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Abstract: Aortic stenosis (AS) represents a notable paradigm for cardiovascular (CV) and geriatric
disorders owing to comorbidity. Transcatheter aortic valve replacement (TAVR) was initially consid-
ered a therapeutic strategy in elderly individuals deemed unsuitable for or at high risk of surgical
valve replacement. The progressive improvement in TAVR technology has led to the need to refine
older patients’ stratification, progressively incorporating the concept of frailty and other geriatric
vulnerabilities. Recognizing the intricate nature of the aging process, reliance exclusively on chrono-
logical age for stratification resulted in an initial but inadequate tool to assess both CV and non-CV
risks effectively. A comprehensive geriatric evaluation should be performed before TAVR procedures,
taking into account both physical and cognitive capabilities and post-procedural outcomes through a
multidisciplinary framework. This review adopts a multidisciplinary perspective to delve into the
diagnosis and holistic management of AS in elderly populations in order to facilitate decision-making,
thereby optimizing outcomes centered around patient well-being.

Keywords: transcatheter aortic valve implantation; elderly; side adverse; frailty

1. Introduction

Aortic stenosis (AS), including severe AS, is notably prevalent and increasingly in-
cident in the older population [1,2]. While both surgical and transcatheter aortic valve
replacement (SAVR/TAVR) are viable therapeutic options for patients with severe AS,
TAVR has emerged as the primary choice for the vast majority of older patients with

J. Clin. Med. 2024, 13, 4169. https://doi.org/10.3390/jcm13144169

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm13144169
https://doi.org/10.3390/jcm13144169
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/0000-0003-2028-2319
https://orcid.org/0000-0002-5369-5382
https://orcid.org/0000-0001-6680-7681
https://orcid.org/0000-0002-8101-4695
https://orcid.org/0000-0003-2945-0243
https://orcid.org/0000-0002-0038-9445
https://doi.org/10.3390/jcm13144169
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm13144169?type=check_update&version=3

J. Clin. Med. 2024, 13, 4169

2 of 20

symptomatic severe AS, regardless of their surgical risk profile [3-7]. However, older
patients with severe AS are very heterogeneous, including “fit and robust” subjects, as well
as patients with different levels of cognitive and functional impairment, multimorbidity,
polypharmacy, sarcopenia, and frailty [8]. It is well recognized that many elderly patients
with poor health status and a high burden of physical and cognitive impairment may
experience little or no benefit from TAVR [9,10]. Therefore, although TAVR is attractive
due to its feasibility in most patients and its lesser morbidity, appropriate multidisciplinary
decision-making, including a geriatric assessment, is crucial to estimate the expected net
clinical benefit (survival with functional and symptomatic improvement and quality of life
(QOL)), the risk of procedure-unrelated complications (e.g., delirium, prolonged hospital
stay, functional decline, and institutionalization) as well as the best individual clinical
pathway (e.g., nutritional support and physical pre-habilitation).

Compared to other research [11], this paper aims to delve deeper into TAVR indications
in the elderly, featuring the most recent findings, cutting-edge research, and emerging
trends in the field, including breakthroughs in tailored strategies based on a comprehensive,
multi-integrated and multidisciplinary approach.

2. The Pre-Procedural Assessment of Older Patients

A careful multidisciplinary team (TMD) assessment of older patients with severe
AS who are candidates for AVR is mandatory to evaluate the best individual procedural
pathway to maximize benefits and reduce procedure-related complications. The STS score
and EuroSCORE are frequently employed to anticipate patients” outcomes for traditional
cardiac surgical procedures. Nonetheless, surgical risk models have certain limitations
and often inadequately predict clinical outcomes for TAVR [12,13]. While contemporary
cardiac risk stratification often centers on predicting 30-day mortality and major adverse
cardiac events as primary endpoints, it is crucial to acknowledge that for numerous older
candidates undergoing TAVR, achieving functional independence and maintaining the
ability to perform activities of daily living are their principal objectives [14]. Consequently,
individual functional status may be particularly important for predicting outcomes in
high-risk elderly candidates for SAVR/TAVR. These patients, particularly those aged over
80, comprise a diverse population: while some may be considered “fit and robust”, the
majority contend with varying degrees of comorbidity burden, polypharmacy, functional
and cognitive impairments, malnutrition, sarcopenia, and social isolation.

Consequently, it is not surprising that many of these TAVR patients, especially those
aged over 80 years, face heightened risks of mortality, complications, and hospital readmis-
sions [15,16]. Hence, there is a solid rationale for a geriatric assessment of elderly patients
who are candidates for TAVR and geriatricians are involved in the MDTs to optimize these
procedures [17,18]. This assessment should strive to distinguish patients for whom TAVR
is likely to offer benefits from those for whom it may be futile or potentially detrimental.
The latter group may experience prolonged hospital stays, lack of functional or QoL im-
provement, worsening cognition, and functional impairment due to hospital-associated
complications such as bed rest, delirium, and sarcopenia. Additionally, it should help
determine the optimal timing of the procedure and the most suitable individual clinical
pathway for each patient.

The Comprehensive Geriatric Assessment (CGA) is essential for the holistic evalu-
ation of elderly individuals from clinical, biological, and social standpoints, utilizing a
combination of clinical scores, questionnaires, and tests to improve patient selection [8].

