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Summary

Elderly patients represent a growing proportion of the acute coronary syndrome population in Western
countries. However, their frequent atypical symptoms at presentation often lead to delays in management
and to misdiagnosis. Furthermore, their prognosis is poorer than that of younger patients because of
physiological changes in platelet function, haemostasis and fibrinolysis, but also a higher proportion of
comorbidities and frailty, both of which increase the risk of recurrent thrombotic and bleeding events. This
complex situation, with ischaemic and haemorrhagic risk factors often being intertwined, may lead to
confusion about the required treatment strategy, sometimes resulting in inadequate management or even
to therapeutic nihilism. It is therefore critical to provide a comprehensive overview of our understanding of
the pathophysiological processes underlying acute coronary syndrome in elderly patients, and to

summarize the results from the latest clinical trials to help decision making for these high-risk patients.

Résumé

Les patients agés représentent une proportion croissante des patients admis pour un syndrome
coronarien aigu dans les pays développés. Cependant, leurs symptémes atypiques lors de I'événement
entrainent souvent des retards de prise en charge et des diagnostics erronés. De plus, leur pronostic est
plus mauvais que celui des patients plus jeunes en raison des modifications physiologiques liées au
vieillissement de la fonction plaquettaire, de I'hémostase et de la fibrinolyse, mais également a cause de
comorbidités plus fréquentes et d’'une fragilité qui augmentent a la fois le risque d'événements
thrombotiques et hémorragiques. Cette situation complexe, avec des facteurs de risque ischémiques et
hémorragiques souvent imbriqués, peut conduire a une confusion dans la stratégie du traitement
antithrombotique, pouvant aboutir a une prise en charge inadéquate voire a un nihilisme thérapeutique. Il
est donc essentiel d’avoir une compréhension globale des processus physiopathologiques sous-jacents
au cours du syndrome coronarien aigu chez les patients agés. Cette revue résume les principes
physiopathologiques de la thrombose chez les patients agés, les résultats des derniers essais cliniques
ainsi que les recommandations pour aider a une meilleure prise de décision pour ces patients 4gés a haut

risque.
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Background

Acute coronary syndrome (ACS) is an important health issue that contributes considerably to global
mortality and morbidity in men and women worldwide [1, 2]. Recent advances in percutaneous coronary
intervention (PCI) and antithrombotic treatment have helped to improve the prognosis of patients with
ACS. Over the past 10 to 15 years, registries and cohort studies on ACS have shown a large decrease in
mortality, which is currently estimated at around 5—-10% in the first year following the index event [3, 4].
However, some efforts are still needed in specific high-risk populations, such as those with diabetes,
women and elderly patients, to subsequently reduce mortality after ACS.

Elderly patients are usually defined as having a chronological age of = 65 years [5]. However, there is
no medical or biological evidence to support this definition. In developed countries, the limit is often set at
75 years or even 80 years. In the present review, we will use the threshold of = 75 years to define elderly
patients consistently with recent guidelines [6-8]. Elderly patients represent a growing proportion of the
ACS population, although are often underdiagnosed because of atypical symptoms at presentation.
Moreover, elderly patients have a high prevalence of comorbidities, such as hypertension, diabetes,
chronic kidney disease, anaemia, etc., leading to a higher risk of bleeding and ischaemic events
compared with younger patients. Therefore, elderly patients are also often undertreated as a result of
higher vulnerability to complications with conservative or invasive strategies, in part explaining the
increased morbidity and mortality attributable to ACS in this population.

Antithrombotic treatment is a key issue in the ACS setting, as platelet activation and coagulation are
important pathogenic factors in the process of atherothrombosis. As a result of a narrow risk-benefit
balance in elderly patients, antithrombotic treatment requires specific attention. This review summarizes
current evidence regarding antithrombotic treatment in elderly patients with ACS, and offers age-specific

management strategies in situations where a knowledge gap remains.

Platelet function and coagulation in elderly patients
Platelet function

Despite the fact that platelet count decreases moderately with age, an increase in platelet responsiveness

is observed in elderly patients, resulting in an increased thrombotic risk [9, 10]. It has been established



since 1975 that adenosine diphosphate-induced platelet aggregation increases with age. This finding is
also observed using other platelet agonists, such as collagen, epinephrine and arachidonic acid [11]. The
concentration of adenosine diphosphate required to induce platelet aggregation has also been shown to
decrease with age [12]. Besides, age is associated with a decrease in the number of platelet receptors for
prostaglandin 12 and in the plasmatic concentration of prostaglandin 12, which plays a key role in the
platelet inhibitory signalling pathway [13, 14]. Age-related endothelial dysfunction is also strongly
correlated to reduced bioavailability of nitric oxide — one of the most potent platelet inhibitors [15-18].
Moreover, intraplatelet production of reactive oxygen species increases with age, leading to the
inactivation of nitric oxide as a result of oxidative reactions [19-23]. Thus, through oxidative stress,

reactive oxygen species are responsible for an increased level of platelet activation [24, 25].

Coagulation

Aging is associated with a procoagulant state. Indeed, the procoagulant factors VII, VIII, IX, X, XIl, von
Willebrand factor, prekallikrein and high-molecular-weight kininogen have been shown to increase with
age [26-33]. Reflecting this activation of the coagulation cascade, the level of D-dimers increases with age
[34]. In addition to this procoagulant state, aging is frequently associated with a proinflammatory state,
with C-reactive protein and interleukin-6 concentrations being increased in elderly patients [35]. Through
its proclotting effects, this proinflammatory state promotes thrombotic events, such as ACS, and worsens
their prognosis [36, 37]. This propensity for inflammation in elderly patients is mainly the result of a
mechanism of immunosenescence [38]. Regarding fibrinolytic factors, the expression of plasminogen
activator inhibitor-1, which is known to have antifibrinolytic properties, is increased in elderly patients,

therefore shifting again the haemostatic balance in favour of thrombosis [39].

Ischaemic and bleeding risks in elderly patients
Ischaemic risk

As described above, elderly patients have several haemostatic, coagulant and fibrinolytic alterations that
may favour the occurrence of ischaemic events (Central illustration). Previous large registries have shown

that patients aged = 75 years represent about 25% of cases of ST-segment elevation myocardial infarction
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(STEMI) and 40% of cases of non-STEMI (NSTEMI) [40-43]. Beyond the higher prevalence of thrombotic
events in this high-risk population, coronary artery disease encountered in elderly subjects is more
complex (calcified, multivessel disease, involvement of the left main artery) than in younger patients [44].
Furthermore, factors such as a proinflammatory state worsen the prognosis of those patients presenting
with ACS. The mortality rate is 3 times higher in elderly patients presenting with ACS, and in-hospital
mortality increases by 75% for each additional decade [45, 46]. In a recent registry, the 1-year mortality
rates of patients presenting with NSTEMI aged 80-84, 85-89 and > 90 years were 23.6%, 33.6% and
45.5%, respectively [47].

The risk of major adverse cardiovascular events (MACE) can be stratified using scores integrating
clinical data available at the patient's bedside and routine laboratory tests. The Thrombolysis In
Myocardial Infarction (TIMI) risk score was developed from the Efficacy and Safety of Subcutaneous
Enoxaparin in Non-Q-Wave Coronary Events (ESSENCE) study and TIMI 11B trials including patients
with unstable angina and NSTEMI [48, 49]; it includes seven items, each counting as 1 point: age = 65
years; aspirin consumption in the previous 7 days; two anginal episodes (or more) in the last 24 hours;
previous coronary stenosis of = 50%; ST-segment deviation on the electrocardiogram at presentation; the
presence of at least three risk factors for coronary artery disease; and elevated cardiac biomarkers [50].
The TIMI risk score predicts the risk of all-cause mortality, new or recurrent myocardial infarction (MlI) or
revascularization required by severe recurrent ischaemia at 14 days. By including age as one of its items,
the TIMI risk score highlights the increased risk of ischaemic recurrences and, more broadly, of MACE in
elderly patients.

The simpler TIMI risk index is used in patients with STEMI to determine their mortality risk outside
hospital or on arrival at the hospital. The TIMI risk index is defined as (heart ratex[age/10]?) divided by
systolic pressure. This simple score composed of three items is strongly correlated to prognosis, and
underscores the key role of age in determining outcome after ACS [51].

The Global Registry of Acute Coronary Events (GRACE) score is correlated with in-hospital mortality,
6-month mortality and recurrent myocardial infarction or mortality at 6 and 12 months [52-54]. Age is one
of the eight items used to calculate this score, emphasizing the strong correlation between age and MACE

over the course of ACS.



