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Abstract: Acute coronary syndrome (ACS) is one of the leading causes of death worldwide. Percutaneous coronary intervention (PCI) is the
treatment of choice for ACS as this procedure reduces themorbidity andmortality rates of patients in clinical trials and daily practice. However,
patients with a history of prior ACS who undergo PCI are still at high risk for recurrent major adverse cardiac events (MACE). Because the
antithrombotic drugs reduce the rate of MACE and minimize stent-related complications such as target vessel failure or stent thrombosis, the
utilization of these agents is the cornerstone treatment for secondary prevention of ACS patients after PCI. Unfortunately, using the
antithrombotic agents may be associated with bleeding complications, including major or fatal bleeding. Therefore, premature discontinuation
of antithrombotic regimens regarding the hemorrhagic events is sometimes inevitable and possibly leads to fatal complications such as stent
thrombosis. To minimize the bleeding issues, shorten antithrombotic regimens have been proposed, which theoretically offers improved safety.
Nevertheless, inappropriate withdrawal of antithrombotic drugs may increase the rate of ischemic events. On the other hand, an unnecessary
prolonged antithrombotic regimen may cause avoidable bleeding. Balancing the risk of bleeding against the benefits of using antithrombotic
drugs is therefore challenging especially for the patients who contain both bleeding and ischemic risks such as ACS patients who are
concomitant using the anticoagulants. Currently, the treatment paradigms are shifting from the “one size fits all approach” toward the “tailored
approach”. This means that the antithrombotic regimens can be adjustable individually. As a result, various clinical risk scoring systems have
been established to help physicians with their decision-making. However, besides the development of these dedicated scoring tools, clinical
judgment for balancing the safety versus the efficacy before deciding on the antithrombotic plan is still imperative.
Keywords: balancing ischemic and bleeding risks, dual antiplatelet therapy, dual antithrombotic therapy, individualized
antithrombotic regimens, triple antithrombotic therapy

Introduction
Acute coronary syndrome (ACS), which consists of non-ST segment elevation ACS (NSTE-ACS) [whether unstable angina
(UA) or non-ST-segment elevation myocardial infarction (NSTEMI)] and ST-segment elevation myocardial infarction
(STEMI), is one of the most significant causes of mortality worldwide.1–3 Patients with a history of previous ACS are at
high risk of rehospitalization and recurrent major adverse cardiac events (MACE),4,5 which cause substantial socioeconomic
burdens.6 Secondary prevention with antithrombotic agents is the cornerstone treatment for ACS as this strategyminimizes the
rate of future repeated ischemic events.7 However, patients can suffer bleeding complications caused by the antithrombotic
drugs. Consequently, premature discontinuation of antithrombotic therapy due to hemorrhage can cause fatal side effects,
especially stent thrombosis.8 In contrast, inadequate antithrombotic treatment can contribute to unfavorable ischemic out-
comes. As a result, balancing the risk of bleeding against the risk of ischemia is always a challenge in daily practice. This
article discusses current perspectives on antithrombotic therapy for the treatment of ACS.

Antiplatelet Therapy for Patients Undergoing Percutaneous Coronary Intervention
Dual antiplatelet therapy (DAPT), which is the combination of aspirin and P2Y12 inhibitors (clopidogrel, prasugrel, and
ticagrelor), is the mainstay pharmacological therapy for the secondary prevention of ACS and percutaneous coronary
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intervention (PCI). Current clinical practice guidelines recommend the newer and more potent P2Y12 inhibitors
(prasugrel and ticagrelor) over clopidogrel.9,10 Nevertheless, these newer inhibitors carry a higher risk of severe bleeding
than clopidogrel.11–13 The risk of bleeding complications versus the benefit of reducing ischemic events should therefore
be considered.

The CURE (Clopidogrel in Unstable Angina to Prevent Recurrent Ischemic Events) trial14 was the first clinical trial to
demonstrate the efficacy of DAPT using clopidogrel (300-mg loading dose, followed by 75 mg daily) and aspirin (162-to
-325-mg loading dose, then 75 to 325 mg daily) in patients with NSTE-ACS. Compared to placebo, DAPT significantly
decreased the incidence of combined ischemic endpoints relative to single antiplatelet therapy with aspirin. However, the
risk of major bleeding increased when clopidogrel was used.

There are several concerns about the pharmacokinetic limitations of clopidogrel.15 This prodrug requires two-step
oxidation by the cytochrome P450 system to generate its active compound. Consequently, several hours are needed after
administering clopidogrel before its maximum platelet inhibition effects are achieved.16 Furthermore, genetic variations
that affect clopidogrel metabolism result in a more unpredictable and lower platelet inhibition than the more potent P2Y12

inhibitors. Clopidogrel high-on treatment platelet reactivity leads to severe adverse cardiac events, especially stent
thrombosis17–19 and cardiovascular death.20

Still, there is currently no evidence to support the routine use of genotype-guided P2Y12 inhibitor therapy. The
TAILOR-PCI (Tailored Antiplatelet Initiation to Lessen Outcomes Due to Decreased Clopidogrel Response after
Percutaneous Coronary Intervention) trial investigated the effectiveness of point-of-care genetic testing for cytochrome
P450 2C19 to guide a P2Y12 inhibitor strategy for PCI. Even though it was the largest clinical trial to have focused on
genotype-guided P2Y12 inhibitor therapy, it was unable to meet its primary composite efficacy endpoints at the 12-month
follow-up.21 The 2014 American Heart Association (AHA)/ American College of Cardiology (ACC) Guideline for the
Management of Patients With Non–ST-Elevation Acute Coronary Syndromes does not recommend routine genetic
phenotype testing.22

CURRENT–OASIS 7 (Clopidogrel and Aspirin Optimal Dose Usage to Reduce Recurrent Events−Seventh
Organization to Assess Strategies in Ischemic Syndromes) was a two-by-two factorial design study of patients with
ACS. It compared a 7-day double-dose clopidogrel regimen (600-mg loading dose; 150 mg daily for 6 days; 75 mg daily
thereafter) with the standard clopidogrel regimen (300-mg loading dose; 75 mg daily thereafter), using high-dose aspirin
(300–325 mg daily) and low-dose aspirin (75–100 mg daily). There were no significant differences in the primary
efficacy endpoints of the double- and standard-dose clopidogrel regimens, or of lower- and higher-dose aspirin.23 In
a prespecified subgroup analysis of 17,263 participants (69%) who underwent PCI, the 7-day double-dose clopidogrel
regimen reduced the incidence of adverse cardiovascular events and stent thrombosis. However, the regimen also
demonstrated a significantly higher incidence of major bleeding.24 The double-dose approach aims to overcome the
adverse effects of high on-treatment platelet reactivity to treatment with clopidogrel. Its use should be strictly restricted to
patients at a very high risk of thrombotic events and without a significant bleeding risk who proceed to PCI, when a more
potent P2Y12 inhibitor is not available.

