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		  P2Y12 inhibitors, including aspirin, are key components of dual-antiplatelet therapy (DAPT), which is the opti-
mal therapeutic strategy for preventing arterial thrombosis in patients with acute coronary syndromes (ACS) 
who underwent stent implantation. Ticagrelor is a cyclopentyl-triazole pyrimidine antiplatelet drug that was 
the first reversible oral P2Y12 receptor antagonist. Compared with clopidogrel, ticagrelor exerts a faster on-
set and offset of function by reversible and selective inhibition of platelet aggregation in ACS patients, includ-
ing those with coronary artery blood revascularization. Despite improvement in stent materials, stent throm-
bosis (ST) due to high on-treatment platelet reactivity (HPR) to clopidogrel continues to occur. In addition to 
antiplatelet aggregation, ticagrelor displays pleiotropic cardioprotective effects, including improving coronary 
blood flow, reducing myocardial necrosis after an ischemic event, and anti-inflammatory effects. The benefits 
of ticagrelor over clopidogrel were consistent in the PLATO results, with lower incidence of the primary end-
point. Also, in 2020, the findings from the phase 3 THALES trial (NCT03354429) showed that aspirin combined 
with 90 mg of ticagrelor significantly reduced the rates of stroke and death compared with aspirin alone in pa-
tients with AIS or TIA. Here, we review recent research on the superiority of ticagrelor over clopidogrel, discuss 
the pharmacological mechanism, and present future perspectives. This review aims to present the roles of ti-
cagrelor in the management of acute coronary syndrome, acute thrombotic disease, and other diseases.
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Background

Acute coronary syndrome (ACS), including ST-elevation myo-
cardial infarction, non-ST-elevation myocardial infarction, and 
unstable angina pectoris, is a common cardiovascular disease 
with high sudden death rate and serious morbidity. Dual-
antiplatelet treatment (DAPT) is the cornerstone of treatment 
for ACS patients, regardless of whether percutaneous coronary 
intervention (PCI) is administered. The atherosclerotic plaque 
rupture activates platelet aggregation, resulting in arterial 
thrombosis, a pathological basis for ACS [1]. While contribut-
ing to development of thrombosis, activated platelets further 
trigger the release of various inflammatory factors, promot-
ing the progression of atherosclerosis.

Aspirin is the first antiplatelet drug that was developed to ir-
reversibly block platelet-induced cyclooxygenase (Cox)-1 en-
zyme for inhibiting the formation of thromboxane-A2, an ef-
fective agonist of platelet aggregation and vasoconstrictor [2]. 
P2Y12 receptor antagonists are another commonly used class 
of antiplatelet agents, including thiophene pyridine (clopido-
grel and prasugrel) and non-thiophene pyridine (ticagrelor). 
According to the guidelines, PCI is strongly recommended in 
high-risk ACS patients [3]. Notably, successful PCI will enhance 
these benefits as well as the treatment of DAPT [4]. The P2Y12 
receptor antagonist could prevent stent thrombosis or resteno-
sis by effectively inhibiting the superimposing of platelet-rich 
thrombus [5]. At present, aspirin combined with a P2Y12 re-
ceptor antagonist is a fundamental treatment for patients with 
ACS or coronary stent implantation [6]. Since 1997, clopidogrel 
has been recommended by the Food and Drug Administration 
as a standard P2Y12 receptor antagonist. However, clinical tri-
als have demonstrated that approximately 25-50% of patients 
have poor response to clopidogrel, and high platelet residual 
activity can still be detected in patients receiving sufficient and 
regular medication [7-9]. In this case, a 2- to 6-fold increase 
in the risk of a variety of thrombotic events has been found 
in patients with poor response to clopidogrel as compared to 
those with normal response; this phenomenon is clinically re-
ferred to as high platelet reactivity in treatment (HRP) [10-12].