Several lines of evidence highlight the critical need for up-to-date care of elderly patients presenting
with an ACS to alleviate the burden of ischaemic recurrences and mortality in this high-risk population,
implying optimal medical therapy and an invasive strategy (i.e. coronary angiography and PCI if required),
including in patients aged > 90 years [55, 56]. However, an invasive strategy, although overall beneficial,
is associated with an increased risk of bleeding events in elderly patients [57]. It is therefore of the utmost
importance to identify both ischaemic and bleeding risk factors to provide a tailored antithrombotic

strategy in this high-risk population [58, 59].

Bleeding risk

Bleeding is a dramatic complication because of the underlying cause (such as intracranial haemorrhage,
haemorrhagic shock, etc.), because of the adverse events related to blood transfusion (septic,
immunological reaction, etc.) and because of the discontinuation of dual antiplatelet therapy (DAPT) that it
may require, and the increased risk of thrombotic recurrences inherent to this interruption. The occurrence
of bleeding in patients with ACS has been widely correlated to the risk of death and recurrent myocardial
infarction. Because not all bleeding events have the same impact on prognosis, it is important to classify
them accurately in daily practice. The Bleeding Academic Research Consortium (BARC) classification is
used most widely to classify the severity of bleeding (Table 1) [60].

In the ADAPT-DES study, including 8582 “all comers” who underwent successful PCI with a drug-
eluting stent, postdischarge bleeding occurred in 6.2% of patients, and bleeding was strongly associated
with mortality (13% vs 3.2% in patients without bleeding; P < 0.0001) [61]. In a registry of 8000 patients,
Valle et al. found that postdischarge bleeding increased the risk of myocardial infarction or death after PCI
(hazard ratio [HR] 3.09, 95% confidence interval [Cl] 2.41-3.96) [62]. Interestingly, the risk of death
following BARC 3c bleeding in patients with ACS was higher than that associated with recurrent
myocardial infarction [63].

Bleeding is frequent in elderly patients with ACS (Central illustration). In the SENIOR trial that
randomized 1200 patients aged = 75 years (mean age 81 years) between a drug-eluting stent and a bare-
metal stent, the rate of BARC 3 or BARC 5 bleeding at 1 year was 3.5% [64]. Therefore, it is critical to

determine the bleeding risk of patients to adjust the antithrombotic strategy accordingly. The HAS-BLED



score allows for a detailed assessment of the patient bleeding risk; however, it was validated in patients
with atrial fibrillation and not in the setting of ACS [65]. Therefore, the use of the HAS-BLED score is not
recommended for the assessment of bleeding risk in elderly patients with ACS.

Six risk scores have been developed to predict bleeding risk in patients treated with antiplatelet
agents: REduction of Atherothrombosis for Continued Health (REACH); the Dutch acetylsalicylic acid
(ASA) score; DAPT; Patterns of non-Adherence to Anti-Platelet Regimen in Stented Patients (PARIS);
PREdicting bleeding Complications in patients undergoing stent Implantation and SubsequEnt Dual
AntiPlatelet Therapy (PRECISE-DAPT); and BLEEding complications in a Multicenter registry of patients
discharged with diagnosis of Acute Coronary Syndrome (BleeMACS) [58, 59, 66-69]. Of note, advanced
age is the only item found in each scoring system. These data underline that elderly subjects are both at
higher risk of ischaemic/thrombotic event, but also at higher risk of bleeding, which complicates their
management and reinforces the importance of a personalized treatment strategy. The power of
discrimination of these scores is relatively modest, none of them having an area under the curve > 0.70 in
their validation tests. Recently, the Academic Research Consortium (ARC) established a consensus paper
defining high bleeding risk as a BARC 3 or BARC 5 bleeding risk = 4% at 1 year or a risk of intracranial
haemorrhage = 1% at 1 year [70]. Major and minor criteria are detailed in the document: a major criterion
confers a 1-year BARC 3 or BARC 5 bleeding risk of = 4% or a 1-year risk of intracranial haemorrhage of
= 1%, whereas minor criteria are associated with a 1-year BARC 3 or BARC 5 bleeding risk of < 4%
(Table 2). Taken separately, age = 75 years is considered as a minor criterion. However, age is frequently
associated with the presence of comorbidities, such as chronic kidney disease, anaemia, stroke history
and malignancy, all increasing the risk of bleeding [70]. In this consensus document, experts consider
patients to be at high risk of bleeding under DAPT if at least one major criterion or two minor criteria are
met. Physicians can rely on these criteria to determine the bleeding risk of elderly patients in the setting of
ACS. These criteria are part of the new European Society of Cardiology NSTEMI guidelines [6].
Regarding the duration of DAPT, the DAPT score helps to identify patients eligible for prolonged dual
therapy (i.e. up to 30 months) for whom thrombotic risk outweighs the risk of bleedings [59]. On the other
hand, the PRECISE-DAPT score identifies patients in whom DAPT can be shortened to 3—-6 months

because of a very high risk of bleeding [58]. Importantly, unlike the PRECISE-DAPT score used at the



time of PCI, the DAPT score is calculated after 12 months of DAPT [71]. The criteria used in the
calculation of these scores are listed in Table 3. The use of the DAPT and PRECISE-DAPT scores to
determine the duration of DAPT is recommended in international guidelines, and should be considered in

elderly patients with ACS as for younger patients [6, 72].

Antithrombotic treatment

Aspirin

Aspirin is a cornerstone antithrombotic treatment in the setting of ACS. Convincing evidence of the
effectiveness of aspirin in myocardial infarction in addition to fibrinolysis was demonstrated in 1988 by the
Second International Study of Infarct Survival (ISIS-2), in which the benefits of aspirin and streptokinase
were seen to be additive [73]. Similarly, in patients with NSTEMI, several studies including patients with
unstable angina in the era before PCI showed that aspirin was associated with a significant reduction in
myocardial infarction or death. However, a limited number of elderly patients were enrolled in these old
trials.

International guidelines recommend the administration of a bolus of aspirin (150—300 mg) in patients
with ACS, including elderly patients, to ensure complete inhibition of thromboxane A2-dependent platelet
aggregation. A meta-analysis suggested that aspirin administration was associated with a highly
significant reduction in MACE of up to 46% over 2 years of follow-up [74]. Aspirin is also strongly
recommended for long-term secondary prevention of coronary artery disease and ischaemic stroke.
However, no specific studies on aspirin in this setting have been performed in elderly patients, and no
data on bleeding rates regarding age are available.

The gastrointestinal side effects of aspirin are well known and increase with dose. Current evidence
supports a daily dose of 75/100 mg for the long-term prevention of ischaemic events in patients with ACS
or stable coronary artery disease [74-76]. These reduced doses should be used in elderly patients to

minimize the gastrointestinal side effects of aspirin.

Clopidogrel

DAPT with aspirin and a P2Y12 inhibitor is currently recommended in ACS [6, 7]. Clopidogrel was the first
9



P2Y12 inhibitor to show a reduction in recurrent ischaemic events in patients with ACS [77, 78]. No
difference was observed between younger and older patients, with a threshold established at 65 years.
Similar results concerning the effectiveness of clopidogrel regardless of age were reported in the COMMIT
trial, including patients with STEMI and fibrinolytic therapy [79]. However, it is now well established that
the clopidogrel response is highly variable, and many components of this variability have been identified
[80, 81]. Age has been shown to be a strong and independent factor for high on-treatment platelet
reactivity, in addition to other factors, such as diabetes or genetic traits — mainly cytochrome P450 2C19*2
[82]. However, the safety profile of clopidogrel in terms of bleeding events makes it interesting in elderly

patients with ACS known to be at high bleeding risk.

New P2Y12 inhibitors

Prasugrel and ticagrelor have been shown to be superior to clopidogrel in reducing ischaemic events in
patients with ACS. Elderly patients are more vulnerable to the adverse effects of antithrombotic therapies,
and more potent P2Y12 inhibitors should be used after careful estimation of the risk-benefit balance in this
population. Prasugrel was evaluated in the TRITON-TIMI 38 trial that included ACS patients scheduled for
an invasive strategy [83]. Recurrent cardiovascular events were significantly reduced by 19% in patients
treated with prasugrel compared with in those treated with clopidogrel. However, this benefit was not
demonstrated in three prespecified subgroups, including patients with previous stroke or transient
ischaemic attack, patients aged = 75 years and those weighing < 60 kg. Therefore, prasugrel 10 mg is
usually not recommended in patients aged = 75 years. Prasugrel 5 mg seems to be a more appropriate
dosage to obtain satisfactory platelet inhibition in elderly patients [84]. However, the benefit of this
reduced dose has not been clinically proven in patients with ACS [85].