The 2020 European Society of Cardiology (ESC) guidelines for the management of ACS in patients presenting
without persistent ST-segment elevation recommend the use of clopidogrel only when prasugrel and ticagrelor are
unavailable, cannot be tolerated, or are contraindicated. The recommended loading dose of clopidogrel is 300–600 mg
and the daily maintenance dose is 75 mg. The class of recommendation is I, and the level of evidence is C.9

Potent P2Y12 Inhibitors
The potent P2Y12 inhibitors (prasugrel and ticagrelor) provide faster onset, greater consistency, and greater platelet
inhibition than clopidogrel.15,25–28 These 2 drugs have been thoroughly investigated in head-to-head comparisons with
clopidogrel in pivotal Phase 3, randomized controlled trials.

The Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel—
Thrombolysis in Myocardial Infarction (TRITON-TIMI) 38 compared the efficacies of prasugrel (60-mg loading dose
and 10-mg daily maintenance dose) and clopidogrel (300-mg loading dose, followed by a dose of 75-mg daily). It found
that in patients with ACS for whom PCI was planned, prasugrel was superior in terms of reducing the incidence of
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ischemic events,12 including definite or probable stent thrombosis,29 recurrent myocardial infarction,30 and recurrent
cardiovascular events.31 It should be noted that 99% of the participants underwent PCI. However, the rates of major
bleeding and fatal bleeding were significantly higher when prasugrel was used. In addition, a post hoc analysis revealed 2
populations for whom the net clinical benefits of prasugrel were lower: patients aged ≥ 75 years, and patients with a body
weight (BW) < 60 kg. The analysis also identified a subgroup that was potentially at risk for bleeding complications:
patients with a history of stroke or transient ischemic attack (TIA).12 As a result, the US Food and Drug Administration
and the European Medicines Agency (EMA) have stated that the contraindications of prasugrel are patients with a history
of stroke or TIA. In the case of patients aged ≥ 75 years and those with a BW < 60 kg, the organizations have also
advised that the use of prasugrel should be limited or the dose should be reduced to 5 mg per day.32 In a subgroup
analysis of patients eligible for prasugrel (age < 75 years, BW > 60 kg, and no history of stroke or TIA), prasugrel was
found to have a net clinical benefit.32 Additional evidence in support of prasugrel came from a subgroup analysis of
10,074 NSTE-ACS patients in the TRITON-TIMI 38 trial who met the EMA criteria for the use of prasugrel. The
analysis demonstrated the efficacy of the agent in reducing the incidence of primary ischemic endpoints without
increasing bleeding outcomes.33 All of this evidence informs treating physicians to strictly use prasugrel in populations
that meet the approved criteria to achieve the greatest therapeutic benefits without increasing the likelihood of bleeding
complications.

The 2020 NSTE-ACS guidelines recommend the use of prasugrel in addition to aspirin for P2Y12 receptor inhibitor-
naive patients who are scheduled for PCI. The recommended loading dose of prasugrel is 60 mg and the maintenance
dose is 10 mg daily. The guidelines recommend reducing the maintenance dose to 5 mg per day for patients aged ≥ 75
years and for those with a BW < 60 kg, but using the same loading dose of 60 mg as the standard protocol. The class of
recommendation is I, and the level of evidence is B.9

The PLATO (Platelet Inhibition and Patient Outcomes) trial demonstrated that the use of ticagrelor (180-mg loading
dose, followed by a dose of 90 mg twice daily) with aspirin (325-mg loading dose for those who had not previously been
receiving aspirin, followed by 75–100 mg daily. The 325-mg daily dose could be used for 6 months after stent
implantation) as the DAPT regimen decreased vascular death, myocardial infarction, and stroke in patients with ACS
with or without ST-segment elevation, relative to clopidogrel (300-to-600-mg loading dose, 75 mg daily thereafter). The
primary efficacy endpoints were driven by the lower rate of death from vascular causes and myocardial infarction.11

A subgroup analysis of the patients who underwent PCI (61% of all participants) revealed that ticagrelor also decreased
the rate of stent thrombosis.34 It is noteworthy that an aspirin dosage of more than 100 mg per day was found to negate
the clinical benefits of ticagrelor.35 Therefore, a low aspirin dosage (≤ 100 mg/day) should be administered when aspirin
is used concurrently with ticagrelor. For adverse events, the rate of non-coronary artery bypass graft (CABG)-related
major bleeding and the incidence of dyspnea were significantly higher for patients receiving ticagrelor.11

Using ticagrelor in older patients should be done with caution, given the high risk for bleeding complications. The
Patient Outcome after Primary PCI (POPular) AGE trial demonstrated that ticagrelor administration in patients with
NSTE-ACS who were older than 70 years significantly increased the incidence of bleeding events. Compared to
clopidogrel, there was a similar incidence of the combined endpoint of all-cause death, myocardial infarction, stroke,
and bleeding.36 Of note, the treatment drug was prematurely discontinued for 47% of the patients in the ticagrelor group
and for 22% in the clopidogrel group. As a result, the investigators suggested considering clopidogrel as an alternative
antiplatelet agent to ticagrelor for older patients.

Pretreatment with Potent Antiplatelet Therapy for NSTE-ACS Patients
Undergoing PCI
The ACCOST (A Comparison of Prasugrel at PCI or Time of Diagnosis of Non-ST Elevation Myocardial Infarction) trial
aimed to assess the benefits of prasugrel pre-treatment by randomly assigning 4033 patients with non-ST elevation
myocardial infarction (NSTEMI) into prasugrel pretreatment and control groups. The pretreatment group received 30 mg
of prasugrel at the time of NSTEMI diagnosis and an additional 30 mg of prasugrel immediately before PCI (giving
a total loading dose of 60 mg). The corresponding patients in the control group received placebo at the time of NSTEMI
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diagnosis and the standard loading dose of 60 mg of prasugrel immediately before PCI. The results showed that the
pretreatment strategy did not produce significant benefits in terms of a reduction in ischemic events for up to 30 days
after the randomization. Furthermore, the rate of Thrombolysis In Myocardial Infarction (TIMI) major bleeding was
significantly higher for the pretreatment group. In a prespecified subgroup analysis of 2770 patients with NSTEMI who
underwent PCI, the pretreatment strategy was still unable to reduce ischemic events, with an increased rate of bleeding at
7 and 30 days from randomization.37 The ischemic events were 8.5% and 8.4% for the pretreatment and control groups
at day 7 (hazard ratio [HR], 1.01; 95% CI, 0.78–1.31; P = 0.92) and 9.2% and 8.8% at day 30 (HR, 1.05; 95% CI, 0.82–
1.34; P = 0.72). The non-CABG related major or minor bleeding events were 3.4% and 1.2% for the pretreatment and
control groups at day 7 (HR, 2.94; 95% CI, 1.67–5.18; P < 0.001) and 4.2% and 1.4% at day 30 (HR, 3.11; 95% CI,
1.86–5.22; P < 0.001). The evidence from the ACCOST trial supports the use of prasugrel only when the coronary
anatomy is already documented.38

The SCAAR (Swedish Coronary Angiography and Angioplasty Registry) reported that pretreatment with P2Y12

inhibitors in 64,857 patients with NSTEMI was associated with an increased risk of bleeding without any ischemic
benefits.39 Of the patient cohort, 43.7% had been pretreated with clopidogrel, 54.5% with ticagrelor, and 1.8% with
prasugrel

