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Abstract: Managing health care for older adults aged 75 years and older can pose unique challenges
stemming from age-related physiological differences and comorbidities, along with elevated risk of
delirium, frailty, disability, and polypharmacy. This review is aimed at providing a comprehensive
analysis of the management of acute coronary syndromes (ACS) in older patients, a demographic
substantially underrepresented in major clinical trials. Because older patients often exhibit atypical
ACS symptoms, a nuanced diagnostic and risk stratification approach is necessary. We aim to
address diagnostic challenges for older populations and highlight the diminished sensitivity of
traditional symptoms with age, and the importance of biomarkers and imaging techniques tailored
for older patients. Additionally, we review the efficacy and safety of pharmacological agents for
ACS management in older people, emphasizing the need for a personalized and shared decision-
making approach to treatment. This review also explores revascularization strategies, considering
the implications of invasive procedures in older people, and weighing the potential benefits against
the heightened procedural risks, particularly with surgical revascularization techniques. We explore
the perioperative management of older patients experiencing myocardial infarction in the setting of
noncardiac surgeries, including preoperative risk stratification and postoperative care considerations.
Furthermore, we highlight the critical role of a multidisciplinary approach involving cardiologists,
geriatricians, general and internal medicine physicians, primary care physicians, and allied health, to
ensure a holistic care pathway in this patient cohort.

Keywords: acute coronary syndrome; coronary artery disease; cardiovascular disease; older adults;
octogenarians; multimorbidity; frailty

1. Introduction

By 2050, approximately 16% of the global population will be ≥65 years of age, with
a projected life expectancy of 77.2 years [1]. Although the term “older adult” has been
used to refer to a range of age subgroups in the medical literature, the American College
of Cardiology/American Heart Association’s Guideline for the Evaluation and Diagnosis

J. Clin. Med. 2024, 13, 4416. https://doi.org/10.3390/jcm13154416 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm13154416
https://doi.org/10.3390/jcm13154416
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-2069-1542
https://orcid.org/0009-0009-3859-7707
https://orcid.org/0000-0003-1863-7539
https://orcid.org/0000-0002-3706-4150
https://orcid.org/0000-0003-4957-186X
https://orcid.org/0000-0001-7403-7680
https://orcid.org/0000-0003-2044-5560
https://orcid.org/0000-0002-8532-7891
https://orcid.org/0000-0002-8739-676X
https://orcid.org/0000-0003-2821-1451
https://orcid.org/0000-0002-8741-8631
https://doi.org/10.3390/jcm13154416
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm13154416?type=check_update&version=1


J. Clin. Med. 2024, 13, 4416 2 of 26

of Chest Pain defines older adults as those ≥ 75 years of age [2]. Approximately 35–40%
of all cases of acute coronary syndrome (ACS) occur in older adults, who have an 8-year
mortality rate of 77% after myocardial infarction (MI) [3–6]. Older adults exhibit age-
related changes that predispose them to ACS (Figure 1), including an increased prevalence
of inflammaging [7]. This phenomenon, characterized by a chronic pro-inflammatory state,
is a major contributor to the development and progression of atherosclerosis. Nonetheless,
older adults remain substantially underrepresented in major clinical trials, thus leading to
a paucity of evidence-based guidelines tailored to this population [8]. Consequently, the
management of older patients with ACS is often guided by extrapolated trial findings from
younger populations.

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 2 of 29 
 

 

Cardiology/American Heart Association’s Guideline for the Evaluation and Diagnosis of 
Chest Pain defines older adults as those ≥ 75 years of age [2]. Approximately 35–40% of all 
cases of acute coronary syndrome (ACS) occur in older adults, who have an 8-year mor-
tality rate of 77% after myocardial infarction (MI) [3–6]. Older adults exhibit age-related 
changes that predispose them to ACS (Figure 1), including an increased prevalence of in-
flammaging [7]. This phenomenon, characterized by a chronic pro-inflammatory state, is 
a major contributor to the development and progression of atherosclerosis. Nonetheless, 
older adults remain substantially underrepresented in major clinical trials, thus leading 
to a paucity of evidence-based guidelines tailored to this population [8]. Consequently, 
the management of older patients with ACS is often guided by extrapolated trial findings 
from younger populations. 

 
Figure 1. Age-related changes predisposing older adults to acute coronary syndromes. 

Older patients are considerably less likely to be treated with optimal guideline-di-
rected medical therapy and more than twice as likely to receive conservative medical man-
agement, than younger patients [5,9]. Older patients undergoing conservative medical 
management for non-ST-segment elevation MI (NSTEMI) have nearly two-fold greater 
mortality than those treated with percutaneous coronary intervention (PCI) or coronary 
artery bypass grafting (CABG) [9]. Regardless of the selected treatment approach, older 
patients with ACS have significantly higher in-hospital mortality rates than younger pa-
tients. 

A notable gap exists in cardiology guidelines regarding the diagnosis and manage-
ment of ACS in older adults. These patients can pose diagnostic and management chal-
lenges, often because of age-related physiological differences and the presence of concur-
rent geriatric syndromes (Figures 1). Addressing ACS in the context of these geriatric 
comorbidities, with the inclusion of a multidisciplinary team (MDT), is essential for 
providing effective treatment to this patient cohort, where competing life-limiting condi-
tions often exist. This review emphasizes the need for using a tailored and individualized 
approach to ACS diagnosis and management in older adults while considering the intri-
cate interplay of comorbidities and the unique challenges associated with aging. 

  

Figure 1. Age-related changes predisposing older adults to acute coronary syndromes.

Older patients are considerably less likely to be treated with optimal guideline-directed
medical therapy and more than twice as likely to receive conservative medical management,
than younger patients [5,9]. Older patients undergoing conservative medical management
for non-ST-segment elevation MI (NSTEMI) have nearly two-fold greater mortality than
those treated with percutaneous coronary intervention (PCI) or coronary artery bypass
grafting (CABG) [9]. Regardless of the selected treatment approach, older patients with
ACS have significantly higher in-hospital mortality rates than younger patients.

A notable gap exists in cardiology guidelines regarding the diagnosis and management
of ACS in older adults. These patients can pose diagnostic and management challenges,
often because of age-related physiological differences and the presence of concurrent geri-
atric syndromes (Figure 1). Addressing ACS in the context of these geriatric comorbidities,
with the inclusion of a multidisciplinary team (MDT), is essential for providing effective
treatment to this patient cohort, where competing life-limiting conditions often exist. This
review emphasizes the need for using a tailored and individualized approach to ACS
diagnosis and management in older adults while considering the intricate interplay of
comorbidities and the unique challenges associated with aging.

2. ACS Evaluation

The term ACS encompasses a group of conditions including ST-segment elevation
MI (STEMI), NSTEMI, and unstable angina, which involve acute myocardial ischemia or
infarction [10].
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Myocardial ischemia results from an imbalance between oxygen supply and demand
and can be identified from the patient’s history and ECG [10]. Chest pain is a common pre-
senting symptom in patients with ACS. All patients presenting with chest pain, regardless
of age, should be promptly assessed to exclude life-threatening conditions such as ACS, pul-
monary embolism, aortic dissection, esophageal rupture, or tension pneumothorax [2]. A
fundamental component of this evaluation is an initial electrocardiogram (ECG), supported
by a physical examination, cardiac biomarkers, and most importantly a comprehensive
history (Figure 2).
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Older patients, however, are more likely than younger patients to exhibit atypical
symptoms, thus further complicating the diagnostic workup of ACS [11]. Among older
adults presenting with MI, 44% do not report chest pain as their primary symptom, includ-
ing 40% of patients with STEMI [12]. Additionally, in patients presenting with NSTEMI,
women are less likely than men to present with chest pain as their primary symptom. A to-
tal of 13% of patients ≥ 75 years of age hospitalized with acute MI present with respiratory
symptoms as their primary complaint, 11% present with any other discomfort, 6% present
with gastrointestinal symptoms, 3% present with fatigue or weakness, and 3% are asymp-
tomatic at presentation. Several possible mechanisms may contribute to the presentation of
atypical chest pain in older patients, including reduced pain perception due to increased
pain thresholds to short-duration noxious stimuli and an increased prevalence of comor-
bidities such as diabetes that can lead to cardiac autonomic dysfunction [13,14]. Cardiac
autonomic dysfunction is significantly associated with a higher risk of silent myocardial
ischemic events [15]. Delays in recognizing ACS in older patients who are asymptomatic or
present with atypical symptoms may be associated with delayed treatment and increased
long-term mortality [16].

