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Abstract: Frailty is a notably common problem in patients with severe aortic stenosis (AS) undergoing

transcatheter aortic valve replacement (TAVR) evaluation. Studies have demonstrated significant associations

between frailty and worse outcomes in patients undergoing TAVR including higher risks of disability and mortality

and admissions to long-term care facility. While there are multiple methods to identify and measure frailty, there is

a critical need for a precise definition of frailty and its standardized assessment protocol based on well-established

tests covering all aspects of the frailty, as a syndrome. Incorporation of the available frailty evaluation into pre-

operative risk assessments chances of morbidity or mortality following surgery can help enhancing performance and

improve shared decision-making between physicians and their patients. In this review, we present the perspectives

of the impact of frailty on mortality in patients undergoing TAVR.
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Introduction

Transcatheter aortic valve replacement (TAVR) is currently
considered as a standard of care for patients with severe aortic
stenosis (AS) who are deemed inoperable with prohibitive risk
for surgical aortic valve replacement (SAVR) (1). Although
TAVR is less invasive, the reported mortality in patients
undergoing TAVR is considerably high (24% at 1-year and
34% at 2-year post TAVR) (1,2).

Frailty is a state of vulnerability in which patients have
decreased physiologic reserve resulting in a poor outcome when
a stressor is applied (3,4). This syndrome is very prevalent is
reported in up to 80% of patients undergoing TAVR (5-7).
Previous studies have demonstrated the adverse effects of frailty
on outcomes including disability, dependency, falls, the need for
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long-term care facility and mortality after cardiac surgery and
procedures, such as coronary artery bypass grafting, valve repair
or replacement, TAVR, or combined procedures (4,8-11).
Cardiac operative risk models such as the Society of
Thoracic Surgeons (STS) and the European system for cardiac
operative risk evaluation (EuroSCORE) are designed to
predict surgical mortality (12-14). These risk models are not
specifically developed only for patients undergoing TAVR,
which commonly consist of the elderly population suffering
from frailty (5-7). In this review, we present the perspectives of
frailty impact on mortality in patients undergoing TAVR.

Adverse effects of frailty

Frailty is defined as a state of reduced physiological reserve
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Table 1 Frailty assessment tools and their use in TAVR studies (9,25-31)

Thongprayoon et al. Frailty and mortality after TAVR

Frailty assessment tools
Rockwood frailty scale
Fried phenotype frailty assessment (FFS)
Walk test
Dominant hand grip strength
Timed get up and go (TUG)
30 Second chair stand test (30 CST)

Katz activity of daily life (ADL) (six functions including bathing, dressing, toileting, transferring, continence, and feeding)

Lawton instrumental activities of daily living scale (IADL)
Identification of seniors at risk (ISAR)

Serum albumin

Mini nutritional assessment (MNA)

Mini-mental state examination (MMSE)

Confusion assessment method (CAM)

Hospital anxiety and depression scale

Eyeball and end of bed test

5 geriatric domains of frailty (slowness, weakness, unintentional weight loss, exhaustion, and inactivity)

and impaired resistance to external stressors, resulting
in compromised physical and neurocognitive function,
cumulative declines across multiple organ systems and
increased vulnerability to unfavorable outcomes (3,15-17).
The frail phenotype includes unintentional weight loss,
weakness, slow walking speeds, low albumin levels, and
inability to perform the activities of daily living (ADL) (3,4).
Although the frailty definition is not standardized, experts’
consensus description of this syndrome includes physical
frailty comprising loss of endurance, wasting (weight loss,
loss of muscle mass and strength), limited balance and
mobility, diminished performance and relative inactivity and
decline in cognitive function (18).

The underlying pathophysiology of frailty is thought
to be aging-associated wear and tear coupled with age-
related biologic changes that lead to subclinical multi-
system dysfunction (16,17). Studies have demonstrated
associations of frailty with dysregulation of the immune,
hormonal, and endocrine systems including up-regulation
of inflammatory cytokines, decreased testosterone levels,
and glucose intolerance due to insulin resistance, leading
to physical inactivity, malnutrition, and sarcopenia (a
state of progressive decline in muscle mass and strength)
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(16,19). The presence of frailty has been associated with
many adverse outcomes including an increased risk of falls,
disability, institutionalization, health care resource use as
well as mortality (8,20-23).