The 2020 NSTE-ACS guidelines do not recommend the use of a routine pretreatment strategy with a P2Y12 receptor
inhibitor in patients whose coronary anatomy is unknown and who are scheduled for early invasive management. The
class of recommendation is III, and the level of evidence is A.9

Comparison of Potent Antiplatelet Therapies
Several studies have compared the 2 potent P2Y12 inhibitors, prasugrel and ticagrelor. The PRAGUE (Comparison of
Prasugrel and Ticagrelor in the Treatment of Acute Myocardial Infarction) 18 trial compared their safety and efficacy in
STEMI patients who underwent primary PCI. This study, which terminated prematurely, did not show significant
differences in the occurrence of combined primary and secondary endpoints of prasugrel and ticagrelor.40

An analysis was conducted of real-world data held by the British Cardiovascular Intervention Society (BCIS) PCI
registry. The cohort study analyzed 89,067 primary PCI procedures performed on patients with STEMI in England and
Wales between 2007 and 2014. It was found that prasugrel demonstrated superior 30-day and 1-year mortality benefits to
clopidogrel and ticagrelor.41

The ISAR-REACT (Intracoronary Stenting and Antithrombotic Regimen: Rapid Early Action for Coronary
Treatment) 5 trial investigated 4018 patients with ACS who were scheduled to receive the invasive strategy.
Approximately 40% of the patients presented with STEMI. The study demonstrated that a ticagrelor pretreatment
strategy was inferior to deferred loading of prasugrel when coronary anatomy was known. The rates of adverse events
(death, myocardial infarction, and stroke at 1 year) were significantly higher for the ticagrelor group. However, the 2
groups had similar rates of bleeding.42

The 2020 NSTE-ACS guidelines suggest the use of prasugrel in preference to ticagrelor for patients with NSTE-ACS
who are scheduled to proceed to PCI. The class of recommendation is IIa, and the level of evidence is B.9

Duration of Antiplatelet Regimen
The antiplatelet regimen strategy should be designed to achieve adequate ischemic protection. ESC guidelines offer
a default DAPT regimen strategy that can be used after PCI for patients with ACS (both STEMI and NSTE-ACS). More
specifically, the guidelines recommend the use of a potent P2Y12 inhibitor (prasugrel or ticagrelor) over clopidogrel. The
agent should be accompanied by low-dose aspirin (75–100 mg per day) for up to 12 months, unless there are
contraindications.9,10

For patients with NSTE-ACS with special considerations, the 2020 ESC guidelines for the treatment of ACS in
patients who present without persistent ST-segment elevation encourage tailoring of the DAPT regimen for individual
patients. In particular, the regimen should be based on the relative ischemic and bleeding risks of each patient.9

Several trials have investigated the benefits of shortening the DAPT regimen with respect to the indications for ACS.
The TICO (Ticagrelor Monotherapy After 3 Months in the Patients Treated with New Generation Sirolimus-Eluting Stent
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for Acute Coronary Syndrome) trial investigated 3056 patients with ACS who were treated with PCI with the
bioresorbable polymer sirolimus-eluting stent Orsiro (Biotronik AG). The trial compared the standard 12-month
ticagrelor-based DAPT with 3 months of DAPT followed by ticagrelor monotherapy. At the 1-year follow-up, the
study found that patients on the modified regimen had a significantly reduced incidence of net adverse clinical events (a
composite outcome of major bleeding and cardiovascular events).43 The TWILIGHT (Ticagrelor with Aspirin or Alone
in High-Risk Patients After Coronary Intervention) trial, a double-blind design, studied patients at high risk of bleeding
or ischemic events who underwent PCI. Compared to the standard 12-month DAPT, 3 months of DAPT followed by
ticagrelor monotherapy reduced the incidence of clinically relevant bleeding without increasing ischemic events.44 It is
worth noting that the rate of ischemic events in TWILIGHT was low compared to other trials, and its participants did not
have a high risk of bleeding under current bleeding risk criteria.9

The GLOBAL LEADERS trial compared the shortened DAPT regimen (1 month of aspirin plus ticagrelor) followed
by 23 months of ticagrelor monotherapy (n = 7980) with the standard 12 months DAPT regimen (aspirin plus either
clopidogrel or ticagrelor) followed by 1 year of aspirin monotherapy (n = 7988) among patients undergoing PCI with
a biolimus-eluting BioMatrix Flex stent (Biosensors). At a 2-year follow-up period, the shortened DAPT regimen failed
to demonstrated superiority to the standard DAPT regimen in the prevention of all-cause mortality or new Q-wave
myocardial infarction [95% CI 0.75–1.01; P=0.073].43

The Short and Optimal Duration of Dual Antiplatelet Therapy After Everolimus-Eluting Cobalt-Chromium Stent-2
(STOPDAPT-2) trial randomized 3045 patients who underwent PCI with the cobalt-chromium everolimus-eluting Xience
stent (Abbott Vascular) to receive 1-month DAPT followed by clopidogrel monotherapy or the standard 12 months
DAPT. At a 1-year follow-up period, the 1-month DAPT regimen significantly lower composite endpoints of ischemic
and bleeding events (2.4% [1-month DAPT] versus 3.7% [12-month DAPT]; HR, 0.64;95% CI, 0.42–0.98; P < 0.001 for
noninferiority; P = 0.04 for superiority).45 Nevertheless, among patients in the STOPDAPT-2 trial who underwent ACS-
PCI (38% of overall populations: STEMI 56%, NSTEMI 20%, and UA 24%) which was reported in the STOPDAPT-2
ACS trial, the 1-month DAPT regimen failed to meet the criteria for noninferiority compared with the standard 12-month
DAPT for the occurrence of combined efficacy and safety endpoints (3.2% [1-month DAPT] versus 2.8% [12-month
DAPT]; HR 1.14, 95% CI 0.80–1.62; P = 0.06 for noninferiority).46 Moreover, the 1-month DAPT was associated with
almost two times of increased risk of myocardial infarction (1.6% [1-month DAPT] versus 0.9% [12-month DAPT]; HR
1.91, 95% CI 1.06–3.44; P < 0.05). The evidence from the STOPDAPT-2 ACS trial was compatible with the data derived
from the 6-month versus 12-month or longer dual antiplatelet therapy after percutaneous coronary intervention in patients
with acute coronary syndrome (SMART-DATE) trial which demonstrated the increased risk of myocardial infarction with
6-month DAPT compared to the 12-months regimen for ACS-PCI using DES (1.8% [6-month DAP] versus 0.8% [12-
month DAPT]; P = 0.02).47

