Clinical risk assessment pre-TAVI

Introduction
Degenerative aortic valve stenosis is the most common valvular heart disorder in industrialized
countries, with a prevalence rate of 4–5% in adults aged >65 years. [1] The advent of transcatheter
aortic valve implantation (TAVI) has represented a paradigm shift for treating patients with severe
aortic stenosis (AS).

Clinical risk assessment in potential TAVI candidates has been based largely on the STS and
EuroSCORE which were initially developed to predict short-term risk following cardiac surgery,
based largely on the extent of baseline medical co-morbidities. [2, 3] Although these risk scores
have been applied in the TAVI population, their utility for this purpose is limited given their frequent
discordance and modest correlations with 30-day and mid-term post-TAVI outcomes. [4, 5]

Post hoc analysis of data from the PARTNER trial has been used as a means of identifying patients
at high risk for a poor outcome post-TAVI. [6] The most important baseline predictors of poor
outcomes included reduced exercise capacity (measured using 6MWT), lower baseline mean aortic
valve gradients, oxygen-dependent chronic lung disease (CLD), chronic kidney disease (CKD) and
poor baseline cognition. Interestingly, the STS score was not a significant predictive factor.

In both European and American guidelines, it is recommended that the decision regarding
intervention in valvular heart disease should be performed by the “Heart Team” consisting of a
number of specialists [7]. Nonetheless, identification of potential TAVI candidates unlikely to benefit
from this procedure in the clinic setting remains an important skill for all clinical cardiologists in order
to facilitate discussion with patients regarding potential treatment strategies. This review aims to
outline the patient factors and co-morbidities currently known to be associated with a futile postTAVI outcome, and thus help clarify which patients may be unlikely to benefit from TAVI.
Impaired ejection fraction
There is conflicting data regarding the outcome post-TAVI and impaired ejection fraction. In
one study by Urena et al., pooled analysis of over 3 700 patients who underwent TAVI with
either a balloon- or self-expanding prosthesis identified that a baseline LVEF of ≤40% was
independently associated with death due to advanced heart failure or sudden cardiac death
during a mean follow-up period of ∼2 years [8]. However, a study by Passeri et al. also
addressed this question and found that the impact of LVEF was of less significance. This
study used data from 342 inoperable patients included in the PARTNER trial randomised to

TAVI or optimal medical therapy (OMT). Impaired LVEF was diagnosed in fewer than 50% of
this cohort meaning that the absolute number of patients included in this study was small.
Impaired EF had no effect on survival at 1 year post-TAVI but was associated with a worse
outcome in the OMT group. [9] Given that there is currently conflicting data concerning the
impact of LVEF in outcome post TAVI, it would not be unreasonable to suggest that low
LVEF should not be used as an isolated factor for determining futility postTAVI. Interestingly, a separate post hoc analysis of the full PARTNER cohort demonstrated
that a low-flow state (defined as stroke volume index ≤ 35 mL/m 2) was independently
associated with increased 2-year mortality, irrespective of LVEF, although the clinical
significance of this in terms of selection for TAVI is not clear. [10]
Right heart function
Few studies have evaluated the effect of significant tricuspid regurgitation (TR) on outcome in
patients undergoing TAVI. Lindman et al. addressed this question by analyzing the results from the
542 patients with symptomatic AS included in the PARTNER II trial. In this inoperable cohort of
patient, those with more significant TR prior to TAVI had increased 1-year mortality: 32.6% for
moderate TR and 61.1% for severe TR compared to 16.9% and 17.2% for those with no/trace or
mild TR respectively (p<0.001). After multivariable adjustment, severe TR (HR 3.20, 95% CI 1.50–
6.82, p=0.003) and moderate TR (HR 1.60, 95% CI 1.02–2.52, p=0.042) remained associated with
increased mortality as did RA and RV enlargement, but not RV dysfunction. [11]

