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Platelets play a key role in thrombosis and haemostasis, which can be eitherAbstract
beneficial or deleterious depending on the circumstances. Multiple factors, such
as genetic polymorphisms, pathological state and lifestyle, are thought to be
associated with platelet hyperreactivity. Platelet activation occurs through the
complex process of transmembrane signalling, with a cascade of biochemical
interactions leading to platelet activation. Transmembrane signalling involves
many different molecules with different enzymatic activity and/or function. Based
on the signalling pathways involved in platelet activation, there are four possible
targets of antiplatelet drugs: (i) inhibition of agonist generation; (ii) receptor
inhibition; (iii) G-protein inhibition; and (iv) inhibition of enzymatic cascades.
However, both established and novel antiplatelet drugs have their own advantages
and disadvantages. Because of the problems associated with the use of current
antiplatelet drugs, such as resistance, optimal dosage and safety, future strategies
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for the development of new antiplatelet drugs and new treatment regimens may
include consideration of the following: (i) a shift from single targets within the
signalling cascade to multiple targets; (ii) a shift from therapy with a single drug to
combination therapy; and (iii) investigating drugs in current clinical use for novel
antiplatelet properties.

Coronary artery disease (CAD) and stroke con- agement of bleeding complications. To this end,
various antiplatelets have been used with varyingtinue to be the most common causes of mortality and
degrees of success.morbidity in the industrialized world. Thrombotic

On the basis of results of gene-knockout studiesdiseases affect the cardiovascular, cerebrovascular
and with the availability of multiple receptor ant-and peripheral arterial systems. Platelets play a key
agonists, details of the process of platelet activationrole in both thrombosis and haemostasis but, under
have become clearer. Platelet activation is a compli-normal physiological conditions, their major physi-
cated process, involving multiple signalling path-ological function is haemostasis (i.e. the mainten-
ways and molecules with various enzymatic activi-ance of vessel integrity and the cessation of bleeding
ties and/or function.[3] Thus, it may be difficult tofollowing injury). However, under pathophysiologi-
study platelet signalling from the perspective of acal conditions, platelet activation leads to a range of
single ligand–receptor interaction. However, this as-responses that play a critical role in arterial throm-
pect is very important for an understanding of thebosis, including platelet aggregation, the secretion
mechanisms underlying platelet activation with dif-of dense and α granules, and procoagulant ac-
ferent agonist-mediated signalling pathways, whichtivity.[1-3] To some extent, the balance between
is the basis for research into potential new targets forthrombosis and haemostasis is similar to the Chinese
antithrombotic drugs. The present review summa-medical theory of Yin and Yang (see figure 1). As
rizes factors associated with platelet hyperreactivity,the number of factors recognized as being associated
recent advances in the understanding of the mainwith platelet hyperactivity increases and the related
agonist-mediated signalling pathways involved inmechanisms are clarified, more antiplatelet agents
platelet activation, the problems associated with thecan be developed. However, the treatment of throm-
use of current antiplatelet drugs and future consider-botic disease requires a delicate balance between the
ations.prevention of new thrombotic events and the man-

1. Factors Associated with
Platelet Hyperreactivity

Epidemiological studies have linked platelet
hyperreactivity with an increased risk of vascular
events. Even more convincing evidence of such a
link comes from appropriately designed clinical
trials, which have shown that the use of antiplatelet
agents decreases the risk of vascular events (e.g.
myocardial infarction [MI] and stroke).[4] These
findings are compatible with the known thrombotic
actions of platelets. However, it is difficult to relia-
bly identify a ‘high-risk’ patient because of the
absence of a reliable, universally accepted marker of
platelet activity. Recently, other factors, such as
genetic polymorphisms, pathological state and life-
style, have been identified as contributing to platelet

(+) (–)

Thrombosis Haemostasis

Platelet
activation

Atherosclerosis
Hyperlipidaemia
Diabetes mellitus
Hypertension
Hyperhomocysteinaemia
Metabolic syndrome
Lifestyle

Aspirin
Ticlopidine 
Clopidogrel
Prasugrel
Dipyridamole
Abciximab
Tirofiban

Fig. 1. The Yin and the Yang of thrombosis and haemostasis. In
vivo, there is a balance between thrombosis and haemostasis.
Many factors increase platelet activation (+) and are thus asso-
ciated with platelet hyperreactivity, including atherosclerosis, hyper-
lipidaemia, hypertension and lifestyle. Currently available anti-
platelet agents, including aspirin and clopidogrel, have inhibitory
effects (–) on platelet activation.
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1.2.2 Hyperlipidaemiahyperreactivity and some of the mechanisms in-
Platelet hyperreactivity can be assessed withvolved have been determined.[4]

multiple stimuli in multiple assays and is more like-
ly to be present in individuals who have elevated1.1 Genetic Polymorphisms
levels of fibrinogen, triglycerides and low-density
lipoproteins (LDLs).[21-23]The genetic contribution to thrombotic diseases

The interaction between platelets and lipopro-is well established.[5,6] Genetic polymorphisms may
teins has been investigated in some depth. Recentaffect the balance between coagulation and fibrinol-
observations suggest that LDL enhances plateletysis, thereby impacting on vulnerability to acute MI
responsiveness.[23] Several LDL-induced signallingamong patients with underlying coronary athero-
pathways involved in platelet activation have beensclerosis. Although there are well known examples
revealed in vitro, including signalling via p38of inherited gene variations that affect platelet func-
mitogen-activated protein kinase and p125 focaltion and lead to a clinical haemorrhagic phenotype
adhesion kinase.[24,25] High-density lipoprotein(e.g. Glanzmann thrombasthenia and storage pool
(HDL), which consists of two subtypes, namelydiseases), only recently have investigators started to
HDL2 and HDL3, has opposite effects to LDL onconsider inherited variations that enhance platelet
platelet activation.[23]reactivity. Since the first report of genetic variations

Interestingly, it was found that spontaneousin platelets associated with acute MI in 1996,[7]

platelet aggregation in whole blood was increased inmany epidemiological studies have been under-
female but not male patients with primary dys-taken, but the results have often been inconsistent.[8]

lipidaemia, indicating that higher shear-induced ag-It has been determined that 10 of 11 polymorphisms
gregation may exist in patients with hyper-in eight platelet genes are not associated with plate-
lipidaemia, leading to thrombus formation.[26] More-let hyperreactivity, including functional polymorph-
over, no influence of simvastatin was found onisms in genes encoding the α2-adrenoceptor, in-
platelet aggregation and secretion in patients withtegrins β3 and α2, and glycoprotein (GP) Iba
hypercholesterolaemia.[27]and GP VI. However, platelet hyperreactivity has

been shown to be associated with the C825T poly- 1.2.3 Diabetes Mellitus
morphism in the gene encoding the G-protein Diabetes mellitus is a well recognized risk factor
β3-subunit.[9] Although polymorphisms of most for atherosclerotic cardiovascular disease and is, in
platelet genes are not related to platelet hyperreac- fact, associated with enhanced platelet activation.
tivity, there are genetic polymorphisms that are Diabetic patients have hyperreactive platelets that
associated with platelet hyperreactivity and are con- exhibit exaggerated adhesion and aggregation, as
sidered responsible for resistance to antiplatelet well as increased thrombin generation (i.e. the entire
agents (e.g. aspirin[10-13] and clopidogrel[14-17]). coagulation cascade is dysfunctional in diabetes).[28]