A Randomized Controlled Trial With Resolute Onyx in One Month Dual Antiplatelet Therapy (DAPT) for High-
Bleeding Risk Patients (Onyx ONE) trial compared the polymer-free drug-coated BioFreedom stent (BioSensors
Interventional Technologies) with the polymer-based zotarolimus-eluting Resolute Onyx stent (Medtronic) in high
bleeding risk patients who underwent PCI. This study enrolled 1996 patients (62% had ACS) at high bleeding risk to
receive zotarolimus-eluting stents or polymer-free drug-coated stents. The enrolled populations were treated with
1-month DAPT, then single antiplatelet therapy with aspirin after PCI. At 1-year follow-up, the zotarolimus-eluting
stents were non-inferior to the polymer-free drug-coated stent group in terms of the occurrence of the composite of death
from cardiac causes, myocardial infarction, or stent thrombosis (17.1% [zotarolimus-eluting stent] versus 16.9% [poly-
mer-free drug-coated stent]; P = 0.01 for noninferiority).48 At the 2-year follow-up, the incidences of the primary
composite endpoints were still similar between groups (21.2% [zotarolimus-eluting stent] versus 20.7% [polymer-free
drug-coated stent]; 95% CI −3.1–4.2; P = 0.78).49

The Management of High Bleeding Risk Patients Post Bioresorbable Polymer Coated Stent Implantation With an
Abbreviated Versus Prolonged DAPT Regimen (MASTER DAPT) trial investigated the high-bleeding risk patients who
underwent PCI with the biodegradable-polymer sirolimus-eluting coronary stent Ultimaster (Terumo). The trial compared
the 1-month DAPT regimen (abbreviated therapy) with the standard DAPT regimen (2-months DAPT with an indication
for oral anticoagulation or 5-months DAPTwithout an indication for oral anticoagulation). At 1-year follow-up, the study
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found that the abbreviated antiplatelet therapy was non-inferior to the standard antiplatelet therapy regarding the net
adverse clinical events (all-cause mortality, MI, stroke, or major bleeding): 7.5% [the abbreviated therapy group] versus
7.7% [the standard therapy group]; P < 0.001 for noninferiority and the major adverse cardiac or cerebral events (all-
cause mortality, MI, or stroke): 6.1% [the abbreviated therapy group] versus 5.9% [the standard therapy group]; P =
0.001 for noninferiority. The abbreviated therapy group significantly reduced the incidence of major or clinically relevant
nonmajor bleeding: (6.5% [the abbreviated therapy group] versus 9.4% [the standard therapy group]; P < 0.001 for
superiority).50

The XIENCE 28 and the XIENCE 90 trials investigated the safety of one-month (28) or three-month (90) DAPT in
high bleeding risks patients who undergoing PCI with the XIENCE everolimus-eluting stent (Abbott Vascular). The
XIENCE 28 compared one-month DAPTwith six-month DAPT. Whereas, the XIENCE 90 compared three-month DAPT
with one-year DAPT. Both XIENCE 28 and XIENCE 90 demonstrated non-inferior of death or MI in the experimental
group compared to the control group (XIENCE 28: 3.5% versus. 4.3%, P = 0.0005 for non-inferiority; XIENCE 90: 5.4%
versus 5.4%, P = 0.0063 for non-inferiority). Major bleeding (BARC 3–5) was significantly reduced in the short DAPT
arms of both trials (XIENCE 28: 2.2% versus 4.5%, P = 0.0156 for superiority; XIENCE 90: 2.2% versus 6.3%, P <
0.0001 for superiority).51

Regarding the current NSTE-ACS clinical practice guidelines, they recommend that ticagrelor monotherapy should
be used after 3 months of a ticagrelor-based DAPT regimen for patients with low risk of bleeding. In cases of patients
with a high risk of bleeding, a 3-month-DAPT regimen that combines aspirin and clopidogrel should be used, followed
by single antiplatelet therapy with indefinite use of aspirin. Examples of high bleeding risk are patients scoring ≥ 25
under PRECISE-DAPT (PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent
Dual Anti Platelet Therapy), and patients meeting the relevant criteria of ARC-HBR (Academic Research Consortium
High Bleeding Risk). For patients at very high risk of bleeding, a short 1-month DAPT regimen with aspirin and
clopidogrel, followed by clopidogrel monotherapy, should be considered.9 A very high risk of bleeding is defined as
a bleeding episode during the preceding month or surgery that cannot be deferred.

For patients with a high risk of ischemia, the duration of DAPT treatment could be prolonged. The PEGASUS TIMI
(Prevention of Cardiovascular Events in Patients with Prior Heart Attack Using Ticagrelor Compared to Placebo on
a Background of Aspirin—Thrombolysis in Myocardial Infarction) 54 trial demonstrated the benefits of ticagrelor over
placebo in lowering ischemic endpoints in patients with a history of myocardial infarction for 1 to 3 years. In the trial,
21,162 prior myocardial infarction patients were randomly assigned in a 1:1:1 fashion to one of 3 treatment groups:
90 mg of ticagrelor twice daily, 60 mg of ticagrelor twice daily, and a placebo addition to low-dose aspirin. At both
doses, ticagrelor reduced the rate of cardiovascular death, myocardial infarction, and stroke. Nevertheless, there was also
an increased incidence of TIMI major bleeding. Moreover, the discontinuation rate of the 2 ticagrelor groups was
significantly higher than that of the placebo group.52 In addition, the 60-mg twice-daily dosage was better tolerated than
the higher 90-mg twice-daily dosage: the lower dosage had a smaller incidence of bleeding and dyspnea.

The COMPASS (Cardiovascular Outcomes for People Using Anticoagulation Strategies) trial reported the benefits of
very low-dose rivaroxaban with aspirin to prevent recurrence of a combined ischemic endpoint (a composite of
cardiovascular death, stroke, and myocardial infarction). Patients had stable atherosclerotic vascular disease (coronary
artery disease [CAD] or peripheral arterial disease), and the mean follow-up was 23 months. The trial randomly assigned
27,395 patients to 3 treatment groups: rivaroxaban (2.5 mg, twice daily) plus aspirin (100 mg, once daily); rivaroxaban
alone (5 mg, twice daily); and aspirin alone (100 mg, once daily). Compared to aspirin monotherapy, the combination of
rivaroxaban and aspirin reduced primary outcomes, but with an increased rate of major bleeding. A prespecified
subgroup analysis focused on the high-risk subgroup. This group was defined as patients with polyvascular disease (at
least 2 vascular beds affected by atherosclerosis), impaired renal function, heart failure, diabetes mellitus, or any
combination of these conditions. The analysis demonstrated the net clinical benefits of the combination of very low-
dose rivaroxaban and aspirin over aspirin monotherapy for the high-risk subgroup.53 The findings support the use of very
low-dose rivaroxaban for this subgroup of patients.

The DAPT trial reported the benefits of prolonged DAPT (aspirin with clopidogrel or prasugrel) for 12 to 30 months
after PCI.54 Compared to the standard 12-month DAPT regimen, the prolonged DAPT regimen significantly reduced the
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incidences of stent thrombosis and major adverse cardiovascular and cerebrovascular events. On the other hand, there
was an increased risk of moderate or severe bleeding with the prolonged DAPT regimen.

