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Abstract
There are a number of guidelines and articles available for the use of oral antiplatelets for primary and secondary prevention of
myocardial infarction (MI). Antiplatelet medications inhibit platelet activation, aggregation, and other pathways eventually
inhibiting clot formation. Aspirin and clopidogrel have been the mainstay in the management of acute coronary syndrome for
about a decade. We have discussed the role of aspirin, clopidogrel, ticagrelor, and prasugrel which are the most commonly used
oral antiplatelet medications in the current era. We have also considered the role of newer thrombin inhibitor vorapaxar,
and dual antiplatelet therapy. In this review paper, we have summarized the continuing controversy about the use of oral
antiplatelet therapy and their role in primary as well as secondary prevention of MI by describing results from major clinical
trials. The safety and the efficacy of the above medications have been reviewed and described in this paper.
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Background

Cardiovascular diseases are the leading cause of death in the
USA and the whole world, and it kills more people than all
cancers combined. In the USA, on an average, more than
375,000 people die annually from heart diseases. More than
735,000 people suffer from heart attacks annually, and of these,
about 120,000 die every year. After an episode of myocardial
infarction (MI), a recurrent episode can be prevented by daily
administration of beta blockers, statins, and antiplatelets [1–3].
Antiplatelets play a significant role in the secondary prevention
of MI.

Platelet is a tiny enucleate blood cell, 2–4 μm in diameter.
They are formed by fragmentation from megakaryocytes in
the bone marrow, and about 1 × 1011 platelets are released
every day in the circulation. Platelets are smooth and discoid
in resting state. Its cytoplasm contains alpha granules, dense
granules, and lysosomes. Alpha granules (the most abundant)
contain proteins which play a significant role in regulating
thrombosis and fibrinolysis, as well as proteins including gly-
coprotein IIb/IIIa and P-selectin, which are expressed on cell
surface following platelet activation. Dense granules contain
adenosine diphosphate, adenosine triphosphate, ionized calci-
um, pyrophosphate, and 5HT. The release of these contents
contributes to platelet activation and hemostasis. When plate-
lets are activated, there is a change in the shape of the platelets
with the platelets becoming spherical and extending finger-
like projections known as pseudopodia [4]. Figure 1 shows a
simplified version of platelet plug formation and steps with
different oral antiplatelets (Fig. 1).

In the recent years, antiplatelet therapies for the treatment
of cardiovascular diseases have advanced significantly.
Various clinical trials have been published showing the safety
and efficacy of antiplatelet agents either alone or in combina-
tion. In this article, we have reviewed the mechanism of ac-
tion, side effects, and current clinical evidence from major
clinical trials regarding the use of oral antiplatelets in the pri-
mary and secondary prevention of MI.
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Aspirin

Aspirin is a widely used antiplatelet in MI. Aspirin can be
used for primary prevention of cardiovascular diseases as well
as secondary prevention of cardiovascular diseases [5]. The
evidence of using aspirin for primary prevention is controver-
sial, but the evidence for secondary prevention is more
substantial.

Mechanism of action

Aspirin belongs to non-steroidal anti-inflammatory drug
(NSAID) class. But its mechanism of action is different from
other NSAIDs. All NSAIDs inhibit cyclooxygenase-1 (COX-
1) and cyclooxygenase-2 (COX-2) by competitive reversible
inhibition. Aspirin inhibits COX-1 and COX-2 by acetylation
of COX [6]. This is irreversible inhibition. Prostaglandins are
essential for the process of inflammation. Arachidonic acid is
converted to prostaglandins by COX-1 and COX-2.
Prostaglandin H is converted to thromboxane A2 by throm-
boxane A synthase. Aspirin inhibits the formation of prosta-
glandin H by inhibiting platelet cyclooxygenase-1 and thus
the formation of Thromboxane A2 is reduced. Thromboxane

A2 is a potent platelet agonist which binds to platelets and
activates them as well as causes platelet aggregation by in-
creasing expression of glycoprotein GPIIb/IIIa on the platelet
cell membranes. Thromboxane A2 is also a potent vasocon-
strictor and stimulates proliferation of vascular smooth mus-
cles. Thus, by reducing thromboxane A2, aspirin decreases
platelet activation as well as aggregation.

The active component of aspirin is salicylic acid. Side ef-
fects of aspirin are dose-related. Gastrointestinal bleeding is
dose-related and occurs due to inhibition of COX-1 which
suppresses prostaglandin E2 production which protects endo-
thelial lining in the stomach. Salicylate toxicity occurs when
the dose of aspirin is excess (> 40 mg/dl) [7], or there is a
disturbance in the hepatic, renal, or metabolic system. The
toxicity of aspirin is due to inhibition of Krebs cycle enzymes,
oxidative phosphorylation uncoupling, and amino acid syn-
thesis inhibition. Aspirin overdose commonly causes mixed
acid-base disorder, metabolic acidosis, and respiratory alkalo-
sis due to stimulation of the respiratory center. Salicylates are
neurotoxic, and this causes tingling in ears [8]. Inhibition of
Krebs cycle in CNS leads to altered mental status. Nausea and
vomiting are the most common side effects, and excessive
vomiting can cause dehydration and electrolyte disturbances.
Aspirin overdose can also cause high heat dissipation, and this
can lead to rhabdomyolysis [9] (Table 1).

Role in primary prevention

The use of aspirin for primary prevention of MI is still con-
troversial. Many studies support the use of aspirin in reducing
the risk of MI, and on the other hand, many studies show that
aspirin use is not beneficial in reducing the risk of MI. For this
review, we did a systematic search of the literature and includ-
ed large randomized trials (more than 1000 participants)
which had MI as their primary endpoint or at least a separate
secondary endpoint.