Recently, large-scale clinical trials have shown that the new 
P2Y12 receptor antagonists ticagrelor and prasugrel are more 
effective than clopidogrel in inhibiting platelet aggregation 
and are significantly better at reducing the incidence of isch-
emic events [13,14]. Ticagrelor, which was approved for use 
in the United States in 2011, is a non-thienopyridine, revers-
ible inhibitor of adenosine diphosphate (ADP) receptors (P2Y 
12) on platelets and is used to decrease the risk of recurrent 
coronary thromboses in patients who undergo interventions 
during an acute coronary syndrome. Ticagrelor is available in 
90-mg tablets under the commercial name Brilinta. The usual 
maintenance dose is 90 mg twice daily in combination with 

daily low-dose aspirin (<100 mg). Meanwhile, studies such as 
the THALES trial (NCT03354429) [15], 2020 ESC Guidelines [16], 
Triton-TIMI 38 [17], TRILOGY-ACS Trials [17], ONSET/OFFSET [18], 
and PLATO [17,19] provided more evidence that ticagrelor and 
prasugrel are superior to clopidogrel. For patients with ACS, ti-
cagrelor is currently recommended as a first-line antiplatelet 
agent [20-22]. However, 2 other large randomized controlled 
trials (RT) [23,24] and 2 observational trials (OBS) [25,26] found 
that compared with clopidogrel, ticagrelor did not significantly 
reduce the incidence of ischemic events. Furthermore, compre-
hensive meta-analyses have revealed that antagonistic effects 
of ticagrelor in some categories of patients, which involve many 
interference factors, may have some limitations, while there 
exist controversies regarding the safety and practical efficacy 
of this novel oral ADP receptor antagonist [27,28]. Based on 
the controversial data on the efficacy and safety of ticagrelor, 
the present article briefly reviews pharmacokinetics, pharma-
codynamics, clinical indications, and adverse effects of P2Y12 
antagonists, while presenting the latest evidence that ticagre-
lor is superior to clopidogrel. We also discuss various guide-
lines and reviews of clinical studies in which P2Y12 receptor 
antagonists were reasonably selected for ACS patients in du-
al-antiplatelet treatment. This review aims to present the roles 
of ticagrelor in the management of acute coronary syndrome, 
acute thrombotic disease, and other diseases.

Mechanisms

Ticagrelor, a cyclopentolate triazolopyridine, is thought to be 
a nucleoside analog with a structure similar to that of ade-
nosine [2]. While being a new oral P2Y12 receptor antagonist 
with direct action and reversible binding, ticagrelor itself is an 
active drug with an average absolute bioavailability of 36%, 
which is not affected by cytochrome P450 (cytochrome P450, 
CYP) 2C19 genotype [29]. Compared with clopidogrel, ticagre-
lor displayed a faster onset of action after a loading dose with 
30 min, inhibiting 88% of platelets at 2 h [2], with a half-life of 
10.9-14.9 h [30]. Ticagrelor was absorbed rapidly with no ef-
fect by food, degrading to a major active metabolite. Ticagrelor 
and its active metabolite with high plasma protein binding rate 
have linear pharmacokinetics showing no clinically significant 
effect of body weight, sex, race, or smoking. Clopidogrel is a 
thiophene pyridine that irreversibly inhibits platelet adenosine 
diphosphate (ADP) receptors to prevent platelet aggregation 
induced by activated platelets-released ADP. Clopidogrel is a 
drug precursor that is metabolized by liver cytochrome p450 
enzymes into active metabolites with irreversible binding to 
the p2Y12 receptor. The presence of very low plasma concen-
tration of the original drug clopidogrel is attributed to its rap-
id metabolization in the liver, which leads to a peak concentra-
tion of blood levels of the drug in 1 h and a half-life of plasma 
clearance at 7-8 h. Compared with clopidogrel, ticagrelor exerts 
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a faster and stronger inhibition of platelet aggregation, espe-
cially in cases of ACS and emergency PCI [31,32].

Improving Coronary Blood Flow

Use of a high level of adenosine in ticagrelor treatment was hy-
pothesized to optimize preconditioning, possibly decreasing in-
farct size and preventing sudden cardiac death [33]. Furthermore, 
human and animal studies have shown that ticagrelor reduced 
the contraction of the great and small arteries induced by 2-Mes-
ADP, probably improving coronary vasospasm. This observa-
tion demonstrated a unique property of ticagrelor, which has 
not been found in the case of prasugrel or clopidogrel [34,35]. 
In addition to inhibiting P2Y12, ticagrelor has other biological 
effects on increasing coronary blood flow. It has been shown 
that ticagrelor enhances adenosine-induced coronary flow in 
a canine model [36] and normal healthy volunteers based on 
transthoracic Doppler echocardiography compared with pla-
cebo [37], as well as in ACS patients as compared to prasug-
rel [38]. Meanwhile, due to inhibition on adenosine uptake via 
human erythrocytes [36], ACS patients receiving ticagrelor dis-
played a higher endogenous adenosine plasma level (APL) than 
those taking clopidogrel [39,40]. It was reported that adenos-
ine could alleviate ischemia/reperfusion injury of the peri-in-
farct myocardium [41]. Ticagrelor could reduce ischemia-relat-
ed arrhythmic events or salvage jeopardized tissue in ACS by 
augmenting APL. Patients with stable CAD treated with ticagre-
lor exhibited augmented global coronary flow induced by ad-
enosine compared with those receiving clopidogrel [42]. In a 
ticagrelor group, these benefits were present in areas with im-
paired myocardial blood flow reserve, achieving equal effect to 
both medium and high doses of adenosine [42]. Compared with 
placebo, ticagrelor significantly increased adenosine-induced 
coronary blood flow velocity (CBFV) [37]. Ticagrelor also exerts 
many more functions, such as improving coronary blood flow 
after PCI with coronary artery chronic total occlusion (CTO) [43].