The 2020 NSTE-ACS guidelines suggest extending long-term secondary prevention by adding a second antithrom-
botic agent (clopidogrel, prasugrel, ticagrelor, or rivaroxaban) to aspirin after 12 months of DAPT. This is specifically
recommended for patients with moderate to high risk of ischemic events and without an increased risk of major or life-
threatening bleeding. The class of recommendation is IIa, and the level of evidence is A.9

For STEMI patients with high bleeding risks, the 2018 ESC/EACTS (European Association for Cardio-Thoracic
Surgery) guidelines on myocardial revascularization suggest shortening the duration of DAPT (using clopidogrel or
ticagrelor, with aspirin). Specifically, 6 months of DAPT is recommended in preference to the standard 12 months.55

De-Escalation of the Potent Antiplatelet Therapies
Another approach to reducing the rate of bleeding consequences is to de-escalate from the potent antiplatelet agent
(prasugrel or ticagrelor) to clopidogrel. This is due to 2 factors. First, during the first 30 days after the start of treatment,
it was observed that there was a significant reduction in the occurrence of ischemic events.12 Second, a significantly
increased risk of bleeding with potent antiplatelet agents was found predominantly during the maintenance phase.56

Switching from a potent antiplatelet agent to clopidogrel (no sooner than 30 days after PCI) may therefore be
a reasonable approach for patients who do not have a high risk of ischemia.

The TOPIC (Timing of Platelet Inhibition After Acute Coronary Syndrome) trial reported net clinical benefits of de-
escalating potent antiplatelet agents (43% ticagrelor; 57% prasugrel) to clopidogrel in patients with ACS (40% STEMI)
at their 1-month follow-up after PCI.57

The TROPICAL-ACS (Testing Responsiveness to Platelet Inhibition on Chronic Antiplatelet Treatment for Acute
Coronary Syndromes) trial demonstrated the net clinical benefits of platelet function test (PFT)-guided de-escalation of
prasugrel in biomarker-positive patients with ACS at their 1-year follow-up after PCI. Briefly, patients in the control
group received prasugrel for 12 months. Regarding the patients in the guided de-escalation group, they received 1 week
of prasugrel, followed by 1 week of clopidogrel, and then PFT-guided maintenance therapy. If PFT demonstrated
clopidogrel high on-treatment platelet reactivity, the antiplatelet agent was switched from clopidogrel back to prasugrel,
which was then maintained for 12 months.58

The 2020 NSTE-ACS guidelines state that for ACS patients who may be unsuitable for potent antiplatelet therapies,
de-escalation of potent antiplatelet agents to clopidogrel can be considered as an alternative DAPT strategy. The de-
escalation can be based on clinical judgment and with or without a guided-PFT or genetic test. The class of recommen-
dation is IIb, and the level of evidence is A.9

Antiplatelet Therapy for ACS Patients Who are Managed Medically
Although current clinical practice guidelines recommend an invasive approach for NSTE-ACS, in practice, approxi-
mately 35% of patients are only treated with medications.59

The TRILOGY-ACS (Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute
Coronary Syndromes) trial enrolled 7243 medically managed NSTE-ACS patients aged under 75 years. The rates of
primary endpoint and bleeding events of clopidogrel and prasugrel groups were similar.60 In a prespecified subgroup
analysis of participants who underwent coronary angiography, prasugrel produced lower rates of cardiovascular death,
myocardial infarction, and stroke than clopidogrel, with a similar rate for bleeding complications.61 This finding confirms
that the benefits of prasugrel are limited to patients who have angiographically confirmed CAD.

The benefits of ticagrelor over clopidogrel were demonstrated by a prespecified subgroup analysis focusing on
participants in the PLATO trial who were initially scheduled for non-invasive treatment (5216 of 18,624 patients).
Ticagrelor showed reduced levels of combined ischemic endpoints with a similar rate of bleeding complications.62

The 2020 NSTE-ACS guidelines recommend the use of ticagrelor irrespective of the planned treatment strategy
(invasive or conservative). The class of recommendation is I, and the level of evidence is B. In contrast, the guidelines
recommend the use of prasugrel in P2Y12 receptor inhibitor-naive patients who are scheduled for PCI. The class of
recommendation is I, and the level of evidence is B.9
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The 2016 ACC/AHA Guideline Focused Update on Duration of Dual Antiplatelet Therapy in Patients With Coronary
Artery Disease recommends continuing DAPT (using clopidogrel or ticagrelor, with aspirin) for at least 12 months in
patients with ACS who are managed with medical therapy. The class of recommendation is I, and the level of evidence is
B. Furthermore, the guideline suggests that ticagrelor be used in preference to clopidogrel in this clinical setting.63 The
class of recommendation is IIa, and the level of evidence is B.

For STEMI patients who receive thrombolytic agents and do not undergo PCI, the 2017 ESC Guidelines for the
management of acute myocardial infarction in patients presenting with ST-segment elevation recommend the use of
DAPT for 1 year. The class of recommendation is IIa, and the level of evidence is C.10

Antithrombotic Therapy for AF Patients Who Underwent PCI for ACS
Patients with CAD commonly have concomitant atrial fibrillation (AF).64–66 The GRACE (Global Registry of Acute
Coronary Events) study enrolled 59,032 patients Hospitalized with ACS. It found that approximately 10% of patients
with ACS had either pre-existing or newly developed AF upon admission. PCI was required in approximately 25% of the
cases.67

After stent implantation, DAPT plays a vital role in preventing stent thrombosis68,69 and future recurrent MACE.70,71

In contrast, DAPT is not adequate for thromboembolic protection in patients with AF, who require anticoagulation
therapy.72 Theoretically, triple antithrombotic therapy (TAT) that combines an oral anticoagulant (OAC) for thromboem-
bolic prevention and DAPT for secondary prevention after PCI may be favorable for patients with AF who have
undergone PCI. Still, evidence from major randomized controlled trials,73–76 recent meta-analyses,77–80 and real-world
data81,82 shows that TAT is associated with a higher risk of severe bleeding than dual antithrombotic therapy (DAT)
without significant benefits for ischemic endpoints.

The WOEST (What Is the Optimal Antiplatelet and Anticoagulant Therapy in Patients with Oral Anticoagulation and
Coronary Stenting) trial83 compared the DAT regimens (clopidogrel plus VKA) to the TAT regimens (DAPT plus VKA)
in patients who underwent PCI with indications of long-term anticoagulation therapy. The study identified that DAT
decreased the rate of bleeding complications without increasing the number of thrombotic events.

Four pivotal randomized controlled trials studied the use of a direct oral anticoagulant (DOAC) in patients with AF
who required PCI. The trials were PIONEER AF-PCI (Open-Label, Randomized, Controlled, Multicenter Study
Exploring Two Treatment Strategies of Rivaroxaban and a Dose-Adjusted Oral Vitamin K Antagonist Treatment
Strategy in Subjects with Atrial Fibrillation Who Undergo Percutaneous Coronary Intervention);73 RE-DUAL PCI
(Randomized Evaluation of Dual Antithrombotic Therapy with Dabigatran versus Triple Therapy with Warfarin in
Patients with Nonvalvular Atrial Fibrillation Undergoing Percutaneous Coronary Intervention);74 AUGUSTUS
(Antithrombotic Therapy after Acute Coronary Syndrome or PCI in Atrial Fibrillation) trial;75 and ENTRUST-AF PCI
(Edoxaban Treatment Versus Vitamin K Antagonist in Patients with Atrial Fibrillation Undergoing Percutaneous
Coronary Intervention).76 The primary endpoints of these landmark randomized controlled trials focused mainly on
the safety endpoints of various definitions of bleeding complications. Based on the incidences of ischemic endpoints were
relatively rare in these 4 trials. Therefore, underpower to assess the efficacy.84 Table 1 summarizes the main primary
safety endpoints of the 4 trials.

