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Aims: The aim of this study was to describe the midterm outcomes in nonagenarians undergoing trans-
e death catheter aortic valve implantation (TAVI).

e elderly (>75 years)

o TAVI Methods and results: Based on the French administrative hospital discharge database, the study collected

information for all consecutive patients with aortic stenosis (AS), and specifically those treated with TAVI
between 2010 and 2018. Cox regression was used for the analysis of predictors of events. We compared
patients according to their age. Within the studied period, 71,095 patients older than 90 years with AS were
identified. After matching on baseline characteristics, TAVI was associated with lower rates of a combined
outcome of all-cause death, rehospitalisation for heart failure and stroke (relative risk [RR] 0.58, p<0.001)
in comparison with matched nonagenarians with AS treated medically. During follow-up (median 161 days,
interquartile range 13-625), the combined outcome occurred more frequently in nonagenarians (RR 1.22,
p<0.01) who had a TAVI than in younger patients undergoing this procedure. All-cause death was reported
in 17.6% versus 14.5% of nonagenarians, rehospitalisation for heart failure in 21.3% versus 18.2%, and
stroke in 3.7% versus 2.9% (p<0.01 for all parameters). We identified the Charlson comorbidity index, heart
failure, atrial fibrillation, stroke, vascular disease, cognitive impairment and denutrition as independent pre-
dictors of adverse outcomes in nonagenarians undergoing TAVIL.

Conclusions: Among nonagenarians with AS, patients treated with TAVI had a lower risk of cardio-
vascular events than matched patients treated medically. The patients undergoing a TAVI at this age were
often highly selected; the procedure was associated with acceptable long-term outcomes.
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Abbreviations

AS aortic stenosis

CCAM classification commune des actes médicaux

CENTER Cerebrovascular EveNts in Patients Undergoing
TranscathetER Aortic Valve Implantation

Cl confidence interval

HR hazard ratio

ICD-10 International Classification of Diseases, Tenth Revision
PMSI programme de médicalisation des systémes d’information
RR relative risk

SD standard deviation

TAVI transcatheter aortic valve implantation

Introduction
Transcatheter aortic valve implantation (TAVI) is considered the
preferred treatment for severe aortic stenosis (AS) in inoperable
and high surgical risk patients'. Recent data showed that TAVI is
non-inferior to surgery in intermediate- and low-risk patients?. At
the other end of the spectrum, the development of TAVI offered
a solution for AS treatment in patients often declined for conven-
tional surgery, such as nonagenarians*.

Nonagenarians are at higher risk for open heart surgery'*. When
a TAVI indication is considered, life expectancy and future qual-
ity of life in particular should be taken into account. However, in
current large randomised clinical trials, nonagenarians account for
only a small fraction of patients and therefore long-term outcomes
remain poorly explored®. The feasibility of TAVI procedures in
this cohort has already been reported with limited follow-up?.

The French programme de médicalisation des systémes
d’information (PMSI), a mandatory administrative database, offers
the opportunity to assess comprehensive data on all TAVI performed
at a nationwide level®. We planned to evaluate the impact of TAVI
performed in patients >90 years old with AS and describe clinical
outcomes in this population in comparison with younger patients.

Editorial, see page 1474

Methods
STUDY DESIGN
This longitudinal cohort study was based on the national hospitali-
sation database covering hospital care from the entire French pop-
ulation. The data for all patients admitted with AS in France were
collected from the PMSI database. Each hospitalisation is encoded in
a standardised data set, which includes information about the patient
(age and sex), pathologies, and procedures. Identified diagnoses are
coded according to the International Classification of Diseases, Tenth
Revision (ICD-10). All medical procedures are recorded according to
the national nomenclature, classification commune des actes médicaux
(CCAM). The reliability of PMSI data has already been assessed®”.
The study was conducted retrospectively and, as patients were
not involved in its conduct, there was no impact on their care.
Ethical approval was not required, as all data were anonymised.
Procedures for data collection and management were approved by
the Commission Nationale de I’Informatique et des Libertés, the

independent national ethics committee protecting human rights
in France, which ensures that all information is kept confidential
and anonymous, in compliance with the Declaration of Helsinki
(authorisation number 1897139).

STUDY POPULATION

From January 2010 to December 2018, 487,085 adults (age
>18 years) were hospitalised with a diagnosis of AS. We restricted
the analysis to patients admitted after 2010, with at least two years
of past events to define comorbidities. For the analysis of TAVI
procedures, we included all adults with a single percutaneous pro-
cedure (CCAM code: DBLFO001). Patients treated with surgical
aortic valve replacement (SAVR) and those treated with surgical
TAVI were excluded from the analysis (Figure 1). The comparison
group of nonagenarians was composed of all patients with AS with-
out a TAVI procedure. We used the Charlson comorbidity index
and the claims-based frailty indicator to assess patient clinical sta-
tus®1®. We aimed to compare 1) nonagenarians undergoing TAVI
versus matched nonagenarians who had medical treatment, and
2) nonagenarians undergoing TAVI versus other classes of age in
patients undergoing percutaneous TAVI (Figure 1). Patients older
than 90 years were divided into two groups according to their TAVI
status (TAVI procedure or non-TAVI procedure) after exclusion
of 128 patients treated with SAVR. Balloon aortic valvuloplasty
only was also identified and was not a criterion of exclusion. We
divided the whole population of patients with a TAVI procedure
into two groups according to age: <90 years old and >90 years old.

Patients with aortic stenosis hospitalised between
January 1% 2010 and December 315t 2018
N=487,045

Exclusion:
— Patient treated with surgical AVR, N=65,837
—>{ — Patient treated with surgical TAVI, N=3,321
— Patient aged <90 years old treated with

no TAVI, N=304,380

v v

Analysis 1: Analysis 2:
Nonagenarians with Patients with aortic stenosis
aortic stenosis treated with TAVI
N=71,095 N=47881
Nonagenarians Nonagenarians TAVI and TAVI and
treated with no TAVI | |  treated with TAVI age <90yearsold| |age=>90 yearsold
N=65,633 N=5,469 N=42,412 N=5,469
Matched Matched
nonagenarians nonagenarians
treated with no TAVI | |  treated with TAVI
N=5,338 N=5,338

Figure 1. Flow chart of the study population.

