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DES.3 Importantly, results have consistently shown that 
during longer DAPT, there is a trade-off between fewer 
ischemic events and increased bleeding events.4 Alterna-
tively, studies evaluating the clinical compatibility of 
short-term DAPT showed non-inferior clinical outcomes 
for patients with low thrombotic risk.5–9 However, similar 

D ual antiplatelet therapy (DAPT) effectively treats 
ischemic heart disease by preventing thrombotic 
complications, especially after stent implantation.1 

With 1st-generation drug-eluting stents (DES), DAPT 
therapy was recommended for 12 months to prevent late 
or very late stent thrombosis (ST).2 However, the clinical 
benefits of longer DAPT have been attenuated following 
the introduction of improved stent technology that has 
reduced thrombotic events, including the 2nd-generation 
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Background: Evaluate the safety and efficacy of guideline-recommended risk score-directed dual antiplatelet therapy (GD-DAPT) 
based on THE PRECISE-DAPT score after 2nd-generation drug-eluting stent (DES) implantation.

Methods and Results: We analyzed 5,131 patients pooled from 4 clinical trials. Patients were divided into 3 groups according to 
current recommendations on the duration of DAPT and their actual DAPT duration: GD-DAPT (n=2,183), shorter DAPT (n=1,540), 
longer DAPT (n=1,408). The primary endpoint was the rate of net adverse clinical events (NACE) during the first 12 months. The 
secondary endpoints were ischemic or bleeding events. Overall, GD-DAPT did not affect NACE (1.2% vs. 1.2% for shorter DAPT 
and 1.7% for longer DAPT) or bleeding events (0.6% vs. 0.5% and 0.9%), and there were fewer ischemic events (2.8% vs. 4.4% and 
4.0%, P=0.03) than with shorter DAPT. Especially in acute coronary syndrome (ACS) patients, GD-DAPT had fewer NACE (1.5% 
vs. 1.4% and 4.2%; P=0.006) and bleeding events (0.8% vs. 0.5% and 2.8%; P=0.001) than longer DAPT as well as fewer ischemic 
events (2.8% vs. 4.4% and 4.7%; P=0.03) than shorter DAPT.

Conclusions: GD-DAPT did not affect NACE or bleeding events and reduced the number of ischemic events at 12 months 
compared with shorter DAPT. For ACS, GD-DAPT was associated with favorable outcomes compared with non-GD-DAPT. Therefore, 
GD-DAPT may optimize efficacy and safety.
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Methods
Study Design
This was a patient-level pooled analysis of data from 4 
multicenter, prospective, open-label, randomized trials 
comparing the effects of short-duration (≤6 months) and 
standard-duration (≥12 months) DAPT. Patients who were 
treated with a 2nd-generation DES and had the PRECISE-
DAPT score available were included. Each study protocol 
is summarized in Supplementary Table 1. Briefly, the IVUS-
XPL trial included 1,400 patients who underwent everolimus 
DES implantation for long coronary lesions (implanted 
stent length ≥28 mm). The patients were randomly assigned 
to treatments using a 2×2 factorial design according to 
DAPT duration (6 vs. 12 months) and whether intravascular 
ultrasound was used.6 The RESET trial enrolled 2,117 
patients who were randomly assigned in a 1:1 ratio to 
receive either an Endeavor zotarolimus DES with 3 months 
of DAPT or a Resolute zotarolimus DES, everolimus DES, 
or 1st-generation sirolimus DES with 12 months of DAPT.7 
The OPTIMA-C trial enrolled 1,367 patients with at least 
1 de novo lesion treated with a biolimus or zotarolimus 
DES randomly assigned to DAPT for 6 or 12 months.8 The 
EXCELLENT trial enrolled 1,443 patients with at least 1 
de novo lesion treated with an everolimus or 1st-generation 
sirolimus DES.9

From a total of 6,327 patients, 1,045 treated with a 1st-
generation DES were excluded, leaving a study population 
of 5,282 patients treated with a 2nd-generation DES. 