Clinical decisions should be tailored based on the patient’s risk category, expectations,
and quality of life. Symptoms can be nonspecific or indicative of other underlying condi-
tions. In cases where the severity of AS is uncertain, close monitoring is recommended,
along with efforts to manage comorbidities and potentially refer the patient to rehabilitation
to address frailty. If the risks outweigh the benefits, consideration of palliative care may
be appropriate to improve the patient’s overall quality of life. In this context, an MDT,
including geriatricians, must evaluate each patient for whom surgical intervention was
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deemed unsuitable to ascertain whether TAVR remains the optimal therapeutic strategy.
This determination hinges not solely on chronological age but on a thorough and inclusive
evaluation of the patient’s overall health status. The CGA also aids in preventing complica-
tions and enables prompt evaluation of periprocedural and postprocedural occurrences,
improving patient selections.

3. Imaging Evaluation

Echocardiography is the method of choice for assessing the severity of stenosis and
can provide information on the morphology of the aortic valve (tricuspid or bicuspid). In
the latter condition, the risk of implanting a pacemaker is greater. Additionally, echocardio-
graphy can evaluate the number of valve calcifications associated with a higher incidence
of conduction disorders and perivalvular leaks. In elderly patients, there is a more frequent
presence of more extensive atheroma that can lead to complications such as stroke, which
is associated with greater calcification of the aortic valve.

Echocardiography can also provide helpful information about other heart valve dis-
eases, left ventricular systolic and diastolic and right ventricular dysfunction. Severe mitral
regurgitation could be the cause of subsequent episodes of heart failure (HF) [19-21]. In
the pre-procedural multidisciplinary assessment phase, the balance between the geriatric
evaluation and the echocardiographic examination contributes to delineating a clearer
picture of the procedure’s future outcomes.

Cardiac computed tomography (CCT) provides a comprehensive assessment of the
aortic root, providing additional information on the feasibility of TAVR. In fact, a more
accurate assessment of the dimensions of the aortic annulus and the distance between it
and the coronary arteries helps reduce the risk of coronary artery obstruction [22]. Pre-
dominantly, women have a smaller aortic annulus, which may cause a high gradient. This
mismatch can worsen hemodynamics and be associated with increased morbidity [23-25].

As age progresses, coronary artery disease (CAD) becomes increasingly prevalent,
often leading patients to undergo conventional coronary angiography (CA). In cases where
obstructive disease is identified, consideration should be given to percutaneous revascu-
larization. The severity of CAD, particularly critical stenoses over 70% in the proximal
coronary arteries, is associated with poorer survival rates following TAVR, indicating a
higher risk profile for patients.

When assessing vascular access for TAVR procedures, femoral access is typically the
primary choice, followed by subclavian (left or right transaxillary), common carotid, and
brachiocephalic artery (i.e., retrograde access) if transfemoral access is not feasible. It is
essential to note that both CT scans and coronary angiography require the administration
of a contrast medium, which can cause acute kidney injury and contribute to short-term
mortality in elderly patients.

4. Chronological and Biological Age

The threshold for entering old age is conventionally defined as 65 years [26]. Al-
though this definition does not account for biological age, it is evident that factors such
as comorbidity, frailty, cognitive deficits, social integration, and resource availability can
significantly impact the evaluation beyond what demographic age alone might suggest [26].
Indeed, decline in physical and mental functions, reduced social interaction, and limited
resources can affect mortality and QoL. The decline associated with biological aging is
also influenced by genetic, biological, and environmental factors [11,27,28]. Therefore,
differentiating biological aging from chronological aging plays a crucial role in patients’
selection and aids in more accurately stratifying patients who are candidates for TAVR.

Table 1 illustrates the principal studies that have included TAVR patients, categorized
as elderly, with an average age between 73 and 83.
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Table 1. Median of chronological age in TAVR patients.
. . 30-Day
Author Total Patients Median Age Male Female M ; Stroke Pacemaker
ortality
22911
Carroll, ].D. [29] 276,316 82 149,657 (54.16) 126,627 (45.83) 7980 (3.32) 5009 (1.81) (9.98)
1000 19/492 *
Mack, M.J. [6] 496 TAVR /454 733+ 5.8 658 292 39) 3(0.6)* .
SAVR '
Van Mieghem, 1660
g . 864 TAVR /796 79.8 (6.2) 724 (43.6) - 32.2* 289 (39.1%) *
N.M. [30]
SAVR
Leon, M.B. [4] 2032 815+ 6.7 “(5525;)8 33(3.3)* 55 (5.5) * 85.5 (8.5) *
Smith, C.R. [7] 699 83.6 281/348 * - 12 (3.4) * 13 (3.08) * 13 (3.8) *
Kundi, H. o
ctal. [31] 28,531 81.5 (8.1) 15,304 (53.6%) - - 99 (0.3) -
Jorgensen, T.H. [32] 280 79.1 4+ 4.8 78 (53.8%) - 51.8 (8.5) * 8.3 (1.4)* 42,5 (11.0)*
* TAVR group.

It is crucial to consider the fact that the initial randomized controlled trials (RCTs)
comparing TAVR with SAVR in patients with severe AS at very high, high, and intermediate
risk for early post-surgical mortality predominantly included octogenarians, while more
recent RCTs conducted on low-risk patients have enrolled younger individuals with a
mean age below 75 years [33]. This change in paradigm has led to prompt modifications
to American [34] and European [35] guidelines, which now incorporate an age threshold
to define suitable candidates for TAVI of >65 years in the United States and >75 years in
Europe, irrespective of other pathological states, comorbidities, or frailty. Interestingly, no
upper age limit has been suggested beyond which valve therapy should be withheld.

