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BACKGROUND 
Acute Coronary Syndrome (ACS) is a fatal disease, and 32% of those 
who suffer from it have ST-elevation myocardial infarction (STEMI), 
which has an in-hospital mortality rate of 5%-15% based on other 
factors possibly due to comorbidity [1]. Because of their efcacy, 
aspirin and a P2Y12 receptor antagonist, two key components of dual 
antiplatelet therapy (DAPT), have revolutionized the treatment of 
STEMI patients, particularly those undergoing percutaneous coronary 
intervention (PCI) [2-5]. Clopidogrel has been widely used as a dual 
antiplatelet therapy agent for many years; however, new drugs such as 
ticagrelor and prasugrel have recently been introduced to augment the 
treatment of STEMI and achieve faster, more potent, and life-saving 
antiplatelet action [6-9]. All antiplatelet drugs can be proled in terms 

of their distinctive characteristics like efcacy, risk of bleeding 
following administration, cost, and timing of administration. As a 
result, physicians frequently switch between drugs based on the 
clinical situation [10]. Clopidogrel, a second generation 
thienopyridine, is sold in generic form, and given its cost-
effectiveness, it is widely available. The main disadvantage of this 
drug is that its activation is dependent on liver metabolism. [2]. Given 
this serious drawback, clopidogrel does not qualify as being a potent 
platelet inhibitor [11]. In addition to this, most Asian patients have 
been reported to be poor clopidogrel metabolizers due to the 
prevalence of cytochrome P450 2C19 (CYP2C19) loss-of-function 
alleles [12]. Conversely, based on available data, some Asian 
countries, such as Korea and Japan, have a lower incidence of stent 
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ABSTRACT
A large, randomised control trial known as PLATO study proved a turning point in the assessment of superiority of ticagrelor over clopidogrel in 
post- MI cases. This breakthrough in assessing the quantum of efcacy of ticagrelor over clopidogrel in post-MI patients led to changes in 
international guidelines. However, based on the mortality index associated with these two drugs, the outcome is not encouraging, and both 
ticagrelor and clopidogrel are on par in terms of efcacy or safety. Recurrent episodes of bleeding were more common in patients who were 
prescribed ticagrelor than in patients who were given clopidogrel. However, future trials with longer follow-up time periods may be able to answer 
all the remaining questions.
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thrombosis than people in the West, indicating that regional 
differences in thrombogenesis may affect the multidimensional 
response of clopidogrel to the onset of thrombotic events in Asian 
patients [13-15]. In STEMI patients, it is imperative to administer 
clopidogrel to achieve immediate percutaneous coronary intervention 
(PCI) without delay to avoid a serious or life-threatening situation, 
most probably due to specic circulatory conditions which may 
otherwise throw the whole treatment protocol off balance [16,17]. 

Ticagrelor, a novel, oral, reversible P2Y12 inhibitor from the 
cyclopentyl-triazolo-pyrimidine class, has a plasma half-life of 12 
hours and is an active drug with a signicantly faster onset and offset of 
action than clopidogrel [7,18]. A large, randomised control trial (RCT) 
established superiority of ticagrelor over clopidogrel in cardiac 
patients suffering from STEMI and non-STEMI, which led to a robust 
change in guidelines in favour of ticagrelor in patients with STEMI 
undergoing PCI [9]. Given the importance of large real-world 
registries in assessing the efcacy, usefulness, and outcomes of novel 
therapies [19-22], data on the benets of ticagrelor in patients with 
STEMI in a real-world population are lacking [2]. In contrast to the 
large PLATO trial, a large observational registry on ticagrelor in 
STEMI patients found a higher rate of bleeding in the ticagrelor group 
with no improvement in ischemic events [23]. Table 1 summarises the 
comparison of various oral P2Y12 inhibitors.