analysis revealed high variability for higher thrombotic 
risk patients, including those with acute coronary syndrome 
(ACS).10–12

These conflicting findings make determining the optimal 
DAPT duration difficult, thereby increasing the demand 
for individualized DAPT duration regimens based on each 
patient’s ischemic and bleeding risks. The 2017 European 
Society of Cardiology guidelines on the management of 
DAPT advocate the use of the PRECISE-DAPT score as 
a tool for predicting the risk of out-of-hospital bleeding 
after percutaneous coronary intervention (PCI) and, hence, 
inform decision-making on the optimal duration of 
DAPT.13,14 However, clinical data regarding DAPT strate-
gies, based on guideline-recommended risk score-directed 
(GD)-DAPT with 2nd-generation DES, are limited. There-
fore, we evaluated the safety and efficacy of GD-DAPT 
compared with shorter or longer DAPT by analyzing the 
data of patients who were treated with 2nd-generation 
DES pooled from 4 random study populations: Effect of 
Intravascular Ultrasound-Guided vs. Angiography-Guided 
Everolimus-Eluting Stent Implantation (IVUS-XPL); 
REal Safety and Efficacy of 3-month dual antiplatelet 
Therapy following Endeavor zotarolimus-eluting stent 
implantation (RESET); safety of 6-month dual antiplatelet 
therapy after second-generation drug-eluting stent implan-
tation (OPTIMA-C); and the Efficacy of Xience/Promus 
Versus Cypher to Reduce Late Loss After Stenting 
(EXCELLENT).6–9

Figure 1.  Study population schematic. (Green) Shorter DAPT than guideline, (blue) guideline-recommended DAPT, (red) longer 
DAPT than guideline. *3-month DAPT in RESET trial was categorized as shorter DAPT than guideline. ACS, acute coronary 
syndrome; CAD, coronary artery disease; DAPT, dual antiplatelet therapy; DES, drug-eluting stent.
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months. Secondary endpoints were ischemic and bleeding 
events. Ischemic events were defined as a composite of 
cardiac death, MI, ST, stroke, or ischemia-driven target 
vessel revascularization (TVR). Bleeding events met the 
Thrombolysis in Myocardial Infarction (TIMI) criteria for 
minor or major bleeding events. Clinical events were 
defined according to the recommendations of the Academic 
Research Consortium.15 All deaths were considered cardiac 
unless a definite non-cardiac cause was established. MI 
was defined as the presence of clinical signs of MI, plus a 
creatine kinase-MB fraction or troponin T or I increase 
above the upper normal limit. ST was defined as definite or 
probable ST. Stroke was defined according to the definition 
used in each trial. TVR was defined as ischemia-driven 
repeat revascularization of the treated vessel by PCI or 
bypass surgery.

Statistical Analysis
Patient-level data were obtained from the principal inves-
tigators of each trial. Individual patient data were pooled 
into a single dataset and analyzed with a single-stage 
approach. We used the intention-to-treat population for 

PRECISE-DAPT scores were calculated using a web 
calculator (www.precisedapt.com). Patients lacking 
PRECISE-DAPT scores (n=151) were also excluded, 
resulting in a final study population of 5,131 patients. For 
high bleeding risk patients (PRECISE-DAPT score ≥25), 
European guidelines suggest 6 months of DAPT for ACS 
and 3 months for stable angina. For non-high bleeding risk 
patients, the guidelines recommend 12 months DAPT for 
ACS and 6 months for stable angina.13,14 Based on these 
guidelines, we divided patients into 3 groups: shorter DAPT 
duration than the guideline (shorter DAPT, n=1,540), 
GD-DAPT (n=2,183), and longer DAPT duration than 
the guideline (longer DAPT, n=1,408). Both shorter and 
longer DAPT were classified as non-GD-DAPT (n=2,948) 
(Figure 1). Subgroup analysis was performed based on 
DAPT duration relative to both the guideline and clinical 
presentation.