OUTCOMES

The endpoints were evaluated with follow-up starting from the date
of TAVI implantation until the date of each specific outcome or the
date of last news in the absence of the outcome. We evaluated the



incidence of all-cause death, cardiovascular death, ischaemic stroke,
rehospitalisation for heart failure, and pacemaker implantation in
nonagenarians undergoing TAVI versus matched nonagenarians who
had medical treatment and versus younger patients undergoing TAVI.
All these outcomes were evaluated separately to be consistent with
the Valve Academic Research Consortium-2 consensus document.
Information on outcomes during follow-up was obtained by analysing
the PMSI codes for each patient'!. Mode of death (cardiovascular or
non-cardiovascular) was identified based on the main diagnosis during
hospitalisation resulting in death. Rehospitalisation was considered to
be due to heart failure when heart failure was recorded as the first
diagnosis. We also evaluated a combined cardiovascular outcome in
our analysis, which was a combination of cardiovascular death, rehos-
pitalisation for heart failure, and ischaemic stroke during follow-up.

STATISTICAL ANALYSIS
Patients were divided into two groups according to their age
(<90 years, >90 years). Qualitative variables are described using
counts and percentages and continuous quantitative variables as
meanststandard deviation. For baseline characteristics, either chi-
square tests or Fisher’s exact tests were performed, as appropriate.
Owing to the non-randomised nature of the study, treatment
selection bias and potential confounding were reduced by using
propensity score matching to account for significant differences
in baseline characteristics when comparison between nonagenar-
ians with or without TAVI was performed. Propensity scores were
calculated using logistic regression with TAVI as the depend-
ent variable. The propensity score included variables from base-
line characteristics and year of implantation (Supplementary
Appendix 1). For each patient treated with TAV], a propensity score-
matched patient with no TAVI was selected (1:1) using the one-to-
one nearest neighbour method (with a calliper of 0.001 of the SD
of the propensity score on the logit scale) and no replacement. We
assessed the distributions of demographic data and comorbidities
in the TAVI and no TAVI cohorts with standardised mean differ-
ences. A standardised mean difference of 0.05 or less indicated
a negligible difference between the means of the two cohorts.
For the outcomes analysis in the matched cohort, the incidence
rates (%/year) for each outcome of interest during follow-up were
estimated in patients treated with TAVI or no TAVI. The corre-
sponding asymptotic two-sided 95% confidence interval (CI) of the
relative risk (RR) was reported. We performed multivariable adjust-
ment to evaluate the association with outcomes and baseline charac-
teristics in nonagenarians using a Cox model. A p-value <0.05 was
considered statistically significant. All analyses were performed
using Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA)
and Stata version 12.0 (StataCorp, College Station, TX, USA).

Results

BASELINE CHARACTERISTICS IN THE OVERALL POPULATION
From January 2010 to December 2018, 487,045 patients with AS
were identified in the nationwide database. Among them, 47,881
patients treated with TAVI have been reported (Figure 1).

TAVI in nonagenarians

Nonagenarians with AS accounted for 71,095 patients, cor-
responding to 65,633 who had no TAVI procedure (four SAVR)
and 5,469 who underwent a TAVI (Figure 1). In this age cate-
gory, patients undergoing a TAVI procedure were character-
ised by a lower age but more frequently reported cardiovascular
risk factors and past medical history. Importantly, patients with
TAVI were more often symptomatic with heart failure and previ-
ous pulmonary oedema. Among them, there were 1,312 patients
in the unmatched non-TAVI cohort (2.0%) and 154 (2.9%) in the
matched cohort treated with balloon aortic valvuloplasty.

Within the whole cohort of patients with a TAVI procedure,
nonagenarians accounted for 5,469 patients (11.4%) (Table 1).

Table 1. Baseline characteristics in the population of patients with
aortic stenosis treated with TAVI according to age.

Ae <80 | Age>=8D |

(n=42,412) (n=5,469)
Age, years 81.58+6.35 91.62+1.73 <0.0001
Charlson comorbidity index 4.16+2.89 3.8+2.48 <0.0001
Frailty index 9.75+9.67 11.24+9.30 <0.0001
Gender (male), n (%) 21,122 (49.8) 2,157 (39.4) | <0.0001

Heart failure 23,889 (56.3) 3,521 (64.4) | <0.0001
History of pulmonary oedema 2,380 (5.6) 278 (5.1) 0.11
Mitral regurgitation 8,101 (19.1) 1,097 (20.1) 0.09
Aortic regurgitation 5,270 (12.4) 588 (10.8) 0.0004
Tricuspid regurgitation 1,744 (4.1) 217 (4) 0.61
Coronary artery disease 26,222 (61.8) 3,262 (59.6) 0.002
Previous myocardial infarction 6,124 (14.4) 664 (12.1) <0.0001
Dilated cardiomyopathy 6,967 (16.4) 795 (14.5) 0.0004
Hypertension 33,876 (79.9) 4,287 (78.4) 0.01
Stroke 2,273 (5.4) 268 (4.9) 0.15

Atrial fibrillation 19,040 (44.9 2,682 (49) <0.0001

Previous pacemaker or ICD 8,532 (20.1 1,336 (24.4) | <0.0001

594 (10.9) | <0.0001

Diabetes mellitus 13,061 (30.8 908 (16.6) | <0.0001

)
)
Obesity 11,193 (26.4)
)
)

Vascular disease 15,633 (36.9) 1,842 (33.7) | <0.0001

Abnormal renal function 7,133 (16.8) 1,018 (18.6) 0.001

Liver disease 2,214 (5.2) 122 (2.2) <0.0001

Lung disease 10,630 (25.1) 894 (16.3) | <0.0001

COPD 6,751 (15.9) 471 (8.6) <0.0001

Sleep apnoea syndrome 3,924 (9.3) 142 (2.6) <0.0001

Anaemia 11,497 (27.1) 1,541

Cancer within preceding 5 years 7,918 (18.7) 801 (14.6) | <0.0001

History of metastasis 882 (2.1) 8) <0.0001

Alcohol-related diagnoses 2,354 (5.6) 2) <0.0001

3
1
1
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1
1

Thyroid diseases 5,779 (13.6) 733(13.4) 0.65

Cognitive impairment 2,789 (6.6) 314 (5.7) 0.02
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Depression 7,602 (17.9) 837 (15.3) | <0.0001
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Denutrition 4,595 (10.8) 831(16.2) | <0.0001

Balloon-expandable TAVI 23,037 (54.3) 2,837 (51.9) 0.001

COPD: chronic obstructive pulmonary disease; ICD: implantable cardioverter defibrillator;
SD: standard deviation; TAVI: transcatheter aortic valve implantation
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In comparison with younger patients, cardiovascular risk factors
as well as history of medical disease were less often reported in
nonagenarians. However, atrial fibrillation and history of heart
failure were more frequently reported in this group.

