSTE-ACS in the United States and the incidence of the
disease is �3 per 1000 inhabitants in Europe [4,5].
In a classical concept, NSTEMI is initiated by erosion or rupture

of atherosclerotic plaque and subsequent pathological coronary
thrombus formation [1–3]. Therefore, suppression of thrombus
formation with antithrombotic agents is the cornerstone of the
acute and long-term management of NSTEMI [1]. Among the
various antithrombotic regimens, dual antiplatelet therapy (DAPT)
with aspirin and clopidogrel has long been a standard antithrom-
botic regimen in NSTEMI patients [4,5,7]. Even though DAPT
significantly reduces short- and long-term thrombotic events in
NSTEMI patients, ischemic recurrences, including cardiovascular
mortality, remain high with a residual risk that persists even
beyond 1 year [8]. These findings underscore the need for
optimization of antithrombotic therapies in the post-MI setting
[9]. Recent advancements in the field have led to the development
of new antithrombotic treatment regimens, which have translated
into further reduction of the risk of ischemic events [10]. In this
review, we provide an update on oral antithrombotic therapies
used for secondary prevention in patients experiencing a NSTEMI.

Basics of pathophysiology

The rupture, fissure, or erosion of an atherosclerotic plaque
promptly activates platelets [11]. The subsequent exposure of

subendothelial collagen and von Willebrand factor interact
with glycoprotein (GP) Ib/V/IX and GP VI receptors on the
platelet surface, which results in platelet adhesion at the site
of vascular injury (Fig. 1) [11]. Initial adhesion of platelets are
fortified by the activation of integrins, such as αIIbβ3 (GP IIb/IIIa)
or α2β1 (GP Ia/IIa), and then form a platelet monolayer at the
injured vascular wall [11]. After adhesion to the vessel wall,
platelets release multiple secondary mediators, such as
adenosine diphosphate (ADP), epinephrine, serotonin, throm-
boxane A2, and thrombin [11,12]. These mediators accelerate
and amplify further recruitment of additional platelets,
expression of proinflammatory molecules, and the conver-
sion of the platelet GP IIb/IIIa receptor into its active form via
intracellular signaling processes of G-protein coupled recep-
tors (GPCRs) on the platelet surface [12]. The GP IIb/IIIa
receptors mediate platelets to aggregate through fibrinogen
bonds, and allow the expansion of a platelet-rich thrombus
[11]. Because the activation of GPCRs by secondary mediators
is the primary modulator of pathologic thrombosis, many
antiplatelet agents aim to block this interaction.
A ruptured atherosclerotic plaque releases tissue factors

from the subendothelium, which triggers the coagulation
cascade, and downstream coagulation factors gather on the
activated platelets to convert prothrombin to thrombin
[13,14]. Thrombin promotes further platelet activation and
thrombus formation through the activation of protease-activated

Fig. 1 – Mechanism of thrombus formation. The rupture, fissure, or erosion of atherosclerotic plaque expose subendothelial
collagen and vWF. Initial platelet adhesion at the site of vascular injury is mediated by interactions between exposed collagen
and platelet GP VI receptor, and between vWF and GP Ib/V/IX receptor complexes on the platelet surface. After adhesion to the
vessel wall, platelets release strong activating factors (ADP, serotonin, epinephrine, thromboxane A2, and thrombin), which
promote further recruitment and activation of circulating platelets. These factors also lead to changes in platelet shape,
expression of proinflammatory molecules, platelet procoagulant activity, and activation of platelet integrin GP IIb/IIIa.
Activated GP IIb/IIIa expands a platelet-rich thrombus by aggregating activated platelets through fibrinogen bonds. vWF ¼ von
Willebrand factor, GP ¼ glycoprotein, PAR ¼ protease-activated protein receptors, TP ¼ thrombin prostanoid, TXA2 ¼
thromboxane A2, ADP ¼ adenosine diphosphate, TF ¼ tissue factor. (Reproduced with permission from Angiolillo et al. [11].)
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