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Aim: The efficacy and safety of ticagrelor and clopidogrel in patients with stable coronary artery disease (SCAD) 
undergoing percutaneous coronary intervention (PCI) remain uncertain. Thus, this study aimed to compare the 
efficacy and safety of ticagrelor and clopidogrel in patients with SCAD treated with PCI.

Methods: A total of 9,379 patients with SCAD undergoing PCI who received dual antiplatelet therapy (DAPT) 
were consecutively enrolled in two groups, namely, ticagrelor (n=1,081) and clopidogrel (n=8,298) groups. 
Major adverse cardiovascular and cerebrovascular events (MACCEs) and bleeding events according to ticagrelor 
or clopidogrel use were compared.

Results: After propensity matching (n=1,081 in each group), ticagrelor was associated with fewer MACCEs 
compared with clopidogrel (3.6% vs. 5.7%, hazard ratio [HR]=0.62, 95% confidence interval [CI] 0.41–0.93, 
p=0.019), and the difference between ticagrelor and clopidogrel for bleeding events was nonsignificant (4.0% vs. 
3.2%, HR=1.24, 95% CI 0.79-1.93, p=0.356). On the other hand, the difference between ticagrelor and clopidogrel 
for net adverse clinical events was significant (4.1% vs. 6.0%, HR=0.67, 95% CI 0.46–0.98, p=0.039). In a 
multivariate analysis, the use of ticagrelor, number of stents, previous history of diabetes, previous history of 
smoking, and ACC/AHA type B2 or C lesions were considered independent predictors of MACCEs, while radial 
artery access, previous history of stroke, and weight ＜60kg were independent predictors of bleeding events.

Conclusions: Ticagrelor was associated with a lower incidence of MACCEs without an increased risk of 
bleeding events in patients with SCAD receiving PCI.

Thus, to overcome the shortcomings of clopidogrel, a 
new generation of antiplatelet drugs, namely, prasug-
rel and ticagrelor, has been developed6).

Ticagrelor is a reversible, nonthienopyridine, 
P2Y12 oral inhibitor that has a faster onset and offset 
of action and a higher inhibitory effect on platelet 
aggregation compared with clopidogrel 7), which 
requires metabolic activation through a multistep pro-
cess involving multiple cytochrome P450 isoen-
zymes8). Ticagrelor can bind directly to the P2Y12 
receptor and inhibit platelet aggregation induced by 

Introduction

Clopidogrel and aspirin have long been used as 
the standard dual antiplatelet therapy (DAPT) for 
patients undergoing percutaneous coronary interven-
tion (PCI)1). The antiplatelet effect of clopidogrel is 
slow, variable, and irreversible, and it is reported that 
approximately 15–30% of patients are nonresponsive 
to clopidogrel2, 3). The multifactorial phenomenon of 
clopidogrel hyporesponsiveness is associated with an 
increased risk of thromboembolic events after PCI4, 5). 
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(ticagrelor or clopidogrel) upon admission and at dis-
charge. The exclusion criteria were as follows: patients 
who were diagnosed with ACS; those with unsuccess-
ful PCI; those with acute or severe complications of 
PCI; those who needed long-term oral anticoagulant 
drugs; those who discontinued P2Y12 blockers or 
switched between ticagrelor and clopidogrel; those for 
whom aspirin, clopidogrel, or ticagrelor are contrain-
dicated; and those with coagulopathy, severe liver and 
kidney dysfunction, active major bleeding, major sur-
gical history within 3 months, severe valvular heart 
disease, dilated cardiomyopathy, hypertrophic cardio-
myopathy, tumor, hyperthyroidism, pulmonary embo-
lism, and other basic diseases. The study flowchart is 
shown in Fig.1. The Fuwai Hospital approved this 
study (2018-WJY01), and the study protocol con-
forms to the ethical guidelines of the Declaration of 
Helsinki and its later amendments. Informed consent 
for access to their medical records during hospitaliza-
tion was obtained from all patients.

