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DAPT for less than 12 months:

To prevent stent thrombosis
To reduce the risk or recurrent ACS

To reduce the risk of bleeding
To reduce side-effects of the drugs
To reduce cost of the treatment

Let’s keep it long

Let’s shorten it

!



Early generation vs new generation DES
Cdeath, MI, TLR Target-lesion Revasc Definite ST

HR 0.75 (0.63-0.89), P=0.001 HR 0.56 (0.44-0.70), P<0.001 HR 0.40 (0.25-0.65), P<0.001

Pooled Analysis (n =6,081):
SIRTAX, LEADERS, RESOLUTE, BIOSCIENCE 

New-DES (n =4,554), Early-DES (n =1,527) 
Follow-up available in 97.2% of patients at 2-year
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NORSTENT trial (2016): definite ST rate lower in DES group (0.8% vs 1.2%; P=0.0498) 
over 6 years FU

Bønaa KH, Mannsverk J, Wiseth R, et al: Drug-eluting or bare metal stents for coronary artery disease. NEJM 2016. 
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dix). The corresponding event rates for peripro-
cedural myocardial infarction were 3.4% and 
3.8%, respectively (hazard ratio, 0.83; 95% CI, 
0.66 to 1.04; P = 0.10). There were no significant 
differences between groups in the composite 
outcomes that included the primary outcome 
plus periprocedural myocardial infarction. The 
28-day case fatality rate was 16% after spontane-
ous myocardial infarction, as compared with 1% 
after periprocedural myocardial infarction.

The 6-year rate of any revascularization was 
16.5% in the group receiving drug-eluting stents 
and 19.8% in the group receiving bare-metal 
stents, an absolute risk reduction of 3.3 percent-

age points (hazard ratio, 0.76; 95% CI, 0.69 to 
0.85; P<0.001) (Table 2 and Fig. 2). On the basis 
of this result, 30 patients would need to be 
treated with drug-eluting stents rather than bare-
metal stents to prevent one repeat revasculariza-
tion. The difference in any revascularization 
between groups was driven by lower rates of 
target-lesion revascularization in the group re-
ceiving drug-eluting stents.

At 6 years, the rates of definite stent throm-
bosis were low in both groups — 0.8% in the 
group receiving drug-eluting stents and 1.2% in 
the group receiving bare-metal stents (P = 0.0498); 
the rates for BARC 3, 4, or 5 bleeding were 5.5% 

Figure 2. Clinical Outcomes.

Shown are Kaplan–Meier curves for patients receiving drug-eluting stents and those receiving bare-metal stents for the primary com-
posite outcome of death from any cause and nonfatal spontaneous myocardial infarction (Panel A), death from any cause (Panel B),  
any revascularization with percutaneous coronary revascularization (PCI) or coronary-artery bypass grafting (CABG) (Panel C), and  
definite stent thrombosis, as assessed according to the criteria of the Academic Research Consortium (Panel D). The insets show the 
same data on an expanded y axis.
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Second generation DES



Disease progression and late graft failure

Repeat revascularization is indicated in patients with extensive ischaemia or severe symptoms despite medical therapy. I B

IMA is the conduit of choice for redo CABG in patients in whom the IMA was not used previously. I B

DES are recommended for the treatment of in-stent restenosis within BMS or DES. I A

Drug-coated balloons are recommended for the treatment of in-stent restenosis within BMS or DES. I A

Prevention of ventricular arrhythmias by revascularization

A primary PCI strategy is recommended in patients with resuscitated cardiac arrest and an ECG consistent with STEMI. I B

Perioperative oral b-blocker therapy is recommended for the prevention of post-operative AF after CABG surgery. I B

Procedural aspects of CABG

Arterial grafting with an IMA to the LAD system is recommended. I B

Use of the radial artery is recommended over the saphenous vein in patients with high-degree stenosis. I A

Skeletonized IMA dissection is recommended in patients with high risk of sternal wound infection. I B

Minimization of aortic manipulation is recommended. I B

Procedural aspects of PCI

DESf are recommended over BMS for any PCI irrespective of:

• clinical presentation

• lesion type

• planned non-cardiac surgery

• anticipated duration of DAPT

• concomitant anticoagulant therapy.

I A

Radial access is recommended as the standard approach, unless there are overriding procedural considerations. I A

Stent implantation in the main vessel only, followed by provisional balloon angioplasty with or without stenting of the

side branch, is recommended for PCI of bifurcation lesions.
I A

Antithrombotic treatment in SCAD patients undergoing PCI

Treatment with 600 mg clopidogrel is recommended in elective PCI patients once anatomy is known and the decision

has been made to proceed with PCI.
I A

Aspirin is indicated before elective stenting. I A

Clopidogrel (600 mg loading dose and 75 mg daily maintenance dose) is recommended for elective stenting. I A

UFH is indicated as a standard anticoagulant (70–100 U/kg). I B

Life-long single antiplatelet therapy, usually aspirin, is recommended. I A

In patients with SCAD treated with coronary stent implantation, DAPT consisting of clopidogrel in addition to aspirin is

generally recommended for 6 months, irrespective of the stent type.
I A

Antithrombotic treatment in NSTE-ACS patients undergoing PCI

Aspirin is recommended for all patients without contraindications at an initial oral loading dose of 150–300 mg (or

75–250 mg i.v.) and at a maintenance dose of 75–100 mg daily long-term, regardless of treatment strategy.
I A

Continued
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DAPT: the longer the better…?

Recommendations for antithrombotic treatment in stable coronary artery disease patients undergoing percutaneous
coronary intervention

Recommendations Classa Levelb

Pre-treatment and antiplatelet therapy

Treatment with 600 mg clopidogrel is recommended in elective PCI patients once the coronary anatomy is known and

a decision is made to proceed with PCI.667,679,680 I A

Pre-treatment with clopidogrel may be considered if the probability of PCI is high. IIb C

In patients on a maintenance dose of 75 mg clopidogrel, a new loading dose of 600 mg may be considered once the indi-

cation for PCI is confirmed.
IIb C

Peri-interventional treatment

Aspirin is indicated before elective stenting.681–683 I A

An oral loading dose of aspirin (150–300 mg p.o. or 75–250 mg i.v.) is recommended if the patient is not pre-treated. I C

Clopidogrel (600 mg loading dose, 75 mg daily maintenance dose) is recommended for elective stenting.684–688 I A

Glycoprotein IIb/IIIa antagonists should be considered only for bail-out. IIa C

Prasugrel or ticagrelor may be considered in specific high-risk situations of elective stenting (e.g. history of stent throm-

bosis or left main stenting).
IIb C

Unfractionated heparin is indicated as the standard anticoagulant (70–100 U/kg).670,671 I B

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) is indicated in the case of hep-

arin-induced thrombocytopenia.
I C

Enoxaparin (i.v. 0.5 mg/kg) should be considered as an alternative agent.672,689 IIa B

Cangrelor may be considered in P2Y12-inhibitor naı̈ve patients undergoing PCI.673 IIb A

Post-interventional and maintenance treatment

Life-long single antiplatelet therapy, usually aspirin, is recommended.681,683 I A

Instruction of patients about the importance of complying with antiplatelet therapy is recommended. I C

In patients with SCAD treated with coronary stent implantation, DAPT consisting of clopidogrel in addition to aspirin is

generally recommended for 6 months, irrespective of the stent type.c 690–694 I A

In patients with SCAD treated with BRS, DAPT should be considered for at least 12 months and up to the presumed

full absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.
IIa C

In patients with SCAD treated with DCB, DAPT should be considered for 6 months.369,371 IIa B

In patients with SCAD considered at high bleeding risk (e.g. PRECISE-DAPT >_25), DAPT should be considered for 3

months.d 695,696 IIa A

In patients with SCAD who have tolerated DAPT without a bleeding complication and who are at low bleeding risk but

high thrombotic risk, continuation of DAPT with clopidogrel for >6 months and up to 30 months may be

considered.697–700

IIb A

In patients with SCAD in whom 3 month DAPT poses safety concerns, DAPT may be considered for 1 month. IIb C

BRS = bioresorbable scaffold; CAD = coronary artery disease; DAPT = dual antiplatelet therapy; DCB = drug-coated balloon; i.v. = intravenous; MI = myocardial infarction;
PCI = percutaneous coronary intervention; p.o. = orally; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual
Anti Platelet Therapy; SCAD = stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cThese recommendations refer to stents that are supported by large-scale randomized trials with clinical endpoint evaluation leading to an unconditional CE mark.
dThe evidence supporting this recommendation comes from two studies where the zotarolimus-eluting Endeavour stent was investigated in conjunction with a 3 month DAPT
regimen.
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Peri-interventional therapy

Anticoagulation is recommended for all patients in addition to antiplatelet therapy.703,726 I A

It is recommended that anticoagulation is selected according to both ischaemic and bleeding risks, and according to

the efficacy–safety profile of the chosen agent.
I C

UFH is recommended. I C

In patients on fondaparinux, a single bolus UFH (85 IU/kg, or 60 IU in the case of concomitant use of GP IIb/IIIa

receptor inhibitors) is indicated.727 I B

Enoxaparin should be considered in patients pre-treated with subcutaneous enoxaparin.689 IIa B

Discontinuation of parenteral anticoagulation should be considered immediately after an invasive procedure. IIa C

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) may be considered as an

alternative to UFH.163,708,710,714,728 IIb A

Crossover of UFH and LMWH is not recommended.705 III B

b.i.d. = twice daily; GP = glycoprotein; i.v. = intravenous; LMWH = low-molecular-weight heparin; NSTE-ACS = non-ST-segment elevation acute coronary syndromes; PCI =
percutaneous coronary intervention; UFH = unfractionated heparin.
aClass of recommendation.
bLevel of evidence.

Recommendations for post-interventional and maintenance treatment in patients with non-ST-elevation acute coro-
nary syndromes and ST-elevation myocardial infarction undergoing percutaneous coronary intervention

Recommendations Classa Levelb

In patients with ACS treated with coronary stent implantation, DAPT with a P2Y12 inhibitor on top of aspirin is rec-

ommended for 12 months unless there are contraindications such as an excessive risk of bleeding (e.g. PRECISE-

DAPT >_25).701,702,722,723

I A

In patients with ACS and stent implantation who are at high risk of bleeding (e.g. PRECISE-DAPT >_25), discontinua-

tion of P2Y12 inhibitor therapy after 6 months should be considered.729,730 IIa B

In patients with ACS treated with BRS, DAPT should be considered for at least 12 months and up to the presumed

full absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.
IIa C

De-escalation of P2Y12 inhibitor treatment (e.g. with a switch from prasugrel or ticagrelor to clopidogrel) guided by

platelet function testing may be considered as an alternative DAPT strategy, especially for ACS patients deemed

unsuitable for 12-month potent platelet inhibition.717

IIb B

In patients with ACS who have tolerated DAPT without a bleeding complication, continuation of DAPT for longer

than 12 months may be considered.700,731 IIb A

In patients with MI and high ischaemic riskc who have tolerated DAPT without a bleeding complication, ticagrelor

60 mg b.i.d. for longer than 12 months on top of aspirin may be preferred over clopidogrel or prasugrel.732–734 IIb B

In ACS patients with no prior stroke/TIA, and at high ischaemic risk as well as low bleeding risk, receiving aspirin

and clopidogrel, low-dose rivaroxaban (2.5 mg b.i.d. for approximately 1 year) may be considered after discontinua-

tion of parenteral anticoagulation.720

IIb B

ACS = acute coronary syndrome; b.i.d. = twice daily; BRS = bioresorbable scaffold; DAPT = dual antiplatelet therapy; MI = myocardial infarction; PCI = percutaneous coronary
intervention; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual Anti Platelet Therapy; TIA = transient ischae-
mic attack.
aClass of recommendation.
bLevel of evidence.
cDefined as >_50 years of age and having one of the following additional high-risk features: age >_65 years or older, diabetes mellitus requiring medication, a second prior sponta-
neous MI, multivessel coronary artery disease, or chronic renal dysfunction, defined as an estimated creatinine clearance <60 mL/min.
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DAPT was associated with no ischaemic benefit but a remarkable
bleeding burden leading to an NNT for harm of 38.18 On the other
hand, longer treatment in patients without high bleeding risk
(PRECISE-DAPT score <25) was associated with no increase in bleed-
ing and a significant reduction in the composite ischaemic endpoint of
MI, definite stent thrombosis, stroke, and target vessel revasculariza-
tion, with an NNT for benefit of 65.18 Selecting a shorter than 12-
month treatment duration in patients deemed at high bleeding risk
upfront may therefore prevent their exposure to an excessive bleeding
hazard. In turn, patients at non-high bleeding risk might receive a stand-
ard (i.e. 12 months) or prolonged (i.e. >12 months) course of treat-
ment if tolerated.

However, none of these risk prediction models have been pro-
spectively tested in the setting of RCTs. Therefore, their value in
improving patient outcomes remains unclear.

3.6 Type of P2Y12 inhibitor and timing of
initiation
Clopidogrel: Clopidogrel is associated with a better safety profile than
ticlopidine, mainly in terms of allergy, skin or gastrointestinal disor-
ders, and neutropenia, while it has a similar degree and consistency of
P2Y12 inhibition and bleeding risk.21,22 The wide variability in the
pharmacodynamic response to ticlopidine and clopidogrel is linked
to several factors, including genotype polymorphisms.22 Clinical evi-
dence with respect to the optimal duration of clopidogrel therapy
after PCI is discussed elsewhere (Chapter 4).

Prasugrel: Prasugrel achieves a faster, greater, and more consistent
degree of P2Y12 inhibition as compared to clopidogrel. Prasugrel
requires two metabolic steps for formation of its active metabolite,
which is chemically similar to the active metabolite of clopidogrel.
The Trial to Assess Improvement in Therapeutic Outcomes by
Optimizing Platelet Inhibition with Prasugrel–Thrombolysis in
Myocardial Infarction (TRITON-TIMI 38) included P2Y12 inhibitor-
naı̈ve ACS patients in whom coronary anatomy was deemed suitable
for PCI, or patients with ST-segment elevation myocardial infarction
(STEMI) referred for primary PCI.23 Duration of DAPT was up to
15 months in both study arms. The composite primary endpoint (car-
diovascular death, non-fatal MI, or stroke) occurred in 9.3% of
prasugrel-treated patients vs. 11.2% of clopidogrel-treated patients
[hazard ratio (HR) 0.82, 95% confidence interval (CI) 0.73–0.93; P =
0.002], mostly driven by a significant risk reduction for MI [from 9.2%

to 7.1%; relative risk reduction (RRR) 23.9%, 95% CI 12.7–33.7; P <
0.001).23 There was no difference in the rates of either non-fatal
stroke or cardiovascular death.

Prasugrel was associated with a significant increase in the rate of
non-CABG-related TIMI major bleeding (2.4% vs. 1.8%; HR 1.32, 95%
CI 1.03–1.68; P = 0.03). Life-threatening bleeding was significantly
increased under prasugrel compared with clopidogrel (1.4% vs. 0.9%;
HR 1.52, 95% CI 1.08–2.13; P = 0.01), as was fatal bleeding (0.4% vs.
0.1%, HR 4.19, 95% CI 1.58–11.11; P = 0.002). CABG-related bleed-
ing was also higher in prasugrel-treated patients (13.4% vs. 3.2%; HR
4.72, 95% CI 1.90–11.82; P < 0.001). There was evidence of net harm
with prasugrel in patients with a history of cerebrovascular events. In
addition, there was no apparent net clinical benefit in patients
>_75 years of age and in patients with low body weight (<60 kg).23

Prasugrel was not tested in medically managed ACS patients in the
setting of the TRITON-TIMI 38 study. In the Targeted Platelet
Inhibition to Clarify the Optimal Strategy to Medically Manage Acute
Coronary Syndromes (TRILOGY ACS) study, which exclusively
included medically managed ACS patients, the primary endpoint of
death from cardiovascular causes, MI, or stroke among patients
under the age of 75 years occurred in 13.9% of the prasugrel group
and 16.0% of the clopidogrel group (HR 0.91, 95% CI 0.79–1.05; P =
0.21), at a median follow-up of 17 months.24 Similar results were
observed in the overall population (i.e. also including elderly patients).
Hence, prasugrel is not indicated in medically managed ACS patients.

The TRITON-TIMI 38 study mandated the use of prasugrel or clo-
pidogrel after coronary angiography if an indication to proceed to
PCI was established. Pre-treatment was allowed only in STEMI
patients undergoing primary intervention (n = 2438).

