Vascular Health and Risk Management

Dovepress
open access to scientific and medical research

Review

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 35.173.48.224 on 24-Aug-2019
For personal use only.

Open Access Full Text Article

Antiplatelet combinations for prevention
of atherothrombotic events
This article was published in the following Dove Press journal:
Vascular Health and Risk Management
12 January 2011
Number of times this article has been viewed

Mario Bollati
Fiorenzo Gaita
Matteo Anselmino
Department of Internal Medicine,
Division of Cardiology, University
of Torino, Italy

Introduction

Correspondence: Matteo Anselmino
Department of Internal Medicine,
Division of Cardiology, University
of Torino, Italy
Tel +39 011 670 99598
Fax +39 011 236 9598
Email matt.ans@alice.it

submit your manuscript | www.dovepress.com

Dovepress
DOI: 10.2147/VHRM.S12271
Powered by TCPDF (www.tcpdf.org)

Abstract: Antiplatelet therapy plays a fundamental role in reducing atherothrombotic events
by several pathways. The present work reviews available evidence on antiplatelet therapy both
for primary prevention and in the presence of established peripheral, cerebral, or cardiac ischemic disease. Due to the importance of adherence to therapy to achieve optimal effects, special
attention is given to the use of fixed-dose oral formulations in the clinical subset of patients in
whom double antiplatelet therapy has proven indications.
Keywords: aspirin, clopidogrel, ticlopidine, fixed-dose combinations

Interaction between platelets and the endothelium, whilst a valuable mechanism
under normal conditions to stop bleeding from a wound, is involved in the majority
of morbidity and mortality events occurring in Western countries.1–3
In fact platelets, an enucleated bone marrow product, ensure vascular integrity by
differencing lesions from normal endothelium. This ability depends on contact of the
platelet with several extracellular matrix constituents, including von Willebrand factor,
proteoglycans, collagen type IV, nidogen, laminin, and fibulin.3,4
In this context, adenosine diphosphate (ADP) is an important platelet activator,
inducing A2 thromboxane synthesis (Figure 1). For example, clopidogrel reduces
platelet aggregation by irreversible binding inactivation of ADP receptors (P2Y12),
a requisite for glycoprotein IIb/IIIa receptor activation, whereas aspirin (ASA)
inhibits thromboxane A2 production with consequent glycoprotein IIb/IIIa receptor
inactivation.6–8
Considering the striking role of platelet and endothelial interaction in the
pathogenesis of atherothrombotic events, the possibility of reversible or irreversible
modulation of platelet activation represents one of most imperative contemporary medical challenges.9 The present work reviews available evidence for antiplatelet therapy
both in primary and secondary prevention. Due to the importance of adherence to
therapy for achieving the desired effects, special attention is paid to the use of fixeddose oral formulations in the clinical subset of patients in whom double antiplatelet
therapy has proven indications.

Primary prevention
Single antiplatelet therapy in primary prevention is widely debated.11–13 Several studies
focusing on this topic have included different populations with regard to gender
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Figure 1 Platelet inhibition mechanisms.
Copyright © 2003, American College of Cardiology. Reproduced with permission from Metha SR, Yousuf S. Short- and long-term oral antiplatelet therapy in acute coronary
syndromes and percutaneous coronary intervention. J Am Coll Cardiol. 2003;41(4 Suppl S):79S–88S.
Abbreviations: TXA2, thromboxane A2; ADP, adenosine diphosphate; ATP, adenosine triphosphate; PAI, plasminogen activator inhibitor; PDGF, platelet-derived growth
factor; vWF, von Willebrand factor.

prevalence, diabetes mellitus status, and baseline medication
use (eg, statin treatment). For these reasons, clear evidence
is lacking in high-risk populations. The major clinical trials
testing the effects of single antiplatelet therapy in primary
prevention are listed in Table 1.
A randomized clinical trial by Sacco et al tested the effect of
ASA 100 mg/day plus vitamin E 300 mg/day on the composite
endpoint of cardiovascular death, stroke, or myocardial infarction in patients with at least one cardiovascular risk factor
(n = 4495). After a median follow up of 3.7 years, ASA
treatment was associated with a nonsignificant reduction in
the main endpoint (relative risk [RR] 0.90; 95% confidence
interval [CI]: 0.50–1.62) in diabetic patients, accompanied by
a similarly nonsignificant increase in cardiovascular deaths
(RR 1.23; 95% CI: 0.69–2.19). However, in nondiabetic

patients with at least one other cardiovascular risk factor, total
cardiovascular events were significantly reduced (RR 0.59;
95% CI: 0.37– 0.94).14
In another randomized trial, Ridker et al assigned nearly
40,000 healthy women to receive ASA 100 mg or placebo
and compared outcomes (nonfatal myocardial infarction,
nonfatal stroke, or death from cardiovascular causes) at
10-year follow-up. At the end of the study, the risk of stroke
was reduced by 17% in the ASA versus the placebo group
(RR 0.83; 95% CI: 0.69–0.99). While the risk of ischemic
stroke was reduced by 24% (RR 0.76; 95% CI: 0.63–0.93),
the increase in hemorrhagic risk was not significant (RR 1.24;
95% CI: 0.82–1.87). Fatal or nonfatal myocardial infarction
was not affected by ASA use (RR 1.02; 95% CI: 0.84–1.25),
as cardiovascular death (RR 0.95; 95% CI: 0.74–1.22). Of note

