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ABSTRACT

Platelets are the principal effectors of cellular hemostasis and key
mediators in the pathogenesis of thrombosis. A variety of membrane
receptors determine platelet reactivity with numerous agonists and
adhesive proteins, and therefore represent key targets for the develop-
ment of antiplatelet drug therapies. In this regard, several rapid-onset
and rapid-offset reversible ADP antagonists are in clinical develop-
ment, including reversible oral and rapid-acting intravenous P2Y,,
receptor antagonists. Novel inhibitors of platelet adhesion in early
development target vVWF-GPIb/IX and collagen-GPVI interactions.
Since platelet aggregation also plays such a critical role in the patho-
genesis of arterial thrombosis, more potent agents that interfere with
platelet aggregation via other pathways (e.g., the thrombin receptor)
are also under clinical investigation. However, the major limitation to
treatment with multiple antiplatelet agents is the increased bleeding
risk associated with the enhanced antiplatelet effect, as exemplified by
the clinical conundrum in patients with acute coronary syndrome who
may need to undergo coronary artery bypass graft surgery. Aspirin and
clopidogrel irreversibly inhibit platelet function, with the maximal
antiplatelet effect occurring after 3-5 days. These limitations might be
solved with the availability of rapid-onset and rapid-offset ADP antag-
onists. One issue that deserves further discussion is the duration of
therapy. There is conflicting evidence from the MATCH and CARESS tri-
als as to the optimal duration of antiplatelet therapy in cerebrovascu-

lar disease. For coronary artery disease, the CHARISMA trial failed to
show the benefit of long-term clopidogrel in the overall trial population,
although the 80% of patients with clinically evident atherothrombosis
experienced a modest reduction in the primary endpoint, and emerg-
ing data with drug-eluting stents suggest that dual antiplatelet thera-
py may be required even beyond 1 year. Clearly, additional studies are
necessary to evaluate optimal antiplatelet therapy combinations and
duration of therapies to permit maximal benefit with minimum harm
in patients with cardiovascular disease. This review provides detailed
information on the clinically most useful antiplatelet agents from
aspirin to clopidogrel to GPIIb/Illa antagonists and beyond, as well as
several classes of novel antiplatelet drugs in development.

BACKGROUND

Platelets are derived from bone marrow progenitor cells known as
megakaryocytes (1). Platelets work alongside the coagulation cas-
cade to maintain normal hemostasis in blood vessels. Healthy indi-
viduals are constantly experiencing small breaks and tears in their
blood vessels, but the vessels are closed by platelets before serious
damage can occur. Vessel injury is a serious condition that initially
causes vasospasm, and within seconds the circulating platelets stick
to collagen that is exposed by damage to the endothelial cells. With
the aid of fibrin, the platelets undergo metamorphosis at the site of
injury, causing further activation and aggregation, which ultimately
leads to the formation of a platelet plug to stop the bleeding (2).
Disease states associated with cuts, plaque rupture, turbulent blood
flow and the implantation of artificial materials often affect and are
affected by platelet regulation. Heart failure, atrial fibrillation,
ischemic stroke, acute coronary syndromes (ACS) and accompany-
ing procedures are some examples of situations where platelet reg-
ulation plays an important underlying role. There has also been
research to suggest that platelets may play an important role in can-
cer. In many cases, the exogenous suppression of platelet function in
these situations can provide better clinical outcomes.

There are two types of clots that can form in the vasculature: clots
made up mainly of fibrin and clots made up mainly of platelets. The
vascular clots consisting mainly of platelets are also known as white
clots. White clots are usually precipitated by stress on arteries and
can be associated with the components of Virchow's triad: altered
flow, damaged surface or a hypercoagulable state. There are many
disease states that can contribute, directly or indirectly, to cause this
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stress on the arterial walls, intensifying the risk of clot formation.
Heart failure is a complex disease characterized by high cardiovascu-
lar stress, inflammation and turbulent blood flow, all altering
platelet activation and aggregation. Atrial fibrillation deters the abil-
ity of the heart to pump efficiently, and therefore blood pooling initi-
ates the process of clot formation, amplifying an individual's risk of
stroke. Acute coronary syndromes such as unstable angina, non-S-T-
segment myocardial infarction (NSTEMI) and STEMI are all caused
by some degree of platelet response. Understanding the mecha-
nisms behind these disease states is vital in the utilization of appro-
priate antiplatelet therapy in order to regain hemostasis in the body.

Obviously, normal hemostasis is not always properly maintained
endogenously. Therefore, we utilize antiplatelet medications to
attempt to reproduce a balanced coagulable state, decreasing the
risk of complications from the disease states mentioned above. Drug
therapy to this effect may be targeted at any of the many processes
involved in the platelet activation and aggregation cascade (Table I).
Thromboxane A, and its receptors, ADP and its receptors, the
metabolism of cCAMP, the exposure and binding of GPllb/llla recep-
tors, and thrombin are all components involved in platelet activation
and aggregation, and all can be altered to achieve some level of
platelet inhibition.

Aspirin, the first antiplatelet medication discovered, remains the most
widely used and the most studied; however, many others have been
developed since. The proven efficacy, as well as the low cost and wide
availability, of aspirin has set a standard by which all subsequently
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developed antiplatelet drugs are evaluated. In some cases the use of
newer, costlier drugs is justified, while in others it may not be.
Furthermore, many disease states are associated with severely accel-
erated platelet function that may necessitate different combinations
of antiplatelet, anticoagulant and thrombolytic drugs to achieve the
desired response. The goal of this review is to provide a comprehen-
sive review of current and newer antiplatelet medications (Table I).

THROMBOXANE INHIBITORS

When platelets are activated, prostaglandins are synthesized.
Prostaglandin H, (PGH,) is formed via the cylooxygenase-1 (COX-1)
pathway, which stimulates the production of thromboxane (TXA,)
via the thromboxane synthase enzyme. Thromboxane then binds to
the thromboxane receptors on neighboring platelets, thus amplify-
ing platelet aggregation and further activation (3).

Aspirin (acetylsalicylic acid, ASA) is the only approved inhibitor of
thromboxane currently available for clinical use as an antiplatelet
agent. Over 100 years of research involving ASA have proven the
drug to be beneficial in treating patients undergoing percutaneous
coronary intervention (PCl) and suffering from stroke and myocardial
infarction (MI), and numerous disease state guidelines have adopted
ASA into current treatment protocols based on its history of use.
Randomized trials comparing beneficial effects and hazards of dif-
ferent ASA doses have shown that daily doses of 75-150 mg are as
effective as higher doses and are associated with fewer adverse

Table I. Current and future antiplatelet agents with their common or potential indications and advantages.

