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Abstract

We review a comprehensive risk assessment approach for percutaneous coronary interventions in 

older adults and highlight the relevance of geriatric syndromes within that broader perspective 

to optimize patient-centered outcomes in interventional cardiology practice. Reflecting the 

influence of geriatric principles in older adults undergoing percutaneous coronary interventions, 

we propose a “geriatric” heart team to incorporate the expertise of geriatric specialists in addition 

to the traditional heart team members, facilitate uptake of the geriatric risk assessment into 

the preprocedural risk assessment, and address ways to mitigate these geriatric risks. We also 

address goals of care in older adults, highlighting common priorities that can impact shared 

decision making among older patients, as well as frequently encountered pharmacotherapeutic 

considerations in the older adult population. Finally, we clarify gaps in current knowledge and 

describe crucial areas for future investigation.
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The assessment of geriatric syndromes in older adults is essential and complementary to 

more traditional cardiovascular risk assessment approaches given the strong association 

of these risk factors with both short- and long-term morbidity and mortality. In part 1 

of percutaneous coronary intervention (PCI) in older adults, we reviewed the 4 pillars of 

risk in patients presenting for possible PCI, proposing geriatric syndromes as the fourth 

pillar of risk to consider in older adults. In Part 2, we will review the components of a 

comprehensive geriatric assessment in older adults being considered for PCI and consider 

how this information can be used to inform person-centered decisions in collaboration 

with the “geriatric” heart team. We also review critical periprocedural pharmacotherapeutic 

considerations in older adults, as well as gaps in current knowledge to guide future areas of 

investigation.

THE GERIATRIC RISK ASSESSMENT

The assessment of geriatric syndromes in older adults is essential and complementary 

to cardiovascular risk assessment because these age-associated physiologic complexities 

are risk factors for short- and long-term adverse events. We acknowledge the difficulties 

inherent in measuring these geriatric conditions and incorporating them into busy clinical 

workflows, especially in those presenting with acute coronary syndrome (ACS). We present 

a comprehensive approach for cardiovascular and geriatric assessment prior to invasive 

treatments in Table 1, as well as a tiered approach to risk assessment in older adults 
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being considered for PCI in Figure 1. While the collection of the complete array of these 

measures may not be feasible or practical in a busy clinical practice, and there may be 

collinearity across some measures, this list is meant to provide clinicians with a toolkit 

for a comprehensive geriatric assessment that may then be tailored to individual patient 

needs and time constraints. Notably, precedents have already been set in other busy clinical 

subspecialities for the routine collection of one or more of these geriatric measures.2,3

At a minimum, we recommend an assessment of activities of daily living (ADLs) and 

instrumental activities of daily living for all older adults undergoing PCI to provide a broad 

baseline assessment of physical and cognitive function. Examples of useful tools for the 

assessment of ADLs, instrumental activities of daily living (IADLs), and physical function 

include the modified Katz Activities of Daily Living Scale,4 the Rosow-Breslau Functional 

Health Scale,5 and the Nagi Scale.6 For every older adult undergoing invasive assessment, 

documentation of multimorbidity and polypharmacy is essential as part of geriatric risk 

assessment, particularly prior to invasive cardiovascular procedures. For those interested 

in an assessment of lower extremity functioning to inform post procedural recovery, the 

short physical performance battery can provide valuable information, particularly for those 

requiring large bore access. An alternative option is the Timed Up and Go test, which 

provides a simple way to assess functional mobility and fall risk in older adults and 

represents one of the strongest predictors of functional decline, 180-day readmission, and 

6-month mortality among older adults with acute myocardial infarction.7–9

There are several instruments to capture frailty in practice including the Fried physical 

frailty pheno-type, the Rockwood Clinical Frailty Score and the Frail Scale.10–12 The 

essential frailty toolset correlates well with other more complex instruments and may be 

preferred as it demonstrated superior performance for predicting worsening disability and 

mortality compared with other commonly used frailty measures and has been validated 

in patients after revascularization procedures.13–15 The essential frailty toolset provides 

objective information and is easy to administer in clinical practice, including 4 components: 

chair-rise test, cognitive function assessment using the Mini-Mental State Examination 

or Mini-Cog, hemoglobin, and serum albumin. Albumin is a frequently collected and 

common element of many of the available frailty measures which reflects nutritional frailty. 