Study Endpoints
The primary endpoint was net adverse clinical events 
(NACE), comprising cardiac death, myocardial infarction 
(MI), ST, stroke, or major bleeding during the first 12 

Table 1. Clinical and Angiographic Characteristics of the DAPT Subgroups

Characteristics Shorter DAPT 
(n=1,540)

GD DAPT 
(n=2,183)

Longer DAPT 
(n=1,408) P value

Age, (years) 62±9　　 62±10 66±10 0.001

Male sex 1,047 (68.0)　　　 1,524 (69.8)　　　 846 (60.1) 0.001

Diabetes mellitus 527 (34.2) 713 (32.7) 611 (43.4) 0.001

Hypertension 966 (62.7) 1,384 (63.4)　　　 1,006 (71.4)　　　 0.001

CHF 96 (7.6) 81 (5.3) 44 (4.4) 0.003

Current smoker 453 (29.4) 582 (26.7) 286 (20.3) 0.001

Clinical presentation at index procedure 0.001

  Stable angina 209 (13.6) 808 (37.0) 1,194 (84.8)　　　
  Unstable angina 956 (62.1) 980 (44.9) 141 (10.0)

  Non-ST-elevation MI 336 (21.8) 361 (16.5) 69 (4.9)

  ST-elevation MI 39 (2.5) 34 (1.6)   4 (0.3)

Prior PCI 94 (6.1) 179 (8.2)　　 131 (9.3)　　 0.004

Prior MI 58 (3.8) 76 (3.5) 46 (3.3) 0.76　　
LVEF, % 62±10 63±9　　 63±9　　 0.01　　
PRECISE-DAPT score groups† 0.001

  Very low 551 (35.8) 828 (37.9) 364 (25.9)

  Low 570 (37.0) 767 (35.1) 404 (28.7)

  Moderate 328 (21.3) 455 (20.8) 201 (14.3)

  High 91 (5.9) 133 (6.1)　　 439 (13.1)

Angiographic variables

  No. of diseased vessels 0.08　　
    1 764 (49.6) 1,084 (49.7)　　　 637 (45.2)

    2 460 (29.9) 654 (30.0) 467 (33.2)

    3 316 (20.5) 445 (20.3) 304 (21.6)

  Stent type 0.001

    EES 540 (35.0) 1,262 (57.8)　　　 873 (62.0)

    Endeavor ZES 856 (55.6) 315 (14.4) 193 (13.7)

    Resolute ZES 0 313 (14.4) 122 (8.7)　　
    BES 144 (9.4)　　 293 (13.4) 220 (15.6)

  No. of stents per patient 1.4±0.7 1.4±0.7 1.5±0.7 0.002

  Total stent length (mm) 32±18 32±18 34±18 0.04　　

Data are presented as n (%) or mean ± SD. BES, biolimus-eluting stent; CHF, congestive heart failure; EES, everolimus-
eluting stent; GD-DAPT, guideline-recommended score-directed dual antiplatelet therapy; LVEF, left ventricular 
ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; ZES, zotarolimus-eluting stent.
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with P-values <0.2 in the univariate analysis were consid-
ered for inclusion in the multivariable models, including 
age, sex, diabetes mellitus, hypertension, ACS, and type of 
DES. Two-sided P-value <0.05 was considered significant. 
All analyses were performed using SAS version 9.2 (SAS 
Institute, Inc., Cary, NC, USA).

Results
Of the 5,131 patients, the numbers in the shorter DAPT, 
GD-DAPT, and longer DAPT groups were 1,540, 2,183, 

analysis. Continuous variables, presented as mean (standard 
deviation [SD]), were compared using Student’s t-test or 
ANOVA. Categorical variables, presented as count 
(percentage), were compared using the χ2 test or Fisher’s 
exact test, as appropriate. Cumulative event rates were 
estimated using the Kaplan-Meier method, and survival 
curves were compared using the log-rank test stratified by 
the trial in which the patients were enrolled. Multivariate 
Cox proportional analysis was performed to compare 
hazards of each adverse event between DAPT strategies, 
adjusting for potential confounders. Explanatory variables 