Ticagrelor, a reversibly binding P2Y12 inhibitor, was shown to reduce the primary composite endpoint
of cardiovascular death, myocardial infarction and stroke by 16% compared with clopidogrel in the PLATO
trial [86]. No significant difference was observed between young and old patients regarding ischaemic or
bleeding events [87]. Current guidelines recommend the use of prasugrel or ticagrelor over clopidogrel in
patients without contraindications or an excessive risk of bleeding [6, 7, 88, 89]. Prasugrel and ticagrelor

should not be used in patients with a previous haemorrhagic stroke, those on a long-term oral
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anticoagulant or patients with moderate-to-severe liver disease. It should also be noted that prasugrel and
ticagrelor have not been studied in adjunction to fibrinolysis, and are therefore not recommended in this
setting. Of note, it is not recommended to administer routine pretreatment with a P2Y12 inhibitor in
patients with NSTEMI in whom the coronary artery is unknown and early invasive management is planned
[6]. This rule seems particularly true in elderly patients in whom the bleeding risk is increased.

Recent guidelines mentioned that prasugrel should be considered in preference to ticagrelor in
patients with NSTEMI who proceed to PCI. In the ISAR-REACT 5 trial, 4018 patients with ACS (NSTEMI
and STEMI) scheduled to have an invasive evaluation were included. The antithrombotic strategy with
prasugrel was superior to that with ticagrelor in terms of the occurrence of death, myocardial infarction
and stroke, without any increase in bleeding complications. However, a reduced maintenance dose of
prasugrel 5 mg daily was recommended in patients aged = 75 years (13.7% of the population). In
summary, prasugrel 5 mg (dosage not available in France) or ticagrelor should be used in elderly patients

with a high ischaemic risk (especially after PCI) after careful evaluation of the bleeding risk.

Glycoprotein llb/llla inhibitors

In accordance with the increased risk of major bleeding complications with the use of glycoprotein llb/llla
inhibitors (GPls), this treatment should be limited to bailout situations or thrombotic complications during
PCI. The bleeding risk related to GPls is particularly increased in elderly patients [90]. Therefore, GPls

should be used with caution in this population. Moreover, as impaired renal function is frequent in elderly

patients, careful dose adjustment should be considered to prevent bleeding.

Anticoagulation

Anticoagulation is used during ACS to inhibit thrombin generation and therefore decrease thrombus-
related events. In patients with STEMI treated with primary PCI, unfractionated heparin (UFH) should be
used as a first-line anticoagulant agent, according to previous clinical trials that failed to demonstrate the
superiority of other anticoagulant agents over UFH. For example, bivalirudin, a direct thrombin inhibitor,
was studied extensively in several trials that included thousands of patients with ACS (STEMI, NSTEMI or
unstable angina). The reduction in bleeding risk initially observed with this agent compared with UFH

11



combined with a GPI was not observed in recent randomized clinical trials that compared bivalirudin with
UFH without a GPI [91-93]. Furthermore, bivalirudin is associated with an increased risk of MACE
compared with UFH [93]. In the randomized ATOLL trial, low-molecular-weight heparin failed to
demonstrate its superiority compared with UFH regarding ischaemic endpoint in a randomized clinical trial
that included 910 patients with primary PCI [94]. However, enoxaparin seems to be superior to UFH in
reducing mortality and bleeding outcomes [95]. Importantly, fondaparinux is not recommended for primary
PCI (class Ill) [7]. Besides, in patients with STEMI treated with fibrinolysis, low-molecular-weight heparin is
recommended over UFH because of a net clinical benefit in favour of enoxaparin [7, 96]. The low-
molecular-weight heparin dose should be adjusted according to body weight and renal function, which is
particularly relevant in elderly patients (Table 4). In the Enoxaparin and Thrombolysis Reperfusion for
Acute Myocardial Infarction Treatment (ExXTRACT)-TIMI 25 trial, a lower dose of enoxaparin
(subcutaneous dose of 75 IU/kg without intravenous bolus) was given to patients aged = 75 years, and
appears to be helpful in reducing the bleeding risk without jeopardizing its antithrombotic efficacy [97].
Fondaparinux was found to be superior to UFH in patients with STEMI treated with streptokinase [98,
99]. In the large OASIS-5 trial of patients with NSTEMI, this anticoagulant treatment was also shown to be
particularly safe, and to reduce major bleeding while maintaining efficacy; it is therefore the first-line
anticoagulant agent for patients with NSTEMI [6, 100]. The safety profile of low-dose fondaparinux is
particularly interesting in elderly patients presenting with NSTEMI. In all cases, anticoagulation should be
as short as possible, except if another indication requires longer treatment duration. Furthermore, we
believe that physicians should use the anticoagulant that they are used to, and should avoid the switch

from one anticoagulant agent to another, as recommended [94].

Thrombolysis

Fibrinolytic therapy is the recommended reperfusion strategy when primary PCI cannot be performed in
time. The largest absolute benefit is seen among patients at the highest ischaemic risk, including elderly
subjects, and when treatment is offered < 2 hours after symptom onset. However, fibrinolytic therapy is
associated with a significant excess of intracranial haemorrhage (1%). The most recent data coming from

the STREAM trial showed that prehospital fibrinolysis followed by an early PCI strategy was associated
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with a similar outcome to transferring for primary PCI patients with STEMI presenting within 3 hours after
symptoms onset and who could not undergo primary PCI within 1 hour after initial medical contact [101].
Fibrinolysis with a half dose of tenecteplase was performed in the study, and is currently recommended in
patients aged = 75 years. Because of the excess in bleeding risk after fibrinolysis, enoxaparin doses

should be reduced, and new P2Y12 inhibitors should not be administered in this setting.

Optimization of antithrombotic therapy

Evaluation of platelet function

The availability of different P2Y12 receptor inhibitors has enabled physicians to offer individualized
antithrombotic treatment, which may include escalation or de-escalation of antiplatelet agents (Central
illustration). Several studies have shown that platelet function testing or genetic testing can identify
patients with high platelet reactivity on clopidogrel or aspirin, which reflects an increased risk of ischaemic
events [102, 103]. However, in the ARCTIC trial, platelet function monitoring with adjustment of
antiplatelet therapy for coronary stenting failed to show a significant reduction in the composite ischaemic
endpoint of death, myocardial infarction, stroke or urgent revascularization [104]. Similarly, tailoring
antiplatelet therapy in elderly patients with ACS was evaluated in the ANTARCTIC trial [105]. Patients
were randomized to receive oral prasugrel 5 mg daily with dose or drug adjustment in case of inadequate
response (monitoring group) or oral prasugrel 5 mg daily with no monitoring or treatment adjustment. The
primary endpoint, including ischaemic and bleeding events, did not differ significantly between groups. In
the TROPICAL-ACS study, guided de-escalation of antiplatelet treatment was non-inferior to standard
treatment in terms of ischaemic but also bleeding events [106]. Therefore, routine use of platelet function
evaluation is currently not recommended, including in elderly patients. Platelet function evaluation or

genetic testing may be considered as optional tools for treatment guidance in very selected cases.

Measures to reduce the bleeding risk in elderly subjects

Pretreatment with P2Y12 inhibitors in patients undergoing PCI

Among patients scheduled for PCI, including those with NSTEMI, pretreatment with thienopyridines has

13



been shown to be associated with a significant excess of bleeding, with no reduction in cardiovascular
death or ischaemic events [107]. This result was updated with pretreatment with prasugrel in the
randomized ACCOAST trial [108]. For ticagrelor, optimal timing of administration (pretreatment or
treatment after PCIl) was not properly evaluated in patients with ACS. Moreover, type 2 myocardial
infarction is frequent in elderly patients, which may lead to different management compared with type 1
myocardial infarction [109, 110]. Therefore, the administration of P2Y12 receptor inhibitors is not

recommended in elderly subjects, until the diagnosis of ACS has been confirmed angiographically [6].

Use of proton pump inhibitors

The routine use of proton pump inhibitors in patients with antiplatelet and anticoagulant treatment has
been shown to decrease gastroduodenal bleedings [111]. Guidelines recommend administration of
gastroprotective agents to older patients (aged > 65 years) and to those with a high risk of gastrointestinal
bleedings on antiplatelet agents [112-114]. Therefore, proton pump inhibitors are highly recommended in

elderly patients treated with aspirin or DAPT [8].

De-escalation of antiplatelet treatment after ACS

Given the first-line use of more potent P2Y12 receptor inhibitors, and the reduction in thrombotic risk over
time after ACS, strategies of de-escalation of antiplatelet therapy seem particularly interesting in elderly
patients. In the setting of ACS, the TOPIC trial suggests that downgrading from a new P2Y12 receptor
inhibitor to clopidogrel in patients with ACS treated with DAPT after 1 month may reduce bleeding
complications, without excess of recurrent ischaemic events, which were similar in both groups. In the
same way, in the HOST-REDUCE-POLYTECH-ACS trial, 2238 patients with ACS receiving PCI were
randomly assigned to a de-escalation group (10 mg prasugrel for 1 month followed by 5 mg) or a
conventional group. The study demonstrated a significant reduction in bleeding events in the de-
escalation group [115]. Another de-escalation strategy of stopping aspirin in high-risk PCI patients treated
with DAPT with ticagrelor was evaluated in the TWILIGHT study [116]. After 3 months of DAPT with
ticagrelor and aspirin, ticagrelor as monotherapy was associated with a lower incidence of clinically
relevant bleedings than the conventional strategy, without an increase in ischaemic events. Therefore, de-
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escalation strategies could be interesting in patients at high risk of bleedings, such as elderly patients.