2.1. ECG Interpretation and ACS Diagnosis in Older Adults

ECG interpretation in older adults can be challenging because as many as 70% of
adults ≥ 75 years of age exhibit baseline ECG abnormalities [17]. Approximately 9% of
older adults have atrial fibrillation (AF), 13% have first-degree atrioventricular block, 10%
have right bundle branch block, and 20% show signs of left ventricular hypertrophy. These
abnormalities lead to a 50% higher rate of false positive ACS diagnoses [18]. Although
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these abnormalities can indicate a higher risk of future adverse cardiovascular events, their
prevalence limits the effectiveness of ECG screening in diagnosing ACS in older patients.

High-sensitivity cardiac troponin T/I (hs-cTn T/I) is widely used in the diagnostic
workup of patients with ACS but has lower diagnostic accuracy in older patients relative
to younger patients [19]. Routine troponin testing is not recommended for older people
with non-specific symptoms. In a study of 594 patients ≥ 65 years of age presenting with
nonspecific symptoms, 69% underwent evaluation with troponin testing, 20% of whom
had elevated troponin levels [20]. However, only 1.2% of patients tested for troponin levels
received a diagnosis of ACS. Elevated troponin levels are often associated with condi-
tions such as chronic obstructive pulmonary disease, cardiomyopathies, diabetes, anemia,
and renal insufficiency—comorbidities commonly encountered in older people. Among
patients ≥ 65 years of age, 73% have elevated cardiac troponin T without a clinical diagnosis
of ACS, thus highlighting the need to reassess conventional cut-off values in this population
and adopt careful interpretation [21]. Cardiac myosin-binding protein C (cMyC) is a novel
cardiac biomarker with the potential to aid in diagnosing and predicting cardiovascular
events [22]. Its interpretation should be considered alongside other markers, such as cardiac
troponins. Although no statistically significant differences in cMyC concentrations have
been observed with age, further research is required to analyze the prognostic utility of
cMyC in older adults.

Myocardial injury is characterized by an elevated cardiac troponin level above the 99th
percentile and is classified as acute if a significant rise and/or fall in levels is observed [10].
Type 1 MI (T1MI) is due to atherothrombotic coronary artery disease (CAD) and is typically
precipitated by rupture or erosion of atherosclerotic plaques. In contrast, type 2 MI (T2MI) is
characterized by ischemic myocardial injury resulting from an imbalance between myocar-
dial oxygen supply and demand, without plaque disruption. Among patients with elevated
troponin, the incidence of T2MI is approximately 21%, while T1MI comprises 46%, and
myocardial injury comprises 33% [23]. The median age of patients with T2MI is 81 years,
and that of myocardial injury is 84 years. In contrast, the median age for patients with T1MI
is 67 years. Patients with T2MI are likely to be older and have more comorbidities [24].
The mechanisms underlying T2MI are due to age-associated physiological cardiovascular
decline; predisposing factors such as chronic anemia and valvular disease such as severe
aortic stenosis; and acute triggering factors such as acute infections, tachyarrhythmias, and
acute decompensated heart failure [25]. Given the extensive list of differential diagnoses
associated with elevated troponin levels in older patients, a thorough diagnostic evaluation
should be conducted as treatment approaches can vary widely according to the underlying
cause of troponin elevation.

2.2. Use of Non-Invasive Imaging Modalities

Cardiovascular imaging is often used in the diagnostic workup of ACS. However,
various confounding factors that might influence test results in older patients must be
considered. Cognitive impairment can impede patients’ ability to follow instructions,
whereas conditions such as kyphoscoliosis, arthritis, and changes in body habitus can make
positioning patients for optimal imaging challenging, reducing its diagnostic accuracy [26].

Bedside echocardiography is a valuable tool for the diagnosis of ACS in older patients,
particularly in the setting of a rise in troponin coupled with atypical symptoms or baseline
ECG abnormalities, which are frequently observed in older people [27]. Bedside echocar-
diography enables the detection of regional wall motion abnormalities suggestive of CAD
and mechanical complications of MI, including mitral regurgitation, pericardial effusion,
LV thrombus, free wall rupture, and ventricular septal rupture [28]. Bedside echocardio-
graphy can also aid in detecting severe valvular disease before cardiac catheterization
and thus guide management decisions [27]. Additionally, echocardiography is instru-
mental in the diagnosis of Takotsubo cardiomyopathy, which is most commonly found in
older women. The pathophysiology of Takotsubo syndrome is complex, reflecting the sys-
temic physiological response to acute, severe stress [29]. This response leads to persistent



J. Clin. Med. 2024, 13, 4416 5 of 26

myocardial stunning, causing diffuse regional wall motion abnormalities despite the ab-
sence of significant obstructive CAD, with spontaneous recovery of myocardial function
typically occurring within days or weeks [30].

Coronary computed tomography angiography (CCTA) is a non-invasive imaging
modality capable of quantifying atherosclerotic plaque burden, as well as diagnosing
the extent and severity of obstructive and non-obstructive CAD, without the challenges
associated with exercise or pharmacological stress, which are common in older adults.
CCTA is recommended as a class 1, level 1A recommendation to exclude atherosclerotic
plaques and obstructive CAD in patients at intermediate risk of ACS who present with
acute chest pain and no history of CAD, following an inconclusive or negative evaluation
for ACS [2]. Whereas clinicians may use CCTA for triage of younger patients with suspected
ACS through assessment of high-risk plaques, an age-specific approach is crucial when
considering the use of CCTA in older populations.

Several limitations of CCTA should be considered when this diagnostic modality is
used for the evaluation of older patients with suspected ACS. Densely calcified plaques,
which are more common in older patients, can impair the accuracy and quality of CCTA
interpretation because of blooming artifacts and can lead to overestimation of luminal
stenosis [31]. CCTA also requires intravenous contrast, which may pose limitations in pa-
tients with underlying renal impairment, and tachycardia can also preclude the acquisition
of high-quality images [26]. Although CCTA is safer and less expensive than invasive coro-
nary angiography, the limitations of CCTA should be considered, given its lower diagnostic
accuracy in older adults.