Reducing Myocardial Infarction Area

Ticagrelor can reduce myocardial infarct size, whereas clop-
idogrel cannot. Treatment with ticagrelor leads to activa-
tion of adenosine-receptor as well as downstream upregula-
tion of cyclooxygenase-2 (COX2) and endothelial nitric oxide 
synthase, exerting an important myocardial-protective ef-
fect [44]. Adenosine is a key mediator of protection against 
myocardial ischemia-reperfusion injury, while forming a ba-
sis for the myocardial protection via various pharmacologi-
cal and ischemic preconditioning [45,46]. Statins can activate 
the conversion of adenosine monophosphate into adenosine 
induced by ecto-5’ nucleotidase [47] and reduce infarct size 
(IS) via adenosine-receptor activation [45,46,48]. Moreover, 

the myocardial-protective effects of statins are dependent of 
the activation of cyclooxygenase-2 (COX2) [49-51]. As specif-
ic inhibitors of COX2, statins exhibit IS-limiting effects that 
can be abrogated by high-dose aspirin [50,52]. It was recently 
suggested that the potential interaction between high main-
tenance doses of aspirin and ticagrelor [53,54] may underlie 
the association between some of the myocardial benefits of 
ticagrelor and COX2 activity, which can be attenuated by high-
er doses of aspirin [55]. Patients with multivessel coronary dis-
ease undergoing PCI who received ticagrelor or prasugrel had 
smaller total infarct size and lower rate of microvascular ob-
struction (MVO) based on cardiac magnetic resonance (CMR) 
imaging than those receiving clopidogrel. These findings may 
give a reasonable explanation of clinical outcomes with the 
antiplatelet agents of third-generation agents compared to 
clopidogrel [56]. In another substudy, ticagrelor was associ-
ated with lower MVO incidence and smaller infarct size [56], 
and another randomized trial presented the same results [57].

Reducing High On-Treatment Platelet 
Reactivity

Although DAPT has achieved greater efficacy, especially in pa-
tients with stent implantation, a substantial proportion of pa-
tients receiving such therapy still experience recurrent ischemic 
events [58], which is attributed to the difference in pharmaco-
dynamic response among clopidogrel-treated patients [59-61]. 
As a two-edged sword, the variability of pharmacodynamic re-
sponse to P2Y12 receptor inhibitors has placed hyporespon-
sive patients at risk for thrombotic events, while creating a 
potential risk of bleeding in hyperresponsive patients [62]. 
Both Matetzky et al [59] and Bliden et al have reported a con-
nection between low response to clopidogrel and HPR to ad-
enosine diphosphate (ADP) in ischemic events. The relation-
ship between HPR and thrombotic events following PCI has 
been well documented in several large studies. HPR relat-
ed to short-term thrombotic events, such as acute and sub-
acute stent thrombosis, has been detected in patients with 
stent implantation [59,63-69]. Multiple studies have demon-
strated that ADP-stimulated platelet function provides signif-
icant prognostic information for patients who received clop-
idogrel treatment [70-74]. The PLATO substudy showed that 
for ACS treatment, ticagrelor displays greater activities in ac-
tivation of antiplatelet in the first hours of therapy or during 
maintenance treatment than clopidogrel [32]. A prospective 
randomized study reported that, compared with clopidogrel, 
prasugrel and ticagrelor exert similar levels of P2Y12 inhibi-
tion and reduce HPR rates. The ONSET/OFFSET study [18] indi-
cated that ticagrelor displays faster and greater platelet inhi-
bition than clopidogrel. Several studies on Hispanic, Chinese, 
and Black patients found that during both the loading dose 
and maintenance dose, ticagrelor achieves a more rapid and 

e935664-3
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Tao L. et al: 
Role of the antiplatelet drug ticagrelor
© Med Sci Monit, 2022; 28: e935664