Nutritional frailty can also be captured with simple measures such as body mass index and 

inquiries regarding unintentional weight loss.15 Handgrip strength is another straightforward 

bedside test that has been included in prior frailty measures. Whichever frailty tool is 

selected should be predictive of adverse outcomes and quick and relatively easy to perform 

to promote adoption in routine clinical practice.16

Screening tools for cognitive impairment include the Mini-Mental State Examination,17 

Mini-Cog,18 Montreal Cognitive Assessment,19 and AD8,20 which is followed by a 

comprehensive geriatric assessment by a geriatrician if a high burden of cognitive 

impairment or dementia is detected (though not necessarily prior to the procedure). If 

cognitive impairment is suspected and confirmed, the cardiovascular team should become 

familiar with cognitive assessment tools, such as the simple Reisberg Functional Assessment 

Staging scale for dementia (also known as the Functional Assessment Staging Tool scale). 

Utilization of this scale, rather than an eyeball test, should lead to better shared decision-
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making discussions of the benefits and harms of the intervention for the patient and 

caregiver(s).21

Delirium prevention is key and early identification of patients at risk for delirium can 

lead to the application of proven delirium prevention interventions including orientation, 

sleep enhancement, early mobilization, hearing and vision aids, maintaining nutrition and 

hydration, and minimizing social isolation and psychoactive medications.22,23 Once delirium 

develops, it can be detected using the confusion assessment method on a daily basis 

for older patients admitted with ACS, particularly those with chronic comorbidities or 

polypharmacy.24,25

Finally, assessment for social support is essential to improve postprocedural transitioning, 

medication adherence, compliance, and patient-centered outcomes. Ultimately the 

complexity of multimorbidity must be appreciated, where coordination of different clinical 

priorities and outcomes across subspecialities can be incredibly challenging for patient with 

multiple chronic conditions.

THE ‘GERIATRIC’ HEART TEAM.

When considering the optimal treatment strategy for older patients at high-risk for 

complications and adverse outcomes, contemporary guidelines recommend a heart team 

approach (involving interventional cardiology, cardiac surgery, and clinical cardiology) to 

craft a revascularization strategy that is patient-centered.26,27 Given the influence of geriatric 

syndromes on risk, the heart team may also benefit from the inclusion of a geriatrician 

or a geriatric cardiology specialist to provide expertise on the risk conferred by geriatric 

syndromes and a more holistic view of how the procedure fits into the broader care of 

the patient, assessing multiple domains for comprehensive integration by the “geriatric” 

heart team (Central Illustration). Inclusion of geriatrics specialists may also facilitate the 

incorporation of geriatric risk assessment into the preprocedural risk in older patients 

undergoing PCI and address ways to mitigate these risks. The integration of geriatrics 

experts into the heart team to guide potential geriatric-centered risk mitigation strategies 

holds great potential value for both patients and their care teams: improving the overall 

care of this vulnerable population while specifically targeting the prevention of adverse 

geriatric outcomes such as delirium and falls. In many cases, this may be accomplished 

by nonphysician care partners including nurses, nurse practitioners, physician assistants, 

and pharmacists. Optimal management of complex older patients with geriatric syndromes 

referred for PCI requires a systematic approach, integrating geriatrics expertise into the heart 

team to enhance communication, shared decision-making, and adherence to best practices.28

PERSON-CENTERED GOALS OF CARE.

While the implementation of the comprehensive geriatric risk assessment into a heart 

team approach for complex decisions around PCI is a priority, the incorporation of that 

information into the broader context of individual patient priorities, preferences, and risk 

tolerance in older individuals is another challenge.29 Clinicians are faced with the task of 

eliciting individual health goals of the patient and advising the patient and caregivers on the 

best course of action to meet those goals. As noted above, an added layer of complexity is 
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the fact that some of the geriatric syndromes that increase the risk of PCI are also associated 

with the greatest potential cardiovascular benefit gained from the procedure.

