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Summary

Dual antiplatelet therapy (DAPT) is the evidence-based standard of care in
patients with acute coronary syndrome (ACS) managed invasively or nonin-
vasively, as well as for secondary prevention of coronary artery disease
(CAD). The optimal treatment duration and composition of DAPT, however,
remains a major challenge.

Very low-dose (VLD) anticoagulation with rivaroxaban combined with anti-
platelet therapy showed better outcomes in patients with ACS or stable CAD
who were at high risk for ischaemic events and low bleeding risk. Current
guidelines highlight patient risk stratification to individualise DAPT compo-
sition and duration. These personalised risk assessments, and implications
for ischaemic events and bleeding complications are essential in decision
making for adequate antithrombotic therapy and treatment decisions.

Introduction

Coronary artery disease (CAD) is characterised by the
progressive development of coronary atherosclerotic
plaques and their rupture. Myocardial perfusion is
gradually impaired as a result of advancing stenosis of
the blood vessel, and plaque rupture will result in com-
plete vascular obliteration and myocardial ischaemia.
The activation of platelets and the coagulation system
are crucial in the pathophysiology.

Cardiovascular disease, particularly acute coronary
syndrome (ACS), remains the major cause of mortality
in the Western hemisphere, in spite of significant prog-
ress in treatment standards over the last decades [1].
Recent trials have shown that the implementation of
new evidence-based treatments has resulted in signifi-
cantly lower mortality rates [2].

Dual antiplatelet therapy (DAPT) is well established for
secondary prevention in patients with coronary artery
disease following percutaneous coronary intervention
(PCI) [3, 4]. Of note, DAPT is also indicated in patients
with ACS without PCI if medical treatment only is pre-
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ferred. DAPT, consisting of aspirin and a P2Yy; inhibi-
tor, is essential in preventing coronary and cerebrovas-
cular thrombotic events. The optimal duration and
combination of pharmaceuticals in DAPT after PCI is
still a controversial issue, weighing the prevention of
ischaemic events against the risk of bleeding complica-
tions. Novel potent P2Yy,; inhibitors are more effective
in preventing ischaemic events, but do carry an in-
creased risk of bleeding complications that are associ-
ated with substantial morbidity and mortality [5]. New-
er generation stents are associated with fewer events
and may need less intense therapies. Clinicians are
challenged with balancing the bleeding and ischaemic
risks on an individual basis when choosing the opti-
mal duration and composition of the antithrombotic
regimen.

Antiplatelet medication

DAPT, combining aspirin and a P2Yy; inhibitor such as
clopidogrel, prasugrel or ticagrelor, is the current
standard treatment after a diagnosis of ACS. Multiple
clinical trials demonstrated its effectiveness in preven-
tion of thrombotic events, at the price of a higher
bleeding risk. Current guidelines favour more potent
P2Yy; inhibitors, such as prasugrel or ticagrelor, over
clopidogrel because of an even greater reduction of
ischaemic events (fig. 1) [5, 6].

Clopidogrel is a second generation P2Y;; inhibitor, a
thienopyridine prodrug that requires hepatic metabo-
lism to produce its active form [7]. Notably, cytochrome
P450 2C19 (CYP2C19) is involved in this transformation.
The function of this enzyme may be reduced in some
individuals owing to a loss-of-function variant of the
CYP2C19 or multiple other factors (e.g., drug interac-
tions). This may decrease the effect on platelet inhibi-
tion and therefore result in a potentially higher risk for
thrombotic events [8, 9]. Routine genotype testing for
P2Yy; inhibition is debated, but still lacks a pragmatic
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Figure 1: Overview of platelet inhibition. Antithrombotic treatments and anticoagulants such as warfarin, rivaroxaban, apixa-
ban, edoxaban and dabigatran further synergise with antiplatelet agents as shown in the Compass trial [6].Modified from
Beer et al., artwork in collaboration with Dr. Nicole Bonetti is acknowledged [6]. 5-HT: 5-hydroxy tryptamine (serotonin);
ADP: adenosine diphosphate; GP: glycoprotein; PAR: protease-activated receptor; TP: platelet thromboxane A2 receptor

strategy for clinical practice and has not entered the
guidelines [10-12].

