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Despite recent achievements in secondary cardiovascular prevention, the risk of further events in patients with
chronic coronary syndromes (CCS) remains elevated. Highest risk is seen in patients with recurrent events,
comorbidities or multisite atherosclerosis. Optimising antithrombotic strategies in this setting may significantly
improve outcomes. The higher the baseline risk, the higher the absolute event reduction with approaches using
combined antithrombotic treatments. Tailoring such strategies to the individual patient risk appears crucial to

achieve net benefit (i.e., substantial ischaemic event prevention at a limited cost in terms of bleeding). This paper
focuses on antithrombotic and non-pharmacological approaches to secondary cardiovascular disease prevention
in CCS. In particular, we critically review current evidence on the use of dual antithrombotic therapy, including
the newest approach of aspirin plus low-dose anticoagulation and its net clinical outcome according to baseline

risk.

1. Evolution of antithrombotic treatments for chronic coronary
syndromes

Longterm antithrombotic therapy for chronic coronary syndromes
(CCS) has evolved in the past 50 years. It started in the 1970s showing
anti-ischaemic and survival benefits of oral anticoagulation with
vitamin K antagonists over placebo [1]. It then evolved, in the 1980s and
1990s, showing anti-ischaemic benefits of single antiplatelet therapy
(SAPT) - mainly aspirin — over placebo [2,3] and subsequently a roughly
similar efficacy and safety profile of aspirin against another antiplatelet
agent, the P,Y;5 inhibitor clopidogrel [4]. Longterm low-dose anti-
coagulation against aspirin was tested only in a primary prevention
setting, showing overall similar anti-ischaemic effects against placebo
and similar safety of one against the other [5]. Early studies of patients
undergoing coronary angioplasty (receiving stents in only a minority of

patients) reported superior ischaemic prevention with warfarin plus
aspirin compared to aspirin alone, with acceptable enhanced bleeding
risk, up to one year after the procedure [6]. Subsequent short-term trials
in patients undergoing coronary stenting demonstrated unequivocal
anti-ischaemic superiority and comparable safety of dual antiplatelet
therapy (DAPT) versus warfarin plus aspirin up to 30 days [7,8]. More
recent longterm strategies for patients undergoing percutaneous coro-
nary intervention (PCI) have been twofold: on the one hand, the com-
parison of prolonged DAPT against aspirin alone [9-12] with superior
ischaemic prevention afforded by DAPT counterbalanced, however, by
an enhanced bleeding risk; on the other hand, the comparison of
shortened DAPT durations followed by monotherapy with either aspirin
or PyYp, inhibitor against standard treatment, resulting in improved
safety [13-16]. A recent unique antithrombotic approach for CCS pa-
tients with or without prior PCI has compared low dose anticoagulation
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with a non-vitamin K antagonist oral anticoagulant plus aspirin (dual
pathway inhibition) to aspirin alone, showing net clinical benefit with
the combined antithrombotic strategy [17]. To date, longterm
head-to-head comparisons of dual pathway inhibition vs. DAPT or of
dual pathway inhibition vs. P3Y75 inhibitor monotherapy are lacking.
The main characteristics and findings of the fourteen major randomised
trials that have tested the above longterm antithrombotic strategies in
stable patients with CCS, or in mixed populations comprising both acute
and chronic coronary syndrome patients, are reported in Table 1.

From a bird’s eye view of such studies - conducted over five decades -
it emerges that: a) a single antithrombotic agent (anticoagulant or an-
tiplatelet) vs. none leads to clear reductions in the rates of myocardial
infarction (MI) and death, with acceptable bleeding risks [1-3]; b) clo-
pidogrel shows slightly superior efficacy over aspirin, but the aspirin
dose of 325 mg daily tested in CAPRIE is not that currently used in
Europe [4]; c) on top of SAPT, the risk of cardiovascular events during
follow-up remains elevated, i.e., up to 20% at 3 years following an acute
coronary syndrome (ACS) in observational, real-world investigations
[18,19]; d) DAPT vs. SAPT decreases ischaemic events, but such benefit
is counterbalanced by an increase in major bleeding events, including
intracranial haemorrhages, in THEMIS [12] and a signal of increased
all-cause mortality in the DAPT trial [10]. The latter highlight the
importance of careful patient selection when prescribing DAPT to CCS
patients, in addition to considering shorter DAPT durations to reduce
bleeding events [13-16] or selecting alternative antithrombotic ap-
proaches such as dual pathway inhibition, in order to achieve an optimal
benefit-to-risk balance (i.e., net benefit) [17].

2. ESC guidelines on chronic coronary syndromes: evidence
supporting the recommendations

The 2019 European Society of Cardiology (ESC) guidelines on CCS
recommend the addition of a second antithrombotic agent to aspirin for
long-term secondary prevention in patients judged to be at high (class of
recommendation IIa, level of evidence A) or moderate (IIb A) risk of
ischaemic events and without high bleeding risk criteria [20].
High-ischaemic risk patients are defined as those with multivessel cor-
onary artery disease (CAD) and at least one additional risk factor, such
as diabetes mellitus, recurrent MI, peripheral artery disease (PAD) or
renal failure, whereas moderate-risk patients as those with at least one of
multivessel/diffuse CAD or diabetes mellitus, recurrent MI, PAD,
chronic renal failure or heart failure. The 2019 recommendations
represent a major change from the previous ESC guidelines on stable
CAD released in 2013 [21] where, beyond recommending aspirin (or
clopidogrel in the case of aspirin intolerance), it was stated that, in light
of the CHARISMA and TRA-2P studies [11,22], there was insufficient
evidence to systematically recommend combined antithrombotic ther-
apy in this setting. Between the two guidelines, the pivotal randomised
trials DAPT and PEGASUS [9,10] and subsequently COMPASS [17] were
published. A post-hoc analysis of the DAPT trial showed greatest
advantage of DAPT prolongation beyond one year from PCI (with clo-
pidogrel or prasugrel added to aspirin) in patients with previous MI [23,
24]. In PEGASUS, conducted in patients with prior MI, the benefit of
ticagrelor 60 mg BID vs. placebo on top of aspirin treatment was mainly
driven by a reduction in recurrent MI [9,25-28]. In a non-pre-specified
post-hoc analysis, the greatest benefit in terms of major adverse car-
diovascular events (MACE) prevention with aspirin plus ticagrelor was
observed in the subgroup with <2 years from qualifying MI or <1 year
from prior adenosine diphosphate receptor inhibitor treatment, where a
significant 20% relative reduction of all-cause mortality has been re-
ported [29]. This hypothesis-generating survival benefit was not eval-
uated or confirmed in subsequent prospective, randomised
investigations. Based on DAPT trial and PEGASUS findings, current ESC
guidelines recommend DAPT extension with clopidogrel or prasugrel or
ticagrelor in post-MI patients who have tolerated one-year initial DAPT
treatment [20]. However, in the DAPT trial, a significant interaction
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according to type of thienopyridine (i.e., lower protection from cardio-
vascular events with clopidogrel compared to prasugrel), stent type (i.e.,
lower protection with latest generation drug-eluting stents) and diabetes
status (i.e., lower protection in diabetic patients) was present for the
primary ischaemic endpoint, as well as a higher total mortality in pa-
tients receiving DAPT prolongation (p = 0.050) [10,23,24].

Multivessel CAD or PAD were the main inclusion criteria in the
COMPASS trial [17,30]. Notably, CAD population was represented by
patients with MI within 20 years, multivessel CAD, multivessel PCI or
coronary bypass surgery. In the CAD cohort, the prevalence of PAD was
20%. The trial showed a favourable risk-to-benefit ratio with rivarox-
aban at vascular dose (2.5 mg BID) plus aspirin vs. aspirin alone, leading
to early trial termination for efficacy [17,30]. In COMPASS rivaroxaban
reduced total, cardiovascular and coronary mortality [17,30,31] ESC
guidelines state that the pre-specified thresholds for cardiovascular
mortality and all-cause mortality were not met in COMPASS [20].
However, the COMPASS trial was stopped early, i.e., after a mean
follow-up of 23 months, one year ahead of expectations; the interruption
was due to overwhelming efficacy of the rivaroxaban/aspirin combi-
nation and, in light of the continuous divergence of the curves over time
for ischaemic events, an underestimation of the real mortality benefit of
dual pathway inhibition due to the premature trial interruption may be
considered. Furthermore, as mentioned in the main COMPASS publi-
cation [17], ‘an early stop of both antithrombotic treatment groups for
efficacy had not been anticipated, and therefore a strategy for formal
testing of secondary outcomes at the interim analysis was not
pre-specified. Current ESC guidelines do not prioritise antithrombotic
agents to be added to aspirin, placing them all in the same class of
recommendation [20]. However, rivaroxaban at vascular dose plus
aspirin may represent the only strategy for CAD patients without prior
MI. Moreover, the high-ischaemic risk definition adopted by the ESC
recommendations most closely reflect COMPASS enrolment criteria.
Finally, the mortality reduction observed in COMPASS merits consid-
eration by clinicians when choosing an antithrombotic drug to be added
to aspirin in eligible CCS patients (Fig. 1), particularly if multisite
atherosclerotic disease is present.

However, the term CCS includes a wide range of patients, i.e. from
stable patients with remote history of CAD to those finishing standard
DAPT at 12 months after ACS. This creates difficulties in evaluating the
net benefit of different antithrombotic approaches, as in different sce-
narios their risk/benefit ratio can be different and current tools for
stratifying ischaemic and bleeding risk cannot similarly perform.
Finally, at 1 year after MI it may be different to continue DAPT in a
patient already taking these drugs for several months with no side effects
or to suggest a stable asymptomatic patient to start a new antith-
rombotic agent with potential side effects.

3. Tailoring antithrombotic strategies for chronic coronary
syndromes to baseline risk

3.1. Cardiovascular protection of combined antithrombotic regimens
according to ischaemic risk

Quantifying individual cardiovascular risk is difficult and is gener-
ally defined by the totality of factors associated with a higher incidence
of recurrent cardiovascular events. A number of cardiovascular risk
factors have been identified and effective treatments developed; how-
ever, there is a relevant inter-individual heterogeneity in response to
risk factors and treatments, affecting both the efficacy and safety of
therapeutic interventions.

After an acute cardiovascular event, certain patient subsets are at
higher risk of recurrence. Available secondary coronary prevention tri-
als indicate that the extent of atherosclerotic lesions (multivessel CAD or
CAD plus concomitant PAD) with at least one additional risk factor (such
as diabetes mellitus requiring medications, recurrent MI or chronic renal
failure with eGFR 15-59 mL/min/1.73 m?) are associated with higher
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Table 1
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Major randomised trials testing longterm antithrombotic treatments in chronic or mixed (acute and chronic) coronary syndrome patients.

Name J&Yr Blinding  Population type No. Randomisation Follow-up Main PEP & SEP Main safety results
arms results for A vs. B for Avs. B
Single anticoagulant or antiplatelet agent vs. none
60 + Lancet 1980  Double age >60 yrs, on oral 878 A: continued oral 2yrs Fewer recurrent MIs (p Major extracranial
blind anticoagulant therapy anticoagulant = 0.0001) and deaths bleeds: 27 in A vs. 3
at a mean of 6 yrs from (acenocoumarin (p = 0.017). in B (none fatal)
MI and
phenprocoumon)
B: placebo Intracranial events, p =
0.18
SAPAT Lancet 1992  Double Stable angina pectoris, 2035 A: aspirin 75 mg od  median 50 mo. PEP of MI and sudden Major bleeds
blind no previous MI + sotalol death: RRR 34%, 95% including
CI 24-49%, p = 0.003 haemorrhagic
B: placebo + sotalol SEP of vascular events, stroke: 20 in A vs. 13
vascular death, any in B (NS)
death, stroke: 22-32%
reduction
ATT Lancet 2009 Either CV risk factors 112,000 A: aspirin Any serious vascular More haemorrhagic
or previous M, stroke (6860 event strokes in all trials
or transient cerebral previous B: placebo 1. Primary prevention combined (p < 0.01)
ischaemia vascular rate ratio 0.88, 95% and major
events) CI 0.82-0.94, p = extracranial bleeds
0.0001 (p < 0.0001 in
2. Secondary primary, p = 0.01 in
prevention rate ratio  secondary
0.81, 95% CI prevention trials)
0.75-0.87, p <
0.0001
One antiplatelet agent versus another
CAPRIE Lancet 1996 Double Atherosclerotic 19,185 A: clopidogrel 75 mean 1.9 yrs Composite of ischaemic Rash (578 vs 442),
blind vascular disease mg od stroke, MI, or vascular diarrhoea (428 vs
manifested as: death RRR of 8.7%, 332), upper GI
i) recent ischaemic (>6300 in B: aspirin 325 mg 95% Cl 0.3-16.5, p = discomfort (1441 vs
stroke each od 0.043 1686), intracranial
ii) recent MI or group) bleeds (34 vs 47), GI
iii) iii) symptomatic bleeds (191 vs 255),
PAD neutropenia (10 vs
16)
Single versus dual antiplatelet therapy
CHARISMA N Engl J Double Chronic CV disease or 15,603 A: daily clopidogrel ~ median 28 mo. PEP of CV death, MI, or  Severe bleeding:
Med 2006 blind multiple risk factors 75 mg + aspirin stroke: relative risk 1.71%vs 1.3, p =
75-162 mg 0.93,95% C10.83-1.05,  0.09
p=0.22
B: daily placebo + SEP of CV death, MI,
aspirin 75-162 mg stroke, hospitalised
unstable angina,
transient ischaemic
attack or
revascularisation:
16.7% vs 17.9%,
relative risk 0.92, p =
0.04
DAPT N Engl J Double Drug-eluting 9961 A: daily aspirin 30 mo. post PCI PEP of stent thrombosis: ~ Moderate or severe
Med 2014 blind stent--------- 75-162 mg + (18 mo. post 0.4% vs 1.4%, HR 0.29, bleeds: 2.5% vs.
placement; clopidogrel 75 mg randomisation) 95% CI 0.17-0.48, p < 1.6%, p = 0.001
randomisation 12 or prasugrel 10 mg 0.001
months after PCI B: daily aspirin PEP of major adverse
(58%—CCS as PCI- 75-162 mg + CV and cerebrovascular
indication) placebo events: 4.3% vs 5.9%,
HR 0.71, 95% CI
0.59-0.85, p < 0.001
SEP of death: 2.0% vs
1.5%, HR 1.36, 95% CI
1.00-1.85, p = 0.05
PEGASUS N Engl J Double MI in the previous 1-3 21,162 A: ticagrelor 90 mg 33 mo. median PEP of composite of CV TIMI major bleeds:
Med 2015 blind years bid + aspirin death, MI, stroke: HRA  2.60% in A vs.