Duration of DAPT

In patients with ACS, DAPT is usually recommended for 1 year, but individual decision making and
reassessment is required according to changes in ischaemic or bleeding risk over time. Prolonged DAPT
for 30 months could be preferred in patients at high ischaemic risk. However in the DAPT trial, prolonged
DAPT with clopidogrel did not change the ischaemic and safety endpoints in the subgroup of elderly
patients [71]. In the PEGASUS trial, no benefit of prolonged therapy with ticagrelor 60 or 90 mg twice daily
was observed in elderly patients who had a myocardial infarction 1-3 years before randomization, in
terms of reduction in ischaemic events: HR 0.77, 95% CI 0.59-1.01 for ticagrelor 60 mg twice daily, and
HR 1.02, 95% CI 0.80-1.30 for ticagrelor 90 mg twice daily, compared with placebo [117]. This lack of

benefit was associated with a 2.5-3-fold increase in bleeding risk in elderly patients.

Management of elderly patients requiring long-term oral anticoagulation

The need for chronic anticoagulation is a key issue in elderly patients. The first question that the clinician
must ask is whether there is justification for long-term anticoagulation. Some situations are indisputable,
such as atrial fibrillation, mechanical prosthetic valve and recent pulmonary embolism [118-120]. Some
situations are less formal, such as anticoagulation after transcatheter aortic valve replacement to prevent
valvular haemodynamic deterioration [121] or long-term prevention of venous thromboembolism [120].
These frequent comorbidities in elderly patients with ACS complicate the antithrombotic strategy [122].
The most recent data come from randomized studies evaluating antithrombotic strategy in patients with
atrial fibrillation. Prevalence of atrial fibrillation ranges from 5% to 20% in patients aged > 75 years [123,
124]. After ACS, DAPT is required, especially when PCI with stent implantation is performed. However,
the antiplatelet treatment does not offer sufficient protection against systemic embolism and stroke, and
anticoagulation should be continued, leading to the concept of triple antithrombotic therapy. Since the
WOEST trial, which compared triple therapy (vitamin K antagonist [VKAY}), clopidogrel and aspirin) with
clopidogrel and a VKA, de-escalation with early interruption of aspirin has been proposed to decrease the
bleeding risk [125]. Indeed, the WOEST trial demonstrated a decrease in the rate of bleeding events in the
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clopidogrel and VKA group: 19.4% vs 44.4% (HR 0.36, 95% CI 0.26-0.50; P < 0-0001) [125].
Interestingly, the rate of secondary ischaemic events was decreased in the double therapy group
compared with the triple therapy group: 11.1% vs 17.6% (HR 0.60, 95% CI 0.38—0.94; P = 0.025).

Several studies have been performed to assess each non-VKA oral anticoagulant (NOAC) —
dabigatran, rivaroxaban, apixaban and edoxaban — in this setting [126-129]. These trials support the
better safety of a dual antithrombotic strategy (NOAC and clopidogrel) compared with the combination of
antiplatelet agent(s) with a VKA regarding bleeding and thrombotic events [130]. Triple antithrombotic
therapy should therefore be avoided and, if prescribed, the duration should be as short as possible (1
month) in elderly patients because of the extremely high bleeding risk of this combination. In this setting,
double therapy should be the rule, and triple therapy the exception, dedicated to patients with a high
thrombotic risk and a low bleeding risk. Importantly, NOACs should be preferred over VKAs unless
contraindicated (e.g. severe chronic kidney disease) [131]. When dabigatran is used in combination with
an antiplatelet agent, the dose of 110 mg twice daily should be used in elderly patients, whereas
rivaroxaban 15 mg is recommended [131]. The recommended dose of apixaban in combination with
antiplatelet agents is 5 mg twice daily, except in patients with two of the these criteria — age > 80 years,
creatinine > 133 pmol/L or weight < 60 kg — in whom apixaban 2.5 mg twice daily should be considered
[131]. In patients requiring long-term oral anticoagulation, the most recent guidelines recommended as a
default strategy a very short triple therapy (in hospital and up to 1 week) followed by a double therapy
including an oral anticoagulant and single antiplatelet therapy [6]. Triple therapy can be prolonged for 1
month after ACS in patients at high ischaemic risk, but not in those at high bleeding risk, including elderly
patients.

Finally, continuation of anticoagulant treatment combined with an antiplatelet agent after 1 year
exposes patients to a 50% increase in bleeding events [132]. Therefore, anticoagulation with
discontinuation of the antiplatelet agent at 1 year (or even 6 months) should be used in most elderly
patients to decrease the bleeding risk (HR 0.64, 95% CI 0.46-0.91), as demonstrated in the AFIRE trial

[133].

Conclusions
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A growing number of patients with ACS are older than 75 years; their prognosis is worse than younger
patients because of higher comorbidities and increased recurrent bleeding and thrombotic events. A

careful evaluation of both ischaemic and bleeding risks is necessary in this high-risk population, and

antithrombotic treatment should be adjusted based on an individualized and often collegial strategy, taking

into account age, comorbidities and frailty, as well as patient preference. The optimization of antiplatelet
therapy should be assessed in a dynamic process according to the occurrence of adverse events during

follow-up.

Sources of funding

None.

Disclosure of interest

J.-G. D. Consulting and lecture fees from the companies AstraZeneca, Bayer, Boehringer-Ingelheim,
Bristol Myers Squibb/Pfizer, Sanofi and Daiichi-Sankyo. Grants from the companies Bayer, Bristol
Myers Squibb/Pfizer and Biosensors.

M. L. Research grants from the companies AstraZeneca, Abbott, Biotronik and Boston Scientific.
Lecture fees from the company AstraZeneca. Consulting fees from the companies AstraZeneca and
Boston Scientific.

S. B. No conflicts of interest concerning this article.

P. H. Consulting and lecture fees from the companies AstraZeneca, Bayer, Boehringer-Ingelheim,
Bristol Myers Squibb/Pfizer, Sanofi and Daiichi-Sankyo. Grants from the companies Bayer, Bristol
Myers Squibb/Pfizer and Biosensors.

F. P. Consulting fees from the company AstraZeneca.

L. B. Research grants from the companies AstraZeneca, Abbott, Biotronik and Boston Scientific.
Lecture fees from the company AstraZeneca. Consulting fees from the companies AstraZeneca and

Boston Scientific.

17



References

(1]
(2]

(3]

(4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

Cardiovascular disease in Europe 2016: an epidemiological update. Eur Heart J 2016;37:3182-3.
Mozaffarian D, Benjamin EJ, Go AS, et al. Executive Summary: Heart Disease and Stroke
Statistics--2016 Update: A Report From the American Heart Association. Circulation
2016;133:447-54.

Lloyd-Sherlock P, Ebrahim S, Martinez R, McKee M, Ordunez P. Reducing the cardiovascular
disease burden for people of all ages in the Americas region: analysis of mortality data, 2000-15.
Lancet Glob Health 2019;7:604-e12.

Puymirat E, Simon T, Cayla G, et al. Acute Myocardial Infarction: Changes in Patient
Characteristics, Management, and 6-Month Outcomes Over a Period of 20 Years in the FAST-MI
Program (French Registry of Acute ST-Elevation or Non-ST-Elevation Myocardial Infarction) 1995
to 2015. Circulation 2017;136:1908-19.

Beard JR, Officer AM, Cassels AK. The World Report on Ageing and Health. Gerontologist
2016;56 Suppl 2:5163-6.

Collet JP, Thiele H, Barbato E, et al. 2020 ESC Guidelines for the management of acute coronary
syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J 2020.
Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting with ST-segment elevation of
the European Society of Cardiology (ESC). Eur Heart J 2018;39:119-77.

Knuuti J, Wijns W, Saraste A, et al. 2019 ESC Guidelines for the diagnosis and management of
chronic coronary syndromes. Eur Heart J 2020;41:407-77.

Balduini CL, Noris P. Platelet count and aging. Haematologica 2014;99:953-5.

Jones Cl. Platelet function and ageing. Mamm Genome 2016;27:358-66.

Johnson M, Ramey E, Ramwell PW. Sex and age differences in human platelet aggregation.
Nature 1975;253:355-7.

Gleerup G, Winther K. The effect of ageing on platelet function and fibrinolytic activity. Angiology

1995;46:715-8.