Table 1. Comparison Of Oral P2y12 Inhibitors

Efficacy And Safety: Key Clinical Trials
Clopidogrel 
Prior to the discovery of P2Y12 inhibitors, aspirin alone was the 
standard antiplatelet regimen post-MI. The CURE trial compared 
clopidogrel and aspirin (DAPT) to aspirin with or without 
revascularization in patients with ACS without ST elevation, and the 
COMMIT trial compared them post-STEMI. Patients undergoing 
primary PCI were excluded from the COMMIT trial. DAPT reduced 
the risk of adverse cardiovascular events compared with aspirin alone 
in both trials [24, 25]. There was an increase in major bleeding with 
clopidogrel only in the CURE trial [24]. The CLARITY-TIMI 28 trial 
discovered that clopidogrel plus aspirin (DAPT) reduced adverse 
cardiovascular events without increasing major bleeding compared to 
aspirin alone, with or without angiography, in patients with STEMI 
receiving brinolytic therapy. [26]. This trial established the safety and 
efcacy of DAPT plus a brinolytic post-STEMI.

Clopidogrel Versus Prasugrel
The TRITON-TIMI 38 trial compared DAPT with clopidogrel or 
prasugrel in patients with ACS undergoing PCI. There was a 
signicant decrease seen in adverse cardiovascular events and an 
increase in major bleeding with prasugrel compared with clopidogrel. 
A subset of patients, including diabetics, those under the age of 75, 
those weighing less than 60 kg, and those with no history of stroke or 
transient ischemic attack (TIA), saw a reduction in adverse cardiac 
events when given prasugrel [27]. This trial led to prasugrel's approval 
by the US Food and Drug Administration (FDA). A post-hoc subgroup 
analysis of patients with STEMI undergoing PCI found a decrease in 
the primary endpoint without an increased risk of bleeding in the 
prasugrel versus clopidogrel group [28]. In a recent multicenter, 
double-blind, phase III study, prasugrel had an observed risk of 5% 
when compared to clopidogrel demonstrating that prasugrel has a 
slighter advantage over clopidogrel with no signicant problems with 
regards to the safety of the drug [29].

Clopidogrel Versus Ticagrelor
 In the nal assessment, PLATO trial formally established that adverse 
cardiovascular events occurred less often following the administration 
of ticagrelor than that of clopidogrel and there was not any marked or 
signicant difference in major bleeding [30]. This discovery led to 
ticagrelor's FDA approval. A post-hoc subgroup analysis found no 
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Clopidogrel 
(Plavix, Bristol-
Myers 
Squibb/Sano)

Prasugrel 
(Efent, Eli 
Lilly)

Ticagrelor 
(Brilinta, 
AstraZeneca)

Initial FDA 
approval

1997 2009 2011

Current FDA-
approved 
indications

ACS (invasively 
or noninvasively 
managed); recent 
MI or stroke; 
established PAD

ACS with PCI ACS (invasively 
or noninvasively 
managed) or MI 
history

Mechanism of 
action

Bind to ADP P2Y12 receptor on platelets, 
preventing ADP from binding and activating the 
glycoprotein GPIIb/IIIa complex, which is 
necessary for platelet aggregation

Binding Irreversible Irreversible Reversible
Onset of action 2-8 hours 0.5-4 hours 0.5-4 hours
Half-life Parent: 6 hours

Active metabolite: 
30 minutes

Active 
metabolite: 7 
hours

Parent: 7 hours
Active 
metabolite: 9 
hours

Offset of action 5-7 days 7-10 days 3-5 days
Metabolism Thienopyridine 

prodrug 
metabolized 
mostly by 
CYP2C19 to 
active metabolite

Thienopyridin
e prodrug 
metabolized 
mostly by 
esterases in 
GI tract to 
active 
metabolite

Nonthienopyridi
ne metabolized 
by CYP3A4; 
parent and 
metabolite 
equally inhibit 
P2Y12

Dosage forms 75-mg and 300-mg 
tablets

5-mg and 10-
mg tablets

60-mg and 90-
mg tablets

Loading dose 300 mg or 600 mg 60 mg 180 mg
Maintenance 
dose

75 mg daily 10 mg daily 
(consider 5 
mg daily if 
weight <60 
kg)

90 mg twice 
daily for 1-year 
post-ACS; then 
60 mg twice 
daily

Use in 
renal/hepatic 
impairment

No dose 
adjustments 
necessary

Use caution in 
moderate-to-
severe renal 
or severe 
hepatic 
impairment

Use caution in 
moderate and 
avoid in severe 
hepatic 
impairment

Per procedural 
hold

5 days 7 days 5 days

Non-bleeding 
noteworthy 
side effects

None None Dyspnoea 
(14.2%); 
elevated serum 
creatinine; 

elevated uric 
acid

Boxed 
warnings and 
contraindicatio
ns

Diminished 
antiplatelet effect 
in CYP2C19 poor 
metabolizers. 
Consider 
alternative P2Y12 
inhibitor in this 
population.
Contraindicated in 
active bleeding 
and CYP2C19 
poor metabolizers.