A variety of mechanisms may be responsible for
1.2 Pathological State enhanced platelet aggregation in diabetes.[29-31]

First, hyperglycaemia may be related to the non-
1.2.1 Atherosclerosis and Vascular Events enzymatic glycation of platelet glycoproteins, re-
Normal platelet responses can be altered by ac- sulting in changes in structure and conformation, as

tive cardiovascular disease states, both chronic (e.g. well as changes in membrane lipid dynamics.
stable angina pectoris) and acute (e.g. acute MI). For Second, hyperglycaemia-induced oxidative stress
example, the generation of thromboxane A2 (TXA2) is responsible for the enhanced peroxidation of
was found to be increased in patients with an acute arachidonic acid, leading to the formation of biolog-
MI, whereas patients with acute coronary syn- ically active isoprostanes. Moreover, increased oxi-
dromes (ACS) exhibited significantly enhanced dative stress contributes to activation of transcrip-
GP VI expression.[18] In addition, platelet reactivity tion factors and the expression of redox-sensitive
has been shown to be increased in patients with genes, leading to initial platelet activation and adhe-
peripheral arterial disease.[19,20] sion, with subsequent formation of platelet aggre-

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (12)
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gates. Third, high glucose levels enhance platelet 1.3 Lifestyle
reactivity to agonist stimulation as a result of elevat-

Lifestyle factors, such as exercise, smoking, dieted osmolality. This effect is mediated by the produc-
and alcohol consumption, may have a significanttion of superoxide anion, which increases platelet
effect on cardiovascular disease and platelet func-expression of P-selectin, and protein kinase C sig-
tion. Physical activity and lifestyle in general havenalling, which intensifies thrombin receptor-activat-
been shown to have diverse effects on platelet reac-ing peptide (TRAP)-induced fibrinogen binding (i.e.
tivity in humans. Many studies have investigated theaggregability).[29] Finally, studies have shown that
effects of exercise, weight loss, dietary lipids (espe-food intake enhances thromboxane receptor-medi-
cially omega-3 polyunsaturated fatty acids), smok-ated platelet activation in patients with type 2 diabe-
ing, alcohol and psychosocial stress on platelet acti-tes, but not in healthy subjects.[31]

vation. Available evidence supports the theory that
adopting strategies to lose weight, stop cigarette1.2.4 Hypertension
smoking, engage in regular moderate exercise andIn general, results of clinical studies and animal
relaxation, as well as the regular light-to-moderateexperiments indicate that hypertension is associated
consumption of alcohol and fatty fish, should signif-with the hyperaggregability of platelets and in-
icantly reduce platelet reactivity.[38] Recent studiescreased TXA2 levels in blood, urine and tissues.
have shown that in patients with stable CAD, in-Platelet activation is involved in the pathogenesis of
creased platelet reactivity to collagen/adenosinethrombotic complications of hypertension. There
diphosphate (ADP) stimulation after exercise, asis a stepwise augmentation of platelet activation
assessed by the PFA-100® System is specificallyindices, despite similar platelet counts, with increas-
associated with increased platelet expression of theing severity of hypertensive disease.[32] A recent
GP IIb/IIIa receptor.[39] Diet is one factor that influ-study has identified an association between extreme
ences thrombosis and haemostasis. An increasingincreases in blood pressure (BP) and platelet P-
number of foods have been reported to have platelet-selectin levels and fibrinolytic markers in patients
inhibitory actions, including grape juice, cocoa andwith severe hypertension. Platelet CD62 levels were
chocolate.[40,41] Both epidemiological studies anddemonstrated to have a strong and graded associa-
clinical trials indicate that the very long chain ome-tion with both systolic and diastolic BP that persist-
ga-3 fatty acids lower thrombotic tendency and theed in the presence of multiple concomitant risk
risk of heart disease. Other polyunsaturated andfactors. The correlation between BP and CD62P was
monounsaturated fats appear to have antithromboticstronger than that between BP and either plasmi-
properties, but further studies are indicated.[42] In anogen activator inhibitor-1 activity or tissue plasmi-
limited number of clinical and laboratory studies,nogen activator antigen.[33] Platelet activation and
tocopherol (vitamin E) has been shown to decreaseplatelet CD62 levels increased in a BP-dependent
platelet aggregation.[43] Nutritional status frequentlymanner and this relationship persisted at extreme
declines with age and this may exacerbate the al-levels of BP.[33]
ready increased risk of thrombosis.[44]

1.2.5 Other Diseases 2. Signalling Pathways Involved in
Epidemiological evidence suggests that hyperho- Platelet Activation

mocysteinaemia may lead to an increase in platelet
activation and is an independent risk factor for arte- Platelet activation has long been recognized as
rial thrombotic diseases, such as acute MI, stroke, critical for the formation of haemostatic plugs and
peripheral and ischaemic occlusive disorders and thrombosis. Until relatively recently, platelet activa-
venous thromboembolism.[34-36] Moreover, platelet tion was considered a straightforward process in-
activation tends to be increased in metabolic syn- volving the noncovalent bridging of integrin αIIbβ3
drome. In overweight and obese patients, the risk receptors on the platelet surface by the dimeric
factors for metabolic syndrome parallel platelet re- adhesive protein fibrinogen. However, with recent
sponsiveness to leptin to some extent.[37] technical advances enabling real-time analysis of

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (12)
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Table I. Main platelet agonists and their receptors, G-proteins and relative effectors

Agonists Receptors Antagonists G-protein Effectors
ADP P2Y1 A3P5P, MRS2179 Gq PLCβ (+)

P2Y12 Clopidogrel Gi AC (–); PI3K (+)

Ticlopidine

Prasugrel (CS-747)

ARL-66096 (AR-C66096), BX 667

Regrelor (INS50589)

Thrombin PAR1 RWJ-58239, RWJ-56110 Gi; G12/13 AC (–); PI3K (+); RhoGEF (+)

PAR4 YD-3 Gq; G12/13 PLCβ (+); RhoGEF (+)