In brief, the use of rivaroxaban (20 mg), dabigatran (110 mg), and apixaban (5 mg) in DAT regimens caused lower
bleeding endpoints than TAT with VKA and DAPT. At the same time, the use of dabigatran (150 mg) and edoxaban
(60 mg) in the DAT regimens was not inferior to TAT in terms of bleeding complications. It should be noted that
a regimen with a lower dosage of dabigatran (110 mg, twice daily) reported a higher rate of myocardial infarction and
stent thrombosis than TAT, but without statistical significance. As a result, the 2018 ESC/EACTS guidelines on
myocardial revascularization recommend dabigatran (150 mg, twice daily) when used in conjunction with aspirin or
clopidogrel.55 A lower incidence of bleeding was associated with withdrawal of aspirin.75 However, a meta-analysis85

determined that DAT without aspirin was associated with a higher incidence of stent thrombosis and myocardial
infarction. Consequently, the ischemic risk of each patient should be carefully assessed before removing aspirin from
an antiplatelet regimen.
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Recent meta-analyses77–80 also concluded that the DAT regimen has fewer bleeding complications, including
intracranial hemorrhage, than TAT. Furthermore, in terms of MACE, DAT was found to have an efficacy that was not
significantly different from that of TAT. On the other hand, a meta-analysis reported a higher incidence of myocardial
infarction and stent thrombosis with DAT.77 Therefore, the risks of ischemic and bleeding risks must be carefully
weighed before beginning an antithrombotic regimen.

Table 2 summarizes the core recommendations of current clinical practice guidelines on the use of DOACs in patients
with AF who had undergone PCI.9,55,84,86–88 The guidelines encourage the development of individualized antithrombotic
regimens for patients after weighing their bleeding and ischemic risks, using validated risk scores. As a result, the
duration of DAT and TAT depends on the clinical setting and the discretion of the treating physician. As for the default
strategy, it is recommended that the antithrombotic regimen start with a brief period of TAT with DOAC and DAPT.
Ideally, this would be ≤ 1 week of TAT if a patient is not at high risk of stent thrombosis, with low-dose aspirin (≤
100 mg/day). Then, DAT is applied. For this, the use of a DOAC (at the recommended dose for thromboembolic
prevention) and clopidogrel for up to 12 months is recommended. For patients with a high risk of bleeding, the duration
of DAT should be reduced to 6 months. After completion of the DAT regimen, the guidelines recommend the use of
DOAC monotherapy.

The recommendations on extending the use of a DOAC beyond 1 year after PCI were derived from the trial evidence
of AFIRE (Atrial Fibrillation and Ischemic Events with Rivaroxaban in Patients with Stable Coronary Artery Disease).89

The AFIRE study included 2236 patients who underwent PCI or coronary artery bypass graft (CABG) at least 1 year
before their enrollment, as well as patients with CAD documented by coronary angiography that did not require
revascularization. Participants received either rivaroxaban monotherapy or rivaroxaban with a single antiplatelet agent.
The rivaroxaban monotherapy was found to be superior to the combination therapy in terms of the primary safety
outcomes, with non-inferiority for the primary efficacy composite endpoints.

For VKA users, the guidelines aim to achieve the lower end of the international normalized ratio (2.0–2.5) with a high
quality of time in the therapeutic range (≥ 65–70%).

The guidelines recommend the radial artery approach to reduce bleeding complications at the puncture site.
Regarding the high incidence of gastrointestinal bleeding in patients using a DOAC,90 the guidelines encourage the
routine use of proton pump inhibitors.

For STEMI patients who underwent primary PCI, the 2017 ESC guidelines for the treatment of acute myocardial
infarction in patients with ST-segment elevation recommend an antithrombotic regimen for patients indicated for long-
term DOAC use. In detail, the regimen is TAT for 6 months (or 3 months if there is a high risk of bleeding), followed by
DAT until 12 months, and then DOAC monotherapy after the 1-year period.10

Antithrombotic Therapy for AF Patients with ACS Who are Managed Medically
Evidence from registry data of patients with AF who were treated medically for ACS was consistent with the results of
a randomized controlled trial. There was a registry that included 12,165 patients with AF who had been hospitalized for
ACS. Approximately 77% of the cases were treated medically. At the 1-year follow-up, there were no statistically
significant differences in the incidences of recurrent coronary events and bleeding complications for DAT with OAC and
clopidogrel, and for TAT with OAC and DAPT.81

Data from a prespecified subgroup analysis of medically managed patients of the AUGUSTUS trial (23% of the
enrolled population) demonstrated that DAT with edoxaban and P2Y12 inhibitors (mainly clopidogrel) resulted in fewer
bleeding complications and a lower risk of death or hospitalization. However, the ischemic outcomes of TATwere similar
to those of VKA and DAPT.91

The 2020 NSTE-ACS guidelines suggest the use of DAT with a DOAC and a single antiplatelet agent (preferably
clopidogrel) for up to 1 year in patients who are managed medically. The class of recommendation is IIa, and the level of
evidence is C.9
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Table 1 Major Randomized Controlled Trials on the Use of DOACs for NVAF Patients Who Underwent PCI

Study
Acronym

Year of
Publication

Main Inclusion
Criteria

Number
of

Subjects

Treatment Mean
Follow-
Up

(Months)

Primary
Safety

Outcomes

Key Findings of Safety
Outcomes

PIONEER AF-
PCI73

2016 NVAF who had
undergone PCI

● Stable CAD 61.5%

● ACS 38.5%

2124 Randomized, open-label trial with 1:1:1 ratio.
● Group 1

DATwith low-dose rivaroxaban (15 mg once daily/ 10 mg once

daily if moderate renal impairment) plus a P2Y12 inhibitor
● Group 2

DATwith very-low-dose rivaroxaban (2.5 mg twice daily) plus

DAPT for 1, 6, or 12 months
● Group 3 TAT

TATwith VKA (INR 2.0–3.0) plus DAPT for 1, 6, or 12 months

12 CRNM
bleeding

The risk of bleeding was
significantly lower in group 1 and

group 2 compared with group 3.

● Group 1 VS group 3
o 16.8% VS 26.7%

o HR 0.59; 95% CI, 0.47 to 0.76;

P < 0.001 for superiority.
● Group 2 VS group 3

o 18.0% VS 26.7%

o HR 0.63; 95% CI, 0.50 to 0.80;
P < 0.001 for superiority.