Bleeding risk: 
Signicant 
and some-
times fatal 
bleeding may 
occur; 
contraindicate
d in patients 
with active 
bleeding, 
stroke/TIA 
history, or 
CABG 
surgery within 
7 days.
Not 
recommended 
in patients ≥ 
75 years of 
age unless 
considerable 
risk (diabetes 
or prior MI 
history) due 
to increased 
fatal and 
intracranial 
bleeding risk 
and uncertain 
benet. Not 
recommended 
in patients 
weighing <60 
kg.

Bleeding risk: 
Signicant and 
sometimes fatal 
bleeding may 
occur; 
contraindicated 
in patients with 
active bleeding 
or intracranial 
haemorrhage 
history.
Aspirin doses 
and ticagrelor 
effectiveness: 
After initial 
aspirin dose, 
give aspirin 
75–100 mg 
daily with 
ticagrelor. 
Aspirin 
maintenance 
doses greater 
than 100 mg 
daily reduce the 
effectiveness of 
ticagrelor and 
should be 
avoided.
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difference in the primary efcacy or safety endpoints between the two 
groups in patients with STEMI undergoing PCI [31]. 

Guan et al. [32] reported that all-cause mortality, major adverse 
cardiovascular events (MACEs), MI, stroke, and stent thrombosis 
were not signicantly different with clopidogrel versus ticagrelor, and 
they assessed the safety of ticagrelor and clopidogrel based on various 
secondary outcomes such as:
Ÿ Major bleeding including intraocular bleeding resulting in 

complete blindness or visual loss, or bleeding that resulted in a 
drop in the haemoglobin level of ≥3฀g per decilitre but฀<฀5฀g 
per decilitre or bleeding that required blood transfusion of 2 to 3 
units of red cells, was dened as bleeding that led to a signicantly 
high level of disability.

Ÿ Minor bleeding was dened as mild bleeding that did not require 
intervention or bleeding that required intervention but did not 
satisfy the criteria for major bleeding or bleeding that was too mild 
to be compared with major bleeding.

Ÿ Life-threatening bleeding which included intracranial bleeding, 
intra-pericardial bleeding with cardiac tamponade, a decrease in 
haemoglobin level of 5.0฀g or more per decilitre, or bleeding that 
required blood transfusion of at least 4 units of red cells, and 
bleeding which resulted in severe hypotension or hypovolemic 
shock and bleeding requiring immediate intervention (surgery) 
was dened as the most fatal bleeding.

Ÿ Adverse drug events including dyspnoea, bradycardia, diarrhoea, 
ventricular tachycardia, and drug discontinuation especially due to 
dyspnoea.

It was demonstrated that ticagrelor was associated with a signicantly 
higher rate of overall bleeding, both major and minor, (OR: 1.38, 95% 
CI: 1.13-1.70; P=.002) when compared to clopidogrel. However, life-
threatening bleeding (OR: 1.00, 95% CI: 0.79–1.27; P=.98) was not 
signicantly different between these 2 antiplatelet drugs. Furthermore, 
patients taking ticagrelor experienced more adverse events, such as 
dyspnea, and were more likely to discontinue the medication.

Switching Between P2Y12 Inhibitors
Patients may need to switch from one P2Y12 inhibitor to another for a 
variety of reasons, including treatment failure, side effects, cost, non-
adherence, and contraindications. Registries and pharmacodynamics 
studies have thoroughly evaluated the need of switching between 
various inhibitors under both emergent and non-emergent 
circumstances. According to these studies, a one-time loading dose of 
the new agent (clopidogrel 600 mg, prasugrel 60 mg, ticagrelor 180 
mg) is recommended to avoid a gap in adequate platelet inhibition in 
the acute/early phase (30 days or less after the index event). The 
loading dose should be administered within 24 hours after the last dose 
of the initial P2Y12 inhibitor for all situations, except in case of 
switching from clopidogrel to ticagrelor or prasugrel, where the timing 
of the loading dose is irrespective of the timing and dosing of 
clopidogrel. In the late or very late phase (more than 30 days from the 
index event), no loading dose of the new agent is recommended, except 
when switching from ticagrelor to clopidogrel or prasugrel, when a 
600-mg or 60-mg loading dose, respectively, is recommended 24 hours 
after the last ticagrelor dose [33-37]. When switching to ticagrelor, the 
daily aspirin dose should not exceed 100 mg [38] Figure 1 depicts the 
interaction of the three P2Y12 inhibitors during the early and late 
stages of an ACS. 