3. Pharmacological Management

Older patients are less likely than younger patients to receive guideline-directed
medical therapy in the management of ACS, although age is an independent risk factor
for cardiovascular disease burden and mortality [32,33]. Several factors influence this
treatment–risk paradox. Aging can affect both pharmacokinetics and pharmacodynamics,
by decreasing kidney function and hepatic perfusion, causing changes in body fat and
muscle mass composition, and potentially influencing drug tolerability and the risk of
drug-related adverse effects [33,34]. Trials of pharmacotherapy in ACS often exclude or
underrepresent patients > 75 years of age [35,36]. Older patients frequently have multiple
comorbidities with many drug–disease interactions (Table 1). Finally, polypharmacy (the
use of five or more medications) is common in older populations, thus increasing the risk
of drug–drug interactions (Table 1). The addition of further medications after ACS may
increase the risk of medication errors, lack of adherence, and hospitalization [37]. Dexterity
and visual impairment may also impair the ability of an older adult to comply with the
recommended pharmacotherapy [38]. While dose administration aids have helped in this
aspect, they can also add to the cost of treatment. Pharmacological management of ACS in
this context, as well as its potential to influence the risk of falls, confusion and cognition,
frailty, and function, must be carefully considered, as does the evidence base with regard to
treatment recommendations [39].

Recommendation: When prescribing pharmacological therapy in older adults post-ACS, con-
sideration should be given to minimizing medication-related risks. This can be achieved by involving
pharmacy services early during hospital admission and at discharge, with home visits, simplifying
medication regimens with combination tablets or once-daily dosing where possible, deprescribing
when appropriate, and rationalizing medications to reduce polypharmacy.
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Table 1. Summary of pharmacotherapy post-acute coronary syndrome and considerations in the older population.

Drug Class † and Mechanism
of Action Side Effects Drug–Disease Interactions

(Side Effects)
Drug–Drug Interactions
(Side Effects)

Other Considerations in
the Older Population Duration of Use

Antiplatelet therapy
Aspirin
Irreversibly binds to
cyclo-oxygenase,
reducing the synthesis of
thromboxane A2
(inducer of platelet
aggregation)

GI ulceration, bleeding,
skin reactions

Gastritis or peptic ulcer
disease, bleeding disorders,
severe hepatic disease
(↑ bleeding risk),
asthma (bronchospasm)

Corticosteroids, NSAIDs
(↑risk of gastric ulceration)
Anticoagulants (↑ bleeding)

Continued assessment of
bleeding risk through risk
stratification, reviewing
concurrent comorbidities and
medications

Long-term *

P2Y12 inhibitor therapy
Prasugrel, Clopidogrel,
Ticagrelor
Binds irreversibly (prasugrel,
clopidogrel) or
reversibly (ticagrelor) to the
P2Y12 receptor
inhibiting platelet aggregation

GI ulceration, bleeding
Ticagrelor—dyspnea,
non-cardiac chest pain, raised
uric acid
concentration

Bleeding disorders,
severe hepatic disease
(↑ bleeding risk)
Prasugrel—previous stroke or
TIA (↑ bleeding risk and risk
of hemorrhagic strokes)

Clopidogrel CYP2C19
heterogenicity—poor
metabolizers (↓ efficacy),
PPIs—omeprazole,
esomeprazole (↓ efficacy)
Ticagrelor—CYP3A4 inhibitors
(↑ bleeding)

Continued assessment of
bleeding risk through risk
stratification, reviewing
concurrent comorbidities and
medications

Figure 3

Lipid-lowering therapy
Atorvastatin, Rosuvastatin
(high-intensity)
HMG-CoA reductase
inhibitors (statins) increases
hepatic cholesterol uptake
from the blood.
Atherosclerotic lesion/plaque
stabilization

Myalgia and
myopathy, sleep
disturbance (insomnia,
nightmares),
liver toxicity

Chronic liver disease
diabetes, CKD, (statin
-induced myopathy)

Atorvastatin—dose reduction
with CYP3A4 inhibitors

Close monitoring of side
effects as myopathies may
impact on physical function,
frailty and falls and sleep
disturbances may impact on
risk of delirium and falls

Long-term *

Beta-blocker therapy
Reduces heart rate and blood
pressure,
modulates myocardial
contractility and
oxygen demand, can improve
myocardial
ischemia and reduce
ventricular arrythmias

Bradycardia,
hypotension, fatigue,
bronchospasm,
claudication, masking
symptoms of
hypoglycemia and
depression

COPD or asthma
(bronchospasm),
diabetes (hypoglycemia),
renal impairment,
AV node dysfunction
(bradycardia),
PVD (claudication)

Gliclazides (hypoglycemia),
AV nodal blocking
medications (bradycardia)

Close monitoring of side
effects as hypotension and
bradycardia may increase falls
risk, fatigue may
decrease function and
independence

Consider
cessation at 3 years or
sooner
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Table 1. Cont.

Drug Class † and Mechanism
of Action Side Effects Drug–Disease Interactions

(Side Effects)
Drug–Drug Interactions
(Side Effects)

Other Considerations in
the Older Population Duration of Use

ACEI and ARBs
Inhibition of the angiotensin
converting
enzyme or angiotensin
receptor blocker

Hypotension,
hyperkalemia,
worsening renal
function, angioedema,
cough (ACEI)

CKD (hyperkalemia and
renal failure)

Trimethoprim, ciclosporin
(increase
potassium concentration)
NSAIDs, diuretics (impaired
renal function)

Close monitoring of side
effects as hypotension can
increase falls risk

Long-term *

* Long-term: Defined as a time course in which medications that are life-prolonging are continued in alignment with the patient’s current values, preferences, and overall prognosis. If
these values and preferences change or overall prognosis becomes poor, these medications should be reviewed and deprescribed as appropriate. In addition, if any harm or adverse
effects occur then they should be discontinued. † Bold text identifies the drug classes and examples of drugs within the drug classes where relevant. ↓: refers to decreased, ↑: refers to
increased, ACEI: angiotensin-converting enzyme inhibitor; ARBs: angiotensin receptor blocker; AV: atrioventricular; CCB: calcium channel blockers; CKD: chronic kidney disease;
COPD: chronic obstructive pulmonary disease; eg: for example; GI: gastrointestinal; HFrEF: heart failure with reduced ejection fraction defined as left ventricular ejection fraction ≤ 40%;
HMG-CoA: 3-Hydroxy-3-methylglutaryl coenzyme A; NSAIDs: non-steroidal anti-inflammatories; PPI: proton pump inhibitor, PVD: peripheral vascular disease; TIA: transient
ischemic attack.
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3.1. Dual Antiplatelet Therapy

Low-dose aspirin in combination with a potent P2Y12 inhibitor (prasugrel or ticagrelor)
for 12 months after ACS is the recommended standard dual antiplatelet therapy (DAPT)
strategy, which is superior to clopidogrel in decreasing ischemic events, despite posing a
higher bleeding risk [33,34]. However, DAPT therapy in older populations after ACS can be
challenging, because multiple comorbidities as well as complex coronary disease are often
present, thus increasing bleeding and/or thrombotic risk. The 2021 American College of
Cardiology/American Heart Association Guideline for Coronary Artery Revascularization,
suggests that more potent P2Y12 inhibitors should be used with caution in older adults
receiving standard DAPT therapy due to increased bleeding risk [36]. Similarly, the recent
2023 European Society of Cardiology Guideline for the Management of Acute Coronary
Syndromes, has newly recommended the consideration of clopidogrel as the P2Y12 inhibitor
in older patients with ACS (≥ 70 years of age), particularly in those with a high bleeding
risk (class 2B, level B recommendation) [35]. Consideration should therefore be given to
bleeding risk versus thrombotic risk, as well as standard versus alternative DAPT strategies,
to better individualize DAPT therapy in older patients (Figure 3).