For the comparison of prasugrel at the time of PCI, in the A
Comparison of Prasugrel at the Time of Percutaneous Coronary
Intervention Or as Pretreatment At the Time of Diagnosis in Patients
with Non-ST-Elevation Myocardial Infarction (ACCOAST), 4033
patients with non-STEMI (NSTEMI) who were scheduled to undergo
coronary angiography within 2–48 h after randomization were assigned
to receive prasugrel (a 30 mg loading dose) before angiography (pre-
treatment group) or placebo (control group).25 When PCI was indi-
cated, an additional 30 mg of prasugrel was given in the pre-treatment
group at the time of PCI and 60 mg of prasugrel was given in the control
group. The rate of the primary efficacy endpoint, a composite of death
from cardiovascular causes, MI, stroke, urgent revascularization, or gly-
coprotein IIb/IIIa inhibitor rescue therapy (glycoprotein IIb/IIIa bailout)
through day 7, did not differ significantly between the two groups (HR
with pre-treatment 1.02, 95% CI 0.84–1.25; P = 0.81).25 The rate of the
key safety endpoint of all TIMI major bleeding episodes, whether related
to CABG or not, through day 7 was increased with pre-treatment (HR
1.90, 95% CI 1.19–3.02; P = 0.006). The rates of TIMI major bleeding
and life-threatening bleeding not related to CABG were increased by a
factor of 3 and 6, respectively. Pre-treatment did not reduce the rate of
the primary outcome among patients undergoing PCI (69% of the
patients) but increased the rate of TIMI major bleeding at 7 days.25

Hence, prasugrel is not indicated in patients with ACS in whom cor-
onary anatomy is not known and an indication for PCI is not clearly
established, with the exception of STEMI patients scheduled to undergo
immediate coronary catheterization and PCI, if clinically indicated.

In the DAPT trial, 3461 patients (34.7% of the total trial population)
who were treated with prasugrel within the first 12 months after

Use of risk scores as guidance for the duration of dual
antiplatelet therapy

Recommendations Classa Levelb

The use of risk scores designed to evaluate

the benefits and risks of different DAPT

durationsc may be considered.15,18

IIb A

DAPT = dual antiplatelet therapy.
aClass of recommendation.
bLevel of evidence.
cThe DAPT and PRECISE-DAPT scores are those currently fulfilling these
requirements.
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.low-risk score (<2) selected patients recruited in the DAPT trial who
did not derive any reduction of ischaemic events from prolonging
DAPT, with a significant increase in moderate/major bleeding (NNT
for harm = 64). As DAPT duration was not randomized in the
PROTECT trial, the value of the DAPT score in guiding the duration
of therapy has so far only been shown for patients recruited to the
DAPT trial. Additional validation of the DAPT score to guide DAPT
duration is needed, especially in the context of less well-selected
patients as compared to those recruited in the DAPT trial and under-
going treatment with new-generation DES only.

Two independent predictive scores for bleeding [age, body mass
index, smoking, anaemia, creatinine clearance (CrCl), and triple ther-
apy at discharge] and MI or stent thrombosis [diabetes mellitus, ACS,
smoking, CrCl, prior PCI, and prior coronary artery bypass graft sur-
gery (CABG)] have also been developed from the Patterns of
Nonadherence to Antiplatelet Regimens in Stented Patients (PARIS)
registry.16 PARIS was a prospective, multicentre, observational study
of patients undergoing PCI with stent implantation in the USA and
Europe, which was designed to examine the different modes of
DAPT cessation and to investigate the influence of these modes on
subsequent clinical adverse events.17 This registry study included
patients with an indication for oral anticoagulation. The value of the
PARIS bleeding and/or ischaemic risk scores to tailor DAPT duration
remains unclear, since therapy duration was not randomized in the
PARIS study and no study to date has applied the results of these

scores for DAPT type or duration guidance. A high ischaemic risk sta-
tus was observed in roughly 40% of high bleeding risk patients16 and
as many as 65.3% presented low ischaemic and bleeding risks.16

Therefore, it remains unclear how DAPT duration should be guided
by the simultaneous assessment of ischaemic and bleeding risk fea-
tures according to PARIS.

The PRECISE-DAPT (PREdicting bleeding Complications In
patients undergoing Stent implantation and subsEquent Dual Anti
Platelet Therapy) collaborative study included a total of 14 963
patients with CAD who underwent elective, urgent, or emergent PCI
and generated a five-item (age, CrCl, haemoglobin, white blood cell
count, and prior spontaneous bleeding) prediction algorithm for out-
of-hospital bleeding in patients treated with DAPT.18

The predictive performance of this novel score was assessed in the
derivation cohort and validated in 8595 and 6172 patients treated with
PCI from the PLATelet inhibition and patient Outcomes (PLATO) trial
and the Bern PCI registry,19,20 respectively. The PRECISE-DAPT score
showed improved integrated discrimination and reclassification per-
formance as compared to the PARIS bleeding score in both validation
cohorts.18 The usefulness of this score was also assessed within
patients randomized to different DAPT durations (n = 10 081) to iden-
tify the effect on bleeding and ischaemia of a long (12–24 months) or
short (3–6 months) treatment duration in relation to baseline bleeding
risk. It was observed that among patients deemed at high bleeding risk
based on PRECISE-DAPT (PRECISE-DAPT score >_25), prolonged

Table 3 Risk scores validated for dual antiplatelet therapy duration decision-making

CHF = congestive heart failure; CrCl = creatinine clearance; DAPT = dual antiplatelet therapy; Hb = haemoglobin; LVEF = left ventricular ejection fraction; MI = myocardial
infarction; PCI = percutaneous coronary intervention; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual
Anti Platelet Therapy; WBC = white blood cell count.
aFor the PRECISE-DAPT score use the score nomogram: mark patient’s value for each of the five clinical variables of the score and draw a vertical line to the ‘Point’ axis to
determine the number of points obtained for each clinical variable. Than summate the points obtained for each clinical variable to the total score. A practical case example for
score calculation is provided in Web Figure 1 of the Web Addenda.
For the DAPT score summate positive points for each value and subtract values for age to the total score.
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Recommendations for antithrombotic treatment in stable coronary artery disease patients undergoing percutaneous
coronary intervention

Recommendations Classa Levelb

Pre-treatment and antiplatelet therapy

Treatment with 600 mg clopidogrel is recommended in elective PCI patients once the coronary anatomy is known and

a decision is made to proceed with PCI.667,679,680 I A

Pre-treatment with clopidogrel may be considered if the probability of PCI is high. IIb C

In patients on a maintenance dose of 75 mg clopidogrel, a new loading dose of 600 mg may be considered once the indi-

cation for PCI is confirmed.
IIb C

Peri-interventional treatment

Aspirin is indicated before elective stenting.681–683 I A

An oral loading dose of aspirin (150–300 mg p.o. or 75–250 mg i.v.) is recommended if the patient is not pre-treated. I C

Clopidogrel (600 mg loading dose, 75 mg daily maintenance dose) is recommended for elective stenting.684–688 I A

Glycoprotein IIb/IIIa antagonists should be considered only for bail-out. IIa C

Prasugrel or ticagrelor may be considered in specific high-risk situations of elective stenting (e.g. history of stent throm-

bosis or left main stenting).
IIb C

Unfractionated heparin is indicated as the standard anticoagulant (70–100 U/kg).670,671 I B

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) is indicated in the case of hep-

arin-induced thrombocytopenia.
I C

Enoxaparin (i.v. 0.5 mg/kg) should be considered as an alternative agent.672,689 IIa B

Cangrelor may be considered in P2Y12-inhibitor naı̈ve patients undergoing PCI.673 IIb A

Post-interventional and maintenance treatment

Life-long single antiplatelet therapy, usually aspirin, is recommended.681,683 I A

Instruction of patients about the importance of complying with antiplatelet therapy is recommended. I C

In patients with SCAD treated with coronary stent implantation, DAPT consisting of clopidogrel in addition to aspirin is

generally recommended for 6 months, irrespective of the stent type.c 690–694 I A

In patients with SCAD treated with BRS, DAPT should be considered for at least 12 months and up to the presumed

full absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.
IIa C

In patients with SCAD treated with DCB, DAPT should be considered for 6 months.369,371 IIa B

In patients with SCAD considered at high bleeding risk (e.g. PRECISE-DAPT >_25), DAPT should be considered for 3

months.d 695,696 IIa A

In patients with SCAD who have tolerated DAPT without a bleeding complication and who are at low bleeding risk but

high thrombotic risk, continuation of DAPT with clopidogrel for >6 months and up to 30 months may be

considered.697–700

IIb A

In patients with SCAD in whom 3 month DAPT poses safety concerns, DAPT may be considered for 1 month. IIb C

BRS = bioresorbable scaffold; CAD = coronary artery disease; DAPT = dual antiplatelet therapy; DCB = drug-coated balloon; i.v. = intravenous; MI = myocardial infarction;
PCI = percutaneous coronary intervention; p.o. = orally; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual
Anti Platelet Therapy; SCAD = stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cThese recommendations refer to stents that are supported by large-scale randomized trials with clinical endpoint evaluation leading to an unconditional CE mark.
dThe evidence supporting this recommendation comes from two studies where the zotarolimus-eluting Endeavour stent was investigated in conjunction with a 3 month DAPT
regimen.
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Peri-interventional therapy

Anticoagulation is recommended for all patients in addition to antiplatelet therapy.703,726 I A

It is recommended that anticoagulation is selected according to both ischaemic and bleeding risks, and according to

the efficacy–safety profile of the chosen agent.
I C

UFH is recommended. I C

In patients on fondaparinux, a single bolus UFH (85 IU/kg, or 60 IU in the case of concomitant use of GP IIb/IIIa

receptor inhibitors) is indicated.727 I B

Enoxaparin should be considered in patients pre-treated with subcutaneous enoxaparin.689 IIa B

Discontinuation of parenteral anticoagulation should be considered immediately after an invasive procedure. IIa C

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) may be considered as an

alternative to UFH.163,708,710,714,728 IIb A

Crossover of UFH and LMWH is not recommended.705 III B

b.i.d. = twice daily; GP = glycoprotein; i.v. = intravenous; LMWH = low-molecular-weight heparin; NSTE-ACS = non-ST-segment elevation acute coronary syndromes; PCI =
percutaneous coronary intervention; UFH = unfractionated heparin.
aClass of recommendation.
bLevel of evidence.

Recommendations for post-interventional and maintenance treatment in patients with non-ST-elevation acute coro-
nary syndromes and ST-elevation myocardial infarction undergoing percutaneous coronary intervention

Recommendations Classa Levelb

In patients with ACS treated with coronary stent implantation, DAPT with a P2Y12 inhibitor on top of aspirin is rec-

ommended for 12 months unless there are contraindications such as an excessive risk of bleeding (e.g. PRECISE-

DAPT >_25).701,702,722,723

I A

In patients with ACS and stent implantation who are at high risk of bleeding (e.g. PRECISE-DAPT >_25), discontinua-

tion of P2Y12 inhibitor therapy after 6 months should be considered.729,730 IIa B

In patients with ACS treated with BRS, DAPT should be considered for at least 12 months and up to the presumed

full absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.
IIa C

De-escalation of P2Y12 inhibitor treatment (e.g. with a switch from prasugrel or ticagrelor to clopidogrel) guided by

platelet function testing may be considered as an alternative DAPT strategy, especially for ACS patients deemed

unsuitable for 12-month potent platelet inhibition.717

IIb B

In patients with ACS who have tolerated DAPT without a bleeding complication, continuation of DAPT for longer

than 12 months may be considered.700,731 IIb A

In patients with MI and high ischaemic riskc who have tolerated DAPT without a bleeding complication, ticagrelor

60 mg b.i.d. for longer than 12 months on top of aspirin may be preferred over clopidogrel or prasugrel.732–734 IIb B

In ACS patients with no prior stroke/TIA, and at high ischaemic risk as well as low bleeding risk, receiving aspirin

and clopidogrel, low-dose rivaroxaban (2.5 mg b.i.d. for approximately 1 year) may be considered after discontinua-

tion of parenteral anticoagulation.720

IIb B

ACS = acute coronary syndrome; b.i.d. = twice daily; BRS = bioresorbable scaffold; DAPT = dual antiplatelet therapy; MI = myocardial infarction; PCI = percutaneous coronary
intervention; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual Anti Platelet Therapy; TIA = transient ischae-
mic attack.
aClass of recommendation.
bLevel of evidence.
cDefined as >_50 years of age and having one of the following additional high-risk features: age >_65 years or older, diabetes mellitus requiring medication, a second prior sponta-
neous MI, multivessel coronary artery disease, or chronic renal dysfunction, defined as an estimated creatinine clearance <60 mL/min.
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Recommendations for antithrombotic treatment in stable coronary artery disease patients undergoing percutaneous
coronary intervention

Recommendations Classa Levelb

Pre-treatment and antiplatelet therapy

Treatment with 600 mg clopidogrel is recommended in elective PCI patients once the coronary anatomy is known and

a decision is made to proceed with PCI.667,679,680 I A

Pre-treatment with clopidogrel may be considered if the probability of PCI is high. IIb C

In patients on a maintenance dose of 75 mg clopidogrel, a new loading dose of 600 mg may be considered once the indi-

cation for PCI is confirmed.
IIb C

Peri-interventional treatment

Aspirin is indicated before elective stenting.681–683 I A

An oral loading dose of aspirin (150–300 mg p.o. or 75–250 mg i.v.) is recommended if the patient is not pre-treated. I C

Clopidogrel (600 mg loading dose, 75 mg daily maintenance dose) is recommended for elective stenting.684–688 I A

Glycoprotein IIb/IIIa antagonists should be considered only for bail-out. IIa C

Prasugrel or ticagrelor may be considered in specific high-risk situations of elective stenting (e.g. history of stent throm-

bosis or left main stenting).
IIb C

Unfractionated heparin is indicated as the standard anticoagulant (70–100 U/kg).670,671 I B

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) is indicated in the case of hep-

arin-induced thrombocytopenia.
I C

Enoxaparin (i.v. 0.5 mg/kg) should be considered as an alternative agent.672,689 IIa B

Cangrelor may be considered in P2Y12-inhibitor naı̈ve patients undergoing PCI.673 IIb A

Post-interventional and maintenance treatment

Life-long single antiplatelet therapy, usually aspirin, is recommended.681,683 I A

Instruction of patients about the importance of complying with antiplatelet therapy is recommended. I C

In patients with SCAD treated with coronary stent implantation, DAPT consisting of clopidogrel in addition to aspirin is

generally recommended for 6 months, irrespective of the stent type.c 690–694 I A

In patients with SCAD treated with BRS, DAPT should be considered for at least 12 months and up to the presumed

full absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.
IIa C

In patients with SCAD treated with DCB, DAPT should be considered for 6 months.369,371 IIa B

In patients with SCAD considered at high bleeding risk (e.g. PRECISE-DAPT >_25), DAPT should be considered for 3

months.d 695,696 IIa A

In patients with SCAD who have tolerated DAPT without a bleeding complication and who are at low bleeding risk but

high thrombotic risk, continuation of DAPT with clopidogrel for >6 months and up to 30 months may be

considered.697–700

IIb A

In patients with SCAD in whom 3 month DAPT poses safety concerns, DAPT may be considered for 1 month. IIb C

BRS = bioresorbable scaffold; CAD = coronary artery disease; DAPT = dual antiplatelet therapy; DCB = drug-coated balloon; i.v. = intravenous; MI = myocardial infarction;
PCI = percutaneous coronary intervention; p.o. = orally; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual
Anti Platelet Therapy; SCAD = stable coronary artery disease.
aClass of recommendation.
bLevel of evidence.
cThese recommendations refer to stents that are supported by large-scale randomized trials with clinical endpoint evaluation leading to an unconditional CE mark.
dThe evidence supporting this recommendation comes from two studies where the zotarolimus-eluting Endeavour stent was investigated in conjunction with a 3 month DAPT
regimen.
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Reducing DAPT duration in clinical practice

In which patients?
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Short DAPT with DES in HBR 
is it now possible?

<6m in ACS and <3m in SCAD
or 1 m for all…?



Short DAPT trials in HBR patients



DAPT mandated for 1 month only, followed by long-term SAPT

Prospective, double-blind randomized (1:1) trial 2466 
High Bleeding Risk (HBR) PCI patients

BiofreedomTM
DCS

LEADERS FREE Trial Design

Gazelle 
BMSvs

• Primary safety endopoint:
Composite of cardiac death, MI, definite/probable stent thrombosis at 1year (non-inferiority then 
superiority)
• Primary efficacy endpoint:
Clinically driven TLR at 1 year (superiority)



Primary Endpoints and Major Bleeding at 1 Year





ZEUS HBR

Ariotti et al. J Am Coll Cardiol Intv
2016;9:426-36





Primary Endpoint (MACCE)
All-cause mortality, MI, stroke, ischemia-driven TLR



HBR 
patients

• Efficacy: a BA9-DCS (LEADERS FREE I & 
II), the E-ZES (ZEUS-HBR)  and a EES 
(SENIOR) have lower rates of TLR/TVR 
than a BMS with a short DAPT course

• Safety: a BA9-DCS (LEADERS FREE) I & 
II) and the E-ZES (ZEUS-HBR) are 
superior to BMS with short one month 
DAPT



Short DAPT with DES in non HBR



and Laird (13). The test for small-study effects was
conducted by using Harbord’s modified test. Hetero-
geneity among trials for each outcome was calculated
by means of I2 test.

To assess the trade-off between stent thrombosis
and CSB over time, the incidence rates of adverse
events and corresponding incidence risk differences
between groups were analyzed, taking into account
the variable follow-up times within each study. To do
so, we calculated stent thrombosis and CSB incidence
rates per 100 person-years within each exposure
group (S-DAPT and L-DAPT). The exposure time was
calculated based on the mean follow-up time for each
trial. The overall standardized incidence risk differ-
ence was calculated by assigning a weight to each
RCT equal to the inverse of the variance of the effect
estimate.

