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Abstract

Large registries and epidemiologic studies have demonstrated that elderly patients (> 75 years old) represent a growing propor-
tion of the acute coronary syndrome (ACS) population and are exposed to a high risk of both bleeding and ischemic events. In
this setting, most of the randomized trials excluded elderly patients while evaluating therapeutic strategies in ACS and only
few trials specifically dedicated their design to the elderly population, leading to a paucity of data. Elderly patients are less
likely to be treated with an invasive strategy or potent antithrombotic drugs compared with younger patients, while they are
exposed to a greater risk of mortality. Nevertheless, the benefit of an invasive approach in ST-segment elevation myocardial
infarction (STEMI) has been consistently demonstrated in non-dedicated large percutaneous coronary intervention randomized
trials, regardless of the patient’s age. European clinical practice guidelines recommend that STEMI in elderly patients should
not be treated differently than in younger patients. However, the therapeutic decision should be based on a combined evalua-
tion of both (1) the patient’s frailty, including functional or cognitive impairment, and (2) the balance between bleeding and
ischemic risks. This review outlines the evidence on the optimal reperfusion and antithrombotic strategies among STEMI
elderly patients, suggesting a patient-centered approach to apprehend the balanced therapeutic decision in the very old patient.

Despite frequent atypical ST-segment elevation myocar-
dial infarction (STEMI) presentation and more comor-
bidities among elderly patients, age should not be a limit
with respect to receiving the optimal recommended

1 Introduction

Large registries and epidemiologic studies have demon-
strated that elderly patients (> 75 years old) represent a
growing proportion of the acute coronary syndrome (ACS)
population and are exposed to a high risk of both bleeding
and ischemic events. In this setting, the optimal strategy is

treatment.

An invasive strategy should be the default strategy after
assessment of the benefit/risk ratio including cognitive
status prior to the decision.

A multidisciplinary patient-centered approach should
be proposed to guide the global management of elderly
patients.
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a conundrum, in which the benefit of an invasive strategy
on ischemic outcomes should be balanced with the iat-
rogenic risk inherent to antithrombotic therapies but also
to the percutaneous coronary intervention (PCI). Indeed,
intensive antiplatelet therapies can be a double-edged
sword that decreases the risk of ischemic events while
exposing elderly or frail patients to an increased risk of
major bleeding.

Only a few dedicated studies have evaluated the recom-
mended treatment strategies among this high-risk popula-
tion. The lack of evidence from interventional or antithrom-
botic randomized controlled trials because of the selection
of low-bleeding-risk patients and the exclusion of elderly
patients results in a low representation of elderly patients
(10%) in clinical trials and a higher representation in regis-
tries (35%) [1-3].
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As a result, physicians are conservative in their strategy,
and they are less likely to treat elderly patients with the
same intensity as younger patients, exposing them to a lower
potential benefit of proven therapies despite higher inher-
ent risk of mortality. European clinical practice guidelines
recommend that elderly patients with ST-segment elevation
myocardial infarction (STEMI) should not be treated differ-
ently than younger patients [4]. However, in daily practice,
the therapeutic decision is usually based on a patient-cen-
tered approach combining evaluation of both (1) the patient’s
frailty, including functional or cognitive impairment and
end-of-life wishes, and (2) the balance between bleeding
and ischemic risks.

This review summarizes the evidence on therapeutic strat-
egies and underlines the unmet needs among elderly patients
with STEMI.

2 A High-Risk Population Less Likely
to Receive Efficient Therapies

Although life expectancy is increasing, elderly patients with
ACS are still less likely to be treated with PCI and evidence-
based secondary prevention medicines than younger patients
[5, 6]. In the England and Wales national registry, including
more than 150,000 patients, age > 85 years was associated
with a lower rate of coronary reperfusion compared with
patients aged < 65 years (55% vs 85%, respectively; odds
ratio [OR] 0.22, 95% confidence interval [CI] 0.21-0.24;
p < 0.001), whereas medical treatment alone was associ-
ated with increased mortality among patients over the age
of 85 years (OR 1.36, 95% CI 1.27-1.47; p < 0.001) [7].
These results are consistent with an analysis of 8578 STEMI
patients enrolled in the Can Rapid risk stratification of
Unstable angina patients Suppress Adverse outcomes with
Early implementation of the American College of Cardiol-
ogy/American Heart Association guidelines (CRUSADE)
registry, demonstrating a reverse association between age
and the decision to attempt an invasive reperfusion (hazard
ratio [HR] 1.13, 95% CI 1.09-1.16) [8].