Treatment
Dual antiplatelet agents were administered to all 

patients prior to the PCI, with a 300-mg loading dose 
of aspirin, a 300–600-mg loading dose of clopidogrel, 
or a 180-mg loading dose of ticagrelor. After PCI, 
patients received 100-mg aspirin once daily indefi-
nitely and 75-mg clopidogrel once daily or 90-mg 
ticagrelor twice daily for at least 12 months. The anti-
platelet agents were chosen based on the discretion of 

adenosine diphosphate9).
The Platelet Inhibition and Patient Outcomes 

(PLATO) trial and other studies have compared the 
efficacy and safety of ticagrelor and clopidogrel in 
patients with acute coronary syndrome (ACS), acute 
myocardial infarction (AMI), ST-segment elevation 
myocardial infarction (STEMI), non-ST-segment ele-
vation myocardial infarction (NSTEMI), or non-ST-
segment elevation acute coronary syndrome (NSTE-
ACS)10-14). No other previous study comprehensively 
evaluated the efficacy and safety of ticagrelor in 
patients with stable coronary artery disease (SCAD) 
for a 1-year follow-up period. Therefore, we sought to 
investigate the efficacy and safety of ticagrelor vs. 
clopidogrel in patients with SCAD undergoing PCI.

Methods

Patients
A total of 9379 consecutive patients with SCAD 

who underwent PCI from January 2017 to December 
2018 were enrolled in this single-center study. Patients 
were divided into two groups according to the medi-
cation at discharge, namely, the ticagrelor group 
(n=1,081) and the clopidogrel group (n=8,298). All 
patients were then followed up for 1 year. The inclu-
sion criteria were as follows: patients aged ≥ 18 years, 
those with a confirmed final diagnosis of SCAD, those 
who underwent PCI with drug-eluting stent (DES), 
and those prescribed aspirin and a P2Y12 inhibitor 

Fig.1. Flow chart
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independent predictors of efficacy and safety end-
points in the matched cohort were determined using a 
Cox proportional hazards regression model, including 
factors considered significant (p value ＜0.1) by uni-
variate analysis or deemed clinically important in the 
multivariate model. A p value of ＜0.05 was consid-
ered statistically significant. All statistical analyses were 
performed using SPSS 25.0 (IBM) and STATA 12.0 
(StataCorp).

Results

Patient Characteristics
A total of 9379 patients who underwent PCI 

from January 2017 to December 2018 were consecu-
tively enrolled in this study, including patients with 
SCAD. Of these patients, 1081 received ticagrelor, 
and 8298 received clopidogrel. Table 1 lists the 
patients’ baseline characteristics. Patients with the fol-
lowing characteristics were more likely to receive 
ticagrelor: a previous history of hyperlipidemia, MI, 
PCI, congestive heart failure, a higher creatinine clear-
ance and low-density lipoprotein cholesterol (LDL-C), 
a lower left ventricular ejection fraction, more ACC/
AHA type B2 or C lesions and stents, longer total 
stent length, and the use of medications serving as 
proton pump inhibitors. However, older patients, 
patients with a previous history of stroke, and patients 
treated with the transradial approach were more likely 
to receive clopidogrel.

After propensity score matching was performed 
for all patients, 1081 matched pairs of patients were 
selected (Table 1). In these matched patients, no sig-
nificant differences were observed between ticagrelor 
and clopidogrel for any baseline clinical and proce-
dural characteristics and medications.

Efficacy Endpoints
The incidence of MACCEs in the ticagrelor 

group was significantly lower than that in the clopido-
grel group (3.6% vs. 6.1%, log-rank test, p＜0.001) 
(Table 2, Fig.2A). Patients in the ticagrelor group 
had lower rate of any revascularization than did those 
in the clopidogrel group (2.1% vs. 3.3%, p=0.040; 
Table 2). No significant differences were observed in 
the incidences of all-cause death, MI, stroke, and stent 
thrombosis between the two groups (Table 2).