3.1.1. Assessing Bleeding and Thrombotic Risk

Two clinical scores are recommended for evaluating older patients at high bleeding
risk (HBR) receiving DAPT therapy after ACS [40]. The PRECISE-DAPT score includes
five criteria (age, creatinine clearance, hemoglobin level, white blood cell count, and
previous spontaneous bleeding) to predict the risk of out-of-hospital bleeding with DAPT,
with a score ≥ 25 indicating HBR [41]. The Academic Research Consortium for High
Bleeding Risk (ARC-HBR) developed a consensus definition of clinical and biochemical
data wherein patients are considered to have HBR if at least one major and two minor
criteria are present (Table 2) [42]. Given that age is a criterion in both scoring methods, older
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patients are frequently identified as having HBR. High thrombotic risk can be considered in
patients with previous stent thrombosis while receiving antiplatelet treatment, and complex
PCI (three vessels treated, three or more stents implanted, three or more lesions treated,
bifurcation with two stents implanted, total stent length > 60 mm, surgical bypass graft
or chronic total occlusion at target lesions, atherectomy device use, or left main PCI) [43].
Consideration should also be paid to ischemic risk and comorbidities contributing to
cardiovascular risk factors. A post hoc analysis of the Elderly ACS II trial, comparing
reduced dose prasugrel (5 mg daily) with clopidogrel, has identified that potent P2Y12
inhibition significantly decreases the risk of ischemic events in the 30 days after ACS but
increases rates of bleeding in the following 31–365 days [44]. Thrombotic risk after ACS
is high in the acute phase and gradually decreases over time, whereas the bleeding risk
remains constant; therefore, DAPT therapy and potentially its duration can be tailored to
better match this profile in older people.

Table 2. ARC-HBR Criteria for assessing high bleeding risk at time of PCI.

Major Criteria Minor Criteria

• Anticipated use of long-term oral anticoagulation
• Severe or end-stage CKD (eGFR < 30 mL/min)
• Hemoglobin < 11 g/dL
• Spontaneous bleeding requiring hospitalization or transfusion in

the past 6 months or at any time, if recurrent
• Moderate or severe baseline thrombocytopenia (platelet

count < 100 × 109/L)
• Chronic bleeding diathesis
• Liver cirrhosis with portal hypertension
• Active malignancy within the last 12 months (excluding

non-melanoma skin cancer)
• Previous spontaneous ICH (at any time), previous traumatic ICH

within the past 12 months, presence of brain AVM, moderate or
severe ischemic stroke within the past 6 months

• Non-deferrable major surgery on DAPT
• Recent major surgery or major trauma within 30 days before PCI

• Age > 75 years of age
• Moderate CKD (eGFR 30–59 mL/min)
• Hemoglobin 11–12.9 g/dL for men and

11–11.9 g/dL for women
• Spontaneous bleeding requiring hospitalization or

transfusion within the past 12 months not meeting
the major criterion

• Long-term use of oral NSAIDs or steroids
• Any ischemic stroke at any time not meeting the

major criterion

ARC-HBR: Academic Research Consortium for High Bleeding Risk; AVM: arteriovenous malformation; CKD:
chronic kidney disease; DAPT: dual antiplatelet therapy; eGFR: estimated glomerular filtration rate; ICH: intracra-
nial hemorrhage; NSAID: non-steroidal anti-inflammatory drug; PCI: percutaneous coronary intervention.

3.1.2. Standard DAPT Therapy

In critical trials of ticagrelor and prasugrel, older patients ≥ 75 years of age have been
underrepresented. This population accounted for only 15.5% (n = 2878) of participants in
the PLATO trial and 13% (n = 1770) of participants in the TRITON-TIMI 38 trial [45,46].
Subsequently, several studies and post hoc analyses were conducted to provide further
evidence of standard DAPT therapy in older people.

3.1.3. Ticagrelor vs. Clopidogrel

There has been inconsistent evidence of the ischemic benefit of ticagrelor over clopido-
grel in the older population as standard DAPT therapy. A substudy of the PLATO trial in
older patients ≥ 75 years of age compared with those < 75 years of age receiving ticagrelor
continued to have a reduction in ischemic events without an increase in the rate of major
bleeding [47]. Comparatively, The POPular AGE randomized controlled trial (RCT), did not
show improved ischemic outcomes with ticagrelor over clopidogrel, in patients ≥ 70 years
of age and was associated with significantly elevated rates of bleeding [48]. Premature
discontinuation of ticagrelor occurred in 47% (n = 238) of patients in this study, thus po-
tentially limiting the potential benefits of ticagrelor but also possibly reflecting real-life
limitations in maintaining high potency antiplatelet therapy in older patients [48]. A recent
observational analysis from the SWEDEHEART registry, in patients with ACS ≥ 80 years
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of age prescribed ticagrelor versus clopidogrel, reported that patients receiving ticagrelor
had a higher risk of death and bleeding than those treated with clopidogrel [49].

3.1.4. Prasugrel vs. Clopidogrel

Prasugrel at full dose (10 mg daily) as standard DAPT therapy compared to clopidogrel
in the older cohort of the TRITON-TIMI 38 trial, identified no net clinical benefit, driven by
a significantly elevated risk of major and fatal bleeding [46]. Consequently, the European
Medicines Agency and US Food and Drug Administration do not recommend the general
use of prasugrel in older patients ≥ 75 years of age, unless high risk, and if used a reduced
dose of 5 mg daily is recommended [34,50]. Reduced dose prasugrel versus clopidogrel
has been investigated in older patients in two ACS trials. The Elderly ACS II trial, with
patients > 74 years of age with ACS undergoing early PCI, did not show significant
ischemic benefit with low dose prasugrel but did identify a higher rate of significant
bleeding [51]. In the TRIOLOGY ACS subgroup analysis, among older patients ≥ 75 years
of age receiving medical management after ACS, decreased dose prasugrel, compared with
clopidogrel, resulted in no difference in ischemic or bleeding outcomes [52]. Real-world
studies in all-comers, as well as a population of patients with stable ischemic heart disease
undergoing revascularization, have indicated comparable ischemic and bleeding outcomes
after stratification by P2Y12 inhibitor use [53].

3.1.5. Alternative DAPT Strategies

De-escalation of DAPT entails a switch from a more potent P2Y12 inhibitor (ticagrelor
or prasugrel) to clopidogrel in the 12-month period after ACS [35]. De-escalation of
DAPT therapy can be guided by platelet function testing or CYP2C19 genotyping or can
be unguided, on the basis of clinical assessment (unguided selective) or a predefined
time period (unguided uniform) [54]. The goal of de-escalation is to maximize ischemic
protection after the index event while minimizing bleeding risk (Figure 3).

Shortened DAPT therapy (≤ 6 months) in older patients with HBR and transitioning
to single agent antiplatelet therapy, either aspirin or clopidogrel, is another strategy that
may be considered (Figure 3). Trials assessing short-term DAPT compared with standard
DAPT therapy in patients with ACS have ranged in duration from 1 to 6 months [55–57].

A recently published meta-analysis by Fujisaki et al. has compared the efficacy and
safety of various DAPT strategies in older people (n = 47,911) after ACS from 16 trials [58].
The strategies were divided into DAPT with clopidogrel, DAPT with potent P2Y12 in-
hibitors, uniform de-escalation, guided de-escalation, and short-term DAPT. The study has
concluded that a uniform de-escalation strategy, compared with DAPT using potent P2Y12
inhibitors, is associated with improved net clinical benefits [58]. Short-term DAPT was
the least effective strategy for decreasing ischemic outcomes. However, short-term DAPT,
compared with potent P2Y12 inhibitors, significantly decreased major bleeding and may
be a reasonable option for older patients at HBR, without a high thrombotic risk [58].

Recommendation: DAPT therapy in older adults should be individualized according to bleeding
risk and thrombotic risk. Consideration should be given to de-escalating DAPT therapy, particularly
if HBR is associated with high thrombotic risk (Figure 3). The use of risk stratification tools in
this decision-making is warranted, and further research into the utility of artificial intelligence-
based models, such as machine-based learning methods, to further individualize decision-making
is required [59].

