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

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
CI confidence interval
HR hazard ratio
ICD-10 International Classification of Diseases, Tenth Revision
PMSI programme de médicalisation des systèmes 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 patients1. Recent data showed that TAVI is 
non-inferior to surgery in intermediate- and low-risk patients2. 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 nonagenarians3,4.

Nonagenarians are at higher risk for open heart surgery1,4. 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 explored2. The feasibility of TAVI procedures in 
this cohort has already been reported with limited follow-up5.

The French programme de médicalisation des systèmes 
d’information (PMSI), a mandatory administrative database, offers 
the opportunity to assess comprehensive data on all TAVI performed 
at a nationwide level6. 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 assessed3,7.

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 l’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: DBLF001). 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-
tus8-10. 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.

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 

Patients with aortic stenosis hospitalised between
January 1st 2010 and December 31st 2018

N=487,045

Analysis 1:
Nonagenarians with

aortic stenosis
N=71,095

Nonagenarians
treated with no TAVI

N=65,633

Nonagenarians
treated with TAVI

N=5,469

Matched 
nonagenarians

treated with no TAVI
N=5,338

Matched 
nonagenarians

treated with TAVI
N=5,338

TAVI and
age <90 years old

N=42,412

TAVI and
age ≥90 years old

N=5,469

Analysis 2:
Patients with aortic stenosis

treated with TAVI
N=47,881

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 TAVl, N=304,380

Figure 1. Flow chart of the study population.
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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 patient11. 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 
means±standard 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 TAVI, 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).

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.

Age <90
(n=42,412)

Age >=90
(n=5,469)

p-value

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

Obesity 11,193 (26.4) 594 (10.9) <0.0001

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

Dyslipidaemia 21,830 (51.5) 2,100 (38.4) <0.0001

Smoker 3,941 (9.3) 213 (3.9) <0.0001

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 (28.2) 0.09

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

History of metastasis 882 (2.1) 46 (0.8) <0.0001

Alcohol-related diagnoses 2,354 (5.6) 63 (1.2) <0.0001

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

Cognitive impairment 2,789 (6.6) 314 (5.7) 0.02

Depression 7,602 (17.9) 837 (15.3) <0.0001

Denutrition 4,595 (10.8) 831 (15.2) <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 

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).

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 

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

Matched population

No TAVI
(n=5,338)

TAVI
(n=5,338)

p-value
SMD 
(%)

Age, years 91.63±1.84 91.64±1.74 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 1.1

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 4,145 (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) 0.09 –3.3

Previous pacemaker or ICD 1,855 (34.8) 1,820 (34.1) 0.48 –1.6

Obesity 580 (10.9) 565 (10.6) 0.64 –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) 0.59 –1

Balloon-expandable TAVI – 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 

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

TAVI 
(n=5,338)

No TAVI
(n=5,338)

RR (95% CI) p-value

All-cause death 1,135 
(17.44)

1,920 
(37.98)

0.459 
(0.426-0.494) <0.0001

Cardiovascular death 525  
(8.07)

912  
(18.04)

0.447 
(0.401-0.498) <0.0001

Stroke 231  
(3.65)

184  
(3.74)

0.976 
(0.801-1.191) 0.40

Rehospitalisation for HF 1,161 
(21.21)

1,551 
(38.20)

0.555 
(0.514-0.599) <0.0001

Combined criteria 
(cardiovascular death, 
stroke, rehospitalisation 
for HF)

1,621 
(30.27)

2,064 
(51.81)

0.584 
(0.547-0.624) <0.0001

Values are n (yearly incidence rate, %). HF: heart failure; RR: incidence rate ratio
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No. at risk
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TAVI 5,338 2,768 2,177 1,736 1,327
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Figure 2. Event-free curves for all-cause mortality during follow-up 
according to TAVI or no TAVI in nonagenarians with AS.
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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.
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Medical 5,338 2,006 1,370 954 635
TAVI 5,338 2,424 1,817 1,407 1,036
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p<0.0001

Analysis time (years)

Figure 3. Event-free curves for the combined cardiovascular 
endpoint during follow-up according to TAVI or no TAVI in 
nonagenarians with AS.
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Figure 4. Event-free curves for all-cause mortality during follow-up 
according to age (above or below 90) in patients treated with TAVI.

0 0.5 1 1.5 2

1.00

0.75

0.50

0.25

0.00

p<0.0001

No. at risk
<90 42,412 20,040 15,120 11,539 8,644
≥90 5,469 2,482 1,862 1,441 1,060

Analysis time (years)

<90
≥90

C
om

bi
ne

d 
C

V 
en

dp
oi

nt
 

ev
en

t-
fr

ee
 p

ro
ba

bi
lit

y

Figure 5. Event-free curves for the combined cardiovascular 
endpoint during follow-up according to age (above or below 90) in 
patients treated with TAVI.