However, it would be unfair to label ‘age’ as the main
driver of whether revascularization is attempted or not.
Many cofounders may explain the lower rate of PCI among
elderly patients. First, the delay between elderly patients
experiencing symptoms and reporting to an emergency
room is usually increased [2, 9, 10]. This is mainly due to
the frequent atypical presentation (dyspnea, nausea, abdomi-
nal pain) of elderly patients, setting back the diagnosis of
STEMLI. Since the benefit of PCI is inversely associated with
the symptoms-to-balloon time, they are more likely to be
treated medically and thus exposed to an increased risk of
mortality [5, 6]. Second, the subjective assessment of frailty,
including functional and cognitive status, may also influence
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the decision to conservatively treat elderly patients or to
limit access to the intensive care unit. Frailty is diagnosed
among approximately 25% of STEMI patients over the age
of 85 years and is strongly associated with mortality [11].
It should be noted, however, that the lack of standardized
criteria to define frailty remains a major issue with respect
to adequately guiding the decision of revascularization
[12]. Third, elderly patients have a higher risk of bleeding
and a higher rate of chronic kidney disease compared with
younger patients [13]. These factors are closely associated
with two acute PCI complications: hematoma and contrast-
induced nephropathy, both associated with an increased risk
of mortality [14—16]. Finally, the greater prevalence of mul-
tivessel coronary disease, cardiogenic shock, and malignant
ventricular arrhythmias among elderly patients, leading to
a higher total number of events, explains also the greater
absolute reduction in mortality among elderly and very
elderly patients compared to younger primary PCI patients
[17, 18]. Despite these cofounders, age is less associated
with mortality than heart failure or diabetes at presentation.
Thus, elderly patients, even after 90 years of age, treated
with primary PCI have still a two- to threefold lower rate
of in-hospital and 12-month mortality compared to those
treated medically [19-23]. Moreover, although elderly
patients carry an important and increasing medical cost
burden, financial dimensions should not be considered in
therapeutic management and emergency care, which should
be provided independently of age and rather with regard to
frailty in order to avoid futile interventions.

These findings advocate for a first-line invasive approach
for elderly patients with STEMI.

3 Specificities of the Reperfusion Strategy
in Elderly Patients

Over the last decades, primary PCI combined with evidence-
based therapies and reduction of transfer times have dramati-
cally improved the prognosis of STEMI patients, regardless
of the age, including patients over the age of 85 years [24,
25].

Few dedicated studies have compared PCI with fibrinolytic
reperfusion strategy among elderly patients, a subgroup repre-
senting less than 10% of the population when not systematically
excluded [26-28]. Of interest, primary PCI and fibrinolytic
therapy among elderly patients were associated with consistent
rates of major bleeding events (3—5%) and intracranial hem-
orrhages (about 0.5%), while the impact on ischemic events
was controversial [28-31]. Only three small sample size ran-
domized trials compared PCI with fibrinolytic therapy among
elderly subjects: the Zwolle trial (n = 87) [32], the TRatamiento
del Infarto Agudo de miocardio eN Ancianos (TRIANA) trial
[33] (n = 266), and the unpublished PAMI Senior (Primary
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Angioplasty Versus Thrombolytic Therapy for Acute Myocar-
dial Infarction in the Elderly) (n = 481) trial. The PAMI Senior
and TRIANA trials were prematurely interrupted because of
recruitment issues, illustrating the difficulties of conducting
large trials in this population. In both trials, there was no dif-
ference between the two strategies on the primary endpoint,
a composite of all-cause mortality, re-infarction, or disabling
stroke at 30 days. However, a pooled analysis [33] demonstrated
that primary PCI was associated with a reduced rate of the pri-
mary composite endpoint compared with fibrinolytic therapy
(14.9% vs 21.5%, respectively; OR 0.64, 95% CI 0.45-0.91; p
= 0.013). Despite limited data, these analyses suggest a benefit
of primary PCI among elderly patients, supporting an invasive
approach as a first-line therapy in STEMI, regardless of age
[4]. Following this recommendation, the proportion of older
patients undergoing PCI increased from 30 to 80-90% over the
last 15 years [21, 34, 35]. Moreover, it was followed by a reduc-
tion of in-hospital and long-term mortality [21, 36].

