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Abstract:

Dual antiplatelet therapy (DAPT) forms the main pillar of the medical management of acute coronary syndrome
(ACS). Historically clopidogrel has been in use as part of DAPT but recent evidence has shown that it has a slow
onset of action and less potent antiplatelet efficacy which has lead to cases of myocardial infarction and stent
thrombosis. As a consequence, it has lead to the development of newer P2Y12 receptor antagonists like ticagrelor
and prasugrel. Ticagrelor has a rapid onset of action and more potent platelet inhibition quality which has resulted
in better cardiovascular outcomes in patients of ACS. We have conducted a systematic review to retrieve clinical
evidence regarding the efficacy and safety profile of ticagrelor versus clopidogrel and it has shown that ticagrelor
has demonstrated superiority in terms of its efficacy and safety profile as compared to clopidogrel. Such an analysis
has got great clinical implications on the future of management of ACS patients as stent thrombosis and myocardial
infarction, which occurs due to inadequate platelet inhibition, form the major morbidity and mortality in patients
experiencing an episode of ACS. Hence the choice of a drug that has got potent antiplatelet activity, not at the
expense of major bleeding, will drastically improve the prognosis of ACS patients.
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INTRODUCTION:

Acute coronary syndrome (ACS) is a life-threatening
condition that occurs due to decreased blood flow in
the coronary arteries. There is a relationship between
the development of ACS and platelet aggregation, so
the use of dual antiplatelet therapy (DAPT) forms the
cornerstone of the medical therapy of ACS. The most
commonly used antiplatelet drugs in the management
of ACS are aspirin, clopidogrel, ticagrelor, and
prasugrel. We will confine our discussion to
clopidogrel and ticagrelor.

Clopidogrel, a P2Y12 receptor antagonist, is a
worldwide known antiplatelet drug and has been in
use in the management of ACS for a long time. It is a
prodrug so it requires hepatic metabolism for the
formation of active metabolites which then results in
the antiplatelet activity of the drug [1]. There is data
available that around one-third of the individuals
using clopidogrel show minimal antiplatelet activity
and they have been termed as “clopidogrel non-
responders” [2]. Moreover, major bleeding risk,
myocardial infarction (MI), stent thrombosis, and
inadequate response in treating ACS patients with the
use of clopidogrel shows the limitation of its effects
as a good antiplatelet drug [3,4].

Ticagrelor is a P2Y12-adenosine diphosphate (ADP)
receptor blocker, an oral antagonist which does not
require activation of a reactive metabolite and hence
shows the more rapid and potent antiplatelet activity
as compared to clopidogrel [5,6]. Ticagrelor has more
beneficial results in reversible long-term P2Y12
inhibition than clopidogrel and its use has resulted in
a decrease in total mortality, better cardiovascular
prevention, fewer cases of stent thrombosis as well as
myocardial infarction, and in return, it has not lead to
an increase in the incidence of major bleeding
episodes [7].

There has been much debate as to whether
clopidogrel or ticagrelor will offer improved clinical
outcomes in the management of ACS without leading
to major bleeding episodes. Therefore, we provide
this article review to provide conclusive clinical
evidence concerning the efficacy and safety profile of
ticagrelor versus clopidogrel in patients.

MATERIALS AND METHODS:

The PubMed database was searched for publications
with the medical subject heading “ticagrelor” and
keywords  “acute  coronary  syndromes”  or
“clopidogrel and ticagrelor” or ‘“clopidogrel and
ticagrelor and acute coronary syndromes” or
“clopidogrel and ticagrelor and safety and efficacy”.
Our inclusion criteria were the English language,
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cardio-vascular relevance, time frame of the last
twenty years (2001-2021) and only peer-reviewed
publications. Our exclusion criteria was non-medical
relevance and languages other than English. 20
publications  were initially  identified and
subsequently 11 publications were included in our
study.

Review

A multicenter, double-blind, randomized PHILO trial
compared the safety and efficacy of ticagrelor vs.
clopidogrel in 801 patients with ACS. All patients
were planned to go under Percutaneous Coronary
Intervention (PCI) within 24 hours of the onset of
symptoms. The primary efficacy endpoint was the
occurrence of myocardial infarction, stroke, or death
from vascular outcomes and the primary safety
outcome was the occurrence of any major bleeding
episode. At the end of a 12 month follow up period,
the primary efficacy endpoint occurred in 9.0% of
patients treated with ticagrelor and in 6.3% of
patients treated with clopidogrel, respectively (HR,
1.47; 95% CI: 0.88-2.44) while overall major
bleeding occurred in 10.3% of patients treated with
ticagrelor and 6.8% of patients treated with
clopidogrel (hazard ratio (HR), 1.54; 95% confidence
interval (CI): 0.94-2.53) [8]. The trial showed the
superior efficacy of ticagrelor versus clopidogrel but
also resulted in increased bleeding incidence.