IMPACT OF TAVI IN NONAGENARIANS WITH AS
After matching on baseline characteristics, 5,338 patients were
analysed in each arm (Table 2). The c-statistic of the propensity

Table 2. Baseline characteristics in the matched populations of
nonagenarians with aortic stenaosis treated with TAVI or no TAVI.

Matched population

No TAVI TAVI

(n=5,338) | (n=5,338)

Age, years 91.63£1.84 | 91.64x1.74 0.67 0.7
Charlson comorbidity index 3.81+2.4 3.79+2.48 0.66 0.9
Frailty index 11.19+8.79 | 11.29+9.33 0.72 11
Gender (male), n (%) 2,090 (39.2) | 2,089 (39.1) 0.98 0

Heart failure 3,484 (65.3) | 3,426 (64.2) 0.24 2.2
History of pulmonary oedema 246 (4.6) 261 (4.9) 0.49 1.4
Mitral regurgitation 1,068 (20) 1,059 (19.8) 0.83 -0.4
Aortic regurgitation 536 (10) 546 (10.2) 0.75 0.7
Tricuspid regurgitation 207 (3.9) 199 (3.7) 0.69 -0.9
Coronary artery disease 3,093 (57.9) | 3,136 (58.7) 0.4 1.7
Previous myocardial infarction 647 (12.1) 658 (12.3) 0.75 0.6
Dilated cardiomyopathy 782 (14.6) 763 (14.3) 0.6 -1.1

Hypertension 4145(77.7) | 4,167 (78.1) 0.61 1
Stroke 251 (4.7) 266 (5) 0.5 1.2

Atrial fibrillation 2,691 (50.4) | 2,604 (48.8) 009 | -33
Previous pacemaker or ICD 1,855 (34.8) | 1,820 (34.1) 0.48 -1.6
Obesity 580 (10.9) 565 (10.6) 064 | -1
Diabetes mellitus 887 (16.6) 887 (16.6) 1 0
Dyslipidaemia 2,032 (38.1) | 2,008 (37.6) 0.63 -1
Smoker 197 3.7) 199 3.7) 0.92 0.2

Vascular disease 1,775(33.3) | 1,771 (33.2) 0.93 -0.2

Abnormal renal function 974 (18.2) 987 (18.5) 0.75 0.6
Liver disease 100 (1.9) 118(2.2) 0.22 2.2
Lung disease 865 (16.2) 877 (16.4) 0.75 0.6
COPD 467 (8.7) 463 (8.7) 0.89 -0.3
Sleep apnoea syndrome 139 (2.6) 134 (2.5) 0.76 -0.7
Anaemia 1,475 (27.6) | 1,492 (28) 0.71 0.7
Cancer within preceding 5 yrs 823 (15.4) 785 (14.7) 0.3 -2

History of metastasis 50 (0. 9) 46 (0.9) 0.68 0.7
Alcohol-related diagnoses 48 (0.9 59 (1.1) 0.29 1.9
Thyroid diseases 726 (13. 6) 713 (13.4) 0.71 0.7
Cognitive impairment 331(6.2) 314 (5.9) 0.49 -0.9
Depression 773 (14.5) 812 (15.2) 0.29 2.1
Denutrition 840 (15.7) 820 (15.4) 059 | -1

2,763 (51.8) - -

Values are mean (SD) or n (%). COPD: chronic obstructive pulmonary disease;
ICD: implantable cardioverter defibrillator; SMD: standardised mean difference;
TAVI: transcatheter aortic valve implantation

Balloon-expandable TAVI -

score for the likelihood of being treated with TAVI was 0.806
(95% CI: 0.800-0.813). The Hosmer-Lemeshow goodness of fit
test had a p-value of 0.26, suggesting that the model was accu-
rate. Mean follow-up was 395+508 days (median 161, interquar-
tile range 13-625). After propensity matching, nonagenarians who
underwent TAVI had a lower incidence of all-cause death, cardio-
vascular death and rehospitalisation for heart failure (HF) than
matched nonagenarians not treated with TAVI (Table 3, Figure 2).
Stroke rates were not different between the two cohorts. The com-
bined outcome was significantly less frequent in nonagenarians
undergoing a TAVI than in matched nonagenarians not treated
with TAVI (Figure 3).

Table 3. Clinical outcomes in patients over 90 years old treated
with TAVI or no TAVI after propensity score matching.

TAVI No TAVI o
(1=5,338) | (n=5.338) RR (95% CI) | p-value
All-cause death 1,135 1,920 0.459 <0.0001
(17.44) (37.98) (0.426-0.494) '
Cardiovascular death 525 912 0.447 <0.0001
(8.07) (18.04) (0.401-0.498) ’
Stroke 231 184 0.976 0.40
(3.65) (3.74) (0.801-1.191) ’
Rehospitalisation for HF 1,161 1,551 0.555
@La) | (38200 | (0514-0599) | <0000
Combined criteria
(cardiovascular death, 1,621 2,064 0.584 <0.0001
stroke, rehospitalisation (30.27) (51.81) (0.547-0.624) :
for HF)
Values are n (yearly incidence rate, %). HF: heart failure; RR: incidence rate ratio
1.00 -
p<0.0001
2 0751
2=
ks
53
° 3 0.50
ERY
8¢
< % 0.25 1
—— Medical
— TAVI
0.00 T T T )
0.5 1 15 2
Analysis time (years)
No. at risk
Medical 5,338 2,398 1,764 1,281 913
TAVI 5,338 2,768 2,171 1,736 1,321

Figure 2. Event-fiee curves for all-cause mortality during follow-up
according to TAVI or no TAVI in nonagenarians with AS.