In the Physician Health Study, 22,071 physicians were en-
rolled and followed up for a mean period of 60.2 months. This
was a randomized, double-blind, placebo-controlled trial.
Physicians with age between 40 and 84 were enrolled. Risk
factors were distributed over a broad spectrum in the partici-
pants. Aspirin 325 mg (every other day) and placebo were
randomly given to the participants. The results showed a
44% risk reduction of MI, and the benefits of aspirin for fatal
and non-fatal myocardial were significant (p value < 0.00001)
[10].

In the thrombosis prevention trial, aspirin reduced all ische-
mic heart disease (IHD) by 20% (1–35, p = 0.04) [11]. This
was a randomized double-blinded clinical trial. The mean age
of the participants was 57 years. In this study, 5499 men were
included, and they were divided into four groups: active war-
farin and active aspirin, active warfarin and placebo aspirin,
placebo warfarin and active aspirin, and placebo warfarin and

Fig. 1 Mechanism of action of various antiplatelets agents. vWF Von
Willebrand factor, COX cyclooxygenase, PAR protease-activated
receptor, GP glycoprotein
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placebo aspirin. Aspirin was given in the form of a controlled
release formulation with a dose of 75 mg/day and warfarin
was given at a dose of 2.5 mg/day, and the dose was adjusted
based on INR. The mean follow-up period was 3 years. The
trial was conducted in 108 group practices in UK, and men in
the top 20% of the risk score distribution or the top 25% in
regions with high IHDmortality rates were considered to be at
high risk and were included in the trial. This study further
showed that a combination of warfarin and aspirin is more
effective in the reduction of IHD then either of the single drug
[11]. In the group taking both warfarin and aspirin, IHD was
reduced by 34% (11–51, p = 0.006). Major upper gastrointes-
tinal bleed, when compared to placebo, was seven times more
in warfarin and aspirin groups, eight times more in warfarin
group, and five times more in aspirin group (p value < 0.05).

Hypertension Optimal Trial was a randomized, multicenter
trial conducted in 26 countries. In this trial, 18,790 hyperten-
sive patients were given with felodipine and were randomly
assigned to aspirin or placebo [12]. The mean age of the par-
ticipants was 61.5 years. The average follow-up time was
3.8 years. Aspirin was given in a dose of 75 mg daily in a
double-blinded way. Aspirin reduced all MIs by 36% (p =
0.002) [12]. Fatal bleeding was similar in the two groups,
but non-fatal bleed was higher in aspirin group (1.37% vs.
0.74%, p < 0.01).

A sex-specific meta-analysis was performed which includ-
ed 51,342 women and 44,114 men randomized to aspirin
doses ranging from 100 mg every other day to 500 mg daily
versus placebo for 3.7–10 years [13]. In women, aspirin re-
duced cardiovascular events by 12% (primarily governed by
decreasing strokes), but there was no significant reduction in
rates of MI or cardiovascular mortality. In men, aspirin re-
duced cardiovascular events by 14% (p = 0.01) and decreased
MI by 32% (p = < 0.001) [13]. Aspirin therapy significantly
increased the risk of bleeding in men (OR—1.72, p < 0.001)
and women (OR—1.68, p = 0.01).

In Britain, healthy physicians participated in the trial for
prophylactic daily aspirin (500 mg) for MI prevention [14].
This was a 6-year randomized trial in which 5139 male phy-
sicians were enrolled. The results of this trial were not prom-
ising, and it showed that Aspirin prophylaxis did not help in
reducing MI occurrence rate (42.5 events/10000 person-years
in aspirin group vs. 43.3 events/10000 person-years in the
placebo group, p = ns) [14].

Since cardiovascular events are also the leading cause of
death in women, one specialized trial was done in women.
This was a double-blinded, randomized, 2 by 2 factorial trial
with low-dose aspirin (100 mg every other day) and vitamin E
with 39,876 women participants [15]. Mean age was
70.7 years for the group taking both vitamin E and aspirin
and 71.4 years for the group taking only aspirin. The patients
were followed up for 2 years or until they reached the termi-
nation point. There was no significant reduction in the risk of

major cardiovascular events. Also, there was no significant
difference in fatal or non-fatal MI in those taking aspirin com-
pared to those not taking aspirin [15].

Two studies were done to see the effects of aspirin for
primary prevention in diabetic patients. All participants were
asymptomatic. One was the prevention of progression of arte-
rial disease and diabetes trial [16]. This trial was multicenter,
randomized, double-blinded, 2 by 2 factorial, placebo-
controlled trial. In this trial conducted in Scotland, 1276 adults
(age > 40) with diabetes with ankle brachial pressure index of
less than 0.99 were studied. This was a 2 × 2 factorial study
and participants were given aspirin 100 mg daily. The mean
age of the participants was 60.27 years. The mean time since
diagnosis of diabetes was 6.2 years. Mean HbA1c was 7.95%.
The patients were followed up for 4 years. The primary end-
point for this study was coronary heart disease or stroke or
amputation above the ankle. This study showed that compos-
ite primary events in the aspirin and the non-aspirin groups
were 18.2% and 18.3%, respectively (p = 0.92). There was no
difference in rates ofMI and death from coronary heart disease
in those taking aspirin versus placebo [16]. The other trial was
Japanese primary prevention of atherosclerosis with aspirin
for diabetes study [17]. A total of 2539 diabetics were ran-
domized with 81–100 mg aspirin or placebo. Mean age of the
patients in the aspirin group was 65 years and in the placebo
group was 64 years. Duration of diabetes in aspirin group was
7.3 years and in the placebo group was 6.7 years. The mean
HbA1c was 7.1% in the aspirin group and 7.0% in the placebo
group. The participants were followed up for a period of
3 years. The occurrence of atherosclerotic events, i.e., MI,
stroke, and peripheral vascular diseases, in aspirin group was
13.6 per 1000 person-years and in the non-Aspirin group was
17.0 per 1000 person-years. Hazards ratio was 0.8 with 95%
confidence interval of 0.58–1.1 (p value = 0.16). There was no
significant difference in rates of MI or angina (stable and
unstable) between the two groups. This study also showed
that aspirin was not beneficial in the prevention of MI and
cardiovascular events in patients with fairly well-controlled
diabetes (HbA1c ~ 7%) [17].