To evaluate the effects of DES generation on stent
thrombosis, the results were stratified accordingly

by using stent-level data when available (first-
vs. second-generation DES). Studies in which the
numbers of events with each specific DES type
were not available were excluded from this analysis.
First-generation DES included sirolimus-eluting and
paclitaxel-eluting DES; second-generation DES in-
cluded everolimus-eluting and zotarolimus-eluting
DES.

We conducted sensitivity analyses (presented in
the Online Appendix) to evaluate the impact of
selected measures of study characteristics for
stent thrombosis, MI, CSB, and all-cause mortality
(Online Figure 3). Analyses were stratified according
to prevalence of acute coronary syndrome (ACS)
(>50%) and patients with a mean age $65 years.
Considering the marked differences in trial size
and reported outcomes of the recent DAPT trial (7),
the study-specific influence on primary outcomes
was estimated after removal of this trial from the

TABLE 1 Characteristics of the Randomized Clinical Trials

Study (Ref. #) Year
Study

Population (n)
S-DAPT
(Months)

L-DAPT
(Months)

Time of
Follow-Up*

Placebo-
Controlled Primary Endpoint

Age
(yrs)

DM
(%)

ACS
(%)

1G-DES
(%)

2G-DES
(%)

3- or 6-month DAPT discontinuation trials

ISAR-SAFE (16) 2014 4,000 6 12 6 Yes Composite of death, MI, stroke,
stent thrombosis, or TIMI major
bleeding at 15 months after PCI

67 25 40 10 89

ITALIC (17) 2014 1,822 6 12 6 No Composite of death, MI, repeat TVR,
stroke, or TIMI major bleeding
at 12 months after PCI

62 37 24 — 100†

SECURITY (18) 2014 1,399 6 12 12‡ No Composite of cardiac death, MI,
stroke, stent thrombosis, or BARC 3
or 5 bleeding at 12 months after PCI

65 31 38§ — 100

OPTIMIZE (15) 2014 3,119 3 12 12 No Composite of death, MI, stroke, or major
bleeding at 12 months after PCI

62 35 32§ — 100

PRODIGY (20) 2012 1,970 6 24 23 No Composite of death, MI, or
cerebrovascular accidents
at 24 months after PCI

68 24 75 25 50

EXCELLENT (19) 2011 1,443 6 12 12 No Composite of cardiac death, MI, or
TVR at 12 months after PCI

63 38 52 25 75

RESET (14) 2012 2,117 3 12 12 No Composite of cardiac death, MI,
stent thrombosis, ischemia-driven TVR,
or bleeding at 12 months after PCI

62 29 54 21 85k

12-month DAPT discontinuation trials

DAPT (7) 2014 9,961 12 30 21 Yes Stent thrombosis; composite of
death, MI, or stroke; and moderate
or severe GUSTO bleeding;
at 18 months after randomization

62 31 43 38 60

DES-LATE (22) 2014 5,045 12 36 42 No Composite of cardiac death, MI, or
stroke at 24 months after randomization

62 28 61 64 30

ARCTIC-Interruption
(21)

2014 1,259 12 18–30 17 No Composite of death, MI, stroke or TIA,
urgent revascularization, or
stent thrombosis

64 34 — 40 63

*Refers to follow-up time from randomization (Online Figure 1 and Figure 2). †Only Xience V everolimus-eluting stent. ‡Maximum length of follow-up was 24 months; however, maximum duration of DAPT
was 12 months. In the analyses, outcomes at 12 months have been included. §High-risk acute coronary syndromes excluded. k100% Endeavor zotarolimus-eluting stent in the 3-month group.

1G ¼ first-generation; 2G ¼ second-generation; ACS ¼ acute coronary syndrome; ARCTIC-Interruption ¼ Dual-Antiplatelet Treatment Beyond 1 Year After Drug-Eluting Stent Implantation; BARC ¼
Bleeding Academic Research Consortium; DAPT ¼ dual antiplatelet therapy; DES ¼ drug-eluting stent; DES-LATE ¼ Duration of Clopidogrel Therapy After Drug-Eluting Stent; DM ¼ diabetes mellitus;
EXCELLENT ¼ Efficacy of Xience/Promus Versus Cypher to Reduce Late Loss After Stenting; GUSTO¼ Global Use of Strategies to Open Occluded Arteries; ISAR-SAFE ¼ Safety and Efficacy of Six Months Dual
Antiplatelet Therapy After Drug-Eluting Stenting; ITALIC ¼ Is There A Life for DES After Discontinuation of Clopidogrel; L-DAPT ¼ longer dual antiplatelet therapy; MI ¼ myocardial infarction; OPTIMIZE ¼
Optimized Duration of Clopidogrel Therapy Following Treatment With the Zotarolimus-Eluting Stent in Real-World Clinical Practice; PCI ¼ percutaneous coronary intervention; PRODIGY ¼ Prolonging Dual
Antiplatelet Treatment After Grading Stent-Induced Intimal Hyperplasia Study; RESET ¼ REal Safety and Efficacy of 3-month dual antiplatelet Therapy following Endeavor zotarolimus-eluting stent
implantation; S-DAPT ¼ shorter dual antiplatelet therapy; SECURITY ¼ Second Generation Drug-Eluting Stent Implantation Followed by Six- Versus Twelve-Month Antiplatelet Therapy; TIA ¼ transient
ischemic attack; TIMI ¼ Thrombolysis In Myocardial Infarction; TVR ¼ target vessel revascularization.
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Duration of Dual Antiplatelet Therapy
After Drug-Eluting Stent Implantation
A Systematic Review and Meta-Analysis of
Randomized Controlled Trials

Gennaro Giustino, MD,* Usman Baber, MD,* Samantha Sartori, PHD,* Roxana Mehran, MD,* Ioannis Mastoris, MD,*
Annapoorna S. Kini, MD,* Samin K. Sharma, MD,* Stuart J. Pocock, PHD,y George D. Dangas, MD, PHD*

ABSTRACT

BACKGROUND The optimal duration of dual antiplatelet therapy (DAPT) after drug-eluting stent (DES) implantation is

unclear, and its risks and benefits may vary according to DES generation.

OBJECTIVES The goal of this study was to evaluate the efficacy and safety of DAPT after DES implantation.

METHODS We included randomized controlled trials that tested different durations of DAPT after DES implantation:

shorter dual antiplatelet therapy (S-DAPT) was defined as the per-protocol minimum duration of DAPT after the procedure,
and longer dual antiplatelet therapy (L-DAPT)was defined as the per-protocol period ofmore prolongedDAPT. The primary

efficacy and safety outcomeswere definite/probable stent thrombosis and clinically significant bleeding (CSB), respectively.

RESULTS Ten randomized controlled trials (N ¼ 32,135) were included. Compared with L-DAPT, S-DAPT had an overall
higher rate of stent thrombosis (odds ratio [OR]: 1.71 [95% confidence interval (CI): 1.26 to 2.32]; p ¼ 0.001). The effect

of S-DAPT on stent thrombosis was attenuated with the use of second-generation DES (OR: 1.54 [95% CI: 0.96 to 2.47])

compared with the use of first-generation DES (OR: 3.94 [95% CI: 2.20 to 7.05]; p for interaction ¼ 0.008). S-DAPT had

an overall significantly lower risk of CSB (OR: 0.63 [95% CI: 0.52 to 0.75]; p < 0.001). Finally, a numerically lower

all-cause mortality rate was observed with S-DAPT (OR: 0.87 [95% CI: 0.74 to 1.01]; p ¼ 0.073).

CONCLUSIONS S-DAPT had overall lower rates of bleeding yet higher rates of stent thrombosis compared with L-DAPT;

the latter effect was significantly attenuated with the use of second-generation DES, although the analysis may have been

limited by the varying DAPT durations among studies. All-cause mortality was numerically higher with L-DAPT without

reaching statistical significance. Prolonging DAPT requires careful assessment of the trade-off between ischemic and

bleeding complications. (J Am Coll Cardiol 2015;65:1298–310) © 2015 by the American College of Cardiology Foundation.

A period of dual antiplatelet therapy (DAPT) is
required to prevent thrombotic complica-
tions after percutaneous coronary inter-

vention (PCI) with drug-eluting stents (DES) (1,2).

Interruption or disruption of DAPT during this
period is associated with a high risk for ischemic
events, including stent thrombosis, especially dur-
ing the first weeks after DES implantation (3,4).
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Shorter DAPT is associated with lower risk of Clinically Significant 
Bleeding and All-Cause Mortality

*CSB defined as a BARC 3 or 5, TIMI major or minor, GUSTO moderate or severe or STEEPLE major
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FIGURE 2 Stent Thrombosis and Clinically Significant Bleeding in Randomized Clinical Trials

1.25 (0.34, 4.68)

Stent Thrombosis

5/1997 4/2003 5.16
1.05
2.83
13.60
14.94
2.03
2.83
42.44

38.44
18.08
1.04
57.56

100.00

0/910
3/717
12/1556
13/987
1/721
3/1058
36/7952

31/5020
13/2531
0/635
44/8186

80/16138

3/912
2/682
13/1563
15/983
6/722
2/1059
46/7918

69/4941
25/2514
3/624
97/8079

143/15997

6/1997 13/2003 3.50
2.48
2.27
4.96
8.10
1.14
2.84
25.28

42.02
31.96
0.75
74.72

100.00

7/910
8/717
14/1556
27/987
4/721
10/1058
83/7952

124/5020
99/2531
7/635
230/8186

313/16138

5/912
4/682
10/1563
15/983
2/722
5/1059
47/7918

84/4941
63/2514
1/624
148/8079

195/15997

7.01 (0.36, 135.86)
0.70 (0.12, 4.20)
1.08 (0.49, 2.37)
1.16 (0.55, 2.45)
6.03 (0.72, 50.24)
0.67 (0.11, 3.99)
1.20 (0.77, 1.88)

2.28 (1.49, 3.49)
1.95 (0.99, 3.81)
7.16 (0.37, 138.86)
2.22 (1.55, 3.17)

1.71 (1.26, 2.32)

0.46 (0.17, 1.22)

Clinically Significant Bleeding

0.71 (0.22, 2.25)
0.52 (0.16, 1.74)
0.71 (0.31, 1.60)
0.55 (0.29, 1.04)
0.50 (0.09, 2.73)
0.50 (0.17, 1.46)
0.57 (0.40, 0.81)

0.68 (0.52, 0.90)
0.63 (0.46, 0.87)
0.14 (0.02, 1.17)
0.65 (0.52, 0.81)

0.63 (0.52, 0.75)

P-value = 0.001

P-value < 0.0001

12 Months Discontinuation
DAPT
DES LATE
ARCTIC lnt.

ARCTIC lnt.

Subtotal Heterogeneity; p = 0.68

Heterogeneity; p = 0.39Overall

NOTE: Weights are from random effects analysis

Trial
Name

Trial
Name

3 or 6 Months Discontinuation

ITALIC
SECURITY
OPTIMIZE
PRODIGY
EXCELLENT
RESET
Subtotal Heterogeneity; p = 0.99

12 Months Discontinuation
DAPT

3 or 6 Months Discontinuation
ISAR SAFE

ISAR SAFE

ITALIC
SECURITY
OPTIMIZE
PRODIGY
EXCELLENT
RESET
Subtotal Heterogeneity; p = 0.62

DES LATE

Subtotal Heterogeneity; p = 0.34

Overall Heterogeneity; p = 0.95

NOTE: Weights are from random effects analysis

OR (95% CI) Events, 
Treatment

Events, 
Control

%
Weight

OR (95% CI) Events, 
Treatment

Events, 
Control

%
Weight

Shorter DAPT Better Longer DAPT Better1

Shorter DAPT Better Longer DAPT Better1

Size of central markers reflects the weight of each study. CI ¼ confidence interval; ARCTIC-Interruption ¼ Dual-Antiplatelet Treatment Beyond 1 Year After Drug-Eluting
Stent Implantation; DAPT ¼ Dual Antiplatelet Therapy trial; DES-LATE ¼ Duration of Clopidogrel Therapy After Drug-Eluting Stent; EXCELLENT ¼ Efficacy of Xience/
Promus Versus Cypher to Reduce Late Loss After Stenting; ISAR-SAFE ¼ Safety and Efficacy of Six Months Dual Antiplatelet Therapy After Drug-Eluting Stenting;
ITALIC¼ Is There A Life for DES After Discontinuation of Clopidogrel; OPTIMIZE ¼ Optimized Duration of Clopidogrel Therapy Following Treatment With the Zotarolimus-
Eluting Stent in Real-World Clinical Practice; OR ¼ odds ratio; PRODIGY ¼ Prolonging Dual Antiplatelet Treatment After Grading Stent-Induced Intimal Hyperplasia
Study; RESET ¼ REal Safety and Efficacy of 3-month dual antiplatelet Therapy following Endeavor zotarolimus-eluting stent implantation; SECURITY ¼ Second
Generation Drug-Eluting Stent Implantation Followed by Six- Versus Twelve-Month Antiplatelet Therapy.
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Rates of stent thrombosis with second-generation
DES were reported in 6 RCTs (7,15,17–19,23); stent
thrombosis rates with first-generation DES were
reported in 3 RCTs (7,19,23). The mean weighted
exposure DAPT time with S-DAPT was 7.8 and
10.9 months for second- and first-generation DES,
respectively. Conversely, the mean weighted expo-
sure DAPT time with L-DAPT was 20.3 months and

28 months for second- and first-generation DES,
respectively. Frequencies and the combined ORs of
stent thrombosis associated with DES generation are
shown in the Central Illustration. The magnitude of
the benefit of L-DAPT on stent thrombosis was
significantly attenuated with second-generation DES.
Stent thrombosis rates with second-generation DES
were 0.6% (43 of 7,169) with S-DAPT and 0.4% (28 of

CENTRAL ILLUSTRATION Stent Thrombosis With First- and Second-Generation Drug-Eluting Stents

DAPT

Shorter DAPT Better Longer DAPT Better1

STENT THROMBOSIS

SECURITY

PRODIGY

DAPT

Subtotal Heterogeneity; p = 0.59

Overall

Second Generation DES

First Generation DES

ITALIC

Trial Name Odds Ratio (95% CI)

Subtotal Heterogeneity; p = 0.21

P for Interaction = 0.008

2.64 (1.17, 5.98)

7.01 (0.36, 135.86)

0.70 (0.12, 4.20)

0.25 (0.03, 2.25)

EXCELLENT

OPTIMIZE

3.01 (0.31, 28.99)

1.08 (0.49, 2.37)

1.54 (0.96, 2.47)

4.44 (2.22, 8.87)

2.30 (0.70, 7.56)PRODIGY

EXCELLENT 7.12 (0.37, 138.77)

3.94 (2.20, 7.05)

2.33 (1.63, 3.34)

Giustino, G. et al. J Am Coll Cardiol. 2015; 65(13):1298–310.

A statistically significant interaction was observed between drug-eluting stent (DES) generation and dual antiplatelet therapy (DAPT)
duration on risk of stent thrombosis. The mean weighted exposure time to shorter DAPT was 7.8 months for second-generation DES and
10.9 months for first-generation DES. The mean weighted exposure time to longer DAPT was 20.3 months for second-generation DES and
28 months for first-generation DES. Size of central markers reflects the weight of each study. CI ¼ confidence interval; DAPT ¼ Dual
Antiplatelet Therapy trial; EXCELLENT ¼ Efficacy of Xience/Promus Versus Cypher to Reduce Late Loss After Stenting; ITALIC ¼ Is There A
LIfe for DES After Discontinuation of Clopidogrel; OPTIMIZE ¼ Optimized Duration of Clopidogrel Therapy Following Treatment With the
Zotarolimus-Eluting Stent in Real-World Clinical Practice; PRODIGY ¼ Prolonging Dual Antiplatelet Treatment After Grading Stent-Induced
Intimal Hyperplasia Study; SECURITY ¼ Second Generation Drug-Eluting Stent Implantation Followed by Six- Versus Twelve-Month
Antiplatelet Therapy.
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Many trials aimed to analyze the safety and the efficacy of short DAPT among all-comers patients
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Insights from the RESET Trial

A New Strategy for Discontinuation
of Dual Antiplatelet Therapy
The RESET Trial (REal Safety and Efficacy of 3-month dual antiplatelet
Therapy following Endeavor zotarolimus-eluting stent implantation)

Byeong-Keuk Kim, MD,* Myeong-Ki Hong, MD,*† Dong-Ho Shin, MD, MPH,*
Chung-Mo Nam, PHD,‡ Jung-Sun Kim, MD,* Young-Guk Ko, MD,* Donghoon Choi, MD,*
Tae-Soo Kang, MD,§ Byoung-Eun Park, MD,§ Woong-Chol Kang, MD,! Seung-Hwan Lee, MD,¶
Jung-Han Yoon, MD,¶ Bum-Kee Hong, MD,# Hyuck-Moon Kwon, MD,# Yangsoo Jang, MD,*†
for the RESET Investigators

Seoul, Cheonan, Incheon, and Wonju, Republic of Korea

Objectives The goal of this study was to evaluate shorter duration (3 months) dual antiplatelet therapy (DAPT) after drug-
eluting stent (DES) implantation.