We studied the association between baseline characteris-
tics and outcomes within the nonagenarian cohorts. Older age,
Charlson comorbidity index, heart failure, atrial fibrillation, previ-
ous stroke, vascular disease, cognitive impairment and denutrition
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0.5 1 15 2
Analysis time (years)
No. at risk
Medical 5,338 2,006 1,370 954 635
TAVI 5,338 2424 1,817 1,407 1,036

Figure 3. Event-fiee curves for the combined cardiovascular
endpoint during follow-up according to TAVI or no TAVI in
nonagenarians with AS.

were independent predictors of outcomes in nonagenarians treated
with TAVI (Supplementary Table 1). A balloon-expandable TAVI
device was associated with a lower incidence of the composite end-
point in this age category.

Clinical outcomes in the matched cohorts by age 90-93, 94-96
and 97-100 are shown in Supplementary Table 2 with no signi-
ficant interaction in these analyses.

An additional matched analysis comparing SAVR versus TAVI
in nonagenarians is provided in Supplementary Appendix 1; similar
outcomes were found in the two groups of patients (Supplementary
Table 3, Supplementary Table 4, Supplementary Figure 1).

OUTCOMES IN PATIENTS WITH TAVI PROCEDURE
ACCORDING TO AGE
Among patients treated with TAVI, the risk of all-cause death dur-
ing follow-up was higher in nonagenarians than in younger patients
(RR 1.22, 95% CI: 1.15-1.30) (Table 4, Figure 4). By comparison,
the risk of all-cause death in patients with AS not treated by TAVI
(n=370,013) was markedly higher in nonagenarians when com-
pared to their counterparts aged <90 (RR 2.28, 95% CI: 2.25-2.32).
Incidence rates for cardiovascular death, rehospitalisation for
heart failure and ischaemic stroke were also higher in nonagenar-
ians versus other patients. Nonagenarians had a higher risk of inci-
dence of the combined endpoint (RR 1.22, 95% CI: 1.16-1.28,
p<0.001) (Figure 5). Permanent pacemaker implantation was

significantly more frequent in nonagenarians than in others.

Discussion
Our results showed that:

1. TAVI for the treatment of severe AS is associated with rela-
tively good long-term outcomes in patients older than 90 years.

2. After a propensity matching analysis within nonagenarians
suffering from AS, a TAVI procedure was associated with better
prognosis in comparison with medical treatment.

TAVI in nonagenarians

Table 4. Clinical outcomes in patients aged below or above 90

treated with TAVI.
Age >90 Age <90 o
(n=5469) | (n=42412) | "R 3% C| pvalue

All-cause death 1,175 7,891 1.219 <0.0001

(17.63) (14.47) (1.145-1.296) '
Cardiovascular death 544 3,514 1.267 <0.0001

(8.17) (6.45) (1.155-1.387) ’
Stroke 239 1,535 1.279

(368) (288) | (L116-1466) | 00003
Rehospitalisation for HF 1,196 8,350 1.175

@138 | (1816 | (1.105-1249) | <0000
Combined criteria
(cardiovascular death, 1,669 11,280 1.218 <0.0001
stroke, rehospitalisation (30.42) (24.99) (1.156-1.282) ’
for HF)
Permanent pacemaker 1,328 9,942 1.071 0.01
implantation (33.39%) (31.19%) | (1.010-1.134) | ™

failure; RR: incidence rate ratio

Values are n (yearly incidence rate, %). * including the early 30-day phase. HF: heart

1.00 4

p<0.0001
2> 0754
2=
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£
; ; 050
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=0
<3 0251
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— >90
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0 05 1 15 2
Analysis time (years)
No. at risk
<90 42,412 22,598 17,759 14,074 10,925
>90 5,469 2,834 2,231 1,778 1,360

Figure 4. Event-fiee curves for all-cause mortality during follow-up

according to age (above or below 90) in patients treated with TAVI.
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>90 5,469 2,482 1,862 1,441 1,060

Figure 5. Event-fiee curves for the combined cardiovascular

endpoint during follow-up according to age (above or below 90) in
patients treated with TAVIL
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3. Patients older than 90 years undergoing TAVI are highly
selected with a healthier clinical profile compared with younger
patients, which could explain their good outcome results.

The nonagenarian population is steadily increasing and is pro-
jected to continue growing'?. AS incidence is increasing with age-
ing, and therefore these projections will lead to a rise in the need
for AS treatment in the elderly. Decision making for nonagenar-
ians with severe AS is not simple and represents a new challenge
for physicians*!>-16.

Medical therapy and balloon aortic valvuloplasty are not effec-
tive long-term treatment strategies for severe AS'. Interestingly,
it appears that, since TAVI has been available, balloon valvulo-
plasty only has been a relatively infrequent treatment for nona-
genarians with AS. Data on cardiac surgery in nonagenarians
are scarce and show relatively high mortality and morbidity at
30 days, with no long-term follow-up'®. Recent data confirmed
a relatively low rate of in-hospital mortality'**. However, age
is, by itself, associated with increased surgical mortality scores
(EuroSCORE and STS score); therefore, nonagenarians are often
considered at high risk for surgery'. Our results indicated that,
among nonagenarians, older age was still a predictor of out-
comes. Therefore, early intervention in suitable patients with AS
seems reasonable.

TAVI emerged as a suitable alternative for efficient treatment
of AS in high-risk or inoperable patients?!. With the availabil-
ity of TAVI, a dramatic increase in aortic valve replacement was
observed in this age category (+583%)°. In 2015, SAVR per-
formed after 85 years of age represented 20% of all AVRs, the
great majority of which were TAVIs®. TAVI could be performed
in those patients with acceptable short-term morbidity and mor-
tality>'>. The CENTER collaboration showed a twofold higher
30-day mortality following TAVI in nonagenarians versus younger
patients??. Our results confirm- the relatively good prognosis
associated with TAVI procedures in nonagenarians. A higher risk
of death for nonagenarians undergoing TAVI was still observed
in the long term in comparison with younger patients but was
less marked than 30-day rates in the CENTER analysis. This
highlights that TAVI may impact positively on the prognosis of
AS patients. Therefore, screening for TAVI suitability could be
offered even in the very elderly.