In aspirin for prevention of cardiovascular events in general
population trial, 3350 patients with ABI < 0.95 and no known
cardiovascular disease were given 100 mg aspirin or placebo
for 8.2 years [18]. There were 13.7 cardiovascular, stroke, or
peripheral vascular disease events per 1000 person-years in
the aspirin group and 13.3 in the placebo group. The hazards
ratio was 1.03, 95% CI 0.85–1.17. Again, there was no statis-
tical difference in the rates of fatal or non-fatal MI in the two
groups. This study showed that aspirin does not reduce the
risk of fatal or non-fatal MI and CVevents [18].

In 2014, US FDA stated that the use of aspirin is very
controversial and thus it does not recommend the use of aspi-
rin for the primary prevention of cardiovascular diseases in the
general population [19]. There is no consensus among

456 Ir J Med Sci (2019) 188:453–467



professional societies regarding the ideal patient population
for prophylactic aspirin use for primary prevention of MI.
As discussed above, the results of the randomized trials are
contradictory, and there is significant heterogeneity in patient
populations in those trials. The results of ongoing trials like
ARRIVE, ASCEND, ASPREE, and ACCEPT-D might pro-
vide better insight regarding the ideal patient population
where prophylactic aspirin use will be beneficial in the prima-
ry prevention of MI.

Currently, we propose to use low-dose aspirin (75–100 mg/
day) in patients with 10-year atherosclerotic cardiovascular
disease (ASCVD) risk score higher than 10%.

Role in secondary prevention

The data for the use of aspirin for the secondary prevention of
MI is more substantial. Many studies have proved the benefi-
cial use of aspirin for secondary prevention.

ISIS-2 was the first trial to show the benefits of aspirin in
secondary prevention of MI [20]. This study was a multicenter,
multinational, randomized, double-blinded, and placebo con-
trolled. In this study, 17,187 patients with suspected MI were
taken [20]. Aspirin reduced 26 (16 to 35) deaths per 1000 dur-
ing the first 35 days. In the aspirin group, there was 9.4% of
vascular deaths while in the placebo group, there was 11.8% of
vascular deaths at the end of 5 weeks (p < 0.0001). After 1 year,
the survival was 84.8% in the aspirin group and 82.7% in the
placebo group, and after 2 years, it was 81.7% in the aspirin
group and 80.0% in the control group (p < 0.05 for both).

Antithrombotic Trialists’ Collaboration conducted meta-
analyses of 287 studies involving 135,000 patients [21]. As
per the study, after 1-month mean treatment with antiplatelet
or placebo in high-risk categories, the rate of non-fatal MI was
2.6% in the antiplatelet group and 3.7% in the control group
(p < 0.0001). The rate of vascular death was 6.8% in the anti-
platelet group and 7.6% in the placebo group (p < 0.0001) [21].
Although this meta-analysis was before the drug-eluting stent
era, there have been no randomized trials (in acute coronary
syndrome (ACS) patients) in the drug-eluting stent era, where
patients were randomized to aspirin versus no aspirin.

The CURRENT OASIS 7 trial (also sought to study the
effect of double-dose clopidogrel vs. standard-dose
clopidogrel in ACS patients) found no difference in composite
events of cardiovascular death, MI, and stroke (p = 0.61), as
well as MI (p = 0.76) in 25,086 ACS patients randomized to
high-dose aspirin (≥ 300 mg daily) versus low-dose aspirin
(75–100 mg daily). Thrombolysis in myocardial infarction
(TIMI) major bleeding was not significant between the groups
(p = 0.39); however, minor bleeding was lower in low-dose
aspirin group (p = 0.04) [22].

In the CURE trial, aspirin was given in combination with
clopidogrel in doses ranging from 75 to 325 mg in patients
with ACS. The incidence of major bleeding increased as a

function of the aspirin dose, both in patients treated with as-
pirin alone and with the combination. The risk of bleeding was
lowest with doses up to 100 mg of aspirin, and there was no
evidence of higher efficacy with higher doses of aspirin [23].

Both the American College of Cardiology (ACC) and the
European Society of Cardiology (ESC) recommend the life-
long daily use of aspirin for secondary prevention in patients
with coronary artery disease [24–27]. The ESC recommends a
daily dose of 75–100 mg whereas ACC recommends a main-
tenance dose of 81–325 mg daily.

P2Y12 inhibitors

P2Y12 receptors are present on blood platelets. These recep-
tors are responsible for platelet aggregation and clotting [28].
Clopidogrel, prasugrel, ticagrelor, ticlopidine, and cangrelor
are P2Y12 receptor inhibitors and can be used as antiplatelets.
Cangrelor is a newer agent which is administered via the in-
travenous route. This review focuses on oral P2Y12 agents.

Clopidogrel

Mechanism of action

Clopidogrel is a second-generation thienopyridine.
Clopidogrel inhibits ADP receptor on platelet cell membranes.
It is a prodrug, which requires CYP2C19 for its activation
[29]. Two oxidative steps are needed to convert clopidogrel
into its active metabolite. Initially, clopidogrel gets converted
to 2-oxo-clopidogrel by cytochrome P450 monooxygenase-
dependent metabolism. Hydrolysis of 2-oxo-clopidogrel gen-
erates active metabolite. However, the second step is still un-
clear and controversial [30]. Clopidogrel metabolizes in the
liver by cytochrome P450 system, and it inhibits explicitly
P2Y12 subtype of ADP receptor irreversibly. This is particu-
larly important in de-activating platelet and eventually prevent
cross-linking by protein fibrin [31].