TXA2 TP receptor Terutroban sodium (S18886), Gq; G12/13 PLCβ (+); RhoGEF (+)
piperlongumine

BM573, ridogrel, TRA418

Adrenaline α2-Adrenoceptor Gz AC (–); PI3K (+)

Serotonin 5-HT2A Sarpogrelate Gq PLCβ (+)

PGI2 IP receptor RO1138452 Gs AC (+)

Collagen GP VI EXP3179 PLCγ (+)
5-HT = serotonin; AC = adenylate cyclase; ADP = adenosine diphosphate; GP VI = glycoprotein VI; PAR = protease-activated receptor;
PGI2 = prostacyclin; PLCβ, PLCγ = phospholipase Cβ and γ, respectively; PI3K = phosphatidylinositol 3-kinase; RhoGEF = Rho guanine-
nucleotide exchange factor; TXA2 = thromboxane A2; + indicates positive effect; – indicates negative effect.

platelet activation in vivo, it has become apparent positive feedback mediators that amplify the initial
that this process is much more complex and dynam- signals to ensure the rapid activation and recruit-
ic than previously thought. Over the past decade, it ment of platelets into a growing thrombus.
has become clear that platelet activation is a multi-

3. Current Antiplatelet Targetsstep process involving distinct receptors and
and Agentsligands, with the contribution of individual

receptor–ligand interactions to the activation pro-
cess dependent on the prevailing blood flow condi- 3.1 Strategies for Antiplatelet Therapy
tions.[45]

Based on the signalling pathways involved in
Using gene-knockout studies and multiple recep-

platelet activation, there are four possible targets of
tor antagonists, the details of the process of platelet

antiplatelet drugs: (i) inhibition of agonist genera-
activation have become much clearer and have been

tion; (ii) receptor inhibition; (iii) G-protein inhibi-
reviewed in detail elsewhere from the viewpoint of

tion; and (iv) inhibition of enzymatic cascades.
platelet physiology,[1,46] signal transduction[47] and

Moreover, some drugs have a clinically demonstra-
G-proteins.[48-50] It is known that platelet activation

ted antiplatelet effect and a clear mechanism of
requires agonist induction. Table I lists the main

action, for example cyclo-oxygenase (COX) inhibi-
agonists involved in platelet activation, as well as

tors (aspirin), phosphodiesterase (PDE) inhibitors
their receptors, G-proteins and effectors. Because

(dipyridamole and cilostazol), inhibitors of P2Y12most agonists can act synergistically in platelet ag-
receptors (ticlopidine, clopidogrel and prasugrel)

gregation, the signalling pathway of platelet activa-
and inhibitors of GP IIb/IIIa receptors (abciximab,

tion is nonlinear and quite complicated (see figure
eptifibatide and tirofiban).

2). For example, many platelet agonists bind more
than one receptor (e.g. von Willebrand factor binds 3.2 Evidence from Clinical Studies on
both GP Ib and αIIbβ3, collagen binds to GP VI and Currently Available Antiplatelet Drugs
α2β1, thrombin interacts with protease-activated re-
ceptors and GP Ib, and ADP binds at least two ADP Table II summarizes the clinical aspects of cur-
receptors on platelets). In addition, activated plate- rently available antiplatelet drugs and provides a
lets themselves rapidly secrete additional agonists comprehensive list of current English-language
(e.g. TXA2, ADP, serotonin and ATP), which act as systematic reviews and meta-analyses that have

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (12)
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Table II. Systematic reviews and meta-analyses of randomized controlled trials (RCTs) of antiplatelet agents

Study RCTs Patient population [n Findings and conclusions
(year) (disease/procedure)]
Aspirin

Efficacy

Berger et al.[55] 6 95 456 (CV) Aspirin reduced the risk of ischaemic stroke in women and MI in men, but
(2006) significantly increased the risk of bleeding to a similar extent in both

women and men

Berger et al.[51] 6 9853 (CV) Low-dose (50–325 mg/day) aspirin reduces the incidence of adverse
(2008) cardiovascular events and all-cause mortality while increasing the risk of

severe bleeding

Safety

Serebruany et al.[61] 31 192 036 (ACS) Low-dose (<100 mg) aspirin provides comparable therapeutic effects with
(2005) the lowest risk, whereas moderate doses (100–200 mg) are associated

with a higher rate of haemorrhagic events

Biondi-Zoccai et al.[62] 6a 50 279 (CAD) Aspirin withdrawal was associated with 3-fold higher risk of major adverse
(2006) cardiac events

Burger et al.[63] 41a 49 590 (ACS) Aspirin could be discontinued peri-operatively only if peri-operative
(2005) bleeding risks are similar or more severe than the observed

cardiovascular risks after withdrawal

Aspirin resistant

Krasopoulos et al.[64] 20a 2930 (CV) 28% of patients were classified as aspirin resistant, did not benefit from
(2008) other antiplatelet treatment and were at a greater risk of cardiovascular

morbidity

Hovens et al.[65] 42a NR Biochemically defined aspirin resistance is approximately 25%. Both
(2007) aspirin dosage and the method of defining aspirin resistance strongly

influence estimated prevalence

Snoep et al.[66] 16a 3304 (CV) Patients identified biochemically as having laboratory aspirin resistance
(2007) are more likely to also have ‘clinical resistance’ (OR 3.8; 95% CI 2.3, 6.1)

Clopidogrel

Lotrionte et al.[56] 10a 1567 (PCI) A high clopidogrel loading dose (>300 mg) significantly reduces early
(2007) ischaemic events in patients scheduled for PCI

Snoep et al.[67] 25a 3688 (PCI) Mean prevalence of clopidogrel nonresponsiveness was 21% and the
(2007) pooled OR of cardiovascular outcome was 8.0

Purkayastha et al.[68] 11a 4002 (CABG) Clopidogrel may indirectly compromise hospital resources by increasing
(2006) blood loss, transfusion, ventilation requirements, length of inpatient stay

and re-exploration rate

Cilostazol

Thompson et al.[57] 8 2702 (IC) Cilostazol therapy increased maximal and pain-free walking distances by
(2002) 50% and 67%, respectively, without major adverse effects

Robless et al.[58] 8 NR (IC) Cilostazol has been shown to be of benefit in improving walking distance
(2007) in people with IC

Dipyridamole

Leonardi-Bee et al.[59] 5 11 459 (stroke) Recurrent stroke was reduced by dipyridamole vs control (OR 0.82) and
(2005) by combined aspirin and dipyridamole vs aspirin (0.78), dipyridamole

(0.74) or control (0.61)

De Schryver et al.[69] 26a 19 842 (stroke) There was no evidence that dipyridamole alone was more efficacious than
(2003) aspirin, although it may reduce the risk of further vascular events