Identification of elderly patients who are most likely to bene-
fit from a TAVI procedure remains challenging. Nonagenarians
are often frail with significant medical and orthopaedic con-
ditions that could mitigate the benefit of TAVI®. A proportion
of patients has little or no benefit after TAVI, which has been
associated with comorbidities and frailty status®. Frailty has
been associated with worse survival in AS patients undergoing
TAVI and strongly correlated with procedural complications
in those who have SAVR*?* In our cohort, the frailty index
was slightly higher in nonagenarians but the Charlson comor-
bidity score was lower when compared with younger patients.
This illustrates a very high selection of indications for TAVI in
nonagenarians. It is likely that the TAVI procedures were often

motivated by symptoms (HF in most patients), but nonagenar-
ians undergoing TAVI were usually at low risk independently of
age, and free of several comorbidities seen in younger patients.
The healthier clinical profile in nonagenarians undergoing TAVI
compared with younger patients has been reported previously
in a smaller series of patients®*. We identified specifically in
nonagenarians that older age, Charlson comorbidity index, heart
failure, previous myocardial infarction, atrial fibrillation, previ-
ous stroke, vascular disease, cognitive impairment and denutri-
tion were strong predictors of adverse events following a TAVI.
Therefore, specific scales could be developed to evaluate the
predicted risk for TAVI procedure in nonagenarians, integrat-
ing medical history and the Charlson comorbidity index. A bet-
ter identification and meticulous evaluation of patients who
would gain the optimal benefit of a TAVI procedure may still
be needed, both for an optimal management of each individual
patient and for a global perspective in light of limited health-

care resources.

Limitations

The present study was based on administrative data, with the lim-
itations inherent to such a methodology. However, the scale of the
database minimises bias related to coding errors and, as coding
of complications is linked to reimbursement and regularly con-
trolled, it is expected to be of good quality. Our analysis was
restricted to the variables present in the database. We were also
not able to calculate surgical risk scores such as the EuroSCORE
or the STS score. Therefore, the Charlson and frailty indices were
used as surrogate predictors of mortality'®. The Charlson score
is based on coding at hospital discharge by physicians with var-
ied expertise in this area. The frailty score was also evaluated to
estimate a patient’s status and risk of death after intervention'®.
Our large population of patients admitted for a TAVI procedure
probably represents a heterogeneous group of patients admit-
ted with various kinds of illness and severity, which may have
affected prognosis. The non-randomised design of the analysis
leaves a risk of residual confounding factors. Definite conclu-
sions for comparisons between groups may not be fully appro-
priate even though multivariable matching was performed, as it
cannot fully eradicate the possible confounding variables between
these groups. Finally, quality of life assessment was not possible
from our database, and we cannot confirm that the high selec-
tion of nonagenarians undergoing TAVI and the good clinical out-
comes have translated into improved quality of life in this cohort,

although this seems likely.

Conclusion

TAVI is associated with reasonable long-term outcomes in nona-
genarians and therefore they may be considered for AS treatment.
Better identification of TAVI candidates within nonagenarians is
critical to improve outcomes further. However, age alone should
not be a discriminatory factor when screening elderly patients
with AS.



Impact on daily practice

We observed that TAVI was associated with better prognosis
in nonagenarians with AS in comparison with medical therapy.
We identified older age, Charlson comorbidity index, heart fail-
ure, previous myocardial infarction, atrial fibrillation, previous
stroke, vascular disease, cognitive impairment and denutrition
as predictors of events after a TAVI in nonagenarians.

Conflict of interest statement
C. Sainte Etienne reports honoraria from Abbott and Biotronik.
L. Fauchier is a consultant or speaker for Bayer, BMS/Pfizer,
Boehringer Ingelheim, Medtronic and Novartis. The other authors
have no conflicts of interest to declare.

References

1. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, Iung B,
Lancellotti P, Lansac E, Rodriguez Mufoz D, Rosenhek R, Sjogren J, Tornos
Mas P, Vahanian A, Walther T, Wendler O, Windecker S, Zamorano JL; ESC
Scientific Document Group. 2017 ESC/EACTS Guidelines for the manage-
ment of valvular heart disease. Eur Heart J. 2017;38:2739-91.

2. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M,
Kapadia SR, Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P,
Williams MR, McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY,
Genereux P, Pershad A, Pocock SJ, Alu MC, Webb JG, Smith CR; the
PARTNER 3 Investigators. Transcatheter Aortic-Valve Replacement with
a Balloon-Expandable Valve in Low-Risk Patients. N Engl J Med. 2019;380:
1695-705.

3. Nguyen V, Michel M, Eltchaninoff H, Gilard M, Dindorf C, Tung B,
Mossialos E, Cribier A, Vahanian A, Chevreul K, Messika-Zeitoun D.
Implementation of Transcatheter Aortic Valve Replacement in France. J Am
Coll Cardiol. 2018;71:1614-27.

4. lung B, Cachier A, Baron G, Messika-Zeitoun D, Delahaye F, Tornos P,
Gohlke-Barwolf C, Boersma E, Ravaud P, Vahanian A. Decision-making in
elderly patients with severe aortic stenosis: why are so many denied surgery.
Eur Heart J. 2005;26:2714-20.

5. Arsalan M, Szerlip M, Vemulapalli S, Holper EM, Arnold SV, Li Z,
DiMaio MJ, Rumsfeld JS, Brown DL, Mack MJ. Should Transcatheter Aortic
Valve Replacement Be Performed in Nonagenarians?: Insights From the STS/
ACC TVT Registry. J Am Coll Cardiol. 2016;67:1387-95.

6. Buisson G. Redressements du Programme de médicalisation des systémes
d’informations (PMSI). March 1, 2015. Available at: https://drees.solidarites-sante.
gouv.fr/etudes-et-statistiques/publications/documents-de-travail/serie-statistiques/
article/redressements-du-programme-de-medicalisation-des-systemes-d-informa-
tions-pmsi. Updated 29 January 2010.

7. Fauchier L, Clementy N, Pelade C, Collignon C, Nicolle E, Lip GY. Patients
With Ischemic Stroke and Incident Atrial Fibrillation: A Nationwide Cohort
Study. Stroke. 2015;46:2432-7.

8. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47:1245-51.

9. Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, Arora S,
Street A, Parker S, Roberts HC, Bardsley M, Conroy S. Development and vali-
dation of a Hospital Frailty Risk Score focusing on older people in acute care
settings using electronic hospital records: an observational study. Lancet. 2018;
391:1775-82.

10. Kundi H, Popma JJ, Reynolds MR, Strom JB, Pinto DS, Valsdottir LR, Shen C,
Choi E, Yeh RW. Frailty and related outcomes in patients undergoing transcatheter
valve therapies in a nationwide cohort. Eur Heart J. 2019;40:2231-9.

TAVI in nonagenarians

11. Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem NM,
Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA, Hahn RT,
Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rodés-Cabau J,
Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB. Updated standard-
ized endpoint definitions for transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus document. Eur Heart J. 2012;33:
2403-18.

12. Mathers CD, Loncar D. Projections of global mortality and burden of dis-
ease from 2002 to 2030. PLoS Med. 2006;3:e442.

13. Kayatta MO, Thourani VH, Jensen HA, Condado JC, Sarin EL, Kilgo PD,
Devireddy CM, Leshnower BG, Mavromatis K, Li C, Guyton RA, Stewart JP,
Simone A, Keegan P, Block P, Lerakis S, Babaliaros VC. Outcomes for
Transcatheter Aortic Valve Replacement in Nonagenarians. Ann Thorac Surg.
2015;100:1261-7.

14. Ohlow MA, Hassan A, Lotze U, Lauer B. Cardiac catheterisation in nona-
genarians: Single center experience. J Geriatr Cardiol. 2012;9:148-52.

15. Levy Praschker BG, Leprince P, Bonnet N, Rama A, Bors V, Lievre L,
Pavie A, Gandjbakhch I. Cardiac surgery in nonagenarians: hospital mortality
and long-term follow-up. Interact Cardiovasc Thorac Surg. 2006;5:696-9.

16. Speziale G, Nasso G, Barattoni MC, Bonifazi R, Esposito G, Coppola R,
Popoff G, Lamarra M, Scorcin M, Greco E, Argano V, Zussa C, Cristell D,
Bartolomucci F, Tavazzi L. Operative and middle-term results of cardiac sur-
gery in nonagenarians: a bridge toward routine practice. Circulation. 2010;121:
208-13.

17. Ben-Dor I, Pichard AD, Satler LF, Goldstein SA, Syed Al, Gaglia MA Jr,
Weissman G, Maluenda G, Gonzalez MA, Wakabayashi K, Collins SD,
Torguson R, Okubagzi P, Xue Z, Kent KM, Lindsay J, Waksman R.
Complications and outcome of balloon aortic valvuloplasty in high-risk or
inoperable patients. JACC Cardiovasc Interv. 2010;3:1150-6.

18. George I, Yerebakan H, Kalesan B, Nazif T, Kodali S, Smith CR,
Williams MR. Age alone should not preclude surgery: contemporary outcomes
after aortic valve replacement in nonagenarians. J Thorac Cardiovasc Surg.
2014;148:1360-9.

19. Elgendy 1Y, Mahmoud AN, Elbadawi A, Elgendy AY, Omer MA, Megaly M,
Mojadidi MK, Jneid H. In-hospital outcomes of transcatheter versus surgical
aortic valve replacement for nonagenarians. Catheter Cardiovasc Interv. 2019;
93:989-95.

20. Zack CJ, Al-Qahtani F, Kawsara A, Al-Hijji M, Amin AH, Alkhouli M.
Comparative Outcomes of Surgical and Transcatheter Aortic Valve Replacement
for Aortic Stenosis in Nonagenarians. Am J Cardiol. 2017;119:893-9.

21. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG,
Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Williams M, Dewey T,
Kapadia S, Babaliaros V, Thourani VH, Corso P, Pichard AD, Bavaria JE,
Herrmann HC, Akin JJ, Anderson WN, Wang D, Pocock SJ; PARTNER Trial
Investigators. Transcatheter versus surgical aortic-valve replacement in high-
risk patients. N Engl J Med. 2011;364:2187-98.

22. Vlastra W, Chandrasekhar J, Vendrik J, Gutierrez-Ibanes E, Tchétché D, de
Brito FS Jr, Barbanti M, Kornowski R, Latib A, D’Onofrio A, Ribichini F,
Baan J, Tijssen JGP, Pan M, Dumonteil N, Mangione JA, Sartori S, D’Errigo P,
Tarantini G, Lunardi M, Orvin K, Pagnesi M, Sanchez Gila J, Modine T,
Dangas G, Mehran R, Piek JJ, Delewi R. Transfemoral TAVR in Nonagenarians:
From the CENTER Collaboration. JACC Cardiovasc Interv. 2019;12:911-20.

23. Reynolds MR, Magnuson EA, Lei Y, Leon MB, Smith CR, Svensson LG,
Webb JG, Babaliaros VC, Bowers BS, Fearon WF, Herrmann HC, Kapadia S,
Kodali SK, Makkar RR, Pichard AD, Cohen DJ; Placement of Aortic
Transcatheter Valves (PARTNER) Investigators. Health-related quality of life
after transcatheter aortic valve replacement in inoperable patients with severe
aortic stenosis. Circulation. 2011;124:1964-72.

24. Escarcega RO, Baker NC, Lipinski MJ, Koifman E, Kiramijyan S,
Magalhaes MA, Gai J, Torguson R, Satler LF, Pichard AD, Waksman R.

=
=
5
S
=
=
(1]
2
<
(1]
=
=
(=}
=
N
o
N
=
=
o
=
>
©
©
D
N
H
©
o




.
=
5
S
=
=
(1]
2
<
(1]
=
=
o
=
N
o
N
=
=
o
=
H
©
©
—_
H
©
o

Clinical profiles and correlates of mortality in nonagenarians with severe aortic
stenosis undergoing transcatheter aortic valve replacement. Am Heart J.
2016;173:118-25.

Supplementary data

Supplementary Appendix 1. Propensity score.

Supplementary Figure 1. Event-free curves for all-cause mortality
(top panel) and for the combined cardiovascular endpoint (lower
panel) during follow-up according to TAVI or SAVR in nonage-
narians with AS.