Role in primary prevention

There are no trials to suggest a definite role of clopidogrel on
primary prevention of MI. CHARISMA trial tested the hy-
pothesis that long-term treatment with a combination of
clopidogrel plus aspirin may provide greater protection
against cardiovascular events than aspirin alone in a broad
population of patients at high risk. Out of 15,603 patients,
there were 3284 asymptomatic patients (others had
established cardiovascular disease). In the asymptomatic
group, the primary efficacy endpoint—a composite of the first
occurrence of MI, stroke (of any cause), or death from cardio-
vascular causes (including hemorrhage)—was 6.6% in
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clopidogrel + aspirin group versus 5.5% in aspirin alone (p =
0.20). The severe bleeding was similar between the two
groups; however, moderate bleeding was higher in the
clopidogrel group (2.1% vs. 1.3%, p < 0.001) [32].

Role in secondary prevention

The CURE randomized control trial studied 12,562 patients
with ACS without ST-elevation for 2 years comparing
clopidogrel with placebo on a background of aspirin therapy.
Mean age in both groups was 64.2 ± 11.3 years. A total of 4690
patients in study group and 4724 patients in the placebo group
had unstable angina at the time of randomization. Remaining
3193 patients in the study group and 3238 patients in the pla-
cebo group have suspected or associated MI. Clopidogrel
(300 mg loading followed by 75 mg/day for 3–12 months,
mean duration of therapy—9 months) in addition to aspirin
reduced composite endpoint of non-fatal MI, stroke, or death
from cardiovascular causes (9.3% vs. 11.4%, p < 0.001). In
clopidogrel group, MI was significantly reduced (5.2% vs.
6.7%, p < 0.001) [33]. This reduction of ischemia can also re-
duce the risk of heart failure, shown by the CURE trial [33].
Benefits were noted in all the groups of patients including pa-
tients undergoing revascularization therapy and that did not.
However, major (3.7% vs. 2.7%, p = 0.001) as well as minor
(5.1% vs. 2.4%, p = <0.001) bleeding risk was increased with
clopidogrel as compared to that with placebo. More number of
people needed blood transfusion (2.8% vs. 2.2%, p = 0.02) after
combined therapy [33]. Non-life-threatening bleeding was
higher with clopidogrel (1.5% vs. 0.9%, p = 0.002).

The CURE PCI was a substudy of CURE trial involving
2658 cohorts. PCI was performed during the initial hospital
stay in 1730 and the remaining 928 after their discharge.
Patients were pre-treated with aspirin and study drug 6 days
before the procedure and followed up for about 8 months [34].
Primary endpoint was a composite of mortality from cardio-
vascular death and MI which were significantly lower with
clopidogrel (8.8% vs. 12.6%, p = 0.002) at the end of the
study. Cardiovascular-related death and MI were lower with
clopidogrel even from PCI till the end of follow-up period
(6% vs. 8%, p = 0.047). The overall relative risk was 0.69
(95% CI—0.54-0.87). Major bleeding was not significantly
higher with clopidogrel (assessed from the time of PCI to
30 days and from PCI to end of follow-up). Hence, CURE
PCI study showed pre-treatment followed by long-term ther-
apy with clopidogrel is beneficial in patients with ACS under-
going PCI. This strongly suggests a benefit of starting
clopidogrel even before the patient’s planned intervention
without any additional bleeding risk and can be continued
after PCI [34].

The CLARITY-TIMI 28 trial randomly assigned 3491 ST-
elevation myocardial infarction (STEMI) patients (18–
75 years of age, who presented within 12 h) to clopidogrel

300 mg loading followed by 75 mg daily versus placebo on
the background of the fibrinolytic agents, aspirin and heparin
(when appropriate).[35]. Patients were scheduled to undergo
angiography 48 to 192 h from the start of study medication.
There was a 36% relative risk reduction in rates of primary
efficacy endpoint (a composite of an occluded infarct-related
artery on angiography or death or recurrent MI before angiog-
raphy) with clopidogrel compared to placebo (15 vs. 21.7%,
p < 0.001). At 30 days, the composite of death, MI, and recur-
rent ischemia requiring revascularization was 14.1% in the
placebo group and 11.6% in the clopidogrel group (p =
0.03). The rates of major bleeding and intracranial hemor-
rhage were similar between the two groups. This was the first
randomized trial that showed the benefit of dual antiplatelet
therapy in STEMI patients.

The CURRENT OASIS 7 trial [36] also suggested the ad-
dition of clopidogrel to aspirin is beneficial in patients under-
going PCI for ACS. A total of 25,086 patients with ACS
(approximately 71% were unstable angina/non-ST-elevation
myocardial infarction (NSTEMI), and 29% were STEMI)
and intended early PCI were studied during this randomized
controlled trial and compared double-dose (600 mg on day 1,
150 mg on days 2–7, then 75 mg daily) versus standard-dose
(300 mg on day 1 then 75 mg daily) clopidogrel for 30 days
post procedure. Mean age was 61.2 years in both the groups.
Composite primary endpoint which included cardiovascular
death, MI, or stroke was significantly higher with standard
dose (4.5% vs. 3.9%, p = 0.039). This difference was mainly
attributed to a lower rate of MI in double-dose clopidogrel
(2% vs. 2.6%, relative risk reduction = 0·79 (0·64–0·96), p =
0.018). Secondary outcomes of cardiovascular death, MI,
stroke, or recurrent ischemia (4.2% vs. 5%, relative risk re-
duction = 0·85 (0·74–0·98), p = 0.025) were also noted lower
with double-dose clopidogrel [37]. TIMI defined major bleed-
ing (defined as drop in hemoglobin ≥ 5, any fatal bleeding or
intracranial bleeding) was higher with double-dose
clopidogrel (1% vs. 0.7%, p = 0.074), but was not statistically
significant. However, CURRENT definedmajor bleeding (de-
fined as hemoglobin drop ≥ 5, blood transfusion requirement,
leading to hypotension that requires inotropes, fatal bleeding
intracranial hemorrhage, requiring surgery) rates were signif-
icantly higher with the double-dose clopidogrel (1.6% vs.
1.1%, p = 0.009). In this study, double-dose clopidogrel group
had a 46% reduction in definite stent thrombosis.