De Schryver et al.[53] 29 23 019 (VD) There was no evidence that dipyridamole alone is more efficacious than
(2008) aspirin

Continued next page
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Table II. Contd

Study RCTs Patient population [n Findings and conclusions
(year) (disease/procedure)]
Triflusal
Costa et al.[54] 7a 5622 (stroke) No significant differences were found between triflusal and aspirin for
(2006) secondary prevention of serious vascular events, but triflusal was

associated with a lower risk of haemorrhagic complications

Abciximab
De Luca et al.[70] 7 3918 (STEMI) The mortality benefits of adjunctive abciximab therapy to mechanical
(2006) revascularization for STEMI are related to the patient’s risk profile

Montalescot et al.[60] 3 1101 (stenting) Abciximab has a strong and persistent impact on hard clinical endpoints in
(2007) patients undergoing primary stenting for STEMI

de Queiroz Fernandes 6 3755 (PCI) Abciximab, as adjunctive therapy to PCI, reduces mortality, TVR and
Araújo et al.[71] MACE following AMI, with an increased risk of major bleeding (OR 1.39;
(2004) 95% CI 1.03, 1.87)

Kandzari et al.[72] 4 3266 (PCI) Treatment with abciximab significantly reduces early adverse ischaemic
(2004) events, a clinical benefit that is maintained at 6-month follow-up

GP IIb/IIIa antagonists
Hernández et al.[73] 6 31 402 (NSTE-ACS) The relative reduction of death or MI with GP IIb/IIIa inhibitors was greater
(2007) in older patients, but with a higher risk of major bleeding

Montalescot et al.[74] 6 931 (STEMI) Early administration of GP IIb/IIIa inhibitors appeared to improve coronary
(2004) patency with favourable trends for clinical outcomes, supporting a strategy

of facilitated PCI
a Including non-RCTs.

ACS = acute coronary syndromes; AMI = acute myocardial infarction; CABG = coronary artery bypass grafting; CAD = coronary artery
disease; CI = confidence interval; CV = cardiovascular disease; GP = glycoprotein; IC = intermittent claudication; MACE = major cardiac
events; MI = myocardial infarction; NR = not reported; NSTE = non-ST-segment elevation; OR = odds ratio; PCI = percutaneous coronary
interventions; STEMI = ST-segment elevation myocardial infarction; TVR = target vessel revascularization; VD = vascular disease.

been published in peer-reviewed journals and re- spectrum antibacterial, then the other antiplatelet
drugs currently available can be viewed as narrow-trieved from MEDLINE, PsycINFO, Acular and
spectrum antibacterials. Because of a lack of suffi-AMED, as well as a compilation of published bibli-
cient clinical evidence, current clinical data supportographies. Based on these data, low-dose aspirin
the use of aspirin in primary and secondary throm-(50–325 mg/day) is still the most effective treatment
botic diseases, clopidogrel in ACS and percutaneousto reduce the risk of nonfatal MI and all-cause
coronary interventions (PCI), cilostazol in intermit-mortality among patients with ischaemic heart dis-
tent claudication, triflusal and dipyridamole inease. In addition, aspirin is the most effective at
stroke, and GP IIb/IIIa inhibitors in ACS and stent-reducing the risk of stroke among patients with
ing.[51,54,56-60] However, this does not mean that ancerebrovascular disease, although it does increase
antiplatelet agent that is recommended for the treat-the risk of severe bleeding.[51] However, one system-
ment of a certain disease cannot be used for theatic review indicates that currently available clinical
treatment of other thrombotic conditions.data do not support the routine long-term use of

Table III lists studies comparing the clinical effi-aspirin at dosages greater than 75–81 mg/day in the
cacy and safety of available antiplatelet agents.prevention of cardiovascular disease.[52] Higher dos-
These studies indicate that prasugrel is superior toages of aspirin do not reduce the risk of vascular
clopidogrel, which itself is superior to aspirin, inevents but, rather, are associated with an increased
preventing vascular death, MI and stroke,[75-77]risks of gastrointestinal bleeding. There is no evi-
whereas abciximab seems to be more effective thandence that dipyridamole alone or triflusal alone are
tirofiban in the prevention of ischaemic events withmore efficacious than aspirin.[53,54] The protective
percutaneous coronary revascularization.[78]effects of aspirin are sex specific,[55] but it is unclear

whether other antiplatelet drugs have similar proper- Table IV lists studies on combination therapy
ties. If an analogy can be made of aspirin as a broad- using currently available antiplatelet drugs. The

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (12)
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Table V. Abbreviated and full names of trials investigating antiplatelet therapies

CAPRIE Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events

CARESS Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis

CHARISMA Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance

DISPERSE-2 Dose ConfIrmation Study assessing anti-Platelet Effects of AZD6140 vs clopidogRel in non-ST-
segment Elevation myocardial infarction – 2

ESPRIT European/Australian Stroke Prevention in Reversible Ischaemia Trial

ESPS-2 European Stroke Prevention Study 2

ISAR-REACT 2 Intracoronary Stenting and Antithrombotic Regimen Rapid Early Action for Coronary Stenting 2

JUMBO-TIMI 26 Joint Utilization of Medications to Block Platelets Optimally – Thrombolysis In Myocardial Infarction
26

MATCH Management of ATherosclerosis with Clopidogrel in High-Risk Patients

PCI-CURE Percutaneous Coronary Intervention – Clopidogrel in Unstable Angina to Prevent Recurrent
Ischaemic Events

PRINCIPLE-TIMI 44 PRasugrel IN Comparison to Clopidogrel for Inhibition of PLatelet Activation and AggrEgation –
Thrombolysis In Myocardial Infarction 44

STAMI Ticlopidine versus Aspirin after Myocardial Infarction

TACIP Triflusal versus Aspirin in Cerebral Infarction Prevention

TAPIRSS Triflusal versus Aspirin for Prevention of Infarction: Randomized Stroke Study

TARGET Do Tirofiban And ReoPro Give similar Efficacy outcomes Trial

TRITON-TIMI 38 TRial to assess Improvement in Therapeutic Outcomes by optimizing platelet InhibitioN with
prasugrel – Thrombolysis In Myocardial Infarction 38