According to the registry’s data [36], advanced age is not a decisive factor in excluding
patients from this therapeutic opportunity. Indeed, despite some evidence indicating higher
in-hospital mortality among nonagenarian patients compared to younger ones [37,38], the
observed-to-expected mortality ratio based on comorbidities and risk factors remained
unchanged in the very elderly [39]. Therefore, these data suggest that meticulous patient
selection remains necessary.

Initially, TAVR procedures were performed with only a few types of devices. However,
the increasing number of TAVR has driven significant advancements and diversification
in device technology, leading to a broad range of options now available, such as smaller
delivery sheaths and the ability to reposition or even fully recapture the device if it is not
placed optimally. Moreover, the latest devices are smaller and aim to minimize residual
aortic regurgitation’s incidence and severity. Currently, the choice of device is influenced
by patient-specific anatomical factors (e.g., coronary height, peripheral vasculature dimen-
sions), the operator’s preference, and the expertise of the medical center. The broader range
of devices enhances the suitability of device selection for elderly individuals, including
those with low body weight and small stature [40].

5. The Comprehensive Geriatric Assessment (CGA)

The CGA and its derived Multidimensional Prognostic Index (MP]I) is the standard for
multidimensional assessment to develop a coordinated plan to maximize overall health and
to provide the best individual care in older persons [41,42]. This time-expensive assessment,
requiring specific competence and skills, usually should be conducted by a geriatric team.
Core components of the CGA (Table 2) include the assessment of comorbidities (Cumula-
tive Illness Rating Scale, CIRS; Charlson Comorbidity Index, CCI) [43,44], polypharmacy,
functional autonomy (Basic and Instrumental Activities of daily living, BADL and IADL,
respectively) [45,46], cognition (Short Portable Mental Status Questionnaire (SPMSQ),
Mini-Mental State Examination (MMSE) [47,48], mood (Geriatric Depression Scale, GDS),
nutritional status (Mini Nutritional Assessment, MNA; Geriatric Nutrition Risk Index
(GNRI) [49,50], sarcopenia-mobility (Short Physical Performance Battery, SPPB, including
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gait-speed and chair stand) [51,52], “frailty” and living situation and social support. There
is robust evidence that such a granular approach to the older patient assessment may lead
to improved outcomes including decreased hospitalization, nursing home admission, and
mortality in several clinical settings [42,53-56].

Table 2. Core components of the CGA.

Domain Tool Measure/Score Time
Charlson Comorbidity index 10-vear expected survival 5 min
Comorbidity (CCI) [43] year expected surviva
Cumulative Illness Rating Scale 0-56 points 5 min
(CIRS) [44] (higher score means higher severity)
0-6 points

Functional Autonomy

Basic Activities of Daily Living . .
(BADL) [45] (higher score means greater ~3 min

functional dependence)

Cognitive and Mood

Instrumental Activities of Daily 0-8 points 3 min
Living (IADL) [46] (lower score means lower functional autonomy)
Short Portable Mental Status 0-10 points

Questionnaire (SPMSQ) [47] (higher score means hlgher risk of ~3 min
cognitive impairment)

Mini-Mental State Examination 0-30 points . .
(MMSE) [48] (lower score means greater severity of ~10 min

cognitive impairment)

0-15 points
Geriatric Depression Scale (GDS) (higher score means higher severity ~10 min
of depression)

Mini Nutritional Assessment 0-30 points -5 min

Nutritional Status (MNA) [49] (lower score means higher risk of malnutrition)
Geriatric Nutrition Risk Index moderate-high risk of hospital complications in 5 min

(GNRI) [50] patients with score < 92
probable with low muscle strength;
confirmed with low muscle strength + low muscle
Sarcopenia EWGSOP2 definition [51] quantity / quality;
severe with low muscle strength + low muscle

quantity or quality + low physical performance
Sarcopenia-related Short Physical Performance 0-12 points 15 min

P Battery [52] (lower score means worse physical performance)

Comprehensive Geriatric Assessment (CGA) is a multidimensional and interdisciplinary diagnostic tool used to
determine elderlies’ medical, psychosocial, and functional status.

A recent consensus statement has generated a document systematically analyzing the
current evidence regarding the predictive efficacy of various tools, often grouped under
the term “frailty”, on clinical outcomes associated with TAVR. These outcomes include
mortality, neurological complications such as delirium leading to prolonged hospitalization,
and quality of life factors such as discharge location and readmission rates [57]. After a
careful review of the available evidence, the authors concluded that (i) the 5 m gait speed
assessment is advised to predict perioperative and intermediate to long-term mortality,
and the SPPB is advised to predict intermediate-term mortality; (ii) the GNRI is advised
for the prediction of increased risk of prolonged hospitalization. While this approach is
methodologically sound, it possesses a significant inherent limitation: focusing solely on in-
dividual aspects of the multidimensional assessment overlooks the comprehensive insight
gained from evaluating multiple domains simultaneously [58]. Indeed, there is consistent
evidence that the CGA may provide a more granular definition of the expected clinical ben-
efit at an individual level [8,59-65], and the CGA-derived MPI has been shown to predict
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mortality and adverse clinical outcomes in elderly patients undergoing TAVR. [41,63,66].
Moreover, such a comprehensive assessment provides information about potential futility:
of note, four CGA domains (advanced dementia, severe sarcopenia/cachexia, disabil-
ity for all/most BADL, bed bound/poor mobility) are among the five risk factors for
TAVR futility according to the 2019 Canadian Cardiovascular Society Position Statement
TAVR [67]. Eventually, from a clinical point of view, this assessment may provide further
information about the risk of common complications such as delirium, prolonged hospital
stay/discharge in a long-term facility, functional decline, and/or no functional/quality of
life benefit [8,65,68-71].