After propensity score matching, the incidence of 
MACCEs was significantly lower in the ticagrelor 
group than in the clopidogrel group (3.6% vs. 5.7%, 
log-rank test, p=0.019) (Table 2, Fig.2D). Ticagrelor 
was associated with lower incidences of all-cause death 
and cardiovascular death compared with clopidogrel 

individual cardiologists. According to the current stan-
dard procedure guidelines, all patients underwent cor-
onary angiography during PCI. Interventional cardi-
ologists identified specific PCI techniques and stent 
types for coronary lesions. All patients received stan-
dard care and medications for the secondary preven-
tion of coronary artery disease.

Endpoints and Definitions
The primary efficacy endpoints were major 

adverse cardiovascular and cerebrovascular events 
(MACCEs), defined as the composite of all-cause 
death, myocardial infarction (MI), any revasculariza-
tion, and stroke at 1-year follow-up. The secondary 
efficacy endpoints were all-cause death, cardiovascular 
death, MI, stroke, and stent thrombosis. MI was 
defined according to the universal definition15). Any 
revascularization was defined as revascularization 
involving either the target or nontarget vessels. Stroke 
was defined as the focal loss of neurologic function 
caused by either ischemia or hemorrhage, with resid-
ual symptoms lasting at least 24 h or leading to 
death7). Stent thrombosis was evaluated in accordance 
with the Academic Research Consortium criteria16). 
The safety endpoints were thrombolysis in MI (TIMI) 
bleeding events17), which include major and minor 
bleeding events. The net adverse clinical events were 
defined as the composite of all-cause death, MI, 
stroke, or TIMI major bleeding.

Statistical Analysis
Continuous variables with normal distributions 

were expressed as the mean±standard deviation and 
were compared using Student’s t-test. Continuous 
variables with non-normal distributions were 
expressed as the median (interquartile range) and were 
compared using the Mann–Whitney U test. Mean-
while, categorical variables were expressed as numbers 
and percentages and were compared using the chi-
square test or Fisher’s exact test. Propensity score was 
employed to minimalize the impact of selection bias 
in the direct comparison between ticagrelor and clopi-
dogrel. We used the 1:1 nearest neighbor matching to 
match the patients in each cohort, without replace-
ment, with a caliper width of 0.2 of the standard devi-
ation. Differences between the matched pairs were 
evaluated using the paired t-test or the Wilcoxon 
signed-rank test for continuous variables and McNe-
mar’s test for categorical variables.

A Kaplan–Meier analysis was employed to estab-
lish survival plots with MACCEs or bleeding events, 
with the two groups compared using the log-rank test. 
The Cox regression model was used to estimate hazard 
ratios (HR) and 95% confidence intervals (CI). The 
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Table 1. Baseline clinical characteristics

All Patients Propensity-matched patients

Ticagrelor
(n =1081)

Clopidogrel
(n =8298)

p value Ticagrelor
(n =1081)

Clopidogrel
(n =1081)

p value

Male, n (%)
Age (years)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart tare (beats/min)
Height (cm)
Body weight (kg)
BMI (kg/m2)
Hypertension, n (%)
Diabetes, n (%)
Hyperlipidemia, n (%)
Smoker, n (%)
MI, n (%)
PCI, n (%)
CABG, n (%)
Congestive heart failure, n (%)
Stroke, n (%)
Peripheral vascular disease, n (%)
COPD, n (%)
Chronic renal insufficiency, n (%)
White blood cells (109/l)
Total platelets (109/l)
Hemoglobin (g/l)
Creatinine clearance (ml/min/1.73m2)
Blood glucose (mmol/l)
LDL-C (mmol/l)
CK-MB (mg/ml)
CRP (mg/l)
Troponin I (ng/ml)
Left ventricular ejection fraction (%)

842 (77.9)
57.8±9.8

130.5±15.4
78.5±9.6
70.1±10.7

168.8±7.2
74.7±12.7
26.2±3.6
697 (64.5)
378 (35.0)
761 (70.4)
604 (55.9)
229 (21.2)
368 (34.0)

