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“But when old age was pressing hard on him, with all its might, and he couldn’t 

move his limbs, much less lift them up, then in her thûmos she thought up this plan, 

a very good one indeed: she put him in her chamber, and she closed the shining 

doors over him.’*

Homeric Hymn to Aphrodite, 235ff

Historically, the aging process was first encountered in the writings of the ancient Greek 

hymns, which were probably written in the seventh century B.C.1 In one Homeric script, 

Tithonus was the prince of Troy and the lover of Eos, the Goddess of the Dawn. Eos asked 

Zeus to make Tithonus immortal, but she forgot to ask for the gift of “eternal youth”.1 While 

Tithonus lived forever, he had to experience the intricacies of old age and became weakened 

and debilitated. He later begged for the end of his life.

Even though the concept of aging was initially introduced by geriatricians, interventional 

cardiologists deserve the credit for applying systematic age-related risk assessments in 

clinical cardiovascular practice. The seminal Placement of Aortic Transcatheter Valves 

(PARTNER) trial demonstrated that transcatheter aortic valve replacement (TAVR) was 

a lifesaving treatment in older adults (average age ~ 83 years) with severe symptomatic 

aortic valve stenosis and prohibitive surgical risk. A significant proportion of PARTNER 

patients were felt to be inoperable due to the presence of geriatric syndromes, which are 

defined as age-related clinical conditions that do not fit in one disease category.2 Typically, 

geriatric syndromes have a detrimental influence on the presentation and progression of 

cardiovascular disease, such that the diagnosis, prognosis, and management are worsened 

by the presence of these conditions. The PARTNER trial accelerated the integration of 

geriatric concepts into the practice of interventional cardiology and that in turn led to the 

implementation of geriatric assessment in other cardiovascular populations of older adults. 
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Of these conditions, physical frailty is a commonly encountered age-related risk particularly 

among older adults with severe symptomatic aortic valve stenosis.3

Despite methodological and conceptual debates, frailty has remained an abstract construct 

in the mind of most clinicians, who have relied on the “eyeball test” to determine frailty 

in practice. The Oxford Dictionary defines the word frailty as “weakness and poor health”. 

It was not until 2001, that a more concise and scientific definition of physical frailty 
syndrome was established by Fried et al. as “a clinical syndrome of increased vulnerability 

resulting from age associated decline in reserve and function across multiple physiologic 

systems, such that the ability to cope with everyday acute stress is compromised”.4 It 

uses the presence of at least three of five components to establish the diagnosis of frailty, 

which includes shrinking, weakness, poor endurance and energy, slowness, and low physical 

activity level.

The spectrum of frailty ranges from robust (not-frail), to pre-frail, and physically frail.4 

The pre-frail state increases the risk of progression to frailty and frailty increases the risk 

of disability, a state that is distinct from frailty. Depending on the instrument used, the 

prevalence of frailty ranges from 4.0% to 59.1% among community-dwelling older adults 

and the prevalence of pre-frailty from 18.7% to 53.1%5, but the highest estimates are 

observed among older patients with severe symptomatic aortic valve disease.6 There is a 

strong bidirectional association between cardiovascular disease and frailty with a stepwise 

response seen from robust to frail. Pre-frailty and frailty are independently associated with 

a higher risk of developing major adverse cardiovascular outcomes and frailty can predict 

adverse geriatric outcomes including physical and cognitive decline, impaired mobility, and 

inability to perform activities of daily living (ADL).7, 8

In this issue, Arnold et al.9 examined whether frailty exerts a differential treatment effects 

on mortality and health status in older adults treated with TAVR or surgical aortic valve 

replacement (SAVR). To accomplish their goal, they evaluated the population enrolled in 

the PARTNER 2A and PARTNER 3 trial that randomized TAVR vs. SAVR in patients at 

intermediate and low surgical risk, in addition to the SAPIEN 3 Intermediate Risk Registry 

(n=3,025). Frailty was assessed using a 4-domain scale including weak grip strength, slow 

gait speed, serum albumin, and ability to perform ADL independently. Two thirds of patients 

in the study population were pre-frail (n=2,041) and only 6.1% had physical frailty (n=185). 

Frail patients were older, more likely to be women, had higher comorbidities, and lower 

Kansas City Cardiomyopathy Questionnaire (KCCQ) Overall Summary score. The authors 

found that frailty was associated with increased risk of mortality and worse health status, but 

there was no interaction between frailty and treatment modality (SAVR or TAVR) on death 

or quality of life at 2 years.