Prasugrel is also a thienopyridine prodrug, but unlike
clopidogrel, its conversion to an active metabolite only
requires a one-step activation [13]. Compared with
clopidogrel, prasugrel ensures more rapid and effective
platelet inhibition.

Ticagrelor is one of a newer generation of P2Yy, inhibi-
tors, which, like prasugrel, does not require special me-
tabolism for drug activity. Furthermore, ticagrelor pro-
vides more reliable and rapid platelet inhibition than
clopidogrel [14]. A common side-effect of ticagrelor is
dyspnoea, which affects 10-20% of the patients. This

side effect affects tolerability and may lead to a change
in medication [15].

Prasugrel and ticagrelor have both been compared
with clopidogrel in the following large, randomised
trials. The TRITON-TIMI 38 trial (TRial to Assess Im-
provement in Therapeutic Outcomes by Optimizing
Platelet InhibitioN with Prasugrel-Thrombolysis In Myo-
cardial Infarction) compared prasugrel with clopidogrel
in patients with ACS undergoing PCI. Compared with
clopidogrel, the group treated with prasugrel showed a
significant reduction in the composite ischaemic end-
point of cardiovascular death, myocardial infarction
or stroke [16]. The PLATO-trial (PLATelet inhibiton and
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patient Outcomes) showed a benefit of ticagrelor over
clopidogrel with a significant reduction in the compos-
ite of vascular death, myocardial infarction or stroke
with or without revascularisation [17]. The recent 2020
European Society of Cardiology (ESC) guidelines for
treatment in patients with non ST-segment elevation
ACS favour prasugrel or ticagrelor as a standard thera-
py (figs 2 and 3) [4]. Direct comparison between prasug-
rel and ticagrelor was investigated in the randomised
ISAR-REACT 5 trial (Intracoronary Stenting and Anti-
thrombotic Regimen: Rapid Early Action for Coronary
Treatment), which showed that prasugrel was associat-
ed with a lower rate of death, myocardial infarction or
stroke at 1 year compared with ticagrelor. The mecha-
nism behind these results is not yet fully elucidated, al-
though partly compromised patient adherence in the

Increasing thrombotic risk Increasing bleeding risk
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Figure 2: Antithrombotic therapy for non-ST-segment elevation myocardial infarction.
Colours represents the overlapping thrombotic risk (blue) and bleeding risk (red). Aspi-
rin is usually given as a lifelong therapy with additional P2Y:, inhibitor for a period of
12 months after percutaneous coronary intervention. Additional therapy with low-dose
rivaroxaban (2 x 2.5 mg) can be discussed 12 months after PCl in cases of low bleeding
risk. In patients with increased bleeding risk duration of dual antithrombotic therapy
might be shortened. In cases of very high bleeding risk dual antithrombotic therapy
might be shortened to even 1 month with consecutive lifelong therapy of clopidogrel
and discontinuation aspirin 1 month after PCI.ACS: acute coronary syndrome; PCI: per-
cutaneous coronary intervention; NSTEMI: non-ST-segment elevation myocardial
infarction
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ticagrelor group (due to side-effects) could be a possible
reason [18]. The results of the ISAR-REACT study have
several limitations, as one third of the patients were
not treated with the assigned drug because of the open
design of the study.

Treatment duration

Despite various trials, the ideal duration of DAPT is
still the subject of ongoing debate. The recommended
standard duration of DAPT for most patients with ACS
is 12 months in patients with low bleeding risk. Several
trials evaluated a shorter DAPT regimen (3-6 months)
[19-22]. The SMART-DATE trial compared 6-month and
12-month DAPT regimens, with clopidogrel used as the
P2Yy; inhibitor in most cases [21]. Results showed an in-