Clopidogrel resistance

Clopidogrel resistance is defined as the failure of the molecule
to inhibit the target of its action. Clopidogrel resistance is best
demonstrated by the evidence of residual post-treatment
P2Y12 activity by measuring ADP-induced platelet aggrega-
tion before and after treatment [38]. The prevalence of
clopidogrel resistance varies from 5 to 44% depending on
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various studies [38]. Pharmacokinetic and pharmacodynamic
studies have demonstrated wide inter-individual variability in
the concentration of active metabolite and the magnitude of
platelet inhibition achieved by recommended loading and
maintenance doses of clopidogrel. Although some of this var-
iability can be explained due to genetic polymorphisms that
affect the functional activity of the CYP2C19 enzyme, most of
it cannot be explained by genotype or other clinical character-
istics [39]. GRAVITAS trial randomized 2214 patients (60%
stable angina, 40% ACS) with high on treatment reactivity
12–24 h after PCI with a drug-eluting stent to high dose
(600 mg loading, 150 mg daily thereafter) versus standard
dose (no additional loading, 75 mg daily) for 6 months [39].
A high-dose treatment group had a 22% absolute reduction in
high on treatment reactivity at 30 days. Despite that, at
6 months, the composite primary endpoint of death from car-
diovascular causes, non-fatal MI, and stent thrombosis did not
differ significantly between the two groups (2.3% in each
group, p = 0.97).

Both ACC and ESC do not recommend routine testing for
platelet function of genetic testing in patients treated with
clopidogrel. However, it may be considered in selected pa-
tients at high risk for poor clinical outcomes like history of
stent thrombosis and stent in left main [24, 40].

Ticagrelor

Mechanism of action

Ticagrelor is a direct acting P2Y12 receptor antagonist. It
binds to the P2Y12 receptor which is distinct from that of
ADP, which makes the blockage reversible and noncompeti-
tive [35]. Moreover, the drug does not need hepatic activation,
which might work better for patients with genetic variants
regarding the enzyme CYP2C19 [41, 42].

Role in primary prevention

There are no trials to suggest any benefit of ticagrelor in pri-
mary prevention of MI. Ticagrelor was compared to aspirin in
patients with acute ischemic stroke or transient ischemic at-
tack in SOCRATES trial, and it was compared to Plavix in
patients with symptomatic peripheral arterial disease in
EUCLID trial [43, 44]. There was no difference in the rates
of MI between the study groups in either trial.

Role in secondary prevention

In the PLATO trial, 18,624 patients with the acute coronary
syndrome were enrolled, of which 3496 patients in the
ticagrelor group and 3530 patients in the clopidogrel group
presented with STEMI. Of the remaining patients, 4005 in the

ticagrelor group and 3950 in the clopidogrel group presented
with NSTEMI, and 1549 patients in the ticagrelor group and
1563 in the clopidogrel group presented with unstable angina.
Ticagrelor (180 mg loading dose, 90 mg twice daily thereaf-
ter) and clopidogrel (300 to 600 mg loading dose, 75 mg
thereafter) were compared after 12 months of therapy [45].
Primary safety endpoint was composite mortality from the
vascular cause, MI, or stroke which was lower with ticagrelor
(9.8% vs. 11.7%, p = <0.001). MI rate was 5.8% in ticagrelor
group and 6.9% in clopidogrel group (p = 0.005). Death from
vascular causes was noted lower with ticagrelor at 12 months
as well (4% vs. 5.1%, p = 0.001). No difference between
ticagrelor and clopidogrel noted concerning major bleeding
based on TIMI criteria (p = 0.43), minor bleeding (p = 0.57),
and bleeding requiring transfusion (p = 0.96). However, non-
CABG-related major bleeding (2.8% vs. 2.2%, p = 0.03) and
fatal intracranial bleeding (0.1 vs. 0.01%, p = 0.02) were
higher with ticagrelor. Dyspnea was noted in 13.8% cohorts
receiving ticagrelor and 7.8% cohorts receiving clopidogrel
which was significantly higher with ticagrelor (p = <0.001).
A possible mechanism for dyspnea is believed to be inhibition
of adenosine clearance by ticagrelor and hence increase in its
concentration in blood. Also, inhibition of P2Y12 on sensory
neurons increases the sensation of dyspnea which is also seen
with other reversible inhibitors like cangrelor and elinogrel
[46].

A substudy of 5216 (28% of PLATO trial participants)
patients intended for non-invasive management showed sim-
ilar results to the original trial [47]. The primary endpoint was
lower in ticagrelor compared to that in clopidogrel (12% vs.
14.3%, HR, 0.85, p = 0.04). Overall mortality was lower with
ticagrelor (6.1% vs. 8.2%, HR, 0.75, p = 0.01). The incidence
of total major bleeding and non-CABG-relatedmajor bleeding
was numerically higher with ticagrelor but not statistically
significant [47]. A separate substudy of 7544 ACS patients
with STEMI (~ 40% of PLATO trial participants) also showed
similar benefits consistent with the overall study [48]. The
primary endpoint occurred in 9.4% versus 10.8% of the
ticagrelor and clopidogrel groups, respectively (HR, 0.87,
p = 0.07). Ticagrelor reduced the incidence of several second-
ary endpoints compared with clopidogrel, including the com-
posite of cardiovascular death and MI to 8.4% from 10.2%
(HR, 0.82, p = 0.01), the composite of all-cause mortality, MI,
and stroke to 9.8% from 11.3% (HR, 0.87, p = 0.05), and the
composite of all arterial thrombotic events to 13.3% from
15.0% (HR, 0.87, p = 0.03). Ticagrelor also reduced the inci-
dence of MI compared with clopidogrel (4.7% vs. 5.8%, p =
0.03). Also, ticagrelor did not affect major bleeding [48].