Supplementary Table 1. Independent predictors of all-cause death
and of the combined cardiovascular endpoint in nonagenarians
treated with TAVL.

Supplementary Table 2. Clinical outcomes in the matched cohort
for patients treated with TAVI versus no TAVI by age 90-93, 94-96
and 97-100.

Supplementary Table 3. Baseline characteristics in the unmatched
and matched populations of nonagenarians with aortic stenosis
treated with SAVR or TAVI.

Supplementary Table 4. Clinical outcomes in patients over 90
years old treated with TAVI or SAVR after propensity score
matching.

The supplementary data are published online at:
https://eurointervention.pcronline.com/
doi/10.4244/E1J-D-19-00647



https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-19-00647

Supplementary data

Supplementary Appendix 1. Propensity score

The propensity score included 38 variables, including baseline characteristics, year of
implantation and hospital procedural volume: age at TAVI implantation, Charlson
comorbidity index, frailty index, sex, history of hypertension, diabetes mellitus, heart failure,
history of pulmonary oedema, aortic regurgitation, mitral regurgitation, dilated
cardiomyopathy, coronary artery disease, previous myocardial infarction, previous PClI,
previous CABG, vascular disease, atrial fibrillation, previous pacemaker or defibrillator,
ischaemic stroke, smoker, dyslipidaemia, obesity, alcohol-related diagnoses, abnormal renal
function, dialysis, lung disease, sleep apnoea syndrome, COPD, liver disease,
gastroesophageal reflux, thyroid diseases, inflammatory disease, anaemia, cancer within the
preceding five years, history of endocarditis, HIV infection, year of TAVI procedure, hospital

procedural volume for TAVI by quartile.
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Supplementary Figure 1. Event-free curves for all-cause mortality (A) and for the combined
cardiovascular endpoint (B) during follow-up according to TAVI or SAVR in nonagenarians
with AS.



Supplementary Table 1. Independent predictors of all-cause death and of the combined
cardiovascular endpoint in nonagenarians treated with TAVI.

All-cause death

Combined endpoint

HR (95% CI) p-value HR (95% CI) p-value
Age, years 1.050 (1.017-1.084)  0.003  1.052 (1.024-1.080) <0.0001
Charlson comorbidity index 1.069 (1.036-1.104) <0.0001 1.066 (1.038-1.095) <0.0001
Frailty index 0.955 (0.944-0.967) <0.0001 0.986 (0.977-0.996)  0.005
Gender (male), n (%) 1.104 (0.975-1.250) 0.12 0.945 (0.850-1.050) 0.29
Heart failure 1.327 (1.152-1.529) <0.0001 1.469 (1.303-1.655) <0.0001
History of pulmonary oedema 2.049 (1.682-2.497) <0.0001 1.519 (1.264-1.825) <0.0001
Mitral regurgitation 1.016 (0.876-1.178) 0.83 0.959 (0.847-1.086) 0.51
Aortic regurgitation 0.917 (0.761-1.104) 0.36 1.014 (0.871-1.180) 0.86
Tricuspid regurgitation 1.036 (0.760-1.411) 0.83 1.076 (0.841-1.377) 0.56
Coronary artery disease 1.079 (0.949-1.226) 0.25 1.097 (0.985-1.221) 0.09
Previous myocardial infarction  0.751 (0.613-0.921) 0.006  0.856 (0.721-1.017) 0.08
Dilated cardiomyopathy 0.944 (0.802-1.111) 0.49 0.936 (0.818-1.071) 0.34
Hypertension 0.940 (0.811-1.089) 0.41 1.019 (0.897-1.158) 0.77
Stroke 1.649 (1.291-2.106) <0.0001 1.644 (1.346-2.007) <0.0001
Atrial fibrillation 1.286 (1.140-1.449) <0.0001 1.417 (1.281-1.569) <0.0001
Previous pacemaker or ICD 1.022 (0.905-1.153) 0.73 1.126 (1.019-1.246) 0.02
Obesity 0.999 (0.823-1.213) 0.99 1.017 (0.868-1.190) 0.84
Diabetes mellitus 1.019 (0.868-1.195) 0.82 1.052 (0.920-1.203) 0.46
Dyslipidaemia 0.911 (0.804-1.031) 0.14 1.079 (0.974-1.195) 0.15
Smoker 1.018 (0.746-1.389) 0.91 1.289 (1.008-1.649) 0.04
Vascular disease 1.237 (1.072-1.427) ~ 0.004  1.047 (0.926-1.183) 0.47
Abnormal renal function 1.066 (0.918-1.238) 0.40 1.042 (0.920-1.181) 0.52
Liver disease 1.458 (1.045-2.032) 0.03 0.986 (0.716-1.358) 0.93
Lung disease 1.182 (0.967-1.445) 0.10 1.095 (0.922-1.300) 0.30
COPD 1.016 (0.783-1.318) 0.91 1.060 (0.849-1.324) 0.61
Sleep apnoea syndrome 1.120 (0.776-1.618) 0.54 1.151 (0.859-1.542) 0.35
Anaemia 1.041 (0.913-1.186) 0.55 0.991 (0.888-1.105) 0.87
Cancer within preceding 5 yrs 1.112 (0.934-1.324) 0.23 0.946 (0.812-1.103) 0.48
History of metastasis 0.687 (0.320-1.476) 0.34 0.603 (0.296-1.230) 0.16
Alcohol-related diagnoses 1.052 (0.654-1.694) 0.83 0.788 (0.503-1.234) 0.30
Thyroid diseases 0.959 (0.804-1.142) 0.64 1.127 (0.983-1.293) 0.09
Cognitive impairment 1.471(1.148-1.885)  0.002  1.014 (0.809-1.270) 0.91
Depression 1.162 (0.985-1.371) 0.08 1.086 (0.946-1.247) 0.24
Denutrition 1.336 (1.143-1.561) <0.0001 0.998 (0.870-1.146) 0.98
Balloon-expandable TAVI 1.020 (0.907-1.147)  0.74 0.851 (0.772-0.939) 0.001

COPD: chronic obstructive pulmonary disease; HR: hazard ratio; ICD: implantable cardioverter
defibrillator; SD: standard deviation; TAVI: transcatheter aortic valve implantation



Supplementary Table 2. Clinical outcomes in the matched cohort for patients treated
with TAVI versus no TAVI by age 90-93, 94-96 and 97-100.