Table 1 Major clinical trials testing the effects of single antiplatelet therapy in primary prevention
Aspirin dose (mg)

Endpoint

Conclusions

Baigent et al
Wolff et al12

50–500
75–500

CV and hemorrhagic events
CV and hemorrhagic events

Sacco et al14

100

CV death, stroke, MI

Ridker et al15
Berger et al17
De Berardis et al18
Younis et al19

50
75–500
75–325
75–325

CV death, stroke, MI
CV and hemorrhagic events
CV death, stroke, MI
CV and hemorrhagic events

No ASA benefits versus placebo
Risk reduction for MI in men and stroke in women,
increased serious bleeding risk
No benefit in diabetics, slight advantage in diabetes
plus one risk factor
No significant advantage
No ASA benefits versus placebo
MI reduction in men, no survival benefit
No ASA benefits versus placebo

11

Abbreviations: CV, cardiovascular; ASA, aspirin; MI, myocardial infarction.
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is that gastrointestinal bleeding was more frequent in the ASA
arm (RR 1.40; 95% CI: 1.07–1.83). The authors of this trial
concluded that ASA treatment seemed to lead to superior
outcomes compared with placebo only in women aged over
65 years.15
Fowkes et al selected patients at increased risk, without
previous cardiovascular events, by an atherosclerosis indicator,
ie, impaired ankle brachial index.16 Over 3000 patients were
enrolled and were randomized to receive ASA 100 mg daily
or placebo. The primary endpoint was a composite of fatal
or nonfatal coronary events, stroke, or revascularization.
The secondary endpoint was all-cause mortality. After the
eight-year follow-up, no difference emerged concerning the
primary endpoint (RR 1.03; 95% CI: 0.84–1.27). Also, for
all-cause mortality, the study groups achieved similar results
(RR 0.95; 95% CI: 0.77–1.16). However, the risk of major
hemorrhage was significantly increased in the ASA group
(RR 1.71; 95% CI: 0.99–2.97).
Due to the equivocal results of the aforementioned and
other clinical randomized trials, several meta-analyses have
been performed and recently published. Berger et al included
in their meta-analysis all randomized clinical trials evaluating
the role of ASA in primary prevention in the years 1966–2005.
Approximately 95,000 patients were considered. In women,
a significant 12% reduction in cardiovascular events (RR
0.88; 95% CI: 0.79–0.99) and a 17% reduction in strokes
(RR 0.83; 95% CI: 0.70–0.97) was reported for ASA arms in
these studies. No significant reduction in myocardial infarction or cardiovascular mortality was detected. In men, ASA
therapy was associated with a significant 14% reduction in
cardiovascular events (RR 0.86; 95% CI: 0.78–0.94) and a
32% reduction in myocardial infarction (RR 0.68; 95% CI:
0.54–0.86). There was no significant effect on stroke or cardiovascular mortality.17
De Berardis et al performed a meta-analysis of randomized
controlled trials to evaluate the effect of low-dose ASA versus
placebo in people with diabetes and without cardiovascular
disease. The primary endpoint was major cardiovascular
events (death from cardiovascular causes, nonfatal myocardial
infarction, nonfatal stroke, and all-cause mortality). Six studies
were evaluated, with a total of approximately 10,000 patients.
Aspirin was not associated with a statistically significant
reduction in risk of major cardiovascular events (RR 0.90;
95% CI: 0.81–1.00), cardiovascular mortality (RR 0.94;
95% CI: 0.72–1.23), or all-cause mortality (RR 0.93; 95%
CI: 0.82–1.05). However, the risk of myocardial infarction
was significantly reduced in the ASA arm, but only in males
(RR 0.57; 95% CI: 0.34–0.94). Overall, bleeding events were
not increased (RR 2.50; 95% CI: 0.76–8.21).18
Vascular Health and Risk Management 2011:7
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As in the previous study, Younis et al evaluated the role
of ASA for primary prevention in diabetic patients. The
authors included in their work six randomized clinical trials
in 7000 patients. Aspirin use did not play a protective role in
overall mortality (RR 0.96; 95% CI: 0.78–1.18), major cardiovascular events (RR 0.90; 95% CI: 0.78–1.05), or myocardial
infarction (RR 0.95; 95% CI: 0.76–1.18). Also, according to this
study, bleeding risk was not significantly increased in the ASA
arm compared with placebo (RR 2.49; 95% CI: 0.70–8.84).19
When including populations with known cardiovascular
risk factors, such as hypertension, diabetes, or peripheral
vascular disease, the benefits of antiplatelet therapy are offset
by the increase in hemorrhagic risk.20–23 McQuaid and Laine
performed a systematic review focusing on bleeding risk in
cardiovascular prophylaxis using ASA. Aspirin increased
the risk of major bleeding (RR 1.71; 95% 1.41–2.08), major
gastrointestinal bleeding (RR 2.07; 95% CI: 1.61–2.66), and
intracranial bleeding (RR 1.65; 95% CI: 1.06–5.99) versus
placebo. Of the studies included in this review, only one
reported an increase in gastrointestinal bleeding with ASA
versus clopidogrel (RR 1.45; 95% CI: 1.00–2.10). However,
the number needed to treat with clopidogrel versus ASA to
prevent one gastrointestinal bleeding episode was at least
800 (at a cost of about one million dollars).24
Based on the aforementioned evidence, the current
American College of Cardiology/American Heart Association guidelines recommend ASA for primary prevention only
in men with diabetes and intermediate cardiovascular risk,
and without an increased risk of bleeding.21 On the other
hand, the European Society of Cardiology guidelines do not
recommend ASA in primary prevention.25,26