Another substudy of the PLATO trial investigated the out-
comes in 4662 patients with DM (~ 25% of PLATO trial par-
ticipants) [49]. In patients with DM, the reduction in the pri-
mary composite endpoint (HR 0.88, 95% CI 0.76–1.03), all-
cause mortality (HR 0.82, 95% CI 0.66–1.01), and stent
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thrombosis (HR 0.65, 95% CI 0.36–1.17) with no increase in
major bleeding (HR 0.95, 95% CI 0.81–1.12) with ticagrelor
was consistent with the overall cohort and without significant
diabetes status-by-treatment interactions [49].

A pre-specified subgroup analysis of the PLATO trial
showed a significant interaction between treatment and region
(p = 0.045), with less effect of ticagrelor in North America
than in the rest of the world. Results of two independently
performed analyses identified an underlying statistical interac-
tion with aspirin maintenance dose as a possible explanation
for the regional difference. The lowest risk of cardiovascular
death, MI, or stroke with ticagrelor compared with that with
clopidogrel is associated with a low maintenance dose of con-
comitant aspirin [50]. This is the basis for a recommendation
to not exceed aspirin dose more than 100 mg when used con-
comitantly with ticagrelor.

The PEGASUS TIMI-54 trial tested the efficacy and safety
of ticagrelor on a background of low-dose aspirin. A total of
21,162 patients who had MI 1 to 3 years earlier were enrolled
and assigned either ticagrelor 90/60 mg twice daily or placebo
[51]. Primary efficacy endpoint for this study was composite
mortality caused by cardiovascular cause, MI, and stroke.
After 3 years, the death rates were 7.85% and 7.77% in pa-
tients with 90 mg and 60 mg ticagrelor, respectively. In pla-
cebo group, it was 9.04% (p value = 0.008). Composite pri-
mary endpoint was reduced significantly with both 90-mg
doses and the 60-mg dose (p = 0.004). However, there was
no significant difference in death from any cause after adding
ticagrelor to the regimen (p = 0.14) [51]. Primary safety end-
point was TIMI major bleeding which shown to be increased
significantly with the addition of ticagrelor (p = < 0.001).
2.60% bleeding was noted in the ticagrelor group with
90 mg twice daily dose, 2.30% was noted in ticagrelor with
60 mg twice daily dose, and 1.06% was noted in the placebo
group. Also, TIMI minor bleeding (p = < 0.001), bleeding re-
quiring transfusion (p = < 0.001), and dyspnea (p = <0.001)
were noted higher with the addition of ticagrelor. Dyspnea
was noted 18.93% higher with those received 90 mg twice
daily and 15.84% higher with those received 60 mg twice
daily within 3 years of the study period [51].

Prasugrel

Mechanism of action

Prasugrel also belongs to thienopyridine drug class and has a
mechanism of action nearly similar to clopidogrel but with
one-step activation compared to two-step activation for
clopidogrel. CYP2C19 does not play a major role in the acti-
vation of prasugrel. After oral administration, prasugrel rapid-
ly gets hydrolyzed to thiolactone which gets converted to its
active metabolite mainly by CYP3A4 and CYP2B6. Prasugrel

is a prodrug which inhibits ADP receptors by irreversibly
acting on the P2Y12 receptor on platelets. The active metab-
olite of prasugrel prevents binding of ADP to its platelet re-
ceptor, impairing the ADP-mediated activation of the glyco-
protein GPIIb/IIIa complex and eventually platelet activation
cascade.

Role in secondary prevention

There are no trials to suggest any role of prasugrel in the
primary prevention ofMI. TRITON-TIMI 38 trial randomized
a total 13,608 patients with ACS (10,074 with unstable angina
(UA)/NSTEMI and 3534 with STEMI) who were scheduled
to percutaneous coronary intervention to prasugrel (60 mg
loading dose and then 10 mg maintenance dose) or
clopidogrel (300 mg loading dose and then 75 mg mainte-
nance dose) [52]. Mean age in both groups was 61 years and
they were followed up for 3 years from 2004 to 2007. The
primary efficacy endpoint (a composite of death from cardio-
vascular cause, non-fatal MI, and stroke) occurred in 12.1% of
patients receiving clopidogrel and 9.9% of patients receiving
prasugrel (HR, 0.81; p < 0.001). There were also significant
reductions in the prasugrel group in the rates of MI (9.7% for
clopidogrel vs. 7.4% for prasugrel; p < 0.001), urgent target-
vessel revascularization (3.7% vs. 2.5%; p < 0.001), and stent
thrombosis (2.4% vs. 1.1%; p < 0.001). Non-CABG-related
TIMI major bleeding (2.4% vs. 1.8%, p = 0.03), major/minor
TIMI bleeding (5% vs. 3.8%, p = 0.002), bleeding requiring
transfusion (4% vs. 3%, p = <0.001), and CABG-related TIMI
major bleeding (13.4% vs. 3.2%, p = <0.001) occurred in sig-
nificantlymore patients treated with prasugrel than those treat-
ed with clopidogrel. A pre-specified subgroup analysis
showed the superiority of prasugrel in both STEMI and UA/
NSTEMI patients. However, the benefit was more in diabetic
patients. In diabetic cohort (3146 patients), the primary end-
point occurred in 17% in clopidogrel group versus 12.2% in
prasugrel group (HR, 0.70; p < 0.001). In non-diabetic cohort
(10,462 patients), primary endpoint occurred in 10.6% in
clopidogrel group versus 9.2% in prasugrel group (HR, 0.86;
p = 0.02). Also, patients > 75 years of age and weight < 60 kg
had no net benefit from prasugrel. Patients with a history of
cerebrovascular events also did not have any benefit from
prasugrel and had a strong trend toward a greater rate of
TIMI major bleeding (p = 0.06) including intracranial hemor-
rhage. Hence, there was evidence of net harm in a patient with
prior history of cerebrovascular events [52]. Thus, prasugrel is
not recommended for patients > 75 years and weight < 60 kg
and those with a history of prior stroke.