Background There have been few published reports of prospective randomized clinical studies comparing the safety and effi-
cacy of shorter duration DAPT after DES implantation.

Methods We randomly assigned 2,117 patients with coronary artery stenosis into 2 groups according to DAPT duration
and stent type: 3-month DAPT following Endeavor zotarolimus-eluting stent (E-ZES) implantation (E-ZES!
3-month DAPT, n " 1,059) versus 12-month DAPT following the other DES implantation (standard therapy,
n " 1,058). We hypothesized that the E-ZES!3-month DAPT would be noninferior to the standard therapy for
the primary composite endpoint (cardiovascular death, myocardial infarction, stent thrombosis, target\vessel
revascularization, or bleeding) at 1 year.

Results The primary endpoint occurred in 40 (4.7%) patients assigned to E-ZES!3-month DAPT compared with 41
(4.7%) patients assigned to the standard therapy (difference: 0.0%; 95% confidence interval [CI]: #2.5 to 2.5;
p " 0.84; p $ 0.001 for noninferiority). The composite rates of any death, myocardial infarction, or stent throm-
bosis were 0.8% and 1.3%, respectively (difference: #0.5%; 95% CI: #1.5 to 0.5; p " 0.48). The rates of stent
thrombosis were 0.2% and 0.3%, respectively (difference: #0.1%; 95% CI: #0.5 to 0.3; p " 0.65) without its
further occurrence after cessation of clopidogrel in the E-ZES!3-month DAPT group. The rates of target vessel
revascularization were 3.9% and 3.7%, respectively (difference: 0.2%; 95% CI: #2.3 to 2.6; p " 0.70).

Conclusions E-ZES!3-month DAPT was noninferior to the standard therapy with respect to the occurrence of the primary end-
point. (REal Safety and Efficacy of a 3-month dual antiplatelet Therapy following E-ZES implantation [RESET];
NCT01145079) (J Am Coll Cardiol 2012;60:1340–8) © 2012 by the American College of Cardiology Foundation

Because one of the strong predictors for stent thrombosis is
early discontinuation of clopidogrel (1,2), prolonged dual
antiplatelet therapy (DAPT) is highly recommended to
prevent stent thrombosis (1,3). However, reports from

several trials of the zotarolimus-eluting stent (Endeavor
[E-ZES], Medtronic, Santa Rosa, California) have shown

See page 1349
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• Endeavor zotarolimus-eluting stent (ZES):
2° gen. DES with phosphorylcholine coating: ability to reduce thrombus formation on the
coated stent struts
• 2,117 patients: E-ZES 3-month DAPT (n 1,059) versus any DES 12-month DAPT (n 1,058)
• Hypothesis: E-ZES 3-month DAPT non-inferior to the standard therapy for primary

composite endpoint (cardiovascular death, myocardial infarction, stent thrombosis,
target\vessel revascularization, or bleeding) at 1 year.

Kim et al. JACC Vol. 60, No. 15, 2012 
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higher severe bleeding rates compared with treatment with
aspirin alone; reported incidence of major and minor bleed-
ing were 1.8% to 3.7% and 1.7% to 5.1%, respectively

(13,14). In addition, nuisance bleeding is common in
patients on prolonged DAPT post-DES implantation
(28.9% of 2,948 patients) (14). The higher incidence of

Clinical Outcomes Through 1 YearTable 2 Clinical Outcomes Through 1 Year

Variables
E-ZES!3-Month DAPT

(n " 1,059)
Standard Therapy

(n " 1,058) Difference (95% CI) p Value

Composite events

Primary endpoint 40 (4.7) 41 (4.7) 0.0% (!2.5 to 2.5) 0.84

Death from any cause, myocardial
infarction, or stent thrombosis

8 (0.8) 11 (1.3) !0.5% (!1.5 to 0.5) 0.48

Death from cardiovascular cause or
myocardial infarction

4 (0.4) 7 (0.7) !0.3% (!1.0 to 0.4) 0.36

Each component

Death

From any cause 5 (0.5) 8 (1.0) !0.5% (!1.4 to 0.4) 0.39

From cardiovascular cause 2 (0.2) 4 (0.4) !0.2% (!0.6 to 0.3) 0.41

Myocardial infarction 2 (0.2) 4 (0.4) !0.2% (!0.7 to 0.3) 0.41

Target vessel revascularization 31 (3.9) 27 (3.7) 0.2% (!2.3 to 2.6) 0.70

Non–target vessel revascularization 15 (1.5) 11 (1.5) 0.0% (!1.3 to 1.4) 0.52

Stent thrombosis, definite or probable 2 (0.2) 3 (0.3) !0.1% (!0.5 to 0.3) 0.65

"1 month 2 0

1–3 months 0 0

3–12 months 0 3

Bleeding

Major or minor 5 (0.5) 10 (1.0) !0.5% (!1.2 to 0.2) 0.20

Major 2 (0.2) 6 (0.6) !0.4% (!0.9 to 0.1) 0.16

Cerebrovascular accidents 6 (0.6) 6 (0.7) 0.1% (!0.1 to 1.0) 0.96

Subgroup analysis

Diabetes mellitus subset 146 146 — —

Primary endpoint 4 (2.8) 5 (3.4) !0.6% (!4.6 to 3.3) 0.74

Death from cardiovascular cause 1 (0.7) 1 (0.7) 0.0% (!1.9 to 1.9) 1.00

Myocardial infarction 0 (0.0) 1 (0.7) 0.32

Target vessel revascularization 3 (2.1) 2 (1.4) 0.7% (!2.3 to 3.7) 0.65

Stent thrombosis, definite or probable 0 (0.0) 1 (0.7) 0.32

Bleeding, major or minor 0 (0.0) 2 (1.4) 0.16

Acute coronary syndrome subset, n 301 300 — —

Primary endpoint 12 (6.5) 6 (2.0) 4.4% (!1.4 to 10.2) 0.16

Death from cardiovascular cause 1 (0.3) 0 (0.0) 0.32

Myocardial infarction 0 (0.0) 0 (0.0) 1.00

Target vessel revascularization 9 (5.4) 2 (0.7) 4.7% (!0.8 to 10.1) 0.04

Stent thrombosis, definite or probable 1 (0.3) 0 (0.0) !0.9% (!5.1 to 3.4) 0.32

Bleeding, major or minor 2 (0.7) 4 (1.3) !0.7% (!2.3 to 0.9) 0.41

Short-lesion drug-eluting stent subset, n 341 340 — —

Primary endpoint 9 (2.7) 8 (4.1) !1.5% (!5.3 to 2.4) 0.86

Death from cardiovascular cause 0 (0.0) 2 (0.6) 0.16

Myocardial infarction 1 (0.3) 2 (0.6) !0.3% (!1.3 to 0.7) 0.60

Target–vessel revascularization 6 (1.8) 6 (3.6) !1.8% (!5.5 to 1.9) 0.91

Stent thrombosis, definite or probable 0 (0.0) 1 (0.3) 0.32

Bleeding, major or minor 2 (0.6) 0 (0.0) 0.16

Long-lesion drug-eluting stent subset, n 271 272 — —

Primary endpoint 15 (7.2) 22 (8.4) !1.2% (!6.6 to 4.3) 0.22

Death from cardiovascular cause 0 (0.0) 1 (0.4) 0.32

Myocardial infarction 1 (0.4) 1 (0.4) 0.0% (!1.0 to 1.0) 0.99

Target vessel revascularization 13 (6.3) 17 (7.8) !1.4% (!7.2 to 4.3) 0.40

Stent thrombosis, definite or probable 1 (0.4) 1 (0.4) 0.0% (!1.0 to 1.0) 0.99

Bleeding, major or minor 1 (0.4) 4 (1.5) !1.1% (!2.7 to 0.5) 0.18

Values are the number of events and the cumulative event rate (%). *p values were calculated with the use of the log-rank test. In case of no clinical
event in either group, the confidence interval (CI) of the differences of event rates could not be calculated.

Abbreviations as in Table 1.
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bleeding episodes can impact patients’ compliance and
result in premature discontinuation of DAPT.

A previous randomized study reported that the use of
DAPT for a period longer than 12 months in patients who
had received DESs was not significantly more effective than

aspirin monotherapy in reducing the rate of myocardial
infarction or death from cardiac causes (15 ). In addition,
recent randomized trials showed no clinical benefits of
prolonged DAPT compared with 6-month DAPT after
DES implantation (16,17 ).

Figure 2 Cumulative Event Rates Using the Kaplan-Meier Method

A primary endpoint (A), and a composite of death from any cause, myocardial infarction, or stent thrombosis (B). Abbreviations as in Figure 1.

Figure 3 Subgroup Analysis of the Primary Endpoint at 1 Year

CI ! confidence interval; other abbreviations as in Figure 1.
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Three vs Twelve Months of Dual Antiplatelet Therapy
After Zotarolimus-Eluting Stents
The OPTIMIZE Randomized Trial
Fausto Feres, MD, PhD; Ricardo A. Costa, MD, PhD; Alexandre Abizaid, MD, PhD; Martin B. Leon, MD; J. Antônio Marin-Neto, MD, PhD;
Roberto V. Botelho, MD, PhD; Spencer B. King III, MD; Manuela Negoita, MD; Minglei Liu, PhD; J. Eduardo T. de Paula, MD; José A. Mangione, MD, PhD;
George X. Meireles, MD, PhD; Hélio J. Castello Jr, MD, MSc; Eduardo L. Nicolela Jr, MD; Marco A. Perin, MD, PhD; Fernando S. Devito, MD, PhD;
André Labrunie, MD, PhD; Décio Salvadori Jr, MD, PhD; Marcos Gusmão, MD; Rodolfo Staico, MD, PhD; J. Ribamar Costa Jr, MD, PhD;
Juliana P. de Castro, PhD; Andrea S. Abizaid, MD, PhD; Deepak L. Bhatt, MD, MPH; for the OPTIMIZE Trial Investigators

IMPORTANCE The current recommendation is for at least 12 months of dual antiplatelet
therapy after implantation of a drug-eluting stent. However, the optimal duration of dual
antiplatelet therapy with specific types of drug-eluting stents remains unknown.

OBJECTIVE To assess the clinical noninferiority of 3 months (short-term) vs 12 months
(long-term) of dual antiplatelet therapy in patients undergoing percutaneous coronary
intervention (PCI) with zotarolimus-eluting stents.

DESIGN, SETTING, AND PATIENTS The OPTIMIZE trial was an open-label, active-controlled, 1:1
randomized noninferiority study including 3119 patients in 33 sites in Brazil between April
2010 and March 2012. Clinical follow-up was performed at 1, 3, 6, and 12 months. Eligible
patients were those with stable coronary artery disease or history of low-risk acute coronary
syndrome (ACS) undergoing PCI with zotarolimus-eluting stents.

INTERVENTIONS After PCI with zotarolimus-eluting stents, patients were prescribed aspirin
(100-200 mg daily) and clopidogrel (75 mg daily) for 3 months (n = 1563) or 12 months
(n = 1556), unless contraindicated because of occurrence of an end point.

MAIN OUTCOMES AND MEASURES The primary end point was net adverse clinical and cerebral
events (NACCE; a composite of all-cause death, myocardial infarction [MI], stroke, or major
bleeding); the expected event rate at 1 year was 9%, with a noninferiority margin of 2.7%.
Secondary end points were major adverse cardiac events (MACE; a composite of all-cause
death, MI, emergent coronary artery bypass graft surgery, or target lesion revascularization)
and Academic Research Consortium definite or probable stent thrombosis.

RESULTS NACCE occurred in 93 patients receiving short-term and 90 patients receiving
long-term therapy (6.0% vs 5.8%, respectively; risk difference, 0.17 [95% CI, −1.52 to 1.86];
P = .002 for noninferiority). Kaplan-Meier estimates demonstrated MACE rates at 1 year of
8.3% (128) in the short-term group and 7.4% (114) in the long-term group (HR, 1.12 [95% CI,
0.87-1.45]). Between 91 and 360 days, no statistically significant association was observed for
NACCE (39 [2.6%] vs 38 [2.6%] for the short- and long-term groups, respectively; HR, 1.03
[95% CI, 0.66-1.60]), MACE (78 [5.3%] vs 64 [4.3%]; HR, 1.22 [95% CI, 0.88-1.70]), or stent
thrombosis (4 [0.3%] vs 1 [0.1%]; HR, 3.97 [95% CI, 0.44-35.49]).

CONCLUSIONS AND RELEVANCE In patients with stable coronary artery disease or low-risk ACS
treated with zotarolimus-eluting stents, 3 months of dual antiplatelet therapy was noninferior
to 12 months for NACCE, without significantly increasing the risk of stent thrombosis.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01113372

JAMA. 2013;310(23):2510-2522. doi:10.1001/jama.2013.282183
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• To assess the clinical non-inferiority of 3 months vs 12 months of DAPT in patients
undergoing PCI with E-ZES.

• 3119 patients in 33 sites in Brazil between April 2010 and March 2012 
• The primary endpoint was net adverse clinical and cerebral events (NACCE; a 

composite of all-cause death, myocardial infarction, stroke, or major bleeding). 
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Table 3. Clinical Outcomes of Patients with Short- vs Long-term Dual Antiplatelet Therapya

Clinical Outcomes

Patients, No. (%)

HR (95% CI) Risk Difference (95% CI)
Log-Rank

P ValueShort-term (n = 1563) Long-term (n = 1556)
Events up to 1 y

NACCEb 93 (6.0)c 90 (5.8)c 1.03 (0.77 to 1.38) 0.17 (−1.52 to 1.86) .84

All-cause death 43 (2.8) 45 (2.9) 0.95 (0.63 to 1.45) −0.14 (−1.34 to 1.05) .82

MI 49 (3.2) 42 (2.7) 1.17 (0.77 to 1.76) 0.45 (−0.76 to 1.66) .47

Stroke 5 (0.3) 5 (0.3) 0.99 (0.29 to 3.44) 0.00 (−0.41 to 0.41) .99

Major bleedingd 10 (0.6) 14 (0.9) 0.71 (0.32 to 1.60) −0.27 (−0.90 to 0.36) .41

Stent thrombosis, definite or probable 13 (0.8) 12 (0.8) 1.08 (0.49 to 2.36) 0.06 (−0.58 to 0.70) .86

Cardiac death 29 (1.9) 32 (2.1) 0.90 (0.55 to 1.49) −0.21 (−1.20 to 0.79) .69

Cardiac death or MI 70 (4.5) 62 (4.0) 1.13 (0.80 to 1.59) 0.51 (−0.94 to 1.95) .49

Cardiac death, MI, or stent thrombosis 72 (4.7) 65 (4.2) 1.11 (0.79 to 1.55) 0.44 (−1.03 to 1.91) .56

Death, MI, or stroke 87 (5.6) 78 (5.1) 1.14 (0.82 to 1.51) 0.57 (−1.04 to 2.18) .49

Major adverse cardiac eventse 128 (8.3) 114 (7.4) 1.12 (0.87 to 1.45) 0.88 (−1.04 to 2.81) .36

Target-lesion revascularization 53 (3.5) 49 (3.2) 1.08 (0.73 to 1.59) 0.25 (−1.03 to 1.53) .70

Target-vessel revascularization 70 (4.6) 57 (3.8) 1.23 (0.87 to 1.75) 0.84 (−0.59 to 2.26) .25

Any bleedingf 35 (2.3) 45 (2.9) 0.77 (0.50 to 1.20) 0.67 (−1.81 to 0.47) .25

0 to 90 d

NACCEb 54 (3.5) 52 (3.3) 1.03 (0.71 to 1.51) 0.11 (−1.16 to 1.39) .86

All-cause death 15 (1.0) 19 (1.2) 0.79 (0.40 to 1.55) −0.26 (−0.99 to 0.47) .48

MI 37 (2.4) 33 (2.1) 1.12 (0.70 to 1.79) 0.25 (−0.80 to 1.29) .64

Stroke 1 (0.1) 3 (0.2) 0.33 (0.03 to 3.19) −0.13 (−0.38 to 0.12) .31

Major bleedingd 7 (0.5) 8 (0.5) 0.87 (0.32 to 2.40) −0.07 (−0.55 to 0.42) .79

Stent thrombosis, definite or probable 9 (0.6) 11 (0.7) 0.81 (0.34 to 1.96) −0.13 (−0.69 to 0.43) .64

Cardiac death 9 (0.6) 12 (0.8) 0.75 (0.31 to 1.77) −0.20 (−0.77 to 0.38) .50

Cardiac death or MI 43 (2.8) 38 (2.4) 1.13 (0.73 to 1.75) 0.31 (−0.81 to 1.43) .59

Cardiac death, MI, or stent thrombosis 44 (2.8) 41 (2.6) 1.07 (0.70 to 1.64) 0.18 (−0.97 to 1.33) .76

Death, MI, or stroke 49 (3.1) 46 (3.0) 1.06 (0.71 to 1.64) 0.18 (−1.03 to 1.39) .77