18 (1.7)
28 (2.6)
87 (8.0)
54 (5.0)

8 (0.7)
12 (1.1)

6.60±1.68
228.23±67.60
145.67±15.18

94.19±27.23
6.40±2.24
2.45±0.92

12.11±8.56
3.91±5.19
0.07±0.22

62.26±6.71

6315 (76.1)
59.5±9.9

131.1±16.2
78.7±10.0
70.1±10.9

168.3±7.3
74.0±12.0
26.0±3.4
5335 (64.3)
2754 (33.2)
5438 (65.5)
4720 (56.9)
1069 (12.9)
1900 (22.9)

120 (1.4)
129 (1.6)
955 (11.5)
452 (5.4)

66 (0.8)
63 (0.8)

6.58±1.68
225.25±58.09
146.24±15.40

90.95±26.44
6.39±2.16
2.43±0.91

12.03±8.96
3.96±6.26
0.10±0.67

62.89±6.07

0.193
＜0.001

0.259
0.570
0.895
0.048
0.052
0.290
0.905
0.243
0.001
0.530

＜0.001
＜0.001

0.574
0.013
0.001
0.536
0.847
0.223
0.971
0.116
0.245

＜0.001
0.845
0.007
0.776
0.818
0.209
0.003

842 (77.9)
57.8±9.8

130.5±15.4
78.5±9.6
70.1±10.7

168.8±7.2
74.7±12.7
26.2±3.6
697 (64.5)
378 (35.0)
761 (70.4)
604 (55.9)
229 (21.2)
368 (34.0)

18 (1.7)
28 (2.6)
87 (8.0)
54 (5.0)

8 (0.7)
12 (1.1)

6.60±1.68
228.23±67.60
145.67±15.18

94.19±27.23
6.40±2.24
2.45±0.92

12.11±8.56
3.91±5.19
0.07±0.22

62.26±6.71

859 (79.5)
58.2±9.7

130.8±16.7
78.1±10.2
69.6±10.2

168.9±6.9
74.8±11.3
26.2±3.2
717 (66.3)
402 (37.2)
789 (73.0)
616 (57.0)
214 (19.8)
387 (35.8)

23 (2.1)
29 (2.7)

101 (9.3)
69 (6.4)

6 (0.6)
8 (0.7)

6.53±1.70
228.48±53.15
146.48±15.23

94.48±24.24
6.40±2.25
2.44±0.88

12.82±9.94
3.86±6.39
0.08±0.25

61.81±6.47

0.372
0.337
0.620
0.353
0.193
0.595
0.848
0.964
0.366
0.282
0.181
0.603
0.424
0.391
0.430
0.893
0.285
0.164
0.592
0.369
0.306
0.923
0.214
0.796
0.119
0.895
0.076
0.831
0.758
0.113

Number of diseased vessels, n (%)
One-vessel disease
Two-vessel disease
Three-vessel disease
Left main disease

 
544 (50.3)
298 (27.6)
147 (13.6)

92 (8.5)

 
4290 (51.7)
2431 (29.3)
1004 (12.1)

573 (6.9)

 
0.395
0.239
0.158
0.053

 
544 (50.3)
298 (27.6)
147 (13.6)

92 (8.5)

 
557 (51.5)
310 (28.7)
135 (12.5)

79 (7.3)

 
0.576
0.566
0.443
0.300

ACC/AHA lesion classification, n (%)
Type A or B1
Type B2 or C 

Number of stents
Stent diameter (mm)
Total stent length (mm)
Radial artery access, n (%)
ACEI/ARB, n (%)
Beta-blocker, n (%)
Statin, n (%)
Calcium channel blockers, n (%)
Proton pump inhibitor, n (%)

 
196 (18.1)
885 (81.9)
1.97±0.96
3.16±0.54

37.91±22.36
969 (89.6)
903 (83.5)
984 (91.0)

1079 (99.8)
111 (10.3)
544 (50.3)