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



greater antiplatelet effect in patients with ACS or stable cor-
onary artery disease than does clopidogrel [75-78]. Ticagrelor 
exerts highly effective platelet inhibition and overcomes HPR 
in high-risk coronary patients who have HPR with clopidogrel 
treatment [79]. Compared with clopidogrel, ticagrelor causes 
more prompt and potent inhibition of platelets, as well as low-
er HPR rates in low-risk ACS patients undergoing PCI [80]. In 
a Chinese study of 102 patients with acute myocardial infarc-
tion [81], 48 patients with HPR were randomly assigned to ei-
ther a ticagrelor group or a high-dose clopidogrel group for 24 
h, and the ticagrelor group had lower platelet reactivity than 
the high-dose clopidogrel group. Two other studies [82,83] 
have shown that tailored DAPT can ameliorate the antiplate-
let response in patients with HPR, possibly reducing thrombot-
ic events and causing no increased risk of bleeding.

Reducing Ischemia-Reperfusion Injury and 
Improving Cardiac Function

Studies on animal models revealed that compared with clop-
idogrel, ticagrelor can better protect against myocardium re-
perfusion injury and improve myocardial remodeling. In the pig 
models [84], pigs underwent different treatments such as ti-
cagrelor (180 mg; 90 mg/bid), clopidogrel (600 mg; 75 mg/qd), 
and placebo-control. Compared with the control group, the 2 
P2Y12 antagonists reduced infarct size at day 3 after treatment, 
and there was a further 5% reduction in the ticagrelor group 
(P<0.05 vs clopidogrel). Notably, a reduction of edema (≈23%) 
associated with smaller scar size was evident in the ticagrelor 
group at day 42 after treatment. The ejection fraction (EF) of 
the left ventricular was increased in the ticagrelor group 3 days 
after MI, and high EF lasted up to day 42. There was extensive 
and severe abnormal wall motion in the control and clopidogrel 
groups, as well as reduced myocardial viability in the jeopar-
dized myocardium due to lower myocardial AMPK and Akt/PKB 
activation with decreased aquaporin-4 levels, but these abnor-
malities were absent in the ticagrelor group. Similarly, another 
study [85] reported that ticagrelor reduced the infarct size in a 
dose-dependent manner by decreasing apoptosis and increas-
ing myocardial levels of adenosine, endothelial NO synthase, 
phosphorylated Akt, and ERK 1/2, while clopidogrel had no such 
effects. In addition, ticagrelor improved EF 4 weeks after isch-
emia/reperfusion by attenuating fibrosis and decreasing the 
mRNA level of collagen-III, but clopidogrel did not. Moreover, ti-
cagrelor decreased the levels of interleukin-1b, proinflammato-
ry tumor necrosis factor-a, and interleukin-18, while increasing 
the levels of anti-inflammatory 15-epi-lipoxin-A4 [85], in agree-
ment with other research [86]. To date, there has been no large 
randomized, double-blind, and multicenter research to investi-
gate whether ticagrelor can improve myocardial remodeling af-
ter myocardial infarction. A trial [87] that is being conducted at 
10 sites in Korea might provide a satisfactory answer.

Clinical Research

STEMI Patients

The PLATO study of a STEMI subgroup enrolled 8430 STEMI pa-
tients, including 4201 in the ticagrelor group and 4229 in the 
clopidogrel group; most of the patients underwent reperfusion 
therapy. The study showed that patients treated with ticagrelor 
had a lower risk of cardiovascular primary composite endpoints 
than those administered clopidogrel (9.3% vs 11.0%, P=0.02), 
consistent with the overall PLATO results [88]. The ATLANTIC 
study suggested that early pre-hospital administration of ti-
cagrelor significantly reduced the risk of stent thrombosis of 
PCI compared with in-hospital administration [89]. Patients un-
dergoing ambulance administration of ticagrelor had a lower 
probability of stent thrombosis after PCI than those receiving 
in-hospital administration of ticagrelor. Ticagrelor and prasug-
rel were associated with similar rates of stent thrombosis [90]. 
A recent trial from Canada (TOTAL) [91] recruited 9932 patients 
at hospital discharge, who were divided into clopidogrel, prasu-
grel, and ticagrelor groups. After adjustment, ticagrelor was as-
sociated with a lower risk of cardiovascular complications than 
clopidogrel. Three real-world studies on STEMI patients with PCI 
revealed that, compared with clopidogrel, ticagrelor improved 
1-year survival [92], and was associated with lower adjust-
ed 12-month mortality [93] and all-cause mortality rates [94].