6. The Concept of Frailty and Frailty Tools

Regrettably, both the CGA and the MP, typically conducted by specialists in geri-
atrics, entail intricate and time-intensive procedures, thus constraining their application in
routine clinical practice beyond geriatric contexts. Furthermore, implementing this multidi-
mensional assessment may prove impractical in certain clinical settings lacking geriatric
expertise. Pursuing a more manageable alternative to this intricate evaluation, “frailty”
emerged as an appealing surrogate, garnering widespread endorsement among cardiolo-
gists and cardiac surgeons. Since frailty predisposes patients to higher mortality, morbidity,
and impaired functional recovery, the frailty assessment has assumed a central role in the
pre-procedural evaluation of older TAVR candidates. Although the definition of ‘frailty’
remains a controversial issue, it has been characterized as a clinical, multifactorial geriatric
syndrome involving a multi-systemic impairment, resulting in decreased physiological re-
serves and increased susceptibility to stressors [72]. Since the inception of this foundational
definition of frailty, the proliferation of frailty assessment tools has been steadily increasing.
This proliferation, coupled with the absence of a unified consensus regarding frailty’s
definition and measurement, has presented notable challenges and fostered considerable
confusion, both within research endeavors and clinical environments [72,73]. The “ambi-
guity” surrounding the conceptualization of “frailty” was apparent in the international
guidelines concerning [74]. Indeed, the 2017 ACC guidelines underscored the significance
of assessing 5 min gait speed, disability in activities of daily living, cognitive impairment,
depression, and malnutrition as key indicators of “frailty” that should be routinely evalu-
ated before TAVR. Similarly, even broader recommendations were outlined in the European
Guidelines [75]. Hence, in the age of precision medicine, providing a concise overview of
frailty and the array of available assessment tools becomes imperative for a medical metric
of such extensive application in clinical medicine and surgery. Despite the abundance of
tools designed to gauge frailty, the majority stem from two primary conceptual frameworks.
Initially, frailty was construed as a distinct physical dimension, typically antecedent to the
onset of disability, albeit acknowledging the potential coexistence of these conditions [72].
In line with this perspective, Fried and collaborators delineated frailty as a syndrome char-
acterized by a gradual age-related decline across multiple physiological systems, leading to
heightened susceptibility to stressors and an elevated risk of unfavorable clinical outcomes.
This syndrome is identified by at least three criteria, which may include slow gait speed,
reduced levels of physical activity, unintentional weight loss, self-reported exhaustion,
and muscle weakness [76]. This concept of the “frail phenotype” (FP) characterizes frailty
as a singular domain within a broader multidimensional health evaluation. It does not
inherently denote a high disease burden or the manifestation of functional dependence
but is intricately linked with sarcopenia. The FP is correlated with deteriorating mobility
and autonomy, increased hospitalizations, and elevated mortality rates over seven years
among older individuals residing in the community [72,76]. Patients exhibiting FP may
face heightened risks post cardiac surgery and cardiovascular interventions, as well as
increased susceptibility to complications from medical treatments. This underscores the
potential for a customized clinical approach to managing these patients. Nevertheless,
diagnosing the FP during a busy clinical environment can prove challenging. Consequently,
various alternative, more straightforward tools have been suggested for its identification,
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including the SPPB and the 5 m gait speed test [52,73]. Coinciding with this development,
Rockwood and colleagues introduced an alternative perspective on frailty rooted in the
multidimensional evaluation of the CGA. Their “deficit accumulation model” (DAM) posits
that the greater the number of health deficits an individual exhibits—encompassing func-
tional limitations, disabilities, cognitive and sensory impairments, psychosocial factors,
and multiple diseases—the higher their risk for adverse outcomes [77]. The FI discerns
frailty in older adults by assessing the proportion of deficits among 70 evaluated items
(with several condensed versions available). Frailty severity is categorized as mild (FI-CGA
0-7), moderate (FI-CGA 7-13), and severe (FI-CGA > 13). Elevated FI scores correlate
strongly with heightened risks of short-term mortality and institutionalization, effectively
identifying individuals with intricate health profiles and heightened vulnerability to short-
term adverse outcomes [78]. Recognizing the time-intensive nature of the FI, Rockwood
and colleagues validated the semi-quantitative 7-point scale known as the Clinical Frailty
Scale (CFS). This scale employs a global “eyeball” vulnerability assessment, ideally derived
from a CGA. Subsequently, the CFS was refined into the current inclusive 9-point scale,
categorizing individuals as “very fit”, “fit”, “managing well”, “very mild frailty”, “mild
frailty”, “moderate frailty”, “severe frailty”, “very severe frailty”, or “terminally ill”. Scores
below 3 indicate non-frail patients, while scores ranging from 4 to 6 signify individuals
with mild-to-moderate frailty. Scores exceeding 6 conventionally denote patients with
severe frailty and poor life expectancy (see Figure 1) [79,80]. The CFS demonstrates a strong
correlation with FI scores, with increasing CFS severity significantly linked to elevated
risks of mortality and institutionalization [78,79]. Indeed, the CFS is widely used, but its
reliance on subjective clinical judgment for scoring presents a challenge regarding inter-
rater reproducibility. This limitation may impede its broader adoption, especially among
less experienced raters [81].The existence of divergent conceptualizations of “frailty” can
understandably lead to confusion among the public. While the FP isolates physical frailty
as a single domain within a multidimensional assessment, both the FI and the CFS offer a
broader evaluation of health status, encompassing factors such as disease burden, disability,
cognitive and sensory impairments, and psychosocial variables (in the case of the FI) or
relying on expert geriatric evaluation (in the case of the CFS). Additionally, while most FP
models categorize individuals as frail or non-frail (and sometimes pre-frail), the FI and the
CFS offer prognostic insights across varying levels of frailty severity [80]. Consequently,
the clinical implications derived from these tools more closely resemble those provided by
the Multidimensional Prognostic Index (MPI) than those associated with the FP.