Class/drug

Most common/potential clinical indications

Current antiplatelet therapy

Cyclooxygenase (COX) inhibitors
Aspirin
Triflusal

Phosphodiesterase inhibitors

Acute and chronic coronary, cerebral and peripheral vascular disease
Secondary prevention of vascular events

Peripheral vascular disease, intracoronary stenting

Dipyridamole Stroke prevention, prosthetic cardiac valves
Pentoxifylline Peripheral vascular disease

Cilostazol

Thienopyridines

Ticlopidine Stroke prevention, intracoronary stenting
Clopidogrel

Intravenous GPIIb/Illa antagonists

Acute and chronic coronary artery disease, intracoronary stenting

Acute coronary syndromes, percutaneous coronary intervention

Abciximab Percutaneous coronary intervention
Eptifibatide
Tirofiban Acute coronary syndromes

Future antiplatelet therapies in development

P2Y,, inhibitors (compared to clopidogrel)

Prasugrel

Ticagrelor

Cangrelor (iv.)

PART (thrombin receptor) antagonists

Sch-530348
FR-171113, others

Faster onset, greater antiplatelet effect, less variable response
Reversible, faster onset and offset, greater antiplatelet effect
Reversible, shorter half-life, faster onset, greater antiplatelet effect, less variable response

Greater antiplatelet effect, less variable response, potenially lower risk of bleeding (phase IlI clinical trials)
Preclinical and early clinical development

Direct thrombin inhibitors (intravenous and oral) have the potential to have an impact on both coagulation and platelets alone or in combination with aspirin.

28

Review Article



Drugs of the Future 2009, 34(1)

effects (4). Because ASA is effective and inexpensive, it has retained
its status as the most widely used antiplatelet drug in many clinical
situations. In fact, ASA still compares favorably to many of the newer
antiplatelet therapies available. Because of this, the practice of
using newer drugs in addition to ASA in order to obtain an additive
antiplatelet effect has become common (5). Specifically, initial man-
agement of ACS, regardless of whether PCl is planned, includes
ASA, thienopyridine and an anticoagulant (6).

There is not yet significant evidence to support ASA use in other dis-
ease states such as heart failure and peripheral vascular disease
(PVD), although research is ongoing and there is some debate sur-
rounding these issues. The Anti-Thrombotic Trialists Collaboration
(ATTC) meta-analysis demonstrated that ASA does not significantly
benefit patients with PVD (5). The same meta-analysis examined
ASA use in heart failure patients and showed significant benefits
compared to placebo. Other studies, such as WATCH and WASH,
gave conflicting outcomes, concluding that ASA use in heart failure
patients may increase negative outcomes. Few trials evaluating ASA
use in patients diagnosed with heart failure or PVD have been pub-
lished, and those that have offer conflicting opinions on the subject.
Furthermore, many of these studies were underpowered and their
methods were insufficient, making it difficult to offer a definitive rec-
ommendation regarding ASA use in these disease states.

The topic of “aspirin resistance” has long been of interest due, in
part, to the risks involved with suboptimal antiplatelet therapy and
also due to a lack of consistent data regarding intersubject variabil-
ity in the individual response to ASA. The fact that a single definition
for this phenomenon has not been agreed upon by experts in the
field compounds this issue. The most accurate definition proposed
for this phenomenon, without imposing theories about the mecha-
nism behind it, is “the failure of aspirin to inhibit TXA, production”
(3). Perhaps a more appropriate term for what is commonly referred
to as “aspirin resistance” would be “aspirin nonresponsiveness”, as
this definition correlates with the direct ability or inability of ASA to
inhibit thromboxane to affect platelet function. In 2002, Eikelboom
et al. displayed an increased risk of cardiovascular complications in
ASA-nonresponsive patients (7). While the correlation between ASA
nonresponsiveness and cardiovascular risk is not unexpected, the
fact that this study, as well as many others on the subject, did not
evaluate patient compliance makes it impossible to say for sure that
ASA-nonresponsive patients are not simply nonadherent to their
ASA therapy. Also, the influence of concomitant therapy and possi-
ble drug interactions on ASA effectiveness have not been addressed
in @ manner satisfactory to the authors of this review. Thus, drug
compliance and drug interaction data are characteristics that must
be evaluated before any conclusion on the subject is generated.

Nonetheless, ASA remains the benchmark in antiplatelet therapy;
however, due to its limitations, the growing incidence of cardiovas-
cular disease and the need for alternate therapies, new inhibitors of
TXA, are being studied. While ASA acts by inhibiting the synthesis of
TXA,, blocking the receptor at which TXA, acts represents another
possible mechanism for platelet inhibition. Several compounds have
been studied for potential use as antiplatelet agents via inhibition of
the TXA,/PGH, (TP) receptor, although, many of these drugs have
not made it far in development due to concerns with safety and effi-
cacy (8). Terutroban sodium is one such drug that is still being con-

Review Article

CURRENT STATUS AND FUTURE DIRECTIONS IN ANTIPLATELET THERAPY

CH
O, 2

N

S< N W
H
Cl

Terutroban sodium

o) o)
= N N 7
| A H |
\N (I) \N
CH,

Picotamide

sidered. Terutroban has been demonstrated ex vivo to provide long-
acting, dose-related inhibition of platelet aggregation and has been
shown to be more effective than ASA and at least as effective as
clopidogrel for inhibition of aggregation ex vivo (8-10).

Some compounds block the TP receptor but also inhibit TXA, by other
mechanisms. Picotamide is one such compound that inhibits platelet
aggregation as a TP receptor antagonist but which also inhibits TXA,
synthase without interfering with PG, production (11). Picotamide
may also have other antiaggregatory properties that are unrelated to
TXA,, such as the inhibition of serotonin-induced aggregation (12).

The ADEP trial examined the use of picotamide in patients with
peripheral arterial disease (PAD), although no compelling evidence
was found for its use (11, 13). A substudy of the ADEP trial involving
claudicant diabetic patients, however, showed that in this popula-
tion picotamide can effectively prevent vascular complications, with
a 45.2% risk reduction of combined major and minor events
observed compared to placebo (11, 13, 14). This inspired the DAVID
trial, which compared the effects of picotamide and ASA in diabetic
patients with PAD. Patients receiving picotamide displayed a 45%
risk reduction of overall mortality versus those taking ASA and also
showed a lower incidence of gastrointestinal bleeding. The com-
bined incidence of death and major cardiovascular events, however,
was not significantly different between the two groups (15). There is
dispute over whether there is a place in therapy for picotamide and
more studies are needed to further evaluate the efficacy and limits
of use of this compound.

2NTX-99 is a compound synthesized by structurally modifying pico-
tamide in order to add a nitric oxide (NO) donor moiety, thereby pos-
sessing three targets for platelet inhibition (16). 2NTX-99 inhibits
TXA, synthesis, increases PG, synthesis and also supplies exogenous
NO, which inhibits the metabolism of cCAMP; however, this compound
has not been demonstrated to act as a TP receptor antagonist (16).
2NTX-99 has been shown to be an effective platelet inhibitor in ani-
mal models, but further development was recently suspended (17).
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NQ-12 is another compound under investigation for potential
antiplatelet properties. NQ-12 has been demonstrated to selectively
inhibit TXA, synthase without affecting COX, blocking the formation
of TXA,, but not that of PGD,. NQ-12 may also antagonize TP recep-
tors, although further research needs to be performed to gain a better
understanding of the antiplatelet properties of this compound (18).