A’: ticagrelor 60 mg
bid + aspirin
B: placebo + aspirin

vs. B: 0.85, 95% CI
0.75-0.96, p = 0.008;
HR A’ vs. B: 0.84, 95%
CI 0.74-0.95, p = 0.004

SEP of death: A vs. BHR

1.00, 95% CI 0.86-1.16,
p=10.99; A’ vs. BHR 0.
89, 95%CI 0.76-1.04, p
=0.14

2.30% in A’ vs.
1.06% in B (p <
0.001 for A or A’ vs.
B)

(continued on next page)
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Table 1 (continued)
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Name J&Yr Blinding  Population type No. Randomisation Follow-up Main PEP & SEP Main safety results
arms results for A vs. B for Avs. B
THEMIS Lancet2019  Double Stable coronary artery 19,220 A: ticagrelor 90 mg 3.3 yrs median PEP of CV death, MI, or ~ TIMI major bleeds:
blind disease, > 50 yrs, type (reduced to 60 mg stroke: 7.7% vs. 8.5, HR 2.2% vs. 1.0%, HR
2 diabetes, previous mid-way) bid + 0.90, 95% CI 0.81-0.99, 2.32, 95% CI
PCI or CABG or aspirin 75-150 mg p =0.04 1.82-2.94,p <
angiographic stenosis od 0.001
> 50%, no prior MI or B: placebo + aspirin Intracranial bleeds:
stroke 75-150 mg 0.7% vs. 0.5%, p =
0.005
Shorter versus longer DAPT after PCI
GLOBAL- Lancet2018  Open- PCI; 53% wit CCS 15,968 A: 1 mo. DAPT-23 24 mo. PEP of death or nonfatal =~ BARC bleeds 3 or 5:
LEADERS label mo. ticagrelor Q-wave MI: 3.8% vs. 2.0% vs. 2.1%, p =
B: 12 mo. 4.4%, p = 0.073 0.77
DAPT—12 mo.
aspirin
STOPDAPT- JAMA 2019 Open- PCI; 62% with CCS 3045 A: 1 mo. DAPT—11 12 mo. SEP of CV death, MI, Any TIMI bleed:
2 label mo. clopidogrel any stroke or definite 0.41% vs. 1.54%, p
B: 12 mo. DAPT stent thrombosis: 1.96% = 0.004
vs. 2.51%, p = 0.34
SMART- JAMA 2019 Open- PCI; 42% with CCS 2993 A: 3 mo. DAPT—9 12 mo. PEP of death, MI, BARC bleeds 2-5:
CHOICE label mo. P2Y12inhibitor stroke: 2.9% vs.2.5%, 2.0% vs. 3.4%, p =
B: 12 mo. DAPT non-inferiority p = 0.02
0.007
TWILIGHT NEJM 2019 Double Randomisation 3 mo. 7119 A: 12 mo. ticagrelor 15 mo. (12 mo. PEP of death, MI, BARC bleeds 3 or 5:
blind after PCI and B: 12 mo. DAPT post- stroke: 3.9% vs. 3.9%, 1.0% vs. 2.0%, p <
uneventful DAPT; 36% randomisation) non-inferiority p < 0.001
with CCS 0.001
Dual pathway inhibition versus single antiplatelet agent
BAAS Circulation Open- Randomisation >1 1058 A: 12 mo. 12 mo. Composite of death, MI, ~ Major bleeding or
2000 label week before PCI coumarin + aspirin target-lesion false aneurysms in A
(stenting in 35%); 88% B: 12 mo. aspirin revascularisation and vs. B: 22vs. 5
with CCS stroke in A vs. B: 14.3%
vs. 20.3% (relative risk
0.71, 95% CI
0.54-0.93)
COMPASS N Engl J Double Stable atherosclerotic 27,395 A: rivaroxaban 2.5 23 mo. PEP of CV death, MI, or ~ Major bleeds A or A’
Med 2017 blind vascular disease mg bid + aspirin stroke: 4.1% vs. 4.9% vs. B: p < 0.001
100 mg od vs. 5.4% in A vs. A’ vs.
B; p < 0.001 for A vs. B;
p=0.12for A’ vs. B
A’: rivaroxaban 5 mean SEP of death A vs. B: Fatal bleeds A or A’

mg bid

B: aspirin 100 mg

od

3.4% vs. 4.1%, p = 0.01 vs. B: NS
(threshold p = 0.0025)
SEP stroke A vs. B: 0.9%

vs. 1.6%, p < 0.001

Intracranial bleeds A
vs. B: 0.3% vs. 0.3%,
p = 0.60

Abbreviations: BARC = Bleeding Academic Research Consortium; bid = bis in die; CABG = Coronary artery bypass grafting; CCS = Chronic coronary syndrome; CI =
Confidence interval; CV = Cardiovascular; DAPT = Dual antiplatelet therapy; GI = Gastro-intestinal; HR = Hazard ratio; MI = Myocardial infarction; mo. = month;
No. = Number; NS = Non significant; od = once daily; PAD = Peripheral artery disease; PCI = Percutaneous coronary intervention; PEP = Primary endpoint; RRR =
Relative risk reduction; SEP = Secondary endpoint; TIMI = Thrombolysis in Myocardial Infarction; vs. = versus; yrs = years.

recurrence risk [25-30,32,33] “More aggressive” antithrombotic stra-
tegies with prolonged DAPT or dual pathway inhibition have yielded
enhanced efficacy in patients at higher baseline thrombotic risk [25-30,
32-34]. Therefore, identifying populations where specific antith-
rombotic approaches are associated with increased absolute reduction of
ischaemic complications, with limited or acceptable bleeding risk, is
crucial to achieve greatest net benefit by implementing appropriate
strategies.

In the PEGASUS trial, a greater reduction of MACE with aspirin plus
ticagrelor vs. aspirin alone was observed in MI patients with concomi-
tant PAD, who represented approximately 5% of the total population
(4.1% absolute reduction of the primary ischaemic endpoint vs. 1.3% in
the overall trial population), and in the subset with chronic renal failure
(2.7% absolute reduction) [25,26]. Notably, adding ticagrelor to aspirin,
the absolute reduction of MACE in patients with multivessel CAD or
diabetes was slightly enhanced vs. the overall trial population (1.5% in
both groups) [27,28]. In COMPASS, baseline renal function and diabetes

were predictors of subsequent MACE. The combination of rivaroxaban
plus aspirin vs. aspirin alone produced a consistent relative benefit for
ischaemic events across the spectrum of baseline renal function and
regardless of diabetes status [32]. The extent of atherosclerosis — both in
the coronary and peripheral vessels — mirrors the burden of athero-
sclerotic disease: the greater the number of affected vessels, the higher
the risk of plaque rupture causing a subsequent acute event, particularly
with concomitant diabetes and reduced renal function. Both these con-
ditions are associated with endothelial dysfunction, oxidative stress and
a proinflammatory status [35,36], which further confer a prothrombotic
diathesis and may trigger acute events, especially in the presence of
disseminated atherosclerotic lesions. Notably, patients with PAD are at
higher risk of cardiovascular events, including MI. Observational studies
indicated that the risk of MI and cardiovascular death in patients with
PAD is not dissimilar to that of patients with documented CAD [37].
Patients with PAD are also prone to major adverse limb events (MALE),
in particular acute limb ischaemia and need for amputation [38]. It has
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Figure 1

Increase in evidence

Clopidogrel + ASA
/ DAPT trial
CHARISMA

Clopidogrel + ASA
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Rivaroxaban + ASA

Ticagrelor + ASA

Prasugrel + ASA

DAPT trial

N. patients N. pts on Clop-ASA: 1,903 N. pts on Clop-ASA: 3,275

N. pts on Prasu-ASA: 1,745

Population Subgroup with M1 Post-PCl pts

Post-PCl pts

Efficacy Significant 17% MACE reduction - Non-significant 20% MACE
reduction
- Prevalent benefit in post-MI pts

- Significant 48% MACE
reduction

- Prevalent benefit in post-MI|
pts

Caveats - Subgroup analysis of a negative | - Lower protection than Prasu-
study ASA
- Post-MlI pts were not - Selected population
randomized to Clop-ASA or ASA - 55% relative increase in MB*

- Signal towards increase in all-
cause death

- Selected population

- 75% relative increase in MB*

- Signal towards increase in
all-cause death

* GUSTO classification severe or moderate bleeding

Fig. 1. Body of evidence from randomised studies of dual antithrombotic therapies vs. aspirin alone in CCS. ASA = Aspirin; MACE = Major adverse cardiovascular
events; MB = Major bleeding; MI = Myocardial infarction; CAD = Coronary artery disease; CCS = Chronic coronary syndromes; PAD = Peripheral artery disease;

PCI = Percutaneous coronary intervention; Pts = Patients.

been calculated that the annual incidence of major amputations in
Western countries ranges between 120 and 500 per million, that in
Western Europe the PAD-related mortality in 2010 reached 3.5 per 100,
000 individuals (excluding stroke and MI), and that the years of life lost
due to PAD is 31.7 years per 100,000 inhabitants [39-41]. Therefore, in
patients with PAD, it is mandatory to reduce both MACE and MALE. A
progressive, linear increase in MACE rates has been observed with the
number of atherosclerotic vascular beds involved [37]. In COMPASS, the
absolute reduction of MACE by rivaroxaban plus aspirin vs. aspirin alone
was greatest in patients with concomitant CAD and PAD (2.7% reduc-
tion). In patients with polyvascular disease, dual pathway inhibition
resulted in a 6.0% absolute risk reduction for the composite of MACE,
acute limb ischaemia and total amputation and a 5.9% absolute risk
reduction for the net clinical benefit outcome (i.e., the composite of
cardiovascular death, stroke, MI, acute limb ischaemia, vascular
amputation, fatal bleeding or symptomatic bleeding into a critical
organ) [32,33]. Fig. 2 summarises different patient
characteristics/risk-groups who might benefit from prolonged DAPT
and those who might mostly benefit from the combination rivaroxaban
at vascular dose plus aspirin.

Of note, conditions associated with a higher thrombotic risk may also
predispose to bleeding complications (e.g., older age, diabetes or
chronic renal failure). To assess the effects of antithrombotic approaches
it appears crucial to balance expected protection from thrombotic events
against the concomitant bleeding risk and to integrate this evaluation of
overall “net clinical benefit” into daily clinical practice, by combining
clinically-relevant efficacy and safety outcomes (i.e., MI, stroke, car-
diovascular death, life-threatening and fatal bleeding) [42]. Assuming
that “net clinical benefit” derives from the balance between efficacy (i.
e., the entity of thrombotic risk reduction, with higher baseline risk
corresponding to greater expected efficacy) and safety (i.e., the entity of
bleeding risk caused, with lower baseline risk corresponding to higher
expected safety), for secondary prevention antithrombotic approaches it
is crucial to identify subgroups at higher thrombotic risk and/or at lower
bleeding risk (Fig. 3).

3.2. Risk score stratification

Risk scores include multivariate models developed to estimate the
individual probability of unwanted outcomes in clinical practice. A
number of risk scores have been developed in the context of ACS for
stratifying both the ischaemic (TIMI and GRACE) and the bleeding
(CRUSADE and ACUITY) risk [43-47], but will not be discussed further.
Notably, after an acute coronary event, major bleeding has a similar
prognostic impact as spontaneous thrombotic events [48]. Beyond one
year after ACS, randomised trials indicated that DAPT prolongation does
not fit all patients; rather, those at high ischaemic risk without high
bleeding risk are likely to benefit from a prolonged and intensified
antithrombotic regimen. To facilitate risk stratification and maximise
the net clinical benefit of antithrombotic therapies, individual scores for
stabilised post-ACS patients have been elaborated. Some focus specif-
ically on bleeding, others on ischaemic/thrombotic risk or on both
ischaemic and bleeding outcomes.