Table 2. Clinical Outcomes in the First 12 Months Among the DAPT Subgroups

Shorter 
DAPT 

(n=1,540)

GD-DAPT 
(n=2,183)

Longer 
DAPT 

(n=1,408)

HR (95%CI) 
for shorter 

DAPT
P value* P value†

HR (95% CI) 
for longer 

DAPT
P value* P value†

NACE 19  
(1.2)

26  
(1.2)

24  
(1.7)

0.93  
(0.50–1.71)

0.82 0.37 1.24  
(0.70–2.17)

0.46 0.85

 Cardiac death, MI,  
ST, or stroke

17  
(1.1)

21  
(1.0)

21  
(1.5)

1.12  
(0.58–2.17)

0.73 0.55 1.36  
(0.74–2.50)

0.33 0.90

ST 6  
(0.4)

6  
(0.3)

1  
(0.1)

1.53  
(0.49–4.78)

0.46 0.87 0.25  
(0.03–2.08)

0.20 0.99

TVR 55  
(3.6)

45  
(2.1)

38  
(2.7)

1.88  
(1.26–2.80)

  0.002 0.69 1.25  
(0.81–1.94)

0.31 0.79

Non-TVR 20  
(1.3)

23  
(1.1)

19  
(1.3)

1.17  
(0.63–2.17)

0.62 0.45 1.38  
(0.74–2.57)

0.30 0.52

Ischemic event 67  
(4.4)

62  
(2.8)

57  
(4.0)

1.64  
(1.16–2.32)

  0.005 0.49 1.34  
(0.93–1.92)

0.12 0.87

Bleeding event 7  
(0.5)

12  
(0.6)

13  
(0.9)

0.64  
(0.25–1.68)

0.37 0.82 1.50  
(0.67–3.36)

0.32 0.94

 Stable angina 
(n=2,211)

209 808 1,194

  NACE 1  
(0.5)

6  
(0.7)

15  
(1.3)

0.58  
(0.07–5.10)

0.62 1.46  
(0.56–3.81)

0.44

   Cardiac death, MI, 
ST, or stroke

1  
(0.5)

5  
(0.6)

14  
(1.2)

0.85  
(0.09–7.71)

0.88 1.71  
(0.61–4.80)

0.31

  ST 0 2  
(0.2)

0 Not available Not available

  TVR 7  
(3.3)

20  
(2.5)

33  
(2.8)

1.39  
(0.50–3.89)

0.53 1.08  
(0.61–1.90)

0.79

  Non-TVR 2  
(1.0)

7  
(0.9)

17  
(1.4)

2.22  
(0.27–18.2)

0.46 1.78  
(0.73–4.38)

0.21

  Ischemic event 8  
(3.8)

24  
(3.0)

47  
(3.9)

1.16  
(0.45–2.99)

0.76 1.23  
(0.74–2.04)

0.43

  Bleeding event 0 1  
(0.1)

7  
(0.6)

Not available 3.44  
(0.41–28.8)

0.03

ACS (n=2,920) 1,331 1,375 214

  NACE 18  
(1.4)

20  
(1.5)

9  
(4.2)

0.88  
(0.47–1.67)

0.70 2.41  
(1.06–5.48)

0.04

   Cardiac death, MI, 
ST, or stroke

16  
(1.2)

16  
(1.2)

7  
(3.3)

1.02  
(0.51–2.03)

0.97 2.43  
(0.97–6.12)

0.06

  ST 6  
(0.5)

4  
(0.3)

1  
(0.5)

1.48  
(0.42–5.26)

0.54 1.85  
(0.20–17.2)

0.59

  TVR 48  
(3.6)

25  
(1.8)

5  
(2.3)

2.06  
(1.27–3.35)

0.04 1.20  
(0.45–3.19)

0.72

  Non-TVR 18  
(1.4)

16  
(1.2)

2  
(0.9)

1.19  
(0.60–2.36)

0.62 0.88  
(0.19–4.01)