 
1823 (22.0)
6475 (78.0)
1.79±0.87
3.13±0.51

35.46±20.45
7734 (93.2)
6788 (81.8)
7493 (90.3)
8290 (99.9)

763 (9.2)
3908 (47.1)

 
0.004
0.004

＜0.001
0.088
0.001

＜0.001
0.163
0.445
0.401
0.254
0.046

 
196 (18.1)
885 (81.9)
1.97±0.96
3.16±0.54

37.91±22.36
969 (89.6)
903 (83.5)
984 (91.0)

1079 (99.8)
111 (10.3)
544 (50.3)

 
199 (15.1)
862 (79.7)
1.94±1.60
3.16±0.52

37.82±23.78
958 (88.6)
895 (82.8)
980 (90.7)

1078 (99.7)
105 (9.7)
524 (48.5)

 
0.639
0.209
0.614
0.909
0.924
0.328
0.646
0.766
0.654
0.667
0.390

Data are expressed as mean±standard deviation, or number (percentage).
BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; COPD, chronic 
obstructive pulmonary disease; LDL-C, low density lipoprotein cholesterol; CK-MB, creatine kinase-MB; CRP, C-reactive protein; ACC/AHA, 
American College of Cardiology/American Heart Association; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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grel groups (Table 2). Multivariate Cox regression 
analysis demonstrated that the use of ticagrelor 
(HR=0.52, 95% CI 0.29–0.92, p=0.027), number of 
stents (HR=1.37, 95% CI 1.18–1.71, p=0.008), his-

(1.5% vs. 3.0%, p=0.020; 0.9% vs. 2.0%, p=0.047) 
(Table 2). The incidences of non-cardiovascular death, 
MI, stroke, any revascularization, and stent thrombo-
sis were comparable between the ticagrelor and prasu-

Table 2. Efficacy and safety outcomes

All patients Propensity-matched patients

Ticagrelor
(n =1081)

Clopidogrel
(n =8298)

HR (95% CI) p value Ticagrelor
(n =1081)

Clopidogrel
(n =1081)

HR (95% CI) p value

MACCEs, n (%)
All-cause death

Cardiovascular death
Non-cardiovascular death

MI
Stroke
Any revascularization
Stent thrombosis

Bleeding events, n (%)
TIMI major bleeding
TIMI minor bleeding

Net adverse clinical events, n (%)

39 (3.6)
16 (1.5)
10 (0.9)
6 (0.6)

10 (0.9)
8 (0.7)

23 (2.1)
2 (0.2)

43 (4.0)
18 (1.7)
25 (2.3)
44 (4.1)

506 (6.1)
191 (2.3)
124 (1.5)
67 (0.8)
83 (1.0)
91 (1.1)

273 (3.3)
25 (0.3)

224 (2.7)
83 (1.0)

141 (1.7)
390 (4.7)

0.58 (0.42-0.81)
0.64 (0.38-1.07)
0.62 (0.32-1.18)
0.69 (0.30-1.58)
0.92 (0.48-1.78)
0.67 (0.33-1.39)
0.64 (0.42-0.98)
0.61 (0.15-2.59)
1.49 (1.08-2.07)
1.67 (1.01-2.79)
1.37 (0.90-2.06)
0.86 (0.63-1.18)

0.001
0.084
0.138
0.374
0.814
0.281
0.040
0.502
0.017
0.046
0.150
0.354

39 (3.6)
16 (1.5)
10 (0.9)
6 (0.6)

10 (0.9)
8 (0.7)

23 (2.1)
2 (0.2)

43 (4.0)
18 (1.7)
25 (2.3)
44 (4.1)

62 (5.7)
32 (3.0)
21 (2.0)
11 (1.0)
13 (1.2)
14 (1.3)
29 (2.7)
3 (0.3)

35 (3.2)
13 (1.2)
22 (2.0)
65 (6.0)

0.62 (0.41-0.93)
0.50 (0.27-0.90)
0.47 (0.22-1.01)
0.55 (0.20-1.47)
0.77 (0.34-1.75)
0.57 (0.24-1.36)
0.79 (0.46-1.37)
0.67 (0.11-3.99)
1.24 (0.79-1.93)
1.39 (0.68-2.85)
1.14 (0.64-2.01)
0.67 (0.46-0.98)

0.019
0.020
0.047
0.223
0.529
0.489
0.400
0.654
0.356
0.366
0.658
0.039

Data are expressed as number (percentage).
MACCEs, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarction; TIMI, thrombolysis in myocardial infarction; HR, 
hazard ratio; CI, confidence interval.