While major adverse cardiovascular events remain the standard reported outcomes for 

patients admitted with ACS, many of these traditional metrics become less important to 

individual patients as they reach an advanced age. Parallel to improvement in survival 

and reduction in cardiovascular outcomes during follow-up, older people may be more 

likely to prioritize health status and wellbeing compared with younger people.30 Recent 

randomized clinical trials in cardiology have recognized the importance of outcomes beyond 

major adverse cardiovascular events, with more person-centered outcomes such as days alive 

and out of hospital and disability-free survival being highlighted in multiple recent large 

randomized trials.31–36

Assessing what matters most to patients is foundational in shared decision-making. Aspects 

that are particularly important to older patients may include: 1) improvement in ischemic 

symptom burden; 2) functional independence; 3) remaining at home; 4) improvement in 

quality-of-life and wellbeing; 5) avoidance of rehospitalization; 6) avoidance of loneliness, 

isolation, and malnutrition; 7) avoidance of falls, physical disability, and frailty; 8) access to 

health care and social services; and 9) establishment of end of life goals of care.30,37

PHARMACOTHERAPY CONSIDERATIONS

Appropriate pharmacologic treatment for older adult patients undergoing cardiac procedures 

can be challenging, as this population is at high risk for both ischemic and bleeding 

events. Indeed, advanced chronological age is a risk factor for both increased risk of stent 

thrombosis and increased bleeding risk in the current American College of Cardiology/

American Heart Association (AHA) guidelines on duration of dual antiplatelet therapy in 

patients with coronary artery disease. In this section, we will review the use of antiplatelet 

therapy and sedating medications in geriatric patients undergoing PCI (Table 2).

DUAL ANTIPLATELET THERAPY.

The increased risk of ischemic events among older adults is thought to occur secondary 

to several processes, including increased blood stasis, decreased fibrinolysis, increased 

endothelialization and platelet reactivity, increased clotting factors, and increased vessel 

inflammation.38 However, there are concomitant processes that place older adults at greater 

risk of bleeding events, including increased amyloid and collagen deposits in the arterial 

walls.

There have been several key subgroup analyses performed in geriatric patients from pivotal 

ACS trials of P2Y12 inhibitors. Among older adults from TRITONTIMI 38 (Trial to Assess 

Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel–

Thrombolysis In Myocardial Infarction 38), there was demonstrated a 19% relative risk 

reduction in the primary efficacy outcome with the use of prasugrel over clopidogrel with 

a significant increased risk of bleeding (32% relative increased risk of bleeding).39 As a 

result of these findings, there is a black box warning against the use of standard dosing of 

prasugrel (10 mg) in older adults with a chronological age cutoff of >75 years.
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Data are somewhat contradictory in the literature regarding the use of ticagrelor vs 

clopidogrel in older adults. A recent subanalysis from the SWEDEHEART (Swedish 

Web-system for Enhancement and Development of Evidence-based care in Heart disease 

Evaluated According to Recommended Therapies) Registry examined the use of clopidogrel 

vs ticagrelor in older patients (age >80 years) with ACS demonstrated no significant 

difference in the primary composite ischemic endpoint,40 but a 20% lower risk of 

myocardial infarction and 28% lower risk of stroke with ticagrelor countered against a 

17% higher risk of death and 48% increased risk of hospitalization for bleeding compared 

with clopidogrel. The POPular Age (Randomized Comparison of Clopidogrel vs Ticagrelor 

or Prasugrel in Patients of 70 years or Older With Non–ST-Elevation Acute Coronary 

Syndrome) did demonstrate a 29% lower bleeding risk with clopidogrel vs ticagrelor.41 A 

recent AHA Scientific Statement on the management of ACS in the older adult population 

suggests that the use of ticagrelor may be reasonable in patients with ST-segment elevation 

myocardial infarction or those with complex anatomy, but recommend clopidogrel as the 

preferred P2Y12 inhibitor in most older patients with ACS because of a significantly lower 

bleeding profile than ticagrelor or prasugrel.42 Currently, there are recommendations from 

both the European Society of Cardiology and the American College of Cardiology/AHA 

generally against the use of prasugrel in geriatric patients (>75 years of age), unless the 

patient has a high ischemic risk.

SEDATION BEFORE AND DURING CARDIAC CATHETERIZATION.