Finally, the transradial approach should be the preferred
approach among elderly patients, since it is associated with
a reduction in mortality and bleeding events compared with
the transfemoral approach. This approach is widely feasible
in elderly patients, as demonstrated in 95% of the patients
prospectively enrolled in an observational study [37]. Other
technical aspects of reperfusions strategies should be similar,
regardless of age, such as the use of drug-eluting stents (DES)
in the first line [4].

Among elderly patients, bare-metal stents (BMS) were his-
torically implanted to reduce the duration of dual antiplatelet
therapy, decreasing the risk of bleeding. Nevertheless, the
latest generation of DES allows a similar duration of dual
antiplatelet therapy. The Short Duration of Dual antiplatElet
Therapy With SyNergy II Stent in Patients Older Than 75
Years Undergoing Percutaneous Coronary Revascularization
(SENIOR) trial randomized 1200 patients aged > 75 years
requiring PCI to either BMS or DES in stable angina or ACS
settings. The primary composite endpoint (all-cause mortality,
myocardial infarction (MI), stroke, or ischemia-driven target
lesion revascularization) occurred less frequently in patients
treated with DES than BMS [12% vs 16%; Relative Risk (RR)
0.71, 95% CI 0.52-0.94; p = 0.02]. This study demonstrates
that DES implantation among all-comer elderly patients,
regardless of their clinical presentation, is safe and is associ-
ated with fewer ischemic events, with a benefit mainly related
to a reduction in repeated revascularizations [38].

4 Timing and Dosage of Fibrinolytic Therapy
Among Elderly Patients

When primary PCI cannot be performed within 120 min,
fibrinolytic therapy is the recommended reperfusion strat-
egy within 12 h of symptom onset, regardless of age [4].

However, elderly patients are more likely to have both
absolute (e.g., uncontrolled hypertension, recent stroke,
history of intracranial hemorrhage) and relative (e.g., prior
stroke, dementia, chronic anticoagulation) contraindica-
tions to fibrinolytic therapy. In addition, the intracranial
hemorrhage rate increases from 0.75% in patients aged
< 70 years to 2% among patients aged > 70 years [39].
Therefore, the evaluation of the benefit/risk ratio is critical
to guide the decision regarding fibrinolytic administration.

The recent multicentric randomized Strategic Reperfu-
sion Early after Myocardial Infarction (STREAM) trial
demonstrated that half-dose tenecteplase yields a favora-
ble risk/benefit ratio among elderly patients [26]. The
study protocol was amended to halve the dose of tenect-
eplase because of an excess of intracranial hemorrhage
in patients older than 75 years with the standard dose.
After amendment, the composite primary endpoint (death,
shock, congestive heart failure or reinfarction) at 30 days
occurred among 24.7% of subjects in the fibrinolysis
group and 28.4% in the primary PCI group, while major
bleedings occurred, respectively, in 14.0% and 11.2% (no
direct statistical comparison available), without any intrac-
ranial hemorrhage [40]. The ongoing STREAM?2 trial
(NCT02777580) should provide additional data, compar-
ing early half-dose tenecteplase fibrinolytic therapy with
primary PCI among patients > 70 years.

5 Should Antiplatelet Therapy be Different
in Elderly Patients?

Dual antiplatelet therapy with aspirin plus a P2Y, inhibi-
tor is the cornerstone treatment of ACS patients undergo-
ing PCI. In the STEMI setting, early administration of
P2Y,, inhibition, before coronary angiogram, is not still
debated and is recommended in international guidelines
[4]. Although no trial has yet specifically included elderly
patients in this setting, a recent meta-analysis, includ-
ing 9648 patients from seven randomized clinical trials,
confirmed that early P2Y, inhibition is associated with
a reduction in major cardiac adverse events without an
increase of major bleeding in comparison to a delayed
treatment on arrival in the catheterization laboratory [41].