Increasing thrombotic risk Increasing bleeding risk

Figure 3: Antithrombotic therapy for ST-segment elevation
myocardial infarction. Colours represents the overlapping
thrombotic risk (blue) and bleeding risk (red). Aspirin is usu-
ally given as lifelong therapy with additional P2Y;; inhibitor
for a period of 12 months after percutaneous coronary inter-
vention. In patients with high bleeding risk, duration of dual
antithrombotic therapy might be shortened to 6 months with
subsequent lifelong aspirin monotherapy.ACS: acute coro-
nary syndrome; PCl: percutaneous coronary intervention;
STEMI: ST-segment elevation myocardial infarction
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creased risk of myocardial infarction in the 6-month
DAPT group [21]. Interestingly, some trials reported no
significant difference in ischaemic events but a sub-
stantial decrease in bleeding complications with a
shorter period of treatment. However, the majority of
patients within the study population had a relatively
low thrombotic risk [19, 20, 22]. These trials suggest that
patients with a low risk for ischaemic events and a high
risk for bleeding might benefit from a shorter DAPT
regimen. Nonetheless, whether a shorter DAPT regi-
men is truly beneficial in patients at high thrombotic
risk is yet to be further investigated. Bleeding risk is
one of the key aspects for determining DAPT treat-
ment duration, which is included in current guidelines
[3,4].

The discontinuation of aspirin followed by P2Y;; inhibi-
tor monotherapy was investigated in recent studies
[23-26]. The background for challenging aspirin is that,
despite all its benefits, it is associated with a higher
bleeding risk and the fact that new potent antithrom-
botic agents with more consistent characteristics are
available [27-29]. In the TWILIGHT trial, DAPT with as-
pirin and ticagrelor was compared with ticagrelor
monotherapy after 3 months DAPT. The results showed
lower rates of clinically relevant bleeding and no in-
crease of ischaemic events in the group with ticagrelor
monotherapy [23]. Several TWILIGHT sub-studies con-
firmed these results in an experimental design [30, 31].
However, the ischaemic event rate in TWILIGHT was
lower than in other trials for high-risk PCI patients, as
patients with ST-segment elevation myocardial infarc-
tion were excluded [4]. Since there are currently no
randomised trials comparing aspirin monotherapy
with P2Y12 inhibitor monotherapy after DAPT, aspirin
remains an important integral component of an-
tithrombotic therapy. The PEGASUS-TIMI 54 trial
showed that, among patients with prior myocardial in-
farction on aspirin therapy, the addition of ticagrelor
was beneficial. Ticagrelor compared with placebo re-
duced the risk of cardiovascular death, myocardial in-
farction or stroke with higher rates of major bleeding
[48].

Extended DAPT duration beyond 12 months showed a
lower risk of ischaemic events at the cost of an in-
creased bleeding risk. The pivotal DAPT trial, which
compared long DAPT (30 months) with standard DAPT
(12 months) after coronary stenting, demonstrated a
significant risk reduction for stent thrombosis and ma-
jor adverse cardiovascular and cerebrovascular events,
but was also associated with an increased risk of bleed-
ing [32]. Thus, patients with an elevated thrombotic
risk who are not at high risk for bleeding may be con-
sidered for a longer duration of DAPT (3, 4]. Further-
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more, PCI complexity is an important determinant for
extended DAPT [4]. Technical aspects of PCI complexi-
ty are implantation of three or more stents, three or
more lesions treated, total stent length >60 mm, com-
plex PCI (left main, bifurcation stenting with >2 stents
implanted, chronic total occlusion, stenting of last pat-
ent vessel) and history of stent thrombosis on anti-
platelet treatment [4].

Concomitant anticoagulant therapy

Due to the not negligible recurrence rate of major ad-
verse cardiovascular events in ACS patients despite
DAPT treatment, combination of DAPT and low-dose
anticoagulant therapy for long-term management af-
ter hospital discharge has been the subject of renewed
research interest. Oral inhibitors of factor Xa (riva-
roxaban, apixaban and edoxaban) are competitive in-
hibitors of factor Xa and thus inhibit the formation of
thrombin, which plays an essential role in platelet and
coagulation activation [33]. Dabigatran is a direct oral
thrombin inhibitor, stopping thrombin from convert-
ing fibrin to fibrinogen [34].