Unsurprisingly, patients identified as “frail” using these different tools exhibit diver-
gent prognoses. Indeed, the 2-year all-cause mortality rates among older patients classified
as severely frail according to the FI/CFS (40-50%) markedly exceed those reported for sub-
jects identified with the FP (around 10%) [73]. Indeed, an expanding array of “frailty” tools
utilizing hospital or administrative electronic databases have been increasingly employed
across various clinical settings. These tools often leverage electronic health records from
community or hospital settings, integrating ICD-10 codes, resource utilization data, and a
wide spectrum of acute and chronic health conditions (primarily cardiovascular), abnor-
mal laboratory findings, indicators of healthcare service utilization, medical equipment
usage, or a combination of signs and symptoms. However, it is notable that certain frailty
risk scores derived from these tools demonstrate poor concordance with well-established
assessment instruments, leading to varied prevalence figures for frailty reported in stud-
ies. Consequently, whether these diverse tools identify the same patient phenotype and,
more critically, whether they can effectively assess biological age and predict residual life
expectancy remains unresolved [73].
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Very fit.

Robust, active and motivated. Exercise

regularly

Well.
No active disease symptoms.
Active occasionally

Managing well.

Medical problem are controlled

Not active

Vulnerable.
Symptons limit activities but not

dependent on others for daily help

Mildly frail
More evident slowing. Need help in
high order IADLs

Need help with all outside and with

Moderately frail
keeping house.

Severely frail
Completely dependent for personal
care

Very severely frail
Completely dependent approaching the
end of life.

Terminally ill
A life expectancy < 6 months

Figure 1. The Clinical Frailty Scale (CFS) is used to assess the degree of frailty in older adults. Frailty is a
multidimensional syndrome characterized by a poor physiologic condition and increased vulnerability.

7. Frailty and Outcome

Indeed, numerous studies have consistently demonstrated that frailty is associated
with heightened mortality rates and an increased likelihood of adverse outcomes. However,
many frailty scores exhibit significant variability and yield divergent prevalence estimates
depending on the specific frailty assessment tool utilized [82]. Nonetheless, consistent evi-
dence indicates that validated frailty models hold strong predictive value in older patients
considered for aortic valve replacement (AVR) or TAVR. Two distinct frailty indices, based
on the definitions proposed by Fried and Rockwood (FP and FI, respectively), identified
individuals at heightened risk of mortality and functional impairment among 1442 patients
aged 65 years or older participating in the US CoreValve High Risk (HiR) or Surgical or
Transcatheter Aortic-Valve Replacement in Intermediate Risk Patients (SURTAVI) trial [83].
The FP was associated with increasing mortality among very old patients with severe AS,
irrespective of AS treatment [84], and with increased discharge to rehabilitation facilities
among older patients who underwent TAVR [85]. In the OCEAN multicenter registry, which
comprised patients undergoing TAVR, with approximately 50% aged 85 and older and 14%
exhibiting moderate-to-severe CFS scores, the severity of frailty emerged as an independent
predictor of heightened late cumulative mortality risk [86]. In both the OCEAN-TAVR and
FRAILTY-AVR studies, increasing CFS scores, with a notable cutoff of around 6 points,
exhibited a strong association with escalating mortality rates among older patients who
had undergone aortic valve replacement (AVR) [87]. In a nationwide cohort study encom-
passing 28,531 patients evaluated using the Hospital Frailty Risk Score and undergoing
TAVR, 1-year mortality rates were 7.6%, 17.6%, and 30.1% among those categorized with
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low-, medium-, and high-risk scores, respectively [31]. In a 4-year study involving patients
undergoing TAVR, the Johns Hopkins Claims-based Frailty Indicator, designed to iden-
tify patients meeting the Frail Phenotype (FP) with a cutoff score greater than 0.11, was
shown to predict adverse health outcomes. These outcomes included falls, deteriorating
mobility, hospitalization, and mortality [31]. Increasing severity of frailty detected through
the FI has been demonstrated to be associated with an increased risk of delirium among
older hospitalized patients [88], and increasing severity of the pre-procedural FI score was
associated with a lower probability of functional improvement and a greater probability
of functional decline after SAVR/TAVR in older patients [9]. In a study comparing the
predictive capabilities of the Frailty Index (FI) and the Frail Phenotype (FP) among older
patients undergoing SAVR or TAVR, the deficit accumulation FI demonstrated superior
prognostic accuracy in predicting death or poor recovery compared to the FP [89]. Further-
more, research has shown that the presence and severity of frailty in patients undergoing
TAVR independently correlate with a substantial rise in hospitalization costs [90]. Among
the various frailty assessment tools available, specific instruments have proven clinically
valuable in the context of AS. The Essential Frailty Toolset (EFT), comprising albumin levels,
presence of anemia, ability to perform chair raises, and Mini-Mental State Examination
(MMSE) scores, demonstrated superior performance compared to previously described
frailty scores in predicting mortality and worsening disability. Another simplified tool,
incorporating serum albumin levels, 5 min gait speed, and the presence of anemia, was
also shown to be associated with adverse clinical outcomes [87,91].