Major adverse cardiac eventse 50 (3.2) 50 (3.2) 1.00 (0.67 to 1.48) −0.01 (−1.26 to 1.23) .99

Target-lesion revascularization 3 (0.2) 9 (0.6) 0.33 (0.09 to 1.22) −0.39 (−0.82 to 0.05) .08

Target-vessel revascularization 7 (0.4) 10 (0.6) 0.69 (0.27 to 1.83) −0.20 (−0.71 to 0.32) .46

Any bleedingf 29 (1.9) 31 (2.0) 0.93 (0.56 to 1.54) −0.14 (−1.11 to 0.83) .78

91 d to 1 y

NACCEb 39 (2.6) 38 (2.6) 1.03 (0.66 to 1.60) 0.05 (−1.06 to 1.17) .91

All-cause death 28 (1.9) 26 (1.7) 1.07 (0.63 to 1.83) 0.12 (−0.81 to 1.06) .79

MI 12 (0.8) 9 (0.6) 1.34 (0.56 to 3.18) 0.19 (−0.39 to 0.78) .51

Stroke 4 (0.3) 2 (0.1) 1.99 (0.37 to 10.88) 0.13 (−0.18 to 0.45) .42

Major bleedingd 3 (0.2) 6 (0.4) 0.50 (0.12 to 1.99) −0.20 (−0.58 to 0.19) .31

Stent thrombosis, definite or probable 4 (0.3) 1 (0.1) 3.97 (0.44 to 35.49) 0.20 (−0.09 to 0.48) .18

Cardiac death 20 (1.3) 20 (1.3) 1.00 (0.54 to 1.85) −0.01 (−0.82 to 0.80) .99

Cardiac death or MI 27 (1.8) 24 (1.7) 1.13 (0.65 to 1.95) 0.19 (−0.72 to 1.10) .67

Cardiac death, MI, or stent thrombosis 28 (1.9) 24 (1.6) 1.17 (0.68 to 2.02) 0.26 (−0.67 to 1.18) .58

Death, MI, or stroke 38 (2.6) 32 (2.2) 1.19 (0.74 to 1.90) 0.38 (−0.68 to 1.45) .47

Major adverse cardiac eventse 78 (5.3) 64 (4.3) 1.22 (0.88 to 1.70) 0.90 (−0.60 to 2.40) .23

Target-lesion revascularization 50 (3.3) 40 (2.7) 1.25 (0.82 to 1.89) 0.64 (−0.56 to 1.85) .30

Target-vessel revascularization 63 (4.2) 47 (3.2) 1.34 (0.92 to 1.96) 1.03 (−0.29 to 2.36) .12

Any bleedingf 6 (0.4) 14 (1.0) 0.43 (0.16 to 1.11) −0.53 (−1.10 to 0.05) .07

Abbreviations: HR, hazard ratio; MI, myocardial infarction; NACCE, net adverse
clinical and cerebral events.
a Event rates based on Kaplan-Meier estimates; HRs are derived from Cox

proportional hazard regression models.
b Composite of death from all causes, MI, stroke, or major bleeding.

Noninferiority P=.002 for primary end point.
c Event rates were 6.1% in the short-term group and 5.9% in the long-term

group if based on proportional risk.

d Defined as intracranial, intraocular, or retroperitoneal hemorrhage; clinically
overt blood loss resulting hemoglobin decrease >3 g/dL, any hemoglobin
decrease >4 g/dL, or transfusion of !1 units of packed red blood cells or whole
blood; or intracranial hemorrhage or bleeding causing hemodynamic
compromise and requiring intervention.

e Death from all causes, MI, urgent coronary artery bypass graft surgery, or
target lesion revascularization.

f Any bleeding event (combined modified REPLACE-2 and GUSTO criteria).
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Table 3. Clinical Outcomes of Patients with Short- vs Long-term Dual Antiplatelet Therapya

Clinical Outcomes

Patients, No. (%)

HR (95% CI) Risk Difference (95% CI)
Log-Rank

P ValueShort-term (n = 1563) Long-term (n = 1556)
Events up to 1 y

NACCEb 93 (6.0)c 90 (5.8)c 1.03 (0.77 to 1.38) 0.17 (−1.52 to 1.86) .84

All-cause death 43 (2.8) 45 (2.9) 0.95 (0.63 to 1.45) −0.14 (−1.34 to 1.05) .82

MI 49 (3.2) 42 (2.7) 1.17 (0.77 to 1.76) 0.45 (−0.76 to 1.66) .47

Stroke 5 (0.3) 5 (0.3) 0.99 (0.29 to 3.44) 0.00 (−0.41 to 0.41) .99

Major bleedingd 10 (0.6) 14 (0.9) 0.71 (0.32 to 1.60) −0.27 (−0.90 to 0.36) .41

Stent thrombosis, definite or probable 13 (0.8) 12 (0.8) 1.08 (0.49 to 2.36) 0.06 (−0.58 to 0.70) .86

Cardiac death 29 (1.9) 32 (2.1) 0.90 (0.55 to 1.49) −0.21 (−1.20 to 0.79) .69

Cardiac death or MI 70 (4.5) 62 (4.0) 1.13 (0.80 to 1.59) 0.51 (−0.94 to 1.95) .49

Cardiac death, MI, or stent thrombosis 72 (4.7) 65 (4.2) 1.11 (0.79 to 1.55) 0.44 (−1.03 to 1.91) .56

Death, MI, or stroke 87 (5.6) 78 (5.1) 1.14 (0.82 to 1.51) 0.57 (−1.04 to 2.18) .49

Major adverse cardiac eventse 128 (8.3) 114 (7.4) 1.12 (0.87 to 1.45) 0.88 (−1.04 to 2.81) .36

Target-lesion revascularization 53 (3.5) 49 (3.2) 1.08 (0.73 to 1.59) 0.25 (−1.03 to 1.53) .70

Target-vessel revascularization 70 (4.6) 57 (3.8) 1.23 (0.87 to 1.75) 0.84 (−0.59 to 2.26) .25

Any bleedingf 35 (2.3) 45 (2.9) 0.77 (0.50 to 1.20) 0.67 (−1.81 to 0.47) .25

0 to 90 d

NACCEb 54 (3.5) 52 (3.3) 1.03 (0.71 to 1.51) 0.11 (−1.16 to 1.39) .86

All-cause death 15 (1.0) 19 (1.2) 0.79 (0.40 to 1.55) −0.26 (−0.99 to 0.47) .48

MI 37 (2.4) 33 (2.1) 1.12 (0.70 to 1.79) 0.25 (−0.80 to 1.29) .64

Stroke 1 (0.1) 3 (0.2) 0.33 (0.03 to 3.19) −0.13 (−0.38 to 0.12) .31

Major bleedingd 7 (0.5) 8 (0.5) 0.87 (0.32 to 2.40) −0.07 (−0.55 to 0.42) .79

Stent thrombosis, definite or probable 9 (0.6) 11 (0.7) 0.81 (0.34 to 1.96) −0.13 (−0.69 to 0.43) .64

Cardiac death 9 (0.6) 12 (0.8) 0.75 (0.31 to 1.77) −0.20 (−0.77 to 0.38) .50

Cardiac death or MI 43 (2.8) 38 (2.4) 1.13 (0.73 to 1.75) 0.31 (−0.81 to 1.43) .59

Cardiac death, MI, or stent thrombosis 44 (2.8) 41 (2.6) 1.07 (0.70 to 1.64) 0.18 (−0.97 to 1.33) .76

Death, MI, or stroke 49 (3.1) 46 (3.0) 1.06 (0.71 to 1.64) 0.18 (−1.03 to 1.39) .77

Major adverse cardiac eventse 50 (3.2) 50 (3.2) 1.00 (0.67 to 1.48) −0.01 (−1.26 to 1.23) .99

Target-lesion revascularization 3 (0.2) 9 (0.6) 0.33 (0.09 to 1.22) −0.39 (−0.82 to 0.05) .08

Target-vessel revascularization 7 (0.4) 10 (0.6) 0.69 (0.27 to 1.83) −0.20 (−0.71 to 0.32) .46

Any bleedingf 29 (1.9) 31 (2.0) 0.93 (0.56 to 1.54) −0.14 (−1.11 to 0.83) .78

91 d to 1 y

NACCEb 39 (2.6) 38 (2.6) 1.03 (0.66 to 1.60) 0.05 (−1.06 to 1.17) .91

All-cause death 28 (1.9) 26 (1.7) 1.07 (0.63 to 1.83) 0.12 (−0.81 to 1.06) .79

MI 12 (0.8) 9 (0.6) 1.34 (0.56 to 3.18) 0.19 (−0.39 to 0.78) .51

Stroke 4 (0.3) 2 (0.1) 1.99 (0.37 to 10.88) 0.13 (−0.18 to 0.45) .42

Major bleedingd 3 (0.2) 6 (0.4) 0.50 (0.12 to 1.99) −0.20 (−0.58 to 0.19) .31

Stent thrombosis, definite or probable 4 (0.3) 1 (0.1) 3.97 (0.44 to 35.49) 0.20 (−0.09 to 0.48) .18

Cardiac death 20 (1.3) 20 (1.3) 1.00 (0.54 to 1.85) −0.01 (−0.82 to 0.80) .99

Cardiac death or MI 27 (1.8) 24 (1.7) 1.13 (0.65 to 1.95) 0.19 (−0.72 to 1.10) .67

Cardiac death, MI, or stent thrombosis 28 (1.9) 24 (1.6) 1.17 (0.68 to 2.02) 0.26 (−0.67 to 1.18) .58

Death, MI, or stroke 38 (2.6) 32 (2.2) 1.19 (0.74 to 1.90) 0.38 (−0.68 to 1.45) .47

Major adverse cardiac eventse 78 (5.3) 64 (4.3) 1.22 (0.88 to 1.70) 0.90 (−0.60 to 2.40) .23

Target-lesion revascularization 50 (3.3) 40 (2.7) 1.25 (0.82 to 1.89) 0.64 (−0.56 to 1.85) .30

Target-vessel revascularization 63 (4.2) 47 (3.2) 1.34 (0.92 to 1.96) 1.03 (−0.29 to 2.36) .12

Any bleedingf 6 (0.4) 14 (1.0) 0.43 (0.16 to 1.11) −0.53 (−1.10 to 0.05) .07

Abbreviations: HR, hazard ratio; MI, myocardial infarction; NACCE, net adverse
clinical and cerebral events.
a Event rates based on Kaplan-Meier estimates; HRs are derived from Cox

proportional hazard regression models.
b Composite of death from all causes, MI, stroke, or major bleeding.

Noninferiority P=.002 for primary end point.
c Event rates were 6.1% in the short-term group and 5.9% in the long-term

group if based on proportional risk.

d Defined as intracranial, intraocular, or retroperitoneal hemorrhage; clinically
overt blood loss resulting hemoglobin decrease >3 g/dL, any hemoglobin
decrease >4 g/dL, or transfusion of !1 units of packed red blood cells or whole
blood; or intracranial hemorrhage or bleeding causing hemodynamic
compromise and requiring intervention.

e Death from all causes, MI, urgent coronary artery bypass graft surgery, or
target lesion revascularization.

f Any bleeding event (combined modified REPLACE-2 and GUSTO criteria).
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Table 3. Clinical Outcomes of Patients with Short- vs Long-term Dual Antiplatelet Therapya

Clinical Outcomes

Patients, No. (%)

HR (95% CI) Risk Difference (95% CI)
Log-Rank

P ValueShort-term (n = 1563) Long-term (n = 1556)
Events up to 1 y

NACCEb 93 (6.0)c 90 (5.8)c 1.03 (0.77 to 1.38) 0.17 (−1.52 to 1.86) .84

All-cause death 43 (2.8) 45 (2.9) 0.95 (0.63 to 1.45) −0.14 (−1.34 to 1.05) .82

MI 49 (3.2) 42 (2.7) 1.17 (0.77 to 1.76) 0.45 (−0.76 to 1.66) .47

Stroke 5 (0.3) 5 (0.3) 0.99 (0.29 to 3.44) 0.00 (−0.41 to 0.41) .99

Major bleedingd 10 (0.6) 14 (0.9) 0.71 (0.32 to 1.60) −0.27 (−0.90 to 0.36) .41

Stent thrombosis, definite or probable 13 (0.8) 12 (0.8) 1.08 (0.49 to 2.36) 0.06 (−0.58 to 0.70) .86

Cardiac death 29 (1.9) 32 (2.1) 0.90 (0.55 to 1.49) −0.21 (−1.20 to 0.79) .69

Cardiac death or MI 70 (4.5) 62 (4.0) 1.13 (0.80 to 1.59) 0.51 (−0.94 to 1.95) .49

Cardiac death, MI, or stent thrombosis 72 (4.7) 65 (4.2) 1.11 (0.79 to 1.55) 0.44 (−1.03 to 1.91) .56

Death, MI, or stroke 87 (5.6) 78 (5.1) 1.14 (0.82 to 1.51) 0.57 (−1.04 to 2.18) .49

Major adverse cardiac eventse 128 (8.3) 114 (7.4) 1.12 (0.87 to 1.45) 0.88 (−1.04 to 2.81) .36

Target-lesion revascularization 53 (3.5) 49 (3.2) 1.08 (0.73 to 1.59) 0.25 (−1.03 to 1.53) .70

Target-vessel revascularization 70 (4.6) 57 (3.8) 1.23 (0.87 to 1.75) 0.84 (−0.59 to 2.26) .25

Any bleedingf 35 (2.3) 45 (2.9) 0.77 (0.50 to 1.20) 0.67 (−1.81 to 0.47) .25

0 to 90 d

NACCEb 54 (3.5) 52 (3.3) 1.03 (0.71 to 1.51) 0.11 (−1.16 to 1.39) .86

All-cause death 15 (1.0) 19 (1.2) 0.79 (0.40 to 1.55) −0.26 (−0.99 to 0.47) .48

MI 37 (2.4) 33 (2.1) 1.12 (0.70 to 1.79) 0.25 (−0.80 to 1.29) .64

Stroke 1 (0.1) 3 (0.2) 0.33 (0.03 to 3.19) −0.13 (−0.38 to 0.12) .31

Major bleedingd 7 (0.5) 8 (0.5) 0.87 (0.32 to 2.40) −0.07 (−0.55 to 0.42) .79

Stent thrombosis, definite or probable 9 (0.6) 11 (0.7) 0.81 (0.34 to 1.96) −0.13 (−0.69 to 0.43) .64

Cardiac death 9 (0.6) 12 (0.8) 0.75 (0.31 to 1.77) −0.20 (−0.77 to 0.38) .50

Cardiac death or MI 43 (2.8) 38 (2.4) 1.13 (0.73 to 1.75) 0.31 (−0.81 to 1.43) .59

Cardiac death, MI, or stent thrombosis 44 (2.8) 41 (2.6) 1.07 (0.70 to 1.64) 0.18 (−0.97 to 1.33) .76

Death, MI, or stroke 49 (3.1) 46 (3.0) 1.06 (0.71 to 1.64) 0.18 (−1.03 to 1.39) .77

Major adverse cardiac eventse 50 (3.2) 50 (3.2) 1.00 (0.67 to 1.48) −0.01 (−1.26 to 1.23) .99

Target-lesion revascularization 3 (0.2) 9 (0.6) 0.33 (0.09 to 1.22) −0.39 (−0.82 to 0.05) .08

Target-vessel revascularization 7 (0.4) 10 (0.6) 0.69 (0.27 to 1.83) −0.20 (−0.71 to 0.32) .46

Any bleedingf 29 (1.9) 31 (2.0) 0.93 (0.56 to 1.54) −0.14 (−1.11 to 0.83) .78

91 d to 1 y

NACCEb 39 (2.6) 38 (2.6) 1.03 (0.66 to 1.60) 0.05 (−1.06 to 1.17) .91

All-cause death 28 (1.9) 26 (1.7) 1.07 (0.63 to 1.83) 0.12 (−0.81 to 1.06) .79

MI 12 (0.8) 9 (0.6) 1.34 (0.56 to 3.18) 0.19 (−0.39 to 0.78) .51

Stroke 4 (0.3) 2 (0.1) 1.99 (0.37 to 10.88) 0.13 (−0.18 to 0.45) .42

Major bleedingd 3 (0.2) 6 (0.4) 0.50 (0.12 to 1.99) −0.20 (−0.58 to 0.19) .31

Stent thrombosis, definite or probable 4 (0.3) 1 (0.1) 3.97 (0.44 to 35.49) 0.20 (−0.09 to 0.48) .18

Cardiac death 20 (1.3) 20 (1.3) 1.00 (0.54 to 1.85) −0.01 (−0.82 to 0.80) .99

Cardiac death or MI 27 (1.8) 24 (1.7) 1.13 (0.65 to 1.95) 0.19 (−0.72 to 1.10) .67

Cardiac death, MI, or stent thrombosis 28 (1.9) 24 (1.6) 1.17 (0.68 to 2.02) 0.26 (−0.67 to 1.18) .58

Death, MI, or stroke 38 (2.6) 32 (2.2) 1.19 (0.74 to 1.90) 0.38 (−0.68 to 1.45) .47

Major adverse cardiac eventse 78 (5.3) 64 (4.3) 1.22 (0.88 to 1.70) 0.90 (−0.60 to 2.40) .23

Target-lesion revascularization 50 (3.3) 40 (2.7) 1.25 (0.82 to 1.89) 0.64 (−0.56 to 1.85) .30

Target-vessel revascularization 63 (4.2) 47 (3.2) 1.34 (0.92 to 1.96) 1.03 (−0.29 to 2.36) .12

Any bleedingf 6 (0.4) 14 (1.0) 0.43 (0.16 to 1.11) −0.53 (−1.10 to 0.05) .07

Abbreviations: HR, hazard ratio; MI, myocardial infarction; NACCE, net adverse
clinical and cerebral events.
a Event rates based on Kaplan-Meier estimates; HRs are derived from Cox

proportional hazard regression models.
b Composite of death from all causes, MI, stroke, or major bleeding.