Prasugrel and ticagrelor demonstrated superiority in
reducing the ischemic endpoints compared to clopidogrel
in large randomized trials [42, 43] but the benefit/risk ratio
of intense platelet inhibition in elderly patients remains
debated, and clopidogrel is still widely used [44]. How-
ever, international guidelines recommend ticagrelor as
first-line therapy regardless of age [4]. There was, indeed,
no interaction between ticagrelor effect and age on the
reduction of all-cause and cardiovascular mortality in
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the pivotal PLATelet inhibition and patient Outcomes
(PLATO) trial. There was also no effect modification of
age on the occurrence of major bleeding [45]. In STEMI,
the use of ticagrelor has not been specifically evaluated
among elderly patients. However, patients > 75 years of
age represented one sixth of the subjects randomized in
the A 30 Day Study to Evaluate Efficacy and Safety of
Pre-hospital vs In-hospital Initiation of Ticagrelor Therapy
in STEMI Patients Planned for Percutaneous Coronary
Intervention (ATLANTIC) trial [46, 47] that evaluated the
optimal timing of ticagrelor administration. There was no
interaction between time of ticagrelor administration (pre-
hospital vs in cathlab) and age on ischemic or bleeding
outcomes, suggesting the safety of the ticagrelor loading
dose in STEMI elderly patients.

In contrast, administration of prasugrel 10 mg is not rec-
ommended among patients > 75 years of age, since it was not
associated with improved net clinical benefit [48]. Even if a
reduced dose (5 mg) is recommended in elderly patients [4,
49], the question regarding the efficacy and safety of this dose
in comparison to clopidogrel remains debated. The Elderly
ACS?2 trial [50] comparing prasugrel 5 mg with clopidogrel
75 mg among ACS patients > 75 years of age undergoing
PCI was prematurely stopped. However, 1443 patients were
enrolled, including 40% of STEMI patients with a median
follow-up of 12 months. It demonstrated a similar rate of the
primary endpoint (mortality, MI, disabling stroke, and rehos-
pitalization for cardiovascular causes or bleeding) between
the two treatment arms (17% vs 16.6%; HR 1.01, 95% CI
0.78-1.30; p = 0.95). Reduced-dose prasugrel was associ-
ated with a numerically lower rate of definite/probable stent
thrombosis (0.7% vs 1.9%; OR 0.36, 95% CI 0.13-1.00; p
= 0.06) and a numerically higher rate of bleeding (4.1% vs
2.7%; OR 1.52,95% CI 0.85-3.16; p = 0.18) compared with
clopidogrel. Thus, there was no net clinical benefit of prasu-
grel compared with clopidogrel in elderly patients.

A systematic review comparing potent P2Y, inhibi-
tors with clopidogrel among 7860 elderly and 37,857 non-
elderly ACS patients demonstrated that a similar risk of
bleeding events between elderly (RR 1.19 [0.95-1.49]) and
nonelderly patients (RR 1.16 [0.95-1.41]. Since the effect
of novel P2Y, inhibitors is consistent among elderly versus
younger patients, potent antiplatelet therapy should not be
discontinued because of advanced age [51] (Fig. 1).

Age is not a key criterion to evaluate duration of dual
antiplatelet therapy after STEMI, which is usually recom-
mended within 12 months [4]. In case of additional bleeding
risk factors such as chronic kidney disease, low body weight,
concomitant oral anticoagulant, or prior bleeding events,
dual antiplatelet therapy should be reduced to a minimal
duration of 1 month. Of importance, routine use of proton-
pump inhibitors is systematically recommended to reduce
the risk of gastrointestinal bleeding [52].
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Cangrelor is the only available intravenous P2Y |, inhib-
itor. The CHAMPION PHOENIX trial demonstrated a
reduction in the prevalence of ischemic events in patients
undergoing PCI and treated with cangrelor compared with
clopidogrel [53]. The population of patients aged > 75 years
represented only 18% out of the 11,145 included subjects.
A sub-analysis regarding the impact of age on the clinical
outcomes reported that the effects of cangrelor were con-
sistent both in patients aged < 75 years and those > 75
years (interaction p = 0.55). There was no significant dif-
ference in the occurrence of GUSTO severe bleeding with
cangrelor or clopidogrel in patients aged > 75 years (0.3%
vs 0.5%; OR 0.58, 95% CI 0.14-2.44; p = 0.45). The net
clinical endpoint (death, MI, ischemia-driven revasculari-
zation, stent thrombosis, or GUSTO severe bleeding) was
reduced in patients treated by cangrelor irrespective of age
(> 75 years: OR 0.71, 95% CI 0.50-1.01; and < 75 years:
OR 0.82, 95% CI 0.68-0.99; interaction p = 0.48) [54]. As
a result, cangrelor may be considered at the time of PCI in
ACS elderly patients not pre-treated with oral P2Y,, inhibi-
tors or in those who are considered unable to absorb oral
agents [4].