The Erasmus Frailty Score (EFS), a multidimensional frailty scale derived from a CGA,
has been shown to correlate with an elevated risk of delirium, 1-year mortality, and poor
outcomes among older patients undergoing TAVR [68].

8. Frailty and Futility

It is well recognized that a non-negligible proportion of patients do not fully benefit
from TAVR despite a technically “perfect” procedure [92,93]. While the concept of futility in
medicine lacks a uniform definition, within the context of TAVR, it typically encompasses a
combination of non-cardiovascular-related mortality and/or lack of objective symptomatic
improvement in the New York Heart Association (NYHA) functional class. Consequently,
a comprehensive post-TAVR outcome measure has been suggested, incorporating both
mortality and quality of life assessments within a unified composite endpoint [94]. Re-
cently, subgroups of patients for whom TAVR might not have significant benefit have been
identified [95] Figure 2.

8.1. Chronic Lung Disease (CLD)

Chronic lung disease (CLD), which occurs in 30% of TAVI candidates, has been
demonstrated to be associated with worse clinical and functional post-TAVI outcomes.
According to several data [96-98], CLD patients undergoing TAVI exhibit higher early
mortality, with a 1-year mortality rate of 30% compared to a 1-year mortality rate of less
than 20% in non-CLD patients. Therefore, assessing moderate-severe CLD as a marker of
futility is crucial, based on a quantitative and functional evaluation of disease severity, such
as an unsatisfactory six-minute walk test (6MWT). Approximately 75% of patients whose
pre-TAVI 6MWT was <150 m died at follow-up compared to nearly 25% of patients whose
baseline 6BMWT was >150 m.

8.2. Chronic Kidney Disease (CKD)

With advancing age, a progressive decline in renal function physiologically occurs [99].
Chronic kidney disease (CKD) has been reported in 30-50% of TAVR candidates [100]. The
severity of CKD has been shown to be associated with both early and late mortality post
TAVR [101], with a 1-year mortality rate exceeding 30% and a poorer prognosis in patients
with severe CKD [102].
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Figure 2. Factors of TAVR non-response. Abbreviation: CLD: chronic lung disease; CKD: chronic
kidney disease; MR: mitral regurgitation; LVEF: left ventricle. Ejection fraction.

8.3. Pulmonary Hypertension (PH)

Pulmonary hypertension (PH) often occurs in patients with LV dysfunction [103]. A
PH value > 50 mmHg in patients undergoing TAVR has been proposed as an optimal cutoff
to predict post-TAVI outcomes [103]. Higher 1-year post-TAVR mortality has been reported
in patients with precapillary PH and combined precapillary and postcapillary PH [104].
The presence of combined PH has been shown to be a strong predictor of 1-year mortality.
Additionally, RV function plays an important prognostic role in patients with PH [104].

8.4. Left Ventricular Dysfunction

A systolic left ventricular dysfunction often occurs in AS, with LVEF values < 30%
< 50% of 6-11% and 27-46% of TAVI have been reported, respectively, in TAVI candi-
dates [105]. According to some data, a baseline LVEF < 40% is associated with early
mortality [106,107]. Conversely, a post hoc analysis of the PARTNER trial shows that a
reduced LVEF does not influence the prognosis [108]. However, it should be considered
that LVEF might not be an accurate marker of myocardial dysfunction in the presence of
severe AS, while a low trans-aortic flow could be a more important prognostic factor [109].

8.5. Severe Mitral Regurgitation

In TAVI candidates, the reported incidence of moderate-severe mitral regurgitation
(MR) ranges from 2% to 33% [110], rising to 50% among TAVI patients with organic
MR [111]. However, the influence of MR on TAVR outcomes remains debated. Some data
suggest that moderate-severe MR adversely affects both short-term (30-day) and long-term
survival, however, improvement in MR severity has been observed in 50% of patients
with moderate-severe MR following TAVI [111]. A post hoc analysis of PARTNER data
indicated that moderate-severe MR represented an unfavorable prognostic factor at 2 years
after surgical valve replacement but not after TAVI [112]. In a meta-analysis involving over
8000 cases, moderate-severe MR was associated with increased mortality at 30 days and
1-year post-TAVR, despite improvement in 50% of patients. Organic MR is unlikely to
decrease following TAVR [113].
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8.6. Patients with a Life Expectancy of Less Than One Year

Patients with a “survival with benefit” probability of less than 25% at two years are
defined as having an improvement of at least one New York Heart Association (NYHA)
functional class and/or one Canadian Cardiovascular Society (CCS) class angina symptom
and/or improvement in quality of life or life expectancy.