3.1.6. Combined Anticoagulant and Antiplatelet Therapy

Because the incidence of AF and stroke risk increases with age, many older patients
after ACS may also have concurrent indications for anticoagulation for stroke prevention
in AF, thus further increasing bleeding risk [60]. In the WOEST Trial, comparing dual
antithrombotic Therapy (DAT), clopidogrel, and warfarin, to triple antithrombotic therapy
(TAT), clopidogrel, aspirin, and warfarin, DAT was associated with a significant reduction
in bleeding, without an increase in the rate of thrombotic events [61]. Subsequent trials
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have compared TAT or DAT strategies with direct-acting oral anticoagulants (DOACs)
versus warfarin at varying durations, with DOACs demonstrating lower bleeding risk,
without an increase in thrombotic events [62–65].

Recommendation: Based on current evidence, consideration should be paid to only short-
duration TAT (≤1–4 weeks) in older patients after PCI with an indication for anticoagulation.
Preference should be given to DOACs over vitamin K antagonists, and DAPT with clopidogrel and
aspirin [33]. Transition to DAT with a DOAC and clopidogrel should be continued for 6–12 months,
and transition to DOAC alone should occur thereafter unless a significantly high ischemic risk
is identified [66,67]. The exact duration and combination of antithrombotic therapy should be
individualized and guided based on the ischemic and bleeding risk profile [60].

3.2. Proton Pump Inhibitors to Decrease Gastrointestinal Bleeding Risk

Proton pump inhibitors (PPI) decrease the risk of upper gastroduodenal bleeding
in patients receiving antithrombotic therapy [68,69]. PPI use was evident in the majority
of patients in the comparative DAPT trials in older people [48,51]. If a PPI is started
to decrease bleeding risk during the DAPT, DAT, or TAT period, attempts should be
made to discontinue after this period, if appropriate. Although data is conflicting, some
observational studies have suggested possible associations of long-term PPI therapy with
vitamin B12 deficiency, pneumonia, fractures, iron deficiency, chronic kidney disease (CKD),
and Clostridioides difficile infection [70]. If the antiplatelet agent selected is clopidogrel,
consideration should also be given to the drug interaction that exists between PPIs and
clopidogrel, especially with omeprazole and esomeprazole via CYPC219, and the potential
influence on antiplatelet activity, and an alternative PPI should be prescribed [71].

Recommendation: PPIs should be considered in all older patients receiving DAPT, DAT, or
TAT who are at high risk of gastrointestinal bleeding. Consideration should be given to avoiding
long-term use of PPIs, if possible, with subsequent deprescribing if bleeding risk decreases to an
acceptable level.

3.3. Lipid-Lowering Therapy

Intensive lipid-lowering therapy, achieved by the commencement of high-dose statin
therapy, is a key goal in secondary prevention after ACS. However, recommendations
for older patients differ across guidelines [35,72]. In patients ≥ 75 years of age, a recent
meta-analysis has confirmed the efficacy of low-density lipoprotein cholesterol lowering,
and a similar risk decrease across all major cardiovascular events was observed between
older patients and younger patients [73]. This finding was observed across statin and
non-statin (ezetimibe and PCSK9 inhibitor) trials [73]. Where possible, initiation of high-
dose, high-intensity statin therapy should be considered in older patients after ACS, and
consideration should be paid to likely drug interactions or comorbidities, which may
affect prescribing choices (Table 1). If high-intensity statin therapy cannot be tolerated, a
moderate-intensity statin combined with ezetimibe appears to have similar cardiovascular
benefits in older adults [74]. Myopathy and muscle-associated adverse effects with statin
therapy are common and must be considered [75]. The incidence of older patients who
encounter statin-induced myopathy and incur harm through increased falls, decreased
physical activity, or disability, is not well defined, and further research is required [76].
Concerns regarding statin-associated cognitive decline have been raised in aftermarket
reports, but a relationship has not been observed in RCTs [77].

Recommendation: Commencement of a high-intensity statin in older patients after ACS should
be considered unless frailty, comorbidities, and/or drug–drug or drug–disease interactions would
favor a decrease in statin dose or intensity (Table 1). After commencement, close monitoring of
adverse effects is necessary; if such effects develop, the dose should promptly be decreased to ensure
ongoing compliance, given the benefits in this cohort.
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3.4. Beta-Blocker Therapy

The evidence supporting the use of beta-blockers after ACS is strongest in patients
with decreased left ventricular ejection fraction (LVEF), large anterior MIs, or tachyarrhyth-
mias [35,78]. Routine use of beta-blockers outside this cohort may be considered; however,
contemporary observational studies suggest a lack of mortality benefit since the emergence
of reperfusion therapy and progressive pharmacotherapy, for which large RCT trials remain
ongoing [79–84]. Of interest, the recently published results of the REDUCE-AMI trial have
demonstrated no significant benefit of beta-blockers among patients who underwent early
coronary angiography after MI and had a preserved LVEF [85]. In a recent observational
study of 1156 patients ≥ 80 years of age after ACS, beta-blocker use at discharge showed no
significant association with a decrease in cardiovascular mortality over a mean follow-up
period of 26 months [86]. Beta-blockers may be less tolerated by older adults, with an
increased risk of resting conduction disease and noticeable fatigue, in addition to comorbid
bronchospasm syndromes [87].

The duration of beta-blocker therapy in older patients after ACS without decreased
LVEF, and the timing for deprescribing, remains unknown [35]. A recent observational
study in 6893 patients ≥ 65 years of age receiving beta-blockers, compared with patients
not receiving beta-blocker therapy, has reported no differences in cardiovascular outcomes
beyond 3 years, regardless of dose [88]. Studies in younger patients have suggested
the possibility of even earlier cessation and have shown no differences in cardiovascular
outcomes at 1 year or earlier, although the existing evidence is conflicting [89–96].

Recommendation: If beta-blockers are commenced in older patients after ACS, careful consid-
eration must be paid to monitoring for adverse effects such as hypotension, bradycardia, fatigue,
or breathlessness; dose reduction or cessation should be considered if quality of life is affected
(Table 1) [87].

3.5. Renin–Angiotensin–Aldosterone System Inhibitors

Angiotensin-converting enzyme inhibitors (ACEI) improve outcomes in patients after
ACS, particularly patients with an associated decrease in LVEF ≤ 40%, CKD, diabetes, and/or
hypertension [35,78]. In older patients with reduced systolic function after ACS, the subset of
patients ≥ 65 years of age within the Acute Infarction with Ramipril Efficacy (AIRE) Trial
and The Salvage and Ventricular Enlargement (SAVE) Trial showed a significant decrease
in mortality with long-term ACEI use [97,98]. Angiotensin receptor blockers (ARB) can be
considered an alternative to ACEI therapy in patients unable to tolerate ACEI [99–102].

In older people, ACEI or ARB may be underused because of concerns regarding
complications such as hyperkalemia, worsening renal function, and hypotension [103]. This
may be overcome by ensuring close monitoring of blood pressure, serum potassium, and
renal function in the first 12 weeks of introduction and at any subsequent dose change [104].
If creatinine clearance increases > 30% from baseline (or eGFR reduction is >25%), the ACEI
or ARB dose should be decreased or discontinued [36]. ACEI or ARB initiation after ACS is
known to be beneficial but effects extend to prevention and management of nephropathy
from diabetes, which is often comorbid in the older population [105].