As an increasing proportion of patients undergoing procedures in the catheterization 

laboratory are of a higher chronological age and greater procedural complexity, there 

are important considerations for procedural sedation. In 2017, the Society for Coronary 

Angiography and Interventions published a document outlining pertinent considerations 

for moderate sedation in patients undergoing coronary angiography.43 In older adults in 

particular, it is critical to assess preprocedural comorbidities, such as cardiac function 

and underlying lung disease, as well as renal and liver function, as these comorbidities 

may impact the ability of the patient to metabolize sedative agents.44 In older patients 

and patients with significant obstructive lung disease or hypotension, consideration should 

be given to administering “half doses” and titrating sedation to achieve a safe balance 

between patient comfort and hemodynamic compromise. Additionally, several agents used 

for sedation or preprocedural treatment have a prolonged half-life in older patients due to 

age-related changes in pharmacokinetics, which along with changes in pharmacodynamics, 

can lead to unpredictable properties.42 These agents include diphenhydramine, which has a 

normal half-life of 7 to 18 hours but can be prolonged in older patients, and benzodiazepines 

which can have a prolonged half-life and cause paradoxical agitation in older patients. For 

older patients with a history of poor tolerance of moderate sedation, consideration should be 

given to engage an anesthesia clinician, if possible, to administer sedation.

GAPS IN KNOWLEDGE AND FUTURE DIRECTIONS

UPTAKE OF RISK TOOLS IN THE CARDIAC CATHETERIZATION LABORATORY.

As identified above, the care of geriatric patients in the cardiac catheterization laboratory 

often requires individually nuanced preprocedural, intraprocedural, and postprocedural risk 

Nanna et al. Page 6

JACC Adv. Author manuscript; available in PMC 2023 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



assessment and decision making. While there has been increasing focus on including 

gero-centric variables in risk models for patients undergoing PCI, risk models remain 

inconsistently utilized, which may relate to a perceived lack of importance, complexity 

of scores requiring specialized calculators for use, and lack of awareness of available 

risk scores.45,46 Standardized implementation of electronic health record-based risk-score 

calculators may, in the future, negate some of these factors but would be restricted to 

variables that are readily available with the electronic health record.

COLLECTION OF GERIATRIC RISK MARKERS AND RISK MODIFYING APPROACHES.

It remains to be seen whether geriatric risk markers can be reliably collected and integrated 

into care decisions. Studies piloting the incorporation of a geriatric assessment into routine 

clinical care of patients being considered for PCI are required to assess the feasibility of 

such an approach. Successful implementation of the suggested comprehensive geriatric 

risk assessment or a streamlined point-of-care version also involves demonstrating an 

improvement in not just the geriatric measures themselves, but improvement in clinical 

outcomes, including patient centered outcomes. Certain measures of frailty and nutritional 

status, such as serum albumin and body mass index, are already routinely collected in most 

patients and provide incremental information on risk. Implementation of a standardized 

frailty assessment and targeted interventions surrounding surgical procedures have been 

shown to reduce postoperative complications and mortality.47,48 Prior studies in older 

patients undergoing aortic valve replacement have similarly demonstrated the feasibility 

of implementing a frailty assessment and shown that it can be used mortality.49–51 In a 

similar manner, one can imagine implementing a peri-procedural assessment and targeted 

interventions in patients undergoing PCI to improve outcomes in this particularly vulnerable 

population of patients. This is a critical area for future investigation.

DECISION SUPPORT TOOLS.

Unfortunately, previously developed decision support tools for younger populations with 

coronary artery disease fail to include the more holistic approach necessary in older 

adults.52,53 Other decision aids focused on older adults with multiple chronic conditions, 

such as the patient priorities care approach,54 carry more promise but have not been 

tested in the older adult population referred to the cardiac catheterization laboratory. The 

prioritization of both traditional outcomes and more person-centered outcomes focused on 

quality of life and function in clinical decision-making in interventional cardiology and the 

dedicated evaluation of treatment effects of cardiovascular procedures on these particular 

endpoints are key areas for future emphasis and study.

TREATING THE WHOLE PATIENT: MOVING FROM A LESION-CENTERED TO A PERSON-
CENTERED MODEL.