CHARISMA (see table V for full trial names) trial troponin levels. It is apparent that current clinical
practice is to substitute clopidogrel for ticlopidinerecently evaluated the value of dual antiplatelet ther-
after stenting owing to the adverse effects ofapy with clopidogrel plus aspirin.[87] Although no
ticlopidine; however, Mueller et al.[94] found thatstatistically significant benefit was found in the
ticlopidine combined with aspirin was associatedoverall broad population of stable patients stud-
with a significantly lower mortality than clopidogrelied,[88] those with documented prior MI, ischaemic
plus aspirin after the placement of coronary arterystroke or symptomatic peripheral arterial disease
stents in unselected patients. Indeed, these discrep-appeared to benefit from intensification of dual anti-
ancies highlight the need for further long-term stud-platelet therapy beyond aspirin alone.[89] However,
ies on combination therapy with antiplatelet agents.the addition of aspirin to clopidogrel in high-risk

patients with a recent ischaemic stroke or transient
3.3 Advances in Experimental Studies on

ischaemic attack is associated with a nonsignificant
Novel Antiplatelet Agents

reduction in major vascular events compared with
patients treated with clopidogrel alone.[90] In con- There is an increasing number of novel anti-
trast, the risk of life-threatening or major bleeding is platelet agents being developed. Agents undergoing

clinical investigation include E5555, SCH530348,increased following the addition of aspirin to
YD-3 and regrelor (INS50589). Other agents underclopidogrel. The ESPRIT study, combined with re-
preclinical investigation include BX-667, JAQ-1,sults of previous trials, provides sufficient evidence
terutroban sodium (S18886) and YM-254890.for the use of combination antiplatelet therapy of

aspirin plus dipyridamole over aspirin alone in pa- 3.3.1 Novel Protease-Activated
tients after cerebral ischaemia of arterial origin.[91,92] Receptor Antagonists
The ISAR-REACT 2 trial found that abciximab Thrombin is the most potent platelet agonist and
reduced the risk of adverse events in ACS patients plays a critical role in the development of arterial
without ST-segment elevation undergoing PCI after thrombosis. Human platelets express dual thrombin
pretreatment with clopidogrel 600 mg;[93] however, receptors, specifically protease-activated receptor
subgroup analysis revealed that abciximab was ben- (PAR) 1 and PAR4,[97] but there are still no thera-
eficial only in those patients with elevated serum peutic strategies that effectively target both receptor
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subtypes. PAR1 and PAR4 appear to form a stable cacy in the clinic because of the risk of bleeding
heterodimer that enables thrombin to act as a biva- associated with their use. Regrelor (INS50589), a
lent functional agonist. Targeting the PAR1–PAR4 selective P2Y12 receptor antagonist, is being devel-
complex may present a novel therapeutic opportuni- oped for use where controlled, reversible modula-
ty to prevent arterial thrombosis.[98] Recent studies tion of platelet haemostatic function is needed.
have identified that simultaneous antagonism of Phase I trials[104] have shown that regrelor is a well
PAR1 and PAR4 is synergistic and provides more tolerated, reversible, competitive antagonist of ADP
effective inhibition of thrombin-induced platelet ac- at the human platelet P2Y12 receptor, with potential
tivation than either PAR1 or PAR4 antagonism therapeutic usefulness in various cardiovascular set-
alone.[99] tings. Preclinical data demonstrate that another re-

versible P2Y12 receptor antagonist, namely BX-667,There have been several peptide and nonpeptide
has a wider therapeutic index than clopidogrel inantagonists of PAR1 developed, but only two PAR4
experimental models of thrombosis.[105]antagonists (YD-3 and YC-1). YD-3, as the first

nonpeptide PAR4 antagonist, had little or no effect
3.3.3 Novel Thromboxane A2/Prostaglandin H2on thrombin-induced platelet aggregation alone and
Receptor Antagonists

significantly enhanced the anti-aggregatory activity
It has already been shown that several TXA2-

of PAR1 antagonists.[99] In human platelets, the in-
receptor antagonists may be used in the treatment of

hibitory effect of YD-3 was significant only when
cardiovascular diseases.[106] In addition, recent re-

the function of PAR1 was blocked or attenuated.[100]
ports suggest that antagonism of TXA2 receptors

This may be one reason why YD-3 has not made it
may be able to restrict vascular inflammation in

into clinical use. However, the results indicate that
atherosclerotic vessels.[107] In particular, terutroban

thrombin-induced platelet activation cannot be in-
sodium (S18886), a polysubstituted tetrahydronaph-

hibited effectively by blocking just one of the
thalene derivative, is a new and highly selective

thrombin receptor pathways and suggest a rationale
TXA2 receptor antagonist with a long duration of

for potential combination therapy in arterial throm-
antiplatelet action.[108] It has been shown in two

bosis.[99] Although the two PAR4 antagonists are
rabbit models that terutroban sodium inhibits the

still under preclinical investigation, two of the orally
development of atherosclerosis.[109,110] Recently, in

administered PAR1 antagonists, namely E5555 and
a porcine model of stent-induced thrombosis, it was

SCH530348, are currently undergoing evaluation in
found that blockade of the TXA2 receptor by teru-

phase II studies. The efficacy and safety of the
troban sodium provided a fast and potent platelet

former is being evaluated in patients with CAD,[101]
inhibitory effect, blocking both the ADP receptor

whereas the safety of various doses of the latter is
and COX activation. In addition, the TXA2 receptor

being investigated in PCI.[44] As a selective ant-
antagonist had a more favourable bleeding risk pro-

agonist of PAR1, RWJ-58259 has been shown to
file.[111]

interfere with thrombotic activity in nonhuman pri-
mates, even in the presence of an active PAR4 3.3.4 Novel Glycoprotein VI Antagonists
receptor.[102] Perivascular application of RWJ- Collagen receptors offer attractive possibilities as
58259 in vivo significantly inhibited arterial injury- alternative targets during the early stages of platelet
induced stenosis in a rat model of balloon angi- activation. There are three major collagen receptors:
oplasty.[103] These preclinical results suggest poten- (i) the α2β1 integrin, responsible primarily for
tial clinical usefulness of RWJ-58259 in the treat- platelet adhesion to collagen; (ii) GP VI, the major
ment of thrombotic disorders and vascular injury signalling receptor for collagen; and (iii) GP Ib-V-
associated with acute coronary interventions and IX, which acts as a collagen receptor indirectly via
atherosclerosis. von Willebrand factor.[112] Several thrombosis mod-

els and experimental approaches suggest that all
3.3.2 Novel P2Y12 Receptor Antagonists three are interesting targets and merit further investi-
Irreversible platelet inhibitors, such as aspirin gation. GP VI may serve as the most attractive target

and clopidogrel, have limited antithrombotic effi- for antithrombotic therapy because its inhibition or
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absence results in profound protection against arteri- Based on these findings, it has been suggested that
al thrombosis, but no major bleeding, in mice.[113] this pharmacological inhibitor of the Gq signalling
Moreover, direct targeting of GP VI provides signif- pathway has the potential to be developed as an
icantly stronger protection against arterial thrombo- antithrombotic drug. However, a Gq-specific ap-
sis than soluble GP VI dimer.[114] JAQ-1, a mono- proach would be required because inhibition of both
clonal antibody against GP VI, has been shown to Gq and G11 is likely to have deleterious effects in
induce irreversible downregulation of the receptor multiple organs.[119,120]

and, consequently, long-term antithrombotic protec-
tion in vivo.[115] However, the use of JAQ-1 may