18



[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(28]

Modesti PA, Fortini A, Abbate R, Gensini GF. Age related changes of platelet prostacyclin
receptors in humans. Eur J Clin Invest 1985;15:204-8.

Qian H, Luo N, Chi Y. Aging-shifted prostaglandin profile in endothelium as a factor in
cardiovascular disorders. J Aging Res 2012;2012:121390.

Barton M, Cosentino F, Brandes RP, Moreau P, Shaw S, Luscher TF. Anatomic heterogeneity of
vascular aging: role of nitric oxide and endothelin. Hypertension 1997;30:817-24.

Fleming I, Busse R. NO: the primary EDRF. J Mol Cell Cardiol 1999;31:5-14.

Matz RL, de Sotomayor MA, Schott C, Stoclet JC, Andriantsitohaina R. Vascular bed
heterogeneity in age-related endothelial dysfunction with respect to NO and eicosanoids. Br J
Pharmacol 2000;131:303-11.

Tschudi MR, Barton M, Bersinger NA, et al. Effect of age on kinetics of nitric oxide release in rat
aorta and pulmonary artery. J Clin Invest 1996;98:899-905.

Fuentes E, Palomo I. Role of oxidative stress on platelet hyperreactivity during aging. Life Sci
2016;148:17-23.

Ignarro LJ. Biosynthesis and metabolism of endothelium-derived nitric oxide. Annu Rev
Pharmacol Toxicol 1990;30:535-60.

Monteiro PF, Morganti RP, Delbin MA, et al. Platelet hyperaggregability in high-fat fed rats: a role
for intraplatelet reactive-oxygen species production. Cardiovasc Diabetol 2012;11:5.

Silva FH, Lanaro C, Leiria LO, et al. Oxidative stress associated with middle aging leads to
sympathetic hyperactivity and downregulation of soluble guanylyl cyclase in corpus cavernosum.
Am J Physiol Heart Circ Physiol 2014;307:H1393-400.

Vaziri ND, Ni Z, Oveisi F, Liang K, Pandian R. Enhanced nitric oxide inactivation and protein
nitration by reactive oxygen species in renal insufficiency. Hypertension 2002;39:135-41.

Gu SX, Stevens JW, Lentz SR. Regulation of thrombosis and vascular function by protein
methionine oxidation. Blood 2015;125:3851-9.

Walsh TG, Berndt MC, Carrim N, Cowman J, Kenny D, Metharom P. The role of Nox1 and Nox2

in GPVI-dependent platelet activation and thrombus formation. Redox Biol 2014;2:178-86.

19



[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

(35]

[36]

Badimon L, Bugiardini R, Cubedo J. Pathophysiology of acute coronary syndromes in the elderly.
Int J Cardiol 2016;222:1105-9.

Balleisen L, Bailey J, Epping PH, Schulte H, van de Loo J. Epidemiological study on factor VI,
factor VIl and fibrinogen in an industrial population: |. Baseline data on the relation to age,
gender, body-weight, smoking, alcohol, pill-using, and menopause. Thromb Haemost
1985;54:475-9.

Barzilai N, Shuldiner AR. Searching for human longevity genes: the future history of gerontology
in the post-genomic era. J Gerontol A Biol Sci Med Sci 2001;56:M83-7.

Bauer KA, Kass BL, ten Cate H, Hawiger JJ, Rosenberg RD. Factor IX is activated in vivo by the
tissue factor mechanism. Blood 1990;76:731-6.

Conlan MG, Folsom AR, Finch A, et al. Associations of factor VIII and von Willebrand factor with
age, race, sex, and risk factors for atherosclerosis. The Atherosclerosis Risk in Communities
(ARIC) Study. Thromb Haemost 1993;70:380-5.

Coppola R, Cristilli P, Cugno M, Ariens RA, Mari D, Mannucci PM. Measurement of activated
factor Xll in health and disease. Blood Coagul Fibrinolysis 1996;7:530-5.

Kannel WB, Wolf PA, Castelli WP, D'Agostino RB. Fibrinogen and risk of cardiovascular disease.
The Framingham Study. JAMA 1987;258:1183-6.

Mari D, Mannucci PM, Coppola R, Bottasso B, Bauer KA, Rosenberg RD. Hypercoagulability in
centenarians: the paradox of successful aging. Blood 1995;85:3144-9.

Isaia G, Greppi F, Ausiello L, et al. D-dimer plasma concentrations in an older hospitalized
population. J Am Geriatr Soc 2011;59:2385-6.

Berge T, Ulimoen SR, Enger S, Arnesen H, Seljeflot |, Tveit A. Impact of atrial fibrillation on
inflammatory and fibrinolytic variables in the elderly. Scand J Clin Lab Invest 2013;73:326-33.
James SK, Armstrong P, Barnathan E, et al. Troponin and C-reactive protein have different
relations to subsequent mortality and myocardial infarction after acute coronary syndrome: a

GUSTO-IV substudy. J Am Coll Cardiol 2003;41:916-24.

20



[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Tuomisto K, Jousilahti P, Sundvall J, Pajunen P, Salomaa V. C-reactive protein, interleukin-6 and
tumor necrosis factor alpha as predictors of incident coronary and cardiovascular events and total
mortality. A population-based, prospective study. Thromb Haemost 2006;95:511-8.

Freitas WM, Carvalho LS, Moura FA, Sposito AC. Atherosclerotic disease in octogenarians: a
challenge for science and clinical practice. Atherosclerosis 2012;225:281-9.

Yamamoto K, Takeshita K, Kojima T, Takamatsu J, Saito H. Aging and plasminogen activator
inhibitor-1 (PAI-1) regulation: implication in the pathogenesis of thrombotic disorders in the elderly.
Cardiovasc Res 2005;66:276-85.

Alexander KP, Newby LK, Armstrong PW, et al. Acute coronary care in the elderly, part II: ST-
segment-elevation myocardial infarction: a scientific statement for healthcare professionals from
the American Heart Association Council on Clinical Cardiology: in collaboration with the Society of
Geriatric Cardiology. Circulation 2007;115:2570-89.

Alexander KP, Newby LK, Cannon CP, et al. Acute coronary care in the elderly, part I: Non-ST-
segment-elevation acute coronary syndromes: a scientific statement for healthcare professionals
from the American Heart Association Council on Clinical Cardiology: in collaboration with the
Society of Geriatric Cardiology. Circulation 2007;115:2549-69.

De Luca L, Olivari Z, Bolognese L, et al. A decade of changes in clinical characteristics and
management of elderly patients with non-ST elevation myocardial infarction admitted in ltalian
cardiac care units. Open Heart 2014;1:e000148.

Saunderson CE, Brogan RA, Simms AD, Sutton G, Batin PD, Gale CP. Acute coronary syndrome
management in older adults: guidelines, temporal changes and challenges. Age Ageing
2014;43:450-5.

Wang TY, Gutierrez A, Peterson ED. Percutaneous coronary intervention in the elderly. Nat Rev
Cardiol 2011;8:79-90.

Dai X, Busby-Whitehead J, Alexander KP. Acute coronary syndrome in the older adults. J Geriatr
Cardiol 2016;13:101-8.

Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke statistics--2015 update: a

report from the American Heart Association. Circulation 2015;131:e29-322.

21



[47]

[48]

[49]

[50]

[51]

[52]

(53]

(54]

[58]

[56]

Lopes RD, Gharacholou SM, Holmes DN, et al. Cumulative incidence of death and
rehospitalization among the elderly in the first year after NSTEMI. Am J Med 2015;128:582-90.
Antman EM. TIMI 11B. Enoxaparin versus unfractionated heparin for unstable angina or non-Q-
wave myocardial infarction: a double-blind, placebo-controlled, parallel-group, multicenter trial.
Rationale, study design, and methods. Thrombolysis in Myocardial Infarction (TIMI) 11B Trial
Investigators. Am Heart J 1998;135:S353-60.

Cohen M, Demers C, Gurfinkel EP, et al. A comparison of low-molecular-weight heparin with
unfractionated heparin for unstable coronary artery disease. Efficacy and Safety of Subcutaneous
Enoxaparin in Non-Q-Wave Coronary Events Study Group. N Engl J Med 1997;337:447-52.
Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/non-ST elevation
MI: A method for prognostication and therapeutic decision making. JAMA 2000;284:835-42.
Morrow DA, Antman EM, Giugliano RP, et al. A simple risk index for rapid initial triage of patients
with ST-elevation myocardial infarction: an InTIME |l substudy. Lancet 2001;358:1571-5.

Aragam KG, Tamhane UU, Kline-Rogers E, et al. Does simplicity compromise accuracy in ACS
risk prediction? A retrospective analysis of the TIMI and GRACE risk scores. PLoS One
2009;4:€7947.

de Araujo Goncalves P, Ferreira J, Aguiar C, Seabra-Gomes R. TIMI, PURSUIT, and GRACE risk
scores: sustained prognostic value and interaction with revascularization in NSTE-ACS. Eur Heart
J 2005;26:865-72.