Two recent, randomized, open-label trials studied the efcacy and 
safety of initiating prasugrel in TROPICAL-ACS trial and prasugrel or 
ticagrelor (TOPIC trial) post-ACS and switching to clopidogrel one 
week (TROPICAL-ACS) or one month (TOPIC) later and continuing 
them for one year. In TROPICAL-ACS, patients were assessed for 
high on-treatment platelet reactivity (HPR) two weeks after initiation. 
If they were on clopidogrel and HPR was noted, patients were switched 
back to prasugrel. HPR was found in 39% of patients taking 
clopidogrel and 14% of patients taking prasugrel. This study nding 
guided the de-escalation to clopidogrel to be superior to continued 
prasugrel for both ischemic and bleeding outcomes. TOPIC found de-
escalation to clopidogrel to be superior to continued prasugrel or 
ticagrelor in preventing bleeding complications without increasing 
ischemic events [39, 40]. 

Gaps In Knowledge
As opposed to clopidogrel, ticagrelor is not known to be sensitive to 
individual variations and has been reported to quickly inhibit platelet 

action [41]. The ndings of PLATO study conclude that ticagrelor is 
associated with lower deaths but increased chances of major bleeding 
episodes among AMI patients [9]. However, the ndings cannot be 
generalised to Asian patients as the PLATO study had just 6% Asian 
subjects on its trial list. Hence, there is a scarcity of data on the 
comparative effects of ticagrelor and clopidogrel among Asians [41-
44]. The PHILO trial was carried out in Japan and other East Asian 
countries in the same manner as the PLATO trials, but the results were 
inconclusive [43]. Another study among Korean AMI patients found 
no signicant difference in the incidence of primary efcacy endpoints 
between ticagrelor and clopidogrel, but ticagrelor had a higher 
incidence of bleeding events [13]. Another Asian trial, the ESTATE 
study [42], was conducted among Taiwanese people and reported that 
at 5.5-month follow-up, ticagrelor was associated with a lower 
incidence of composite PLATO efcacy endpoints when compared to 
clopidogrel (7.1% vs. 11.6%, P=0.07). Ticagrelor was associated with 
similar rates of in-hospital major bleeding when compared to 
clopidogrel (4.5% vs. 6.3%, P=0.4). These results were probably 
inuenced by the small sample size of the ESTATE trial. A meta-
analysis performed by Misumida et al. has also produced results like 
that found in our study [45]. Misumida et al. demonstrated that 
ticagrelor was associated with a higher risk of major bleeding 
compared to clopidogrel in East Asian patients with ACS. According to 
Wang et al.'s study of a Chinese population, while ticagrelor appears to 
have superior efcacy to clopidogrel, it loses its superiority in patients 
with moderate to high bleeding potential [46]. Another study by 
Hansson et al. in Sweden has stated contrary ndings to all the above 
studies, as it reported that overall risk of major CABG-related bleeding 
complications was lower with ticagrelor than with clopidogrel [47]. 
The increased bleeding in the clopidogrel group in the Swedish study 
could be attributed to the subjects' poor clinical proles and the use of 
warfarin prior to surgery.

Figure 1. Interchange between the three P2Y12 inhibitors during 
the acute/early  and late/very late phase of an Acute Coronary 
Syndrome (ACS) (Source: Ref 35)

CONCLUSION
Ticagrelor and clopidogrel exhibited similarities in their known 
properties, as the overall mortality rate of subjects in both of the 
treatment groups was the same. However, ticagrelor use is 
signicantly associated with bleeding episodes rather than clopidogrel 
use. Future trials with longer follow-up periods could provide answers 
to all the remaining issues related to this drug.
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