In 2017, a focused ESC guideline suggested the use of ischaemic and
bleeding risk scores for tailoring DAPT duration after ACS (recommen-
dation IIb A) [49,50]. Main risk scores for patients with CCS are indi-
cated in Table 2. An ischaemic risk score for patients with stable
coronary disease and previous MI (TIMI Risk Score for Secondary Pre-
vention - TRS2°P) was developed from a subgroup analysis of 8598
patients enroled in the TRA2°P-TIMI 50 trial. It includes nine clinical
indicators and provided adequate discrimination for the composite
endpoint of recurrent ML, ischaemic stroke and cardiovascular death. In
particular, a high risk setting (i.e. >3 points) achieving the greatest
benefit from adding vorapaxar to aspirin was selected. [22,51] The
TRS2°P score has been recently validated in a multicentric observational
study of 9618 patients, where its role as a stratification tool for
ischaemic risk was confirmed, with c-statistic of 0.66 (vs 0.67 in the trial
cohort) [52].

The DAPT score, derived from the DAPT trial, identified subgroups of
patients in whom a DAPT prolongation beyond 12 months from ACS
may be predominantly beneficial [53]. It was developed in 11,648 pa-
tients and validated in 8136 patients enroled in the PROTECT trial.
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Fig. 2. Different patient characteristics/risk-groups who, in the absence of high bleeding risk, in the setting of CCS might benefit from prolonged DAPT and those
who might mostly benefit from the combination rivaroxaban at vascular dose plus aspirin. * At least one of the following 3-vessel PCI, >3 stents implanted, >3 lesions
treated, bifurcation, stent length >60 mm, chronic total occlusion CCS = Chronic coronary syndrome; DAPT = Dual antiplatelet therapy; MI = Myocardial infarc-
tion; PAD = Peripheral artery disease; PCI = Percutaneous coronary intervention; TIA = Transient ischaemic attack.

C-statistic for both ischaemic and bleeding events was moderate (0.70
and 0.68, respectively). This score includes nine variables and a value
> 2 indicates a significant benefit from DAPT prolongation (number
needed to treat -NNT- to prevent an ischaemic event 34), with only a
mild increase in bleeding risk (number needed to harm -NNH- to cause
bleeding 272) [53].

The 2019 ESC Guidelines for the diagnosis and management of CCS
underlined the importance of the bleeding risk assessment when adding
a second antithrombotic drug to aspirin [20]; bleeding risk was defined
high by at least one of: previous intracerebral haemorrhage or ischaemic
stroke or other intracranial pathology; recent gastrointestinal bleeding
or anaemia from possible gastrointestinal blood loss or other
bleeding-prone gastrointestinal pathology; liver failure or bleeding
diathesis or coagulopathy; extreme old age or frailty; chronic renal
failure requiring dialysis or eGFR <15 mL/min/1.73 m? Of note,
bleeding risk may be dynamic: predisposing factors may vary, have
different weights in different patients, be modifiable, and differ ac-
cording to type of antithrombotic drug and bleeding site. Thus, bleeding
risk assessment is not a simple challenge.

The PRECISE-DAPT score focuses on bleeding risk and was devel-
oped to help clinicians identify those at higher bleeding risk who might
benefit from shorter DAPT duration after coronary stenting (3-6 months
vs. 12-24 months) [54]. It was validated mainly in patients treated with
aspirin and clopidogrel, with modest predictive value on external vali-
dation in ACS patients undergoing PCI and receiving prasugrel or tica-
grelor [55]. In a recent analysis of the PRECISE-DAPT datasets [56], the
authors divided 14,963 subjects in high or non-high bleeding risk

according to the PRECISE-DAPT score (>25 or <25) and in high or
non-high ischaemic/thrombotic risk according to PCI complexity (i.e.
>3 stents implanted and/or >3 lesions treated, bifurcation stenting
and/or stent length >60 mm, and/or chronic total occlusion revascu-
larization). Notably, in patients at high bleeding risk, independently of
ischaemic risk, DAPT was associated with increased bleeding compli-
cations without any significant reduction in mortality or MACE up to 2
years. Moreover, bleeding risk stratification was more relevant on
prognosis than ischaemic/thrombotic risk stratification. Of note, here
ischaemic/thrombotic risk was based on procedural features and did not
include global patient evaluation (e.g., atherosclerosis burden or pres-
ence of diabetes). Recent data suggest that the CHA;DS,-VASc score (i.
e., the clinically-oriented score validated to quantify thromboembolic
risk in atrial fibrillation patients without anticoagulant therapy) may be
able to stratify thrombotic risk even in an ACS population [57]. This
demonstrates that a score evaluating global ischaemic risk may help
identify patients at high risk of recurrence in whom intensified/pro-
longed antithrombotic therapy is beneficial. The identification of pa-
tients at high bleeding risk is crucial in specific subgroups, such as those
needing combined antiplatelet and anticoagulant drugs, usually due to
concomitant atrial fibrillation and PCI. To date, no risk score has been
tested in this setting.



G. Patti et al.

A

Efficacy

Harm

SCENARIO
1

Efficacy = Harm

SCENARIO 2

NCB obtained in patients in
whom efficacy in reducing
thrombotic events is

NCB=0 particularly elevated and
much greater than harm
(i.e. patients at high

thrombotic risk)

Biomedicine & Pharmacotherapy 140 (2021) 111783

. = Efficacy . =Harm

. = NET CLINICAL BENEFIT (NCB)

e |

SCENARIO 4

SCENARIO 3

NCB obtained in patients  NCB is clearly unfavourable:
in whom harm is harm of intervention is
particularly low and the much greater than efficacy

relative efficacy in
reducing thrombotic
events is greater (i.e.
patients at low bleeding
risk)

Fig. 3. Net clinical benefit (NCB). MODEL 1: efficacy of intervention (thrombotic events prevented) equals harm (bleeding events caused: NCB is null). MODEL 2:
efficacy of intervention is much greater than harm: NCB is maximal. This model may be implemented in higher thrombotic risk subgroups: polyvascular disease;
diabetes; recurrent events, impaired renal function. MODEL 3: intervention has moderately greater efficacy than harm: NCB is moderate. This model may be
implemented in subgroups at lower bleeding risk, regardless of thrombotic risk. MODEL 4: harm of intervention is much greater than efficacy (NCB is clearly

unfavourable).

4. How to balance antithrombotic ischaemic protection against
bleeding risk for chronic coronary syndromes

4.1. Definition of bleeding across trials evaluating antithrombotic drugs in
chronic coronary syndromes

A variety of bleeding definitions have been used in randomised trials
on antithrombotic treatments in cardiology. The lack of standardisation
hinders comparisons of safety endpoints and of safety-to-efficacy ratios
across studies and across regimens, or even within a given trial, where
the results may vary according to different bleeding definitions.
Notably, in a recent analysis of patients with atrial fibrillation enroled in
the ENGAGE AF-TIMI 48 trial, there was a >4-fold difference in the
frequency of severe bleeding events using different bleeding scales [58].

Bleeding definitions across randomised trials on CCS have differed
(Supplementary Table 1). Bleeding definitions include both laboratory
parameters, such haemoglobin and haematocrit drops, and clinical
events, i.e., bleeds in different sites, with varying haemodynamic con-
sequences, need for transfusion or surgery. Each definition includes a
different combination of elements ranking them into severity categories,
which may vary across different definitions. Other potential limitations
are related to heterogeneous populations and to the periods of original
validation. For example, the TIMI major bleeding definition encom-
passes fatal bleeding, intracranial haemorrhage, haemoglobin drop
>5g/dL or haematocrit drop >15% [59]. Conversely, by the

International Society on Thrombosis and Haemostasis (ISTH) scale,
major bleeding encompasses fatal bleeding, symptomatic bleeding in a
critical area/organ or bleeding causing a fall in haemoglobin >2 g/dL or
leading to transfusion of >2 units of whole blood/red cells [60]. Thus,
according to these different haemoglobin cut-offs, an ISTH major bleed
may have lesser clinical relevance than a TIMI major bleed. This hinders
the comparison across trials adopting different bleeding definitions,
such as PEGASUS [5], where bleeding was computed according to TIMI
definitions, vs. COMPASS, where a modified ISTH bleeding scale was
considered and the incidence of major bleeding was approximately
one-third lower using the standard vs. modified ISTH definition [61].
The GUSTO definition [59], adopted by the CHARISMA [11] and DAPT
[10] trials, does not require changes in haemoglobin levels and therefore
may refer to less objective criteria of bleeding severity. In order to
harmonise various bleeding scales, the Academic Research Consortium
standardised a classification for all cardiovascular bleeds, but, although
validated, it has not been ubiquitously adopted [59].

4.2. Weighing the severity of bleeding events

Bleeding complications related to antithrombotic strategies have
been associated with adverse outcomes, including higher risk of MI,
stroke, stent thrombosis and death. The mechanisms underlying the
increased morbidity/mortality associated with a bleeding event are in
part explained by the bleeding severity, directly impacting on prognosis



G. Patti et al.

Table 2
Main risk scores in patients with chronic coronary syndromes.
Score Clinical Variables Events included Timing of
setting included in outcome outcome
Ischaemic and bleeding risk
DAPT Atleastone 1. Age MI or stent 30 months
score year from 2. Heart failure/ thrombosis; after the
STEMI/ left ventricular ~ GUSTO moderate index
NSTE-ACS dysfunction or severe bleeding  event

3. Venous graft
bypass

4. MI at the time
of acute event

5. Previous MI or
PCI

6. Diabetes
mellitus

7. Stent diameter
< 3mm

8. Current
smoking

9. Paclitaxel stent

Bleeding risk

PRECISE- At the time 1. Haemoglobin TIMI major 1 year
DAPT of coronary 2. White blood bleeding; any
stenting cells TIMI bleeding
3. Age
4. CrCl

5. Prior bleeding
Ischaemic risk
TRS2°P Previous 1. Congestive
MI in the heart failure ischaemic stroke,
last 12 2. Arterial cardiovascular
months hypertension death
3. Age > 75 years
4. Diabetes
mellitus
5. Prior stroke
6. Prior coronary
bypass surgery
7. Peripheral
artery disease
8. eGFR
< 60 mL/min
9. Current
smoking

Recurrent MI, 3 years

CrCl = Creatinine  clearance; DAPT = Dual AntiPlatelet Therapy;
eGFR = estimated Glomerular Filtration Rate; GUSTO = Global Strategies for
Opening Occluded Coronary Arteries; MI = Myocardial infarction, NSTE-
ACS = Non ST-segment elevation acute coronary syndrome; PCI = Percuta-
neous coronary intervention; PRECISE-DAPT = PREdicting bleeding Complica-
tions In patients undergoing Stent implantation and subsEquent Dual
AntiPlatelet Therapy; STEMI = ST-segment elevation myocardial infarction;
TIMI = Thrombolysis in Myocardial Infarction; TRS2°P = TIMI Risk Score for
Secondary Prevention.

(particularly for intracranial haemorrhage), but they may also be related
to consequent coronary events due to cessation of antiplatelet therapies,
hypotension, adverse effects of hyper-adrenergic state, inflammatory
and immunologic effects of transfusions. This was first demonstrated in
the OASIS-5 trial [62] and subsequently confirmed. In particular, the
WOEST trial [63], comparing SAPT vs. DAPT on top of warfarin in pa-
tients undergoing PCI, reported with the former antiplatelet approach a
survival benefit that was most likely due to the large reduction in
bleeding. A meta-analysis of phase III pivotal trials comparing
non-vitamin K antagonist anticoagulants (NOACs) to warfarin in atrial
fibrillation, showed that NOAC use was associated with lower mortality
primarily through a decrease of fatal bleeding, especially intracranial,
but also through a reduction in long-term consequences of bleeding
episodes [64]. Finally, in the ENGAGE TIMI 48 trial [65], a strategy with
low-dose edoxaban in patients with atrial fibrillation, despite a lower
efficacy than warfarin in terms of ischaemic stroke prevention, signifi-
cantly reduced mortality; this seems to be almost entirely due to a large
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reduction in all types of bleeding, both intracranial and extracranial.

Notably, data on post-ACS patients demonstrated that the mortality
related to a bleeding event is lower than that related to a MI event for
lower severity bleeds (BARC 2 and BARC 3a), but > 4-fold higher for
higher severity bleeds (BARC 3c) [48]. A final consideration concerns
the incidence of bleeding complications during antithrombotic treat-
ments, which in patients with CCS may vary over time. Accordingly, in
the rivaroxaban plus aspirin arm of the COMPASS study, the reduction
of MACE vs. aspirin alone remained constant across the whole study
period, whereas the relative increase in major bleeding was substantially
greater in the first year of treatment (and was almost entirely restricted
to the first two years of treatment) [61]. A similar, although less pro-
nounced, pattern was observed with the combination of ticagrelor plus
aspirin vs. aspirin alone in the PEGASUS trial [66].