Secondary prevention
Single antiplatelet therapy
In patients with previous peripheral, cerebral, or cardiac
ischemic events, antiplatelet therapy has clear beneficial
effects. Major clinical trials testing the effects of single antiplatelet therapy in secondary prevention are listed in Table 2.
However, the increased risk of antiplatelet-related bleeding
is well known and needs to be kept in mind.
Baigent et al performed a meta-analysis of 16 randomized
trials evaluating ASA for secondary prevention in approximately 17,000 patients. The occurrence of serious events
decreased in the ASA group (6.7% versus 8.2% per year;
P , 0.0001), with reductions of about 20% in total strokes
(2.08% versus 2.54% per year; P = 0.002) and in coronary
events (4.3% versus 5.3% per year; P , 0.0001). These
results were achieved with a nonsignificant increase in
hemorrhagic stroke (0.04% versus 0.03%; P = 0.05).11
submit your manuscript | www.dovepress.com
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Table 2 Major clinical trials testing the effects of single antiplatelet therapy in secondary prevention
Aspirin
dose (mg)

Clopidogrel
dose (mg)

Ticlopidine
dose (mg)

Endpoint

Conclusions

ATT

50–500

–

–

CV and hemorrhagic events

CAPRIE

325

versus 75

–

Ischemic event reduction with no
significant hemorrhagic stroke increase
Clopidogrel better

STAMI

160 versus

–

500

TASS

1300 versus

–

500

Ischemic stroke, MI, or vascular
death
Ischemic stroke, MI, angina, or vascular No differences
death
Nonfatal stroke or death
No differences

Abbreviations: CV, cardiovascular; TASS, Ticlopidine Aspirin Stroke Study; STAMI, Ticlopidine versus Aspirin After Myocardial Infarction; CAPRIE, Clopidogrel versus
Aspirin in Patients at risk of Ischemic Events; MI, myocardial infarction.

In search of ways to reduce the gastrointestinal side effects
of ASA, Garcia et al identified over 2000 patients who suffered
from gastrointestinal bleeding and compared these patients
with randomly selected controls. The RR of gastrointestinal
bleeding was 1.9 (95% CI: 1.6–2.3), without significant differences between standard and enteric-coated ASA.27,28
Besides ASA, other antiplatelet drugs have been
proven to be effective in secondary prevention. In CAPRIE
(Clopidogrel versus Aspirin in Patients at risk of Ischaemic
Events), clopidogrel therapy was compared with ASA in a
randomized manner in 19,000 patients with previous cardiovascular events. At the end of two years of follow-up, the
authors reported a significant risk reduction of the primary
endpoint (ischemic stroke, myocardial infarction, or vascular
death) in the clopidogrel group (8.7%; 95% CI: 0.3–16.5)
compared with ASA, with a similar safety profile between
the two drugs (any stroke, myocardial infarction, or death
from any cause being 7.0%; 95% CI: 0.9–14.2).29
Furthermore, several studies evaluating ASA monotherapy versus thienopyridines have been performed. In the
STAMI (Ticlopidine Versus Aspirin After Myocardial Infarction) trial, ticlopidine was compared with ASA following

thrombolysis. The primary endpoint was the composite of
fatal and nonfatal myocardial infarction, fatal and nonfatal
stroke, angina with objective evidence of myocardial
ischemia, and vascular death. At the end of the study, the primary endpoint occurred in 8% of patients, without differences
between the groups.30
TASS (the Ticlopidine Aspirin Stroke Study) evaluated
the effects of ticlopidine versus ASA in patients with recent
ischemic cerebral events. The three-year event rate for nonfatal stroke or death from any cause was 17% and 19% in the
ticlopidine and ASA arms, respectively (P = 0.048).31
In the future, newer compounds, including ticagrelor and
prasugrel, will provide supplementary data on the effectiveness
of antiplatelet therapy in the secondary prevention setting.32

Double antiplatelet therapy
In high atherothrombotic risk conditions, given the superior
antithrombotic effect derived from multiple platelet pathway
inhibition, double antiplatelet therapy has been proposed to
further reduce cardiovascular events (Table 3).33–35
In the CHARISMA (Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management,

Table 3 Major clinical trials testing the effects of double antiplatelet therapy

PLATO
CURE
CREDO
PCI-CLARITY
Helton
MATCH

Indication

Aspirin
dose (mg)

Clopidogrel
dose (mg)

Endpoint

Conclusions

Acute coronary
syndrome
Unstable angina
NSTEMI
Planned PCI
Fibrinolysis
after STEMI
Meta-analysis of CURE, CREDO,
CLARITY, and CHARISMA
Recent TIA or stroke