P2Y,, RECEPTOR ANTAGONISTS

Adensosine diphosphate (ADP) plays an important role in promoting
and stabilizing platelet aggregation (19, 20). Upon platelet activa-
tion, ADP is released from storage granules. ADP then stimulates a
number of receptors, including P2Y, and P2Y,, (21). In order for
platelets to undergo sustained aggregation due to ADP, both of
these receptors must be activated (6, 22-24). The interaction
between ADP and the P2Y,, receptor contributes to the activation of
GPllIb/llla receptors, the release of granule contents and the ampli-
fication of aggregation (19, 20). Thus, P2Y,, receptor antagonism
offers dramatic platelet inhibition regardless of the stimulus (8).

Thienopyridines are a class of drugs used to produce antiplatelet
effects through specific ADP receptor inhibition. The thienopyridines
currently available are all prodrugs requiring bioactivation in the
liver by the cytochrome P450 3A4 enzyme. The active metabolites of
these drugs then exert their antiaggregatory effects by binding irre-
versibly to the P2Y,, receptor (25, 26). They are commonly used clin-
ically in combination with ASA as part of a dual antiplatelet regimen
in patients with ACS (27). Ticlopidine, a first-generation thienopyri-
dine was used for its antiplatelet effects before its mechanism of
action was determined (20). It may even be said that this drug
opened the door to platelet inhibition via specific P2Y,, receptor
antagonism.

Ticlopidine has been studied for its usefulness in preventing vascu-
lar incidents in patients at risk (21). It has been shown to reduce the
risk of subsequent events after thromboembolic stroke (28, 29), and
also when used in combination with ASA to provide an additive
reduction in the risk of recurrent stroke and all-cause mortality fol-
lowing a minor stroke or transient ischemic attack (TIA) (28, 30).
Ticlopidine has also been shown to enhance the antiplatelet effects
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of GPlIb/llla inhibitors (28). In the setting of unstable angina, the use
of ticlopidine monotherapy has been suggested to be as effective as
ASA (28, 31, 32). Ticlopidine has been demonstrated to be effective
in patients with PAD, improving pain-free and maximum walking
distances in these patients (28, 33, 34), reducing the need for vascu-
lar surgery (28, 34), reducing reocclusion after thromboendarterec-
tomy and significantly improving long-term patency of peripheral
saphenous vein grafts (28, 35, 36), as well as reducing the high car-
diac morbidity in these patients (28, 37, 38). The STIMS trial, which
investigated ticlopidine versus placebo in claudicant patients,
demonstrated a significant decrease in the risk of fatal vascular
events with ticlopidine, and a 41% reduction in the risk of combined
vascular morbidity and mortality in those patients that tolerated the
drug (38, 39). The combination of ticlopidine and aspirin has been
studied extensively in patients undergoing PCl (40-43). While the
addition of ticlopidine to aspirin may have shown some benefit in
certain patients, the significance of this benefit has been debated (5,
43) and is further clouded by certain drawbacks to the clinical use of
ticlopidine.

As many as 20% of patients will not tolerate ticlopidine (38, 39). Skin
rash is @ common adverse reaction with ticlopidine and diarrhea,
nausea and vomiting have been reported to occur in up to 30-50%
of patients (28, 44). More seriously, the use of ticlopidine is also lim-
ited by a not insignificant incidence of life-threatening side effects
including neutropenia (28, 29, 45), bone marrow aplasia and throm-
botic thrombocytopenic purpura (28, 46-48). Furthermore, some of
the pharmacokinetic and pharmacodynamic properties of ticlopi-
dine also limit its usefulness. The antiaggregatory effect of ticlopi-
dine is not seen until 24-48 h after administration, with the maximal
effect occurring 3-5 days after administration. Also, return to base-
line values of platelet aggregation has been reported to take up to
4-10 days, with significant antiplatelet activity persisting for more
than 72 h after stopping the drug (44).

Due to the drawbacks of ticlopidine, its use has largely been
replaced with that of clopidogrel, a second-generation thienopyri-
dine (3, 46). While clopidogrel and ticlopidine do not share the same
active metabolite, they are similar in that they both require bioacti-
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vation and both are inactive in vitro (26). Clopidogrel has proven to
be as effective an antiplatelet agent and much safer than ticlopidine,
with a lower incidence of serious side effects (6, 49). Clopidogrel also
offers a solution to another drawback of ticlopidine. While ticlopidine
requires three repeated oral doses, inhibition of platelet aggregation
can be observed approximately 2 h after a single i.v. or oral loading
dose of clopidogrel (43, 50).

Clopidogrel has been shown to be clinically effective in various set-
tings, and its combination with ASA has become the standard of
care for the prevention of stent thrombosis (51). The CAPRIE trial
showed a small but significant benefit for clopidogrel over ASA in
reducing the risk of ischemic stroke, Ml or vascular death in patients
with PAD, recent ischemic stroke or MI (52). Whether or not this ben-
efit justifies using clopidogrel over ASA, at a much higher cost, is up
for debate, as ASA remains a valid option and is very inexpensive. A
secondary analysis from CAPRIE, however, did show that the benefit
of clopidogrel was amplified in certain high-risk subgroups of
patients. These included patients with a history of prior coronary
revascularization, patients receiving concomitant lipid-lowering
therapy, diabetic patients and those with a remote prior history of
ischemic events (5, 43, 53, 54). The use of clopidogrel in these
patients may be justified. No significant differences were seen
between clopidogrel and ASA, however, in the prevention of all-
cause death, combined stroke, Ml and all-cause death, vascular
death or combined ischemic stroke, MI, amputation or vascular
death (52). In patients with Ml and atherothrombotic stroke, the
CAPRIE trial showed an insignificant increase and an insignificant
decrease in the risk of secondary events following treatment with
clopidogrel, respectively (28, 52). Patients with PAD, however,
showed a significant benefit from clopidogrel over ASA in reducing
the risk for cardiovascular events (52).