3.4 Summaryresult in defective haemostasis in patients with re-
duced α2β1 levels or on concomitant aspirin ther-

In summary, as indicated in tables II, III and IVapy,[113] which limits its clinical use.
and discussed in section 3, current antiplatelet thera-Recently, an anopheline antiplatelet protein
pies are based generally on specific signalling path-(AAPP) isolated from the saliva of Anopheles
ways in platelet activation, involve single agentsstephensi, a human malaria vector mosquito, was
acting on single targets and are mainly irreversiblefound to have a strong and specific inhibitory effect
(see figure 3). However, many unresolved problemsagainst collagen-induced platelet aggregation.[116]

remain for both proven and experimental anti-The inhibitory mechanism involves direct binding
platelet drugs, including their efficacy and safety,of AAPP to collagen, which blocks platelet adhesion
the patient populations in which their use is mostto collagen and inhibits the subsequent increase in
appropriate, their optimal dosage, administration re-intracellular Ca2+ concentrations. The binding of
quirements, combination therapy, clinical evalua-AAPP to collagen effectively blocked platelet adhe-

sion via GP VI and integrin α2β1. Moreover, intra- tion, cost effectiveness and the ‘resistance’ phenom-
venously administered recombinant AAPP strongly enon. In particular, aspirin resistance, with a report-
inhibited collagen-induced platelet aggregation ex ed prevalence of 24–40%,[121] and clopidogrel
vivo in rats.[116] resistance (prevalence 6–58%)[66,122] have been in-

vestigated in some detail and, so far, the data indica-
te that resistance to these drugs may be attributed to3.3.5 Novel Platelet Gq Antagonists
factors such as compliance, dose, absorption, meta-Recently, YM-254890, a novel inhibitor of the
bolism, drug interactions, genetic polymorphismsGq signalling pathway, was found to inhibit ADP-
and the method used to define ‘resistance’ in the firstmediated platelet aggregation by interfering with
place.[122] In fact, platelet aggregation should bethe guanosine diphosphate–guanosine triphosphate
normally distributed within populations,[123] asexchange pathway and blocking P2Y1 receptor-me-
should aspirin and clopidogrel responsiveness. Anti-diated intracellular calcium mobilization.[117]

platelet resistance should be defined as a move awayYM-254890 has become a useful tool for the inves-
from the normal distribution of the platelet aggrega-tigation of Gα(q/11)-protein-coupled receptor signal-
tion response.ling and the physiological roles of Gα(q/11).[118]

Single target
Monotherapy
Irreversible inhibition
..........

Multiple targets
Combination therapy
Reversible inhibition
Eliminating hyperactivity
Balance
Chinese herbal?
..........

(+)

(+)
Thrombosis

Antiplatelet

Haemostasis

Bleeding

Platelet(–) (–)

Current Future

Antiplatelet strategies

Fig. 3. Current and possible future strategies for the development of antiplatelet therapies. (+) indicates positive effect; (–) indicates
negative effect.
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4. Future Directions for pertension and protected pigs from MI induced by
Antiplatelet Therapy coronary thrombosis.[129] In addition, the pharmaco-

logical compound TRA-418, which antagonizes the
TXA2 receptor and activates prostacyclin (IP) re-Platelet activation is an integral component of the
ceptors, inhibits ADP-, PAR1-, activating peptide-pathophysiology that leads to thrombotic and is-
and TXA2-induced activation of GP IIb/IIIa, plateletchaemic diseases such as MI, cerebral stroke and
aggregation and P-selectin expression in humanperipheral arterial disease. Platelet inhibition is a
platelets.[130] As such, TRA-418 may be more usefulmajor strategy to prevent arterial thrombosis, but is
as an antiplatelet drug than either a TXA2-receptorfrequently associated with increased bleeding be-
antagonist or a prostacyclin analogue alone.[130] Fi-cause of impaired primary haemostasis. Therefore,
nally, the development of drugs with reversible ac-an ideal antiplatelet agent should specifically block
tion, such as the P2Y12 receptor antagonist BX-667,thrombogenic platelet-dependent mechanisms in
which has a larger therapeutic index than clopido-vascular diseases without interfering with normal
grel in experimental models of thrombosis, mayplatelet functions that are required in haemostasis
prove beneficial.[105]

and wound healing. In addition, these agents should
2. Moving from therapeutic regimens with a singlebe free of any major adverse effects. Although sev-
drug to combination therapy. Recent studies haveeral antiplatelet strategies have been developed or
shown that triple therapy (aspirin, clopidogrel andare under preclinical or clinical investigation, none
cilostazol) after coronary stent placement results inof the currently available antiplatelet drugs meets all
more potent inhibition of platelet aggregation in-these criteria. The current most widely used anti-
duced by ADP and collagen compared with dualplatelet drugs (e.g. aspirin, ADP receptor antagon-
antiplatelet therapy (aspirin plus clopidogrel).[131]ists, GP IIb/IIIa antagonists and PDE inhibitors) are
This suggests that triple therapy may be used clini-relatively well tolerated by patients being treated for
cally to prevent thrombotic complications after theischaemic diseases. However, the limited efficacy of
placement of coronary stents. In particular, whenthese drugs in the setting of arterial thrombosis, their
aspirin treatment fails (clinical aspirin resistance),unfavourable adverse effect profiles, cost-to-benefit
consideration should be given to replacing aspirinissues and the ‘resistance’ phenomenon substantiate
with another antiplatelet agent or combining aspirinthe need for the development of newer and
therapy with two or more antiplatelet agents thatmore efficacious antiplatelet and antithrombotic
inhibit other pathways of platelet activation anddrugs.[122,124-126]

aggregation (e.g. an ADP receptor blocker, such asTherefore, future strategies for the development
clopidogrel, or a PDE inhibitor, such as dipyrida-of new antiplatelet targets, drugs and treatment regi-
mole).[121]mens is likely to take the following into considera-