75–325

CV events

Fewer ischemic events, similar CV events

75–325

75 or
Ticagrelor 10
75

CV events

Aspirin + clopidogrel better

325
75–162

75
75

CV events
CV events

Aspirin + clopidogrel better
Aspirin + clopidogrel better

75–325

75

CV events

Aspirin + clopidogrel better

75

75

CV events

Aspirin alone better

Abbreviations: CV, cardiovascular; TIA, transient ischemic attack; PLATO, A Study of Platelet Inhibition and Patient Outcomes; CHARISMA, Clopidogrel for High
Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance; CURE, Clopidogrel in Unstable Angina to Prevent Recurrent Events; PCI, percutaneous
coronary intervention; CLARITY, Clopidogrel as Adjunctive Reperfusion Therapy; CREDO, Clopidogrel for the Reduction of Events During Observation; MATCH,
Management of ATherothrombosis with Clopidogrel in High-risk patients with recent transient ischemic attack or ischemic stroke; STEMI, ST elevation myocardial infarction;
NSTEMI, non-ST elevation myocardial infarction.
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and Avoidance) trial, patients with known cardiovascular
disease or with multiple atherothrombotic risk factors were
randomized to ASA alone versus ASA plus clopidogrel.
Although the trial was intended to include a primary prevention population, the presence of diabetes mellitus and/or its
complications in the vast majority of participants does not
permit the results to be considered generalizable to a true
primary prevention context.
The primary endpoint was a composite of vascular death,
myocardial infarction, or stroke. At the end of the 28-month
follow-up, the primary endpoint occurred in 6.8% of patients
on clopidogrel plus ASA versus 7.3% in the placebo plus
ASA arm (P = 0.22), but the death rate from cardiovascular
causes was higher in the clopidogrel plus ASA group (3.9%
versus 2.%; P = 0.01). Death rate for any cause was similar
between the groups at 0.99 (95% CI: 0.86–1.14).36
The CURE (Clopidogrel in Unstable Angina to Prevent
Recurrent Events) trial was the first to evaluate double
antiplatelet therapy following an acute coronary syndrome.
In this study, over 200 patients with non-ST elevation acute
coronary syndrome were randomized to pretreatment plus
long-term therapy with ASA plus clopidogrel versus ASA
plus placebo. The primary endpoint (the composite of
cardiovascular death, myocardial infarction, or urgent target
vessel revascularization within 30 days of percutaneous
coronary intervention) occurred less frequently in the active
treatment group. Long-term clopidogrel plus ASA treatment
was associated with lower rates of cardiovascular death,
myocardial infarction, or any revascularization (P = 0.03),
and of cardiovascular death or myocardial in farction
(P = 0.047).37
The long-term effectiveness of dual antiplatelet therapy
was later confirmed by the CREDO (Clopidogrel for the
Reduction of Events During Observation) trial. In this
study, over 2000 patients who were candidates for elective
percutaneous coronary intervention were randomized to ASA
plus clopidogrel therapy for 12 months versus ASA plus
clopidogrel for 28 days. From day 29, placebo patients were
treated with ASA only. The primary endpoint (a composite of
death, myocardial infarction, or stroke) at one-year follow-up
was reduced in the clopidogrel plus ASA group (RR 26.9%;
P = 0.02). On other hand, the bleeding risk was not significantly increased in the clopidogrel plus ASA group (8.8%
versus 6.7%; P = 0.07).38
In the CLARITY-TIMI (Clopidogrel as A djunctive
Reperfusion Therapy-Thrombolysis In Myocardial Infarction)
trial, patients with ST segment elevation myocardial infarction undergoing fibrinolytic treatment were randomized to
clopidogrel (including a loading dose) or placebo. The primary
Vascular Health and Risk Management 2011:7
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outcome (composite of cardiovascular death, recurrent myocardial infarction, or stroke from percutaneous coronary intervention 30 days after randomization) decreased significantly
in the clopidogrel arm (3.6% versus 6.2%; P = 0.008). The
clopidogrel group also reported a reduction in myocardial
infarction and stroke in patients undergoing a percutaneous
coronary procedure (4.0% versus 6.2%; P = 0.03). These
results were obtained in the absence of an increase in the risk
of bleeding in the clopidogrel arm (2.0% versus 1.9% in the
two groups, respectively; P = 0.99).39
Guided by the extreme need of evidence-based data on this
topic, a large meta-analysis, including nearly 80,000 patients
from the major clinical trials, eg, CURE, CREDO, CLARITY,
CHARISMA, and COMMIT (Clopidogrel and Metoprolol in
Myocardial Infarction Trial) confirmed a lower incidence of
all-cause mortality in the ASA plus clopidogrel group compared
with the ASA alone group (6.3% versus 6.7%; P = 0.026).
Myocardial infarction occurred in 2.7% of the patients on
clopidogrel plus ASA compared with 3.3% (P , 0.0001) on
ASA alone, and occurrence of stroke was 1.2% and 1.4%,
respectively, in the two groups (P = 0.002). Major bleeding
was more frequently reported in the double antiplatelet therapy
group (1.6% versus 1.3%, respectively; P , 0.0001), however
without a significant difference in terms of fatal bleeding
(0.28% and 0.27%, respectively; P = 0.79).40
Following the first experience of single antiplatelet
agents, the new third-generation thienopyridines, including
ticagrelor and prasugrel, have been also suggested for
combination treatment. The rapid onset of action and lower
probability of nonresponsiveness accompanied by the
similar safety profile of prasugrel, for example, compared
with clopidogrel, represents a promising step forward in
antiplatelet therapy.41
The TRITON-TIMI (Clopidogrel in Acute Coronary
Syndrome Subjects Who Are to Undergo Percutaneous
C oronary Intervention-Thrombolysis in Myocardial
Infarction)38 trial validated the use of prasugrel. This trial
randomized 13,000 patients with acute coronary syndromes
and planned coronary percutaneous intervention to receive
clopidogrel plus ASA versus prasugrel plus ASA. The
primary endpoint was a composite of cardiovascular death,
nonfatal myocardial infarction, and nonfatal stroke. The
primary endpoint occurred in 9.9% patients on prasugrel plus
ASA versus 12.1% on clopidogrel plus ASA (P , 0.001).
Furthermore, the occurrence of myocardial infarction was
significantly reduced in the prasugrel arm (9.7% versus 7.4%;
P , 0.001). On the other hand, major bleeding occurred in
1.8% of patients in the clopidogrel plus ASA group versus
2.4% of those in the prasugrel plus ASA group (P = 0.03).
submit your manuscript | www.dovepress.com
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Life-threatening bleeding was also significantly increased in
the prasugrel group (1.4% versus 0.9%; P = 0.01).42
More recently, ticagrelor, a newer antiplatelet agent, has
been tested in patients with ischemic heart disease. Compared
with clopidogrel, this reversible antiplatelet drug has shown
a reduction of cardiovascular death, myocardial infarction,
and stroke (9% versus 10.7%; P = 0.0025) with no increase
in major bleeding rates (11.5% versus 11.6%; P = 0.8).43
In addition to the aforementioned experience, double
antiplatelet therapy has been tested in other clinical settings,
including transitory ischemic attacks and stroke. In the
randomized MATCH (Management of Atherothrombosis
With Clopidogrel in High-Risk Patients) trial, ASA plus
clopidogrel was compared with clopidogrel alone in nearly
8000 high-risk patients with a recent ischemic stroke or
transient ischemic attack and at least one additional vascular
risk factor. The primary endpoint was a composite of
ischemic stroke, myocardial infarction, vascular death, or
rehospitalization for acute ischemia. At the end of the study,
the endpoint occurred in 15.7% in the clopidogrel plus ASA
arm versus 16.7% in the clopidogrel alone arm (P = 0.24).
However, life-threatening bleeding episodes were higher in
the group receiving ASA and clopidogrel versus clopidogrel
alone (2.6% versus 1.3%; P , 0.001). Based on these results,
the authors concluded that, in this specific clinical setting,
adding ASA to clopidogrel is not recommended.44