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

Age ≥90 
(n=5,469)

Age <90 
(n=42,412)

RR (95% CI) p-value

All-cause death 1,175 
(17.63)

7,891 
(14.47)

1.219 
(1.145-1.296) <0.0001

Cardiovascular death 544  
(8.17)

3,514  
(6.45)

1.267 
(1.155-1.387) <0.0001

Stroke 239  
(3.68)

1,535  
(2.88)

1.279 
(1.116-1.466) 0.0003

Rehospitalisation for HF 1,196 
(21.34)

8,350 
(18.16)

1.175 
(1.105-1.249) <0.0001

Combined criteria 
(cardiovascular death, 
stroke, rehospitalisation 
for HF)

1,669 
(30.42)

11,280 
(24.99)

1.218 
(1.156-1.282) <0.0001

Permanent pacemaker 
implantation

1,328 
(33.39*)

9,942 
(31.19*)

1.071 
(1.010-1.134) 0.01

Values are n (yearly incidence rate, %). * including the early 30-day phase.  HF: heart 
failure; RR: incidence rate ratio
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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 growing12. 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 physicians4,13-16.

Medical therapy and balloon aortic valvuloplasty are not effec-
tive long-term treatment strategies for severe AS17. 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-up18. Recent data confirmed 
a relatively low rate of in-hospital mortality19,20. However, age 
is, by itself, associated with increased surgical mortality scores 
(EuroSCORE and STS score); therefore, nonagenarians are often 
considered at high risk for surgery1. 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 patients21. With the availabil-
ity of TAVI, a dramatic increase in aortic valve replacement was 
observed in this age category (+583%)3. In 2015, SAVR per-
formed after 85 years of age represented 20% of all AVRs, the 
great majority of which were TAVIs3. TAVI could be performed 
in those patients with acceptable short-term morbidity and mor-
tality5,19. The CENTER collaboration showed a twofold higher 
30-day mortality following TAVI in nonagenarians versus younger 
patients22. 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 TAVI4. A proportion 
of patients has little or no benefit after TAVI, which has been 
associated with comorbidities and frailty status23. Frailty has 
been associated with worse survival in AS patients undergoing 
TAVI and strongly correlated with procedural complications 
in those who have SAVR23,24. 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 patients24. 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 mortality10. 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 intervention10. 
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.



1495

EuroIntervention 2
0

2
0

;1
5

:14
8

9
-14

9
6

TAVI in nonagenarians

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.
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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 PCI, 

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.  

 



A  

 

 

B  

 

 

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    

(n=5,338) 

No TAVI 

(n=5,338) 

RR (95% CI) for TAVI 

vs no TAVI 

p-value 

 

All-cause death: p for interaction=0.89 

Age 90-93  

(n=9,150) 

(n=4,583) 

968 (17.0) 

(n=4,567) 

1,665 (37.0) 

 

0.46 (0.42–0.50) 

 

<0.0001 

Age 94-96  

(n=1,423) 

(n=715) 

155 (20.5) 

(n=708) 

238 (45.2) 

 

0.45 (0.37–0.56) 

 

<0.0001 

Age 97 and above 

(n=103) 

(n=40) 

12 (22.4) 

(n=63) 

17 (48.6) 

 

0.46 (0.20–1.02) 

 

0.05 

 

Combined endpoint*: p for interaction=0.76 

Age 90-93  

(n=9,150) 

(n=4,583) 

1,368 (29.1) 

(n=4,567) 

1,779 (50.4) 

 

0.58 (0.54–0.62) 

 

<0.0001 

Age 94-96 

(n=1,423) 

(n=715) 

236 (38.2) 

(n=708) 

262 (60.6) 

 

0.63 (0.53–0.76) 

 

<0.0001 

Age 97 and above 

(n=103) 

(n=40) 

17 (43.1) 

(n=63) 

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 1.52±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 (9.1) 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) 1,541 (28.2) 0.16 25 (22.7) 20 (18.2) 0.41 

Cancer within preceding 5 yrs 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  

(n=110) 

SAVR 

(n=110) 

RR (95% CI) p-value 

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 

(cardiovascular death, stroke, 

rehospitalisation for HF) 

35 (17.64) 40 (19.24) 0.941 (0.597-1.482) 0.79 

 

Values are n (yearly incidence rate, %).  

HF: heart failure  

 

 