Patients with Non-ST Elevated Acute Coronary Syndrome

Patients with non-ST elevated acute coronary syndrome include 
unstable angina pectoris and NSTEMI, both of which have sim-
ilar pathogenesis and clinical manifestations, but with differ-
ent severity [95]. For these patients, risk stratification should 
be carried out early, while relevant treatment strategies should 
be selected according to the degree of risk. Clinical application 
recommendations are as follows: (1) For patients with early 
invasive treatment of ischemic high-risk programs, ticagre-
lor is administered at a loading dose of 180 mg followed by 
a maintenance dose of 90 mg twice per day; (2) For patients 
with early conservative treatment, ticagrelor is recommended; 
and (3) Ticagrelor should be used in combination with aspirin 
for at least 12 months. The PLATO study enrolled 11 080 pa-
tients with non-ST elevated acute coronary syndrome. Among 
all the patients, 74%, 46%, and 5% underwent coronary angi-
ography, PCI treatment, and coronary artery bypass grafting, 
respectively, within the first 10 days, while 5366 (48.4%) did 
not receive revascularization. Compared with clopidogrel, ti-
cagrelor significantly decreased the rate of cardiovascular event 
complex endpoints and all-cause mortality, as well as rates of 
cardiovascular mortality and myocardial infarction. Ticagrelor 
and clopidogrel displayed the same benefits in reducing isch-
emic events and total mortality in patients with non-ST ele-
vated acute coronary syndrome as those in the PLATO whole 
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test, and these benefits occurred irrespective of whether re-
vascularization was performed during the first 10 days [96].

ACS Patients Undergoing CABG

About 10% of patients in the PLATO study were randomly 
grouped to receive CABG treatment; among these patients, 
1261 stopped the study drug for no more than 7 days before 
surgery. According to the study protocol, these patients should 
stop ticagrelor 1-3 days before surgery or clopidogrel 5 days 
before surgery. Compared with the clopidogrel group, the rates 
of cardiovascular death and all-cause death in the ticagrelor 
group were significantly lower, while the bleeding risk was sim-
ilar. Ticagrelor reduces the risk of death after CABG, and this 
reduction may be associated with the effect of ticagrelor on 
decreasing death from cardiovascular disease, bleeding, and 
infection [97]. A study on CABG patients in China [98] found 
that the ticagrelor group exhibited a greater inhibition of plate-
let aggregation 2 h after the first drug administration than 
the clopidogrel group (34.2% vs 5.3%, P<.001). Moreover, the 
maximum mean inhibition rate of platelet aggregation with-
in 2-24 h in the ticagrelor group remained higher than that in 
the clopidogrel group, but there was no associated increased 
risk of bleeding or major adverse cardiac events.

Stable Coronary Heart Disease

Regarding non-revascularization patients, the PEGASUS-TIMI54 
research project [99] enrolled patients with a history of myo-
cardial infarction for more than 1 year as well as more than 
1 of the following risk factors: older than 65 years of age, di-
abetes, renal insufficiency, multiple lesions, and over 2 myo-
cardial infarctions. In the study, 90 mg/day and 60 mg/day 
groups of ticagrelor on aspirin displayed lower major therapeu-
tic end-events (7.85% and 7.77%, respectively) than the pla-
cebo group (9.04%), and the risk of cardiovascular death was 
lower in the ticagrelor groups. Moreover, prolonged treatment 
with ticagrelor plus aspirin for 30 months decreased MACEs 
without increasing fatal bleeding in patients with MI. The 
ONSET/OFFSET study [18] has shown that greater IPA (plate-
let inhibition) occurred in patients treated with ticagrelor ver-
sus clopidogrel. The rate of patients who achieved >50% IPA 
and >70% IPA was higher in the ticagrelor group 2 h after re-
ceiving the loading dose.

