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Abstract 

Dual antiplatelet therapy (DAPT) combining aspirin and a P2Y12 receptor inhibitor has been 
consistently shown to reduce recurrent major adverse cardiovascular events (MACE) in patients 
with acute coronary syndrome (ACS) or undergoing percutaneous coronary intervention (PCI) for 
stable coronary artery disease (CAD) compared with aspirin monotherapy but at the expense of 
an increased risk of signifi cant bleeding. Among patients with stable CAD undergoing PCI with 
drug-eluting stents (DES), shorter duration of DAPT (3–6 months) were shown non-inferior to 12 
or 24 months duration concerning MACE but reduced the rates of major bleeding? Contrariwise, 
prolonged DAPT durations (18–48 months) reduced the incidence of myocardial infarction and 
stent thrombosis, but at the cost of an increased risk of majör bleeding and all-cause mortality. 
Until more evidence becomes available, the choice of optimal DAPT regimen and duration for 
patients with CAD requires a tailored approach based on the patient clinical presentation, baseline 
risk profi le and management strategy. Patients with acute coronary syndromes (ACS) and a 
history of atrial fi brillation (AF) have indications for both dual antiplatelet therapy (DAPT) and oral 
anticoagulation (OAC). Triple therapy (TT), the combination of DAPT and OAC, is recommended 
in guidelines. This article provides a contemporary state-of-the-art review of the current evidence 
on DAPT for secondary prevention of patients with CAD and its future perspectives.

Introduction
Platelet inhibition plays a central role in the treatment 

and prevention of short- and long-term atherothrombotic 
events in patients with coronary artery disease (CAD). 
Dual antiplatelet therapy (DAPT; a P2Y12 inhibitor [e.g., 
clopidogrel, prasugrel, ticagrelor] plus acetylsalicylic acid) 
is routinely given after percutaneous coronary intervention 
(PCI) with stenting to prevent stent thrombosis and majör 
adverse cardiovascular (CV) events (Levine et al., 2016). 
The recommended duration of DAPT for patients after drug-
eluting stent (DES) implantation is ≥ 12 months for patients 
with the acute coronary syndrome (ACS), and six months for 
patients with stable coronary artery disease [1].

The recommendation for ≥ 12 months of DAPT after 
PCI with DES has received scrutiny by several randomised 
controlled trials, which proved nonsuperiority compared 
with three to six months of DAPT [2]. Furthermore, shorter 
durations, as opposed to longer durations of DAPT, were 
associated with lower rates of all-cause mortality as a result 
of lower rates of bleeding-related deaths [3].

The choice of optimal DAPT regimen and duration for 
patients with CAD requires a tailored approach based on 
the patient clinical presentation, baseline risk proϐile and 

management strategy. The American College of Cardiology/
American Heart Association [4] and the European Society of 
Cardiology Guidelines [5], recommend tailoring the duration 
of DAPT based on patient characteristics.

Antiplatelet agents

Clopidogrel is associated with a better safety proϐile than 
ticlopidine, mainly in terms of allergy, skin or gastrointestinal 
disorders, and neutropenia. At the same time, it has a similar 
degree and consistency of P2Y12 inhibition and bleeding risk 
[6].

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. Prasugrel was associated with a 
signiϐicant 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 signiϐicantly 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 
bleeding 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 
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evidence of net harm with prasugrel in patients with a history 
of cerebrovascular events. Besides, there was no apparent 
net clinical beneϐit in patients >_75 years of age and patients 
with low body weight (< 60 kg) [7]. Hence, prasugrel is not 
indicated in patients with ACS in whom coronary anatomy is 
not known, and an indication for PCI is not clearly established, 
except for STEMI patients scheduled to undergo immediate 
coronary catheterization and PCI, if clinically indicated.

Ticagrelor belongs to a novel chemical class, cyclopentyl 
triazolopyrimidine, and is a direct oral, reversibly binding 
P2Y12 inhibitor with a plasma half-life of _12 h. In the PLATO 
trial, ticagrelor proved to be superior to clopidogrel in ACS 
patients, who were allowed to be pre-treated with clopidogrel 
at hospital admission, irrespective of the ϐinal revascularization 
strategy (i.e. planned or not planned invasive management) 
[8]. Patients with either moderate- to high-risk non-ST 
elevation ACS (NSTE-ACS) (planned for either conservative 
or invasive management) or STEMI planned for primary 
PCI were randomized to either clopidogrel 75mg daily, with 
a loading dose of 300mg, or ticagrelor 180 mg loading dose 
followed by 90 mg twice Daily [8]. Patients undergoing PCI 
were allowed to receive an additional blinded 300 mg loading 
dose of clopidogrel (total loading dose 600mg) or its placebo. 
They were also recommended to receive an additional 90 mg 
of ticagrelor (or its placebo) if > 24 h after the initial loading 
dose. The superiority of ticagrelor over clopidogrel concerning 
the primary study endpoint as well as cardiovascular death 
or overall mortality was consistent across management 
strategies, i.e. patients undergoing PCI, those medically 
managed, and patients who underwent CABG [8].