A randomized clinical trial, PLATO ftrial, was
conducted to compare the efficacy and safety profile
of ticagrelor with clopidogrel. The efficacy endpoint
was the decrease in the occurrence of myocardial
infarction and cardiovascular death whereas the
safety endpoint was the occurrence of a major
bleeding episode. The primary endpoint was noted to
be reduced with ticagrelor versus clopidogrel [10.0
vs. 12.3%; hazard ratio (HR) 0.83; 95% confidence
interval (CI) = 0.74-0.93] while major bleeding rate
was remain similar between treatment groups (13.4
vs. 12.6%; HR 1.07; 95% ClI = 0.95-1.19), but
ticagrelor was noted to be associated with an increase
in non-CABG major bleeding (4.8 vs. 3.8%; HR
1.28; 95% CI = 1.05-1.56) [9]. Hence shows that the
use of ticagrelor will reduce cardiovascular mortality
as compared to clopidogrel without increasing the
risk of major bleeding.

Michalis Hamilos et al conducted the MIRTOS trial
to verify the efficacy versus the safety of ticagrelor
and clopidogrel in STEMI patients treated with
thrombolysis. They recruited 335 thrombolysis-
eligible STEMI patients under the age of 75, of
which 167 were randomized to receive clopidogrel
and 168 to receive ticagrelor with thrombolysis.
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Clinical events were then followed up over 3 months
and no clinically significant difference was found
between the two groups. Also, there was no
difference for an episode of major bleeding in the
ticagrelor and clopidogrel groups [10]. Hence the
trial was not able to show the superiority of ticagrelor
over clopidogrel in terms of efficacy but it also shows
that the use of ticagrelor will not result in any
significant bleeding incidence as compared to
clopidogrel.

Xin-Yun Li et al conducted a randomized controlled
trial on the efficacy of switching ticagrelor to
clopidogrel in patients with ST-segment elevation
myocardial infarction (STEMI) who underwent
percutaneous coronary intervention (PCI)
successfully. . A total of 653 patients were assigned
randomly, who received a loading dose of either
clopidogrel or ticagrelor before PCI followed by
maintenance dose over 12months. The primary
outcome of efficacy was major adverse cardiac
events (MACE), including non-fatal myocardial
infarction, cardiovascular death, and ischemic stroke.
Secondary efficacy outcome was thrombosis of the
stent, unstable angina, and coronary revascularization
while the safety outcome was bleeding. There is
significant reduction of secondary ischemic events in
ticagrelor as compared to de-escalation group (15.1%
vs 5.6%, P = 0.008) but lower than that in clopidogrel
group (15.1% vs 24.6%, P = 0.03). No significant
differences were noted in MACE in all three groups
(P= 0.16). Also, no major significant differences in
rate of major bleeding were noted among de-
escalation, ticagrelor, and clopidogrel groups
respectively [11].

There is some data available on the role of
antiplatelets in diabetic patients having acute
coronary syndrome (ACS). The clinical effects of
aspirin are different in diabetic patients as compared
to other patients having ACS. According to a meta-
analysis done by De Berardis G et al, the clinical
benefit of aspirin is very limited in patients having
diabetes mellitus and it explains the rapid recovery of
platelet reactivity in diabetic patients [12]. A meta-
analysis done by Qiutong Tan et al showed that
ticagrelor could reduce the incidence of a composite
endpoint of myocardial infarction, cardiovascular
death, and stroke as well as platelet reactivity in
diabetic patients with ACS, with no increased risk of
bleeding [13].

Weiran Dai et al conducted a meta-analysis to
evaluate the effects of the preoperative loading dose
of clopidogrel and ticagrelor in ST-segment elevation
myocardial infarction (STEMI) patients who
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underwent  primary  percutaneous  coronary
intervention (PPCI). In his meta-analysis, 14
randomized clinical trials were included and there
were a total of 4162 patients. The results of his meta-
analysis showed that as compared to the loading dose
of clopidogrel, the loading dose of ticagrelor reduced
the incidence of no-reflow during primary PCI and
also reduced the incidence of major cardiovascular
events in patients having STEMI treated with primary
PCI. Furthermore, it also showed that there was no
clinically significant difference in the occurrence of
increased bleeding risk between the two groups as
well [14].

There is a controversy on the risk of bleeding in
patients treated with ticagrelor versus clopidogrel
who underwent coronary artery bypass grafting
(CABG). Mohammad Saifur Rohman et al performed
a meta-analysis to clarify the bleeding risk of
ticagrelor versus clopidogrel in patients treated with
CABG. Their meta-analysis showed that there was no
statistical difference between the bleeding risk of pre-
CABG and post-CABG patient sub-groups [15].
Ticagrelor decreases the adverse cardiovascular
outcomes in patients of ACS particularly due to its
strong antiplatelet action but some of its mortality
benefits might be due to a certain non-antiplatelet
effect as well. A randomized double-blinded cross-
over study showed that ticagrelor potentiates
adenosine-induced myocardial blood flow (MBF) in
patients of stable coronary artery disease as compared
to the patients using clopidogrel [16].