Evidence suggests that ACEI therapy may improve physical function in older people;
however, further research is needed [106,107]. A recent meta-analysis of older patients
has indicated that those taking ACEI or ARB that cross the blood-brain barrier (ACEI:
captopril, fosinopril, lisinopril, perindopril, ramipril and trandolapril; ARBs: telmisartan
and candesartan) have better memory recall at 3 years than observed in patients taking
ACEI or ARB that do not cross the blood-brain barrier [108]. Afterload reduction with
ACEI and ARB is also thought to be beneficial in the management of aortic valve disease,
which often coexists in older patients even if not severe [109].

Recommendation: ACEI or ARB should be considered in older patients after ACS, especially
with left ventricular systolic impairment, and particularly if concurrent comorbidity is present,
wherein dual benefits would be obtained; close monitoring of adverse effects is warranted.
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3.6. Additional Pharmacotherapy Options

The EPHESUS Trial, investigating the addition of the mineralocorticoid receptor
antagonist eplerenone to optimal medical therapy post-ACS, showed a significant decrease
in mortality with eplerenone use compared to placebo (RR 0.85; 95% CI 0.75–0.96; p = 0.008);
however, this finding was not observed in the cohort of patients ≥ 65 years of age [110].
The PARADISE-MI trial, comparing ACEI (ramipril) to the angiotensin receptor-neprilysin
inhibitor (sacubitril-valsartan), in patients post-MI, has not shown a significantly lower
incidence of death from cardiovascular causes, or incident heart failure with sacubitril-
valsartan compared to ramipril (11.9% vs. 13.2%; HR 0.90; 95% CI 0.78–1.04; p = 0.17) [111].
Recent observational data suggests improved outcomes with early initiation of sodium–
glucose cotransporter 2 inhibitors post-ACS in patients with T2DM; however, further RCTs
are required to confirm this benefit and indication in older adults [112,113].

Recommendation: Continued research to ascertain novel pharmacotherapy to improve morbid-
ity and mortality in older adults post-ACS is required.

4. Invasive Coronary Revascularization
4.1. Percutaneous Coronary Intervention

Management for STEMI is consistent across age groups; however, patients ≥ 75 years
of age, compared with those < 55 years of age, tend to delay seeking timely medical
attention (OR 2.16; 95% CI 1.69–2.77) [114]. Older patients with STEMI, compared to
younger patients, typically have more contraindications to invasive revascularization and
are less likely to receive reperfusion therapy [115]. Older patients who undergo primary
PCI experience a significantly lower overall risk of death, reinfarction, and disabling stroke
at 30 days than observed in patients receiving fibrinolysis (14.9% vs. 21.5%; OR 0.64; 95%
CI 0.45–0.91; p = 0.013) [116]. In a meta-analysis by de Boer et al. comparing PCI and
fibrinolysis, patients > 80 years of age had a lower incidence of mortality (26.4% vs. 18.3%;
p = 0.049), stroke (7.9% vs. 5.8%; p = 0.45), and repeat MI (7.0% vs. 3.9%; p = 0.18) at 30 days
than did patients randomized to receive fibrinolysis [117].

For patients presenting with NSTEMI, cardiovascular risk evaluations are used to
guide management. The Global Registry of Acute Coronary Events (GRACE) and Throm-
bolysis in Myocardial Infarction (TIMI) scores are frequently used [118,119]. The 2021
American College of Cardiology/American Heart Association Guideline recommends
revascularization for patients with high-risk non-ST-segment elevation ACS (NSTE-ACS)
(class 1 recommendation) [36]. Emergent revascularization is advised for patients with
cardiogenic shock and unstable patients, including those experiencing refractory angina,
hemodynamic, or electrical instability (class 1 recommendation), whereas an early invasive
strategy (within 24 hours) is advised for stabilized high-risk patients. Patients classified
as intermediate or low-risk are advised to undergo an invasive strategy before discharge
(class 2A recommendation).

Guidelines lack evidence-based recommendations for older people, because of the
exclusion of such patients from most major trials. The GRACE score, heavily weighted
by age, classifies older adults as having higher risk. Among patients 90–99 years of age,
the GRACE score predicts in-hospital mortality, whereas the TIMI score does not [120].
Conventional risk scores do not consider cognitive dysfunction, frailty, comorbidities, and
life expectancy [121]. The Geriatric Nutritional Risk Index combined with the Systemic
Immunoinflammatory Index outperforms the GRACE score in predicting major adverse
cardiovascular events in older people [122].

In a study of 1939 patients ≥ 85 years of age presenting with NSTEMI, fewer than 10%
received invasive management [123]. Factors including preserved cognition, independent
mobility, and living status were associated with lower in-hospital mortality. Invasive
management remained the strongest independent predictor of prolonged survival after
adjustment for risk factors (HR 0.47; 95% CI 0.26–0.85; p = 0.01). The MOSCA-FRAIL trial
of 167 patients ≥ 70 years of age with clinical frailty found no advantage of a routine
invasive strategy in terms of days alive and out of the hospital during the first year [124].
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A meta-analysis by Reaño et al. including six RCTs with a total of 3768 patients revealed no
significant effects of an invasive strategy in decreasing all-cause mortality, cardiovascular
mortality, MI, or stroke [125]. In contrast, a meta-analysis by Ma et al. has indicated a
decrease in the risk of death with the use of an invasive strategy, during follow-up from
6 months to 5 years (RR 0.65; 95% CI 0.59–0.73, p < 0.001), primarily in observational
studies [126]. These mixed results highlight the need for individualized assessments in
older patients with NSTEMI, considering both clinical frailty and the potential benefits of
invasive management. Furthermore, it can be considered reasonable for older patients to
have invasive angiography to clarify anatomy but proceed with medical therapy. Likewise,
an initial strategy of medical therapy for ACS can be considered a reasonable approach
with serial review.

A post hoc analysis of 313 patients ≥ 75 years of age from the Italian Elderly ACS study
demonstrated that coronary revascularization was independently associated with a lower
risk of mortality in older patients with CKD presenting with NSTE-ACS [127]. Despite
this, older age and CKD are strong negative predictors of receiving coronary angiography
during the index admission for patients with NSTEMI [6]. CKD is associated with a high
prevalence of CAD and is present in up to 43% of patients with ACS [128,129]. Among
1304 patients ≥ 75 years of age who underwent PCI in the Italian Elderly ACS Collaboration
studies, 57% had stage 3 CKD, while 11% had stage 4 or 5 CKD at baseline [130]. Patients
with CKD experienced significantly higher rates of acute kidney injury (AKI), and patients
who developed AKI were at a significantly higher risk of all-cause mortality independent
of their baseline renal function. At the 12-month follow-up, patients with stage 4 or 5 CKD
had notably higher mortality rates compared to those with stage 3 CKD, evident in both
cardiovascular mortality (10.2% vs. 5.2%, p < 0.001) and all-cause mortality (17.8% vs. 7.5%,
p < 0.001). These findings underscore the importance of considering CKD severity in the
management of ACS in older patients.

Older adults have a higher prevalence of multivessel disease than younger adults [131].
The FULL REVASC trial has not indicated a lower risk of a composite of death from any
cause, MI, or unplanned revascularization in patients undergoing complete revasculariza-
tion in comparison to a culprit-lesion-only PCI approach [132]. The DANAMI-3-PRIMULTI
trial substudy has indicated no difference in outcomes between culprit-only and complete
FFR-guided revascularization 27 months after STEMI [133]. The applicability of these trial
data to older patients is uncertain, because of the underrepresentation of patients ≥ 75 years
of age. Notably, in the FIRE trial, physiology-guided complete revascularization, compared
with culprit-lesion-only revascularization, decreased composite outcomes at 1 year (HR 0.73;
95% CI 0.57–0.93; p = 0.01) in a cohort of patients ≥ 75 years of age with STEMI or NSTEMI
and multivessel disease, thus highlighting the benefits of complete revascularization after
ACS, even in an older population [134].