However, measuring these endpoints can be challenging in older patients with multi-
ple comorbidities and varying functional levels. A more comprehensive approach under-
scores the importance of individualized assessment to identify better patients for whom
TAVR may be futile [114] (Figure 3).

[ Initial assessment }

{ Severe AS with symptoms }

l

[ Functional evaluation }

l

Life expectancy < 1 year
Palliative care

Fragility

Disability * Discussion Heart Team risk/benefit Acceptable procedure risk.
Sarcopenia « Discussion with parents and patient TAVI or SAVR
Coghnitive deficit

Figure 3. Clinical pathway of geriatric assessment in older patients with severe aortic stenosis.

The 2019 Canadian document on TAVR [67] recommended considering certain fac-
tors as indicators of potential futility. These include advanced dementia, severe sarcope-
nia/cachexia, disability in most or all basic activities of daily living (BADL), being bed-
bound, or having poor mobility (beyond severe CKD). Similarly, Afilalo proposed “red
flags” to alert cardiologists and cardiac surgeons to the potential high risk of procedure
futility. These red flags include advanced dementia, advanced kidney or liver failure, inabil-
ity to complete a short-distance gait speed test or chair-rise test, malnutrition, sarcopenia,
or dependency on most basic activities of daily living [115]. While an “eyeball” evaluation
may suffice for patients exhibiting specific clinical characteristics to warrant potentially
denying the procedure, for most older patients with severe AS eligible for SAVR/TAVR,
the use of validated assessment tools is recommended. In these cases, when feasible, a
specialized CGA offers the most comprehensive approach to providing prognostic and
treatment insights to the multidisciplinary heart team. In instances where this level of
support is unavailable, physicians with some experience in the field should utilize validated
frailty assessment tools.

9. The Cardiologist’s Role

TAVR has indications in elderly patients at high surgical risk with a life expectancy
of more than one year because it further increases survival and improves quality of life.
However, age alone is not a discriminating factor, while frailty and comorbidities are related to
worse survival in patients with AS undergoing TAVR and more peri-procedural complications.

Identifying cardiac and non-cardiac factors associated with negative outcomes follow-
ing TAVR is imperative. CLD, CKD, and frailty have been suggested as predictors of the
futility of TAVR due to poor post-procedural outcomes. However, it becomes complex for
the clinician to deny a patient the opportunity for TAVR based on a single variable related
to respiratory or renal function. Furthermore, the evaluation by a multidisciplinary team is
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essential for a comprehensive and holistic assessment of the patient, especially for more
specific evaluations of frailty.

Regarding cardiac conditions, available data suggest that reduced LVEF cannot be
used as an isolated factor to determine post-TAVR futility. Instead, the presence of low
flow, severe PH, especially pre-capillary or combined, and severe organic MR are CV
factors that should be considered in the clinical decision-making process for potential TAVR
candidates. Additionally, studies have demonstrated the negative impact of pre-existing or
new-onset AF on post-TAVR morbidity and mortality. Indeed, AF itself is more likely a
marker of underlying advanced heart disease such as HE, multivalvular disease, and more
extensive vascular disease [21]. Furthermore, the management of TAVR in patients with AF
is challenging due to the complexities associated with antithrombotic therapies, bleeding
risks, and ischemic events. Therefore, it is unlikely that a single CV factor is sufficient to
identify a group of patients for whom TAVR would be futile [116].

The heart valve clinic (HVC) approach has been recently proposed in clinical practice
with the aim of managing people with moderate AS and asymptomatic severe AS in order
to optimize the timing of TAVR [117,118], recognizing symptoms before the development
of LV dysfunction [116].

Indeed, detecting changes in clinical status in the preoperative period is crucial for
accurately evaluating operative risk [119,120].

HVC patients have been shown to undergo TAVR in an early stage, wasting less time
from clinical evaluation to the procedure. This aspect assumes a pivotal role in managing
these patients due to the fact that the risk of death accounts for surgery of about 15% per
year [116,117].

In the natural history of AS, HF occurrence adversely impacts prognosis. Patients
should be provided with the chance to optimize medical therapy. Therefore, HCV patients may
benefit from comprehensive management, undergoing an accurate and timely evaluation.

Indeed, a lower risk of mortality, both CV and for all causes, has been reported in HCV
patients [116,121,122].

Moreover, the evaluation of the HCV is strategic in excluding the group of patients for
whom TAVR may not be advantageous or subject to the risk of the procedure’s futility [80].

The elderly patient approaches the risk of TAVR surgery with greater benefit when
the surgery is preceded by a period of rehabilitation aimed at counteracting frailty.

A number of stratification models are available to assess cardiac surgical risk, including
the EUROSCORE and Society of Thoracic Surgery (STS). However, these models underesti-
mate risk because they do not take into account the frailty factor, while the SURTAVI takes
frailty into account but still needs to be validated [74,123,124].

The European guidelines guide TAVR in elderly patients aged > 75 years or below
when there are comorbidities or they are judged inoperable. In comparison, the American
guidelines set the limit at >65 years [24,125]. According to a study by Delijani et al. in
2022 based on the analysis of the United States National Readmission Database (NRD)
on 84,017 patients undergoing TAVR from 2016 to 2018, patients > 80 years have a higher
risk of readmission, complications, and mortality, while the 70-79 age group showed no
significant differences compared to patients under 70 years old [15].