However, it is important to highlight this association between moderate or severe TR and increased
hazard of death was only observed in those with minimal MR at baseline and that this correlation
did not exist in patients with concurrent mitral regurgitation. While it would not be prudent to make
binary decisions on patient selection for TAVI based on one single study, it appears that severe TR
in the context of minimal MR is associated with a 3-fold increase in the hazard of 1-year mortality
after multivariable adjustment which may have implications on treatment decisions concerning
TAVI.
Pulmonary hypertension
Data from the PARTNER trial and registry suggests that while pulmonary hypertension (PH) does
not influence peri-procedural mortality, one year mortality was increased. In a post-hoc analysis of
the PARTNER trial by Lindman et al., one year all-cause mortality was 18.6% in patients with no
pulmonary hypertension. This increased to 22.7% in patients with mild PH and 25% in patients with
moderate/severe PH . In this study, invasive measurement of mean pulmonary artery pressure
(mPAP) was used and moderate/severe PH was defined as an mPAP ≥35 mm Hg.[12] Another
single centre study identified 50mmHg (measured non-invasively) as an optimum cut-off to predict

post-TAVI outcomes. [13] However, this relationship between mortality and moderate/severe PH is
likely to be complex and vary depending on the aetiology of PH. In a study by O'Sullivan et al., the
impact of PH on the outcomes of 433 patients undergoing TAVI was assessed based on several
invasive haemodynamic parameters. This study demonstrated that isolated post-capillary PH did
not appear to have a significant impact on mortality. However, patients with pre-capillary PH and
combined pre-capillary and post-capillary PH had a significant increase in one year mortality. [14]
Mitral regurgitation
The relationship of outcomes with mitral regurgitation and aortic valve replacement is complex and
highly dependent on the aetiology of mitral regurgitation. In general, both 30 day and one year
mortality is higher post-TAVI if there is concomitant moderate or severe MR. In contrast to primary
mitral regurgitation, it is conceivable that functional or secondary mitral regurgitation may improve
post-TAVI. Data from a meta-analysis by Nombela-Franco et al. suggests that if the patient in
question has functional moderate or severe MR, this will get better in 22.5% of patients, no change
in 77% of patients and worse in 7.6% of patients. Secondary MR (as opposed to primary MR)
therefore supports a move towards TAVI with the caveat that overall mortality is higher with an odd
ratio of 1.49 (95% CI 1.16-1.92) at 30 days and 1.32 (95% CI 1.12-1.56) at one year. [15]

Severe chronic lung disease
There is now a body of research to suggest that baseline spirometric variables are associated with
pulmonary complications post-TAVI in patients with chronic lung disease (CLD). [16] Therefore,
predicting this correlation between CLD and a poor outcome post-TAVI requires a quantitative
assessment of the severity of CLD. However, no threshold has been shown yet to be predictive of
futility.

Mok et al. evaluated the factors specifically associated with a poor outcome post-TAVI in patients
with CLD. A shorter distance walked during the 6-minute walking test (6MWT) was the main factor
associated with poor outcomes. Approximately 75% of patients whose pre-TAVI 6MWT was <150 m
died at follow-up compared with nearly 25% of patients whose baseline 6MWT yielded ≥150 m. [17]
Post hoc analysis of outcomes of patients with CLD undergoing TAVI from the PARTNER trial
demonstrated that poor mobility (defined as a distance < 50 m during the 6MWT) and oxygendependency are independently associated with greater mortality rates. [18]

While some discrepancies exist regarding the specific 6MWT distance cut-off determining
prohibitive risk, it seems that there is a very high likelihood of a poor post-TAVI outcome in those
patients unable to walk at least 100 m during the 6MWT. Oxygen-dependent CLD patients are also

at very high risk of poor outcomes, and a very thoughtful and extensive evaluation should be
undertaken before accepting these patients for TAVI.
Chronic kidney disease
One year mortality rates post-TAVI in those with severe CKD are in excess of 30%. [19] Allende et
al. pooled the clinical results of over 2 000 patients who underwent TAVI, with the aim of evaluating
factors predictive of poorer outcomes within the CKD population. The presence of more advanced
CKD, defined as an eGFR less than 30 mL/min, was independently associated with early and late
mortality post-TAVI. In addition, the presence of atrial fibrillation and dialysis-dependence were
observed to be potent predictors of mortality. Of note, the mortality rates among patients with
advanced CKD and atrial fibrillation was 40% at 1 year, and increased to 70% when combined with
dialysis-dependence. [20] Current available data may be helpful in the clinical decision-making
process of potential TAVI candidates. In particular, the combination of dialysis-dependence and
atrial fibrillation appears to significantly elevate risk of mortality post TAVI. However, while this data
can help inform decisions, data from a limited number of trials cannot be applied generically to this
subgroup of patients to make important binary decisions regarding treatment and more evidence is
therefore required on the treatment of patients with CKD and aortic stenosis.