In-hospital adverse outcomes rapidly increase in patients ≥ 80 years of age [135]. In a
large Japanese registry study, the risk of adverse outcomes progressively increased with age,
such that patients ≥ 90 years of age exhibited the highest in-hospital mortality (OR 3.60; 95%
CI 3.10–4.18; p < 0.001) and bleeding complications (OR 1.79; 95% CI 1.35–2.36; p < 0.001), as
compared with patients 60–69 years of age with ACS. Predictors of in-hospital mortality and
bleeding complications among patients > 70 years of age included acute heart failure, history
of heart failure, female sex, acute MI, cardiogenic shock, CKD, triple-vessel disease, and left
main trunk lesions. A transradial PCI approach compared with transfemoral intervention
was associated with diminished in-hospital mortality (OR 0.41; 95% CI 0.37–0.45; p < 0.001)
and bleeding complications (OR 0.38; 95% CI 0.33–0.45; p < 0.001), and should be considered
the default treatment, particularly in the older population with HBR.

A subgroup within the older adult population presents with ACS complicated by
cardiogenic shock. The prevalence of cardiogenic shock in older adults is notably higher
compared to younger patients, both in cases of STEMI (10.8% vs. 3.9%, p < 0.0001) and
NSTE-ACS (4.6% vs. 1.8%, p < 0.0001) [136]. Despite comparable 1-year survival rates
between older adults ≥ 70 years of age with acute MI complicated by cardiogenic shock
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undergoing PCI and patients < 70 years of age, older adults exhibit lower procedural
success rates and higher in-hospital mortality [137,138]. Long-term survival among hospital
survivors ≥ 70 years of age can be achieved through careful patient selection and the timely
implementation of revascularization strategies. The increased long-term mortality observed
in older adults compared to younger adults (p < 0.01) is primarily attributed to high in-
hospital mortality rates (48% vs. 36%, p < 0.05). The scientific statement from the American
Heart Association recommends that, regardless of age, the initial treatment approach for
older patients with cardiogenic shock should prioritize early recognition and stabilization
while considering age-related risks and patients’ goals and values [139].

Whereas clear evidence is available to support the management of STEMI in older
patients, the advantages of routinely implementing an invasive approach in older patients
with NSTEMI are less evident. Conflicting literature results have contributed to uncertainty
regarding optimal management strategies. When evaluating revascularization strategies
for older patients, clinicians should consider additional patient preferences, bleeding risk,
geriatric syndromes (Figure 4), and comorbidities, which may influence life expectancy
and treatment decisions. A shared decision-making process should be considered with the
patient and their family.

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 17 of 29 
 

 

 
Figure 4. Geriatric syndromes and key management strategies. 

4.2. Surgical Revascularization 
The 2021 American College of Cardiology/American Heart Association Guideline for 

Coronary Artery Revascularization recommends CABG for patients with significant left 
main CAD and high-complexity CAD, to improve survival over that achieved with PCI 
(class 1 recommendation) [36]. CABG is also recommended for patients with multivessel 
CAD and significant anatomical complexity, as categorized by a Syntax score > 33, because 
of survival advantages (class 2A recommendation). Additionally, CABG is recommended 
for patients with diabetes and multivessel CAD involving the left anterior descending ar-
tery, to decrease mortality and the need for repeat revascularization. Most RCTs compar-
ing CABG and PCI in older patients have focused on stable CAD, whereas limited evi-
dence is available regarding the role of CABG in older adults with ACS.  

In patients ≥ 65 years of age with ACS and multivessel CAD, CABG is associated with 
a significantly greater number of days alive and out of the hospital, and a higher proba-
bility of achieving ≥ 90% of days alive and out of the hospital at both 3 and 5 years [140]. 
CABG, compared with PCI, significantly prolongs survival (p < 0.0001) and is associated 
with decreases in the incidence of all-cause mortality (HR 0.80; 95% CI 0.73–0.88), repeat 
coronary revascularization (HR 0.63; 95% CI 0.58–0.69), rehospitalization (HR 0.89; 95% 
CI, 0.84–0.95, and nonfatal MI (HR 0.83; 95% CI, 0.77–0.90), but not nonfatal stroke (0.93; 
95% CI, 0.85–1.01). 

A retrospective cohort study in 597 patients ≥ 75 years of age with multivessel or left 
main CAD reported higher mortality in patients who underwent PCI compared to those 

Figure 4. Geriatric syndromes and key management strategies.

4.2. Surgical Revascularization

The 2021 American College of Cardiology/American Heart Association Guideline for
Coronary Artery Revascularization recommends CABG for patients with significant left
main CAD and high-complexity CAD, to improve survival over that achieved with PCI
(class 1 recommendation) [36]. CABG is also recommended for patients with multivessel
CAD and significant anatomical complexity, as categorized by a Syntax score > 33, because
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of survival advantages (class 2A recommendation). Additionally, CABG is recommended
for patients with diabetes and multivessel CAD involving the left anterior descending artery,
to decrease mortality and the need for repeat revascularization. Most RCTs comparing
CABG and PCI in older patients have focused on stable CAD, whereas limited evidence is
available regarding the role of CABG in older adults with ACS.

In patients ≥ 65 years of age with ACS and multivessel CAD, CABG is associated with
a significantly greater number of days alive and out of the hospital, and a higher probability
of achieving ≥ 90% of days alive and out of the hospital at both 3 and 5 years [140]. CABG,
compared with PCI, significantly prolongs survival (p < 0.0001) and is associated with
decreases in the incidence of all-cause mortality (HR 0.80; 95% CI 0.73–0.88), repeat coronary
revascularization (HR 0.63; 95% CI 0.58–0.69), rehospitalization (HR 0.89; 95% CI, 0.84–0.95,
and nonfatal MI (HR 0.83; 95% CI, 0.77–0.90), but not nonfatal stroke (0.93; 95% CI, 0.85–1.01).

A retrospective cohort study in 597 patients ≥ 75 years of age with multivessel or
left main CAD reported higher mortality in patients who underwent PCI compared to
those who underwent CABG (39.9% vs. 25.4%, p < 0.001) at the 5-year follow-up [141].
In this cohort, 75% of patients who underwent PCI had stable CAD (vs. 25% with ACS),
while 83% of patients who underwent CABG had stable CAD (vs. 17% with ACS). Patients
who underwent emergency revascularization or presented with STEMI were excluded.
After adjustment for older age, higher creatinine, and left main disease, recurrent ACS
(aHR 2.20; 95% CI 1.23–3.96; p = 0.008) and repeat revascularization (aHR 2.54; 95% CI
1.36–4.73; p = 0.003) occurred significantly more frequently in patients who underwent
PCI rather than CABG; in contrast, bleeding (aHR 0.10; 95% CI 0.02–0.53; p = 0.007) and
new-onset AF (aHR 0.40; 95% CI 0.20–0.79, p = 0.008) were significantly more common
in patients who underwent CABG. Among older patients hospitalized with CAD, those
80–89 years of age, compared with those 70–79 years of age, exhibit a higher likelihood of
developing cardiac complications (OR 1.20; 95% CI 1.12–1.23), renal complications (OR 1.54;
95% CI 1.48–1.61; p < 0.001), infectious complications (OR 1.41; 95% CI 1.34–1.48; p < 0.001),
and respiratory complications (OR 1.2; 95% CI 1.2–2.1; p < 0.001), thus leading to poorer
surgical outcomes and higher mortality rates (OR 1.41; 95% CI 1.36–1.61, p < 0.001) [142].
Ultimately, decision-making for revascularization in older patients with ACS is challenging,
because these patients often have high anatomical complexity but are perceived to benefit
less from CABG than younger patients, because of the higher periprocedural morbidity
and mortality associated with the surgery.