When clopidogrel is used in combination with ASA additive
antiplatelet effects may be observed. The benefit of this combination
when compared to ASA monotherapy, however, may differ among
clinical scenarios and it is difficult to offer a general statement on the
use of the combination (51). The CURE trial showed that the addition
of clopidogrel to standard therapy that included ASA in patients with
unstable angina and non-Q wave Ml led to a 20% reduced risk of
combined stroke, Ml or cardiovascular death (43). In patients under-
going PCl, the PCI-CURE study demonstrated that combination ther-
apy with clopidogrel and ASA is effective in reducing cardiovascular
death and M, and this has become the standard of practice (51, 55).
The COMMIT trial evaluated the use of clopidogrel and ASA combi-
nation therapy in Ml and showed that the addition of clopidogrel to
ASA was beneficial in further reducing mortality and the incidence of
major vascular events. The results of the CHARISMA study, however,
suggest that combination therapy with clopidogrel and ASA is asso-
ciated with an increased risk of bleeding, which can outweigh the
benefits of the regimen. Specifically, it has been concluded that a true
benefit to using combination therapy over ASA alone is only seen in
acute symptomatic patients and not in stable patients. The MATCH
trial, which evaluated the combination in patients with cerebrovascu-
lar disease, showed no greater reduction in the occurrence of vascu-
lar events with combination therapy than with ASA alone; however,
an increased risk of bleeding was observed (51). It appears that in
order to accurately evaluate whether the addition of clopidogrel to
ASA is justified, the clinical setting must first be assessed.
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While there may be some controversy surrounding the appropriate
use of clopidogrel in addition to or in place of ASA, the second-gen-
eration thienopyridine has certainly acquired a place in therapy, as it
has proven itself to provide antiplatelet effects while avoiding the
serious side effects of its predecessor; however, although clopidogrel
may have eliminated many of the problems seen with ticlopidine
while preserving its clinical usefulness, it is not without problems of
its own. Like ticlopidine, clopidogrel is an irreversible antagonist of
the P2Y,, receptor, and thus, clopidogrel retains the problem of a
long return to baseline aggregation after drug discontinuation (20).
This is problematic when a patient on this drug requires emergency
surgery, as the persisting platelet inhibition can increase the risk for
serious bleeding during surgery. The current American College of
Cardiology/American Heart Association guidelines recommend, and
recent studies support, waiting 5 days after stopping the drug before
performing coronary artery bypass graft (CABG) (56-58). Evidence-
based justification of when to use ASA plus clopidogrel versus ASA
alone has been recently reviewed (59).

Aside from this drawback, like ASA, a variable interpatient response to
clopidogrel has been observed. Recent ex vivo studies have suggested
that the standard loading and maintenance doses given for patients
undergoing PCl do not provide adequate inhibition of ADP-induced
aggregation in some patients (60-62). While it is accepted that there
is some variability in the individual patient response to clopidogrel,
and that inadequate platelet inhibition has a negative effect on clini-
cal outcome (60, 63), there are many theories as to the mechanism
behind this variability. Possible explanations that have been proposed
include genetic polymorphisms of CYP3A4, accelerated platelet
turnover, reduced CYP3A4 activity, increased ADP exposure, upregu-
lation of the P2Y,, pathway, upregulation of the P2Y, pathway, upreg-
ulation of P2Y-independent pathways such as collagen, epinephrine,
TXA, and thrombin pathways, poor compliance, inadequate dosing,
poor absorption and drug interactions involving CYP3A4. Also, many
disease states such as ACS, diabetes and elevated body mass index
can increase platelet reactivity (63). It should be noted that the results
of the CAPRIE trial showed a variability in response to clopidogrel
across different subgroups of patients with different underlying dis-
ease states, prior events and health risks (52). Convincing evidence
has been offered supporting many of these theories and it is quite pos-
sible that a number of these mechanisms are involved in determining
the response of an individual patient to clopidogrel (63).

In reaction to this interpatient variability in clopidogrel response,
studies have been performed evaluating the effect of using loading
and maintenance doses exceeding the approved doses. One study
has demonstrated that a daily maintenance dose of 150 mg, which
is double the standard dose, may provide enhanced platelet inhibi-
tion in patients with type 2 diabetes and coronary artery disease who
are also taking low-dose ASA (64). This effect needs to be further
investigated, however, as it may not extend into the general patient
population. A loading dose of 600 mg has been demonstrated to
reduce the proportion of nonresponsive patients early in the treat-
ment phase (62), although it has also been demonstrated that
patients receiving this higher loading dose experience similar levels
of platelet inhibition to those receiving the standard loading dose of
300 mg after 48 h of regular maintenance therapy (65, 66). This
agrees with the suggestion that higher loading doses result in faster
onset of effects without achieving greater platelet inhibition (6).
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Perhaps the answer to the drawbacks of using clopidogrel can best
be found not by giving higher doses, but by developing new
antiplatelet drugs targeting the P2Y,, receptor. Many are taking this
approach and multiple new drugs targeting this receptor are cur-
rently in development. The goal of these therapies is to provide
potent platelet inhibition with rapidly reversible effects, thus over-
coming the two main drawbacks of clopidogrel (20).

Prasugrel is a third-generation oral thienopyridine and, like the
other two drugs in this class, it requires bioactivation in the liver (20).
Prasugrel differs from clopidogrel, however, in that it is metabolized
to its active form in a single step, providing it with a faster onset of
action (67-69). Within an hour of administration, prasugrel achieves
approximately 70% platelet aggregation inhibition via selective and
irreversible blockade of the P2Y,, receptor (20). Prasugrel has been
demonstrated to produce dose-related antiaggregatory effects and
in rat models it has been shown to be approximately 10 times as
potent as clopidogrel. The increased potency of prasugrel has been
confirmed in human patients with CAD (20, 70). Prasugrel has also
been shown to provide more consistent levels of platelet inhibition
with less variability than clopidogrel (67). While it is a faster-acting
and more potent inhibitor of platelet aggregation, prasugrel is simi-
lar to clopidogrel in that its effects have been shown to last 72 h after
administration (20) and it may take up to 5 days or longer, depend-
ing on the dose, for baseline platelet function to return (27).

In the TRITON-TIMI-38 trial, which compared prasugrel and clopido-
grel in patients with ACS undergoing PCl, prasugrel was shown to
provide a significant benefit over clopidogrel in reducing the com-
bined incidence of death, M| and stroke at 12 months, as well as the
individual rates of MI, urgent target vessel revascularization and
stent thrombosis (20, 71). The combination of prasugrel and ASA has
also been shown to provide greater inhibition of platelet aggregation
than the combination of clopidogrel and ASA (27, 68).

Wiviott et al. examined the effects of prasugrel or clopidogrel with
concurrent ASA in patients with ACS undergoing planned PCI.
Prasugrel was shown to have a significantly superior effect to that of
clopidogrel in reducing the composite incidence of death from car-
diovascular causes, nonfatal MI and nonfatal stroke. Despite its
greater efficacy, prasugrel was also associated with a greater risk of
fatal and nonfatal major bleeding (71). A similar association between
prasugrel and a higher incidence of major bleeding was seen in the
TRITON-TIMI-38 trial (20, 71). With the exception of this concerning
increased risk of bleeding, the nonhemorrhagic safety profile of pra-
sugrel is similar to that of clopidogrel (20, 27, 71). Nonetheless, the
increased risk of bleeding associated with prasugrel raises the ques-
tion of whether more potent antiplatelet effects will be overshad-
owed by an increased risk of bleeding.