Granger CB, Goldberg RJ, Dabbous O, et al. Predictors of hospital mortality in the global registry
of acute coronary events. Arch Intern Med 2003;163:2345-53.

Puymirat E, Aissaoui N, Cayla G, et al. Changes in One-Year Mortality in Elderly Patients
Admitted with Acute Myocardial Infarction in Relation with Early Management. Am J Med
2017;130:555-63.

Skolnick AH, Alexander KP, Chen AY, et al. Characteristics, management, and outcomes of 5,557
patients age > or =90 years with acute coronary syndromes: results from the CRUSADE Initiative.

J Am Coll Cardiol 2007;49:1790-7.

22



[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Bach RG, Cannon CP, Weintraub WS, et al. The effect of routine, early invasive management on
outcome for elderly patients with non-ST-segment elevation acute coronary syndromes. Ann
Intern Med 2004;141:186-95.

Costa F, van Klaveren D, James S, et al. 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 2017;389:1025-34.

Yeh RW, Secemsky EA, Kereiakes DJ, et al. Development and Validation of a Prediction Rule for
Benefit and Harm of Dual Antiplatelet Therapy Beyond 1 Year After Percutaneous Coronary
Intervention. JAMA 2016;315:1735-49.

Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions for cardiovascular clinical
trials: a consensus report from the Bleeding Academic Research Consortium. Circulation
2011;123:2736-47.

Genereux P, Giustino G, Witzenbichler B, et al. Incidence, Predictors, and Impact of Post-
Discharge Bleeding After Percutaneous Coronary Intervention. J Am Coll Cardiol 2015;66:1036-
45,

Valle JA, Shetterly S, Maddox TM, et al. Postdischarge Bleeding After Percutaneous Coronary
Intervention and Subsequent Mortality and Myocardial Infarction: Insights From the HMO
Research Network-Stent Registry. Circ Cardiovasc Interv 2016;9.

Valgimigli M, Costa F, Lokhnygina Y, et al. 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
2017;38:804-10.

Varenne O, Cook S, Sideris G, et al. Drug-eluting stents in elderly patients with coronary artery
disease (SENIOR): a randomised single-blind trial. Lancet 2018;391:41-50.

Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel user-friendly score (HAS-
BLED) to assess 1-year risk of major bleeding in patients with atrial fibrillation: the Euro Heart

Survey. Chest 2010;138:1093-100.

23



[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

Baber U, Mehran R, Giustino G, et al. Coronary Thrombosis and Major Bleeding After PCI With
Drug-Eluting Stents: Risk Scores From PARIS. J Am Coll Cardiol 2016;67:2224-34.

de Groot NL, Hagenaars MP, Smeets HM, Steyerberg EW, Siersema PD, van Oijen MG. Primary
non-variceal upper gastrointestinal bleeding in NSAID and low-dose aspirin users: development
and validation of risk scores for either medication in two large Dutch cohorts. J Gastroenterol
2014;49:245-53.

Ducrocq G, Wallace JS, Baron G, et al. Risk score to predict serious bleeding in stable outpatients
with or at risk of atherothrombosis. Eur Heart J 2010;31:1257-65.

Raposeiras-Roubin S, Faxen J, Iniguez-Romo A, et al. Development and external validation of a
post-discharge bleeding risk score in patients with acute coronary syndrome: The BleeMACS
score. Int J Cardiol 2018;254:10-5.

Urban P, Mehran R, Colleran R, et al. Defining high bleeding risk in patients undergoing
percutaneous coronary intervention: a consensus document from the Academic Research
Consortium for High Bleeding Risk. Eur Heart J 2019;40:2632-53.

Mauri L, Kereiakes DJ, Yeh RW, et al. Twelve or 30 months of dual antiplatelet therapy after drug-
eluting stents. N Engl J Med 2014;371:2155-66.

Valgimigli M, Bueno H, Byrne RA, et al. 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 2018;39:213-60.
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187 cases
of suspected acute myocardial infarction: I1SIS-2. ISIS-2 (Second International Study of Infarct
Survival) Collaborative Group. Lancet 1988;2:349-60.

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 2002;324:71-86.

24



[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

Baigent C, Blackwell L, Collins R, et al. Aspirin in the primary and secondary prevention of
vascular disease: collaborative meta-analysis of individual participant data from randomised trials.
Lancet 2009;373:1849-60.

Mehta SR, Bassand JP, Chrolavicius S, et al. Dose comparisons of clopidogrel and aspirin in
acute coronary syndromes. N Engl J Med 2010;363:930-42.

Mehta SR, Yusuf S, Peters RJ, et al. Effects of pretreatment with clopidogrel and aspirin followed
by long-term therapy in patients undergoing percutaneous coronary intervention: the PCI-CURE
study. Lancet 2001;358:527-33.

Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to aspirin in patients with acute
coronary syndromes without ST-segment elevation. N Engl J Med 2001;345:494-502.

Chen ZM, Jiang LX, Chen YP, et al. Addition of clopidogrel to aspirin in 45,852 patients with acute
myocardial infarction: randomised placebo-controlled trial. Lancet 2005;366:1607-21.

Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. Variability in individual responsiveness to
clopidogrel: clinical implications, management, and future perspectives. J Am Coll Cardiol
2007;49:1505-16.

Hochholzer W, Trenk D, Fromm MF, et al. Impact of cytochrome P450 2C19 loss-of-function
polymorphism and of major demographic characteristics on residual platelet function after loading
and maintenance treatment with clopidogrel in patients undergoing elective coronary stent
placement. J Am Coll Cardiol 2010;55:2427-34.

Silvain J, Cayla G, Hulot JS, et al. High on-thienopyridine platelet reactivity in elderly coronary
patients: the SENIOR-PLATELET study. Eur Heart J 2012;33:1241-9.

Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med 2007;357:2001-15.

Wagner H, Lood C, Borna C, et al. Prasugrel 5 mg inhibits platelet P-selectin and GPIIb-llla
expression in very elderly and non elderly: results from the GENERATIONS trial, a
pharmacodynamic study in stable CAD patients. J Thromb Thrombolysis 2016;42:369-75.

Roe MT, Armstrong PW, Fox KA, et al. Prasugrel versus clopidogrel for acute coronary

syndromes without revascularization. N Engl J Med 2012;367:1297-309.

25



[86] Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med 2009;361:1045-57.

[87] Husted S, James S, Becker RC, et al. Ticagrelor versus clopidogrel in elderly patients with acute
coronary syndromes: a substudy from the prospective randomized PLATelet inhibition and patient
Outcomes (PLATO) trial. Circ Cardiovasc Qual Outcomes 2012;5:680-8.

[88] Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC guideline for the management of
patients with non-ST-elevation acute coronary syndromes: executive summary: a report of the
American College of Cardiology/American Heart Association Task Force on Practice Guidelines.
Circulation 2014;130:2354-94.

[89] Levine GN, Bates ER, Blankenship JC, et al. 2015 ACC/AHA/SCAI Focused Update on Primary
Percutaneous Coronary Intervention for Patients With ST-Elevation Myocardial Infarction: An
Update of the 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention and the
2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction: A Report
of the American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines and the Society for Cardiovascular Angiography and Interventions. Circulation
2016;133:1135-47.

[90] Lopes RD, Alexander KP, Manoukian SV, et al. Advanced age, antithrombotic strategy, and
bleeding in non-ST-segment elevation acute coronary syndromes: results from the ACUITY
(Acute Catheterization and Urgent Intervention Triage Strategy) trial. J Am Coll Cardiol
2009;53:1021-30.

[91] Erlinge D, Omerovic E, Frobert O, et al. Bivalirudin versus Heparin Monotherapy in Myocardial
Infarction. N Engl J Med 2017;377:1132-42.

[92] Laine M, Lemesle G, Dabry T, et al. Bivalirudin during percutaneous coronary intervention in
acute coronary syndromes. Expert Opin Pharmacother 2019;20:295-304.

[93] Shahzad A, Kemp I, Mars C, et al. Unfractionated heparin versus bivalirudin in primary
percutaneous coronary intervention (HEAT-PPCI): an open-label, single centre, randomised

controlled trial. Lancet 2014;384:1849-58.

26



[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

Montalescot G, Zeymer U, Silvain J, et al. Intravenous enoxaparin or unfractionated heparin in
primary percutaneous coronary intervention for ST-elevation myocardial infarction: the
international randomised open-label ATOLL trial. Lancet 2011;378:693-703.

Silvain J, Beygui F, Barthelemy O, et al. Efficacy and safety of enoxaparin versus unfractionated
heparin during percutaneous coronary intervention: systematic review and meta-analysis. BMJ
2012;344:e553.