TRILOGY-ACS trial randomized 7243 patients with UA
and NSTEMI who did not undergo revascularization to
prasugrel versus clopidogrel [53]. At 17 months, there was
no difference in the primary endpoint of death from cardio-
vascular causes, non-fatal MI, or stroke in prasugrel compared

460 Ir J Med Sci (2019) 188:453–467



to clopidogrel (13.9% vs. 16%, HR, 0.91; p = 0.21). The risk
of bleeding was similar in the two groups. ACCOAST trial
randomized 4033 patients with non-ST segment elevation
(NSTE) ACS before or after angiography [54]. Patients sched-
uled to undergo angiography within 2–48 h of randomization
were given prasugrel 30 mg before angiography (pre-
treatment group) or placebo (control group). When interven-
tion was indicated, an additional 30mg prasugrel was given in
the pre-treatment group and 60 mg was given in the control
group. The rate of the primary efficacy endpoint, a composite
of death from cardiovascular causes, MI, stroke, and urgent
revascularization, or glycoprotein IIb/IIIa inhibitor rescue
therapy (glycoprotein IIb/IIIa bailout) through day 7 did not
differ significantly between the two groups (HR, 1.02; p =
0.81). The rate of the key safety endpoint of all TIMI major
bleeding episodes through day 7 was increased with pre-
treatment (HR, 1.90; p = 0.006). Pre-treatment did not reduce
the rate of the primary outcome among patients undergoing
PCI (69% of the patients) but increased the rate of TIMI major
bleeding at 7 days. These results did not change at 30 days
[54]. Based on TRILOGY-ACS and ACCOAST trials,
prasugrel is not recommended for ACS patients who are treat-
ed medically and before knowing the coronary anatomy.

The PRAGUE-18 is the only randomized trial published so
far that studied head to head comparison of prasugrel versus
ticagrelor in ACS patients treated with primary or immediate
PCI. No difference was found in safety or efficacy between
the two drugs, and the trial was stopped early due to futility
[55].

Ticlopidine

Ticlopidine is a thienopyridine with the mechanism of action
similar to clopidogrel, irreversibly blocking ADP receptors on
the platelets [56]. Ticlopidine combined with aspirin after
placement of Palmaz-Schatz stents was superior to aspirin
combined with anticoagulant therapy in reducing cardiac
events at 30 days in a randomized trial [57]. However, it
causes rare but serious side effects of neutropenia, thrombo-
cytopenia, and thrombotic thrombocytopenic purpura (TTP).
Due to better safety and tolerability profile, it was primarily
replaced by clopidogrel [56]. It is a discontinued medicine in
the USA.

Vorapaxar - Protease-activated receptror-1
antagonist

Mechanism of action

Thrombin activates platelets through two protease-activated
receptors (PARs), PAR-1 and PAR-4 [58]. PAR-1 is activated

by lower concentrations of thrombin than PAR-4 andmediates
a more rapid platelet activation response. Vorapaxar is an oral
competitive selective inhibitor of thrombin receptor, PAR-1.
Selective PAR-1 blockade has shown to cause potent inhibi-
tion of thrombin-induced platelet aggregation but preserves
primary hemostatic function [59].

Role in secondary prevention

TRACER trial enrolled 12,944 NSTE-ACS patients random-
ized to vorapaxar 40 mg loading and 2.5 mg daily mainte-
nance or placebo. Aspirin and clopidogrel were administered
in 97% and 87% of patients, respectively. After a median
follow-up of 502 days, the primary endpoint of CV death,
MI, stroke, recurrent ischemia, and urgent revascularization
did not differ significantly among the groups (vorapaxar
18.5% vs. placebo 19.9%; HR 0.92, p = 0.07), while severe
bleeding events were more frequent with vorapaxar compared
to those with placebo (7.2% vs. 5.2%; HR 1.35, p < 0.001),
with a marked increase in intracranial hemorrhage (HR, 3.39,
p < 0.001) [59]. TRA-2P TIMI-50 trial randomized 26,449
patients with prior MI, stroke, or PVD to vorapaxar 2.5 mg
daily versus placebo [60]. At 3 years, the primary endpoint of
cardiovascular death, MI, or stroke had occurred in 9.3% in
the vorapaxar group, as compared with 10.5% in the placebo
group (HR, 0.87; p < 0.001). Vorapaxar was associated with
an increase in intracranial hemorrhage, and the absolute in-
crease in TIMI clinically significant bleeds (vorapaxar 15.8%
vs. placebo11.1%; HR, 1.46, p < 0.001) was greater than the
absolute reduction in ischemic events. In the subgroup of
17,779 patients with prior MI (~ 67% of total study popula-
tion), rates of the primary endpoint over 3 years were 8.1% in
the vorapaxar group versus 9.7% in the placebo group (HR,
0.80; p < 0.0001). TIMI clinically significant bleeding oc-
curred in 15.1% and 10.4% of patients, respectively (HR,
1.49; p < 0.0001). Among patients with a history of stroke,
the rate of intracranial hemorrhage in the vorapaxar group
was 2.4%, as compared with 0.9% in the placebo group
(p < 0.001). Among patients without a history of stroke, the
rates of intracranial hemorrhage were lower in the two study
groups (0.6% in the vorapaxar group and 0.4% in the placebo
group, p = 0.049) [60].