The ATLAS ACS 2-TIMI 51 trial investigated VLD riva-
roxaban (2.5 mg or 5 mg twice daily) versus placebo in
patients with ACS, mostly with concomitant DAPT
therapy. The results showed that treatment with riva-
roxaban was associated with a reduced risk of death,
myocardial infarction and stroke, at the expense of an
increased risk for bleeding complications [35]. Of note,
avery low rivaroxaban dosage of 2.5 mg twice daily sig-
nificantly reduced the risk of cardiovascular and all-
cause mortality compared with the 5 mg dose (twice
daily). Hence, a ceiling effect of antithrombotic impact
with this indication might be suggestive. In the subse-
quent COMPASS trial, low-dose anticoagulation (riva-
roxaban 2.5 mg twice daily) in addition to aspirin com-
pared with aspirin monotherapy was associated with a
significant reduction in the primary composite out-
come of cardiovascular death, myocardial infarction
or stroke in patients with stable CAD or peripheral ar-
tery disease at higher ischaemic risk [36]. Importantly,
these were stable patients (not ACS patients) with ath-
erosclerosis in two vascular beds. Consistent with pre-
vious results, patients on low-dose rivaroxaban and
aspirin had more bleeding complications [36]. Interest-
ingly, VLD rivaroxaban had an important impact in
reducing the incidence of stroke. Based on the availa-
ble evidence, trials show a possible benefit of adding
low-dose rivaroxaban in patients with ACS. However,
current guidelines underline the importance of care-
ful patient selection (high ischaemic risk and low
bleeding risk) for treatment with low-dose riva-
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roxaban on top of aspirin for long-term secondary
prevention [4].

The number of patients with atrial fibrillation (AF) re-
ferred for coronary angiography (with or without PCI)
has increased over past decades (5% to 10%) [37, 38]. AF
patients who are treated with a triple therapy (aspirin,
a P2Yy; inhibitor and an oral anticoagulant) after ACS
are at high risk for bleeding and therefore higher mor-
tality [39, 40]. The initiator for a subsequent series of
important trials was the ground-breaking WOEST trial
(What Is the Optimal Antiplatelet and Anticoagulant
Therapy in Patients with Oral Anticoagulation and Coro-
nary Stenting), which compared warfarin combined
with clopidogrel against triple therapy (DAPT and war-
farin) [41]. This trial showed decreased bleeding com-
plications by foregoing aspirin, but was not sufficiently
powered to detect differences in the secondary out-
come of stent thrombosis. Nevertheless, the trial im-
plied that dual therapy (warfarin and clopidogrel)
without aspirin could be more favourable in balancing
ischaemic versus bleeding risks in patients with AF
and a recent ACS. In the PIONEER AF-PCI (Multicenter
Study Exploring Two Treatment Strategies of Rivaroxa-
ban and One of Oral Vitamin K Antagonist in Patients
With Atrial Fibrillation Who Underwent Percutaneous
Coronary Intervention) patients were randomly divid-
ed into three groups: one group treated with low-dose
rivaroxaban (15 mg once daily) plus a P2Y;, inhibitor,
the second group with VLD (2.5 mg twice daily) riva-
roxaban plus a P2Yy; inhibitor and aspirin, and the
third group with DAPT with warfarin [42]. After com-
pletion of DAPT therapy of 1 or 6 months, patients in
groups 2 or 3 received only oral anticoagulants with
aspirin. The results showed a lower rate of bleeding in
each rivaroxaban treatment arm compared with triple
therapy. Subsequently, the RE-DUAL PCI (Evaluation of
Dual Therapy With Dabigatran vs Triple Therapy With
Warfarin in Patients With AF That Undergo a PCI
With Stenting) trial randomised patients to either
dabigatran plus a P2Y;; inhibitor or triple therapy with
warfarin [43]. The primary endpoint of major bleeding
was significantly reduced in both trials in the direct
oral anticoagulant (DOAC) group (oral anticoagulant
plus P2Y;, inhibitor alone) compared with triple
therapy.