Frailty assessment and impact on TAVR-related
outcomes

Currently, the definition of frailty is not standardized, and more
than 20 instruments for measurements of frailty have been
developed (24). Not surprisingly, there are a broad variety of
frailty assessment tools used in published studies of patients
undergoing TAVR as shown in Table 1 (1,9,25-31). Different
studies used variable cutoffs and scales and some used composite
scoring systems. Also, the consensus definition or gold standard
instruments for physical frailty assessment have not been
established. A well-standardized frailty scoring systems should
be utilized in patients referred for a possible TAVR procedure (1).

Recently, the published ACC/AHA guidelines recommend
the Katz ADL index, measurement of gait speed, grip strength,
and muscle mass to be used for evaluation of surgical and
interventional risk (32). Although the proposed assessment
tools cover some aspects of frailty among surgical patients,
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Table 2 Impact of frailty on mortality in TAVR studies (27-30,36-38)
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First author, year

Outcomes

QOdds ratio (OR) or hazard ratio (HR) and 95%
confidence interval (Cl)

Green et al., 2012 (27)

Stortecky et al., 2012 (28)
Schoenenberger et al., 2013 (29)
Puls et al., 2014 (30)

Green et al., 2015 (36)

Arnold et al., 2016 (37)
Alfredsson et al., 2016 (38)

1-year mortality
1-year mortality
Functional decline or death
Long-term all-cause mortality
1-year mortality
1-year mortality

30-day mortality

HR, 3.5; 95% ClI, 1.4-8.5
OR, 3.68; 95% Cl, 1.21-11.19
OR, 4.46; 95% Cl, 1.85-10.75

HR, 2.67; 95% CI, 1.7-4.3

HR, 2.5; 95% ClI, 1.40-4.35
OR, 1.42; 95% Cl, 1.18-1.69
OR, 1.35; 95% Cl, 1.01-1.80

they are not specific to patients undergoing TAVR (32).

Despite the heterogeneity of frailty assessment tools,
in surgical patients, studies have shown that frailty
independently prognosticates postoperative complications,
hospital length of stay, and discharges to skilled nursing or
assisted living facilities (33). Moreover, following cardiac
surgery, a recent systematic review evaluating six studies,
including 4,756 patients undergoing cardiac surgical
procedures, showed that patients who were deemed frail
had a higher likelihood of experiencing major adverse
cardiac and cerebrovascular events, mortality, and functional
decline (34). Not only in patients undergoing cardiac
surgery, but studies have also shown that frail patients have
worse outcomes after renal transplantation, and to be at
greater risk of disability, and long hospitalization following
hip fractures (33,35).

The impact of frailty on clinical outcomes following
TAVR has been reported in the literature (1,9,25-31). This
relationship has been described consistently despite the
heterogeneity of frailty definition, use of variable cutoffs
and scales, or utilization of a composite scoring system.
In all of these studies, frailty has been demonstrated as an
independent predictor of short and long-term mortality,
procedural outcomes and longer hospital stays after TAVR
as shown in Table 2.

Recently, in a multicenter study (Placement of Aortic
Transcatheter Valve Trial), the role of frailty in 244 patients
undergoing TAVR was evaluated. These patients deemed
either high risk or inoperable for SAVR. At one year, compared
with non-frail patients, mortality was significantly greater in
the frail cohort 32.7 % wvs. 15.9 %, P=0.004) (36). Additionally,
Puls et al. (30) demonstrated that frailty status measured by
the Katz ADL index (Table 1) in 300 patients undergoing
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TAVR was a robust predictor of early and late poor outcomes
including mortality. Lately, Arnold et a/. (37) evaluated the
predictors of TAVR Poor Outcome risk models using data
from the CoreValve US Pivotal Extreme and high-risk trials
among 2,830 patients who underwent TAVR. Authors defined
frailty as three or more deficits in the five geriatric domains
(1able 1), and they found it was a significant predictor of 1-year
mortality with OR of 1.42 (95% CI: 1.18-1.69) (37). These
studies establish a clear relationship between adverse outcomes

and frailty status before TAVR (27-30,36-38).

Frailty and prediction models of poor TAVR
outcomes

Overall, high-risk or inoperable patients with severe AS
who undergo TAVR, experience better outcomes including
lower mortality, improved quality-of-life, and less utilization
of health care resources. However, benefit from TAVR is
not universal among all patients. Allocating individuals who
benefit from TAVR remains to be a challenge.

Recently, a study evaluating the Medtronic CoreValve
system sought to determine the patient characteristics
that impact the benefits of TAVR. The authors showed an
overall improvement in the quality of life and subjective
symptoms after TAVR; however, a significant proportion
of the enrolled cohort (39%) did not experience any
benefit. Two factors were predictive of lack symptomatic
improvement with TAVR including being wheelchair-
bound and having low serum albumin (39). Thus, similar
to the recommendation for other cardiac surgeries, frailty
evaluation should be integrated into an individual risk-
benefit analysis for TAVR (32,40).