tion: 3. Discovery of new antiplatelet properties in other
1. Moving from a single target to multiple targets. widely used drugs. Because platelet activation is
There are drugs that act at multiple sites within the induced and enhanced by many factors, especially in
platelet activation signalling pathway. For example, certain pathological states, such as diabetes, hyper-
BM573, which blocks the TXA2 receptor while tension and hyperlipidaemia, more and more anti-
inhibiting thromboxane synthase, inhibits arachi- hypertensive, antilipidaemic and other drugs have
donic acid-induced platelet aggregation, prevents been found to have direct or indirect antiplatelet
the formation of an occlusive thrombus and reduces effects, including nimodipine, verapamil, ACE in-
the occurrence of MI without affecting heart rate or hibitors and HMG-CoA reductase inhibitors (sta-
mean BP.[127] BM573 significantly decreased early tins).[132-135] However, some drugs may adversely
atherogenesis and prevented progression of estab- interact with and undermine the effectiveness of
lished atherosclerotic lesions.[128] Its dual thrombo- antiplatelet agents (e.g. ibuprofen).[136] Finally,
xane inhibitor action is effective in reducing ather- many herbs used in traditional Chinese medicine
ogenesis in LDL-receptor-deficient mice.[128] In have been reported to inhibit platelet activation in
pigs, BM573 completely inhibited pulmonary hy- humans.[137-140] These herbs have been widely used
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14. Hulot JS, Bura A, Villard E, et al. Cytochrome P450 2C19 loss-for several thousands of years in traditional Chinese
of-function polymorphism is a major determinant of

medicine to treat thrombotic and ischaemic diseases. clopidogrel responsiveness in healthy subjects. Blood 2006;
108 (7): 2244-7Because herbs contain many active constituents,

15. Suh JW, Koo BK, Zhang SY, et al. Increased risk of ather-their antiplatelet and antithrombotic mechanisms are othrombotic events associated with cytochrome P450 3A5
polymorphism in patients taking clopidogrel. CMAJ 2006; 174quite complicated and remain unclear. Moreover,
(12): 1715-22the safety and efficacy of traditional herbs as anti-

16. Turgeon J, Pharand C, Michaud V. Understanding clopidogrel
platelet agents need to be tested in large-scale ran- efficacy in the presence of cytochrome P450 polymorphism.

CMAJ 2006; 174 (12): 1729domized controlled trials.
17. Brandt JT, Close SL, Iturria SJ, et al. Common polymorphisms

of CYP2C19 and CYP2C9 affect the pharmacokinetic and
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enhance platelet activation: involvement of multiple mechan-of COX-1 and GPVI associate with the antiplatelet effect of
isms. Br J Haematol 2006; 133 (3): 315-22aspirin in coronary artery disease patients. Thromb Haemost

30. Ferroni P, Basili S, Falco A, et al. Platelet activation in type 22006; 95 (2): 253-9
diabetes mellitus. J Thromb Haemost 2004; 2 (8): 1282-9112. Cipollone F, Toniato E, Martinotti S, et al. Identification of New

31. Razmara M, Hjemdahl P, Yngen M, et al. Food intake enhancesElements of Plaque Stability (INES) Study Group. A polymor-
thromboxane receptor-mediated platelet activation in type 2phism in the cyclooxygenase 2 gene as an inherited protective
diabetic patients but not in healthy subjects. Diabetes Carefactor against myocardial infarction or stroke. JAMA 2004;
2007; 30 (1): 138-40291 (18): 2221-8

32. Boos CJ, Beevers GD, Lip GY. Assessment of platelet activa-13. Macchi L, Christiens L, Brabant S, et al. Resistance in vitro to
tion indices using the ADVIATM 120 amongst ‘high-risk’low dose aspirin is associated with platelet PlA1 (GP IIIa)
patients with hypertension. Ann Med 2007; 39 (1): 72-8polymorphism but not with C807T(GP Ia/IIa) and C-5T Kozak

(GP Ibalpha) polymorphisms. J Am Coll Cardiol 2003; 42 (6): 33. Preston RA, Coffey JO, Materson BJ, et al. Elevated platelet P-
1115-9 selectin expression and platelet activation in high risk patients

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (12)



1662 Xiang et al.

with uncontrolled severe hypertension. Atherosclerosis 2007; ing percutaneous coronary intervention. Am J Cardiol 2007;
192 (1): 148-54 100 (8): 1199-206

34. Ebbesen LS. Hyperhomocysteinemia, thrombosis and vascular 57. Thompson PD, Zimet R, Forbes WP, et al. Meta-analysis of
biology. Cell Mol Biol (Noisy-le-grand) 2004; 50 (8): 917-30 results from eight randomized, placebo-controlled trials on the

effect of cilostazol on patients with intermittent claudication.35. Undas A, Stepień E, Plicner D, et al. Elevated total homocys-
Am J Cardiol 2002; 90 (12): 1314-9teine is associated with increased platelet activation at the site

of microvascular injury: effects of folic acid administration. 58. Robless P, Mikhailidis DP, Stansby GP. Cilostazol for peripher-
J Thromb Haemost 2007; 5 (5): 1070-2 al arterial disease. Cochrane Database Syst Rev 2007; (1):

CD00374836. Holven KB, Aukrust P, Pedersen TM, et al. Enhanced platelet
activation in hyperhomocysteinemic individuals. J Thromb 59. Leonardi-Bee J, Bath PM, Bousser MG, et al. Dipyridamole for
Haemost 2007; 5 (1): 193-5 preventing recurrent ischemic stroke and other vascular

37. Corica F, Corsonello A, Lucchetti M, et al. Relationship be- events: a meta-analysis of individual patient data from ran-
tween metabolic syndrome and platelet responsiveness to lep- domized controlled trials. Stroke 2005; 36 (1): 162-8
tin in overweight and obese patients. Int J Obes (Lond) 2007; 60. Montalescot G, Antoniucci D, Kastrati A, et al. Abciximab in
31 (5): 842-9 primary coronary stenting of ST-elevation myocardial infarc-

38. Lee KW, Lip GY. Effects of lifestyle on hemostasis, fibrinoly- tion: a European meta-analysis on individual patients’ data
sis, and platelet reactivity: a systematic review. Arch Intern with long-term follow-up. Eur Heart J 2007; 28 (4): 443-9
Med 2003; 163 (19): 2368-92 61. Serebruany VL, Steinhubl SR, Berger PB, et al. Analysis of risk

39. Aurigemma C, Fattorossi A, Sestito A, et al. Relationship be- of bleeding complications after different doses of aspirin in
tween changes in platelet reactivity and changes in platelet 192,036 patients enrolled in 31 randomized controlled trials.
receptor expression induced by physical exercise. Thromb Res Am J Cardiol 2005; 95 (10): 1218-22
2007; 120 (6): 901-9 62. Biondi-Zoccai GG, Lotrionte M, Agostoni P, et al. A systematic

40. Holt RR, Actis-Goretta L, Momma TY, et al. Dietary flavanols review and meta-analysis on the hazards of discontinuing or
and platelet reactivity. J Cardiovasc Pharmacol 2006; 47 Sup- not adhering to aspirin among 50,279 patients at risk for
pl. 2: S187-96 coronary artery disease. Eur Heart J 2006; 27 (22): 2667-74