TAVI No TAVI RR (95% CI) for TAVI p-value
(n=5,338) (n=5,338) vs no TAVI

All-cause death: p for interaction=0.89
Age 90-93 (n=4,583) (n=4,567)
(n=9,150) 968 (17.0) 1,665 (37.0) 0.46 (0.42-0.50) <0.0001
Age 94-96 (n=715) (n=708)
(n=1,423) 155 (20.5) 238 (45.2) 0.45 (0.37-0.56) <0.0001
Age 97 and above (n=40) (n=63)
(n=103) 12 (22.4) 17 (48.6) 0.46 (0.20-1.02) 0.05
Combined endpoint*: p for interaction=0.76
Age 90-93 (n=4,583) (n=4,567)
(n=9,150) 1,368 (29.1) 1,779 (50.4) 0.58 (0.54-0.62) <0.0001
Age 94-96 (n=715) (n=708)
(n=1,423) 236 (38.2) 262 (60.6) 0.63 (0.53-0.76) <0.0001
Age 97 and above (n=40) (n=63)
(n=103) 17 (43.1) 23 (95.9) 0.43 (0.22-0.84) 0.009

*Cardiovascular death, stroke, rehospitalisation for HF.



Supplementary Table 3. Baseline characteristics in the unmatched and matched

populations of nonagenarians with aortic stenosis treated with SAVR or TAVI.

Unmatched population

Matched population

SAVR TAVI p-value SAVR TAVI p-value
(n=121) (n=5,469) (n=110) (n=110)

Age, years 90.81+1.1 91.62+1.73 <0.0001 90.79+1.08 90.73+1 0.65
Charlson comorbidity index 3.86+2.57  3.8+2.47 0.79 3.81+2.61 3.76+2.24  0.89
Frailty index 1.55+0.89  1.54+0.89 0.9 1.524¢0.89 1.55+0.95 0.86
Gender (male), n (%) 57 (47.1) 2,157 (39.4) 0.09 52 (47.3) 53 (48.2) 0.89
Hypertension 98 (81) 4,596 (84) 0.37 89 (80.9) 89 (80.9) 1

Diabetes mellitus 19 (15.7) 985 (18) 0.51 16 (14.5) 23 (20.9) 0.22
Heart failure 60 (49.6) 3,521 (64.4) 0.001 52 (47.3) 51 (46.4) 0.89
History of pulmonary oedema 16 (13.2) 278 (5.1) 0.0001 11 (10) 11 (10) 1

Aortic regurgitation 10 (8.3) 588 (10.8) 0.38 9(8.2) 5 (4.5) 0.27
Mitral regurgitation 19 (15.7) 1,097 (20.1) 0.24 19(17.3) 19(17.3) 1

Tricuspid regurgitation 3(2.5) 217 (4) 0.4 3(2.7) 2(1.8) 0.65
Coronary artery disease 72 (59.5) 3,458 (63.2) 0.4 62 (56.4) 75(68.2) 0.07
Previous myocardial infarction 12 (9.9) 664 (12.1) 0.46 11 (10) 12 (10.9) 0.83
Previous PCI 12(9.9) 1,471(26.9) <0.0001 12(10.9) 16 (14.5) 0.42
Previous CABG 33 (27.3) 190(3.5) <0.0001 23(20.9) 27 (24.5) 0.52
Vascular disease 36 (29.8) 1,842 (33.7) 0.37 34(30.9) 25(22.7) 0.17
Atrial fibrillation 74 (61.2) 2,682 (49) 0.01 66 (60) 67 (60.9) 0.89
Pacemaker or defibrillator 18(14.9) 1,336 (24.4) 0.02 18 (16.4)  15(13.6) 0.57
Stroke 4 (3.3) 268 (4.9) 0.42 4 (3.6) 1(0.9) 0.18
Smoker 5(4.1) 213 (3.9) 0.89 5 (4.5) 5(4.5) 1

Dyslipidaemia 50 (41.3) 2,100 (38.4) 0.51 44 (40) 43 (39.1) 0.89
Obesity 12 (9.9) 674 (12.3) 0.42 9(8.2) 10 (9.2) 0.81
Alcohol-related diagnoses 0(0) 63 (1.2) 0.24 0(0) 0(0) -

Abnormal renal function 10(8.3) 1,018(18.6) 0.004 10 (9.1) 11 (10) 0.82
Lung disease 21 (17.4) 894 (16.3) 0.77 18 (16.4) 21 (19.1) 0.6
Sleep apnoea syndrome 4(3.3) 142 (2.6) 0.63 4 (3.6) 4 (3.6) 1

Liver disease 2(1.7) 122 (2.2) 0.67 2(1.8) 1(0.9) 0.56
Thyroid diseases 9(7.4) 733 (13.4) 0.06 8 (7.3) 10 (9.1) 0.62
Inflammatory disease 11 (9.1) 431 (7.9) 0.63 9(8.2) 12 (10.9) 0.49
Anaemia 27(22.3) 1541(28.2) 0.16 25(22.7) 20(18.2) 0.41
Cancer within preceding 5yrs 14 (11.6) 801 (14.6) 0.34 14 (12.7) 11 (10) 0.53
Balloon-expandable TAVI - 2,837 (51.9) - - 47 (42.7) -




Supplementary Table 4. Clinical outcomes in patients over 90 years old treated with

TAVI or SAVR after propensity score matching.

TAVI SAVR RR (95% ClI) p-value
(n=110) (n=110)
All-cause death 30 (12.54) 30 (11.76) 1.058 (0.638-1.755) 0.83
Cardiovascular death 14 (5.85) 17 (6.65) 0.872 (0.430-1.769) 0.70
Stroke 0(0) 0(0) 1 -
Rehospitalisation for HF 23 (11.05) 30 (14.25) 0.790 (0.458-1.361) 0.40
Combined criteria 35 (17.64) 40 (19.24) 0.941 (0.597-1.482) 0.79

(cardiovascular death, stroke,

rehospitalisation for HF)

Values are n (yearly incidence rate, %).
HF: heart failure