Based on the above trials, vorapaxar was approved by
both Food and Drug Administration (FDA) and European
Medicine Agency (EMA) to reduce ischemic events in pa-
tients with prior MI. However, the benefit of vorapaxar in
addition to aspirin and clopidogrel is modest and must be
carefully weighed against the increase in bleeding events,
including intracranial hemorrhage. Its use is contraindicated
in patients with a history of cerebrovascular disease [61].
Key randomized trials investigating different durations of
dual antiplatelet therapy (DAPT) have been described here
(Table 2).
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Guidelines for secondary preventions [71]:
ACC/AHA Guideline Update on Duration
of Dual Antiplatelet Therapy (DAPT)
in Coronary Artery Disease (CAD) Patients

1. Lower daily dose of aspirin (81 mg) therapy should almost
always be continued indefinitely in patients with CAD.

2. In patients with stable ischemic heart disease (SIHD)
treated with DAPTafter drug-eluting stent (DES) implan-
tation, P2Y12 inhibitor therapy with clopidogrel should
be given for at least 6 months (class I). In patients with

SIHD treated with DAPT after bare-metal stent (BMS)
implantation, P2Y12 inhibitor therapy (clopidogrel)
should be given for a minimum of 1 month (class I).

3. In patients with SIHD treated with DAPT after BMS or
DES implantation who have tolerated DAPT without a
bleeding complication and who are not at high bleeding
risk (e.g., prior bleeding on DAPT, coagulopathy, oral an-
ticoagulant use), continuation of DAPT with clopidogrel
for longer than 1 month in patients treated with BMS or
longer than 6 months in patients treated with DES may be
reasonable (class IIb) (Table 3).

Table 3 Guidelines for DAPT therapy in CAD patients

Duration
(months)

STEMI# NSE-ACS# SIHD$

MT Lytic BMS DES CABG MT BMS DES CABG BMS DES

1 Class 1

> 1 Class 2b

6 Class 1**

> 6 Class 2b***

12 Class* 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1

> 12 Class 2b Class 2b Class 2b Class 2b Class 2b Class 2b Class 2b

DAPT dual antiplatelet therapy, CAD coronary artery disease, STEMI ST-elevation myocardial infarction, NSE-ACS non-ST-elevation acute coronary
syndrome, SIHD stable ischemic heart disease, MT medical therapy, BMS bare-metal stent, DES drug-eluting stent, CABG coronary artery bypass
grafting
# Ticagrelor and prasugrel are preferred over clopidogrel in patients who undergo stenting in acute coronary syndrome
$Clopidogrel is the only P2Y12 agent studied in SIHD

*Class 2a per ESC guidelines

**Duration is 6–12 months for class 1 per ESC guidelines

***Duration > 12 months is a class 2b per ESC guidelines

Fig. 2 DAPT and
PRECISEDAPT score. ACS
acute coronary syndrome, MI
myocardial infarction, DM
diabetes mellitus, CKD chronic
kidney disease, CAD coronary
artery disease, EF ejection
fraction, NSAIDs non-steroidal
anti-inflammatory drugs, PCI
percutaneous coronary
intervention
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4. In patients with acute coronary syndrome (ACS) (non-ST-
elevation [NSTE]-ACS or ST-elevation myocardial in-
farction [STEMI]) treated with DAPT after BMS or
DES implantation, P2Y12 inhibitor therapy (clopidogrel,
prasugrel, or ticagrelor) should be given for at least
12 months (class I).

5. In patients with ACS (NSTE-ACS or STEMI) treated
with coronary stent implantation who have tolerated
DAPT without a bleeding complication and who are not
at high bleeding risk (e.g., prior bleeding on DAPT, co-
agulopathy, oral anticoagulant use), continuation of
DAPT (clopidogrel, prasugrel, or ticagrelor) for longer
than 12 months may be reasonable (class IIb). A new risk
score (the BDAPT score^), derived from the Dual Anti-
Platelet Therapy study, may be useful for decisions about
whether to continue (prolong or extend) DAPT in patients
treated with coronary stent implantation (Fig. 2).

6. In patients with ACS (NSTE-ACS or STEMI) treated
with DAPT after coronary stent implantation and in pa-
tients with NSTE-ACS treated with medical therapy alone
(without revascularization), it is reasonable to use
ticagrelor in preference to clopidogrel for maintenance
P2Y12 inhibitor therapy (class IIa). Among those who
are not at high risk for bleeding complications and who
do not have a history of stroke or transient ischemic at-
tack, it is reasonable to choose prasugrel over clopidogrel
for maintenance P2Y12 inhibitor therapy (class IIa).

7. In patients with ACS (NSTE-ACS or STEMI) being treat-
ed with DAPT who undergo coronary artery bypass
grafting (CABG), P2Y12 inhibitor therapy should be re-
sumed after CABG to complete 12 months of DAPT ther-
apy after ACS (class I).

8. In patients with STEMI treated with DAPT in conjunction
with fibrinolytic therapy, P2Y12 inhibitor therapy
(clopidogrel) should be continued for a minimum of
14 days and ideally at least 12 months (class I).

9. Elective non-cardiac surgery should be delayed 30 days
after BMS implantation and optimally 6 months after
DES implantation. In patients treated with DAPT after
coronary stent implantation who must undergo surgical
procedures that mandate the discontinuation of P2Y12
inhibitor therapy, it is recommended that aspirin be con-
tinued if possible and the P2Y12 platelet receptor inhibi-
tor be restarted as soon as possible after surgery (class I).

Conclusion

Antiplatelet therapy is the cornerstone for management of ath-
erosclerotic heart disease. Aspirin therapy for primary preven-
tion of MI is controversial and should be reserved for patients

with higher risk who have multiple risk factors for coronary
artery disease and have a low risk of bleeding. Lifelong ther-
apy with aspirin is strongly recommended for secondary pre-
vention of MI unless contraindicated. Use of second oral an-
tiplatelet is recommended for secondary prevention of MI,
usually for 6–12 months. Preference for the second agent
and its duration varies based on the underlying primary event,
need for PCI, and bleeding risk. It is recommended to use the
newer DAPT score to guide the duration of dual antiplatelet
therapy.
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