Fixed-dose antiplatelet
combinations
Keeping in mind the consequences induced by partial or
complete suspension of double antiplatelet therapy, patient
compliance plays a fundamental role. Collet et al designed the
nationwide REGINA survey to evaluate how the interruption
of dual oral antiplatelet therapy is managed in “real world”
practice. Over 2000 physicians were randomly selected
to participate in a computer-assisted telephone interview.
Knowledge about drug-eluting stents and dual oral antiplatelet
therapy was appraised by multiple-choice questions. Based
on data from the 93% of the responding practitioners who
completed the interview, unjustified interruption of dual
oral antiplatelet therapy was quite frequent (22%). Lowmolecular-weight heparin was the substituted therapy in
over two-thirds of cases (without available evidence) and
was associated with longer periods of dual oral antiplatelet
therapy interruption.45
This evidence highlights the actual problem of therapy
adherence, and the severe consequences (eg, stent thrombosis
following percutaneous coronary intervention) related to
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lack of patient compliance with the prescribed treatment.
Besides the impact on the individual’s health status, lack of
adherence to medical prescriptions costs about $100 billion
per year in the US.46
Treatment adherence is defined as “the extent to which
patients take medications as prescribed by their health care
providers”. “Compliance” indicates passive patient obedience
to doctor prescription, and “adherence” involves a major
comprehension level by the patient. Although poor adherence depends on several factors, including provider–patient
interaction and drug cost, the number of administrations per
day, is indeed a non-negligible element.47–51
In this context, in patients for whom double antiplatelet
therapy has proven indications, fixed-dose formulations have
a promising role. In patients at high cardiovascular risk, who
are often on multiple drug treatment, combining administration of two antiplatelet agents in a single pill, thereby
reducing the number of administrations per day represents an
excellent option to improve treatment adherence.52,53
The first fixed-dose combination available was Aggrenox®
(Boehringer Ingelheim, Ingelheim am Rhein, Germany)
containing ASA 25 mg and extended-release dipyridamole
200 mg. Serebruany et al evaluated the results of a combination of extended-release dipyridamole (ER-DP) and low-dose
ASA compared with clopidogrel with or without ASA in
diabetic patients. The study enrolled 60 patients aged over
40 years, with a diagnosis of type 2 diabetes and a history
of transient ischemic attacks. Patients were allocated to
receive ER-DP + ASA 200/25 mg twice daily, clopidogrel
75 mg/day, or a daily combination of clopidogrel 75 mg
and ASA 81 mg.53 The primary endpoint was the change in
platelet receptor expression at 30-day follow-up. ER-DP and
ASA therapy was associated with a significant reduction in
the glycoprotein IIb/IIIa receptor, clopidogrel monotherapy
was associated with ADP-induced platelet aggregation, and
the ASA and clopidogrel combination was associated with
inhibition of collagen-induced platelet aggregation. These
interesting data indeed clarified the molecular action of the
best known antiplatelet therapy, but did not add information
concerning clinical outcomes.54,55
Knowledge regarding the association between clopidogrel
and ASA is to date elementary. From a pharmacokinetic
point of view, clopidogrel is rapidly absorbed, reaching peak
plasma levels at approximately one hour following dosing.
However, the active formulation is formed by oxidation
to 2-oxo-clopidogrel and subsequent hydrolysis, regulated
primarily by cytochrome P450. The active metabolite binds
irreversibly to platelet receptors. Clopidogrel metabolites are
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then excreted 50% in the urine and 50% in the feces, with
a half-life for the main circulating metabolite of about eight
hours. On the other hand, ASA is rapidly hydrolyzed in plasma
to salicylic acid, with a half-life of 20 minutes, and peak salicylic acid concentrations occur one hour after administration.
Salicylic acid is then conjugated primarily in the liver to form
salicyluric acid. The half-life of these molecules is about two
hours and metabolites are excreted in the urine.
Based on these presumptions, two fixed-dose combination
tablets containing ASA and clopidogrel have recently been
formulated, ie, DuoPlavin®/DuoCover®, a clopidogrel 75 mg
and acetylsalicylic acid 100 mg or 75 mg combination (sanofiaventis, Paris, France; Bristol-Myers Squibb, New York, NY)
and CLOPIVAS-AP®, a fixed-dose combination of clopidogrel
75 mg and ASA 75 mg or 100 mg (Cipla, Mumbai, India).
To date, these formulations are under careful investigation,
and the European Medicines Agency has recently requested
scientific data concerning bioequivalence and pharmacokinetics
before allowing full product marketing. In the event of favorable
results, a single tablet with two fixed-dose antiplatelet drugs
may be used in a wide spectrum of patients moving towards
superior patient adherence, relevant especially in high-risk
cardiovascular patients (eg, following coronary intervention),
without an increase in side effects or bleeding risk.