Finally, in the acute phase, despite the absence of spe-
cific data regarding elderly patients, there is no evidence
for glycoprotein (GP) IIb/II1a inhibitors pre-hospital admin-
istration, and this should be considered only for bailout if
there is evidence of no-reflow or a thrombotic complication,
irrespective of age [4].

Recommended antithrombotic drugs and doses in elderly
patients are summarized in Table 1.

6 Added Value of Platelet Function Testing
in Elderly

Platelet function testing offers the possibility to adjust
antithrombotic treatment to a prespecified target. Sev-
eral pharmacodynamic studies demonstrated that high
on-treatment platelet reactivity is more frequent in
elderly patients, exposing them to an increased risk of
ischemic events, particularly for patients treated with
clopidogrel [55]. In contrast, elderly patients receiving
more potent P2Y, inhibitors have a higher rate of low
on-treatment platelet reactivity, increasing the risk of
bleeding [2, 56].

The Assessment of a Normal Versus Tailored Dose of
Prasugrel After Stenting in Patients Aged > 75 Years to
Reduce the Composite of Bleeding, Stent Thrombosis and
Ischemic Complications (ANTARCTIC) trial [57] ran-
domized patients aged > 75 years to oral prasugrel 5 mg
daily, with dose or drug adjustment in the case of inadequate
response, or oral prasugrel 5 mg daily with no monitoring.
This individualized approach failed to demonstrate a benefit
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Fig. 1 Efficacy and safety of
potent P2Y, inhibitors in
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Table 1 Recommended medical treatments of STEMI in elderly patients

Favors clopidogrel

Primary PCI strategy

Fibrinolysis strategy

Aspirin
Clopidogrel

Prasugrel

Ticagrelor

Anticoagulant therapies

GP IIb/IIIa inhibitors

Fibrinolytic

LD: IV 75-250 mg or oral 150-300 mg
MD: oral 75-100 mg per day

LD: 600 mg
MD: 75 mg per day

Generally not recommended but should be considered
only after individualized evaluation of bleeding risk

If this therapeutic strategy is decided:

LD: 60 mg

MD: 5mg per day

LD: 180 mg
MD: 90 mg bi-daily

UFH in first line: bolus 70-100 UI/Kg and reduced to
50-70 Ul/kg when GP IIb/IIa inhibitors bolus planned

Alternatives:

Enoxaparin: bolus 0.5 mg/kg

Bivalirudin: 0.75 mg/kg and infusion of 1.75 mg/kg/h
upto4h

Not recommended: fondaparinux

Should be considered as bailout for thrombotic complica-
tions only for patients without additional bleeding risk
factor

Abciximab: bolus of 0.25 mg/kg IV and infusion of 0.125
pg/kg/min for 12 h

Eptifibatide: bolus of 180 pg/kg IV and infusion of 2 pg/
kg/minup to 18 h

Tirofiban: 25 pg/kg and infusion of 0.15 pg/kg/min up to
18h

LD: 75 mg
MD: 75 mg per day

Not recommended in acute phase. Switch should be con-
sidered 48 h following fibrinolytic administration with
the MD of 5 mg daily

Not recommended in acute phase. Switch should be con-
sidered 48 h following fibrinolytic administration with
the MD of 90 mg bi-daily

Enoxaparin in first line: no IV bolus. Subcutaneous dose of
0.75 mg/kg with a maximum of 75 mg per injection
Alternatives:

UFH: bolus 60 Ul/kg (with a maximum of 4000 UI) and
infusion of 12 Ul/kg/h (with a maximum of 1000 Ul/h
for 24-48 h). Target activated partial thromboplastin
time: 50-70