Assessment of the Safety and Efficacy of a New Thrombolytic Regimen (ASSENT)-3
Investigators. Efficacy and safety of tenecteplase in combination with enoxaparin, abciximab, or
unfractionated heparin: the ASSENT-3 randomised trial in acute myocardial infarction. Lancet
2001;358:605-13.

White HD, Braunwald E, Murphy SA, et al. Enoxaparin vs. unfractionated heparin with fibrinolysis
for ST-elevation myocardial infarction in elderly and younger patients: results from ExTRACT-TIMI
25. Eur Heart J 2007;28:1066-71.

Peters RJ, Joyner C, Bassand JP, et al. The role of fondaparinux as an adjunct to thrombolytic
therapy in acute myocardial infarction: a subgroup analysis of the OASIS-6 trial. Eur Heart J
2008;29:324-31.

Yusuf S, Mehta SR, Chrolavicius S, et al. Effects of fondaparinux on mortality and reinfarction in
patients with acute ST-segment elevation myocardial infarction: the OASIS-6 randomized trial.
JAMA 2006;295:1519-30.

Mehta SR, Granger CB, Eikelboom JW, et al. Efficacy and safety of fondaparinux versus
enoxaparin in patients with acute coronary syndromes undergoing percutaneous coronary
intervention: results from the OASIS-5 trial. J Am Coll Cardiol 2007;50:1742-51.

Armstrong PW, Gershlick AH, Goldstein P, et al. Fibrinolysis or primary PCl in ST-segment
elevation myocardial infarction. N Engl J Med 2013;368:1379-87.

Hankey GJ, Eikelboom JW. Aspirin resistance. Lancet 2006;367:606-17.

Sibbing D, Aradi D, Alexopoulos D, et al. Updated Expert Consensus Statement on Platelet
Function and Genetic Testing for Guiding P2Y12 Receptor Inhibitor Treatment in Percutaneous

Coronary Intervention. JACC Cardiovasc Interv 2019;12:1521-37.

27



[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Collet JP, Cuisset T, Range G, et al. Bedside monitoring to adjust antiplatelet therapy for coronary
stenting. N Engl J Med 2012;367:2100-9.

Cayla G, Cuisset T, Silvain J, et al. Platelet function monitoring to adjust antiplatelet therapy in
elderly patients stented for an acute coronary syndrome (ANTARCTIC): an open-label, blinded-
endpoint, randomised controlled superiority trial. Lancet 2016;388:2015-22.

Sibbing D, Aradi D, Jacobshagen C, et al. Guided de-escalation of antiplatelet treatment in
patients with acute coronary syndrome undergoing percutaneous coronary intervention
(TROPICAL-ACS): a randomised, open-label, multicentre trial. Lancet 2017;390:1747-57.
Bellemain-Appaix A, Kerneis M, O'Connor SA, et al. Reappraisal of thienopyridine pretreatment in
patients with non-ST elevation acute coronary syndrome: a systematic review and meta-analysis.
BMJ 2014;349:96269.

Montalescot G, Bolognese L, Dudek D, et al. Pretreatment with prasugrel in non-ST-segment
elevation acute coronary syndromes. N Engl J Med 2013;369:999-1010.

Sandoval Y, Jaffe AS. Type 2 Myocardial Infarction: JACC Review Topic of the Week. J Am Coll
Cardiol 2019;73:1846-60.

Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition of Myocardial Infarction (2018).
Circulation 2018;138:e618-e51.

Moayyedi P, Eikelboom JW, Bosch J, et al. Pantoprazole to Prevent Gastroduodenal Events in
Patients Receiving Rivaroxaban and/or Aspirin in a Randomized, Double-Blind, Placebo-
Controlled Trial. Gastroenterology 2019;157:403-12 e5.

Pilotto A, Franceschi M, Maggi S, Addante F, Sancarlo D. Optimal management of peptic ulcer
disease in the elderly. Drugs Aging 2010;27:545-58.

Szabo IL, Matics R, Hegyi P, et al. PPIs Prevent Aspirin-Induced Gastrointestinal Bleeding Better
than H2RAs. A Systematic Review and Meta-analysis. J Gastrointestin Liver Dis 2017;26:395-
402.

Vaduganathan M, Bhatt DL, Cryer BL, et al. Proton-Pump Inhibitors Reduce Gastrointestinal
Events Regardless of Aspirin Dose in Patients Requiring Dual Antiplatelet Therapy. J Am Coll

Cardiol 2016;67:1661-71.

28



[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

Kim HS, Kang J, Hwang D, et al. Prasugrel-based de-escalation of dual antiplatelet therapy after
percutaneous coronary intervention in patients with acute coronary syndrome (HOST-REDUCE-
POLYTECH-ACS): an open-label, multicentre, non-inferiority randomised trial. Lancet
2020;396:1079-89.

Mehran R, Baber U, Sharma SK, et al. Ticagrelor with or without Aspirin in High-Risk Patients
after PCIL. N Engl J Med 2019;381:2032-42.

Bonaca MP, Bhatt DL, Cohen M, et al. Long-term use of ticagrelor in patients with prior
myocardial infarction. N Engl J Med 2015;372:1791-800.

Baumgartner H, Falk V, Bax JJ, et al. 2017 ESC/EACTS Guidelines for the management of
valvular heart disease. Eur Heart J 2017;38:2739-91.

Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diagnosis and management
of atrial fibrillation developed in collaboration with the European Association of Cardio-Thoracic
Surgery (EACTS). Eur Heart J 2020.

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism developed in collaboration with the European
Respiratory Society (ERS). Eur Heart J 2020;41:543-603.

Guedeney P, Huchet F, Manigold T, et al. Effect of oral anticoagulation on clinical outcomes and
haemodynamic variables after successful transcatheter aortic valve implantation. Arch Cardiovasc
Dis 2020;113:341-9.

Kochly F, Haddad C, Harbaoui B, Falandry C, Lantelme P, Courand PY. Therapeutic
management and outcome of nonagenarians versus octogenarians admitted to an intensive care
unit for acute coronary syndromes. Arch Cardiovasc Dis 2020;113:780-90.

January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for the management of
patients with atrial fibrillation: executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on practice guidelines and the Heart Rhythm
Society. Circulation 2014;130:2071-104.

Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for the management of atrial

fibrillation developed in collaboration with EACTS. Eur Heart J 2016;37:2893-962.

29



[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Dewilde WJ, Oirbans T, Verheugt FW, et al. 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 2013;381:1107-15.

Cannon CP, Bhatt DL, Oldgren J, et al. Dual Antithrombotic Therapy with Dabigatran after PCl in
Atrial Fibrillation. N Engl J Med 2017;377:1513-24.

Gibson CM, Mehran R, Bode C, et al. Prevention of Bleeding in Patients with Atrial Fibrillation
Undergoing PCI. N Engl J Med 2016;375:2423-34.

Lopes RD, Heizer G, Aronson R, et al. Antithrombotic Therapy after Acute Coronary Syndrome or
PCl in Atrial Fibrillation. N Engl J Med 2019;380:1509-24.

Vranckx P, Valgimigli M, Eckardt L, et al. Edoxaban-based versus vitamin K antagonist-based
antithrombotic regimen after successful coronary stenting in patients with atrial fibrillation
(ENTRUST-AF PCI): a randomised, open-label, phase 3b trial. Lancet 2019;394:1335-43.
Potpara TS, Mujovic N, Proietti M, et al. Revisiting the effects of omitting aspirin in combined
antithrombotic therapies for atrial fibrillation and acute coronary syndromes or percutaneous
coronary interventions: meta-analysis of pooled data from the PIONEER AF-PCIl, RE-DUAL PCl,
and AUGUSTUS trials. Europace 2020;22:33-46.

Lip GYH, Collet JP, Haude M, et al. 2018 Joint European consensus document on the
management of antithrombotic therapy in atrial fibrillation patients presenting with acute coronary
syndrome and/or undergoing percutaneous cardiovascular interventions: a joint consensus
document of the European Heart Rhythm Association (EHRA), European Society of Cardiology
Working Group on Thrombosis, European Association of Percutaneous Cardiovascular
Interventions (EAPCI), and European Association of Acute Cardiac Care (ACCA) endorsed by the
Heart Rhythm Society (HRS), Asia-Pacific Heart Rhythm Society (APHRS), Latin America Heart
Rhythm Society (LAHRS), and Cardiac Arrhythmia Society of Southern Africa (CASSA). Europace
2019;21:192-3.

Lamberts M, Gislason GH, Lip GY, et al. Antiplatelet therapy for stable coronary artery disease in
atrial fibrillation patients taking an oral anticoagulant: a nationwide cohort study. Circulation

2014;129:1577-85.