Conclusion
Antiplatelet therapy plays a fundamental role in reducing
atherothrombotic events in patients at risk via several pathways. The possibility of reversible or irreversible modulation
of platelet activation represents one of most important contemporary medical challenges. When fixed-dose formulation
tablets become available, adherence with double platelet
therapy may increase, with substantial benefits not only for
patients, but also for public health expenditure.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Ware JA, Heistad DD. Seminars in medicine of the Beth Israel Hospital,
Boston. Platelet-endothelium interactions. N Engl J Med. 1993;328(9):
628–635.
2. Kwaan HC, Samama MM. The significance of endothelial heterogeneity in thrombosis and hemostasis. Semin Thromb Hemost. 2010;36(3):
286–300.
3. Fuster V, Stein B, Ambrose JA, et al. Atherosclerotic plaque rupture
and thrombosis. Evolving concepts. Circulation. 1990;82(3 Suppl):
II47–II59.
4. Saelman EU, Nieuwenhuis HK, Hese KM, et al. Platelet adhesion to
collagen types I through VIII under conditions of stasis and flow is
mediated by GPIa/IIa (α2β1-integrin). Blood. 1994;83(5):1244–1250.

Vascular Health and Risk Management 2011:7

Antiplatelet combinations
5. Savage B, Ginsberg MH, Ruggeri ZM. Influence of fibrillar collagen
structure on the mechanisms of platelet thrombus formation under flow.
Blood. 1999;94(8):2704–2715.
6. Stern DM, Kaiser E, Nawroth P. Regulation of the coagulation system
by vascular endothelial cells. Haemostasis. 1988;18(4–6):202–214.
7. Jin J, Daniel JL, Kunapuli SP. Molecular basis for ADP-induced platelet
activation: II. The P2YI receptor mediates ADP-induced intracellular
calcium mobilization and shape change in platelets. J Biol Chem. 1998;
273(4):2030–2034.
8. Ruggeri ZM. Platelets in atherothrombosis. Nat Med. 2002;8(11):
1227–1234.
9. Angiolillo DJ, Guzman LA, Bass TA. Current antiplatelet therapies:
Benefits and limitations. Am Heart J. 2008;156(2 Suppl):S3–S9.
10. Mehta SR, Yousuf S. Short- and long-term oral antiplatelet therapy in
acute coronary syndromes and percutaneous coronary intervention.
J Am Coll Cardiol. 2003;41(4 Suppl S):79S–88S.
11. Baigent C, Blackwell L, Collins R, et al; Antithrombotic Trialists’
(ATT) Collaboration. Aspirin in the primary and secondary prevention
of vascular disease: Collaborative meta-analysis of individual
participant data from randomised trials. Lancet. 2009;373(9678):
1849–1860.
12. Wolff T, Miller T, Ko S. Aspirin for the primary prevention of cardiovascular events: An update of the evidence for the US Preventive
Services Task Force. Ann Intern Med. 2009;150(6):405–410.
13. US Preventive Services Task Force. Aspirin for the prevention of
cardiovascular disease: US Preventive Services Task Force recommendation statement. Ann Intern Med. 2009;150(6):396–404.
14. Sacco M, Pellegrini F, Roncaglioni MC, et al. Primary prevention of
cardiovascular events with low-dose ASA and vitamin E in type 2
diabetic patients: Results of the Primary Prevention Project (PPP) trial.
Diabetes Care. 2003;26(12):3264–3272.
15. Ridker PM, Cook NR, Lee IM, et al. A randomized trial of low-dose
ASA in the primary prevention of cardiovascular disease in women.
N Engl J Med. 2005;352(13):1293–1304.
16. Fowkes FGR, Price JF, Stewart MCW, et al. Aspirin for prevention of
cardiovascular events in a general population screened for a low ankle
brachial index, a randomized controlled trial. JAMA. 2010;303(9):
841–848.
17. Berger JS, Roncaglioni MC, Avanzini F, Pangrazzi I, Tognoni G,
Brown DL. Aspirin for the primary prevention of cardiovascular events
in women and men: A sex-specific meta-analysis of randomized controlled trials. JAMA. 2006;295(3):306–313.
18. De Berardis G, Sacco M, Strippoli GF, et al. Aspirin for primary prevention of cardiovascular events in people with diabetes: Meta-analysis of
randomised controlled trials. BMJ. 2009;339:b4531.
19. Younis N, Williams S, Ammori B, Soran H. Role of ASA in the primary
prevention of cardiovascular disease in diabetes mellitus: A metaanalysis. Expert Opin Pharmacother. 2010;11(9):1459–1466.
20. Lip GYH, Felmeden DC. Antiplatelet agents and anticoagulants for
hypertension. Cochrane Database Syst Rev. 2004;3:CD003186.
21. Belch J, MacCuish A, Campbell I, et al. The prevention of progression