4.3. Net clinical benefit of antithrombotic approaches in secondary
cardiovascular prevention

As mentioned above, a composite outcome measure including both
ischaemic and bleeding events, may be relevant in studies evaluating
antithrombotic drugs. In patients with CCS, the net clinical outcome
becomes even more important, as here the treatment is meant to reduce
a chronic risk, rather than resolve an acute ischaemic event. However, a
crucial point is how to appropriately the weight of ischaemic vs.
bleeding events included in the net composite endpoint. To capture
those events at higher prognostic weight in terms of mortality, more
severe bleeds are here coupled to hard ischaemic cardiovascular com-
plications. In particular, in COMPASS, the incidence of the net clinical
endpoint (including cardiovascular death, stroke, MI, fatal bleeding, or
symptomatic bleeding into a critical organ) was lower with rivaroxaban
plus aspirin vs. aspirin alone (hazard ratio 0.80, p < 0.001) [67]; this
advantage in the balance of ischaemic/haemorrhagic events probably
accounted for the reduction in overall mortality observed with the
former approach. Similarly, an analysis from the PEGASUS trial showed
a significant 14% relative reduction of the net composite endpoint of
cardiovascular death, MI, stroke, intracranial bleeding and fatal
bleeding in the ticagrelor vs. placebo arm [9]. A practical approach on
how to balance ischaemic protection against bleeding risk of antith-
rombotic treatments in secondary cardiovascular prevention is sum-
marised in Fig. 4.

5. Longterm outcomes of chronic coronary syndromes: how to
optimise the follow-up assessment

5.1. Planning a personalised programme

Despite significant improvements in stabilised ACS management,
secondary prevention remains challenging [68]. The implementation of
pharmacological and non-pharmacological interventions is still unsat-
isfactory, as a large number of patients have inadequate risk factor
control after revascularisation and/or after ACS. Furthermore, the
prevalence of co-morbidities, multivessel CAD, multivessel coronary
revascularization or extra-coronary localisation of atherosclerosis, e.g.
cerebrovascular and/or PAD, in patients with CCS is high. Such
complexity requires a more accurate prognostic stratification, together
with “more aggressive” secondary prevention strategies, and an appro-
priate use of evidence-based treatments to improve long-term outcomes
is a priority [69].

Implementing on an individual basis healthy lifestyle behaviours and
risk factors control decreases the risk of subsequent cardiovascular
events and mortality in patients with CCS. This is additional to appro-
priate secondary prevention therapy. The time to educate and provide
patients and caregivers with elements of coordinated care is limited
during hospitalisation. Achieving favourable outcomes in post-ACS pa-
tients includes providing a safe transition to the post-acute care setting
and long-term care by ensuring adequate planning and support [70,71].
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Fig. 4. Factors involved in the evaluation of the net clinical benefit of antithrombotic approaches for secondary cardiovascular prevention. * eGFR 15-59 mL/min/
1.73 m? CAD = Coronary artery disease; CKD = Chronic kidney disease; DM = Diabetes mellitus; GI = Gastro-intestinal; MI = Myocardial infarction.

This is required for all patients, but is particularly needed for specific
categories, including young patients after a first coronary event and high
ischaemic risk profile [72], patients with high atherothrombotic burden
or ventricular dysfunction, older patients with comorbidities and risk of
disability [73,74], patients with lack of social support, low socioeco-
nomic status and/or undetected depression or anxiety.

5.2. Cardiac rehabilitation and lifestyle intervention

Specialised, individualised prevention programmes should be
delivered as Cardiac Rehabilitation (CR) [75]. Most patients after MI or
revascularization are referred to CR. However, in European countries
only a minority of patients are referred to CR for CCS, despite
exercise-based CR and the involvement of a multidisciplinary team are
strongly recommended for patients with CCS to achieve a healthy life-
style and manage risk factors (Class 1 Level A) [20]. The potential
benefits of referring patients with CCS to CR include decreased
morbidity, lower rates of unplanned readmissions, healthy lifestyle
behavioural choices and improved exercise capacity, especially in pa-
tients with a very high-risk profile [76]. When six or more risk factors
are present in the same patient, a multidisciplinary assessment and a
comprehensive patient-tailored programme are useful in reducing car-
diovascular mortality, MI and cerebrovascular events [77]. Tradition-
ally strategies for secondary cardiovascular prevention are stricter up to
1-year follow-up after the acute episode [78]. However, a later risk
persists and cardiovascular events continue to occur, although at a lower
rate, as do deaths from cardiovascular causes.

5.3. Cardiovascular health education and risk communication

Adherence to recommendations regarding smoking, diet and exer-
cise is associated with a substantially lower rate of adverse events and a
better prognosis [68,69]. Persistent smokers who did not diet or exercise
have a 4-fold higher risk of cardiovascular events compared with never
smokers who dieted and exercised [68,69]. The benefits of lifestyle

modifications are additional to the beneficial effects conferred by drugs
and interventions [79]. The education of patients with chronic cardiac
diseases is known to influence their understanding and motivation to
undertake lifestyle changes. However, across studies there were
frequent reports of patients not receiving information or prescriptions
related to their secondary cardiovascular prevention and detailed dis-
cussions about the potential of lifestyle change in reducing the risk of
future coronary complications appear to be largely missing. An integral
part of patient’s education is the risk communication, often forgotten or
transmitted in a confusing and conflictual way. The process of risk
communication is extremely important for cardiovascular prevention
activities, as it can be turned into actions by the patient him/herself
generating healthy lifestyles [80].

5.4. Adherence to evidence-based secondary prevention therapies

Evidence-based treatments, especially for antithrombotic and lipid-
lowering therapies, have been demonstrated to be effective in
reducing cardiovascular events over the long term. However, medical
adherence is a complex process and a well-documented unresolved issue
in cardiovascular disease management [81]. Both disease and medica-
tion education should begin immediately throughout the hospital stay
and must be reinforced in the post-acute care setting. It is not unusual for
a patient with newly diagnosed ACS to be admitted with no home
medication at baseline and to be discharged soon thereafter on "poly-
pharmacy"; as the complexity of a medical regimen increases, adherence
in the subsequent chronic phase of the disease declines. In the setting of
CCS an adequate communication and education can improve treatment
adherence, and therapeutic changes should be relayed to all parties
(patient, caregivers, primary care) [82]. Fig. 5 summarises strategies to
standardise and improve the follow-up assessment.

6. Conclusions

The risk of recurrent events in patients with CCS, especially in those
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Fig. 5. Strategies to improve follow-up assessment in chronic coronary syndromes.

at higher thrombotic risk, remains elevated [18,83]. This risk may be
significantly reduced by strategies including: a) interventions of global
secondary cardiovascular prevention, although this was not the specific
aim of the present paper; b) a careful stratification of baseline ischaemic
and bleeding risks and its modification over time; c) tailoring of
antithrombotic approaches to the individual risk, adopting a dual
antithrombotic approach in patients potentially deriving the greatest net
clinical benefit; d) optimal follow-up assessment through personalised
programmes of non-pharmacological interventions and cardiovascular
health education.

Disclosures outside the present work

Gi.Pa.: speaker/consultant fees from Abbott, Astra Zeneca, Sanofi,
Amgen, Bayer, Pfizer, Bristol-Myers Squibb, Daiichi Sankyo, PIAM,
Malesci, Sigma Tau, Chiesi, Menarini, Merck Sharp Dohme, Boehringer
Ingelheim.

Fr.Fa.: honoraria for speaking during symposia and other meetings
from Novartis, Menarini, Bayer, Novo Nordisk.

G.P.P., C.G.: none.

L.D.L.: consulting fees or honoraria from Amgen, Aspen, Astra
Zeneca, Bayer, Boehringer Ingelheim, Chiesi, Daiichi Sankyo, Eli Lilly,
Menarini, Pfizer/Bristol-Myers Squibb, Sanofi, Servier, The Medicines
Company.

G.R.: consultant and speaker fees from Bayer, Pfizer/ Bristol-Myers
Squibb, Boehringer-Ingelheim, Daiichi-Sankyo.

R.M.: consulting fees or honoraria from Amgen, Aspen, AstraZeneca,
Bayer, Boehringer Ingelheim, Daiichi Sankyo, Pfizer/Bristol-Myers
Squibb, Sanofi, Servier, Werfen.

Gu.Pa.: consulting or lecture fees from Astra Zeneca, Bayer, Chiesi,
Daiichi Sankyo/Eli Lilly, Merck Sharp Dohme.

F.A.: speaker or consultancy fees from Amgen, Bayer, BMS/Pfizer,
Daiichi-Sankyo.

Fr.Fe.: speaker or consultancy fees from Bayer, Orion Pharma.

N.M.: consulting fees or honoraria from Astra Zeneca, Bayer, Bristol-
Myers Squibb, Boehringer-Ingelheim, Daiichi-Sankyo, Menarini,
Novartis, Sanofi; research grants from Bayer, Pfizer/ Bristol-Myers

10

Squibb, Daiichi Sankyo.
Funding

During a meeting supported by Bayer Italy, the authors conceived
this manuscript. The manuscript content and writing were entirely
managed by the authors, with no interference by Bayer Italy.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.biopha.2021.111783.

References

[1] Sixty Plus Reinfarction Study Research Group, A double-blind trial to assess long-
term oral anticoagulant therapy in elderly patients after myocardial infarction,
Lancet 2 (1980) 989-994.

S. Juul-Moller, N. Edvardsson, B. Jahnmatz, A. Rosén, S. Sgrensen, R. Omblus,
Double-blind trial of aspirin in primary prevention of myocardial infarction in
patients with stable chronic angina pectoris. The Swedish Angina Pectoris Aspirin
Trial (SAPAT) Group, Lancet 340 (1992) 1421-1425, https://doi.org/10.1016/
0140-6736(92)92619-q.

Antithrombotic Trialists’ Collaboration, Collaborative meta-analysis of randomised
trials of antiplatelet therapy for prevention of death, myocardial infarction, and
stroke in high risk patients, BMJ 324 (2002) 71-86, https://doi.org/10.1136/
bmj.324.7329.71. Erratum in: BMJ 2002;324:141.

CAPRIE Steering Committee, A randomised, blinded, trial of clopidogrel versus
aspirin in patients at risk of ischaemic events (CAPRIE). CAPRIE Steering
Committee, Lancet 348 (1996) 1329-1339, https://doi.org/10.1016/s0140-6736
(96)09457-3.

The Medical Research Council’s General Practice Research Framework,
Thrombosis prevention trial: randomised trial of low-intensity oral anticoagulation
with warfarin and low-dose aspirin in the primary prevention of ischaemic heart
disease in men at increased risk, Lancet 351 (1998) 233-241.

J.M. Ten Berg, J.C. Kelder, M.J. Suttorp, E.G. Mast, E. Bal, S.M. Ernst, F.

W. Verheugt, H.W. Plokker, Effect of coumarins started before coronary
angioplasty on acute complications and long-term follow-up: a randomized trial,
Circulation 102 (2000) 386-391, https://doi.org/10.1161/01.cir.102.4.386.

A. Schomig, F.J. Neumann, A. Kastrati, H. Schiihlen, R. Blasini, M. Hadamitzky,
H. Walter, E.M. Zitzmann-Roth, G. Richardt, E. Alt, C. Schmitt, K. Ulm,

A randomized comparison of antiplatelet and anticoagulant therapy after the
placement of coronary-artery stents, N. Engl. J. Med. 334 (1996) 1084-1089,
https://doi.org/10.1056/NEJM199604253341702.

[2]

[3]

[4]

[5]

[6]

71


https://doi.org/10.1016/j.biopha.2021.111783
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref1
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref1
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref1
https://doi.org/10.1016/0140-6736(92)92619-q
https://doi.org/10.1016/0140-6736(92)92619-q
https://doi.org/10.1136/bmj.324.7329.71
https://doi.org/10.1136/bmj.324.7329.71
https://doi.org/10.1016/s0140-6736(96)09457-3
https://doi.org/10.1016/s0140-6736(96)09457-3
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref5
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref5
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref5
http://refhub.elsevier.com/S0753-3322(21)00565-5/sbref5
https://doi.org/10.1161/01.cir.102.4.386
https://doi.org/10.1056/NEJM199604253341702

G. Patti et al.

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

M.B. Leon, D.S. Baim, J.J. Popma, P.C. Gordon, D.E. Cutlip, K.K. Ho,

A. Giambartolomei, D.J. Diver, D.M. Lasorda, D.O. Williams, S.J. Pocock, R.

E. Kuntz, A clinical trial comparing three antithrombotic-drug regimens after
coronary-artery stenting. Stent Anticoagulation Restenosis Study Investigators,

N. Engl. J. Med. 339 (1998) 1665-1671, https://doi.org/10.1056/
NEJM199812033392303.

M.P. Bonaca, D.L. Bhatt, M. Cohen, P.G. Steg, R.F. Storey, E.C. Jensen, G. Magnani,
S. Bansilal, M.P. Fish, K. Im, O. Bengtsson, T. Oude Ophuis, A. Budaj, P. Theroux,
M. Ruda, C. Hamm, S. Goto, J. Spinar, J.C. Nicolau, R.G. Kiss, S.A. Murphy, S.
D. Wiviott, P. Held, E. Braunwald, M.S. Sabatine, PEGASUS-TIMI 54 Steering
Committee and Investigators. Long-term use of ticagrelor in patients with prior
myocardial infarction, N. Engl. J. Med. 372 (2015) 1791-1800, https://doi.org/
10.1056/NEJMo0al500857.

L. Mauri, D.J. Kereiakes, R.W. Yeh, P. Driscoll-Shempp, D.E. Cutlip, P.G. Steg, S.
L. Normand, E. Braunwald, S.D. Wiviott, D.J. Cohen, D.R. Holmes Jr., M.