P2Y12 inhibitors in STEMI patients treated with lysis: 
Clopidogrel is the only P2Y12 inhibitor that has been properly 
investigated in patients with STEMI undergoing initial 
treatment with thrombolysis [9]. Clopidogrel 300 mg loading 
dose has been investigated only in patients <_75 years of age 
[9].

Stable CAD

In a large meta-analysis including 16 secondary prevention 
trials and 17 000 high-risk patients, low-dose aspirin (75–150 
mg/day) was associated with a 20% relative risk reduction 
in MACE (cardiovascular (CV) death or non-fatal myocardial 
infarction (MI)) (rate ratio 0.80, 95% CI 0.73 to 0.88), a 31% 
relative risk reduction in MI (RR 0.69, 95% CI 0.60 to 0.80) 
and a 22% relative risk reduction in ischaemic stroke (RR 
0.78, 95% CI 0.61 to 0.99) [10]. Aspirin marginally reduced CV 
mortality (RR 0.91, 95% CI 0.82 to 1.00, p = 0.06), resulting in 
a 10% relative risk reduction in all-cause mortality (RR 0.90, 
95% CI 0.82 to 0.99, p = 0.02) [10]. The optimal risk: beneϐit 
ratio appears to be achieved with an aspirin dosage of 75–150 
mg Daily [4,11].

The Clopidogrel versus Aspirin in Patients at Risk of 
Ischaemic Events (CAPRIE) trial compared antiplatelet therapy 

with clopidogrel (75 mg daily) versus aspirin (325 mg daily) 
in 19185 patients with atherosclerotic cardiovascular disease 
(ACVD) (recent ischaemic stroke, recent MI or symptomatic 
peripheral arterial disease (PAD)) [12]. Compared with aspirin, 
long-term administration of clopidogrel (median follow-up 
two years) was associated with signiϐicant risk reductions in 
the combined endpoint of CV death, MI or ischaemic stroke 
(5.32% per year vs 5.83% per year, relative risk reduction 
8.7%, 95% CI 0.3 to 16.5, p = 0.04) without signiϐicantly 
increased risk of severe intracranial (0.31% vs. 0.43%, p = 
0.23) and gastrointestinal bleedings (0.49% vs. 0.71%, p = 
0.05) [12]. Importantly, the superiority of clopidogrel over 
aspirin was mainly driven by a reduction of events in the PAD, 
but not MI, subgroup [12]. According to current guidelines, 
long-term low-dose aspirin is recommended in all patients 
with stable CAD (class I) [4,11]. Clopidogrel (75 mg daily) is 
indicated as an alternative in case of aspirin intolerance (class 
I) [4].

Routine DAPT is currently not recommended for patients 
with stable CAD without a history of ACS, PCI or CABG within 
12 months (class III) [4,11]. Results from the CHARISMA 
trial suggest the potential beneϐits of DAPT with aspirin and 
clopidogrel beyond aspirin alone in a subgroup of patients 
with stable CAD and at high risk of CV events [13].

After the percutaneous coronary intervention (PCI), the 
combination of aspirin and P2Y12 receptor inhibitör therapy 
remains the mainstay of pharmacological treatment for patients 
undergoing PCI with bare-metal stents (BMS) or drug-eluting 
stents (DES). (Figure 1). Among patients undergoing PCI, DAPT 
with aspirin and a P2Y12 receptor antagonist (ticlopidine) 
during 4–6 weeks signiϐicantly reduced rates of MACE compared 
with combined aspirin and oral anticoagulation (OAC) therapy 
[14,15] or aspirin single antiplatelet therapy, and decreased 
majör bleeding rates compared with the combination of aspirin 
and OAC [14,15]. However, prolonged DAPT duration increases 
the risk of major bleeding compared with aspirin alone, which 
has been strongly related to an increased risk of short and long-
term mortality [16].

While there is consensus on 1-month DAPT duration after 
BMS implantation, [4,17] the optimal duration of DAPT after 
DES implantation remains a matter of debate.