Cangrelor is a selective, competitive and reversible P2Y,, antagonist
that is administered by i.v. infusion (20, 72, 73). It belongs to a novel
class of compounds known as purinoceptor modulators and is
derived by modulation of the chemical structure of adenosine
triphosphate (ATP), which is a natural antagonist of the P2Y,, recep-
tor, although undesirable for therapeutic use (6). Cangrelor does not
need to undergo metabolism to become active. It exhibits more
potent antiplatelet activity than clopidogrel and offers rapid onset
and dose-dependent effects, which can be rapidly reversed. Steady-
state levels of platelet inhibition have been observed within 30 min
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of infusion in healthy volunteers (6, 74). The clinical half-life of can-
grelor is between 3 and 5 min and its effects can be reversed in
approximately 20 min without any rebound increase in thrombosis
(6, 20, 73). This may be advantageous for patients who need to
achieve rapid platelet inhibition in order to undergo PCl, and also to
reverse platelet inhibition rapidly if urgent surgery is required (20).

Cangrelor has been shown to compare favorably with abciximab in
patients undergoing PCl from both clinical and safety standpoints
(20, 73). Phase Il studies have demonstrated the safety and tolera-
bility of cangrelor when used in combination with ASA and anticoag-
ulants in patients with ACS. Research has also been undertaken to
evaluate the best way to switch patients from cangrelor to clopido-
grel, and it has been suggested that clopidogrel administration
should begin upon termination of the cangrelor infusion (75). Two
phase Il trials investigating cangrelor are currently ongoing (20, 63).

Ticagrelor, also known as AZD-6140, is the first oral, reversible
P2Y,, receptor antagonist. It is nonthienopyridine belonging to a
drug class known as the cyclopentyltriazolopyrimidines (20).
Ticagrelor directly and selectively inhibits the P2Y,, receptor without
the need for hepatic conversion (20, 72) and does not have any sig-
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nificant affinity for other P2 receptors (60, 72). Although it is active
without conversion, ticagrelor produces one active metabolite, AR-
C124910XX, which acts as a P2Y,, receptor antagonist with potency
equivalent to that of the parent drug. AR-C124910XX has been
found to be present in the blood at a third of the concentration of
ticagrelor and may be responsible for some of its antiplatelet effects
(60, 76).

Ticagrelor has been shown to produce superior inhibition of ADP-
induced platelet inhibition compared with clopidogrel and offers less
variability in response (20, 60, 65, 76). Even without a loading dose,
ticagrelor has an onset of action within 2 h and has been shown to
achieve approximately 95% inhibition of platelet aggregation within
2-4 h. The half-life of ticagrelor is approximately 12 h, necessitating
twice-daily administration; however, this shorter half-life combined
with its reversible receptor antagonism is also responsible for a
shorter time for drug offset after discontinuation (20). This charac-
teristic is beneficial when rapid reversal of antiplatelet activity is
desired, such as in the setting of emergency surgery.

The DISPERSE-2 trial showed ticagrelor to be superior to clopido-
grel in decreasing the occurrence of subsequent Ml in patients with
non-S-T-segment elevation ACS also receiving ASA; however, there
were no significant differences between the groups in the occurrence
of other clinical endpoints. A similar incidence of bleeding was seen
between the two groups, although higher rates of dyspnea, hypoten-
sion and nausea were observed with ticagrelor compared to clopido-
grel (20, 56, 60). Ticagrelor is currently involved in an ongoing phase
Il trial comparing its effects in the clinical setting of ACS and PCI
with those of clopidogrel (20, 60).

PHOSPHODIESTERASE INHIBITORS

Antiplatelet effects can be derived by inhibiting phosphodiesterase
(PDE), an intracellular enzyme responsible for the degradation of
various forms of cyclic AMP (cAMP) and cyclic GMP (cGMP) (2). An
increase in the concentration of intraplatelet cCAMP in turn inhibits
the mobilization of free calcium, thus inhibiting platelet activation
(4). Drugs utilizing this mechanism are not commonly used as
monotherapy, as other mechanisms of platelet function are left
unregulated.

Dipyridamole is a pyrimidopyridine derivative with antiplatelet and
vasodilating properties due to an increase in intracellular cAMP. The
exact mechanism by which dipyridamole exerts this effect, however,
is unknown, although several actions have been observed in vitro
that may be responsible. These include inhibition of platelet PDE,
direct stimulation of prostacyclin release from endothelial cells and
inhibition of adenosine uptake by platelets, although none of these
actions have been demonstrated in vivo at doses used in clinical
practice (4).

The ATTC meta-analysis showed no significant difference between
the effects of dipyridamole alone and ASA alone on serious vascular
events, including stroke, Ml and vascular death. In fact, the meta-
analysis did not dismiss the possibility that dipyridamole is less
effective than ASA (4, 5). Similar results were seen in the European
Stroke Prevention Study 2 (ESPS-2) (77, 78). This suggests that
dipyridamole alone should generally not be considered an alterna-
tive to ASA. One analysis used the results of ESPS-2 and CAPRIE to
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create an indirect comparison between sustained-release dipyri-
damole and clopidogrel. Clopidogrel was shown to be more benefi-
cial with regard to clinical events compared to dipyridamole; howev-
er, these findings were not significant (77).

While dipyridamole monotherapy has not been shown to be clinical-
ly effective, the results of ESPS-2 suggested that the addition of sus-
tained-release dipyridamole to ASA may provide added protection
against stroke, although no benefit was seen with regards to other
vascular endpoints when dipyridamole was added to ASA therapy
(77, 78). Nonetheless, the observed efficacy of combined sustained-
release dipyridamole and ASA in the secondary prevention of stroke
has led to the introduction of a combined dosage form (79).

Cilostazol, a quinolinone, is a potent antiaggregatory agent that
acts by selective inhibition of PDE3, which is the most abundant PDE
isoform present in platelets (79, 80). Cilostazol has been demon-
strated to provide significant benefit in patients suffering from inter-
mittent claudication (53, 79, 81, 82). It has also been shown to be
useful in preventing restenosis after balloon angioplasty or stent
implantation, having effects comparable to ASA or ticlopidine (80,
83-85). Trials investigating the combined use of cilostazol and ASA
after coronary artery stenting have shown no substantial differences
in the benefits observed compared with those observed with a com-
bination of ASA and ticlopidine. This suggests that, in this setting,
cilostazol may be as useful as ticlopidine (79, 83, 85).