The Partern trial randomized 699 patients between surgical and transcatheter valve
replacement and found that the two procedures had equivalent one-year survival rates
despite an increased risk of major peri-procedural complications such as renal failure re-
quiring dialysis and major vascular complications (perforation or dissection of the aorta) [7].
Consequently, the cardiologist must carefully assess the patient’s anatomy and the valve.

10. Post-Operative Phase

Complications related to vascular access, such as bleeding and pseudoaneurysms, are
common in this frail and elderly population due to the use of large catheters. Addition-
ally, persistent inter or intraventricular disturbances, which may necessitate permanent
pacemaker implantation, can have significant implications in this demographic.
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Periprosthetic complications, including the persistence of minor leaks around the
valve, should also be considered. Furthermore, embolic events such as stroke, resulting
from valve debris or vascular system origin, as well as the onset of atrial fibrillation (AF),
can profoundly impact both quality of life and survival due to the associated risks of
immobilization and cognitive impairment.

Balloon-expandable devices (e.g., Sapien 3 and Sapien 3 ultra-models) are used in
dilated or angulated ascending aorta cases. These expand using their radial force by adapt-
ing to the oval annular morphology. Self-expanding valves (e.g., CoreValve, theirEvolut R,
Portico, and Jena Valve models) expand directly into the aortic annulus [126].

Following TAVR, a seamless transition to post-procedural care is pivotal for patient
recovery. This includes the crucial steps of evaluating regurgitation and monitoring for
pericardial effusion via echocardiography. Concurrently, initiating antiplatelet therapy to
prevent thrombosis is paramount. Given the lower bleeding risk, direct oral anticoagulants
(DOAC:sS) are preferred over vitamin K antagonists (VKAs) for patients with AF undergoing
TAVR [127].

11. Post-Discharge Care

Early rehospitalization during the first year after discharge has been correlated with
the procedure, whereas late rehospitalization is associated with comorbidities. Frailty after
discharge is associated with increased mortality and morbidity. Therefore, frail patients are
more likely to be transferred to a rehabilitation center after discharge [85,128].

Comprehensively instructing a caregiver at discharge can be beneficial because it
allows the patient to be transferred home. Treatment of malnutrition and sarcopenia and
careful adherence to medical therapy are desirable goals. The caregiver’s role is considered
to be pivotal in postoperative care for managing the patient and therapy.

Furthermore, in elderly patients, postoperative rehabilitation (CR) is crucial to facilitat-
ing the transition from hospital to home or a care facility. CR after TAVR surgery not only
enhances exercise capacity and survival but also addresses other geriatric-specific issues
such as balance, fall prevention, sarcopenia, polypharmacy, depression, and cognitive
decline [129]. The final objective of CR is to improve the quality of life (QoL) (Figure 4).

Postoperative
Cardiac

Rehabilitation

Figure 4. Cardiac rehabilitation (CR) after transcatheter aortic valve replacement (TAVR).
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After TAVR surgery, CR aims to improve the patient’s physical and psychological
status and overall well-being. This program often involves exercise training, education and
counseling, monitoring and support, psychosocial support, and nutritional guidance.

12. Conclusions

Current evidence suggests that older patients undergoing TAVR may benefit sim-
ilarly to younger patients. However, the older population includes a marked hetero-
geneity in global health and functional status, implying that a non-negligible proportion
of these patients might not derive survival, clinical, symptomatic, or functional benefit
from a technically perfect procedure. An appropriate multidimensional assessment is
mandatory to avoid futility and potential harm and to provide the best individual clinical
decision-making.

General surgical scores are not reliable in estimating long-term mortality and func-
tional and symptomatic benefit in older TAVR patients, in whom the burden of comorbidi-
ties, the presence and severity of geriatric syndromes (cognitive impairment/dementia,
basic and instrumental functional dependence, malnutrition, and sarcopenia, frailty and
social isolation) are by far more reliable predictors of death and functional, symptomatic,
and quality of life improvement after TAVR.

Appropriate patient selection and careful procedural planning, including the choice of
the appropriate access route, technique, and type and size of the TAVR valve, and adequate
postoperative care, including appropriate rehabilitation measures and drug therapy [130],
all contribute to reducing the mortality risk of TAVR. In experienced hands, the CGA
and some validated frailty tools (FI, CFS, EFT, EFS) have a complementary role in the net
clinical benefit expected from the procedure. Severe frailty detected through appropriate
multidimensional scores (MPL FI, and CFS) as well as the presence of some specific geriatric
conditions such as advanced dementia, severe sarcopenia/cachexia, disability for all/most
basic functions of daily living, and poor mobility /bed-bound-should strongly discourage
the procedure.

Assessing frailty indices with the involvement of geriatricians is crucial. Additionally,
given the prevalence of CLD, CKD, and other concomitant comorbidities in potential
TAVR candidates, the involvement of a pulmonologist, cardiologist, nephrologist, thoracic
specialist, HF specialist, nutritionist, physiotherapist, neurologist, as well as other disease
specialists, should be considered based on the presence or absence of relevant comorbidities.
The help of a MDT may be very beneficial, allowing tailored management of the patients,
also taking into account adequate nutrition and proper physical activity [131].
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