In patients with all clinical presentations, ϐirstly, long 
term DAPT led to a higher risk of non-cardiac death and 
signiϐicant bleeding than short term DAPT in patients, and 
the discrimination was more noticeable when restricting long 
term DAPT to ≥ 18 months. Secondly, myocardial infarction 
and stent thrombosis showed no apparent difference between 
the short term and standard term DAPT, and standard term 
DAPT increased the risk of any bleeding. Thirdly, the risk of 
non-cardiac death and bleeding increased synchronously with 
increasing durations of DAPT. Fourthly, all-cause mortality, 
cardiac death, stroke, and net adverse clinical events presented 
similar risks for the three durations.
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Anti platelet therapy with aspirin, preferably when 
initiated within 24 hours after CABG, has been shown to 
signiϐicantly improve early postoperative saphenous vein 
graft patency and reduce major adverse ischaemic events in 
patients undergoing surgical revascularization [18]. While 
aspirin administration remains a class I indication, the 
beneϐits of combined aspirin and clopidogrel therapy after 
CABG remain controversial [4]. 

Acute coronary syndrome

Antiplatelet therapy with aspirin remains the cornerstone 
of pharmacological therapy for patients with ACS, irrespective 
of the clinical setting (non-ST-elevation ACS (NSTE-ACS), or 
ST-elevation myocardial infarction (STEMI)) and the patient 
management strategy (conservative treatment, PCI or CABG) 
[4].

In the CURRENT-OASIS 7 trial including 25 086 patients 
with ACS, no signiϐicant difference was observed between 
high-dose (300–325 mg daily) and low-dose (75–100 mg 
daily) aspirin about the composite endpoint of CV death, 
MI or stroke at 30 days (4.2% vs. 4.4%, HR 0.97, 95% CI 
0.86 to 1.09, p = 0.61), irrespective of the management 
strategy (conservative treatment or PCI) [19,20]. Low-dose 
aspirin was associated with signiϐicant lower rates of major 
gastrointestinal bleeding (0.2% vs. 0.4%, p = 0.04), whereas 

high-dose aspirin showed no reduction in rates of the primary 
endpoint (4.1% vs. 4.2%, HR 0.98, 95% CI 0.84 to 1.13, p = 
0.76) or major bleeding (1.5% vs. 1.3%, HR 1.18, 95% CI 0.92 
to 1.53, p = 0.20) in the subgroup of patients undergoing PCI 
[19,20]. Furthermore, a subanalysis of the PLATO trial has 
recently suggested a reduced efϐicacy of ticagrelor versus 
clopidogrel in ACS patients treated with high aspirin doses. 
In contrast, ticagrelor appeared to be more effective than 
clopidogrel in decreasing CV events in a patient on low-dose 
aspirin [21].

Current guidelines recommend DAPT combining low-dose 
aspirin (75–100 mg/day) and a P2Y12 receptor inhibitor 
(clopidogrel or ticagrelor) during 12 months for patients with 
ACS managed conservatively (class I) [4]. Although the use of 
ticagrelor over clopidogrel seems reasonable (class IIa), six 
the administration of prasugrel is not recommended (class 
III). Long term DAPT may be considered for selected patients 
who tolerated the DAPT regimen during the ϐirst 12 months 
without bleeding (class IIb) [4]. For patients with ACS (NSTE-
ACS or STEMI) treated with DAPT and undergoing surgical 
revascularisation, current guidelines recommend to resume 
the P2Y12 receptor inhibitor therapy after CABG to complete 
the 12-month DAPT duration after ACS (class I) [4]. 

Current guidelines recommend DAPT with a P2Y12 

Figure 1: Algorithm for DAPT in patients with coronary artery disease. ACS = acute coronary syndrome, BMS = bare-metal stent; BRS = 
bioresorbable vascular scaff old; CABG = Coronary artery bypass graft; DCB = drug-coated balloon; DES: drug-eluting stent; PCI = percutaneous 
coronary intervention; Stable CAD = stable coronary artery disease. High bleeding risk is considered as an increased risk of spontaneous bleeding 
during DAPT (e.g. PRECISE-DAPT score >_25). Colour-coding refers to the ESC Classes of Recommendations  (green = Class I; yellow = Class 
IIa; orange = Class IIb). Treatments presented within the same line are sorted in alphabetic order, no preferential recommendation unless clearly 
stated otherwise.1: After PCI with DCB 6 months. DAPT should be considered (Class IIa B). 2: If a patient presents with Stable CAD or, in case of 
ACS, is not eligible for treatment with prasugrel or ticagrelor. 3: If the patient is not eligible for treatment with prasugrel or ticagrelor. 4: If the patient 
is not eligible for treatment with ticagrelor.
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receptor antagonist for one year after acute MI [4]. However, 
patients with prior MI remain at increased long-term risk 
for ischaemic events (CV death, MI or stroke) during the 
subsequent years. The potential beneϐit of extended duration 
of DAPT beyond one year for the long-term secondary 
prevention of CV events after MI remains a matter of debate.