W. Krucoff, J. Hermiller, H.L. Dauerman, D.I. Simon, D.E. Kandzari, K.N. Garratt,
D.P. Lee, T.K. Pow, P. Ver Lee, M.J. Rinaldi, J.M. Massaro, DAPT Study
Investigators. Twelve or 30 months of dual antiplatelet therapy after drug-eluting
stents, N. Engl. J. Med. 371 (2014) 2155-2166, https://doi.org/10.1056/
NEJMoal1409312.

D.L. Bhatt, M.D. Flather, W. Hacke, P.B. Berger, H.R. Black, W.E. Boden, P. Cacoub,
E.A. Cohen, M.A. Creager, J.D. Easton, C.W. Hamm, G.J. Hankey, S.C. Johnston, K.
H. Mak, J.L. Mas, G. Montalescot, T.A. Pearson, P.G. Steg, S.R. Steinhubl, M.

A. Weber, L. Fabry-Ribaudo, T. Hu, E.J. Topol, K.A. Fox, CHARISMA Investigators.
Patients with prior myocardial infarction, stroke, or symptomatic peripheral
arterial disease in the CHARISMA trial, J. Am. Coll. Cardiol. 49 (2007) 1982-1988,
https://doi.org/10.1016/j.jacc.2007.03.025.

P.G. Steg, D.L. Bhatt, T. Simon, K. Fox, S.R. Mehta, R.A. Harrington, C. Held,

M. Andersson, A. Himmelmann, W. Ridderstrdle, M. Leonsson-Zachrisson, Y. Liu,
G. Opolski, D. Zateyshchikov, J. Ge, J.C. Nicolau, R. Corbaldn, J.H. Cornel,

P. Widimsky, L.A. Leiter, THEMIS Steering Committee and Investigators, Ticagrelor
in patients with stable coronary disease and diabetes, N. Engl. J. Med. 381 (2019)
1309-1320, https://doi.org/10.1056/NEJM0al908077.

P. Vranckx, M. Valgimigli, P. Jiini, C. Hamm, P.G. Steg, D. Heg, G.A. van Es, E.
P. McFadden, Y. Onuma, C. van Meijeren, P. Chichareon, E. Benit, H. Méllmann,
L. Janssens, M. Ferrario, A. Moschovitis, A. Zurakowski, M. Dominici, R.J. Van
Geuns, K. Huber, T. Slagboom, P.W. Serruys, S. Windecker, GLOBAL LEADERS
Investigators, Ticagrelor plus aspirin for 1 month, followed by ticagrelor
monotherapy for 23 months vs aspirin plus clopidogrel or ticagrelor for 12 months,
followed by aspirin monotherapy for 12 months after implantation of a drug-
eluting stent: a multicentre, open-label, randomised superiority trial, Lancet 392
(2018) 940-949, https://doi.org/10.1016/S0140-6736(18)31858-0.

R. Mehran, U. Baber, S.K. Sharma, D.J. Cohen, D.J. Angiolillo, C. Briguori, J.

Y. Cha, T. Collier, G. Dangas, D. Dudek, V. Dzavik, J. Escaned, R. Gil, P. Gurbel, C.
W. Hamm, T. Henry, K. Huber, A. Kastrati, U. Kaul, R. Kornowski, M. Krucoff,

V. Kunadian, S.0. Marx, S.R. Mehta, D. Moliterno, E.M. Ohman, K. Oldroyd,

G. Sardella, S. Sartori, R. Shlofmitz, P.G. Steg, G. Weisz, B. Witzenbichler, Y.L. Han,
S. Pocock, C.M. Gibson, Ticagrelor with or without aspirin in high-risk patients
after PCI, N. Engl. J. Med. 381 (2019) 2032-2042, https://doi.org/10.1056/
NEJMo0al908419.

J.Y. Hahn, Y.B. Song, J.H. Oh, W.J. Chun, Y.H. Park, W.J. Jang, E.S. Im, J.O. Jeong,
B.R. Cho, S.K. Oh, K.H. Yun, D.K. Cho, J.Y. Lee, Y.Y. Koh, J.W. Bae, J.W. Choi, W.
S. Lee, H.J. Yoon, S.U. Lee, J.H. Cho, W.G. Choi, S.W. Rha, J.M. Lee, T.K. Park, J.
H. Yang, J.H. Choi, S.H. Choi, S.H. Lee, H.C. Gwon, SMART-CHOICE investigators.
Effect of P2Y12 inhibitor monotherapy vs dual antiplatelet therapy on
cardiovascular events in patients undergoing percutaneous coronary intervention:
the SMART-CHOICE randomized clinical trial, JAMA 321 (2019) 2428-2437,
https://doi.org/10.1001/jama.2019.8146.

H. Watanabe, T. Domei, T. Morimoto, M. Natsuaki, H. Shiomi, T. Toyota, M. Ohya,
S. Suwa, K. Takagi, M. Nanasato, Y. Hata, M. Yagi, N. Suematsu, T. Yokomatsu,
1. Takamisawa, M. Doi, T. Noda, H. Okayama, Y. Seino, T. Tada, H. Sakamoto,
K. Hibi, M. Abe, K. Kawai, K. Nakao, K. Ando, K. Tanabe, Y. Ikari, K.I. Hanaoka,
Y. Morino, K. Kozuma, K. Kadota, Y. Furukawa, Y. Nakagawa, T. Kimura,
STOPDAPT-2 Investigators, Effect of 1-month dual antiplatelet therapy followed by
clopidogrel vs 12-month dual antiplatelet therapy on cardiovascular and bleeding
events in patients receiving PCI: the STOPDAPT-2 randomized clinical trial, JAMA
321 (2019) 2414-2427, https://doi.org/10.1001/jama.2019.8145.

J.W. Eikelboom, S.J. Connolly, J. Bosch, G.R. Dagenais, R.G. Hart,

O. Shestakovska, R. Diaz, M. Alings, E.M. Lonn, S.S. Anand, P. Widimsky, M. Hori,
A. Avezum, L.S. Piegas, K.R.H. Branch, J. Probstfield, D.L. Bhatt, J. Zhu, Y. Liang,
A.P. Maggioni, P. Lopez-Jaramillo, M. O'Donnell, A.K. Kakkar, K.A.A. Fox, A.

N. Parkhomenko, G. Ertl, S. Stork, M. Keltai, L. Ryden, N. Pogosova, A.L. Dans,
F. Lanas, P.J. Commerford, C. Torp-Pedersen, T.J. Guzik, P.B. Verhamme,

D. Vinereanu, J.H. Kim, A.M. Tonkin, B.S. Lewis, C. Felix, K. Yusoff, P.G. Steg, K.
P. Metsarinne, N. Cook Bruns, F. Misselwitz, E. Chen, D. Leong, S. Yusuf, COMPASS
Investigators, Rivaroxaban with or without aspirin in stable cardiovascular disease,
N. Engl. J. Med. 377 (2017) 1319-1330, https://doi.org/10.1056/
NEJMoal709118.

G.W. Stone, A. Maehara, A.J. Lansky, B. de Bruyne, E. Cristea, G.S. Mintz,

R. Mehran, J. McPherson, N. Farhat, S.P. Marso, H. Parise, B. Templin, R. White,
Z. Zhang, P.W. Serruys, PROSPECT Investigators, A prospective natural-history
study of coronary atherosclerosis, N. Engl. J. Med. 364 (2011) 226-235, https://
doi.org/10.1056/NEJMoal002358.

G. Patti, I. Cavallari, Extended duration dual antiplatelet therapy in patients with
myocardial infarction: a study-level meta-analysis of controlled randomized trials,
Am. Heart J. 176 (2016) 36-43, https://doi.org/10.1016/j.ahj.2016.03.005.

11

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Biomedicine & Pharmacotherapy 140 (2021) 111783

J. Knuuti, W. Wijns, A. Saraste, D. Capodanno, E. Barbato, C. Funck-Brentano,

E. Prescott, R.F. Storey, C. Deaton, T. Cuisset, S. Agewall, K. Dickstein,

T. Edvardsen, J. Escaned, B.J. Gersh, P. Svitil, M. Gilard, D. Hasdai, R. Hatala,

F. Mahfoud, J. Masip, C. Muneretto, M. Valgimigli, S. Achenbach, J.J. Bax, ESC
Scientific Document Group, 2019 ESC guidelines for the diagnosis and
management of chronic coronary syndromes: the Task Force for the diagnosis and
management of chronic coronary syndromes of the European Society of Cardiology
(ESC), Eur. Heart J. 41 (2020) 407-477, https://doi.org/10.1093/eurheartj/
ehz425.

Task Force Members, G. Montalescot, U. Sechtem, S. Achenbach, F. Andreotti,

C. Arden, A. Budaj, R. Bugiardini, F. Crea, T. Cuisset, C. Di Mario, J.R. Ferreira, B.
J. Gersh, A.K. Gitt, J.S. Hulot, N. Marx, L.H. Opie, M. Pfisterer, E. Prescott,

F. Ruschitzka, M. Sabaté, R. Senior, D.P. Taggart, E.E. van der Wall, C.J. Vrints,
ESC Committee for Practice Guidelines, J.L. Zamorano, S. Achenbach,

H. Baumgartner, J.J. Bax, H. Bueno, V. Dean, C. Deaton, C. Erol, R. Fagard,

R. Ferrari, D. Hasdai, A.W. Hoes, P. Kirchhof, J. Knuuti, P. Kolh, P. Lancellotti,
A. Linhart, P. Nihoyannopoulos, M.F. Piepoli, P. Ponikowski, P.A. Sirnes, J.

L. Tamargo, M. Tendera, A. Torbicki, W. Wijns, S. Windecker, Document
Reviewers, J. Knuuti, M. Valgimigli, H. Bueno, M.J. Claeys, N. Donner-Banzhoff,
C. Erol, H. Frank, C. Funck-Brentano, O. Gaemperli, J.R. Gonzalez-Juanatey,

M. Hamilos, D. Hasdai, S. Husted, S.K. James, K. Kervinen, P. Kolh, S.D. Kristensen,
P. Lancellotti, A.P. Maggioni, M.F. Piepoli, A.R. Pries, F. Romeo, L. Rydén, M.

L. Simoons, P.A. Sirnes, P.G. Steg, A. Timmis, W. Wijns, S. Windecker, A. Yildirir, J.
L. Zamorano, 2013 ESC guidelines on the management of stable coronary artery
disease: the Task Force on the management of stable coronary artery disease of the
European Society of Cardiology, Eur. Heart J. 34 (2013) 2949-3003, https://doi.
org/10.1093/eurheartj/eht296.

B.M. Scirica, M.P. Bonaca, E. Braunwald, G.M. De Ferrari, D. Isaza, B.S. Lewis,

F. Mehrhof, P.A. Merlini, S.A. Murphy, M.S. Sabatine, M. Tendera, F. Van de Werf,
R. Wilcox, D.A. Morrow, TRA 2°P-TIMI 50 Steering Committee Investigators,
Vorapaxar for secondary prevention of thrombotic events for patients with
previous myocardial infarction: a prespecified subgroup analysis of the TRA 2°P-
TIMI 50 trial, Lancet 380 (2012) 1317-1324, https://doi.org/10.1016,/50140-
6736(12)61269-0.

R.W. Yeh, D.J. Kereiakes, P.G. Steg, S. Windecker, M.J. Rinaldi, A.H. Gershlick, D.
E. Cutlip, D.J. Cohen, J.F. Tanguay, A. Jacobs, S.D. Wiviott, J.M. Massaro, A.

C. Iancu, L. Mauri, DAPT Study Investigators, Benefits and risks of extended
duration dual antiplatelet therapy after PCI in patients with and without acute
myocardial infarction, J. Am. Coll. Cardiol. 65 (2015) 2211-2221, https://doi.org/
10.1016/j.jacc.2015.03.003.

K.N. Garratt, W.D. Weaver, R.G. Jenkins, T.K. Pow, L. Mauri, D.J. Kereiakes, K.
J. Winters, T. Christen, D.J. Allocco, D.P. Lee, Prasugrel plus aspirin beyond 12
months is associated with improved outcomes after TAXUS Liberté paclitaxel-
eluting coronary stent placement, Circulation 131 (2015) 62-73, https://doi.org/
10.1161/CIRCULATIONAHA.114.013570.

M.P. Bonaca, D.L. Bhatt, R.F. Storey, P.G. Steg, M. Cohen, J. Kuder, E. Goodrich, J.
C. Nicolau, A. Parkhomenko, J. Lépez-Sendén, M. Dellborg, A. Dalby, J. Spinar,
P. Aylward, R. Corbalan, M.T.B. Abola, E.C. Jensen, P. Held, E. Braunwald, M.

S. Sabatine, Ticagrelor for prevention of ischemic events after myocardial
infarction in patients with peripheral artery disease, J. Am. Coll. Cardiol. 67 (2016)
2719-2728, https://doi.org/10.1016/j.jacc.2016.03.524.