Special Groups

Patients with Chronic Kidney Disease (CKD)

Ticagrelor has a very low rate of metabolism and is excreted 
through the kidneys, while the recovery of ticagrelor and its ac-
tive metabolites in the urine is less than 1% of the dose. There 

were no significant differences in pharmacodynamics, pharma-
cokinetics, and safety data between patients with severe renal 
failure (creatinine clearance <30%) versus those with normal 
renal function [100]. Compared with clopidogrel, ticagrelor re-
markably reduced the risk of active endpoint events (17.3% vs 
22%, P<0.05) and all-cause mortality (10.0% vs 14.0%, P<0.05) 
in the CKD subgroup [101]. Moreover, ticagrelor displayed a 
higher rate of platelet inhibition and faster inhibitory effect 
in dialysis patients and patients with impaired renal function 
compared to clopidogrel [102-104]. Recent studies have re-
vealed that in comparison with clopidogrel, ticagrelor mark-
edly reduced hospitalization and 1-year cardiovascular events 
without increasing the risk of bleeding in patients with acute 
myocardial infarction and end-stage renal failure [105].

Patients with Complex Coronary Artery Lesions

The PLATO study included a total of 4646 patients with com-
plex coronary lesions. Compared with clopidogrel, ticagrelor 
significantly reduced cardiovascular complex endpoints (14.9% 
vs 17.6% P<0.05) [106].

Diabetes

Diabetes is a strong independent predictor of short-term and 
long-term recurrent ischemic events in patients with coronary 
heart disease [107,108]. Compared with patients without dia-
betes, the risk of cardiovascular death was 1.8 times higher in 
ACS patients with diabetes and 1.4 times higher in patients with 
MI [109]. Abnormal regulation of platelets in diabetic patients 
via multiple signaling pathways, including receptors and intra-
cellular and downstream pathways, leads to increased plate-
let reactivity [110,111]. Although aspirin combined with clop-
idogrel improves the prognosis of ACS patients, patients with 
diabetes remain at high risk of adverse events during follow-
up [112]. The PLATO study, involving 4662 diabetic patients, 
revealed that the absolute risk of endpoint events and all-
cause mortality were both decreased in the ticagrelor group, 
but there was no increase in major bleeding [113]. The PLATO 
study on a prespecified subgroup of diabetic patients identi-
fied an additional benefit of ticagrelor treatment in reducing 
cardiovascular accident over a 12-month follow-up. Another 
study found that, compared with clopidogrel, ticagrelor signif-
icantly reduced the incidence of thrombus formation in CAD 
patients [114]. A Chinese group [115] investigated 200 ACS 
patients with diabetes and found better outcomes for angina 
and lower stent thrombosis and all-cause mortality one month 
after PCI in the ticagrelor group versus the clopidogrel group. 
Compared with clopidogrel, ticagrelor reduced platelet resis-
tance [116] and vascular inflammatory response, while im-
proving vascular endothelial function [117] and vascular blood 
flow [118] in patients with coronary heart disease and diabetes.
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Elderly Patients

The risk of recurrent ischemic events and death is high in elderly 
ACS patients with catheter-based complications. The PLATO tri-
al found relationships between the primary composite outcome 
and age, as well as major bleeding. The composite of cardiovas-
cular death, stroke, myocardial infarction, cardiovascular death, 
definite stent thrombosis, and all-cause mortality was not sig-
nificantly different between patients aged ³75 and those <75 
years of age and both groups showed the clinical benefit of ti-
cagrelor over clopidogrel. No increase in PLATO-defined major 
bleeding was found with ticagrelor versus clopidogrel in patients 
aged ³75 years. Ticagrelor treatment led to the common adverse 
events of dyspnea and ventricular pauses, which were not relat-
ed to age. It has been demonstrated that the overall safety and 
significant clinical benefit of ticagrelor versus clopidogrel in ACS 
patients of the PLATO study were not dependent on age [119].