Fig.2.

(A) Kaplan–Meier estimation of the cumulative incidence of 1-year efficacy outcomes; (B) Kaplan–Meier estimation of the cumulative inci-
dence of 1-year safety outcomes; (C) Kaplan–Meier estimation of the cumulative incidence of 1-year net adverse clinical events; (D) Kaplan–
Meier estimation of the cumulative incidence of 1-year efficacy outcomes after propensity score matching; (E) Kaplan–Meier estimation of 
the cumulative incidence of 1-year safety outcomes after propensity score matching; (F) Kaplan–Meier estimation of the cumulative incidence 
of 1-year net adverse clinical events after propensity score matching



Li et al.

878

adverse clinical events in the ticagrelor group was 
lower compared with that in the clopidogrel group 
(4.1% vs. 6.0%, log-rank test, p=0.036) (Table 2, 
Fig.2F). On multivariate Cox regression analysis, the 
independent predictors of bleeding events include 
radial artery access (HR=0.35, 95% CI 0.12–0.65, 
p=0.002), stroke (HR=1.73, 95% CI 1.25–2.37, 
p=0.030), and weight ＜60kg (HR=2.57, 95% CI 
1.39–3.89, p=0.021) (Fig.3B).

Discussion

We sought to compare the efficacy and safety of 
using ticagrelor vs. clopidogrel in patients with SCAD. 
The main finding of this study is that the use of 
ticagrelor was associated with reduced ischemic risk 
and similar bleeding risk compared with the use of 
clopidogrel at 1-year follow-up. Patients discharged on 
ticagrelor had lower incidences of all-cause death, car-
diovascular death, and net adverse clinical events, as 
well as similar rates of TIMI major or minor bleeding 
events.

Ticagrelor is a direct oral P2Y12 receptor antago-
nist that is used to prevent atherosclerotic thrombosis 

tory of diabetes (HR=1.78, 95% CI 1.09–2.53, 
p=0.015), history of smoking (HR=2.32, 95% CI 
1.20–3.58, p=0.032), and ACC/AHA type B2 or C 
lesions (HR=3.03, 95% CI 1.92–4.36, p=0.005) 
were independent predictors of MACCEs (Fig.3A).

Safety Endpoints
The incidence of bleeding events was signifi-

cantly higher in the ticagrelor group compared with 
that in the clopidogrel group (4.0% vs. 2.7%, log-
rank test, p=0.016) (Table 2, Fig.2B). The TIMI 
major bleeding rates tended to increase in the ticagre-
lor group compared with those in the clopidogrel 
group (1.7% vs. 1.0%, p=0.046) (Table 2). No sig-
nificant difference was observed in net adverse clinical 
events between the two groups (4.1% vs. 4.7%, log-
rank test, p=0.350) (Table 2, Fig.2C).

After propensity score matching, no significant 
difference was observed in bleeding events between 
the two groups (4.0% vs. 3.2%, log-rank test, 
p=0.332) (Table 2, Fig.2E). Moreover, no significant 
differences were observed in the rates of major and 
minor bleeding events between the ticagrelor and 
clopidogrel groups (Table 2). The incidence of net 

Fig.3.