of arterial disease and diabetes (POPADAD) trial: Factorial randomised
placebo controlled trial of ASA and antioxidants in patients with
diabetes and asymptomatic peripheral arterial disease. BMJ. 2008;
337:a1840.
22. Ogawa H, Nakayama M, Morimoto T, et al. Low-dose ASA for primary
prevention of atherosclerotic events in patients with type 2 diabetes.
JAMA. 2008;300(18):2134–2141.
23. Mohler ER III. Combination antiplatelet therapy in patients with
peripheral arterial disease: Is the best therapy ASA, clopidogrel, or
both? Cath Cardiovasc Interv. 2009;74 Suppl 1:S1–S6.
24. McQuaid KR, Laine L. Systematic review and meta-analysis of adverse
events of low-dose ASA and clopidogrel in randomized controlled trials.
Am J Med. 2006;119(8):624–638.
25. Pignone M, Alberts MJ, Colwell JA, et al. Aspirin for primary prevention
of cardiovascular events in people with diabetes. J Am Coll Cardiol.
2010;55(25):2878–2886.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

29

Dovepress

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 35.173.48.224 on 24-Aug-2019
For personal use only.

Bollati et al
26. Nicolucci A, De Berardis G, Sacco M, Tognoni G. AHA/ADA vs ESC/
EASD recommendations on ASA as a primary prevention strategy in
people with diabetes: How the same data generate divergent conclusions.
Eur Heart J. 2007;28(16):1925–1927.
27. Barnett H, Burrill P, Iheanacho I. Don’t use ASA for primary prevention
of cardiovascular disease. BMJ. 2010;340:c1805.
28. Garcia Rodriguez LA, Hernandez-Diaz S, de Abajo FJ. Association
between ASA and upper gastrointestinal complications: Systematic
review of epidemiologic studies. Br J Clin Pharmacol. 2001;52(5):
563–571.
29. CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel versus ASA in patients at risk of ischaemic events (CAPRIE).
Lancet. 1996;348(9038):1329–1339.
30. Scrutinio D, Cimminiello C, Marubini E, Pitzalis MV, Di Biase M,
Rizzon P. Ticlopidine versus ASA after myocardial infarction (STAMI)
trial. J Am Coll Cardiol. 2001;37(5):1259–1265.
31. Hass WK, Easton JD, Adams HP Jr, et al. A randomized trial comparing
ticlopidine hydrochloride with ASA for the prevention of stroke in highrisk patients: Ticlopidine Aspirin Stroke Study Group. N Engl J Med.
1989;321(8):501–507.
32. Biondi Zoccai G, Lotrionte M, Gaita F. Alternatives to clopidogrel
for acute coronary syndromes: Prasugrel or ticagrelor? World
J Cardiol. 2010;2(6):131–134. Craven LL. Miss Valley Med J.
1956;78(5):213–215.
33. Harker LA, Marzec UM, Kelly AB, et al. Clopidogrel inhibition of stent,
graft, and vascular thrombogenesis with antithrombotic enhancement by
ASA in nonhuman primates. Circulation. 1998;98(22):2461–2469.
34. Leon MB, Baim DS, Popma JJ, et al. A clinical trial comparing three
antithrombotic-drug regimens after coronary-artery stenting: Stent
Anticoagulation Restenosis Study Investigators. N Engl J Med. 1998;
339(23):1665–1671.
35. Bhatt DL, Fox KA, Hacke W, et al. Clopidogrel and ASA versus ASA
alone for the prevention of atherothrombotic events. N Engl J Med.
2006;354(16):1706–1717.
36. Berger PB, Bhatt DL, Fuster V, et al. Bleeding complications with dual
antiplatelet therapy among patients with stable vascular disease or risk
factors for vascular disease: Results from the Clopidogrel for High
Atherothrombotic Risk and Ischemic Stabilization, Management, and
Avoidance (CHARISMA) trial. Circulation. 2010;121(23):2575–2583.
37. Mehta SR, Yusuf S, Peters RJ, et al; for the Clopidogrel in Unstable
Angina to Prevent Recurrent Events Trial (CURE) Investigators. Effects
of pretreatment with clopidogrel and ASA followed by long-term
therapy in patients undergoing percutaneous coronary intervention:
The PCI-CURE study. Lancet. 2001;358(9281):527–533.
38. Steinhubl SR, Berger PB, Mann JT, Fry ET, DeLago A, Wilmer C;
for the CREDO Investigators, Clopidogrel for the Reduction of Events
During Observation. Early and sustained dual oral antiplatelet therapy
following percutaneous coronary intervention: A randomized controlled
trial. JAMA. 2002;288(19):2411–2420.
39. Sabatine MS, Cannon CP, Gibson CM, et al; for the CLARITY-TIMI 28
Investigators. Addition of clopidogrel to ASA and fibrinolytic therapy
for myocardial infarction with ST-segment elevation. N Engl J Med.
2005;352(12):1179–1189.