Patients with Thrombolysis

Early fibrinolysis can provide timely and effective myocardial re-
perfusion [120-123] for STEMI patients who cannot receive time-
ly treatment of primary PCI. If primary PCI treatment is delayed 
by 2 h or longer, fibrinolytic therapy causes similar mortality 
rates as PCI [124,125]. When primary PCI cannot be performed 
within 2 h after diagnosis of STEMI, medication is recommend-
ed, including immediate fibrinolytic therapy associated with res-
cue PCI [126,127]. It was reported that ticagrelor is better than 
clopidogrel in fibrinolytic treatment of STEMI patients undergo-
ing early PCI [128]. Patients treated with ticagrelor undergoing 
PCI within 24 h in treatment of tenecteplase (TNK) who received 
ticagrelor after PCI had significantly lower PRU (platelet reactiv-
ity units) compared with clopidogrel. A good endpoint was ob-
served in 87.8% of patients treated with ticagrelor and 57.6% 
of patients receiving the treatment of clopidogrel. Consistently, 
another study on STEMI patients undergoing fibrinolytic treat-
ment and early PCI [129] provided evidence that patients receiv-
ing ticagrelor displayed a significantly higher rate of adequate 
platelet inhibition (platelet reactivity units PRU <208) on long-
term follow-up than those treated with clopidogrel (clopidogrel, 
82.6% vs ticagrelor, 100.0%; P=0.038). It has been shown that 
while post-fibrinolysis HPR is common in STEMI patients, low-
er HPR was observed in patients treated with ticagrelor versus 
high-dose clopidogrel [130]. There were no differences in ma-
jor, fatal, and intracranial bleeding in ticagrelor and clopidogrel 
groups associated with a significantly lower frequency of car-
diovascular events in the ticagrelor-treated group in a trial [131] 
of 3799 patients with STEMI undergoing fibrinolytic therapy.

Antiplatelet Therapy Under the Guidance of Genotypes

Several studies have found that clopidogrel did not effec-
tively inhibit platelet aggregation in some patients. This 

phenomenon is known as “clopidogrel low response”, which 
could be an important predictor of coronary ischemic events. 
Meanwhile, some patients were prone to significant bleeding 
reactions; this observation may be related to polymorphisms 
in the CYP2C19 gene. The ONSET/OFFSET and RESPOND geno-
type studies [132] first introduced genotypes such as cyp2c19 
(*1,*2,*3,*4,*5,*6,*7,*8,*17), which were associated with clop-
idogrel low response and cardiovascular events. According to 
the manifestations of different CYP2C19 genotypes, polymor-
phisms in CYP2C19 including loss-of-function (LOF) and in-
creased function alleles could be categorized into ultrafast, 
rapid, intermediate (IM), and poor metabolizers (PM) [133]. 
Approximately 18% to 45% and 2% to 15% of the clinical pop-
ulation were classified as clopidogrel IM and PM, respectively, 
both of which were associated with clopidogrel low reactivity 
[134]. The proportion of patients with IM (about 50%) and PM 
(about 13~23%) in an Asian population was much higher than 
that in European and American populations [134]. Cytochrome 
P4502C19 (CYP2C19) plays a key role in metabolic transfor-
mation of clopidogrel. The CYP2C19*17 gain-of-function al-
lele reduced platelet reactivity by increasing the bioavailabili-
ty of clopidogrel’s active metabolites. Loss-of-function alleles 
CYP2C19*2 and CYP2C19*3 decreased activity of the metabo-
lites by affecting functional metabolites of the enzyme, lead-
ing to a high platelet response. Patients with CYP2C19*17 [29] 
and CYP4F2 T alleles [135] were at higher risk of bleeding. 
The PLATO study found that ticagrelor was superior to clopi-
dogrel in reducing cardiovascular composite endpoints in all 
CYP2C19 genotypes. On the contrary, the incidence of 30d 
cardiovascular events in the clopidogrel treatment group was 
significantly higher among allelic carriers of CYP2C19 loss-of-
function alleles, and the risk of bleeding was markedly high-
er in the clopidogrel treatment group. A study on Chinese 
patients [136] withor without CYP2C19 genotype measured 
ADP-induced platelet aggregation using thromboelastography 
(TEG) and found that TEGADP was significantly higher in non-
carriers, while the level of TEGADP was similar between non-
carriers and carriers in the ticagrelor group. A study of PCI in 
China reported a significantly lower risk of MACE in patients 
receiving genotype-guided therapy versus conventional ther-
apy [137]. Finally, a study in the Netherlands with elective PCI 
reported that prasugrel displayed a lower risk of MACE in PM 
compared with clopidogrel [138]. A trial [139] of patients with 
stent implantation showed that carriers of loss-of-function al-
leles CYP2C19*2 or CYP2C19*3 receiving ticagrelor or prasug-
rel achieved more favorable results without increased bleed-
ing outcome than the corresponding non-carriers treated with 
clopidogrel. In a study involving 1815 patients from 7 institu-
tions, genetic testing of CYP2C19 was available for clinical use 
in PCI patients, and prasugrel or ticagrelor was recommended 
in IM/PM [140]. Compared with alternative therapies, clopido-
grel treatment was associated with a significantly higher risk 
of MACE in IM/PM during 12-month follow-up.
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Tolerability and Safety