(A) Independent predictors of major adverse cardiac and cerebrovascular events; (B) independent pre-
dictors of bleeding events. HR, hazard ratio; CI, confidence interval; ACC/AHA, American College of 
Cardiology/American Heart Association
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SCAD, but our results may be applied to East Asian 
patients. East Asians have unique characteristics: 
thrombogenicity, the inhibition of platelet P2Y12-
receptor, and the tendency to have bleeding complica-
tions35). It is well known that East Asians share a com-
mon genetic homogeneity36-37). In addition, previous 
pharmacokinetic studies have shown that the levels of 
active metabolites for ticagrelor and prasugrel in East 
Asians are similar35). Therefore, our findings may be 
generalized to East Asian patients.

Although there is no randomized clinical trial 
comparing the efficacy and safety of ticagrelor or pra-
sugrel with clopidogrel in the treatment of patients 
with SCAD, when clopidogrel is inadequate or when 
the risk of ischemia increases significantly, ticagrelor 
or prasugrel can be used in selected patients with sta-
ble coronary artery disease (class of recommendation, 
IIb; level of evidence, C)38-39). Aggregometry studies 
have shown that prasugrel and ticagrelor have stronger 
antiplatelet effects than clopidogrel; however, the net 
clinical benefits of these new antiplatelet drugs in 
patients with SCAD (which may reduce ischemic 
events but not significantly increase bleeding) have 
not yet been confirmed40). In addition, ticagrelor is 
used in patients with SCAD who receive PCI, and its 
use is increasing, especially in high-risk diabetic 
patients or in complex coronary artery disease41). This 
real-world study will provide important insight into 
the efficacy and safety of ticagrelor in patients with 
SCAD.

Our study has several limitations. First, our study 
only has a small sample size and a short follow-up 
time; therefore, a larger and high-quality randomized 
controlled trial with longer follow-up periods to vali-
date our findings is needed. Second, this was a non-
randomized study, which may lead to selection bias. 
Third, although we conducted a propensity matching 
analysis, unmeasured factors may still exist, and the 
possible effects of unmeasured residual confounding 
factors cannot be ruled out. Fourth, medication side 
effects during clinical follow-up were not evaluated. 
Finally, patients usually receive DAPT for at least 12 
months after PCI, but the duration of DAPT for 
patients with SCAD became shorter in recent ESC, 
AHA, and JCS guidelines42-44). Thus, shorter duration 
of DAPT may change our results. The optimal dura-
tion of DAPT in patients with SCAD who underwent 
PCI with DES is uncertain, and the optimal duration 
of DAPT needs to be proven by a large randomized 
controlled trial in the future.

Conclusion

Compared with clopidogrel, the use of ticagrelor 

in patients with ACS. The efficacy and safety of 
ticagrelor in patients with ACS were investigated in 
the PLATO trial7). Ticagrelor, in combination with 
aspirin, reduced the incidence of the composite of 
death from vascular causes, MI, or stroke compared 
with clopidogrel plus aspirin. No significant differ-
ences were observed in the incidence of major bleed-
ing between the ticagrelor group and the clopidogrel 
group. Previous studies have compared the efficacy 
and safety of ticagrelor vs. clopidogrel in patients with 
ACS, AMI, STEMI, NSTEMI, and NSTE-ACS10-14). 
However, there is currently no study comparing the 
efficacy and safety of ticagrelor vs. clopidogrel in 
patients with SCAD undergoing PCI. Until now, this 
is the first real-world study that comprehensively eval-
uated the efficacy and safety of ticagrelor in patients 
with SCAD at 1-year follow-up.

Ticagrelor is a reversible and direct-acting oral 
antagonist of P2Y12 inhibitors, providing greater, 
faster, and more consistent P2Y12 inhibition than 
clopidogrel does18-20). In the multicenter, randomized, 
double-blind ONSET/OFFSET study21), patients 
with SCAD were randomized into the ticagrelor group 
and the clopidogrel group. Ticagrelor achieved more 
rapid and greater platelet inhibition (IPA) than clopi-
dogrel at 0.5, 1, 2, 4, 8, and 24 h after loading and at 
6 weeks (p＜0.0001). This inhibitory effect persists in 
the maintenance phase and was faster in offset after 
drug discontinuation (–1.04 vs. –0.48, p＜0.0001). In 
the RESPOND study, the antiplatelet effect of ticagre-
lor was similar in patients who were responsive vs. 
nonresponsive to clopidogrel22). Other pharmacoki-
netic and pharmacodynamic studies have demon-
strated that ticagrelor has a faster onset and greater 
IPA than clopidogrel23-27).