0.87

  Ischemic event 59  
(4.4)

38  
(2.8)

10  
(4.7)

1.63  
(1.08–2.45)

0.02 1.50  
(0.73–3.06)

0.27

  Bleeding event 7  
(0.5)

11  
(0.8)

6  
(2.8)

0.60  
(0.23–1.56)

0.30 2.95  
(1.03–8.48)

0.04

Data are presented as number (%). *Multivariate proportional Cox analysis, including variables with P-values <0.2 in univariate analysis. 
†Interaction between each DAPT group (GD-DAPT group as reference) and clinical presentation (acute coronary syndrome vs. stable angina). 
GD-DAPT, guideline-recommended score-directed dual antiplatelet therapy; MI, myocardial infarction; NACE, net clinical adverse events; ST, 
stent thrombosis; TVR, target vessel revascularization.
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(1.8% vs. 3.6% and 2.3%, P=0.008) and ischemic events 
(2.8% vs. 4.4% and 4.7% , P= 0.03). In the multivariate 
analysis, longer DAPT was a significant predictor for 
NACE (HR 2.41 [95% CI, 1.06–5.48], P=0.04) and bleeding 
events (HR 2.95 [95% CI, 1.03–8.48], P=0.04), whereas 
shorter DAPT was a predictor for TVR (HR 2.06 [95% CI, 
1.27–3.35], P=0.04) and ischemic events (HR 1.63 [95% CI, 
1.08–2.45], P=0.02). Interestingly, there was a negative 
association between TVR and NACE frequency with 
regards to DAPT duration. Specifically, longer DAPT 
increased the risk of NACE and bleeding compared with 
GD-DAPT. In contrast, shorter DAPT increased the risk 
of ischemic event and TVR compared with GD-DAPT. 
Therefore, GD-DAPT may optimize the balance between 
thrombotic and bleeding events (Figure 4).

Discussion
In this pooled analysis involving patients treated with 2nd-
generation DES, GD-DAPT did not affect NACE or 
bleeding events, but reduced TVR and ischemic events 
at 12 months compared with shorter DAPT. In ACS, 
GD-DAPT reduced NACE and bleeding events compared 
with longer DAPT, and lowered the TVR and ischemic 
rates compared with shorter DAPT. Therefore, individu-
alized DAPT duration regimens according to PRECISE-
DAPT bleeding scores could optimize both the efficacy 
and safety of DAPT, especially in patients with ACS 
(Supplementary Figure 2).

Although 12 months of DAPT therapy is recommended 
for preventing ST with 1st-generation DES,2 the incidence 

and 1,408, respectively. The longer DAPT group was 
older, and had more females, hypertension, and diabetes 
(Table 1, Supplementary Tables 2,3). Overall, NACE did not 
differ among the 3 DAPT groups (1.2% for GD-DAPT vs. 
1.2% for shorter DAPT and 1.7% for longer DAPT, Table 2, 
Figure 2). Shorter DAPT significantly increased the rate of 
TVR relative to the other groups (2.1% vs. 3.6% and 2.7%; 
P=0.02) and the rate of ischemic events (2.8%, 4.4% and 
4.0%; P=0.03). The frequency of bleeding events gradually 
increased with DAPT duration (0.6% vs. 0.5%, and 0.9%), 
but was not statistically significant because of the overall 
low incidence of bleeding events. In the multivariate analysis, 
shorter DAPT was significant predictor for TVR (hazard 
ratio (HR) 1.88 [95% confidence interval (CI) 1.26–2.80], 
P=0.002) and ischemic events (HR 1.64 [95% CI 1.16–
2.32], P=0.005).

Subgroup Analysis
For stable angina patients, although longer DAPT increased 
NACE, these differences were not significant because of 
their overall low incidence (Figure 3). The bleeding event 
rate was higher in the longer DAPT group. TVR and 
ischemic event rates were similar between GD-DAPT and 
shorter DAPT.