Even with routine measurement of geriatric risk markers, percutaneous procedures do 

not cure most older patients presenting to the catheterization laboratory. Rather, all 

procedures must be seen as important but limited components of the broader therapeutic 

construct for older adults presenting with cardiovascular conditions. Thus, improving the 

uptake of interventions targeting prevalent geriatric conditions to improve quality of life 

and function are a crucial component of these cardiovascular encounters. Interventions 
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to reduce frailty in patients with cardiovascular disease was the focus of a recent 

comprehensive review, demonstrating that frailty is a dynamic process that can potentially be 

reversible with multicomponent approaches including physical therapy and rehabilitation, 

and pharmacologic, cognitive, nutritional, and psychosocial interventions.15 Cardiac 

rehabilitation is grossly underutilized in patients following PCI compared with postsurgical 

patients despite the older, multi-morbid demographic of many patients undergoing PCI.55 

Potential treatments of sarcopenia include physical exercise (especially strength training), 

nutrition, hormone therapy, and medications including angiotensin-converting enzyme 

inhibitor and angiotensin receptor blockers which have benefits for muscle tissue.56 Routine 

implementation of strategies for the prevention57 of falls is a critical component of in-

hospital care and postdischarge care.58,59 These include the use of bed alarms, physical 

therapy, occupational therapy, durable medical equipment for gait assistance, and skilled 

nursing resources whenever appropriate.58,59 Importantly, a third to nearly half of delirium 

episodes can be prevented using early intervention and avoidance strategies targeted at 

avoiding psychoactive medications wherever possible.60–62

CONCLUSIONS

Given the importance of geriatric syndromes in the preprocedural assessment of older adults 

undergoing cardiac procedures, we propose the components of a comprehensive geriatric 

risk assessment, including periprocedural pharmacotherapy considerations, to provide a 

toolkit that can be implemented to help guide care decisions. We highlight key areas 

for ongoing investigation that will improve the decision-making process around invasive 

cardiovascular procedures for older adults in the near future.
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ABBREVIATIONS AND ACRONYMS

ACS acute coronary syndrome

AD-8 The Eight-item Informant Interview to Differentiate Aging and 

Dementia

ADLs activities of daily living

AHA American Heart Association

AMI acute myocardial infarction

CAM confusion assessment method

CV cardiovascular
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DAPT dual antiplatelet therapy

ED emergency department visits

HFrEF heart failure with reduced ejection fraction

hs-cTN high sensitivity cardiac troponin

IADL instrumental activity of daily living

MCC multiple chronic conditions

MMSE mini mental state examination

NTproBNP N-terminal pro-brain natriuretic peptide

PCI percutaneous coronary intervention

PFP Physical Frailty Phenotype

RN registered nurse

STEMI ST-elevation myocardial infarction

TUG Time up and Go
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HIGHLIGHTS

• Geriatric syndromes are a major contributor to periprocedural risk in older 

adults undergoing PCI.

• A routine geriatric assessment using validated measurement tools should be 

considered as part of the comprehensive preprocedural evaluation of older 

adults being considered for PCI.

• A “geriatric” heart team that incorporates the expertise of geriatric specialists, 

in addition to the traditional heart team members, may provide a more 

comprehensive and holistic approach to shared decisions in older adults being 

considered for PCI.
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FIGURE 1. Risk Assessment in Older Adults Presenting for PCI
This figure presents a proposed risk assessment strategy for older adults presenting for 

percutaneous coronary intervention including a “minimum” geriatric assessment as well as 

further targeted geriatric measures as part of a more comprehensive geriatric risk assessment 

that can be considered. The outlined geriatric measures are grouped according to the 

4-domain framework proposed in other cardiovascular populations that include medical 

(green), mind and emotion (red), physical function (blue), and social environment (purple) 

domains to address the multidimensional needs of older adults.1 AD8 = The Eight-item 

Informant Interview to Differentiate Aging and Dementia; ADLs = activities of daily living; 

CV = cardiovascular; IADLs = instrumental activities of daily living; MMSE = Mini-Mental 

State Examination; MoCA = Montreal Cognitive Assessment; PCI = percutaneous coronary 

intervention; PHQ-2 = the patient Health Questionnaire-2; PHQ-9 = the Patient Health 

Questionnaire-9; SPPB = short physical performance battery.
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CENTRAL ILLUSTRATION. The “Geriatric” Heart Team Approach
CK-MB = creatine kinase-myoglobin binding; Grace = Global Registry of Acute Coronary 

Events; HFrEF = heart failure with reduced ejection fraction; RN = registered nurse.
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