Cilostazol has recently been studied as part of a triple therapy regi-
men with ASA and either clopidogrel or ticlopidine for the prevention
of in-stent neointimal hyperplasia, as measured by quantitative
coronary angiography and intravascular ultrasound. The addition of
cilostazol to double therapy with ASA and either clopidogrel or ticlo-
pidine was shown to provide a significantly greater reduction in
neointimal volume within the stented segment, leading to a larger
luminal volume compared to double therapy with ASA and a
thienopyridine, although no significant difference was seen between
the two groups regarding the incidence of clinical events (80).
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Although they have been used as antiplatelet agents for some time,
the clinical usefulness of PDE inhibitors is debatable. With the
advent of evidence-based medicine, the use of these drugs has
declined over the years, except in a small subpopulation of patients.
Even in these settings, these drugs generally do not show much ben-
efit when used as monotherapy and are combined with ASA. Also,
given the efficacy and low cost of ASA monotherapy, the overall uti-
lization of PDE inhibitors has suffered and there have not been many
significant advances within this class of antiplatelet agents.

GPIlIb/llla ANTAGONISTS

Even with successful thromboxane and ADP inhibition, platelets can
still be activated by other mechanisms. This has led to the develop-
ment of an entirely separate class of antiplatelet drugs known as
glycoprotein Ilb/Illa (GPlb/llla) receptor antagonists. During the
platelet activation process, the surface of the platelet transforms its
shape to expose the GPIIb/llla receptors. These receptors bind to fib-
rinogen and von Willebrand factor, resulting in clot formation and
clot adherence, respectively (86). GPllIb/llla-facilitated binding of
fibrinogen to platelets is responsible for securing aggregated
platelets to one another. Thus, blocking these receptors prevents
platelet aggregation regardless of the precipitant (87, 88). GPlIb/llla
inhibitors have proven useful in reducing the risk of periprocedural
Ml and urgent target vessel revascularization during catheterization
and have claimed a place in therapy for these indications (89).

As of today, there are three GPIIb/Illa inhibitors on the market, which
can be categorized into two types: small nonpeptide molecules and
a large monoclonal antibody (mAb). The small-molecule inhibitors
eptifibatide and tirofiban exhibit reversible binding to the GPIlb/llla
receptor, whereas the large mAb abciximab demonstrates irre-
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versible binding. It has been postulated that additional binding of
abciximab to the o, 8, and o8, integrin receptors helps to reduce
inflammation in the vessels (89, 90). These differences have been
responsible for initiating the debate over the issue of superiority
between the two subclasses of GPllb/llla inhibitors. The TARGET
trial showed significantly better short-term efficacy and safety for
abciximab compared with tirofiban (89, 97).

Due to the fact that GPIlIb/lIlla receptor binding is the final common
pathway in platelet aggregation, its inhibition has proven to be very
effective in preventing complications in patients undergoing PCl
procedures. An overall benefit can be seen with the use of these
drugs; however, increased bleeding continues to be a major concern
among physicians, restricting the use of GPllb/llla inhibitors mainly
to high-risk patients (89). Because of the known benefits of using
GPlIb/llla inhibitors in patients with ACS and undergoing PCI,
research is being undertaken to investigate the expansion of their
use into other disease states. PAD is a painful ischemic condition
that can lead to endovascular procedures, placing the patient at risk
for clots. Limited options have forced physicians to use high-risk
thrombolytics to dissolve these clots. The small clinical trial RELAX
and that of the Tubingen group have demonstrated moderate
advantages in using low-dose thrombolytics in combination with
GPlIb/1lla inhibitors (90).

Currently there is debate regarding the optimal time for initiation of
GPllb/Illa inhibition therapy. During PCl procedures, GPlIb/llla
inhibitors may be given upstream (> 1h prior to procedure) or peripro-
cedurally (during procedure) (92). The early ADMIRAL study found
only marginal benefits when initiating therapy upstream, but these
observations were not statistically significant (93). More recently, con-
clusions drawn from the ACUITY trial have suggested that upstream
administration shows a minor reduction in mortality, as well as
reduced ischemia, at the expense of increased bleeding when com-
pared to periprocedural administration (94). Investigators continue to
debate whether the benefits shown with upstream administration
outweigh the heightened risk of overall bleeding. Recently,
Hernandez et al. have demonstrated that older individuals are at an
increased risk for bleeding compared to the populations studied in
other trials, suggesting that extra caution be taken if upstream
administration is to be considered in the elderly (95). Currently, the
time of administration for GPIIb/Illa inhibitors is left largely to the
preference of individual institutions, although the recently published
2007 ACC/AHA guidelines offer updated recommendations regard-
ing this issue. In summary, these guidelines recommend considering
the upstream use of eptifibatide or tirofiban in high-risk patients
undergoing invasive therapy, while conserving abciximab for patients
receiving periprocedural GPIIb/Illa inhibitors (96).

Of further concern is the observed association between GPllb/llla
receptor antagonists and drug-induced thrombocytopenia (DITP), a
potentially life-threatening condition leading to an increased risk of
bleeding and also a paradoxical increased risk of clot formation.
While DITP is associated with all GPIIb/Illa inhibitors, it is more com-
monly seen with abciximab, with a reported incidence of 1% seen
upon first drug exposure and up to 4% seen upon second drug expo-
sures (97). Thrombocytopenia seen with first drug exposure is rare
and defies traditional explanations of immune antibody-mediated
thrombocytopenia. Recent studies have shed light on the mecha-
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nism behind DITP, explaining that delayed DITP can be caused by
newly formed antibodies or weak preexisting antibodies stimulated
to a high titer by GPIlIb/llla exposure (7). Seiffort et al. have demon-
strated that by prescreening for these antibodies, the incidence of
GPllb/Illa inhibitor-induced DITP can be reduced by tenfold (98).

The current GPIIb/llla inhibitors require invasive administration and
are relatively short-acting. This has prompted the search for an oral-
ly active GPIIb/llla inhibitor. Orbofiban, xemilofiban, lotrafiban and
sibrafiban are four oral GPIIb/llla inhibitors that have been tested in
phase Il clinical trials. Unfortunately, these compounds have not
progressed through clinical trials due to high rates of thrombocy-
topenia, erratic pharmacokinetics, reported prothrombotic activity
and increased risk for mortality (99).

THROMBIN INHIBITORS

While they are not often immediately thought of as antiplatelet
drugs, direct thrombin inhibitors (DTIs) do exert significant platelet-
inhibitory effects. The number of drugs in this class is limited but
there is much research in this area being undertaken to expand the
future use of this mechanism of platelet inhibition. DTls as a class
are traditionally used as anticoagulant medications, but also provide
an additional option for stopping platelet activation. DTls can
decrease platelet-induced blockages by two unique mechanisms: by
reducing the thrombin-mediated activity of platelets and by inacti-
vating circulating and clot-formed thrombin molecules (100).

The DTlIs most commonly used, argatroban, lepirudin and bivalirudin,
are all derived from hirudin. These agents have proven effective in the
settings of ACS procedures and as alternative to heparin in patients
with a history of heparin-induced thrombocytopenia (HIT). It is here
that DTIs have claimed a place in therapy (101).