41. Pearson DA, Holt RR, Rein D, et al. Flavanols and platelet 63. Burger W, Chemnitius JM, Kneissl GD, et al. Low-dose aspirin
reactivity. Clin Dev Immunol 2005; 12: 1-9 for secondary cardiovascular prevention – cardiovascular risks

42. Knapp HR. Dietary fatty acids in human thrombosis and hemos- after its perioperative withdrawal versus bleeding risks with its
tasis. Am J Clin Nutr 1997 May; 65 (5 Suppl.): 1687S-98S continuation: review and meta-analysis. J Intern Med 2005;

43. Traber MG. Does vitamin E decrease heart attack risk? Summa- 257 (5): 399-414
ry and implications with respect to dietary recommendations. 64. Krasopoulos G, Brister SJ, Beattie WS, et al. Aspirin “resis-
J Nutr 2001; 131 (2): 395S-7S tance” and risk of cardiovascular morbidity: systematic review

44. Allman-Farinelli MA, Dawson B. Diet and aging: bearing on and meta-analysis. BMJ 2008 26; 336 (7637): 195-8
thrombosis and hemostasis. Semin Thromb Hemost 2005; 31 65. Hovens MM, Snoep JD, Eikenboom JC, et al. Prevalence of
(1): 111-7 persistent platelet reactivity despite use of aspirin: a systematic

45. Jackson SP. The growing complexity of platelet aggregation. review. Am Heart J 2007; 153 (2): 175-81
Blood 2007; 15; 109 (12): 5087-95 66. Snoep JD, Hovens MM, Eikenboom JC, et al. Association of

46. Jurk K, Kehrel BE. Platelets: physiology and biochemistry. laboratory-defined aspirin resistance with a higher risk of
Semin Thromb Hemost 2005; 31 (4): 381-92 recurrent cardiovascular events: a systematic review and meta-

analysis. Arch Intern Med 2007; 167 (15): 1593-947. Lazarus AH, Song S, Crow AR. Understanding platelet function
through signal transduction. Transfus Med Rev 2003; 17 (1): 67. Snoep JD, Hovens MM, Eikenboom JC, et al. Clopidogrel
45-56 nonresponsiveness in patients undergoing percutaneous coro-

48. Offermanns S. Activation of platelet function through G pro- nary intervention with stenting: a systematic review and meta-
tein-coupled receptors. Circ Res 2006; 99 (12): 1293-304 analysis. Am Heart J 2007; 154 (2): 221-31

49. Shankar H, Kahner B, Kunapuli SP. G-protein dependent plate- 68. Purkayastha S, Athanasiou T, Malinovski V, et al. Does
let signaling--perspectives for therapy. Curr Drug Targets clopidogrel affect outcome after coronary artery bypass graft-
2006; 7 (10): 1253-63 ing? A meta-analysis. Heart 2006; 92 (4): 531-2

50. Woulfe DS. Platelet G protein-coupled receptors in hemostasis 69. De Schryver EL, Algra A, van Gijn J. Cochrane review: dipyri-
and thrombosis. J Thromb Haemost 2005; 3 (10): 2193-200 damole for preventing major vascular events in patients with

vascular disease. Stroke 2003; 34 (8): 2072-8051. Berger JS, Brown DL, Becker RC. Low-dose aspirin in patients
with stable cardiovascular disease: a meta-analysis. Am J Med 70. De Luca G, Suryapranata H, Stone GW, et al. Relationship
2008; 121 (1): 43-9 between patient’s risk profile and benefits in mortality from

52. Campbell CL, Smyth S, Montalescot G, et al. Aspirin dose for adjunctive abciximab to mechanical revascularization for ST-
the prevention of cardiovascular disease: a systematic review. segment elevation myocardial infarction: a meta-regression
JAMA 2007; 297 (18): 2018-24 analysis of randomized trials. J Am Coll Cardiol 2006; 47 (3):

685-653. De Schryver EL, Algra A, van Gijn J. Dipyridamole for prevent-
ing stroke and other vascular events in patients with vascular 71. de Queiroz Fernandes Araújo JO, Veloso HH, Braga De Paiva
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discussion I79-80 son of six major platelet function tests to determine the preva-

lence of aspirin resistance in patients with stable coronary107. Egan KM, Wang M, Fries S, et al. Cyclooxygenases, thrombo-
artery disease. Eur Heart J 2007 Jul; 28 (14): 1702-8xane, and atherosclerosis: plaque destabilization by cyclooxy-

genase-2 inhibition combined with thromboxane receptor ant- 127. Rolin S, Dogne JM, Michaux C, et al. Activity of a novel dual
agonism. Circulation 2005; 111 (3): 334-42 thromboxane A(2)receptor antagonist and thromboxane

108. Audoly L, Rocca B, Fabre JE, et al. Cardiovascular responses to synthase inhibitor (BM-573) on platelet function and isolated
the isoprostanes i-PF2-III and i-PE2-III are mediated via the smooth muscles. Prostaglandins Leukot Essent Fatty Acids
thromboxane A2 receptor in vivo. Circulation 2000; 101 (24): 2001; 65 (2): 67-72
2833-40 128. Cyrus T, Yao Y, Ding T, et al. A novel thromboxane receptor

109. Viles-Gonzalez J, Fuster V, Corti R, et al. Atherosclerosis antagonist and synthase inhibitor, BM-573, reduces develop-
regression and TP receptor inhibition: effect of S18886 on ment and progression of atherosclerosis in LDL receptor defi-
plaque size and composition: a magnetic resonance imaging cient mice. Eur J Pharmacol 2007; 561: 105-11
study. Eur Heart J 2005; 26 (15): 1557-61
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111. Vilahur G, Casaní L, Badimon L. A thromboxane A2/pros-

130. Miyamoto M, Yamada N, Ikezawa S, et al. Effects of TRA-418,taglandin H2 receptor antagonist (S18886) shows high anti-
a novel TP-receptor antagonist, and IP-receptor agonist, onthrombotic efficacy in an experimental model of stent-induced
human platelet activation and aggregation. Br J Pharmacolthrombosis. Thromb Haemost 2007; 98 (3): 662-9
2003; 140 (5): 889-94112. Clemetson KJ, Clemetson JM. Collagen receptors as potential

131. Lee BK, Lee SW, Park SW, et al. Effects of triple antiplatelettargets for novel anti-platelet agents. Curr Pharm Des 2007; 13
therapy (aspirin, clopidogrel, and cilostazol) on platelet aggre-(26): 2673-83
gation and P-selectin expression in patients undergoing coro-113. Grüner S, Prostredna M, Aktas B, et al. Anti-glycoprotein VI
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