The study findings are insightful, highlighting the efficacy and safety of transcatheter and 

surgical therapies even among frail patients with low and intermediate surgical risk, and 

represent an important advancement in the field. While these findings are quite intriguing, 

one would expect that a less invasive approach (TAVR) would result in more favorable 

outcomes in frail patients than a more invasive treatment (SAVR). Multiple reasons may 

explain these findings. First, the study population had low to intermediate surgical risk, 
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with a low prevalence of frailty syndrome, therefore it is possible that the statistical power 

was insufficient to demonstrate differential treatment effects. Second, continuous variables 

included in the frailty instrument were categorized with a consequent loss of granularity. 

Third, there is a chance that the multivariable model did not entirely adjust for the risk 

imbalances between the TAVR and SAVR groups. Finally, all variables included in the 

instrument were treated as if they had the same weight in the determination of frailty status. 

The differential contribution of anemia, weakness, immobility, or loss of independence on 

the severity of frailty is unknown.

There is a lack of a standardized measurement tool for frailty in patients with cardiovascular 

disease. Numerous instruments to measure frailty are currently available in practice. These 

tools measure different phenotypes of patients living with frailty. For example, a frail 

patient identified by the Fried or Fried+ may be a quite different than a patient identified 

by Rockwood, Short Physical Performance Battery, or the Essential Frailty Toolset. The 

present study emphasizes the need to standardize definitions and measurements of frailty 

among cardiovascular patients enrolled in clinical trials similar to other important metrics 

that influence health outcomes, such as bleeding. Standardization can facilitate comparisons 

of frailty across studies, standardize the approach to frailty syndrome during cardiovascular 

illness, and inform clinical decision making.

In the Frailty-AVR study6, the prevalence of frailty using the most cited instrument, the 

Fried phenotype, was 25% among SAVR patients and 49% among TAVR patients in 

contrast to a frailty prevalence of 6.1% in the present study, which suggests that the study 

population had fewer geriatric and age-related complexities. Whether frailty acts as an effect 

measure modifier in the association between treatment and outcomes is yet to be determined 

among high-risk patients with higher burden of geriatric syndromes (e.g., physical, or 

cognitive decline), or higher complexity of coexisting cardiovascular disease. In addition, 

frailty can influence other geriatric outcomes including cognitive decline, dementia, loss of 

independence, and immobility. Such outcomes are also important in addition to mortality 

and KCCQ, moving the needle beyond disease-centered approach towards a more holistic 

approach to management. The influence of frailty on these geriatric outcomes in older 

patients with severe aortic valve disease need to be considered as more octogenarians and 

nonagenarians are treated with TAVR.

What is the next step? Frailty is a marker of poor prognosis for cardiovascular and geriatric 

outcomes across different populations including severe aortic valve disease, ischemic heart 

disease, or peripheral vascular disease. Interventional cardiologists are tasked to care for 

older adults, enroll them in trials to investigate efficacy and safety of new therapies, and aim 

to prevent complications during cardiovascular interventions in practice. Efforts to integrate 

the concept of frailty in cardiovascular practice are essential, but early interventions aimed 

at prevention or reversal of frailty are needed to improve overall health in the older adult 

populations. Transitional tailored progressive cardiac rehabilitation programs post TAVR 

may have an important role in the older adult population as part of comprehensive care 

to improve long-term outcomes including reversal of frailty (Figure 1).10 Several trials 

are currently investigating the influence of a combination of therapies including physical 
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resistance exercises, pharmacologic, nutritional, cognitive, and psychosocial interventions to 

prevent or treat frailty in older patients with cardiovascular disease.

Arnold and colleagues9 should be commended for emphasizing that frail and pre-frail 

patients with severe aortic stenosis still benefit from aortic valve replacement and that 

frailty should not be used to prevent older patients from receiving lifesaving therapies. 

Their study findings emphasize that frailty is a marker of poor prognosis and that better 

treatment options for frailty are needed to improve overall outcomes and prevent disability. 

Because concerted and coordinated efforts to prevent and reverse frailty are urgently needed 

to improve outcomes among older adults undergoing cardiovascular interventions, it is time 

that we all speak the same language. The adoption of a standardized definition of frailty and 

the use of a universal instrument across the spectrum of patients with cardiovascular disease 

through a “Frailty Academic Research Consortium” are imperative.
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Figure 1. 
Interventions aimed to prevent or reverse frailty in patients with valvular heart disease. 

Physical, pharmacological, cognitive, nutritional, and psychosocial interventions or a 

combination thereof have the potential to prevent the onset of frailty (primary prevention), 

reverse frailty (secondary prevention), or improve the quality of life in older patients with 

preexisting frailty (tertiary prevention).
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