Noninferiority P=.002 for primary end point.
c Event rates were 6.1% in the short-term group and 5.9% in the long-term

group if based on proportional risk.

d Defined as intracranial, intraocular, or retroperitoneal hemorrhage; clinically
overt blood loss resulting hemoglobin decrease >3 g/dL, any hemoglobin
decrease >4 g/dL, or transfusion of !1 units of packed red blood cells or whole
blood; or intracranial hemorrhage or bleeding causing hemodynamic
compromise and requiring intervention.

e Death from all causes, MI, urgent coronary artery bypass graft surgery, or
target lesion revascularization.

f Any bleeding event (combined modified REPLACE-2 and GUSTO criteria).
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Table 3. Clinical Outcomes of Patients with Short- vs Long-term Dual Antiplatelet Therapya

Clinical Outcomes

Patients, No. (%)

HR (95% CI) Risk Difference (95% CI)
Log-Rank

P ValueShort-term (n = 1563) Long-term (n = 1556)
Events up to 1 y

NACCEb 93 (6.0)c 90 (5.8)c 1.03 (0.77 to 1.38) 0.17 (−1.52 to 1.86) .84

All-cause death 43 (2.8) 45 (2.9) 0.95 (0.63 to 1.45) −0.14 (−1.34 to 1.05) .82

MI 49 (3.2) 42 (2.7) 1.17 (0.77 to 1.76) 0.45 (−0.76 to 1.66) .47

Stroke 5 (0.3) 5 (0.3) 0.99 (0.29 to 3.44) 0.00 (−0.41 to 0.41) .99

Major bleedingd 10 (0.6) 14 (0.9) 0.71 (0.32 to 1.60) −0.27 (−0.90 to 0.36) .41

Stent thrombosis, definite or probable 13 (0.8) 12 (0.8) 1.08 (0.49 to 2.36) 0.06 (−0.58 to 0.70) .86

Cardiac death 29 (1.9) 32 (2.1) 0.90 (0.55 to 1.49) −0.21 (−1.20 to 0.79) .69

Cardiac death or MI 70 (4.5) 62 (4.0) 1.13 (0.80 to 1.59) 0.51 (−0.94 to 1.95) .49

Cardiac death, MI, or stent thrombosis 72 (4.7) 65 (4.2) 1.11 (0.79 to 1.55) 0.44 (−1.03 to 1.91) .56

Death, MI, or stroke 87 (5.6) 78 (5.1) 1.14 (0.82 to 1.51) 0.57 (−1.04 to 2.18) .49

Major adverse cardiac eventse 128 (8.3) 114 (7.4) 1.12 (0.87 to 1.45) 0.88 (−1.04 to 2.81) .36

Target-lesion revascularization 53 (3.5) 49 (3.2) 1.08 (0.73 to 1.59) 0.25 (−1.03 to 1.53) .70

Target-vessel revascularization 70 (4.6) 57 (3.8) 1.23 (0.87 to 1.75) 0.84 (−0.59 to 2.26) .25

Any bleedingf 35 (2.3) 45 (2.9) 0.77 (0.50 to 1.20) 0.67 (−1.81 to 0.47) .25

0 to 90 d

NACCEb 54 (3.5) 52 (3.3) 1.03 (0.71 to 1.51) 0.11 (−1.16 to 1.39) .86

All-cause death 15 (1.0) 19 (1.2) 0.79 (0.40 to 1.55) −0.26 (−0.99 to 0.47) .48

MI 37 (2.4) 33 (2.1) 1.12 (0.70 to 1.79) 0.25 (−0.80 to 1.29) .64

Stroke 1 (0.1) 3 (0.2) 0.33 (0.03 to 3.19) −0.13 (−0.38 to 0.12) .31

Major bleedingd 7 (0.5) 8 (0.5) 0.87 (0.32 to 2.40) −0.07 (−0.55 to 0.42) .79

Stent thrombosis, definite or probable 9 (0.6) 11 (0.7) 0.81 (0.34 to 1.96) −0.13 (−0.69 to 0.43) .64

Cardiac death 9 (0.6) 12 (0.8) 0.75 (0.31 to 1.77) −0.20 (−0.77 to 0.38) .50

Cardiac death or MI 43 (2.8) 38 (2.4) 1.13 (0.73 to 1.75) 0.31 (−0.81 to 1.43) .59

Cardiac death, MI, or stent thrombosis 44 (2.8) 41 (2.6) 1.07 (0.70 to 1.64) 0.18 (−0.97 to 1.33) .76

Death, MI, or stroke 49 (3.1) 46 (3.0) 1.06 (0.71 to 1.64) 0.18 (−1.03 to 1.39) .77

Major adverse cardiac eventse 50 (3.2) 50 (3.2) 1.00 (0.67 to 1.48) −0.01 (−1.26 to 1.23) .99

Target-lesion revascularization 3 (0.2) 9 (0.6) 0.33 (0.09 to 1.22) −0.39 (−0.82 to 0.05) .08

Target-vessel revascularization 7 (0.4) 10 (0.6) 0.69 (0.27 to 1.83) −0.20 (−0.71 to 0.32) .46

Any bleedingf 29 (1.9) 31 (2.0) 0.93 (0.56 to 1.54) −0.14 (−1.11 to 0.83) .78

91 d to 1 y

NACCEb 39 (2.6) 38 (2.6) 1.03 (0.66 to 1.60) 0.05 (−1.06 to 1.17) .91

All-cause death 28 (1.9) 26 (1.7) 1.07 (0.63 to 1.83) 0.12 (−0.81 to 1.06) .79

MI 12 (0.8) 9 (0.6) 1.34 (0.56 to 3.18) 0.19 (−0.39 to 0.78) .51

Stroke 4 (0.3) 2 (0.1) 1.99 (0.37 to 10.88) 0.13 (−0.18 to 0.45) .42

Major bleedingd 3 (0.2) 6 (0.4) 0.50 (0.12 to 1.99) −0.20 (−0.58 to 0.19) .31

Stent thrombosis, definite or probable 4 (0.3) 1 (0.1) 3.97 (0.44 to 35.49) 0.20 (−0.09 to 0.48) .18

Cardiac death 20 (1.3) 20 (1.3) 1.00 (0.54 to 1.85) −0.01 (−0.82 to 0.80) .99

Cardiac death or MI 27 (1.8) 24 (1.7) 1.13 (0.65 to 1.95) 0.19 (−0.72 to 1.10) .67

Cardiac death, MI, or stent thrombosis 28 (1.9) 24 (1.6) 1.17 (0.68 to 2.02) 0.26 (−0.67 to 1.18) .58

Death, MI, or stroke 38 (2.6) 32 (2.2) 1.19 (0.74 to 1.90) 0.38 (−0.68 to 1.45) .47

Major adverse cardiac eventse 78 (5.3) 64 (4.3) 1.22 (0.88 to 1.70) 0.90 (−0.60 to 2.40) .23

Target-lesion revascularization 50 (3.3) 40 (2.7) 1.25 (0.82 to 1.89) 0.64 (−0.56 to 1.85) .30

Target-vessel revascularization 63 (4.2) 47 (3.2) 1.34 (0.92 to 1.96) 1.03 (−0.29 to 2.36) .12

Any bleedingf 6 (0.4) 14 (1.0) 0.43 (0.16 to 1.11) −0.53 (−1.10 to 0.05) .07

Abbreviations: HR, hazard ratio; MI, myocardial infarction; NACCE, net adverse
clinical and cerebral events.
a Event rates based on Kaplan-Meier estimates; HRs are derived from Cox

proportional hazard regression models.
b Composite of death from all causes, MI, stroke, or major bleeding.

Noninferiority P=.002 for primary end point.
c Event rates were 6.1% in the short-term group and 5.9% in the long-term

group if based on proportional risk.

d Defined as intracranial, intraocular, or retroperitoneal hemorrhage; clinically
overt blood loss resulting hemoglobin decrease >3 g/dL, any hemoglobin
decrease >4 g/dL, or transfusion of !1 units of packed red blood cells or whole
blood; or intracranial hemorrhage or bleeding causing hemodynamic
compromise and requiring intervention.

e Death from all causes, MI, urgent coronary artery bypass graft surgery, or
target lesion revascularization.

f Any bleeding event (combined modified REPLACE-2 and GUSTO criteria).
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ization for allocation to 6 vs 24 months of dual antiplatelet
therapy. At 24 months’ follow-up, the primary outcome (death
from any cause, MI, or stroke) was also similar with 6 vs 24
months of dual antiplatelet therapy.12

In the RESET (Real Safety and Efficacy of 3-Month Dual An-
tiplatelet Therapy Following Endeavor Zotarolimus-Eluting
Stent Implantation) trial, 2117 patients were randomized to
treatment with zotarolimus-eluting stents plus 3 months of
dual antiplatelet therapy vs first- or second-generation drug-
eluting stents plus 12 months of dual antiplatelet therapy. At
12 months’ follow-up, the primary outcome (cardiac death, MI,
stent thrombosis, or ischemia-driven target-vessel revascu-
larization) was equal in both groups.13 Although a treatment
scheme of 3 months of dual antiplatelet therapy was tested in
RESET, multiple types of stents were included.13 A subanaly-
sis from PRODIGY with landmark analysis at 6 months showed

lack of benefit for prolonged (24 months) vs shorter-term (6
months) dual antiplatelet therapy with bare-metal stents and
second-generation drug-eluting stents (zotarolimus-eluting
stents and everolimus-eluting stents); conversely, patients
treated solely with paclitaxel-eluting stents significantly ben-
efited from prolonged dual antiplatelet therapy.31

Recent analyses comparing first- and second-generation
drug-eluting stents have demonstrated lower rates of stent
thrombosis over time with second-generation stents.15,16,18,31,32

Therefore, it is not possible to determine whether all drug-
eluting stents could benefit from short-term regimens of dual
antiplatelet therapy based on the previous trials reported.11-13,31

To our knowledge, our study is the only trial to date of dual
antiplatelet therapy duration using a single second-
generation drug-eluting stent and in which 3 months of dual
antiplatelet therapy demonstrated noninferiority against 12

Figure 3. Time to Event for Individual Components of the Primary Composite End Point (All-Cause Death, Myocardial Infarction) Among Patients
Receiving Short- and Long-term Dual Antiplatelet Therapy at 0-360 Days, 0-90 Days, and 91-360 Days
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ization for allocation to 6 vs 24 months of dual antiplatelet
therapy. At 24 months’ follow-up, the primary outcome (death
from any cause, MI, or stroke) was also similar with 6 vs 24
months of dual antiplatelet therapy.12

In the RESET (Real Safety and Efficacy of 3-Month Dual An-
tiplatelet Therapy Following Endeavor Zotarolimus-Eluting
Stent Implantation) trial, 2117 patients were randomized to
treatment with zotarolimus-eluting stents plus 3 months of
dual antiplatelet therapy vs first- or second-generation drug-
eluting stents plus 12 months of dual antiplatelet therapy. At
12 months’ follow-up, the primary outcome (cardiac death, MI,
stent thrombosis, or ischemia-driven target-vessel revascu-
larization) was equal in both groups.13 Although a treatment
scheme of 3 months of dual antiplatelet therapy was tested in
RESET, multiple types of stents were included.13 A subanaly-
sis from PRODIGY with landmark analysis at 6 months showed

lack of benefit for prolonged (24 months) vs shorter-term (6
months) dual antiplatelet therapy with bare-metal stents and
second-generation drug-eluting stents (zotarolimus-eluting
stents and everolimus-eluting stents); conversely, patients
treated solely with paclitaxel-eluting stents significantly ben-
efited from prolonged dual antiplatelet therapy.31

Recent analyses comparing first- and second-generation
drug-eluting stents have demonstrated lower rates of stent
thrombosis over time with second-generation stents.15,16,18,31,32

Therefore, it is not possible to determine whether all drug-
eluting stents could benefit from short-term regimens of dual
antiplatelet therapy based on the previous trials reported.11-13,31

To our knowledge, our study is the only trial to date of dual
antiplatelet therapy duration using a single second-
generation drug-eluting stent and in which 3 months of dual
antiplatelet therapy demonstrated noninferiority against 12

Figure 3. Time to Event for Individual Components of the Primary Composite End Point (All-Cause Death, Myocardial Infarction) Among Patients
Receiving Short- and Long-term Dual Antiplatelet Therapy at 0-360 Days, 0-90 Days, and 91-360 Days
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In patients with stable coronary artery disease or low-risk ACS treated with zotarolimus-eluting
stents, 3 months of dual antiplatelet therapy was noninferior to 12 months for NACCE, without
significantly increasing the risk of stent thrombosis. 

Insights from the OPTIMIZE Trial



Insights from the REDUCE Trial

• Only ACS patients included
• COMBO Dual Therapy Stent: combines abluminal release of sirolimus (to prevent

neointima formation) and capture of Endothelial Progenitor Cells CD34 AB (to 
enhance stent re-endothelialization and therefore to prevent ST) 

• Short DAPT (3m, 751 pts) vs long DAPT (12m, 745 pts) in ACS pts. 
• Primary endpoint: composite of all cause death, MI, ST, stroke, TVR or bleeding.

COMBO DES 3m DAPT vs 12m DAPT

Randomized evaluation of short-term dual
antiplatelet therapy in patients with acute
coronary syndrome treated with the COMBO
dual therapy stent: rationale and
design of the REDUCE trial
CyrilCamaro, a SanderA. J.Damen, aMarcA.Brouwer, a ElvinKedhi, b StephanW.Lee, cMonicaVerdoia, d LuciaBarbieri, d

Andrea Rognoni, d Arnoud W. J. van t Hof, b Erik Ligtenberg, e Menko-Jan de Boer, a Harry Suryapranata, a and
Giuseppe De Luca, d Nijmegen, Zwolle, The Netherlands; Hong Kong; Novara, Italy; and Fort Lauderdale, USA

Background The optimal duration of dual antiplatelet therapy (DAPT) in acute coronary syndrome (ACS) patients
treated with drug eluting stents (DES) is still under debate. Recent meta-analyses on ≤6 months versus 12 months DAPT suggest
that bleeding rates can be reduced, without a higher rate of thrombotic complications. In particular, the COMBO dual therapy
stent, being associated with early re-endothelialization, may allow for a reduction of the duration of DAPT without increasing
the thrombotic risk, while reducing the risk of bleeding complications.

Aim The aim of the REDUCE trial is to demonstrate the non-inferiority of a combined efficacy and safety endpoint of a short-term
3 months DAPT strategy as compared to standard 12-month DAPT strategy in ACS patients treated with the COMBO stent.

Design A prospective, multicenter, randomized study designed to enroll 1500 patients with ACS treated with the COMBO stent.
Patientswill be randomizedbeforedischarge in a1:1 fashion to either3or12 months ofDAPT.A clinical follow-up is scheduledat 3,6,
12, and 24 months. The primary endpoint is the time to event as defined by the occurrence of one of the following: all cause mortality,
myocardial infarction, stent thrombosis, stroke, target vessel revascularization or bleeding (Bleeding Academic Research Council type
II, III and V) within 12 months. The study has recruited patients since July 2014, and the results are expected in 2017.

Summary A reduction of the DAPT duration in ACS patients after PCI without affecting the thrombotic risk is an attractive
option with regard to the associated bleeding risk. The REDUCE trial will be the first to investigate the efficacy and safety of a 3-
month DAPT strategy compared to a 12-month DAPT strategy in an ACS only population treated with the COMBO stent. (Am
Heart J 2016;178:37-44.)