G. Magnani, R.F. Storey, G. Steg, D.L. Bhatt, M. Cohen, J. Kuder, K. Im, P. Aylward,
D. Ardissino, D. Isaza, A. Parkhomenko, A.R. Goudev, M. Dellborg, F. Kontny,

R. Corbalan, F. Medina, E.C. Jensen, P. Held, E. Braunwald, M.S. Sabatine, M.

P. Bonaca, Efficacy and safety of ticagrelor for long-term secondary prevention of
atherothrombotic events in relation to renal function: insights from the PEGASUS-
TIMI 54 trial, Eur. Heart J. 37 (2016) 400-408, https://doi.org/10.1093/
eurheartj/ehv482.

D.L. Bhatt, M.P. Bonaca, S. Bansilal, D.J. Angiolillo, M. Cohen, R.F. Storey, K. Im, S.
A. Murphy, P. Held, E. Braunwald, M.S. Sabatine, P.G. Steg, Reduction in Ischemic
Events With Ticagrelor in Diabetic Patients with prior myocardial infarction in
PEGASUS-TIMI 54, J. Am. Coll. Cardiol. 67 (2016) 2732-2740, https://doi.org/
10.1016/j.jacc.2016.03.529.

S. Bansilal, M.P. Bonaca, J.H. Cornel, R.F. Storey, D.L. Bhatt, P.G. Steg, K. Im, S.
A. Murphy, D.J. Angiolillo, R.G. Kiss, A.N. Parkhomenko, J. Lopez-Sendon,

D. Isaza, A. Goudev, F. Kontny, P. Held, E.C. Jensen, E. Braunwald, M.S. Sabatine,
A.J. Oude Ophuis, Ticagrelor for secondary prevention of atherothrombotic events
in patients with multivessel coronary disease, J. Am. Coll. Cardiol. 71 (2018)
489-496, https://doi.org/10.1016/j.jacc.2017.11.050.

M. Dellborg, M.P. Bonaca, R.F. Storey, P.G. Steg, K.A. Im, M. Cohen, D.L. Bhatt, T.
0. Ophuis, A. Budaj, C. Hamm, J. Spinar, R.G. Kiss, J. Lopez-Sendon, G. Kamensky,
F. Van de Werf, D. Ardissino, F. Kontny, G. Montalescot, P. Johanson, O. Bengtsson,
A. Himmelmann, E. Braunwald, M.S. Sabatine, Efficacy and safety with ticagrelor
in patients with prior myocardial infarction in the approved European label:
insights from PEGASUS-TIMI 5, Eur. Heart J. Cardiovasc Pharm. 5 (2019)
200-206, https://doi.org/10.1093/ehjcvp/pvz020.

S.J. Connolly, J.W. Eikelboom, J. Bosch, G. Dagenais, L. Dyal, F. Lanas,

K. Metsarinne, M. O’Donnell, A.L. Dans, J.W. Ha, A.N. Parkhomenko, A.

A. Avezum, E. Lonn, L. Lisheng, C. Torp-Pedersen, P. Widimsky, A.P. Maggioni,
C. Felix, K. Keltai, M. Hori, K. Yusoff, T.J. Guzik, D.L. Bhatt, K.R.H. Branch, N. Cook
Bruns, S.D. Berkowitz, S.S. Anand, J.D. Varigos, K.A.A. Fox, S. Yusuf, COMPASS
investigators, Rivaroxaban with or without aspirin in patients with stable coronary
artery disease: an international, randomised, double-blind, placebo-controlled
trial, Lancet 391 (2018) 205-218, https://doi.org/10.1016/50140-6736(17)
32458-3.


https://doi.org/10.1056/NEJM199812033392303
https://doi.org/10.1056/NEJM199812033392303
https://doi.org/10.1056/NEJMoa1500857
https://doi.org/10.1056/NEJMoa1500857
https://doi.org/10.1056/NEJMoa1409312
https://doi.org/10.1056/NEJMoa1409312
https://doi.org/10.1016/j.jacc.2007.03.025
https://doi.org/10.1056/NEJMoa1908077
https://doi.org/10.1016/S0140-6736(18)31858-0
https://doi.org/10.1056/NEJMoa1908419
https://doi.org/10.1056/NEJMoa1908419
https://doi.org/10.1001/jama.2019.8146
https://doi.org/10.1001/jama.2019.8145
https://doi.org/10.1056/NEJMoa1709118
https://doi.org/10.1056/NEJMoa1709118
https://doi.org/10.1056/NEJMoa1002358
https://doi.org/10.1056/NEJMoa1002358
https://doi.org/10.1016/j.ahj.2016.03.005
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1093/eurheartj/eht296
https://doi.org/10.1093/eurheartj/eht296
https://doi.org/10.1016/S0140-6736(12)61269-0
https://doi.org/10.1016/S0140-6736(12)61269-0
https://doi.org/10.1016/j.jacc.2015.03.003
https://doi.org/10.1016/j.jacc.2015.03.003
https://doi.org/10.1161/CIRCULATIONAHA.114.013570
https://doi.org/10.1161/CIRCULATIONAHA.114.013570
https://doi.org/10.1016/j.jacc.2016.03.524
https://doi.org/10.1093/eurheartj/ehv482
https://doi.org/10.1093/eurheartj/ehv482
https://doi.org/10.1016/j.jacc.2016.03.529
https://doi.org/10.1016/j.jacc.2016.03.529
https://doi.org/10.1016/j.jacc.2017.11.050
https://doi.org/10.1093/ehjcvp/pvz020
https://doi.org/10.1016/S0140-6736(17)32458-3
https://doi.org/10.1016/S0140-6736(17)32458-3

G. Patti et al.

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

G. Patti, A. Sticchi, V. Pasceri, Contributors to survival benefit of dual versus single
antithrombotic therapy in chronic coronary syndrome: Survival benefit of dual
antithrombotic therapy in CCS, Eur. J. Intern. Med. 72 (2020) 97-98, https://doi.
org/10.1016/j.€jim.2019.10.036.

S.S. Anand, J.W. Eikelboom, L. Dyal, J. Bosch, C. Neumann, P. Widimsky, A.

A. Avezum, J. Probstfield, N. Cook Bruns, K.A.A. Fox, D.L. Bhatt, S.J. Connolly,
S. Yusuf, COMPASS Trial Investigators, Rivaroxaban plus aspirin versus aspirin in
relation to vascular risk in the COMPASS trial, J. Am. Coll. Cardiol. 73 (2019)
3271-3280, https://doi.org/10.1016/j.jacc.2019.02.079.

S.S. Anand, J. Bosch, J.W. Eikelboom, S.J. Connolly, R. Diaz, P. Widimsky,

V. Aboyans, M. Alings, A.K. Kakkar, K. Keltai, A.P. Maggioni, B.S. Lewis, S. Stork,
J. Zhu, P. Lopez-Jaramillo, M. O’Donnell, P.J. Commerford, D. Vinereanu,

N. Pogosova, L. Ryden, K.A.A. Fox, D.L. Bhatt, F. Misselwitz, J.D. Varigos,

T. Vanassche, A.A. Avezum, E. Chen, K. Branch, D.P. Leong, S.I. Bangdiwala, R.
G. Hart, S. Yusuf, COMPASS Investigators, Rivaroxaban with or without aspirin in
patients with stable peripheral or carotid artery disease: an international,
randomised, double-blind, placebo-controlled trial, Lancet 391 (2018) 219-229,
https://doi.org/10.1016/50140-6736(17)32409-1.

M.P. Bonaca, D.L. Bhatt, P.G. Steg, R.F. Storey, M. Cohen, K. Im, T. Oude Ophuis,
A. Budaj, S. Goto, J. Lopez-Senddn, R. Diaz, A. Dalby, F. Van de Werf, D. Ardissino,
G. Montalescot, P. Aylward, G. Magnani, E.C. Jensen, P. Held, E. Braunwald, M.
S. Sabatine, Ischaemic risk and efficacy of ticagrelor in relation to time from P2Y12
inhibitor withdrawal in patients with prior myocardial infarction: insights from
PEGASUS-TIMI 54, Eur. Heart J. 37 (2016) 1133-1142, https://doi.org/10.1093/
eurheartj/ehv531.

S. Tsalamandris, A.S. Antonopoulos, E. Oikonomou, G.A. Papamikroulis,

G. Vogiatzi, S. Papaioannou, S. Deftereos, D. Tousoulis, The role of inflammation in
diabetes: current concepts and future perspectives, Eur. Cardiol. 14 (2019) 50-59,
https://doi.org/10.15420/ecr.2018.33.1.

S. Mihai, E. Codrici, 1.D. Popescu, A.M. Enciu, L. Albulescu, L.G. Necula,

C. Mambet, G. Anton, C. Tanase, Inflammation-related mechanisms in chronic
kidney disease prediction, progression, and outcome, J. Immunol. Res. 2018
(2018), 2180373, https://doi.org/10.1155/2018/2180373.

P.G. Steg, D.L. Bhatt, P.W. Wilson, R. D’Agostino Sr., EM. Ohman, J. Rother, C.
S. Liau, A.T. Hirsch, J.L. Mas, Y. Ikeda, M.J. Pencina, S. Goto, REACH Registry
Investigators, One-year cardiovascular event rates in outpatients with
atherothrombosis, JAMA 297 (2007) 1197-1206, https://doi.org/10.1001/
jama.297.11.1197.

P.C. Kruger, S.S. Anand, T.A.C. de Vries, J.W. Eikelboom, Patients with peripheral
artery disease in the COMPASS trial, Eur. J. Vasc. Endovasc. Surg. 56 (2018)
772-773, https://doi.org/10.1016/j.ejvs.2018.08.010.

V. Aboyans, J.B. Ricco, M.E.L. Bartelink, M. Bjorck, M. Brodmann, T. Cohnert, J.
P. Collet, M. Czerny, M. De Carlo, S. Debus, C. Espinola-Klein, T. Kahan,

S. Kownator, L. Mazzolai, A.R. Naylor, M. Roffi, J. Rother, M. Sprynger,

M. Tendera, G. Tepe, M. Venermo, C. Vlachopoulos, I. Desormais, ESC Scientific
Document Group, 2017 ESC guidelines on the diagnosis and treatment of
peripheral arterial diseases, in collaboration with the european society for vascular
surgery (esvs): document covering atherosclerotic disease of extracranial carotid
and vertebral, mesenteric, renal, upper and lower extremity arteries. endorsed by:
the European Stroke Organization (ESO) the Task Force for the diagnosis and
treatment of peripheral arterial diseases of the European Society of Cardiology
(ESC) and of the European Society for Vascular Surgery (ESVS), Eur. Heart J. 39
(2018) 763-816, https://doi.org/10.1093/eurheartj/ehx095.

L. Norgren, W.R. Hiatt, J.A. Dormandy, M.R. Nehler, K.A. Harris, F.G. Fowkes,
TASC II Working Group, Inter-society consensus for the management of peripheral
arterial disease (TASC II), J. Vasc. Surg. 45 (Suppl S) (2007) S5-S67, https://doi.
org/10.1016/j.jvs.2006.12.037.

U.K. Sampson, F.G. Fowkes, M.M. McDermott, M.H. Criqui, V. Aboyans, P.

E. Norman, M.H. Forouzanfar, M. Naghavi, Y. Song, F.E. Harrell Jr., J.

O. Denenberg, G.A. Mensah, M. Ezzati, C. Murray, Global and regional burden of
death and disability from peripheral artery disease: 21 world regions, 1990 to
2010, Glob. Heart 9 (2014) 145-158, https://doi.org/10.1016/j.
gheart.2013.12.008.

T.L. Marsh, H. Janes, M.S. Pepe, Statistical inference for net benefit measures in
biomarker validation studies, Biometrics 76 (2020) 843-852, https://doi.org/
10.1111/biom.13190.

E.M. Antman, M. Cohen, P.J. Bernink, C.H. McCabe, T. Horacek, G. Papuchis,

B. Mautner, R. Corbalan, D. Radley, E. Braunwald, The TIMI risk score for unstable
angina/non-ST elevation MI: A method for prognostication and therapeutic
decision making, JAMA 284 (2000) 835-842, https://doi.org/10.1001/
jama.284.7.835.

C.B. Granger, R.J. Goldberg, O. Dabbous, K.S. Pieper, K.A. Eagle, C.P. Cannon,

F. Van De Werf, A. Avezum, S.G. Goodman, M.D. Flather, K.A. Fox, Global Registry
of Acute Coronary Events Investigators, Predictors of hospital mortality in the
global registry of acute coronary events, Arch. Intern. Med. 163 (2003)
2345-2353, https://doi.org/10.1001/archinte.163.19.2345.

L.C. Correia, R. Freitas, A.P. Bittencourt, A.C. Souza, M.C. Almeida, J. Leal, J.

P. Esteves, Prognostic value of GRACE scores versus TIMI score in acute coronary
syndromes, Arq. Bras. Cardiol. 94 (2010) 613-619, https://doi.org/10.1590/
$0066-782x2010005000036.

S. Subherwal, R.G. Bach, A.Y. Chen, B.F. Gage, S.V. Rao, L.K. Newby, T.Y. Wang,
W.B. Gibler, E.M. Ohman, M.T. Roe, Jr Pollack CV, E.D. Peterson, K.P. Alexander,
Baseline risk of major bleeding in non-ST-segment-elevation myocardial infarction:
the CRUSADE (Can Rapid risk stratification of Unstable angina patients Suppress
ADverse outcomes with Early implementation of the ACC/AHA Guidelines)

12

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Biomedicine & Pharmacotherapy 140 (2021) 111783

Bleeding Score, Circulation 119 (2009) 1873-1882, https://doi.org/10.1161/
CIRCULATIONAHA.108.828541.