30



[133]

Yasuda S, Kaikita K, Akao M, et al. Antithrombotic Therapy for Atrial Fibrillation with Stable

Coronary Disease. N Engl J Med 2019;381:1103-13.

31



Figure legend

Central illustration. Antithrombotic strategies in patients with acute coronary syndrome. ACS: acute
coronary syndrome; ADP: adenosine diphosphate; CAD: coronary artery disease; CRP: C-reactive
protein; IL-6; interleukin-6; DAPT: dual antiplatelet therapy; GRACE: Global Registry of Acute Coronary
Events; NSTEMI: non-ST-segment elevation myocardial infarction; PAI-1: plasminogen activator inhibitor-
1; PCI: percutaneous coronary intervention; PG12: prostaglandin 12; PPI: proton pump inhibitor;
PRECISE-DAPT: PREdicting bleeding Complications in patients undergoing stent Implantation and
SubsequEnt Dual AntiPlatelet Therapy; REACH: REduction of Atherothrombosis for Continued Health;
STEMI: ST-segment elevation myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; Vwf: von

Willebrand factor.
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Table 1 Bleeding Academic Research Consortium bleeding classification.

BARC bleeding classification =~ Description

Type 0 No bleeding

Type 1 Bleeding that is not actionable and does not cause the patient to seek
treatment from a healthcare professional; may lead to self-
discontinuation of treatment

Type 2 Bleeding that leads to non-surgical medical intervention/evaluation by a
healthcare professional or hospitalization

Type 3a Overt bleeding and transfusion
Overt bleeding + Hb drop of 3-5 g/dL

Type 3b Cardiac tamponade
Overt bleeding + Hb drop of = 5 g/dL
Bleeding requiring surgical intervention (excluding dental, nasal, skin or
haemorrhoid)
Bleeding requiring intravenous vasoactive agents

Type 3¢ Intracranial haemorrhage (excluding microbleeds or haemorrhagic
transformation)
Intraocular bleeding compromising vision

Type 4 CABG-related bleeding within 48 hours

Type 5 Probable or definite fatal bleeding

BARC: Bleeding Academic Research Consortium; CABG: coronary artery bypass graft; Hb:

haemoglobin.
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Table 2 Minor and major criteria for high bleeding risk at the time of percutaneous coronary intervention

according to the Academic Research Consortium consensus document.

Minor Major

Age = 75 years Long-term oral anticoagulation
Platelet count < 100,000 mL
Hb = 11-12.9 g/dL (male), 11-11.9 g/dL (female) Hb < 11 g/dL
Chronic bleeding diathesis
Moderate CKD (crCl 30-59 mL/min) Severe or end-stage CKD (crCl < 30 mL/min)
Liver cirrhosis with portal hypertension
Spontaneous bleeding requiring transfusion or Spontaneous bleeding requiring transfusion or
hospitalization in the past 12 months (not meeting  hospitalization in the past 6 months or any time if
major criterion) recurrent
Active malignancy within the past 12 months excluding
non-melanoma skin cancer
Use of NSAIDs or steroids (long term) Major surgery or major trauma within 30 days before PCI
Non-deferrable major surgery on DAPT
Ischaemic stroke history (not meeting major Moderate or severe ischaemic stroke (NIHSS score = 5)
criterion) within the past 6 months
Previous spontaneous ICH (any time)
Previous traumatic ICH within the past 12 months

Presence of brain arteriovenous malformation

CKD: chronic kidney disease; crCl: creatine clearance; DAPT: dual antiplatelet therapy; Hb: haemoglobin;
ICH: intracranial haemorrhage; NIHSS: National Institutes of Health Stroke Scale; NSAID: non-steroidal anti-

inflammatory drug; PCI: percutaneous coronary intervention.
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Table 3 PRECISE-DAPT and DAPT scores.

PRECISE-DAPT score DAPT score

DAPT duration and cut-off values = 3—6 months DAPT if score = 25 30 months DAPT if score = 2

12—24 months DAPT if score <25 12 months DAPT if score < 2

Criteria for calculation Age Age
White blood cell count Cigarette smoking
Haemoglobin Diabetes mellitus
Creatinine clearance MI at presentation
Previous bleeding Previous PCI or myocardial
infarction

Paclitaxel-eluting stent
Stent diameter < 3 mm
LVEF < 30% or CHF

Vein graft stent

CHF: congestive heart failure; DAPT: Dual AntiPlatelet Therapy; LVEF: left ventricular ejection fraction;
PCI: percutaneous coronary intervention; PRECISE-DAPT: PREdicting bleeding Complications in patients

undergoing stent Implantation and SubsequEnt Dual AntiPlatelet Therapy.
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Table 4 Dose adjustment of antithrombotic treatments in elderly patients.

Antithrombotic drug Recommendations

Normal dose

Age-related reduced dose

Specific contraindications

Aspirin

Clopidogrel

Prasugrel

Ticagrelor

UFH

Enoxaparin

Fondaparinux
Thrombolysis

(tenecteplase)

LD 150-300 mg; MD 75 mg

LD 300-600 mg; MD 75 mg

LD 60 mg; MD 10 mg

LD 180 mg; MD 90 mg b.i.d.

Primary PCI: 70 IU/kg IV bolus

Fibrinolysis: 60 IU/kg IV bolus (max 4000 IU)
then 12 |U/kg/h for 24—48 hours (max 1000 1U/h)
Adapted for aPTT 1.5-2.0

Primary PCI: 0.5 mg/kg IV

Fibrinolysis: 0.75 mg/kg b.i.d. SC (max 75 mg)
2.5 mg SC once daily

30 mg if <60 kg

No dose adjustment

No dose adjustment

5 mg if =2 75 years

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment
Reduce to half dose if =

75 years

Intolerance to aspirin

Active peptic ulcer

NA

Previous stroke

Dose reduction for low body weight (< 60 kg): 5 mg
Strong CYP3A4 inhibitors

Oral anticoagulant agent

Type 2 heparin induced thrombocytopaenia

eGFR < 15 mL/min/1.73 m?

eGFR < 20 mL/min/1.73 m?

Previous ICH or stroke of unknown origin at anytime



35 mg if 60—70 kg Ischaemic stroke < 6 months

40 mg if 70-80 kg CNS damage or neoplasms or arteriovenous malformation
45 mg if 80—90 kg Recent major trauma/surgery/head injury (< 1 month)
50 mg if 290 mg Gl bleeding < 1 month

Aortic dissection
Non-compressible puncture < 24 hours

Known bleeding disorder (excluding menses)

aPTT: activated partial thromboplastin time; b.i.d.: twice a day; CNS: central nervous system; CYP3A4: cytochrome P450 3A4; eGFR: estimated glomerular
filtration rate; Gl: gastrointestinal; ICH: intracranial haemorrhage; IV: intravenous; LD: loading dose; MD: maintenance dose (daily); NA: not applicable; PCI:

percutaneous coronary intervention; SC: subcutaneous; UFH: unfractionated heparin.
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Antithrombotic strategies in elderly patients with ACS

Elderly patients = Patients > 75 years, ~ 25% of the STEMI population and ~ 40% of the NSTEMI population

Thrombosis specificity

* Platelet function
2 ADP-induced platelet aggregation
2 Arachidonic acid-induced platelet
aggregation
N PGI2 platelet receptors
2 Endothelial dysfunction

¢ Coagulation
2 Factors VII, VIII, IX, X, Vwf
2 Prekallikrein, kininogen
2 D-dimers

¢ Fibrinolysis
2 PAI-1

* Proinflammatory state
2 CRPand IL-6

Increased thrombotic risk

e Complex CAD

¢ Activated coagulation

¢ |nflammatory state

* Age = item of the TIMI risk score or
GRACE score

- Mortality X3 after ACS in elderly patients

Increased bleeding risk

¢ Presence of comorbidities

e Chronic kidney disease

* Anaemia

¢ Malignancy

e Stroke

e Frailty

e Age = item of the REACH, DAPT, PRECISE
DAPT score

- Bleeding risk ~ 3.5%/year after ACS in
elderly patients

Elderly patients = high ischemic and bleeding risk

Antithrombotic treatment options

Acute phase

¢ L ow-dose aspirin with PPIs

* Avoid P2Y12 inhibitor pretreatment in
patients with NSTEMI

¢ Prefer primary PCl to fibrinolysis (half-
dose) in patients with STEMI

¢ Shorten curative anticoagulation duration

Follow-up

¢ De-escalation of dual antiplatelet therapy
after ACS

e Shorten duration of DAPT in patients with
high bleeding risk

¢ Avoid triple antithrombotic therapy if anti-
coagulation is required

¢ Anticoagulation alone after 1 year if anti-
coagulation is required

= Individualized antithrombotic treatment

Antithrombotic treatment = individualized strategy and dynamic reassessment process