In ACS patients, longer DAPT was associated with 
increased NACE (1.5% vs. 1.4%, and 4.2%; P=0.006) 
and bleeding events (0.8% vs. 0.5% and 2.8%; P=0.001) 
compared with the other groups. Even after excluding 
procedure-related bleeding, longer DAPT still increased 
the number of bleeding events (Supplementary Figure 1). 
Shorter DAPT significantly increased the rate of TVR 

Figure 2.  Frequency of clinical 
events in the overall study popula-
tion. Comparison among guideline-
recommended risk score-directed 
(GD) DAPT (blue), shorter (green) 
and longer DAPT (red) in terms of 
(A) net adverse clinical events 
(NACE), (B) target vessel revascu-
larization (TVR), and (C) bleeding 
events. P-value derived from 
Kaplan-Meier survival analysis with 
log-rank.
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treatment with 2nd-generation DES.
Our data showed that GD-DAPT did not reduce NACE 

or bleeding events compared with non-GD-DAPT, which 
suggests that DAPT does not confer significant clinical 
benefits in patients treated with 2nd-generation DES, 
because of the low overall incidence of such events. How-
ever, shorter DAPT increased the rate of early ischemia-
driven TVR. Although TVR is considered as a soft event, 
recent meta-analysis has shown that TVR is related to 
increased long-term mortality.18 Therefore, further evalu-
ation of the long-term safety of shorter DAPT in terms of 
thrombotic events is needed.

In ACS, longer DAPT was significantly associated with 
high NACE and bleeding events. NACE as a net clinical 
outcome was significantly associated with the major bleeding 
event itself, as well as with subsequent ischemic events, 
because of discontinuation of antiplatelet agents. More 
than half of recorded NACE were bleeding events in the 
longer DAPT group, which means that lower thrombotic 
risk combined with the safety of 2nd-generation DES 
attenuated the clinical benefits of longer DAPT for reducing 
ischemic events. Furthermore, previous reports showed 
that longer DAPT or potent P12Y12 inhibitors increased 
bleeding events as well as major adverse cardiovascular 
and clinical events (MACCE).19 These findings can be 
explained by increased bleeding events, which may be 

of ST has declined considerably following the advent of 
safer, newer-generation DES. Indeed, a recent study of 
optimal stent implantation showed zero ST incidence 
after 1 year with everolimus stents.16 Furthermore, the 
SECURITY trial, which evaluated short DAPT after 
2nd-generation DES implantation, showed no additional 
benefit of DAPT therapy for 12 months.5 Because potent 
and prolonged antiplatelet therapy increases the bleeding 
risk, prolonged DAPT is not justified by the currently small 
benefit towards ST prevention.

However, data also suggest that potent antiplatelet therapy 
can reduce ischemic events, including non-stent-related MI 
and stroke, for high ischemic risk patients. Such patients 
include post-acute MI or patients who have undergone 
complex coronary interventions.10,17 Indeed, the SMART-
DATE trial, which evaluated 2nd-generation DES for 
ACS, showed that short DAPT increased MI incidence 
compared with the standard DAPT duration.12 This dis-
crepancy created the need for risk stratification to determine 
which patients would benefit from shorter or longer DAPT, 
based on individual bleeding and ischemic event risk. 
Current European guidelines recommend a well-validated 
2-score system. DAPT duration within 1 year is based on 
PRECISE-DAPT, and that after 1 year is based on the 
DAPT score.13 However, tailored DAPT duration has not 
yet been validated in terms of efficacy and safety after 

Figure 3.  Frequency of clinical events in patients according to clinical presentation. (A–C) Comparison among guideline-
recommended risk score-directed (GD)-DAPT (blue), shorter (green) and longer DATP (red) in terms of (A) net adverse clinical 
events (NACE), (B) target vessel revascularization (TVR), and (C) bleeding events in acute coronary syndrome subgroup. (D–F) 
In the stable angina group, comparison among GD-DAPT, shorter and longer DAPT than GD-DAPT in terms of (D) NACE, (E) TVR, 
and (F) bleeding events. P-value derived from Kaplan-Meier survival analysis with log-rank.
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vance of iron deficiency in coronary disease must be 
further investigated.