A prospective, open-label, randomized, multicenter,
parallel-group, phase IV PD study was conducted on
patients having low risk acute coronary syndrome
(ACS) receiving pre-treatment with ticagrelor versus
clopidogrel undergoing percutaneous coronary
intervention (PCI). 100 patients were randomized to
receive either ticagrelor 180 mg LD or clopidogrel
600 mg LD. Platelet reactivity (PRU) was then seen
and compared and it was found that the patients
receiving a loading dose of ticagrelor had a much
reduced PRU as compared to those using clopidogrel.
Hence in low-risk ACS patients, a loading dose of
ticagrelor will provide more prompt and potent
platelet inhibition as compared to clopidogrel and
hence gives better cardiovascular outcomes [17].

Patients having concomitant stable coronary artery
disease (CAD) and chronic obstructive pulmonary
disease (COPD) are at increased risk of
cardiovascular mortality due to the process of chronic
inflammation that results in endothelial dysfunction.
A randomized clinical trial was done to compare the
efficacy of ticagrelor versus clopidogrel in improving
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endothelial function in patients having stable CAD
and COPD. Following parameters were evaluated at
baseline and at one month; a) rate of apoptosis and b)
nitric oxide (NO) levels in endothelial cells of human
umbilical vein c) levels of reactive oxygen species
(ROS) in peripheral blood mononuclear cell. The
results of this trial showed that ticagrelor was better
than clopidogrel in improving surrogate markers of
endothelial function and as a result had mortality
benefit in patients with cardiovascular disease [18].

CONCLUSION:

Dual antiplatelet therapy forms the cornerstone of the
management of the acute coronary syndrome. There
has been a debate regarding the efficacy and safety
profile of ticagrelor versus clopidogrel. It is clear
from this review article that ticagrelor has better
efficacy than clopidogrel and leads to more prompt
and potent inhibition of platelet activity which leads
to better cardiovascular outcomes. The use of
ticagrelor over clopidogrel will lead to a decrease in
the incidence of myocardial infarction, stroke, and
other vascular outcomes. The only negative aspect of
the use of ticagrelor over clopidogrel was the
increase in the incidence of major bleeding episodes.
However, this aspect was not observed uniformly in
all the clinical trials and perhaps it will require more
clinical data to completely elucidate the fact. Our
article shows that ticagrelor is showing promising
results as a component of dual antiplatelet therapy in
the management of the acute coronary syndrome.

REFERENCES:

1. Matetzky S, Shenkman B, Guetta V, Shechter M,
Beinart R, Goldenberg | et al. Clopidogrel
Resistance Is Associated With Increased Risk of
Recurrent Atherothrombotic Events in Patients
With Acute Myocardial Infarction. Circulation.
2004;109(25):3171-3175.
10.1161/01.CIR.0000130846.46168.03

2. Gurbel P, Bliden K, Hiatt B, O’Connor C.
Clopidogrel for Coronary Stenting. Circulation.
2003;107(23):2908-2913.
10.1161/01.CIR.0000072771.11429.83

3. Fox K, Mehta S, Peters R, Zhao F, Lakkis N,
Gersh B et al. Benefits and Risks of the
Combination of Clopidogrel and Aspirin in
Patients Undergoing Surgical Revascularization
for ~ Non-ST-Elevation  Acute  Coronary
Syndrome.  Circulation.  2004;110(10):1202-
1208. 10.1161/01.CIR.0000140675.85342.1B

4. Kuliczkowski W, Witkowski A, Polonski L,
Watala C, Filipiak K, Budaj A et al
Interindividual variability in the response to oral
antiplatelet drugs: a position paper of the
Working Group on antiplatelet drugs resistance

Sami Ullah et al

10.

11.

ISSN 2349-7750

appointed by the Section of Cardiovascular
Interventions of the Polish Cardiac Society,
endorsed by the Working Group on Thrombosis
of the European Society of Cardiology. Eur
Heart J. 2008;30(4):426-435.
10.1093/eurheartj/ehn562
Storey R, Husted S, Harrington R, Heptinstall S,
Wilcox R, Peters G et al. Inhibition of Platelet
Aggregation by AZD6140, A Reversible Oral
P2Y12Receptor Antagonist, Compared With
Clopidogrel in Patients With Acute Coronary
Syndromes. JACC. 2007;50(19):1852-1856.
10.1016/j.jacc.2007.07.058