Risk prediction models can help clinicians and patients
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understand the potential likelihood of undesirable outcomes
and provide them with information that may be valuable in
choosing and planning for the optimal treatment pathways.
There has recently been considerable effort to improve risk
assessment in TAVR (41,42). It is lately advised that the
predictive performance of risk scores may be enhanced by
recalibration over time and the addition of variables, intended
to assess functional and cognitive capacities and frailty in the
elderly (14). By combining the frailty assessment into cardiac
risk evaluations, shared decision-making between physicians
and patients can be improved. In the updated EuroSCORE
II, poor mobility was added to the prediction model in
order to provide more accuracy and reliability of high-risk
classification among elderly patients (13). Besides, recent
updates to the ST risk score include frailty as graded by the
S-meter walk test (43). Incorporating a frailty evaluation into
an assessment of the patient risk of surgery-related morbidity
or mortality promises to improve patient selection for TAVR.

A few TAVR-specific risk prediction models have
recently been developed (44-49). Most studies have focused
on predicting short-term and 1-year mortality. Recently,
using PARTNER trial data, Arnold ez 4/. developed the
TAVR Poor Outcome risk model (combining both mortality
and reduced quality of life after TAVR) (44). Subsequently,
Arnold er al. externally validated their TAVR-specific risk
prediction model in the CoreValve study population (37).
The investigators demonstrated good performance of
their 6and 12-month TAVR Poor Outcome risk models
with similar moderate discrimination (c-indexes: 0.64 to
0.67) and excellent calibration (37). Additionally, in this
study, the investigators only confirmed the association
between frailty and poor outcomes after TAVR. Although
they found adding frailty, defined as 3 or more deficits in
the 5 geriatric domains, would improve the calibration
and discrimination of their models, it was an only small
discrimination enhancement. The TAVR Poor Outcome
risk models included several factors that are correlated or
classified as component or part of frailty syndrome, such as
body mass index, functional status [assessed by walk test or
Kansas City Cardiomyopathy Questionnaire(KCCQ)], and
cognition [determined by Mini-mental state examination
(MMSE)] (9,25-31). These findings suggested frailty
status is important and should be considered as part of a
comprehensive assessment before TAVR. Also, there is
an inevitable need for a precise definition of frailty and a
standardized frailty assessment tool. In addition, future
studies assessing the usefulness of these models in clinical
care are required.
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Interventions based on frailty

We propose the incorporation of frailty into the pre, peri
or postoperative period assessment in patients undergoing
TAVR as shown in Figure 1. Not only screening but
also preventive and therapeutic interventions are vital
in frail patients. It has been noted that frail individuals
benefit from early mobilization, resistance exercise,
and rehabilitation (50). Frail patients may benefit from
interventions in the pre, peri or postoperative period
comprising intensive monitoring, early mobilization, and
planned discharge to a specialized physical rehabilitation
facility and exercise training (51).

In frail patients, extended post-TAVR care such as early
mobilization, intensive nutritional management and early
and long-term rehabilitative programs can support a faster
recovery (1). When frailty is identified in the preoperative
phase, clinicians should preemptively attempt to reduce
disability, weakness, and improve nutritional status before
and after TAVR. Although strength training and nutritional
supplementation have been the primary treatments studied
to-date (19,50,52), future studies in TAVR population
assessing outcomes following interventions to prevent and
improve frailty are warranted. Nevertheless, in patients
with severe frailty, excessive comorbidities and a reduced
possibility of benefit from a TAVR might warrant a
palliative approach particularly on those who are recognized
by the surgical team as unsuitable candidates for an invasive
treatment (53).

Conclusions

Frailty is very common in patients with severe AS
undergoing TAVR and is associated with poor outcomes
including mortality and reduced quality of life after
TAVR. Frailty in TAVR is an active area of ongoing
research. Beyond comorbidity and risk stratification, the
addition of frailty as part of a comprehensive assessment
before TAVR can aid appropriate patient selection for
TAVR. Studies have recently added frailty scores to
traditionally used risk calculators. However, there are
multiple methods to measure or characterize it. The lack
of standard definition of frailty makes hinders progress
in understanding how frailty can be best used in risk
assessment. Thus, there is a definite need for a precise
definition of frailty and a gold standard assessment
protocol based on well-established tests covering all
aspects of frailty.
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Figure 1 Implication of frailty on the pre, peri or postoperative period assessment in patients undergoing transcatheter aortic valve
replacement (TAVR).
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