R. Mehran, S.J. Pocock, E. Nikolsky, T. Clayton, G.D. Dangas, A.J. Kirtane,

H. Parise, M. Fahy, S.V. Manoukian, F. Feit, M.E. Ohman, B. Witzenbichler,

G. Guagliumi, A.J. Lansky, G.W. Stone, A risk score to predict bleeding in patients
with acute coronary syndromes, J. Am. Coll. Cardiol. 55 (2010) 2556-2566,
https://doi.org/10.1016/j.jacc.2009.09.076.

M. Valgimigli, F. Costa, Y. Lokhnygina, R.M. Clare, L. Wallentin, D.J. Moliterno, P.
W. Armstrong, H.D. White, C. Held, P.E. Aylward, F. Van de Werf, R.A. Harrington,
K.W. Mahaffey, P. Tricoci, Trade-off of myocardial infarction vs. bleeding types on
mortality after acute coronary syndrome: lessons from the Thrombin Receptor
Antagonist for Clinical Event Reduction in Acute Coronary Syndrome (TRACER)
randomized trial, Eur. Heart J. 38 (2017) 804-810, https://doi.org/10.1093/
eurheartj/ehw525.

D. Capodanno, F. Alfonso, G.N. Levine, M. Valgimigli, D.J. Angiolillo, ACC/AHA
versus ESC guidelines on dual antiplatelet therapy: JACC guideline comparison,
J. Am. Coll. Cardiol. 72 (2018) 2915-2931, https://doi.org/10.1016/j.
jacc.2018.09.057.

M. Valgimigli, H. Bueno, R.A. Byrne, J.P. Collet, F. Costa, A. Jeppsson, P. Jiini,
A. Kastrati, P. Kolh, L. Mauri, G. Montalescot, F.J. Neumann, M. Petricevic,

M. Roffi, P.G. Steg, S. Windecker, J.L. Zamorano, G.N. Levine, ESC Scientific
Document Group, ESC Committee for Practice Guidelines (CPG), ESC National
Cardiac Societies, 2017 ESC focused update on dual antiplatelet therapy in
coronary artery disease developed in collaboration with EACTS: the Task Force for
dual antiplatelet therapy in coronary artery disease of the European Society of
Cardiology (ESC) and of the European Association for Cardio-Thoracic Surgery
(EACTS), Eur. Heart J. 39 (2018) 213-260, https://doi.org/10.1093/eurheartj/
ehx419.

E.A. Bohula, M.P. Bonaca, E. Braunwald, P.E. Aylward, R. Corbalan, G.M. De
Ferrari, P. He, B.S. Lewis, P.A. Merlini, S.A. Murphy, M.S. Sabatine, B.M. Scirica, D.
A. Morrow, Atherothrombotic risk stratification and the efficacy and safety of
vorapaxar in patients with stable ischemic heart disease and previous myocardial
infarction, Circulation 134 (4) (2016) 304-313, https://doi.org/10.1161/
CIRCULATIONAHA.115.019861.

B.A. Williams, K.M. Chagin, L.D. Bash, W.E. Boden, S. Duval, F.G.R. Fowkes, K.
W. Mahaffey, M.D. Patel, R.B. D’Agostino, E.D. Peterson, M.W. Kattan, D.L. Bhatt,
M.P. Bonaca, External validation of the TIMI risk score for secondary
cardiovascular events among patients with recent myocardial infarction,
Atherosclerosis 272 (2018) 80-86, https://doi.org/10.1016/j.
atherosclerosis.2018.03.026.

R.W. Yeh, E.A. Secemsky, D.J. Kereiakes, S.L. Normand, A.H. Gershlick, D.

J. Cohen, J.A. Spertus, P.G. Steg, D.E. Cutlip, M.J. Rinaldi, E. Camenzind, W. Wijns,
P.K. Apruzzese, Y. Song, J.M. Massaro, L. Mauri, DAPT Study Investigators,
Development and validation of a prediction rule for benefit and harm of dual
antiplatelet therapy beyond 1 year after percutaneous coronary intervention,
JAMA 315 (2016) 1735-1749, https://doi.org/10.1001/jama.2016.3775. Erratum
in: JAMA 2016;316:350.

F. Costa, D. van Klaveren, S. James, D. Heg, L. Raber, F. Feres, T. Pilgrim, M.

K. Hong, H.S. Kim, A. Colombo, P.G. Steg, T. Zanchin, T. Palmerini, L. Wallentin, D.
L. Bhatt, G.W. Stone, S. Windecker, E.W. Steyerberg, M. Valgimigli, PRECISE-DAPT
Study Investigators, Derivation and validation of the predicting bleeding
complications in patients undergoing stent implantation and subsequent dual
antiplatelet therapy (PRECISE-DAPT) score: a pooled analysis of individual-patient
datasets from clinical trials, Lancet 389 (2017) 1025-1034, https://doi.org/
10.1016/50140-6736(17)30397-5.

M. Bianco, F. D’ascenzo, S. Raposeiras Roubin, T. Kinnaird, M. Peyracchia,

A. Ariza-Solé, E. Cerrato, S. Manzano-Fernandez, C. Gravinese, C. Templin,

P. Destefanis, L. Velicki, A. Luciano, I. Xanthopoulou, M. Rinaldi, A. Rognoni,

F. Varbella, G. Boccuzzi, P. Omede, A. Montabone, A. Bernardi, S. Taha, R. Rossini,
A. Durante, S. Gili, G. Magnani, M. Autelli, A. Grosso, P.F. Blanco, C. Giustetto,
A. Garay, G. Quadri, B.C. Queija, I. Srdanovic, R.C. Paz, M.C. Fernandez, 1.

M. Pousa, D. Gallo, U. Morbiducci, A. Dominguez-Rodriguez, A. Lopez-Cuenca,
A. Cequier, D. Alexopoulos, A. Iniguez-Romo, R. Pozzi, E.A. Assi, M. Valgimigli,
Comparative external validation of the PRECISE-DAPT and PARIS risk scores in
4424 acute coronary syndrome patients treated with prasugrel or ticagrelor, Int. J.
Cardiol. 301 (2020) 200-206, https://doi.org/10.1016/j.ijcard.2019.11.132.

F. Costa, D. Van Klaveren, F. Feres, S. James, L. Raber, T. Pilgrim, M.K. Hong, H.
S. Kim, A. Colombo, P.G. Steg, D.L. Bhatt, G.W. Stone, S. Windecker, E.

W. Steyerberg, M. Valgimigli, PRECISE-DAPT Study Investigators, Dual antiplatelet
therapy duration based on ischemic and bleeding risks after coronary stenting,

J. Am. Coll. Cardiol. 73 (2019) 741-754, https://doi.org/10.1016/j.
jacc.2018.11.048.

F. Scudiero, C. Zocchi, E. De Vito, G. Tarantini, R. Marcucci, R. Valenti,

A. Migliorini, D. Antoniucci, N. Marchionni, G. Parodi, Relationship between
CHA2DS,-VASc score, coronary artery disease severity, residual platelet reactivity
and long-term clinical outcomes in patients with acute coronary syndrome, Int. J.
Cardiol. 262 (2018) 9-13, https://doi.org/10.1016/j.ijcard.2018.03.086, doi:
10.1016/j.ijcard.2018.03.086.

B.A. Bergmark, P.W. Kamphuisen, S.D. Wiviott, C.T. Ruff, E.M. Antman, F. Nordio,
J.F. Kuder, M.F. Mercuri, H.J. Lanz, E. Braunwald, R.P. Giugliano, Comparison of
events across bleeding scales in the ENGAGE AF-TIMI 48 trial, Circulation 140
(2019) 1792-1801, https://doi.org/10.1161/CIRCULATIONAHA.119.041346.

R. Mehran, S.V. Rao, D.L. Bhatt, C.M. Gibson, A. Caixeta, J. Eikelboom, S. Kaul, S.
D. Wiviott, V. Menon, E. Nikolsky, V. Serebruany, M. Valgimigli, P. Vranckx,

D. Taggart, J.F. Sabik, D.E. Cutlip, M.W. Krucoff, E.M. Ohman, P.G. Steg, H. White,
Standardized bleeding definitions for cardiovascular clinical trials: a consensus


https://doi.org/10.1016/j.ejim.2019.10.036
https://doi.org/10.1016/j.ejim.2019.10.036
https://doi.org/10.1016/j.jacc.2019.02.079
https://doi.org/10.1016/S0140-6736(17)32409-1
https://doi.org/10.1093/eurheartj/ehv531
https://doi.org/10.1093/eurheartj/ehv531
https://doi.org/10.15420/ecr.2018.33.1
https://doi.org/10.1155/2018/2180373
https://doi.org/10.1001/jama.297.11.1197
https://doi.org/10.1001/jama.297.11.1197
https://doi.org/10.1016/j.ejvs.2018.08.010
https://doi.org/10.1093/eurheartj/ehx095
https://doi.org/10.1016/j.jvs.2006.12.037
https://doi.org/10.1016/j.jvs.2006.12.037
https://doi.org/10.1016/j.gheart.2013.12.008
https://doi.org/10.1016/j.gheart.2013.12.008
https://doi.org/10.1111/biom.13190
https://doi.org/10.1111/biom.13190
https://doi.org/10.1001/jama.284.7.835
https://doi.org/10.1001/jama.284.7.835
https://doi.org/10.1001/archinte.163.19.2345
https://doi.org/10.1590/s0066-782x2010005000036
https://doi.org/10.1590/s0066-782x2010005000036
https://doi.org/10.1161/CIRCULATIONAHA.108.828541
https://doi.org/10.1161/CIRCULATIONAHA.108.828541
https://doi.org/10.1016/j.jacc.2009.09.076
https://doi.org/10.1093/eurheartj/ehw525
https://doi.org/10.1093/eurheartj/ehw525
https://doi.org/10.1016/j.jacc.2018.09.057
https://doi.org/10.1016/j.jacc.2018.09.057
https://doi.org/10.1093/eurheartj/ehx419
https://doi.org/10.1093/eurheartj/ehx419
https://doi.org/10.1161/CIRCULATIONAHA.115.019861
https://doi.org/10.1161/CIRCULATIONAHA.115.019861
https://doi.org/10.1016/j.atherosclerosis.2018.03.026
https://doi.org/10.1016/j.atherosclerosis.2018.03.026
https://doi.org/10.1001/jama.2016.3775
https://doi.org/10.1016/S0140-6736(17)30397-5
https://doi.org/10.1016/S0140-6736(17)30397-5
https://doi.org/10.1016/j.ijcard.2019.11.132
https://doi.org/10.1016/j.jacc.2018.11.048
https://doi.org/10.1016/j.jacc.2018.11.048
https://doi.org/10.1016/j.ijcard.2018.03.086
https://doi.org/10.1161/CIRCULATIONAHA.119.041346

G. Patti et al.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

report from the Bleeding Academic Research Consortium, Circulation 123 (2011)
2736-2747, https://doi.org/10.1161/CIRCULATIONAHA.110.009449.

S. Schulman, C. Kearon, Subcommittee on control of anticoagulation of the
scientific and standardization committee of the international society on thrombosis
and haemostasis. Definition of major bleeding in clinical investigations of
antihemostatic medicinal products in non-surgical patients, J. Thromb. Haemost. 3
(2005) 692-694, https://doi.org/10.1111/j.1538-7836.2005.01204.x.

J.W. Eikelboom, J.J. Bosch, S.J. Connolly, O. Shestakovska, G.R. Dagenais, R.

G. Hart, D.P. Leong, M. O’Donnell, K.A.A. Fox, D.L. Bhatt, J.A. Cairns, C. Tasto, S.
D. Berkowitz, N. Cook Bruns, E. Muehlhofer, R. Diaz, A.P. Maggioni, S. Yusuf,
Major bleeding in patients with coronary or peripheral artery disease treated with
rivaroxaban plus aspirin, J. Am. Coll. Cardiol. 74 (2019) 1519-1528, https://doi.
org/10.1016/j.jacc.2019.07.065.

A. Budaj, J.W. Eikelboom, S.R. Mehta, R. Afzal, S. Chrolavicius, J.P. Bassand, K.
A. Fox, L. Wallentin, R.J. Peters, C.B. Granger, C.D. Joyner, S. Yusuf, OASIS 5
Investigators, Improving clinical outcomes by reducing bleeding in patients with
non-ST-elevation acute coronary syndromes, Eur. Heart J. 30 (2009) 655-661,
https://doi.org/10.1093/eurheartj/ehn358.

W.J. Dewilde, T. Oirbans, F.W. Verheugt, J.C. Kelder, B.J. De Smet, J.P. Herrman,
T. Adriaenssens, M. Vrolix, A.A. Heestermans, M.M. Vis, J.G. Tijsen, A.W. van 't
Hof, J.M. ten Berg, WOEST study investigators, Use of clopidogrel with or without
aspirin in patients taking oral anticoagulant therapy and undergoing percutaneous
coronary intervention: an open-label, randomised, controlled trial, Lancet 381
(2013) 1107-1115, https://doi.org/10.1016/50140-6736(12)62177-1.