Bleeding

In the PLATO study, no significant differences in major bleeding 
were found between ticagrelor and clopidogrel [141]. However, 
non-CABG (coronary artery bypass grafting)-related hemorrhag-
es and non-surgical-related bleeding were more common in the 
ticagrelor group, especially after 30 days of treatment, com-
pared with clopidogrel. Likewise, several studies have shown 
that the incidence of bleeding is higher in ticagrelor-treated 
patients compared with those treated with prasugrel, espe-
cially during long-term treatment [142, 143]. There has been 
no antidote for reversal of ticagrelor, which cannot be cleared 
by dialysis. In case of bleeding, appropriate supportive treat-
ment with particular emphasis on local hemostasis is needed. 
Anti-fibrinolytic therapy (aminoacetic acid or carbamic acid) 
and/or recombinant factor VIIa may enhance hemostatic ef-
fects. Ticagrelor can be reused after the cause of the bleed-
ing is determined and the bleeding is controlled [144-146].

Dyspnea

Dyspnea is a common adverse reaction of ticagrelor and may 
be associated with increased plasma adenosine concentra-
tion. The rates of mild-to-moderate dyspnea are dose-related, 
which is probably associated with the drug’s mechanism of ac-
tivity [147]. Studies on healthy volunteers have demonstrated 
that intravenously injected adenosine can increase ventilation 
and heart rate, while inducing dyspnea [148,149]. Some clinical 
studies revealed that the percentage of patients with dyspnea 
after ticagrelor treatment was 10-15%, which was significantly 
higher than with other P2Y12 inhibitors. Notably, other trials 
found that nearly 40% of patients had this adverse reaction 
[23,150,151]. Although shortness of breath is often reported, 
lung function (pulmonary volume, spirometry, and pulse ox-
imetry) of patients treated with either ticagrelor or clopidogrel 
was not affected [151,152]. Also, dyspnea was not related to 
patient age, and the efficacy and overall safety of ticagrelor 
were not associated with this adverse reaction [119,150]. In the 
PLATO study, the incidence of dyspnea in the ticagrelor group 
was 14.5%; among these cases, most were mild to moderate, 
while only 0.4% were severe. Dyspnea mostly occurred in the 
early stages (the median time: 23days in ticagrelor group and 
43 days in the clopidogrel group, P<0.0001), and resolved with-
out treatment in most cases. Approximately 0.9% of the pa-
tients decided to stop the treatment because of dyspnea [150].

Hyperuricemia

In the PLATO study, a higher increase in serum uric acid levels 
in the first and twelfth months of treatment was found in the 
ticagrelor group compared with the clopidogrel group with no 
statistically significant difference between the 2 groups at 1 
month after ceasing treatment [13]. Butler and Teng [153] con-
ducted a randomized, cross-over, placebo-controlled study, and 
found that ticagrelor elevated hypoxanthine and xanthine lev-
els in serum, resulting in increased levels of serum uric acids. 
Ticagrelor-associated hyperuricemia is usually mild and revers-
ible, and it may be related to adenosine pathways. However, a 
single-center study found no difference in the baseline uric acid 
and creatinine levels between patients treated with clopidogrel 
versus ticagrelor for a period of 30-90 days [154]. Another tri-
al [155] revealed that in patients treated with DAPT, uric acid 
level did not affect response of platelet reactivity to ticagre-
lor, clopidogrel, and aspirin.

Arrhythmia

Ticagrelor has been found to increase the incidence of bradyar-
rhythmias, including ventricular pauses detected by Holter [156]. 
A Holter substudy conducted continuous electrographic anal-
ysis on 2908 patients. In the first week, patients receiving ti-
cagrelor had a higher frequency of ventricular pauses ³3 s 
than those treated with clopidogrel. A month later, the paus-
es ³3 s occurred less frequently overall, and the frequency was 
similar between the 2 groups of patients. Most were ventric-
ular pauses, and the largest portion associated with ticagre-
lor were asymptomatic, sinoatrial nodal in origin (66%), and 
nocturnal. There were no differences in the occurrence of clin-
ically reported bradycardic adverse events, such as syncope, 
cardiac arrest, and pacemaker placement between ticagrelor 
versus clopidogrel groups.

Conclusions

This review has presented the current status of regulatory ap-
provals for the use of ticagrelor in the management of acute 
coronary syndrome, and acute thrombotic disease when com-
bined with aspirin, and its superiority to clopidogrel. Further 
controlled clinical trials are needed to determine the role of 
ticagrelor in the management of other diseases.
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