5. Non-Pharmacological Interventions, Cardiac Rehabilitation, and the
Multidisciplinary Team

Managing older patients with frailty and comorbidities requires careful use of non-
pharmacological interventions and comprehensive discharge planning involving patients,
their families, and MDT discussions. Frailty should be routinely assessed as it significantly
predicts adverse outcomes in older patients with CAD [143]. Non-pharmacological in-
terventions are crucial in the care of older patients after ACS, who have high long-term
mortality rates (65% 8-year mortality rate for those ≥ 65 years of age) [3]. The 30-day
readmission rate for patients ≥ 70 years of age is almost 25%, and the 1-year readmission
rate is approximately 60% [144].

Cardiac rehabilitation (CR) integrates exercise, education, counseling, and modification
of cardiac risk factors [145]. CR offers personalized approaches considering frailty, medication
adherence, cognitive dysfunction, and comorbidities. This therapy decreases mortality rates
by 21–34% in older patients after ACS or revascularization procedures [146]. Despite its
benefits, only 25% of eligible Medicare beneficiaries eligible for CR participate, of whom only
27% complete the program [147]. Patients attending 36 sessions have a 47% lower risk of
mortality and a 31% lower risk of MI than those completing only one session [148].

Delirium, which frequently occurs during the hospitalization of older people, increases
mortality and poor outcomes [149]. Its incidence in patients ≥ 75 years of age admitted
for acute cardiac diseases is 17.2%, thus leading to prolonged hospitalization, functional
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decline, and a four-fold higher 12-month mortality risk [150]. Delirium is preventable
in 30–40% of cases through reorientation strategies, environmental modifications, the
use of visual and hearing aids, and the avoidance of precipitating medications such as
benzodiazepines [149]. In a study of 908 patients ≥ 70 years of age by Tonet et al., patients
who were malnourished or at high risk of malnutrition had a 50% mortality rate over a
288-day follow-up period [151]. Medication non-adherence among older patients is also
associated with an elevated risk of hospitalization and mortality, and a decreased quality
of life [152].

The MDT, including cardiologists, geriatricians, general and internal medicine physi-
cians, nurses, physiotherapists, occupational therapists, psychologists, pharmacists, dieti-
cians, social workers, and primary care physicians can optimize holistic, patient-centered
care after ACS [34]. The MDT can improve outcomes in this population by maintaining
function, decreasing deconditioning, rationalizing medications, achieving aggressive risk
factor reduction, and decreasing delirium risk [33]. Comprehensive MDT management at
discharge can help decrease readmission, morbidity, and mortality in older patients. The
MDT can ensure that home setups are optimal for maintaining function and mitigating
the risk of falls and provides additional education to patients and their families regarding
diagnosis, medications, nutrition, and physical activity, as well as detailed instructions
regarding follow-up and CR. Given the comorbidities, frailty, cognitive decline, and dis-
abilities in older patients after ACS, the MDT can also ensure that interventions align with
patient values and goals of care. Consideration of a patient’s values should be given when
deciding between invasive and non-invasive strategies, particularly when an older patient’s
values focus on quality of life as opposed to life-prolonging measures. The primary focus in
the management of older patients with ACS involves transitioning from a disease-centered
model to a person-centered approach.

6. Myocardial Infarction in the Context of Non-Cardiac Surgeries in Older People

The prevalence of patients > 75 years of age undergoing intermediate or high-risk
non-cardiac surgery (NCS) is increasing [153]. Age is a known risk factor for adverse
cardiovascular events after NCS, including perioperative MI, and patients ≥ 75 years of
age have a significantly greater risk than younger adults (9.5% vs. 4.8%; p < 0.001) [154].

In a study of older patients > 70 years of age who underwent hip fracture surgery, in-
hospital and 1-year mortality rates were significantly higher in patients with perioperative
myocardial injury and/or infarction (PMI: hs-cTn T/I above the 99th percentile of the
upper reference value) than in patients without evidence of myocardial injury [155,156].
PMI may encompass both ischemic and non-ischemic causes of myocardial injury, such as
PE or sepsis. Myocardial injury after non-cardiac surgery (MINS) within 30 days of NCS
is limited to ischemic causes of PMI [157]. In cases of PMI, analgesia or anesthesia may
mask symptoms of ischemia, and a lack of postoperative ECG and biomarker monitoring
may increase the risk of missed diagnosis, particularly as 90% of PMI events are minimally
symptomatic [157]. Alternatively, PMI may be misattributed to postoperative pain, nausea,
surgical wounds, or drains. Therefore, preoperative risk stratification and postoperative
surveillance in older patients after intermediate or high-risk NCS are essential [158,159].

Preoperatively, in patients undergoing intermediate or high-risk NCS aged ≥ 65 years
of age, in addition to a thorough history, a physical examination, standard laboratory
tests, an ECG and troponin (class 1 recommendation), a B-type natriuretic peptide or
N-terminal pro-B-type natriuretic peptide (class 2A recommendation), and a functional
capacity assessment should be performed [153]. It is important to recognize that diseases
other than heart failure may cause elevation in natriuretic peptide levels, and higher
cut-offs may need to be considered as a result [160]. Consideration should be given to
transthoracic echocardiography, and/or stress imaging for CAD, in patients with positive
biomarkers in the absence of known disease [161]. Risk stratification tools such as the
Revised Cardiac Risk Index, Surgical Risk Calculator, The American College of Surgery
National Surgical Quality Improvement Program, the Surgical Outcome Risk Tool, or
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The American University of Beirut-HAS2 Cardiovascular Risk Index can further identify
patients at high risk of postoperative cardiovascular complications [153]. In older patients,
assessing frailty and function is crucial, because poorer function and frailty are predictive
of adverse postoperative outcomes [162,163]. If the preoperative assessment suggests
that surgery would pose a high risk for an older patient, consultation in an MDT forum,
including cardiologists and geriatricians, should be considered, with an emphasis on
aligning with the patient’s goals of care, values, and preferences, and ensuring that shared
decision-making is achieved regarding the risks and possible adverse outcomes, before
surgical intervention proceeds. Although data in the older population are lacking, the
continuation of aspirin in patients with prior PCI undergoing NCS should be considered
unless there is a very high perioperative bleeding risk [164].

Postoperatively, serial ECG and troponin monitoring on at least postoperative days 1
and 2 should be considered to identify PMI in high-risk older patients and ascertain the need
for further assessment or intervention [162,163]. Consideration should also be given to the
appropriateness of the care environment, with postoperative referral to high-dependency
or intensive care units depending on the individual risk profile.

7. Conclusions

Managing ACS in older adults presents unique challenges, because of age-related
physiological changes, the prevalence of geriatric syndromes, patient goals of care, and
frailty, in addition to understanding the risk–benefit ratio of management strategies. Ad-
dressing these issues requires further research, as well as the adaptation of guidelines to
bridge existing gaps and meet the evolving challenges of this growing demographic. This
review describes a comprehensive and integrated approach to managing ACS in older
patients, covering the complexities of the diagnostic workup, treatment modalities, pharma-
cotherapy, and after ACS care, as well as considering PMI in older patients after noncardiac
surgery. By addressing the notable gaps in existing guidelines, this guide is aimed at pro-
viding clinicians with a concise, yet comprehensive overview of the complexities involved
in ACS management in older populations.
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