The recent and important AUGUSTUS (Antithrombotic
Therapy after ACS or PCI in Atrial Fibrillation) trial in-
vestigated in a 2 x 2 factorial design the effect of apixa-
ban and aspirin in patients with AF and recent ACS or
PCI [44]. The key finding was that combined treatment
with apixaban and a P2Y12-inhibitor resulted in lower
rates of bleeding, death and rehospitalisation com-
pared with the warfarin regimen. The addition of aspi-
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rinled to a higher bleeding rate without any difference
inischaemic events [44].

The ENTRUST-AF PCI (Edoxaban Treatment Versus Vita-
min K Antagonist in Patients with Atrial Fibrillation
Undergoing Percutaneous Coronary Intervention) trial
showed once again the superiority of DOACs by com-
paring edoxaban and clopidogrel with vitamin K an-
tagonist-based triple therapy [45].

In summary, the use of DOACs showed reduced rates of
bleeding when compared with vitamin K antagonists.
The current ESC Guidelines for patients with ACS and
AF undergoing an uncomplicated PCI recommend tri-
ple therapy with aspirin, clopidogrel and a DOAC in re-
duced dose for a duration of 1 week up to 1 month (de-
pending on the risk of stent thrombosis and bleeding
risk), and a continuation of dual therapy with a DOAC
and a P2Yj; inhibitor (preferably clopidogrel) for up to
12 months (or 6 months in chronic coronary syn-
drome) [12]. Thereafter, DOAC monotherapy is to be
continued.

Risk scores and individualised antiplate-
let therapy

Risk stratification based on clinical judgement and risk
scores are essential for determining the optimal DAPT
duration. Risk scores are important tools, which can
guide the clinician by estimating the ischaemic and
bleeding risks in a patient. Over the past few years
several risk scores have been derived from randomised
DAPT trials. The DAPT score, for example, was devel-
oped from the DAPT trial, where the trial cohort
tolerated DAPT over a year [46]. It consists of nine
clinical and procedural variables and is designed
to predict which patients might benefit from an ex-
tended DAPT duration (as far as 30 months). Patients
with a high score (2 points or more) benefitted from
extended DAPT treatment (12-30 months) resulting
in a reduction in ischaemic events. On the other
hand, patients with a score lower than 2 did not have a
net clinical benefit from an extension of DAPT treat-
ment [46].

The PRECISE-DAPT score has been developed from a
collaborative dataset comprised of eight randomised
trials with 14,963 patients undergoing PCI and subse-
quent DAPT therapy (table 1) [47]. Used at the time of
PCJ, the score is defined by five variables (age, kidney
function, haemoglobin, white blood cell count, prior
bleeding) and evaluates the risk and benefit of short
(3-6 months) vs prolonged (12-24 months) DAPT. The
score ranges from 0-100 points. In patients with a
score of 225 points, longer DAPT was associated with
no reduction in ischaemic events, but an increase in
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Table 1: Risk score for clinical guidance of optimal dual antiplatelet therapy duration.

PRECISE-DAPT score [47]

Score variables

1. Age

2. Haemoglobin

3. Kidney function

4. White blood cell count
5. Prior bleeding

When to use

Time of PCI

Score

0to 100

Interpretation

>25 benefit from shortened DAPT (3-6 months)

DAPT: dual antiplatelet therapy; PCl: percutaneous coronary intervention

bleeding complications. On the other hand, patients
with a score of less than 25 points had no increase in
bleeding but had a significant reduction in ischaemic
events, thus supporting longer use of DAPT in this pop-
ulation [47].

It is important to keep in mind that these scores are
derived from randomised study cohorts and many
“real world” patients do not fully meet trial inclusion
criteria and may have other special characteristics.
Therefore, further cohort studies and individualised
clinical judgment are essential in assessing individual
ischaemic versus bleeding risk with these scores.

Conclusions and future directions

Careful assessment of ischaemic versus bleeding risks
is the key factor in tailoring the optimal DAPT treat-
ment for a patient with ACS. Risk scores are useful
in deciding who benefits most from treatment. With
improvements in stent technology and potent P2Y12
inhibitors, the optimal DAPT duration will continue to
be refined over time.
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