RE-DUAL
PCI74

2017 NVAF who had
undergone PCI

● Stable CAD 49.5%

● ACS 51.5%

2725 Randomized 1:1:1 ratio for all patients in the United Stated and
non-elderly patients in other countries and 1:1 ratio for elderly

patients outside the United States by excluding the150-mg-

DAT group.
● TAT group

VKA (INR 2.0–3.0) plus P2Y12 inhibitors (at least 12 months)

and aspirin (for 1 [BMS] to 3 [DES] months)
● 110-mg-DAT group

Dabigatran 110 mg twice daily plus a P2Y12 inhibitor (at least

12 months)
● 150-mg-DAT group

Dabigatran 150 mg twice daily plus a P2Y12 inhibitor (at least

12 months)

14 Major ISTH
or CRNM-

defined

bleeding

The risk of bleeding was
significantly lower in the dual-

therapy group compared with the

triple therapy group.
● 110-mg-DAT VS TAT group

o 15.4% VS 26.9%

o HR 0.52; 95% CI, 0.42 to 0.63;
P < 0.001 for noninferiority; P <

0.001 for superiority.

● 150-mg-DAT VS TAT group
o 20.2% VS 25.7%

o HR 0.72; 95% CI, 0.58 to 0.88;

P < 0.001 for noninferiority.
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AUGUSTUS75 2019 NVAF who had

● Underwent PCI

o Stable CAD
38.8%

o ACS 37.3%

● Medically managed
ACS 23.9%

4614 Two-by-two factorial design

● Open-label period

o Apixaban 5 mg twice daily. (2.5 mg twice daily in selected
patient)

o VKA (INR 2.0–3.0)

● Double-blind period
o Aspirin 100 mg daily

o Placebo

6 Major ISTH

or CRNM-

defined
bleeding

The risk of bleeding was

significantly lower for the patient

receiving apixaban as compared
with the VKA regimen.

● 10.5% VS 14.7%

● HR, 0.69; 95% CI, 0.58 to 0.81;
P < 0.001 for both noninferiority

and superiority.

The risk of bleeding was
significantly higher for the patient

receiving aspirin compared to

placebo.
● 16.1% VS 9.0%

● HR, 1.89; 95% CI, 1.59 to 2.24;

P < 0.001.

ENTRUST

AF-PCI76
2019 NVAF who had

undergone PCI
● Stable CAD 48%

● ACS 52%

1506 Randomized, open-label, non-inferiority trial with 1:1 ratio.

● DAT group
Edoxaban 60 mg once daily (30 mg once daily if moderate

renal impairment) plus P2Y12 inhibitor (clopidogrel/ prasugrel/

ticagrelor) for 12 months.
● TAT group

VKA with a P2Y12 inhibitor (clopidogrel/ prasugrel/ ticagrelor)

and aspirin for 1–12 months

12 Major ISTH

or CRNM-
defined

bleeding

The DAT group was non-inferior

for the risk of bleeding compared
with the TAT group.

● 17% VS 20.7%

● HR, 0.83; 95% CI, 0.65–1.05; P =
0.0010 for noninferiority.

● HR, 1.20; P = 0.1154 for

superiority.

Abbreviations: 95% CI, 95% confidence interval; ACS, acute coronary syndrome; AUGUSTUS, Antithrombotic Therapy after Acute Coronary Syndrome or PCI in Atrial Fibrillation; BMS, bare-metal stent; CAD, coronary artery
disease; CRNM, clinically relevant non-major bleeding; DAPT, dual antiplatelet therapy; DAT, dual antithrombotic therapy; DES, drug-eluting stent; DOACs, direct oral anticoagulants; ENTRUST AF-PCI, Edoxaban Treatment Versus
Vitamin K Antagonist in Patients with Atrial Fibrillation Undergoing Percutaneous Coronary Intervention; HR, hazard ratio; INR, international normalized ratio; ISTH, international society on thrombosis and hemostasis bleeding scale;
NVAF, non-valvular atrial fibrillation; PCI, percutaneous coronary intervention; PIONEER AF-PCI, Open-Label, Randomized, Controlled, Multicenter Study Exploring Two Treatment Strategies of Rivaroxaban and a Dose-Adjusted Oral
Vitamin K Antagonist Treatment Strategy in Subjects with Atrial Fibrillation Who Undergo Percutaneous Coronary Intervention; RE-DUAL PCI, Randomized Evaluation of Dual Antithrombotic Therapy with Dabigatran versus Triple
Therapy with Warfarin in Patients with Nonvalvular Atrial Fibrillation Undergoing Percutaneous Coronary Intervention; TAT, triple antithrombotic therapy; VKA, vitamin K antagonist.
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Table 2 Summary of Core Recommendations of the Clinical Practice Guidelines on the Use of DOACs in AF Patients Who
Underwent PCI for ACS

Guidelines Core Recommendations

2018 ESC/EACTS guidelines on myocardial revascularization55 ● Assess the balance of ischemic and bleeding risks using the validated

risk scores (eg CHA2DS2-VASc, ABC, and HAS-BLED)

● DOACs should be preferred over VKA if not contraindicated
● When DOACs are used in combination with an antiplatelet agent:

o Rivaroxaban 15 mg once daily may be used instead of 20 mg once

daily
o Dabigatran 150 mg twice daily may be preferred over a dose of

110 mg twice daily. This is because a dose of 110 mg twice daily non-

statistically increased the rate of myocardial infarction and stent
thrombosis compared to triple antithrombotic therapy (TAT) in the RE-

DUAL PCI trial

● For DOAC users, consider the lowest approved effective dose for
stroke prevention

● For VKA users, consider an INR level in the lower part (2.0 to 2.5) and

maximize the time in the therapeutic range (TTR; > 65%)
Use low-dose aspirin (≤ 100 mg/day)

● Do not use potent P2Y12 inhibitors (ticagrelor or prasugrel) as part of

TAT
● Keep the duration of TAT (oral anticoagulant [OAC] with DAPT—

preferably DOAC with aspirin and clopidogrel) as short as possible

● Routinely use proton pump inhibitors (PPIs)
● Duration of the antithrombotic regimen:

o TAT for 1 month, followed by dual antithrombotic therapy (DAT)—

preferably DOAC with clopidogrel—for up to 12 months, regardless of
the type of stent used

o In patients whose ischemic risk outweighs their bleeding risk,
consider prolonging TAT for up to 6 months, followed by DAT for up to

12 months

o In patients with a bleeding risk that outweighs the ischemic risk,
consider using DATwith OAC and clopidogrel for up to 12 months

without TAT

o Use OAC monotherapy beyond 12 months post-PCI

The 2018 European heart rhythm association practical guide on the use

of non-vitamin K antagonist oral anticoagulants in patients with atrial
fibrillation86

● Individualize the antithrombotic regimen approach for each patient

● Use new-generation drug-eluting stents (DES) to minimize the
duration of DAT or TAT

● Use a radial approach to reduce the risk of access site bleeding

● Duration of the antithrombotic regimen:
o ACS PCI

● TAT (DOAC, aspirin, and clopidogrel) for 3 months, followed by

DAT (DOAC with clopidogrel) for up to 12 months. Then, DOAC
monotherapy beyond 12 months post-PCI

● TAT (DOAC, aspirin, and ticagrelor) for 1 week or at discharge,

followed by DAT (DOAC with clopidogrel) for up to 12 months. DOAC
monotherapy beyond 12 months post-PCI

2019 AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS
guideline for the management of patients with atrial fibrillation88

● In patients with AF undergoing PCI for ACS with high bleeding risk,
DATwith a P2Y12 inhibitor (preferably clopidogrel) and DOAC—low-

dose rivaroxaban 15 mg daily or dabigatran 150 mg twice daily—is

reasonable to reduce the risk of bleeding
● Consider de-escalating from TAT to DAT 4 to 6 weeks after PCI

(Continued)
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Balance Between Ischemic and Bleeding Risks
Bleeding complications affect adverse clinical outcomes, including short- and long-term mortality.8,92,93 A clinical risk
scoring system has been established to help clinical decision-making on the duration of DAPT.