Frailty
The contribution of mobility, cognition and nutrition is increasingly being evaluated as a means of
identifying potential TAVI candidates unlikely to benefit from this procedure. [21] Therapeutic futility
is a generic term corresponding to a lack of medical efficacy. Although there is currently no uniform
definition, futility from a TAVI perspective is usually defined by the combination of death and/or
absence of functional improvement during short-term follow-up post-procedure (6 months to 1 year).
[22, 23] There is increasing recognition that some patients simply fail to derive a functional,
morbidity or mortality benefit post-TAVI. Given the associated risks associated with TAVI, accurately
identifying subgroups of patients in whom TAVI is likely to be futile remains a priority.

Assessment of frailty pre-TAVI has been examined by Yamamoto et al. who analysed data from the
prospective OCEANTAVI registry. This is a Japanese register which encompasses 1 215 high-risk
patients who underwent TAVI at 9 centres in Japan between 2013 and 2016. The Rockwood’s
Clinical Frailty Scale (CFS) was used to assess frailty and this information was ascertained by
trained medical professionals who had direct contact with the patients and their families prior to
TAVI. The CFS is a semi-quantitative tool that provides a global score ranging from 1 (“very fit”) to 9
(“terminally ill”) to reflect the following domains: disability for basic and instrumental activities of daily
living (ADLs), mobility, activity, energy, and disease-related symptoms. Patients with CFS scores of
greater or equal to 7 were designated as having severe frailty with complete dependence for

personal care. This group faced the highest risk of 1-year mortality (45%); whereas CFS scores of
1-6 faced a lower risk (7-18%). [24] This study is subject to criticism due to the small number of
patient included with a CFS score greater or equal to 7 (N=48). However, similar results have been
demonstrated when this process was applied to another dataset i.e. the Frailty-AVR study. [25]

There are a large number of frailty tools and there have been multiple studies to attempt to
identify a definitive tool that can be used universally to assess frailty pre-TAVI. All these
tools have pros and cons. For example, it can be argued that the CFS score is limited in that
it is unable to discriminate potentially reversible cases of frailty such as sarcopenia, which
may improve with exercise and nutrition interventions. However, results from the FRAILTYAVR study (Frailty Assessment Before Cardiac Surgery and Transcatheter Interventions)
have demonstrated that the Essential Frailty Toolset (EFT), a relatively simple composite
score of four indicators, is highly predictive of mortality after TAVI and surgical aortic valve
replacement.

The FRAILTY-AVR study was a prospective cohort study encompassing 1,020 patients and
was carried out across 14 centres in 3 countries (Canada, USA, and France) from 2012 to
2016. This study compared the following frailty scales: Fried, Fried+, Rockwood, Short
Physical Performance Battery, Bern, Columbia, and the Essential Frailty Toolset (EFT). The
primary outcome was all-cause mortality and disability 1 year after the procedure.
Interestingly, the Essential Frailty Toolset, a brief 4-item scale encompassing lowerextremity

weakness,

cognitive

impairment,

anaemia

and

hypoalbuminaemia,

outperformed other frailty scales and has therefore been recommended for use in this
setting [25].
Regardless of the tool used, it is likely to encompass a number of “red flags” which have been
associated with futility post-TAVI. These include inability to complete a short-distance gait speed
test or chair rise test, being dependent for most basic activities of daily living, being malnourished
with low serum albumin and unintentional weight loss, being significantly anaemic (in the absence of
a clearly reversible cause), having advanced dementia, having oxygen dependent lung disease and
having severe chronic kidney or liver disease. [26]

Conclusion
In summary, identifying the non-cardiac and cardiovascular factors leading to poor outcomes postTAVI remains a challenging and unresolved issue. With regards to non-cardiac conditions, a large
body of evidence supports that CLD, CKD and frailty predict futility post-TAVI. However, it remains
difficult

to

deny

TAVI

based

on

a

single

variable

related

to

respiratory

of

renal

function. Furthermore, it is unlikely that any single cardiovascular factor is sufficient to identify a
group of patients for whom TAVI is likely to be truly futile. However, the collective assimilation of
these co-morbidities and assessment of frailty is likely to be of high utility in helping to identify
patients in whom TAVI is likely to be futile.
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