Study Limitations
First, only clopidogrel was used with aspirin as DAPT in 
our studies, so we could not expand the effects of GD-
DAPT with other antiplatelet agents, such as ticagrelor or 
prasugrel. Second, we could not evaluate DAPT shorter 
than the guideline for stable angina or patients with very 
high bleeding risk, as there were no data on DAPT of less 
than 3 months in this analysis. Data from recent random 
trials evaluating 1-month DAPT followed by ticagrelor 
monotherapy suggest this was not superior to 12 months 
of DAPT in preventing all-cause death or MI in both 
stable angina and ACS patients.24 This suggests that DAPT 
duration only based on clinical presentation may not be 
sufficient to optimize clinical outcomes. Therefore, more 
precise and personalized DAPT treatment may be needed. 
Third, in our study, the incidence of bleeding events was 
low, potentially because of most of the study population 
had non-high bleeding risk or there was a lack of detailed 
information on bleeding. Indeed, only the TIMI bleeding 
criteria were available in our study, so bleeding events 
may have been underestimated. Fourth, 1 year of clinical 
follow-up may not be sufficient to assess late outcomes, 
and we could not evaluate the efficacy and safety of DAPT 
score-based therapy after 1 year. Finally, our study showed 
an association between guideline-based DAPT and optimal 
clinical results rather than causality. Therefore, our obser-
vations should be considered as non-conclusive and 
hypothesis-generating.

At 12 months, GD-DAPT did not affect NACE or 
bleeding events, but reduced ischemic events compared with 

associated with higher MACCE caused by bleeding events 
and a higher tendency to discontinue antiplatelet agents 
after bleeding events. However, our results should be 
interpreted with caution because the majority of ACS cases 
was unstable angina, with relatively lower ischemic risk than 
MI. The SMART-DATE trial included a higher ischemic 
risk population with more than half of the patients experi-
encing acute MI and showing longer DAPT (>12 months) 
and reduced recurrent MI events.12 Therefore, ischemic 
risk stratification, in addition to the suggested bleeding risk 
stratification, might require tailored DAPT regimens to 
consider the ischemic and bleeding risks in each clinical 
situation.20

Bleeding events are ultimately associated with poor clin-
ical outcomes. In the PARIS registry, disruptions because 
of bleeding or non-compliance were associated with a 
substantial increase in MACE.21 Once bleeding events 
occur, DAPT cannot be reduced, because the amount of 
ongoing bleeding is unpredictable. Transfusion followed 
by bleeding also increases thrombotic risk.22 Even without 
a transfusion, enhanced hematopoietic function increases 
the platelet turnover rate. Furthermore, immature platelets 
not inhibited by clopidogrel can increase the thrombotic 
risk.23 Iron deficiency combined with chronic anemia after 
DAPT also affects clinical outcomes. In our study, one-third 
of bleeding events were chronic severe anemia with 
unknown bleeding focus (Supplementary Table 4). Chronic 
blood loss with DAPT can enhance iron deficiency. Iron, 
in addition to oxygen transport and storage, is also funda-
mental for the activity of key enzymes in the citric acid 
cycle and for metabolism of reactive oxygen species. Iron 
deficiency impairs cellular energy release and exacerbates 
atrophy and cardiac apoptosis. However, the clinical rele-

Figure 4.  Guideline-recommended risk score-directed reduced net adverse clinical events (NACE) frequency compared with 
longer DAPT and reduced TVR frequency compared with shorter DAPT, with a modest bleeding event rate. DAPT, dual antiplatelet 
therapy; TVR, target vessel revascularization.
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shorter GD-DAPT. For ACS, GD-DAPT was associated 
with low NACE compared with longer DAPT and reduced 
TVR frequency compared with shorter DAPT, with a 
modest bleeding event rate. Thus, GD-DAPT may optimize 
treatment efficacy and safety after 2nd-generation DES 
implantation, particularly in ACS patients.
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