Bivalirudin: 0.75 mg/kg and infusion of 1.75 mg/kg/h up
to4h

Not recommended: fondaparinux

Not recommended

Half-dose weight adjusted tenecteplase

Adapted from the 2015 ESC position paper for antithrombotic therapy in the elderly and the 2017 STEMI ESC guidelines [4, 64]

ESC European Society of Cardiology, GP glycoprotein, IV intravenous, LD loading dose, MD maintenance dose, PCI percutaneous coronary
intervention, STEMI ST-segment elevation myocardial infarction, UFH unfractionated heparin
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STEMI: SPECIFIC MANAGEMENT IN ELDERLY PATIENTS

RECOMMENDED ANTITHROMBOTIC AND REPERFUSION THERAPIES

INDIVIDUALIZED
EVALUATION

MEDICAL TREATMENT
in very frail patients

+ Clopidogrel 75mg

THROMBOLYSIS STRATEGY
Diagnosis-cathlab >2h

+ Half-dose tenecteplase

+ Enoxaparin (no bolus + sub

@{”
=

Aspirin
LD 150-300mg
+ MD 75-100mg

cutaneous 0.75 mg/kg)

Clopidogrel 75mg LD
+ clopidogrel 75mg MD

f
1
1
!
!
!

INVASIVE

Limited dose

STRATEGY

Careful Comorbidities of morphine PRIMARY PCl STRATEGY
2\;aa|:yar::i|:anl Frailty Preferred Diagnosis-cathlab <2h
radial access +1st line: ticagrelor 180mg LD
symptoms Cognitive status DES in first line . )

Low weight

Prior bleedings
Bleeding risk Renal failure

evaluation +++

Known anemia or
coagulation disorders

Long-term anticoagulant

+90mgx2 MD

OR2nd line: Clopidogrel
600mg LD +75mg MD

+ UFH in first line
Bolus 70-100 Ul/Kg

Fig.2 Specific evaluation and management of STEMI in elderly patients. DES drug-eluting stent, LD loading dose, MD maintenance dose, PCI
percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction, UFH unfractionated heparin

of platelet function testing on the clinical endpoint among
elderly ACS patients. The pre-specified analysis of the ran-
domized TROPICAL ACS trial [58, 59] aimed to assess
the impact of age on clinical outcomes following guided
de-escalation of antiplatelet treatment in ACS patients.
Patients were randomly assigned to either standard treatment
with prasugrel for 12 months or to a guided de-escalation
maintenance therapy with clopidogrel or prasugrel. In com-
parison to that in younger patients, the absolute risk of the
composite of cardiovascular death, MI, stroke, or bleeding
> Bleeding Academic Research Consortium (BARC) grade
2 was higher in patients aged > 70 years, without signifi-
cant difference between the two strategies (HR 1.17, 95%
CI 0.69-2.01; p=0.56). Therefore, routine use of platelet
function testing in elderly patients is not recommended to
adjust antithrombotic treatment [60].

7 Medical Treatment Features in Elderly

During the acute phase, age, by itself, should not limit the
administration of the recommended drugs. However, mor-
phine should be carefully used, to reduce the risk of confu-
sion. Of importance, education on the benefit of statins is
essential to improve patient adherence. Indeed, while STEMI
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patients often achieve better medical adherence than non-
ST-segment myocardial infarction (NSTEMI) patients (60%
vs 40%), a progressive rate of discontinuation of evidence-
based medicine is usually observed among elderly patients,
including for antithrombotic drugs and statins [61]. Finally,
age is usually associated with longer hospitalization dura-
tion, that however, should be individualized and shortened
following PCI, based on the patient’s cardiac risk, comor-
bidities, functional status and social support [62, 63].

8 Conclusion

Despite frequent atypical symptoms, electrocardiogram
findings and delayed presentation, the diagnosis of STEMI
should always be suspected among elderly patients. When
it is confirmed, they should receive the same recommended
treatment as younger patients. An invasive strategy should
be the default strategy, although it is essential to assess
functional and cognitive status prior to the decision. Spe-
cific strategies to reduce the risk of bleeding should be
preferred such as a radial approach and adjusted dose of
antithrombotic therapies. (See Fig. 2 for an overview of the
management of STEMI in elderly patients.) Finally, a mul-
tidisciplinary patient-centered approach, designed by both
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cardiologist and gerontologist, should be proposed to guide
the global management of the frailest patients.
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