Background
The widespread use of Drug Eluting Stents (DES) has

revolutionized the treatment of patients with coronary
artery disease. Large-scale randomized trials provided

strong evidence that DES significantly reduce angiographic
restenosis and enhance event-free survival compared with
Bare Metal Stents (BMS) after implantation in native
coronary arteries.1–4 However, despite an improved
efficacy in the prevention of restenosis and target vessel
failure, safety concerns have been raised, especially for first
generationDES.5–10 Stent thrombosis (ST), in particular late
ST, has been shown to be of major concern after early
discontinuation of dual anti platelet therapy (DAPT) with
the first generation DES, associated with high mortality
rates.7,8 This has prompted the recommendation of
prolonged 12-month DAPT after DES.10 However, the
available randomized data to support this antithrombotic
strategy in acute coronary syndrome (ACS) is limited, and
has primarily been adopted fromACS trials on the impact of
DAPT in populations with rather low rates of interven-
tions,11,12 or from studies with a high rate of patients with
stable angina undergoing elective PCI.13
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Confirmed by PP and AT analyses, and after adjustment for gender (adjusted OR (95% CI) = 0.95 (0.66–1.38), p=0.81)

Results: Primary Study Endpoint

Analysis set 3 month DAPT 
n = 729 

12 month DAPT
n = 734

Risk 
difference

Upper bound of 1 
sided 97.5% CI OR (95% CI) P non-inferiority

Intention to treat 8.2 8.4 -0.002 0.027 0.97 (0.67-1.41) <0.001
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Therefore, a shorter DAPT strategy could be considered, if necessary, 
even in ACS population
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6-month versus 12-month or longer dual antiplatelet 
therapy after percutaneous coronary intervention in 
patients with acute coronary syndrome (SMART-DATE): 
a randomised, open-label, non-inferiority trial
Joo-Yong Hahn*, Young Bin Song*, Ju-Hyeon Oh, Deok-Kyu Cho, Jin Bae Lee, Joon-Hyung Doh, Sang-Hyun Kim, Jin-Ok Jeong, Jang-Ho Bae, 
Byung-Ok Kim, Jang Hyun Cho, Il-Woo Suh, Doo-il Kim, Hoon-Ki Park, Jong-Seon Park, Woong Gil Choi, Wang Soo Lee, Jihoon Kim, Ki Hong Choi, 
Taek Kyu Park, Joo Myung Lee, Jeong Hoon Yang, Jin-Ho Choi, Seung-Hyuk Choi, Hyeon-Cheol Gwon, for the SMART-DATE investigators†

Summary
Background Current guidelines recommend dual antiplatelet therapy (DAPT) of aspirin plus a P2Y12 inhibitor for at least 
12 months after implantation of drug-eluting stents (DES) in patients with acute coronary syndrome. However, available 
data about the optimal duration of DAPT in patients with acute coronary syndrome undergoing percutaneous coronary 
intervention are scant. We aimed to investigate whether a 6-month duration of DAPT would be non-inferior to the 
conventional 12-month or longer duration of DAPT in this population. 

Methods We did a randomised, open-label, non-inferiority trial at 31 centres in South Korea. Patients were eligible if they 
had unstable angina, non-ST-segment elevation myocardial infarction, or ST-segment elevation myocardial infarction, 
and underwent percutaneous coronary intervention. Enrolled patients were randomly assigned, via a web-based system 
by computer-generated block randomisation, to either the 6-month DAPT group or to the 12-month or longer DAPT 
group, with stratification by site, clinical presentation, and diabetes. Assessors were masked to treatment allocation. The 
primary endpoint was a composite of all-cause death, myocardial infarction, or stroke at 18 months after the index 
procedure in the intention-to-treat population. Secondary endpoints were the individual components of the primary 
endpoint; definite or probable stent thrombosis as defined by the Academic Research Consortium; and Bleeding 
Academic Research Consortium (BARC) type 2–5 bleeding at 18 months after the index procedure. The primary endpoint 
was also analysed per protocol. This trial is registered with ClinicalTrials.gov, number NCT01701453.

Findings Between Sept 5, 2012, and Dec 31, 2015, we randomly assigned 2712 patients; 1357 to the 6-month DAPT group 
and 1355 to the 12-month or longer DAPT group. Clopidogrel was used as a P2Y12 inhibitor for DAPT in 
1082 (79·7%) patients in the 6-month DAPT group and in 1109 (81·8%) patients in the 12-month or longer DAPT group. 
The primary endpoint occurred in 63 patients in the 6-month DAPT group and in 56 patients in the 12-month or longer 
DAPT group (cumulative event rate 4·7% vs 4·2%; absolute risk difference 0·5%; upper limit of one-sided 95% CI 1·8%; 
pnon-inferiority=0·03 with a predefined non-inferiority margin of 2·0%). Although all-cause mortality did not differ significantly 
between the 6-month DAPT group and the 12-month or longer DAPT group (35 [2·6%] patients vs 39 [2·9%]; hazard 
ratio [HR] 0·90 [95% CI 0·57–1·42]; p=0·90) and neither did stroke (11 [0·8%] patients vs 12 [0·9%]; 0·92 [0·41–2·08]; 
p=0·84), myocardial infarction occurred more frequently in the 6-month DAPT group than in the 12-month or longer 
DAPT group (24 [1·8%] patients vs ten [0·8%]; 2·41 [1·15–5·05]; p=0·02). 15 (1·1%) patients had stent thrombosis in the 
6-month DAPT group compared with ten (0·7%) in the 12-month or longer DAPT group (HR 1·50 [95% CI 0·68–3·35]; 
p=0·32). The rate of BARC type 2–5 bleeding was 2·7% (35 patients) in the 6-month DAPT group and 3·9% (51 patients) 
in the 12-month or longer DAPT group (HR 0·69 [95% CI 0·45–1·05]; p=0·09). Results from the per-protocol analysis 
were similar to those from the intention-to-treat analysis.

Interpretation The increased risk of myocardial infarction with 6-month DAPT and the wide non-inferiority margin 
prevent us from concluding that short-term DAPT is safe in patients with acute coronary syndrome undergoing 
percutaneous coronary intervention with current-generation DES. Prolonged DAPT in patients with acute coronary 
syndrome without excessive risk of bleeding should remain the standard of care. 

Funding Abbott Vascular Korea, Medtronic Vascular Korea, Biosensors Inc, and Dong-A ST.

Introduction
Patients presenting with acute coronary syndrome have a 
higher risk of recurrent ischaemic events than do those 
with stable ischaemic heart disease.1,2 Therefore, standard 
American College of Cardiology/American Heart 

Association (ACC/AHA)3 and European Society of 
Cardiology (ESC) guidelines4 recommend dual antiplatelet 
therapy (DAPT) of aspirin plus a P2Y12 inhibitor for 
12 months or longer in patients with acute coronary 
syndrome unless there are contraindications such as 
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2712 ACS patients randomized 1:1 
(short vs standard DAPT)  
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(figure 1). Patients in the two groups were balanced with 
regard to all baseline demographic and clinical 
characteristics (table 1). Medications at discharge from 
the index percutaneous coronary intervention procedure 
were similar in both groups (appendix). Angiographic 
and procedural data were also similar in the two groups 
(table 2).

The median age was 62 years (IQR 54–71) overall and 
more than a fourth of the patient population had diabetes. 
More than a third of patients presented with acute 
STEMI. Nearly half of patients had multivessel disease, 
and the left main or left anterior descending artery lesion 
was treated in about 60% of patients (table 2). Everolimus-
eluting, zotarolimus-eluting, and biolimus-eluting stents 
were implanted in a third of patients each, as per the 
randomisation scheme (table 2).

The median duration of DAPT was 184 days 
(IQR 177–236) or 6·1 months (IQR 5·9–7·9) in the 
6-month DAPT group and 531 days (378–540) or 
17·7 months (12·6–18·0) in the 12-month or longer 
DAPT group. Adherence to the study protocol was 
73·7% (1000 of 1357 patients) in the 6-month DAPT 
group and 95·7% (1297 of 1355 patients) in the 12-month 
or longer DAPT group. Clopidogrel was used as a P2Y12 
inhibitor for DAPT in 1082 (79·7%) patients in the 
6-month DAPT group and in 1109 (81·8%) patients in the 
12-month or longer DAPT group.

Follow-up for the primary endpoint was completed in 
97·5% of all patients. At 18 months, the primary 
endpoint of major adverse cardiac and cerebrovascular 
events occurred in 63 patients in the 6-month DAPT 
group and in 56 patients in the 12-month DAPT group. 
Cumulative rates (Kaplan-Meier estimates) of major 
adverse cardiac and cerebrovascular events at 18 months 
were 4·7% for the 6-month DAPT group and 4·2% for 
the 12-month or longer DAPT group. The non-inferiority 
of the 6-month DAPT to 12-month or longer DAPT was 
met (absolute risk difference 0·5%; upper limit of 
one-sided 95% CI 1·8%; pnon-inferiority=0·03 with a 
predefined non-inferiority margin of 2·0%; table 3; 
figure 2A). Although all-cause mortality did not differ 
significantly between the two groups at 18 months 
(2·6% vs 2·9%; HR 0·90 [95% CI 0·57–1·42]; p=0·90; 
figure 2B), myocardial infarction occurred more 
frequently in the 6-month DAPT group than in the 
12-month or longer DAPT group (1·8% vs 0·8%; HR 2·41 
[95% CI 1·15–5·05]; p=0·02; figure 2C). Both non-target 
vessel myocardial infarction and target vessel myocardial 
infarction occurred more frequently in the 6-month 
DAPT group than in the 12-month or longer DAPT 
group (table 3). However, the risk of stent thrombosis 
and of stroke did not differ significantly between the 
two groups (table 3). The rate of BARC type 2–5 bleeding 
also did not differ significantly between the two groups 
(figure 2D). Although no significant interaction between 
the effects of DAPT duration and potency of P2Y12 
inhibitors on bleeding complications was found 

(appendix), patients receiving potent P2Y12 inhibitors 
tended to have a higher bleeding risk than did those 
receiving clopidogrel (HR 1·54 [95% CI 0·96–2·48]; 
p=0·08). The rate of net adverse clinical and cerebral 
events was similar between the two groups (table 3). 

Figure 1: Trial profile
DAPT=dual antiplatelet therapy.

2712 patients enrolled 

 15 P2Y12 inhibitor <120 days
333 P2Y12 inhibitor >240 days
 9 aspirin <300 days

1357 randomly assigned to receive 6-month 
  DAPT

1355 randomly assigned to receive 12-month or 
  longer DAPT

1357 included in intention-to-treat analysis 1355 included in intention-to-treat analysis

43 P2Y12 inhibitor <300 days
 15 aspirin <300 days

41 lost to follow-up

1000 included in per-protocol analysis 1297 included in per-protocol analysis

26 lost to follow-up

6-month DAPT 
group (n=1357)

12-month or longer 
DAPT group (n=1355)

Clinical

Mean age, years 62·0 (11·5) 62·2 (11·9)

Median age, years (IQR) 62 (54–71) 63 (53–71)

Men 1016 (74·9%) 1028 (75·9%)

Women 341 (25·1%) 327 (24·1%)

Mean BMI, kg/m² 24·3 (3·2) 24·5 (3·1)

Diabetes 365/1355 (26·9%) 379/1350 (28·1%)

Hypertension 669/1340 (49·9%) 654/1342 (48·7%)

Dyslipidaemia 322/1329 (24·2%) 336/1332 (25·2%)

Current smokers 506/1333 (38·0%) 536/1335 (40·1%)

Previous myocardial 
infarction

30/1328 (2·3%) 23/1334 (1·7%)

Previous revascularisation 65/1320 (4·9%) 52/1328 (3·9%)

Cerebrovascular disease 52/1330 (3·9%) 58/1332 (4·4%)

Chronic renal failure 13/1327 (1·0%) 6/1328 (0·5%)

Mean left ventricular 
ejection fraction

55·5% (11·0) 55·4% (10·5)

Clinical presentation

ST-elevation myocardial 
infarction

509 (37·5%) 514 (37·9%)

Non-ST-elevation 
myocardial infarction

428 (31·5%) 425 (31·4%)

Unstable angina 420 (31·0%) 416 (30·7%)

Data are n (%), n/N (%), mean (SD), or median (IQR). Data are given for the 
intention-to-treat population. DAPT=dual antiplatelet therapy. 
BMI=body-mass index.

Table 1: Baseline characteristics of patients
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The posthoc landmark analysis showed that the risk of 
major adverse cardiac and cerebrovascular events between 
6 months and 18 months seemed to be higher in the 
6-month DAPT group than in the 12-month or longer 
DAPT group (HR 1·69 [95% CI 0·97–2·94]; p=0·07; 
figure 3A). Rates of all-cause death did not differ 
significantly between the 6-month DAPT group and the 
12-month or longer DAPT group (HR 1·08 [95% CI 
0·52–2·24]; p=0·84; figure 3B), but myocardial infarction 
occurred more frequently in the 6-month DAPT group than 
in the 12-month or longer DAPT group (5·06 [1·46–17·47]; 
p=0·01; figure 3C). Moreover, the risk of cardiac death or 
myocardial infarction was significantly higher in the 
6-month DAPT group than in the 12-month or longer 
DAPT group (HR 2·47 [95% CI 1·14–5·37]; p=0·02). 
BARC type 2–5 bleeding also did not differ significantly 
between the 6-month DAPT group and the 12-month or 
longer DAPT group (HR 0·57 [95% CI 0·29–1·12]; p=0·10; 
figure 3D). 

Results from the per-protocol analysis were similar to 
those from the intention-to-treat analysis (appendix). 
Major adverse cardiac and cerebrovascular events occurred 
in 44 of 1000 patients in the 6-month DAPT group and in 
52 of 1297 patients in the 12-month or longer DAPT 
group. Cumulative rates (Kaplan-Meier estimates) of 
major adverse cardiac and cerebrovascular events at 
18 months were 4·5% for the 6-month DAPT group and 
4·1% for the 12-month or longer DAPT group. The non-
inferiority of 6-month DAPT to 12-month or longer DAPT 
was met (absolute risk differ ence 0·4%; upper limit of 
one-sided 95% CI 1·9%; pnon-inferiority=0·04). All-cause death 
and stent thrombosis did not differ significantly between 
the two groups. The rate of myocardial infarction was 
numerically higher in the 6-month DAPT group than in 
the 12-month or longer DAPT group, but this difference 
was not significant (1·6% vs 0·8%; HR 1·97 [95% CI 
0·88–4·38]; p=0·10; appendix). However, the risk of BARC 
type 2–5 bleeding was significantly lower in the 6-month 
DAPT group than in the 12-month or longer DAPT group 
(2·3% vs 3·8%; HR 0·60 [95% CI 0·36–0·99]; p=0·046; 
appendix).

In subgroup analyses, the treatment effects of 6-month 
DAPT compared with 12-month or longer DAPT were 
consistent across various subgroups for the primary 
endpoint of major adverse cardiac and cerebrovascular 
events, including in subgroups analysed according to 
the presence versus absence of ST-segment elevation 
and type of P2Y12 inhibitors (appendix). However, a 
significant interaction between the treatment effect of 
the two DAPT regimens and treated lesion location on 
major adverse cardiac and cerebrovascular events was 
found (pinteraction=0·014; appendix). In a posthoc subgroup 
analysis of the risk of myocardial infarction, a significant 
interaction between the treatment effect of the two DAPT 
regimens and clinical presentation was found 
(pinteraction=0·025; appendix). Among patients presenting 
with acute myocardial infarction, the risk of myocardial 

6-month DAPT group 
(n=1357)

12-month or longer DAPT group 
(n=1355)

Transradial approach 637/1354 (47·0%) 632/1354 (46·7%)

Multivessel disease 591/1356 (43·6%) 631/1355 (46·6%)

Location of lesion treated

Left main 29/1356 (2·1%) 17/1355 (1·3%)

Left anterior descending 767/1356 (56·6%) 826/1355 (61·0%)

Left circumflex 331/1356 (24·4%) 340/1355 (25·1%)

Right coronary artery 504/1356 (37·2%) 490/1355 (36·2%)

Calcified lesion 165/1355 (12·2%) 178/1353 (13·2%)

Bifurcation lesion 124/1355 (9·2%) 123/1353 (9·1%)

Thrombotic lesion 325/1355 (24·0%) 330/1353 (24·4%)

Glycoprotein IIb/IIIa inhibitors 62/1349 (4·6%) 81/1350 (6·0%)

Use of intravascular ultrasound 311/1355 (23·0%) 331/1353 (24·5%)

Treated lesions per patient 1·3 (0·6) 1·4 (0·7)

Multi-lesion intervention 339/1356 (25·0%) 367/1355 (27·1%)

Multivessel intervention 263/1356 (19·4%) 281/1355 (20·7%)

Stents per patient 1·4 (0·8) 1·5 (0·8)

Stents per lesion 1·1 (0·3) 1·1 (0·3)

Stent length per lesion, mm 26·1 (10·1) 26·3 (10·3)

Type of drug-eluting stents

No stent 9 (0·7%) 5 (0·4%)

Everolimus-eluting stents 476 (35·1%) 462 (34·1%)

Zotarolimus-eluting stents 459 (33·8%) 459 (33·9%)

Biolimus-eluting stents 406 (29·9%) 419 (30·9%)

Other stents 7 (0·5%) 10 (0·7%)

Procedural success 1299/1355 (95·9%) 1280/1353 (94·6%)

Data are n (%), n/N (%), or mean (SD), unless otherwise stated. Data are given for the intention-to-treat population. 
DAPT=dual antiplatelet therapy.