Some studies showed that ticagrelor was associ-
ated with an increased risk of bleeding events com-
pared with clopidogrel in patients with AMI11, 28-29), 
NSTEMI13), and ACS30-32). However, the PLATO 
study and other studies revealed that ticagrelor did not 
increase the bleeding risk compared with clopidogrel 
in patients with ACS33), NSTE-ACS14), and STEMI12, 34). 
Presently, the safety of ticagrelor in patients with dif-
ferent types of coronary artery disease undergoing PCI 
is controversial. However, this study was not a ran-
domized study; thus, selection bias may affect the 
results in a meaningful way. In addition, some factors 
such as all Chinese patients with SCAD, age younger 
than those in other studies regarding ticagrelor, lower 
proportion of patients with chronic kidney disease, 
and weight less than 60 kg may be the reasons why 
the bleeding events were not higher in the ticagrelor 
group than in the clopidogrel group in our study.

Our study was based on Chinese patients with 
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Toxicol, 2012; 25: 348-356
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clopidogrel in patients with a planned invasive strategy for 
acute coronary syndromes (PLATO): a randomised dou-
ble-blind study. Lancet, 2010; 375: 283-293

11) Kang J, Han JK, Ahn Y, Chae SC, Kim YJ, Chae IH, Hur 
SH, Seong IW, Chae JK, Cho MC, Seung KB, Jeong 
MH, Yang HM, Park KW, Kang HJ, Koo BK, Kim HS; 
investigators for Korea Acute Myocardial Infarction Reg-
istry-National Institute of Health (KAMIR-NIH). Third-
Generation P2Y12 Inhibitors in East Asian Acute Myo-
cardial Infarction Patients: A Nationwide Prospective 
Multicentre Study. Thromb Haemost, 2018; 118: 591-
600

12) Velders MA, Abtan J, Angiolillo DJ, Ardissino D, Har-
rington RA, Hellkamp A, Himmelmann A, Husted S, 
Katus HA, Meier B, Schulte PJ, Storey RF, Wallentin L, 
Gabriel Steg P, James SK; PLATO Investigators. Safety 
and efficacy of ticagrelor and clopidogrel in primary 
percutaneous coronary intervention. Heart, 2016; 102: 
617-625

13) Sim DS, Jeong MH, Kim HS, Gwon HC, Seung KB, 
Rha SW, Chae SC, Kim CJ, Cha KS, Park JS, Yoon JH, 
Chae JK, Joo SJ, Choi DJ, Hur SH, Seong IW, Cho MC, 
Kim DI, Oh SK, Ahn TH, Hwang JY; KAMIR-NIH 
Registry Investigators. Association of potent P2Y12 block-
ers with ischemic and bleeding outcomes in non-ST-seg-
ment elevation myocardial infarction. J Cardiol, 2019; 
73: 142-150

14) Pollack CV Jr, Davoudi F, Diercks DB, Becker RC, James 
SK, Lim ST, Schulte PJ, Spinar J, Steg PG, Storey RF, 
Himmelmann A, Wallentin L, Cannon CP; PLATO 
Investigators. Relative efficacy and safety of ticagrelor vs 
clopidogrel as a function of time to invasive management 
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the PLATO trial. Clin Cardiol, 2017; 40: 390-398

15) Kristian Thygesen, Joseph S Alpert, Harvey D White, 
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Myocardial Infarction. Eur Heart J, 2007; 28: 2525-2538

16) Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, 

in patients with SCAD undergoing PCI was associ-
ated with a lower incidence of MACCEs without an 
increased incidence of bleeding events. The results of 
our study warrant further investigations on the opti-
mal use of ticagrelor in patients with SCAD undergo-
ing PCI.
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