A. Gomez-Outes, J. Lagunar-Ruiz, A.l. Terleira-Fernandez, G. Calvo-Rojas, M.

L. Suarez-Gea, E. Vargas-Castrillon, Causes of death in anticoagulated patients with
atrial fibrillation, J. Am. Coll. Cardiol. 68 (2016) 2508-2521, https://doi.org/
10.1016/j.jacc.2016.09.944.

R.P. Giugliano, C.T. Ruff, E. Braunwald, S.A. Murphy, S.D. Wiviott, J.L. Halperin,
A.L. Waldo, M.D. Ezekowitz, J.I. Weitz, J. Spinar, W. Ruzyllo, M. Ruda,

Y. Koretsune, J. Betcher, M. Shi, L.T. Grip, S.P. Patel, L. Patel, J.J. Hanyok,

M. Mercuri, E.M. Antman, ENGAGE AF-TIMI 48 Investigators, Edoxaban versus
warfarin in patients with atrial fibrillation, N. Engl. J. Med. 369 (2013)
2093-2104, https://doi.org/10.1056/NEJMoal310907.

M.P. Bonaca, R.F. Storey, P. Theroux, P.G. Steg, D.L. Bhatt, M.C. Cohen, K. Im, S.
A. Murphy, G. Magnani, T.O. Ophuis, M. Rudah, A. Parkhomenko, D. Isaza,

G. Kamensky, A. Goudev, G. Montalescot, E.C. Jensen, P. Johanson, E. Braunwald,
M.S. Sabatine, Efficacy and safety of ticagrelor over time in patients with prior MI
in PEGASUS-TIMI 54, J. Am. Coll. Cardiol. 70 (2017) 1368-1375, https://doi.org/
10.1016/j.jacc.2017.07.768.

J. Steffel, J.W. Eikelboom, S.S. Anand, O. Shestakovska, S. Yusuf, K.A.A. Fox, The
COMPASS trial: net clinical benefit of low-dose rivaroxaban plus aspirin as
compared with aspirin in patients with chronic vascular disease, Circulation 142
(2020) 40-48, https://doi.org/10.1161/CIRCULATIONAHA.120.046048. Erratum
in: Circulation 2020;142:e23.

K. Kotseva, G. De Backer, D. De Bacquer, L. Rydén, A. Hoes, D. Grobbee,

A. Maggioni, P. Marques-Vidal, C. Jennings, A. Abreu, C. Aguiar, J. Badariene,

J. Bruthans, A. Castro Conde, R. Cifkova, J. Crowley, K. Davletov, J. Deckers, D. De
Smedst, J. De Sutter, M. Dilic, M. Dolzhenko, V. Dzerve, A. Erglis, Z. Fras, D. Gaita,
N. Gotcheva, P. Heuschmann, H. Hasan-Ali, P. Jankowski, N. Lalic, S. Lehto,

D. Lovic, S. Mancas, L. Mellbin, D. Milicic, E. Mirrakhimov, R. Oganov,

N. Pogosova, Z. Reiner, S. Stoerk, L. Tokgozoglu, C. Tsioufis, D. Vulic, D. Wood,
EUROASPIRE Investigators, Lifestyle and impact on cardiovascular risk factor
control in coronary patients across 27 countries: results from the European Society
of Cardiology ESC-EORP EUROASPIRE V registry, Eur. J. Prev. Cardiol. 26 (2019)
824-835, https://doi.org/10.1177/2047487318825350.

M.F. Piepoli, A. Abreu, C. Albus, M. Ambrosetti, C. Brotons, A.L. Catapano,

U. Corra, B. Cosyns, C. Deaton, I. Graham, A. Hoes, M.L. Lochen, B. Matrone,

J. Redon, N. Sattar, Y. Smulders, M. Tiberi, Update on cardiovascular prevention in
clinical practice: a position paper of the European Association of Preventive
Cardiology of the European Society of Cardiology, Eur. J. Prev. Cardiol. 27 (2020)
181-205, https://doi.org/10.1177/2047487319893035.

V. Baky, D. Moran, T. Warwick, A. George, T. Williams, E. McWilliams, J.

E. Marine, Obtaining a follow-up appointment before discharge protects against
readmission for patients with acute coronary syndrome and heart failure: a quality
improvement project, Int J. Cardiol. 257 (2018) 12-15, https://doi.org/10.1016/].
ijcard.2017.10.036.

13

[71]

[72]

[73]

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

[83]

Biomedicine & Pharmacotherapy 140 (2021) 111783

K.F. Faridi, E.D. Peterson, L.A. McCoy, L. Thomas, J. Enriquez, T.Y. Wang, Timing
of first postdischarge follow-up and medication adherence after acute myocardial
infarction, JAMA Cardiol. 1 (2016) 147-155, https://doi.org/10.1001/
jamacardio.2016.0001.

S. Yandrapalli, C. Nabors, A. Goyal, W.S. Aronow, W.H. Frishman, Modifiable risk
factors in young adults with first myocardial infarction, J. Am. Coll. Cardiol. 73
(2019) 573-584, https://doi.org/10.1016/j.jacc.2018.10.084.

V. Tea, M. Bonaca, C. Chamandi, M.C. Iliou, T. Lhermusier, N. Aissaoui, G. Cayla,
D. Angoulvant, J. Ferrieres, F. Schiele, T. Simon, N. Danchin, E. Puymirat, FAST-MI
investigators, Appropriate secondary prevention and clinical outcomes after acute
myocardial infarction according to atherothrombotic risk stratification: the FAST-
MI 2010 registry, Eur. J. Prev. Cardiol. 26 (2019) 411-419, https://doi.org/
10.1177/2047487318808638.

F. Schiele, F. Ecarnot, R. Chopard, Coronary artery disease: Risk stratification and
patient selection for more aggressive secondary prevention, Eur. J. Prev. Cardiol.
24 (2017) 88-100, https://doi.org/10.1177/2047487317706586.

M. Ambrosetti, A. Abreu, U. Corra, C.H. Davos, D. Hansen, 1. Frederix, M.C. Iliou,
R.F. Pedretti, J.P. Schmid, C. Vigorito, H. Voller, M. Wilhelm, M.F. Piepoli,

B. Bjarnason-Wehrens, T. Berger, A. Cohen-Solal, V. Cornelissen, P. Dendale,

W. Doehner, D. Gaita, A.B. Gevaert, H. Kemps, N. Kraenkel, J. Laukkanen,

M. Mendes, J. Niebauer, M. Simonenko, A.O. Zwisler, Secondary prevention
through comprehensive cardiovascular rehabilitation: From knowledge to
implementation. 2020 update. A position paper from the Secondary Prevention and
Rehabilitation Section of the European Association of Preventive Cardiology,
2047487320913379, Eur. J. Prev. Cardiol. 28 (2020) 460-495, https://doi.org/
10.1177/2047487320913379.

F. Fattirolli, O. Bettinardi, E. Angelino, L. da Vico, M. Ferrari, A. Pierobon,

D. Temporelli, S. Agostini, M. Ambrosetti, B. Biffi, S. Borghi, S. Brazzo, P. Faggiano,
M. Iannucci, B. Maffezzoni, M.L. Masini, A. Mazza, R. Pedretti, M. Sommaruga,
S. Barro, R. Griffo, M. Piepoli, What constitutes the ‘Minimal Care’ interventions of
the nurse, physiotherapist, dietician and psychologist in cardiovascular
rehabilitation and secondary prevention: a position paper from the Italian
Association for Cardiovascular Prevention, Rehabilitation and Epidemiology, Eur.
J. Prev. Cardiol. 25 (2018) 1799-1810, https://doi.org/10.1177/
2047487318789497.

G. Van Halewijn, J. Deckers, H.Y. Tay, R. van Domburg, K. Kotseva, D. Wood,
Lessons from contemporary trials of cardiovascular prevention and rehabilitation:
a systematic review and meta-analysis, Int. J. Cardiol. 232 (2017) 294-303,
https://doi.org/10.1016/j.ijcard.2016.12.125.

1. Sjolin, M. Back, L. Nilsson, A. Schiopu, M. Leosdottir, Association between
attending exercise-based cardiac rehabilitation and cardiovascular risk factors at
one-year post myocardial infarction, PLoS One 15 (2020), 0232772, https://doi.
org/10.1371/journal.pone.0232772.

C.K. Chow, S. Jolly, P. Rao-Melacini, K.A. Fox, S.S. Anand, S. Yusuf, Association of
diet, exercise, and smoking modification with risk of early cardiovascular events
after acute coronary syndromes, Circulation 121 (2010) 750-758, https://doi.org/
10.1161/CIRCULATIONAHA.109.891523.

S. Mentrup, E. Harris, T. Gomersall, S. Kopke, F. Astin, Patients’ experiences of
cardiovascular health education and risk communication: a qualitative synthesis,
Qual. Health Res. 30 (2020) 88-104, https://doi.org/10.1177/
1049732319887949.

S. Bansilal, J.M. Castellano, E. Garrido, H.G. Wei, A. Freeman, C. Spettell,

F. Garcia-Alonso, I. Lizano, R.J. Arnold, J. Rajda, G. Steinberg, V. Fuster, Assessing
the impact of medication adherence on long-term cardiovascular outcomes, J. Am.
Coll. Cardiol. 68 (2016) 789-801, https://doi.org/10.1016/j.jacc.2016.06.005.
D. Brieger, C. Chow, J. Gullick, K. Hyun, M. D’Souza, T. Briffa, CONCORDANCE
Investigators. Improving patient adherence to secondary prevention medications 6
months after an acute coronary syndrome: observational cohort study, Intern Med
J. 48 (2018) 541-549, https://doi.org/10.1111/imj.13736.

G. Patti, I. Cavallari, F. Andreotti, P. Calabro, P. Cirillo, G. Denas, M. Galli, E. Golia,
E. Maddaloni, R. Marcucci, V.M. Parato, V. Pengo, D. Prisco, E. Ricottini, G. Renda,
F. Santilli, P. Simeone, R. De Caterina, on behalf of the Working Group on
Thrombosis of the Italian Society of Cardiology, Prevention of atherothrombotic
events in patients with diabetes mellitus: from antithrombotic therapies to new-
generation glucose-lowering drugs, Nat. Rev. Cardiol. 16 (2019) 113-130, https://
doi.org/10.1038/541569-018-0080-2.


https://doi.org/10.1161/CIRCULATIONAHA.110.009449
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1016/j.jacc.2019.07.065
https://doi.org/10.1016/j.jacc.2019.07.065
https://doi.org/10.1093/eurheartj/ehn358
https://doi.org/10.1016/S0140-6736(12)62177-1
https://doi.org/10.1016/j.jacc.2016.09.944
https://doi.org/10.1016/j.jacc.2016.09.944
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1016/j.jacc.2017.07.768
https://doi.org/10.1016/j.jacc.2017.07.768
https://doi.org/10.1161/CIRCULATIONAHA.120.046048
https://doi.org/10.1177/2047487318825350
https://doi.org/10.1177/2047487319893035
https://doi.org/10.1016/j.ijcard.2017.10.036
https://doi.org/10.1016/j.ijcard.2017.10.036
https://doi.org/10.1001/jamacardio.2016.0001
https://doi.org/10.1001/jamacardio.2016.0001
https://doi.org/10.1016/j.jacc.2018.10.084
https://doi.org/10.1177/2047487318808638
https://doi.org/10.1177/2047487318808638
https://doi.org/10.1177/2047487317706586
https://doi.org/10.1177/2047487320913379
https://doi.org/10.1177/2047487320913379
https://doi.org/10.1177/2047487318789497
https://doi.org/10.1177/2047487318789497
https://doi.org/10.1016/j.ijcard.2016.12.125
https://doi.org/10.1371/journal.pone.0232772
https://doi.org/10.1371/journal.pone.0232772
https://doi.org/10.1161/CIRCULATIONAHA.109.891523
https://doi.org/10.1161/CIRCULATIONAHA.109.891523
https://doi.org/10.1177/1049732319887949
https://doi.org/10.1177/1049732319887949
https://doi.org/10.1016/j.jacc.2016.06.005
https://doi.org/10.1111/imj.13736
https://doi.org/10.1038/s41569-018-0080-2
https://doi.org/10.1038/s41569-018-0080-2

	Updated antithrombotic strategies to reduce the burden of cardiovascular recurrences in patients with chronic coronary syndrome
	1 Evolution of antithrombotic treatments for chronic coronary syndromes
	2 ESC guidelines on chronic coronary syndromes: evidence supporting the recommendations
	3 Tailoring antithrombotic strategies for chronic coronary syndromes to baseline risk
	3.1 Cardiovascular protection of combined antithrombotic regimens according to ischaemic risk
	3.2 Risk score stratification

	4 How to balance antithrombotic ischaemic protection against bleeding risk for chronic coronary syndromes
	4.1 Definition of bleeding across trials evaluating antithrombotic drugs in chronic coronary syndromes
	4.2 Weighing the severity of bleeding events
	4.3 Net clinical benefit of antithrombotic approaches in secondary cardiovascular prevention

	5 Longterm outcomes of chronic coronary syndromes: how to optimise the follow-up assessment
	5.1 Planning a personalised programme
	5.2 Cardiac rehabilitation and lifestyle intervention
	5.3 Cardiovascular health education and risk communication
	5.4 Adherence to evidence-based secondary prevention therapies

	6 Conclusions
	Disclosures outside the present work
	Funding
	Appendix A Supporting information
	References