Traditionally, heparin has been used to achieve desired anticoagu-
lant affects; however, due to its erratic pharmacokinetics, unfavor-
able effects on the kidney, thrombocytopenic events and associated
bleeding risks, studies such as REPLACE-2 and ACUITY have inves-
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tigated the use of DTls and have demonstrated noninferior efficacy
and an improved safety profile for bivalirudin compared to heparin
(102). These studies have helped to make DTls a standard in therapy
and it is important to continue to explore and potentially expand the
use of DTls for other indications with similar pathologies, such as
stroke prevention and atrial fibrillation. The SPORTIF trial has shown
DTls to be effective for stroke prevention and the treatment of atrial
fibrillation. Other results of this study demonstrate a safety profile
that may prove superior to that of anticoagulants, which could pos-
sibly lead to changes in standard practice in the future (103, 104).

The prospect of developing a stable oral DTl to be used in patients
with cardiovascular and clotting disorders has ignited recent excite-
ments; however, this has proven to be a difficult task. Ximelagatran
is an oral DTl that has been extensively studied, producing favorable
results that support its usefulness. The THRIVE study showed xime-
lagatran to be noninferior to combination treatment with enoxaparin
and warfarin for venous thromboembolism. Furthermore, SPORTIF
supports the theory that ximelagatran may be associated with a
reduced incidence of bleeding compared to traditional therapy. Due
to an associated increase in liver enzymes and 3 reported deaths due
to liver injury after long-term ximelagatran use, the drug failed to
receive FDA approval in the U.S.

Dabigatran, another novel oral DTI, has remained a promising
agent throughout early evaluation. The RENOVATE study has
shown dabigatran to be noninferior to enoxaparin in preventing
venous thromboembolism in patients with total hip replacement.
Interestingly, this study showed a reduced number of liver complica-
tions in subjects receiving this oral DTl than those receiving enoxa-
parin (105). The PETRO study, however, did reveal a small percent-
age (0.9%) of patients receiving dabigatran to have elevated liver
enzymes (106). The potential benefits that could be seen with a safe
and effective oral DTl continue to fuel interest and further research
in this area; however, judging from the FDA response to past devel-
opments, it may be some time before we see one of these drugs
reach the market.
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THROMBIN RECEPTOR ANTAGONISTS

Platelet thrombin receptors, termed protease-activated receptors
(PARs), represent one promising target for the development of
antiplatelet therapies. The discovery of a potent series of PARI
antagonists based on the natural product himbacine has been
described. Optimization of this series has led to the discovery of Sch-
530348, a potent oral antiplatelet agent that is currently undergoing
phase Il clinical trials for ACS (unstable angina/NSTEMI) and sec-
ondary prevention of cardiovascular events in high-risk patients
(107). Additionally, several other PAR1 antagonists are under preclin-
ical development, such as FR-171113 (108). This compound inhibits
Ser-Phe-Leu-Leu-Arg-Asn-NH,- (a synthetic PART agonist peptide)
or thrombin-induced aggregation of guinea pig platelets in a con-
centration-dependent manner. S.c. administration of FR-171113 (0.1-
3.2 mg/kg) produced a dose-dependent inhibition of platelet aggre-
gation ex vivo. The agent inhibits arterial thrombosis without a
prolongation of thrombin time or coagulation time in the FeCl,-
induced carotid artery thrombosis model in guinea pigs at 1 mg/kg
s.c. Furthermore, FR-171113 did not prolong bleeding time even at 32
mg/kg s.c., which is a much higher dose than that required for activ-
ity in the arterial thrombosis model. These observations suggest that
FR-171113 or other PAR1 antagonists could have desirable antiplatelet
effects associated with a wider therapeutic index (Table I).

COMBINATION OF ANTIPLATELET THERAPY AND
THROMBOLYTIC OR ANTICOAGULANT THERAPIES

While platelets represent an important part of thrombus formation,
other factors are equally important in the formation of thrombi.
Thus, as platelet inhibition represents an effective option for reduc-
ing the complications due to hypercoaguable states in several clini-
cal settings, drugs that target the different factors involved in coag-
ulation and clot formation have also been used to provide clinical
benefit. These include thrombolytic agents and anticoagulants. It
follows that, in some settings, utilizing multiple approaches to
manipulating hemostasis can increase clinical benefit.
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Thrombolytics and antiplatelet agents

Fibrinolytic therapy is a form of thrombolysis that has demonstrated
efficacy in disease states such as M, stroke and PAD. Fibrinolytic
therapy has been shown to reduce mortality in patients with STEMI
through restoration of adequate coronary reperfusion (109).
Unfortunately, a low proportion of patients treated with fibrinolytic
monotherapy will achieve adequate reperfusion. This is most likely
due to “fibrinolytic resistance” or increased platelet activation (110).
In fact, in the late 1980s a monumental study was published by
Fitzgerald et al. which showed increased thromboxane production in
patients who were given streptokinase (111). This observed phenom-
enon fueled the development of trial designs, such as that used in
the ISIS-2 study, to successfully demonstrate the superiority of com-
binations of ASA and fibrinolytics over fibrinolytic monotherapy (112).
These results were an important milestone; however, the aforemen-
tioned high failure rate with fibrinolytics was also seen with this com-
bination, with only 40-50% reaching adequate reperfusion, sug-
gesting additional antiplatelet use (110).

As previously mentioned, GPIIb/Illa inhibitors act on the final com-
mon pathway for platelet activation and aggregation, making them
a logical choice for combination with fibrinolytic agents. This, along
with the ability of GPIIb/Illa inhibitors to aid in “de-thrombosis”, has
amplified interest in this combination. The Tlbingen group, as well
as Drescher et al., performed early research to demonstrate the
potential benefits of combination of GPIIb/Illa antagonists and fibri-
nolytics, such as the ability to lyse clots more efficiently and with
lower rates of major bleeding. Because the small populations used
in these studies limit the validity of the results, larger trials, such as
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the RELAX and APART studies, were performed in order to deter-
mine the safety, efficacy and comparisons among combinations of
fibrinolytics and GPllb/llla inhibitors (90). These results were com-
parable to other pilot studies which describe fibrinolytic and
GPIlIb/llla inhibitor combinations as having modest efficacy with a
slightly increased rate of overall bleeding (112).

The results observed using GPIIb/Illa inhibitors in combination with
thrombolytics have largely been disappointing, prompting further
research on fibrinolytic combination therapy with other antiplatelet
drugs. P2Y,, receptor antagonists (e.g., ADP inhibitors) have enjoyed
general success as antiplatelet drugs, which inspired investigation of
the combination of these drugs with fibrinolytics. Sabetine et al. con-
cluded that the combined use of ASA, clopidigrel and a fibrinolytic
improves coronary arterial patency in patients with STEMI, without
significantly increasing the risk of bleeding (112). The large CLARITY
trial, which used a similar combination, demonstrated a lower rate of
ischemic complications when compared to traditional therapy. The
results from the previously mentioned trials were encouraging and
were further validated when the results of the COMMIT trial sug-
gested the benefit of decreased mortality with this type of combina-
tion (110). Despite the positive results of these trials, conclusions
should be limited, as the study populations largely consisted of low-
risk, nonelderly patients. To investigate the use of combinations with
antiplatelet and fibrinolytic drugs in high-risk elderly patients, the
ASSENT-3 and ASSENT-3 PLUS trials were initiated. A subset of the
population in these high-risk patients was treated with a combina-
tion of a GPIIb/llla inhibitor and a fibrinolytic agent. Unfortunately,
the results of these trials did not mirror those of the trials in low-risk,
nonelderly populations. In fact, the combination therapy investigat-
ed appears to be less beneficial and to carry an increased risk of
bleeding in this population (113).