The PRECISE-DAPT risk calculator assesses 5 parameters: age, creatinine clearance, hemoglobin, white blood cell
count, and previous spontaneous bleeding. For patients at high risk of bleeding (a PRECISE-DAPT score ≥ 25),
prolonged duration of DAPT was associated with bleeding complications. In comparison, for patients with low bleeding
risk (a PRECISE-DAPT score < 25), prolonged duration of DAPT improved the ischemic benefits of DAPT.94

The DAPT Score, which ranges from −2 to 10, is calculated 1 year after PCI for ACS. Among patients with a high
DAPT score (≥ 2), prolonging DAPT for more than 12 months has been found to be associated with a reduction in the
ischemic endpoint. In contrast, prolonging DAPT in patients with a lower DAPT score (< 2) was found to cause increased
bleeding complications.95

Table 3 summarizes the strategies aimed at reducing bleeding complications.

Table 2 (Continued).

Guidelines Core Recommendations

2020 ESC guidelines for the management of acute coronary syndromes

in patients presenting without persistent ST-segment elevation9
● Duration of antithrombotic regimen for patients with AF undergoing

PCI for NSTE-ACS

o For the default strategy:
● Start with a short period of TAT (up to 1 week) with DOAC at

the recommended dose for stroke prevention and DAPT

● Then, use DATwith a DOAC and single antiplatelet therapy
(SAPT; preferably clopidogrel) for up to 12 months

● Beyond 12 months after stenting, use a DOAC monotherapy

o In patients with a high risk of bleeding, antiplatelet therapy should be
withdrawn after 6 months

o Use of TAT should be prolonged for up to 1 month in patients with

a high ischemic risk, followed by DAT for up to 12 months

2021 European heart rhythm association practical guide on the use of

non-vitamin K antagonist oral anticoagulants in patients with atrial
fibrillation84

● The choice of anticoagulant and the duration of the antithrombotic

regimen should be individualized and based on ischemic and bleeding
risks

● The use of established risk scoring systems (eg, CHA2DS2-VASc,

GRACE) to assess atherothrombotic risk is strongly recommended
● DOAC dosing should follow published and approved criteria

● The use of the individual DOAC’s dose-reduction criteria is

recommended
PPIs should be used in all patients

● Duration of the antithrombotic regimen

o A short course of TAT for up to 1 week is recommended for all
patients with AF undergoing PCI

o For patients with a high risk of atherothrombotic risk, consider

prolonging TAT for up to 30 days

Abbreviations: ABC, age, biomarkers, clinical history; ACC, American College of Cardiology; ACS, acute coronary syndrome; AF, atrial fibrillation; AHA, American Heart
Association; CHA2DS2-VASc, cardiac congestive heart failure, hypertension, age ≥ 75 [doubled], diabetes mellitus, prior stroke or transient ischemic attack or
thromboembolism [doubled], vascular disease, age 65–74 and sex category [female]; DAPT, dual antiplatelet therapy; DAT, dual antithrombotic therapy; DES, drug-eluting
stents; DOACs, direct oral anticoagulants; EACTS, European Association for Cardio-Thoracic Surgery; ESC, European Society of Cardiology; GRACE, Global Registry of
Acute Coronary Events; HAS-BLED, hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly, drugs/alcohol concomitantly;
HRS, Heart Rhythm Society; INR, international normalized ratio; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; OAC, oral anticoagulant; PCI,
percutaneous coronary intervention; PPIs, proton pump inhibitors; RE-DUAL PCI, Randomized Evaluation of Dual Antithrombotic Therapy with Dabigatran versus Triple
Therapy with Warfarin in Patients with Nonvalvular Atrial Fibrillation Undergoing Percutaneous Coronary Intervention; SAPT, single antiplatelet therapy; TAT, triple
antithrombotic therapy; TTR, time in therapeutic range; VKA, vitamin K antagonist.
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Conclusion
Treatment paradigms regarding the antithrombotic strategy after ACS are evolving from the generalized approach toward
the individualized approach for maximizing the ischemic protection and minimizing the bleeding complications indivi-
dually. As a result, individual bleeding and ischemic risks should be carefully explored to justify the appropriate
antithrombotic strategy, including the choice of antithrombotic agents and the duration of the regimen. To date, various
risk scoring systems based on the ischemic and bleeding risk have been established for aiding clinicians’ discretion to
arrange the appropriated “tailor” antithrombotic treatment plan.
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Table 3 Summary of Strategies to Reduce the Probability of Bleeding Complications

Populations Strategies

For all antithrombotic
users

- Weigh the ischemic and bleeding risks using validated risk scoring systems to determine the appropriate antithrombotic
regimen and duration

- For the DAT regimen (OAC with antiplatelet):

o For the OAC, a DOAC is preferred over VKA
o For antiplatelet agents, P2Y12 inhibitors (preferably clopidogrel) are preferred to aspirin

- When using the TAT regimen (OAC with DAPT):

o Use the TAT regimen for as short a period as possible
o Do not use potent antiplatelet agents as part of the TAT regimen

o For the OAC, a DOAC is preferred over VKA

o For DAPT, the combination of clopidogrel and aspirin is preferred
- Use a radial approach if necessary for PCI to reduce puncture site bleeding

For prasugrel users - Strictly use prasugrel in selected populations that meet the approved criteria
o Reduce prasugrel to 5 mg per day in patients older than 75 years or whose body weight is below 60 kg

o Do not use prasugrel for patients with a previous stroke or TIA

- Use prasugrel only when the coronary artery is already documented and PCI is planned

For ticagrelor users - Use low-dose aspirin (≤ 100 mg per day) when concurrently used with ticagrelor or a DOAC
- Concomitant use of ticagrelor and DOACs only in patients at high risk of ischemia and without a significant risk of

bleeding

For DOACs users - Use the individual DOAC’s dose-reduction criteria

- Routinely use PPIs with DOACs

For VKA users - When VKA is involved in an antithrombotic regimen, aim for a target INR range of 2.0 to 2.5

Abbreviations: DAPT, dual antiplatelet therapy; DAT, dual antithrombotic therapy; DOACs, direct anticoagulants; INR, international normalized ratio; PCI, percutaneous
coronary intervention; PPIs, proton pump inhibitors; SAPT, single antiplatelet therapy; TAT, triple antithrombotic therapy; TIA, transient ischemic attack; TTR, time in
therapeutic range; VKA, vitamin K antagonist.
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