Husted S, Emanuelsson H, Heptinstall S, Sandset
P, Wickens M, Peters G. Pharmacodynamics,
pharmacokinetics, and safety of the oral
reversible P2Y12 antagonist AZD6140 with
aspirin in patients with atherosclerosis: a double-
blind comparison to clopidogrel with aspirin. Eur
Heart J. 2006;27(9):1038-1047.
10.1093/eurheartj/ehi754

Husted S, James S, Bach R, Becker R, Budaj A,
Heras M et al. The efficacy of ticagrelor is
maintained in women with acute coronary
syndromes participating in the prospective,
randomized, PLATelet inhibition and patient
Outcomes (PLATO) trial. Eur Heart J.
2014;35(23):1541-1550.
10.1093/eurheartj/ehu075

Goto S, Huang C, Park S, Emanuelsson H,
Kimura T. Ticagrelor vs. Clopidogrel in
Japanese, Korean and Taiwanese Patients With
Acute Coronary Syndrome - Randomized,
Double-Blind, Phase Il PHILO Study -.
Circulation Journal. 2015;79(11):2452-2460.
10.1253/circj.CJ-15-0112

Lindholm D, Varenhorst C, Cannon C,
Harrington R, Himmelmann A, Maya J et al.
Ticagrelor vs. clopidogrel in patients with non-
ST-elevation acute coronary syndrome with or
without revascularization: results from the
PLATO trial. Eur Heart J. 2014;35(31):2083-
2093. 10.1093/eurheartj/ehul60

Hamilos M, Kanakakis J, Anastasiou I,
Karvounis C, Vasilikos V, Goudevenos J et al.
Ticagrelor versus clopidogrel in patients with
STEMI treated with thrombolysis: the MIRTOS
trial. Eurolntervention. 2021;16(14):1163-1169.
10.4244/E13-D-20-00268

Li X, Su G, Wang G, Hu H, Fan C. Switching
from ticagrelor to clopidogrel in patients with
ST-segment elevation myocardial infarction
undergoing successful percutaneous coronary
intervention in real-world China: Occurrences,
reasons, and long-term clinical outcomes. Clin




IAJPS 2022, 09 (5), 290-294 Sami Ullah et al ISSN 2349-7750

Cardiol. 2018;41(11):1446-1454.
10.1002/clc.23074

12. De Berardis G, Sacco M, Strippoli G, Pellegrini
F, Graziano G, Tognoni G et al. Aspirin for
primary prevention of cardiovascular events in
people with  diabetes: meta-analysis of
randomised controlled trials. BMJ.
2009;339(nov06 1):b4531-b4531.
10.1136/bmj.b4531

13. Tan Q, Jiang X, Huang S, Zhang T, Chen L, Xie
S et al. The clinical efficacy and safety
evaluation of ticagrelor for acute coronary
syndrome in general ACS patients and diabetic
patients: A systematic review and meta-analysis.
PLOS ONE. 2017;12(5):e0177872.
10.1371/journal.pone.0177872

14. Dai W, Ye Z, Li L, Su Q. Effect of preoperative
loading dose ticagrelor and clopidogrel on no-
reflow phenomenon during intervention in
patients with ST-segment elevation myocardial
infarction undergoing primary percutaneous
coronary intervention: a systematic review and
meta-analysis. Drug Des Devel Ther.
2018;Volume 12:2039-2049.
10.2147/DDDT.S165431

15. Rohman M, Purnamasari Y, llmawan M, Mahdi
B, Tamara F, Mahendra A et al. Comparison of
major bleeding in patients with acute coronary
syndrome that underwent coronary artery bypass
grafting treated with clopidogrel or ticagrelor: a
systematic review and meta-analysis. F1000Res.
2020;9:99. 10.12688/f1000research.21925.2

16. Pelletier-Galarneau M, Hunter C, Ascah K,
Beanlands R, Dwivedi G, deKemp R et al.
Randomized Trial Comparing the Effects of
Ticagrelor Versus Clopidogrel on Myocardial
Perfusion in Patients With Coronary Artery
Disease. J Am Heart Assoc. 2017;6(5).
10.1161/JAHA.117.005894

17. Angiolillo D, Franchi F, Waksman R, Sweeny J,
Raveendran G, Teng R et al. Effects of
Ticagrelor Versus Clopidogrel in Troponin-
Negative Patients With Low-Risk ACS
Undergoing Ad Hoc PCI. JACC.
2016;67(6):603-613. 10.1016/j.jacc.2015.11.044

18. Campo G, Dalla Sega F, Pavasini R, Aquila G,
Gallo F, Fortini F et al. Biological effects of
ticagrelor over clopidogrel in patients with stable
coronary artery disease and chronic obstructive
pulmonary  disease. ~ Thromb  Haemost.
2017;117(06):1208-1216. 10.1160/TH16-12-
0973