Researchers have uncovered substantial proof that platelet activa-
tion plays a major role in the failure of thrombolytic therapy. Many
trials have supported the benefits of utilizing combinations with fib-
rinolytic and antiplatelet therapies, although conflicting results and
limited study designs make it difficult to offer a decisive conclusion.
While this is so, the proven benefits of combination therapy with fib-
rinolytics and antiplatelet agents cannot be forgotten and will serve
as templates for future trials.

Anticoagulant/antiplatelet combinations

Combinations of anticoagulants and antiplatelet agents have long
been used due to the benefits in terms of morbidity and mortality for
the treatment of cardiovascular complications. It is well recognized
that thrombosis involves both the actions of the coagulation cascade
and platelets. Therefore, concomitant anticoagulation and platelet
inhibition stands to offer a more efficient method for lysing the clots
and treating diseases associated with clotting. In fact, this combina-
tion is so effective that profound bleeding can occur due to a shift in
the hemodynamic balance toward the inability to clot. Thus, this
combination must be used with caution and its use may be prohibit-
ed in clinical settings.

Combinations of anticoagulants and antiplatelet agents are fre-
quently used to treat patients presenting with ACS. In fact, the
majority of subjects presenting with unstable angina, NSTEMI or
STEMI will automatically be placed on some sort of anticoagulation,
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ASA and clopidogrel combination if the physician rules out the pos-
sibility of CABG (96).

Current interest in the area of anticoagulant/antiplatelet combina-
tions involves the addition of a third antiplatelet agent to the estab-
lished combination. The EPISTENT and ESPRIT trials have evaluat-
ed this practice in patients diagnosed with NSTEMI undergoing PCl
with stent placement, finding that a combination of unfractionated
heparin, a GPIIb/llla inhibitor, clopidogrel and ASA reduced ischemic
complications at 30 days when compared to the traditional treat-
ment (114). Similar beneficial results emerged from the PRISM-PLUS
and PURSUIT trials, which demonstrated a lower rate of ischemic
events with this combination when used during early angiography.
The ACUITY trial demonstrated that GPIlIb/llla inhibitors used in
combination with anticoagulants provide various benefits (115).

It has been demonstrated that bivalirudin monotherapy is as effec-
tive as the combination and also is associated with less bleeding
events. This suggests that, in certain clinical settings (low-risk
patients), bivalirudin monotherapy is clinically sufficient.
Furthermore, REPLACE-2 compared combinations of GPllb/llla
inhibitors with unfractionated heparin versus GPllb/llla inhibitors
combined with direct thrombin inhibitors. The results suggest that in
low-risk patients greater safety is seen when using the combination
including a thrombin inhibitor (114). Additional studies are ongoing.

The other investigated use for anticoagulant/antiplatelet combina-
tions is for the secondary prevention of prothrombotic disease states
such as stroke and MI. After an initial ischemic event, the literature
suggests that the coagulation cascade is stimulated for several
months (116). Evidence suggests that combination therapy using
warfarin and ASA provides an overall reduction in ischemic events
post-MI (117). This important finding, however, is at least partially
offset by an associated increased risk of bleeding. Furthermore, the
significance of the reduction in the incidence of ischemic events has
been questioned, as some experts cannot associate clinical signifi-
cance with many of the studies on this subject. The CHAMP, CAR
and OASIS-2 studies also failed to find a significant benefit for the
combination, while reporting an increased incidence of bleeding
events (116). The conflicting nature of the available evidence corre-
lates with the lack of conclusive guidelines on the use of anticoagu-
lant/antiplatelet combinations. The decision, therefore, is left to be
made by clinicians upon evaluation of the risk factors of individual
patients. Many patients with a relatively low risk of bleeding receive
anticoagulation and antiplatelet combinations to ensure maximal
cardiovascular protection.

Despite drawbacks associated with specific combinations in specific
settings, combination therapies using both anticoagulant and
antiplatelet agents have largely been shown to improve clinical out-
comes. Clinical trials continue to expand the use of
anticoagulant/antiplatelet combinations in ACS. Positive results
and further research may help to expand the use of this combination
in other prothrombotic conditions such as atrial fibrillation and PAD.

CONCLUSIONS

Past antiplatelet therapy largely consisted of the use of ASA based
on its known benefit on clinical outcomes. Subsequently, the specif-
ic effects of ASA on platelets were discovered, launching the idea of
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platelet inhibition as a new therapeutic approach to cardiovascular
disease. To this day, ASA remains the benchmark in platelet inhibi-
tion, although numerous compounds with various mechanisms of
platelet inhibition have been investigated and several have made it
into clinical use as antiplatelet agents.

As knowledge accumulated regarding cardiovascular disease states
and the effect of platelet inhibition by ASA and subsequently devel-
oped agents, insight was gained into the workings of platelets.
Various structural and functional characteristics of platelets lend
themselves as targets for platelet inhibition and we now have many
options available to achieve antiplatelet effects. However, as with
any therapy, these options have their own drawbacks. This has
encouraged the further development of antiplatelet agents in order
to overcome the problems associated with previous options.

As mentioned above, ASA remains the benchmark against which
these subsequent antiplatelet agents are evaluated, not only
because it has been widely studied and proven to be effective, but
also because it is widely available and very inexpensive. The desire to
further improve clinical outcomes, as well as controversy surround-
ing the idea of a variable response to some antiplatelet agents such
as ASA and clopidogrel, has fueled the search for new antiplatelet
agents with various mechanisms of action.

While new antiplatelet agents are being developed, the tried and
true compounds of the past continue to prove themselves and solid-
ify their place in therapy. This has led to a general shift in the attitude
taken toward developing antiplatelet therapies. New indications for
existing compounds are continually being investigated, as are high-
er doses and different routes or schedules of administration.
Furthermore, while in the past new compounds for potential use as
antiplatelet drugs were investigated for their usefulness in place of
ASA, today they are almost always evaluated for their effects in com-
bination with ASA. This idea has also taken shape with continued
vigorous investigation into the appropriate use of combination ther-
apies based on platelet inhibition by various mechanisms and also of
combinations of antiplatelet and thrombolytic or anticoagulant
agents. The future of platelet inhibition as a field of study promises
to be exciting as new compounds and new uses for existing agents
continue to be investigated.
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