40. Helton TJ, Bavry AA, Kumbhani DJ, Duggal S, Roukoz H, Bhatt DL.
Incremental effect of clopidogrel on important outcomes in patients
with cardiovascular disease: A meta-analysis of randomized trials. Am
J Cardiovasc Drugs. 2007;7(4):289–297.
41. Gurbel PA, Tantry US. Prasugrel, a third generation thienopyridine
and potent platelet inhibitor. Curr Opin Investig Drugs. 2008;9(3):
324–336.
42. Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J Med. 2007;
357(20):2001–2015.
43. Cannon CP, Harrington RA, James F, et al. Comparison of ticagrelor
with clopidogrel in patients with a planned invasive strategy for acute
coronary syndromes (PLATO): A randomised double-blind study.
Lancet. 2010;375(9711):283–293.
44. Diener HC, Bogousslavsky J, Brass LM, et al; for the MATCH Investigators. Aspirin and clopidogrel compared with clopidogrel alone after
recent ischemic stroke or transient ischaemic attack in high-risk patients
(MATCH): Randomised, double-blind, placebo-controlled trial. Lancet.
2004;364(9431):331–337.
45. Collet JP, Aout M, Alantar A, et al. Real-life management of dual antiplatelet therapy interruption: The REGINA survey. Arch Cardiovasc
Dis. 2009;102(10):697–710.
46. Senst BL, Achusim LE, Genest RP, et al. Practical approach to determining costs and frequency of adverse drug events in a health care
network. Am J Health Syst Pharm. 2001;58(12):1126–1132.
47. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med.
2005;353(5):487–497.
48. Steiner JF, Earnest MA. The language of medication-taking. Ann Intern
Med. 2000;132(11):926–930.
49. Bailey WC, Richards JM Jr, Brooks CM, Soong SJ, Windsor RA,
M anzella BA. A randomized trial to improve self-management
practices of adults with asthma. Arch Intern Med. 1990;150(8):
1664–1668.
50. MacIntyre CR, Goebel K, Brown GV, Skull S, Starr M, Fullinfaw RO.
A randomised controlled clinical trial of the efficacy of family based
direct observation of anti-tuberculosis treatment in an urban, developedcountry setting. Int J Tuberc Lung Dis. 2003;7(9):848–854.
51. Yusuf S, Pais P, Afzal R, et al; The Indian Polycap Study (TIPS). Effects
of a polypill (Polycap) on risk factors in middle-aged individuals without
cardiovascular disease (TIPS): A phase II, double-blind, randomised
trial. Lancet. 2009;373(9672):1341–1351.
52. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X. Interventions
for enhancing medication adherence. Cochrane Database Syst Rev.
2008;2:CD000011.
53. Greenberg RN. Overview of patient compliance with medication dosing:
A literature review. Clin Ther. 1984;6(5):592–599.
54. Lenz Tl, Hilleman DE. Aggrenox: A fixed-dose combination of ASA
and dipyridamole. Ann Pharmacother. 2000;34(11):1283–1290.
55. Serebruany VL, Malinin A, Pokov A, et al. Antiplatelet profiles of the
fixed dose combination of extended release dipyridamole and low-dose
ASA compared with clopidogrel with or without ASA in patients with
type 2 diabetes and history of transient ischemic attack: A randomized,
single bind, 30-day trial. Clin Ther. 2008;30(2):249–259.

Dovepress

Vascular Health and Risk Management

Publish your work in this journal
Vascular Health and Risk Management is an international, peerreviewed journal of therapeutics and risk management, focusing on
concise rapid reporting of clinical studies on the processes involved
in the maintenance of vascular health; the monitoring, prevention and
treatment of vascular disease and its sequelae; and the involvement of

metabolic disorders, particularly diabetes. This journal is indexed on
PubMed Central and MedLine. The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/vascular-health-and-risk-management-journal

30

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Vascular Health and Risk Management 2011:7