Table 2: Lesion and procedural characteristics of patients

6-month 
DAPT group 
(n=1357)

12-month or 
longer DAPT 
group (n=1355)

HR (95% CI) p value

Major adverse cardiac and cerebrovascular 
events

63 (4·7%) 56 (4·2%) 1·13 (0·79–1·62) 0·51

Death 35 (2·6%) 39 (2·9%) 0·90 (0·57–1·42) 0·90

Myocardial infarction 24 (1·8%) 10 (0·8%) 2·41 (1·15–5·05) 0·02

Target vessel myocardial infarction 14 (1·1%) 7 (0·5%) 2·01 (0·81–4·97) 0·13

Non-target vessel myocardial infarction 10 (0·8%) 3 (0·2%) 3·35 (0·92–12·18) 0·07

Cerebrovascular accident (stroke) 11 (0·8%) 12 (0·9%) 0·92 (0·41–2·08) 0·84

Cardiac death 18 (1·4%) 24 (1·8%) 0·75 (0·41–1·38) 0·36

Cardiac death or myocardial infarction 39 (2·9%) 32 (2·4%) 1·22 (0·77–1·95) 0·40

Stent thrombosis 15 (1·1%) 10 (0·7%) 1·50 (0·68–3·35) 0·32

BARC type 2–5 bleeding 35 (2·7%) 51 (3·9%) 0·69 (0·45–1·05) 0·09

Major bleeding 6 (0·5%) 10 (0·8%) 0·60 (0·22–1·65) 0·33

Net adverse clinical and cerebral events* 96 (7·2%) 99 (7·4%) 0·97 (0·73–1·29) 0·84

Data are n (%), unless otherwise stated. Percentages are Kaplan-Meier estimates. We defined major adverse cardiac 
and cerebrovascular events as a composite of all-cause mortality, myocardial infarction, and stroke. DAPT=dual 
antiplatelet therapy. HR=hazard ratio. BARC=Bleeding Academic Research Consortium. *Net adverse clinical and 
cerebral events were defined as major adverse cardiac and cerebrovascular events plus BARC type 2–5 bleeding.

Table 3: Clinical primary and secondary outcomes at 18 months

PRIMARY ENDPOINT: 
composite of all-cause death, MI, stroke at 18 
months
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The posthoc landmark analysis showed that the risk of 
major adverse cardiac and cerebrovascular events between 
6 months and 18 months seemed to be higher in the 
6-month DAPT group than in the 12-month or longer 
DAPT group (HR 1·69 [95% CI 0·97–2·94]; p=0·07; 
figure 3A). Rates of all-cause death did not differ 
significantly between the 6-month DAPT group and the 
12-month or longer DAPT group (HR 1·08 [95% CI 
0·52–2·24]; p=0·84; figure 3B), but myocardial infarction 
occurred more frequently in the 6-month DAPT group than 
in the 12-month or longer DAPT group (5·06 [1·46–17·47]; 
p=0·01; figure 3C). Moreover, the risk of cardiac death or 
myocardial infarction was significantly higher in the 
6-month DAPT group than in the 12-month or longer 
DAPT group (HR 2·47 [95% CI 1·14–5·37]; p=0·02). 
BARC type 2–5 bleeding also did not differ significantly 
between the 6-month DAPT group and the 12-month or 
longer DAPT group (HR 0·57 [95% CI 0·29–1·12]; p=0·10; 
figure 3D). 

Results from the per-protocol analysis were similar to 
those from the intention-to-treat analysis (appendix). 
Major adverse cardiac and cerebrovascular events occurred 
in 44 of 1000 patients in the 6-month DAPT group and in 
52 of 1297 patients in the 12-month or longer DAPT 
group. Cumulative rates (Kaplan-Meier estimates) of 
major adverse cardiac and cerebrovascular events at 
18 months were 4·5% for the 6-month DAPT group and 
4·1% for the 12-month or longer DAPT group. The non-
inferiority of 6-month DAPT to 12-month or longer DAPT 
was met (absolute risk differ ence 0·4%; upper limit of 
one-sided 95% CI 1·9%; pnon-inferiority=0·04). All-cause death 
and stent thrombosis did not differ significantly between 
the two groups. The rate of myocardial infarction was 
numerically higher in the 6-month DAPT group than in 
the 12-month or longer DAPT group, but this difference 
was not significant (1·6% vs 0·8%; HR 1·97 [95% CI 
0·88–4·38]; p=0·10; appendix). However, the risk of BARC 
type 2–5 bleeding was significantly lower in the 6-month 
DAPT group than in the 12-month or longer DAPT group 
(2·3% vs 3·8%; HR 0·60 [95% CI 0·36–0·99]; p=0·046; 
appendix).

In subgroup analyses, the treatment effects of 6-month 
DAPT compared with 12-month or longer DAPT were 
consistent across various subgroups for the primary 
endpoint of major adverse cardiac and cerebrovascular 
events, including in subgroups analysed according to 
the presence versus absence of ST-segment elevation 
and type of P2Y12 inhibitors (appendix). However, a 
significant interaction between the treatment effect of 
the two DAPT regimens and treated lesion location on 
major adverse cardiac and cerebrovascular events was 
found (pinteraction=0·014; appendix). In a posthoc subgroup 
analysis of the risk of myocardial infarction, a significant 
interaction between the treatment effect of the two DAPT 
regimens and clinical presentation was found 
(pinteraction=0·025; appendix). Among patients presenting 
with acute myocardial infarction, the risk of myocardial 

6-month DAPT group 
(n=1357)

12-month or longer DAPT group 
(n=1355)

Transradial approach 637/1354 (47·0%) 632/1354 (46·7%)

Multivessel disease 591/1356 (43·6%) 631/1355 (46·6%)

Location of lesion treated

Left main 29/1356 (2·1%) 17/1355 (1·3%)

Left anterior descending 767/1356 (56·6%) 826/1355 (61·0%)

Left circumflex 331/1356 (24·4%) 340/1355 (25·1%)

Right coronary artery 504/1356 (37·2%) 490/1355 (36·2%)

Calcified lesion 165/1355 (12·2%) 178/1353 (13·2%)

Bifurcation lesion 124/1355 (9·2%) 123/1353 (9·1%)

Thrombotic lesion 325/1355 (24·0%) 330/1353 (24·4%)

Glycoprotein IIb/IIIa inhibitors 62/1349 (4·6%) 81/1350 (6·0%)

Use of intravascular ultrasound 311/1355 (23·0%) 331/1353 (24·5%)

Treated lesions per patient 1·3 (0·6) 1·4 (0·7)

Multi-lesion intervention 339/1356 (25·0%) 367/1355 (27·1%)

Multivessel intervention 263/1356 (19·4%) 281/1355 (20·7%)

Stents per patient 1·4 (0·8) 1·5 (0·8)

Stents per lesion 1·1 (0·3) 1·1 (0·3)

Stent length per lesion, mm 26·1 (10·1) 26·3 (10·3)

Type of drug-eluting stents

No stent 9 (0·7%) 5 (0·4%)

Everolimus-eluting stents 476 (35·1%) 462 (34·1%)

Zotarolimus-eluting stents 459 (33·8%) 459 (33·9%)

Biolimus-eluting stents 406 (29·9%) 419 (30·9%)

Other stents 7 (0·5%) 10 (0·7%)

Procedural success 1299/1355 (95·9%) 1280/1353 (94·6%)

Data are n (%), n/N (%), or mean (SD), unless otherwise stated. Data are given for the intention-to-treat population. 
DAPT=dual antiplatelet therapy.

Table 2: Lesion and procedural characteristics of patients

6-month 
DAPT group 
(n=1357)

12-month or 
longer DAPT 
group (n=1355)

HR (95% CI) p value

Major adverse cardiac and cerebrovascular 
events

63 (4·7%) 56 (4·2%) 1·13 (0·79–1·62) 0·51

Death 35 (2·6%) 39 (2·9%) 0·90 (0·57–1·42) 0·90

Myocardial infarction 24 (1·8%) 10 (0·8%) 2·41 (1·15–5·05) 0·02

Target vessel myocardial infarction 14 (1·1%) 7 (0·5%) 2·01 (0·81–4·97) 0·13

Non-target vessel myocardial infarction 10 (0·8%) 3 (0·2%) 3·35 (0·92–12·18) 0·07

Cerebrovascular accident (stroke) 11 (0·8%) 12 (0·9%) 0·92 (0·41–2·08) 0·84

Cardiac death 18 (1·4%) 24 (1·8%) 0·75 (0·41–1·38) 0·36

Cardiac death or myocardial infarction 39 (2·9%) 32 (2·4%) 1·22 (0·77–1·95) 0·40

Stent thrombosis 15 (1·1%) 10 (0·7%) 1·50 (0·68–3·35) 0·32

BARC type 2–5 bleeding 35 (2·7%) 51 (3·9%) 0·69 (0·45–1·05) 0·09

Major bleeding 6 (0·5%) 10 (0·8%) 0·60 (0·22–1·65) 0·33

Net adverse clinical and cerebral events* 96 (7·2%) 99 (7·4%) 0·97 (0·73–1·29) 0·84

Data are n (%), unless otherwise stated. Percentages are Kaplan-Meier estimates. We defined major adverse cardiac 
and cerebrovascular events as a composite of all-cause mortality, myocardial infarction, and stroke. DAPT=dual 
antiplatelet therapy. HR=hazard ratio. BARC=Bleeding Academic Research Consortium. *Net adverse clinical and 
cerebral events were defined as major adverse cardiac and cerebrovascular events plus BARC type 2–5 bleeding.

Table 3: Clinical primary and secondary outcomes at 18 months



Ongoing trials
SHORT-TERM DAPT WITH NEW-GENERATION DES: 

ONGOING STUDIES AND RANDOMIZED TRIALS

Study NCT Device DAPT Duration Study Design Patients

COBRA REDUCE NCT02594501 Cobra PzF vs. 
new-DES

2 weeks vs. 3-to-6 
month RCT 996

EVOLVE Short DAPT NCT02605447 Synergy 3 months Single-arm study 2,009

MASTER-DAPT NCT03023020 Ultimaster 1 month RCT 4,300

Onyx ONE NCT03344653 Resolute vs. 
BioFreedom 1 month RCT 2,000

Onyx ONE Clear NCT03647475 Resolute 1 month Single-arm study 800

POEM NCT03112707 Synergy 1 month Single-arm study 1,023

STOP-DAPT2 ACS NCT03462498 Xience 1 vs. 12 month RCT 3,000

XIENCE 90 NCT03218787 Xience 3 months Single-arm study 2,000

XIENCE 28 Global NCT03355742 Xience 28 days Single-arm study 800

ISAR-DAPT NCT02609698 Coroflex ISAR 3 vs. 6 months RCT 900

LEADERS FREE II NCT02843633 BioFreedom 1 month Single-arm study 1,200

HOST-IDEA NCT02601157 Corofles ISAR 
and Orsiro SES 3 vs. 12 months RCT 2,152



Insights from the I-LOVE-IT 2 Trial

• 907 patients treated with multiple BP-SES (total stent number ≧ 2) were assigned to 
receive 6-month (n 5440) or 12-month (n 5467) DAPT. 

• Primary Endpoint: 12-month target lesion failure (TLF), which is a composite of 
cardiac death, target vessel myocardial infarction (MI) or clinically indicated target 
lesion revascularization

Multiple DES 6m DAPT vs 12m DAPT

Jing Qi et al., Catheterization and Cardiovascular Interventions 89:555–564 (2017) 

Safety and Efficacy of 6-Month Versus 12-Month Dual
Antiplatelet Therapy in Patients After Implantation of
Multiple Biodegradable Polymer-Coated Sirolimus-

Eluting Coronary Stents: Insight From the I-LOVE-IT 2 Trial

Jing Qi,1,2
MD, Yi Li,1 MD, Jing Li,1 MD, Quanmin Jing,1 MD, Kai Xu,1 MD,

Chuanyu Gao,3 MD, Likun Ma,4 MD, Zhi Zhang,5 MD, Bo Xu,6 MD, and Yaling Han,1* MD, PhD

Objective: This study sought to compare the clinical outcomes of 6-month versus
12-month dual antiplatelet therapy (DAPT) in patients receiving multiple biodegrad-
able polymer-coated sirolimus-eluting stents (BP-SES) implants. Background: The
clinical outcomes for patients who undergo multiple BP-SES implantation with different
DAPT durations are uncertain. Methods: In the I-LOVE-IT 2 trial, 907 patients treated
with multiple BP-SES (total stent number !2) were assigned to receive 6-month
(n 5 440) or 12-month (n 5 467) DAPT. The primary endpoint was 12-month target
lesion failure (TLF), which is a composite of cardiac death, target vessel myocardial
infarction (MI) or clinically indicated target lesion revascularization. The major sec-
ondary endpoints were 12-month net adverse clinical events, a composite of all
causes of death, MI, stroke, any revascularization and bleeding. Results: The num-
ber of stents per patient between the 6-month and 12-month DAPT group was simi-
lar (2.4 6 0.7 vs. 2.4 6 0.7, P 5 0.47). The incidence of 12-month TLF was comparable
in the 6-month and 12-month DAPT groups (9.3% vs.7.5%, Log-rank P 5 0.33). How-
ever, landmark analysis showed that 12-month DAPT, compared to 6-month DAPT,
was associated with a significantly lower risk of TLF (4.8% vs. 2.4%, Log-rank
P 5 0.049) at a cost of a slightly increased risk of all bleeding events (0.5% vs.
1.7%, Log-rank P 5 0.07) between 6 and 12 months. Conclusions: In patients treated
with multiple BP-SES, 6- and 12-month DAPT had similar impacts on 12-month clini-
cal outcomes. Additionally, 12-month DAPT might reduce TLF between 6 and 12
months at the cost of a slightly increased risk of all bleeding events. VC 2017 Wiley

Periodicals, Inc.

Key words: dual antiplatelet therapy; biodegradable polymer; multiple stent
implantation
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Insights from the I-LOVE-IT 2 Trial
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revascularization was observed in the 6-month DAPT
group compared to that in the 12-month DAPT group
(8.6% vs. 5.1%, log-rank P 5 0.04) (Fig. 2D). Definite
or probable ST occurred in three patients (0.7%) in the
6-month DAPT group and 2 patients (0.4%) in the 12-
month DAPT group (log-rank P 5 0.61). There was no
significant difference in the incidence of BARC 3-5
bleeding (0.7% vs. 0.4%, log-rank P 5 0.57).There were
no differences in the incidence of cardiac death, all
causes of death, MI, stroke, and CI-TLR (1.4% vs. 1.1%,
log-rank P 5 0.69; 1.8% vs.1.9%, log-rank P 5 0.91;
5.2% vs. 4.7%, log-rank P 5 0.72; 1.1% vs. 1.7%, log-
rank P 5 0.47; 4.8% vs. 2.8%, log-rank P 5 0.11, respec-
tively) between the two groups (Table III).

The results of the six-month landmark analysis of
TLF, NACE, all bleeding and revascularization are
shown in Figure 2. The incidence of TLF and revascu-
larization between 6 and 12 months after PCI was
higher in the 6-month DAPT group than in the
12-month DAPT group in patients with multiple BP-

TABLE III. Clinical Outcomes Over 12 Months

6-month
DAPT

(n 5 440)

12-month
DAPT

(n 5 467) P-value

TLF 41 (9.3) 35 (7.5) 0.33
Cardiac death 6 (1.4) 5 (1.1) 0.69

TVMI 19 (4.3) 20 (4.3) 0.98
CI-TLR 21 (4.8) 13 (2.8) 0.11

NACE 79 (18.0) 79 (16.9) 0.69

All causes of death 8 (1.8) 9 (1.9) 0.91
MI 23 (5.2) 22 (4.7) 0.72

Stroke 5 (1.1) 8 (1.7) 0.47
Bleeding

All bleeding 18 (4.1) 25 (5.4) 0.38

BARC type 3–5 bleeding 3 (0.7) 2 (0.4) 0.57
Revascularization 38 (8.6) 24 (5.1) 0.04

Definite/probable ST 3 (0.7) 2 (0.4) 0.61

Data are presented as n (%).
TLF, target lesion failure; TVMI, target vessel myocardial infarction;

CI-TLR, clinically indicated target lesion revascularization; MI, myocar-
dial infarction; NACE, net adverse clinical events; ST, stent thrombosis;
BARC, Bleeding academic research consortium.

Fig. 2. Time-to-event curves over 12 months for TLF (A), NACE (B), All bleeding (C) and All
revascularization (D) between patients who received multiple BP-SES implants as well as 6-
and 12-month DAPT. TLF: Target Lesion Failure; NACE: Net Adverse Clinical Events; BP-SES:
Biodegradable Polymer-Coated Sirolimus-Eluting Stents; DAPT: Dual Antiplatelet Therapy
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The incidence of 12-month TLF was comparable in the 6-month and 12-month DAPT groups (9.3% vs.7.5%, Log-rank P 5 
0.33). How- ever, landmark analysis showed that 12-month DAPT, compared to 6-month DAPT, was associated with a 
significantly lower risk of TLF (4.8% vs. 2.4%, Log-rank P 0.049) 



Conclusions

- DES always over BMS
- Identify HBR patients: short DAPT mandatory
- Consider short DAPT also in non-HBR when: 
• non-complex PCI (large vessel, one lesion, single stent)
• low Syntax score, non-diffuse CAD 

- Longer DAPT reasonable in low BR patients with complex CAD
- Word of caution in ACS patients while waiting for new 

evidences