Switching between oral P2Y12 inhibitors

The transition from clopidogrel to ticagrelor is the only 
switch between P2Y12 inhibitors that has been investigated 
in a trial powered for the clinical endpoint, even if the study 
was not explicitly designed to assess the safety and efϐicacy 
of the transition from clopidogrel to ticagrelor. As the need 
to switch between P2Y12 inhibitors may arise for clinical 
reasons (i.e. side effects or drug intolerance), and registry data 
indicate that switching is not infrequent in practice, switching 
algorithms based on pharmacodynamic studies are provided 
(Figure 2).

In patients with atrial fi brillation

Presentation with acute coronary syndromes (ACS) and 
concurrent AF is familiar with studies reporting between 6 
and 21% of patients with ACS to have parallel AF. Patients 
presenting with both ACS and AF tend to be older, have more 
comorbidities and worse clinical outcomes [22]. Treatment 

with DAPT for one year is standard-of-care in those presenting 
with ACS and treatment with DAPT is superior to oral 
anticoagulants in those undergoing percutaneous coronary 
intervention (PCI) [23].

Current guidelines and consensus expert reports generally 
recommend individualizing therapy based on a patient’s 
ischaemic and bleeding risk and frequently recommend 
treatment with triple therapy (TT), a combination of DAPT 
and OAC therapy, in those with ACS and AF [24,25]. However 
the optimal treatment for AF patients with ACS, and the risks 
and beneϐits of TT compared with DAPT in this setting have 
not been established. 

Based on the small number of studies in this systematic 
review, it is evident that bleeding rates are signiϐicantly higher 
in patients treated with TT compared to DAPT. This was 
demonstrated consistently in the adjusted results, including 
the two most extensive studies, Fosbol, et al. [26] and 
Lamberts, et al. [27], with the former particularly pertinent as 
it was the only study to only include patients with ACS. More 
considerable bleeding in TT groups was also supported in the 
majority of unadjusted results.

The ESC guideline for dual antiplatelet therapy (2017) 
notes a road map about the triple therapy (Figure 3).

Figure 2: Algorithm for switching between oral P2Y12 inhibitors in the acute and chronic setting. LD = loading dose; MD = maintenance dose. 
Colour-coding refers to the ESC Classes of Recommendations (green = Class I; orange = Class IIb). The green arrow from clopidogrel to ticagrelor 
highlights the only switching algorithm for which outcome data are available in patients with the acute coronary syndrome. No outcome data (orange 
arrows) are available for all other switching algorithms. The acute setting is considered as a switching occurring during hospitalization.
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Bleeding risk in this context is deϐined by HAS-BLED [28], 
and while this score has been well validated in AF, it has not 
been approved in AF and ACS. The current ACC/AHA STEMI 
[29] and NSTEMI [30] guidelines both note the increased risk 
of bleeding associated with TT and suggest that where this is 
warranted, an INR of 2.0 to 2.5 might be considered. The ACC/
AHA guidelines do not reference a bleeding score. The studies 
included in the current review showed similar bleeding scores 
in both treatment arms, suggesting that bleeding risk was 
not strongly associated with treatment allocation. In three 
studies, there was a higher stroke risk in the TT arm, which 
may indicate stroke risk was a factor in treatment allocation 
in at least some cases. 

TT was consistently associated with an increase in bleeding 
risk, but there was no consistent evidence of reduced stroke 
or reduced composite ischaemic endpoints related to TT. This 
review has highlighted the need for prospective randomized 
control trials to deϐine optimal therapy and improve outcomes 
in the AF and ACS population.

Conclusion
Despite a large body of randomized evidence, the optimal 

regimen and duration of DAPT for secondary prevention 
of patients with CAD remains a matter of intense debate. 

Overall, evidence from available SRs supports a beneϐicial 
role of extended DAPT in reducing the risk of MI and stent 
thrombosis beyond 12 months after PCI with stenting. This 
is contrasted, however, by a potential increase in the risk of 
death and major bleeding, although previous reviews have 
reported conϐlicting ϐindings. Future studies are needed to 
identify better patients who may derive beneϐit from either 
shortened or prolonged DAPT durations to improve outcomes 
while minimising bleeding risks.
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